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By ALFRED H.. Bmm.  

The part of Alaska north of the Amtic CkcIe, includmg about 
160,000 square mil@, or 25 per cent of the total area of the Territory, 
is relatively little known. Ita shore Line, however, haa been explored 
by various navigators. The h t  of these was Capt. Cook, who in 
1778 skirted the wsstern mast as far north aa Icy Cape, where farther 
prwm3 was blocked by the ice pack. In the succeeding half cen- 
tury practidy the en& Arctic coast line from Bering Strait9 
northward and eastward to the international boundary WM exam- 
ined in some detail by navigaturs of various nationaliti~, chidy 
English, but knowledge of the inland regions waa limitd to ht 
gained by short journep up the lower courses of some of the larger 
rivers. Much of this information was obtained ddy incidentally 
by expeditiorw whose object was to reach the pole or by those sent 
out as relief expeditions. Thus, Slr John lhmnkh explored a part 
of the northern const line in 1828, and the many Franklin relief 
expeditions contributed much towfwd making the &ore h e  known. 
A generation later public inkmat ww again amused in Ws part of 
the; polar sea by the ill-fatd Jmmmtte expedition. This led ia 
explorations into the Kobuk Valley end adjacent w o n  under naval 
auspices (see pp. 12-14), which kduded n journey to Point Barrow 
by way of the upper Noatak and Colville River bash.  About the 
aBme time the Revenue Cutter &mice made some important explor- 
atiom in the w e  5eld. (See pg. f 3-14 .) !!?he esgtera margin of the 
area was t m v d  in 1890 by J. H. Turoer, of the Coast Smey, 
preliminary to the location of the intemationa1 botmdarg. 

Tbe part of northern Alaska muth of the Arctic Ocean-Yukon 
divide has been explod by prospectors, by Hemy T. Men of the 
United States Army, and later by several parties from the Geological 
Survey. The Cape Lisburne region haa dso been explored by the 
GeologicalSumey. In 1901 Schrader and Peters (seep. 18) carried 
the h t  instrumental survey across northem Alaska from the Yukon 
basin to  the Arctic Ocean at the mouth of Colville River, while 
Mendenhall and Rerrburn bee pp. 15 and 18) made a similar survey 
to Kotzebue Sound, at the mouth of the Kobuk. This work waa 
far more imports~t than any pre~iowiy done, becau~e it included 

4 : %. . I 7 
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8 PREFACE. 

both amumte topopphio m y a  md sptemtic geologic obserwr- 
tions. In fact, the reporta b a d  on &me explorations furnished 
the first clue to the gmpphy and geology of the part of Mash 
north of the Yukon basin. 

For weight years after t h e  egploratiom the GeoIogioal Survey 
was too busily e q p g ~ d  in ~ u r v e d  Mona of greatar m i n d  
promise to continue work in northern Naaka, but it resumed thst 
workinl9lOand13ontinuedith1911. T h e a m e p o f  1911included 
an exploration of the Noatak Vdey,  much of which was previously 
h o s t  d o w n .  The resulk of these surveys am here aet forth. 

This bulletin, then, contains the first account of the geology and 
reso- of Nostrrk R i m ,  which is amow the largest stream of 
Alaska. The m b  of the region have been subdivided into several 
p u p s  and formations, and them have been at least provisionally 
c o d a t 4  with the eariqmphic units u~ed in mapping adjacent axeas. 
This stratigraphic anbdivision is remarkably detailed, considering 
the very hurried oharacter of the field inv~stigations. Some d u -  
able da tta have aEso been obtained on the extant of existing glaciers 
and of the former period of glaciation. Data were also obtained 
bearing on the mmenco  of plmm gold and other minartbl deposits. 

The brief outhe given of the scienac exploration of northern 
Alaska shorn that, although much hss been accomplished, much 
remains to  be done. Ram fomdated fox further work in this field 
are already in part in execution. In 1911 and f 912 A. G. .Maddren 
carried geologic aurveys f m h  Porcupine River northward to the 
Arctic &em, in cooperation with the Inbm~ftional Boundary 
Survey. It has alea been planned to make a amsy from the head 
of AIatna Ever  a m  the upper Coldle basin and down Chipp 
R i ~ e r  to the polar sea. This plan was to have been carried out in 
1912, but unfortunately tbe appropriation for the Alaska B m e p  
was not made in time ta permit it. 
Mention ~hould also be made of tba hvwtigations of this regiori 

by E. de K. L&ngwell, now being carried on under private auspiw. 
IAbgwell  has spent seven years in the eatp1omtion of the region 
t r ibutq  to the h t i c  cotat east of Colville River. E a  muIts will 
ba of great value, as they should make it possible to mhblish cor- 
relations between the work of Maddrm along the bound~ry and 
that of Schrader and othw who have e x p l o d  the region farthm 
west. 

When the multa of all thmn s w e p  me available northern Alaska 
wi l l  no longer be an unknown land. It should then be possibla to 
e8pm iQ geologic features fairly definitely, at  bast in term of ita 
huger stratigraphic units. All this will have an importrtnt bearing 
on the larger problem rehting to the geology of the North American 
Continent. 



THE NOATAK-KOBUK REGION, ALASKA. 

IKTRODUCTCON. 

acorn OF =PORT. 

hvstigatb~m by the United States Qeologicd Survey have closely 
followed the  pioneer'^ search for deposits of vaIwb1e minerals in 
Alaska, h accordmce with this practice, expeditions have *itd 
pa* of northweatern Alaeka where mining ha9 hem in p r o m  or 
where there wag probability of mining in the future, and a =ria of 
reporta has bsen published setting forth both the geologic and the 
geographic rwulk obtained. The present pager is one of this series -. and aims to dsacribe the main features of t he  Noatak-Kobuk region. 
The area included in thia inddhite trwt is shown on Plate I. It ia 
not proposed, however, to descbe all the region mapped, but rather 

e attention only to the Kobuk and Noatak basins and the 
ediately contiguous territory+ Therefore the Kopkuk m d  ita 

tributaries, except Matne River, will ia the main be excluded, 
together with the SeZawik River basin and Seward Peminsula. 

. Though reference is made to thew places, they are not part of the // 1 area considered in this bulletin. Beports on certain of these other 
areas b a ~ e  already been published and am avdable.1 

The p-memt report treats m d y  of the economic geology aad the 
geographic f eaturea that ham impoptant mntmL of the development 
of the mining indwtry. The statements are based on investigations 
ma& by the writer in the field sessoas of 1910 and 191 1, during 

# which the Kobuk Valley was traversed from upper Reed River ta its 
mouth, the klatna was aac~11dd nearly to its head, and the Noatak 
was descmded for its entire la@h In the K o h k  region the early 
work of W. C. Mendenhall left a m r d  of obervationa that would not 

b require restaitammt except for the fact b t  the edition of hh report 
. - 

IMoftIt, F. H., The Fs*hawm gold p M ,  Searard Peakmh, A W n x  ~ U L  U. B. GePL a m  No. 
247, fW. 

Ctdbr,A. J . , d ~ , T h e g ~ l d ~ h & ~ d ~ d S B l R B I d  PdnsUh, Ahb,idudhgtheN- 
wna~i~, Port -, md -pe grec- Bull. U. 8. *l. Survey No. BaS, 1% 

~ad-, A. o.,  he ~ o y u k o k c b s a ~ ~ i ~ ~  ra(~lon: BUIL u. 8. cte01. B ~ Y  NO. Ma, ~ m o ,  p. m. 
gmith, P. 8., Bnd Ealda, H. Id., A gool& r a C O ~ s n c e  in mthastarb B e d  Peaiaaula and the 

H d n  Bay-Nuhto mion, A h h :  Bolla C.  8. Qeol. S m y  No. 41P,1g11. 
9 



hm bem &u&d and ia therefore no longer available. In large 
menam, therefore, the parta d d n g  with the Gbuk have been based 
on the ohemations of Mendenhall, supplementd or m&ed by the 
later work. 

AQlWOWKEDf3~MTS. 

It would $8 impassible fo mhopdedge kidkidally the aid of d 
t h e  who have fmmkhed infomation for this report or who ham 
otherwise misted in ita preparation, either in the Gld or in the 
office. 
To the proepeotars throughout the +on thmh am due far 

unfailing courtesy and 6 t a n c a .  Thiq wm especiaIly true in the 
placer camps on the Kobuk, where the s e ~ c e a  of Commis~ioner 
M. 3. Mosan, kchael TuoheyI Frank E q h t ,  h a  WiEmx, and many 
othem have added greatly to the w r i k ' a  knowledgn and pereonal 
.comfort. On the upper part of Alatna River, Joseph Dsmendel and 
L B. C-1 matmiall y assisted the expedition of 191 1 by transparting 
mppliee in their phg bat and by hefpisg in the back packing 
acm the AlatakNoatak po-. Assistame in the latter work 
wm dm dorded 237 Isaac S@, Eoy K q ,  and Willitrm McCar- 
maat. 
The pion- wnrH of W. O. Mendcdd and party from the 

h l o g i t a l  Survey haa beem of incalculable aid in formulating plans 
and inkrpmthg ~ ~ ' v ~ ~ o I L B ~  and sincere apprecbtion of this- help 
is e x p d .  it Bas been intended to credit ta him the 
varioue p-ee in the fo1906ng p w  actually derhed from his 
published reporb, it haa not everywhere beem poseible to do eo con- 
aistemtly end hie idneuca hae been much greater thm is indicated 
by the a p d c  ~ u c e s .  
To the mermbm of the Brwsy wha have w e d  With the writer 

in the field or in th &ce hearty achw1edgmenta are due. H. M. 
Eakin, of the party of 1910, completed a very c d t a b l e  tapgraphic 
map of the region between the Kopkmk and Bobuk and did pmc- 
tkdy all the petrographic work m the d c e ,  besidee supplementing 
tho writer" geologic obematiom. Special c d t  h due C. E. G i 5 ,  
topographer, of the expedition of 1 fill, whme energy and mmeful- 
neras carried dong mspping repldly without mc&&g acewac~~ 
Deep obhgakions am aJao expremed to ] d m .  E. 
Sehg, 31. M. Sabng, and J. C. IPoyle, tm 
ont tha h l d  sessolt, who With  d ~ k h g  ch 
contributed lergely ta the completion of 
microampic examinations of the rock 
expedition were mmh by J. B. M A ,  
mination~i by T. W. Stso.toa, Ckqp 
the Survey" I , 



UEOQIGBPHP. 

BTsTOBT OF E-RATION. 

C EARLY EXPEDETIONB. 

The mliest explorations of the area were made in the more aeces- 
sibla mast regiom. By the close of the firet quarter of the nineteenth 
century various naval expeditions had charted the ahore line, eo that 
subsequent surveys hrrva added little more than details. Lieut. 
von Kobbae,' in mamh for oceanic connection eastward to the 
Atlantic, in August, 18 16, discovered the sound that bears hia name. 
Many to$graphic featuses eacaped his notice or were go crudely 
skebhed that it remained for Capt. h c h e y  in 1826 to make a more 
accurate u p .  Considering &the conditions under which thl work 
was donne the chmb by Beechey iei remarkable and has been the bme 
from which d subaquent maps of this coast hava been made. Not 
ody were porkions of the shore lins sumeyed, but in addition Hotham 
Inlet waa &covered and some of the higher points tsmd wsm 
located, mmy of the p r m t  names being oven by members of this 
expedition. A large river or narrow bay was indicated at the place 
where the Kobuk enters Hotham Met, but. no mention was made of 
this river or of tbs Noatak.' 

firing the 4 far Sir John Franklin many ship visited pa& 
of northwestern Alaska and the reports of their hveetigations * afford 
mms information about the region. Probably the moat important 
cuntribu tiam to the accurate knowledge of the region here cansidered 
wcra made by John Simpaan, s u p n  of the Pher.  In the winter 
of 1849-50 he ~ i t d  Hotham Inlet and vicinity, and his account of 
the +a contains the first mention of Kobuk or, as he c d e d  it, 
Kowuk River? He measured the width of the main channel, traced 
the courae for mnny milea by the ""gines" (~pruce), and learned of B 

d a g e  semn dap' journey uptrsam. The first map indicating the 
p m n m  of a large river in approximetely the p i t i o n  of the Noatak 
wss dm made by Simpson. During the winters of 1852 and 1853 
he b e d  st Point B a m w  and gathered from the natives much infor- 
mation which he assembled and published,' Although of interest, 
his map wrvs little more than to suggeet the larger drainage featura. 
On this map the Noahk k c d e d  Kunalak or Inland River, and the 
Kobuk L Kowuk. M y  the lower part of these rivers is mapped, 

~ ~ b u q L m . O m v c p , V ~ d ~ I n h t h h t h B a a ~ ~ ~ ~ m &  
fi W h e y ,  C q t .  F. W.,Nprrative era v ~ ~ t o ~ P ~ c  aad Rearlng'a B W t .  

Ketlert, Wt., Nvratloo d procrrrrdlrr~s of R. M. 8. Hcrdd md Pbrm: C)mt Brftdn P u b m m ~ w  
Papre, &s d 1R54-55, vd 35. 

Blmpsrm, fohn, Jourud dloh R m m , h - d d a d e t a o h s d m t c t b e a M o l R &  
ham Inlot InMay,1850: amt D r l U P a r ~ t a r g P a ~ ~ , ~ i o n o l F e ~ P U I J u l y l , f ~ 2 , ~ M  

a Ulmpm, john, Obeerwtlons on tho WMEUU Esikimo md the c o u n ~  they inhabit: G m t  BnMu 
P a r U m w n ~  Papara, e8asicma ol lW4,  voL 35, I=. 



but they are indicated, ."on mtiva authority," rre a t e n d ' i  far 
inland. 

A good idea of the state of geographic knowledge of this part of 
Almka late as 1869 k dorded by the map prepared by DaU ind 
published in that yew, This map w a  compiled from d author- 
itative eanrcea, including D ~ ' B  own obervhtions wMe attached to  
the Western Union Telegraph Expedition. On this map the H o p  
ukuk is shown as extending oxdy 75 milas from the Yukon (measured 
along the stream), whereas steamboat5 now ascend the river for over 
500 mila and the headwaters are s hundred or mom miles farther. 
The lower parts of the Kobuk and Noatak (cded the Inlmid) rivem 
are shown, but they are described1 as "small unexplored s t r e w .  
They m e  prolonged far inta the inbrior to up the unexplored 
spaces on most map." No d i s p q r n m t  is inknded by this quo- 
tation from Ddl, but it shows the lack of knowledge of moat of the 
inkrior region covered by this report at the time his authoritative 
article on klmka was prepared. 

XOBpK B A s m .  

Little addition$ infomation wm a q n 3  during the next 10 to IS 
years, but in 1883 intereat in the exploration of the region was 
mewed. In describing thmo later explorations it hm proved desir- 
able to separate the work on the Kobuk, Noatak, and K o p h k  and 
to treat each bmin in a m m m  by itmlf. 

h u t .  G. M. Stoney appears ta have been the h t  white man h go 
m y  distance up the Kobuk. In 1883, with one other white man arid 
two nativea, he spent eight dap going uptresm as far sa Squirrd 
River, After having spent about 15 daya in the oountry be returned 
ta the States. T h e  interest aroused by his short expedition encour- 
aged him to undertake further exploration of the river. Fie was 
a u ~ h l  in getting orders from the Navy Department to  investigate 
the Kobuk and was authorized to take the achadner Ounalaska, of 
49 tons, and a steam cutter, his party including three petty officers 
and aght men, After diilimzlties with ice he reached Hotham Met 
on July 10,1884. Oe July 19, with three white men and f i ~ e  natives, 
Stoney ebrted up the river in the ateam cutter or launch towing a 
 kin boat and dinghy. After a journey eetimated st about 275 miZm 
the party had t o  l w e  the launch and proceed in the skin b a t .  In 
this manner the party went for five days f a d e r  upstream and 
reached the tributary flowing from M e  Selby, It is not @b1e 
to state exactJy what was accomplished on this trip, 88 no report of 
the expedition wm made md the reaulta were combined with later 
survep. 

l D b l l , W . H , A b k a a u d t b ~ p . ~  



Daring 1884 m o h  expedition, under the lead- of Eat. J. C. 
Cantwell, of the R.evenueCatter %mice, the Kobuk. On 
this trip Limt. Cmtwell and Second k t .  Eqmeer S. B. McZenegm, 
with three other white men md one native, started up the river on 
July 8 in a eteam launch. M m l t y  with the launch forced them to 
leave it behind and continue in a skin boat. In this way they nearly 
reached the mwth of PA River where, as suppliea were nearing 
exhwtion, they turned back on July 29 and arrivd at Hotham 
Inlet on August 7, pasakg Stoney upward bound on July 31. Aa a 
b u l t  of thii expedition a report in the form of a journal was pre- 
pared by Cmtwell, with not- by Mhnegan on the resources and 
natural history, including ornithologg. These obsemationa gave a 
fairly complete m n t  oi the country near the river. Unfortunately, 
however, the report included no map, and delay in publication 
prevented its appearance until 1889, two years after the report on 
the' aucceading yesr'a exploration w~aa published, 
In 1885, again under ordera from the Navy Department, Limt. 

Stonq, witb 5 officers and 12 men in the 390-ton schooner Eking, a 
stern-wheel steamboat, the E q h e r ,  and a steam cutter, the H e h ,  
WM detailed to explore the ragion. Tha object wm to  establish 
winhr quartere and to make eume~re of the surrounding country. 
The party reached Hotham Inlet on July 9 and started up the river 
on the 17th. The outfit wna moved by short stage4 to a point now 
called Cosmos Crsek, whme cabim were erected, the settlement being 

. called Fort Cmmos. After the laet of the supplies hsd reached this 
pl-August 17-the party spent the next three month in pre- 
paring for the winter. 

During the winter of 188W6 wen exploring partics were eent out 
fo reconnoiter different p& of the Robuk and adjacent regions. 
These, ia ehronologic order, were m follows: 

December I, I 885, Stonery Ief t for.the Noataft by way of the Ambler; 
returning be ~ v s d  at Fort Cmmm Dwmn'ber 18. On December 
6 P. S. Naeh, snrgeon, left for the Yukon, but returned before com- 
pleting b mission, reaching Fork Coernos December 12. D m b m  
26 A. V. Zaae, pwt msistant engineer, left for St. Michael by way of 
P&h and K o p h k  rivers; returning from St. Michael he arrived at 
his ~tartbg poiat Februaq 25, 1886. December 29 Stoney left for 
a trip into the Selawik brasin wms the low bills south of the Kohk,  
getting back January 7, 1886. February 28 S t o n q  went up the 
Kobuk, crossed to the Alatna and thence to the Colville, and return- 
ing reached Fort Cosmos April 6. March 10 Ensign M. L. Reed went 
to the hot ~prhga  on Reed River and returned, reaching the fort April 2. 

~ ( ] a a t w n & J . C . , X s p o r t o t ~ e ~ o f  th~revenuestesmsr~inLa theAiotfoOownfn1$81,W~ 
tagton, 1m, pp. WZ6, 



April 12 Emign (now Capt.) W. 1;. How& went by wtvy of the Am- 
bler to  the NoataEt, thence to the hdwnters of the Coloille, down 
this stream to a portage to the Chipp, and thmm to hint  B m w ,  
where he took p w q e  on 8 menue cuthr to t h  Ststee. 

As a result of theae qeditions information about a large 'kmitory 
was obtained, but newly 15 y m  el@ before it wrte published, 
and it then a p p d  in a form so condensed that many facts were 
omitted, many discrep~ncies occurred between tha text and mq, and . 
other inaccuracim were alIowd to creep in.' Illthough i b  ie always 
dBcult to estimate fairly the emoqlishmenk of an explorer it? 
mema that considering the t h e  spent in the region the results obtained 
by thia expedition were not BO full ae they should have been. h'ever- 
theleas, the general knowledge of this parf of Alrrsk~ wm much 
increased, and an approximate idea of the t6pogmphy wag obtaind 
that haa been of great =mice in planning submquenlt survege. 
In 1885 Cantwell also m d e  another trip to the Kobuk. On thh 

expedition he started from the mouth of the river July 2 in a ~ t m m  
launch, the P h e r ,  and roached a point near the ~tream flowing from 
Lake Selby, where tho launch was abandoned and the journey was 
continued in B ski boat. From July 12 the party traveled upstream 
until, on the 21st, i b  reached Walker Lake, or Cmloogahloohak. - 
After making a cruds survey of the l ~ k e  md the upper part of the 
Kobuk Cantwell turned back, reaching Hotham Inlet A u p t  22. 
During this trip notes were made of tho ice clilFs below the Ambler, 
the J d e  Mountaim, and other facts of intereat. C. H. Townsend, 
an mistant in the United States Fkh Commission, wa~l attached to 
the party and coIlecected much information about the birds and fishm. 
Tbe report' waa published in 1887, thus being available two years 
More the reporb of the Cantwell expedition of 1884, which did not 
appear until 1889, and 13 years before the, publicstion of StaneyL 
obsereations. 

The map prepared by Cantwell wa9 published on a scale of about 
10 miles to the inch. The general geographic position of the Kohk,  
or Rmwak asi it is called, is good, but the form of the river is unrewg- 
nimble. The topography away from the river is inadequately shown, 
ge isolat8d ccmvmtionaIized hachum me uaed. The main contri- 
bution i s  the recognition of a large livm extendiag mugbly dong the 
sixty-menth pmdlel irom longitude 164' W. to Rothsm Inlet. The 
taxt on the whde is better than the map, but ita aw is in large meaaure 
dependent on personal familiarity with the region and much space is 
taken up with details of no pmnmmt d u e .  
The discovery of gold in Alaaka was followed by an in&lx of pros- 

pectom. Although many of these men doubtless ~tmturad into the 
' Btmeg, G. H., Z,Navd b t k m  hl hkb,  hrmapo& 1800. 
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udmown kritary1 the information they obtained baa not been made 
mailable for others. A few prospsctorra' amounts b ~ e  been pnb- 
lished-for example, Joseph &ell's experiences in tbe ~ o b u k  in 
1898-and afford an hbreating record of the early condiliomml 
The h t  Geological Survey expedition to the Kobuk was sent out 

in 1901 in charge of W. C. Mendenball, geologist, with D. L. Raabm, 
topographer, and fiva camg hands. The party s ta ted  at Fort Hamlin 
on the Yukon, ascended Dd River in canoes, portqgd to K m t i  
River, a tributary of the Koyukuk, dewendad tha6 atr-xm and went 

7 up the Alatna for 80 miles to Eelpmejack Creek, which heads in a 
, bw wddle leading to the Kobuk. Tbis p- was renched Jdy 30 and 

the portage to the Kobuk wm completed by August 8. The party 
then descended the Kobuk, arri* at Hotham Inlet S e p b n k  3, i 

The report on tb expedition, published in 1902, gives an accurate 
and systematic description of the region traversed and has been the 
sourn of much material contained in the present report, The topo- 
graphic map prepared by Reaburn ha~l b e n  of special assistance and 
is the base used for the Kobuk Valley in Plate I. Althou~h gome 
corrections and differen- in interpretation have arisen in the course 
of fuller invmtigations, the broader problems were recognized and 
stated by Mentlenhd,a whmm work b been of great gemice ta those 
interested in this pm-t of hlagka. As fullar reference i~ made to thia 
report farther on, a m m  complete review at this placa is unn-sary. 
In 1910 the writer, sccompmied by H. M. Ed& and two oamp 

handa, with a &-horn pack train, left  the Knyuhk near the mouth 
' of the Rogatza on Jme 22 and travmd the mountajns between 

the Kopkuk and the Kobuk. T h e  Kobuk was crossed below the 
mouth of Beaver River and a few days were spent ~umeying the 
region adjacent fo Beever and Resd Rivers. Ths party then 
travded along the northem margin of the lowland of the Kobuk, 
reaching Shungnak July 22. A delay of several d ~ y ~  awaiting 

9 ":supplies nllowed investigation of the geology in the neighborhood. 
On August 10 the party starbd down tbe Kobuk in a skiff and 

k reached Rotdue,  where work for the season stopped on Aumst 
20. During this trip a visit waa made to. the Awly dkovked 
pImere of SsuirreI River, in the lower w a r t  of the Kobuk basin. A 
E d t  of t& expedition is a topographic map, on a field scale of 
about 3 miles to the inch, prepared by ML E&, s h o w k  2,000 
square miles of pre~ioud~r ~ i ~ ~ i ~ e ~ e d  country. Some of the obser- 
&tiom mede 06 thh  trii have a&adp been-published but o t h m  
appear for the first time in the present report. - 
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Aftm tho early disco~miea noted on pnge 11 the Hoatak WB& not 
visited until 1885, when S. B. M h e g a a ,  of the revenue-marine 
steeslsr C&m, was detailed to explore tlie riverBT He was the 
t k t  and only white man who traversed any considerable length of 
thb rimr and left 8 permanent rscord of his trip prior to the Sur- 
vey expedition of 1911. With only one companion, s, a e m m  named 
Nelson, ha attrrted up the river duly 2, 1885, in a 27-foot biiarka. 
By hard work they rewhed a point that they mnaidemd the b e d  
of canoe navigation on Augnat 1, and after a days rest they turned 
back and reached the mission at Kutaebue in eight d q .  A report 
of this trip was puibbhd in 1887 md has been pmticdly the only 
source of information about the river. Although the point reached 
by McLenegan was nearly 75 des in an air line, or a b u t  150 
miles by river, ,below the r e d  head 02 canae navigation and wm 
platted about 60 miles too far east, the general mapped form of the 
river was ~xcellent. He spent so much tjme in forcing hia way 
upstream that he made but few obsemations except along the 
immediate route. Although regret is felt that McLenegan did not 
obtain more data, credit must be given him for a good piece of work 
as bar ae he went, and his oversights are perhaps attributable to  the 
bad weather he expiended throughout most of his trip. 

The expleditions of Stanej~ and members of his party in the winter 
of 1885-86, ss already ~ta ted  on paga 13-14, earplored partg of the 
upper Noatak Valley and gave the only avaiI&ble information about 
this region. Details were metager, and the delay in publication of the 
reaulte and the incorporation of s u r v p  by other sxpeditiona make 
it impossible to determine satisfactorily the paste mtually contrib- 
uted by the Stoney party. It is stated that in the summer of 1886, 
on ' 'July 12, Ensign Reed and party were sent to complete the work 
in the Notoark [Koatak] River. They were towed a h t  60 miles 
up the stream and 1 eft to carry explorations up rto the point where I 
bad left a£f in December. They returned on the 22d.11 M h e r  
information is not given, but as no mention is msde of the Noat& 
Canyon, and as the party spent only a short time in the field, its 
explorations probably did not extend as fm aa lorgituds 162". On 
Stoney's mbp tho form of the lower part of the Noat& is good, but 
the middle md upper parts ars unrecognizable. 

During the open season of 1915 the h t  Geolqqid S m e y  psrty 
to visit the Nostak went up Alatna River in cam-, porhpd acrm 
to the Noat~k, and d m d e d  t h  t atream to its month. In addition 
to the h t e r  the party consisted of C. E. G i 5 ,  topographer, mnd four +. 

camp hands. Work wss commend at the mouth of the Alatna 



Jdy I and wits hished at  Kotzebue Augu~t 27, during wEch time 
an essa of nearly 10,000 square mile, three+fomhhe of which was 
within the No~tak basin, was soweyed gmlogiwlly and topograph- 
ically. T h e  canoes w m  umed in order to f d t a t e  the .movement 
af the dierant  units of the prrrty. Supplia for the entire trip were 
broughf in from Seattle, and were aent by freight down the Yukon 
and up the IKoyukuk to  the mouth of the Alatna by tb regular river 
steamboats. From this place the suppBm were &ed in the canoes 
or back packed. Game was abundmt, so that sheep, csribou, and 
birds formed a comiderablo addition to the routine camp fare. Tha 
weather wa~l especially favorable for the work; numerous shght ahow- 
ers kept the atream~t at a good stage, but did not make traveling dis- 
agreeable nor obscure the distant Imdscape except in the mountain- 
ous regions. Ag the praent report is largely based on the resulte of 
this trip, more spmXc description may ba omitted here. 

A U T N A  B1SBTN. 

The earliest survey of the upper part of the Koyukuk basin and 
the mgnition of Alaltne River was by Lieut . R. T. men ' under orders 
from the War Department. This trip was perhaps the moat remark- 
able of any that has been made in mmection with Alsskan explora- 
tion. Starting from the muth eomt of Alaaka, Men with one corn-' 
panion, Fred W. Ficketk, ~ n d e d  Copper River, cr-ed the moun- 
t a b ,  and descended the Tanma to its mouth. From tbis place the 
two whito men, with seven natiws and fiVb dogst, etarted north July 
28, 1885, rmhing the junction of the Kanuti and the Koyukuk 
August 4. At this place they pmmred a boat and went upstream 
, t o  the mouth of John River. Then turning back t h q  des~ended the 
Kopkuk to  ita mouth, surveying the river ae they went. This report 
is accompanied by a good map of the Koylrkuk, on a scale of approx- 
imately 12 miles to  the inch. Tba descriptive -t, in addition to 
giving a narrative of the trip, has notes on the geology 'and meteoml- 
ogg .and tables of distances. 

-Shney's -edition to the middle part of the h t n e  River valley, 
elreedy refmsd to, afforded Borne general information about this 
part of the valley, bat the details are so inexact and in phcm ao wm- 
neous that cudidace can not be placed in hie map. Thia ia pdicu- 
lmly unfortunate, for many parts are nearly correct, but it requires 
s visit to determine the fact, and therefore the map as as whole b 
practically of no senrim. 
h 1899 a Survey party in charge of F. C. S&mder, with T. a. 

Gerdine and D. C. Witherspoon, tapgraphem, ascended the Chanda- 
1sr River from the Yukon, porkaged co the Ka~rohk and descended 



that stream to ite mouth. The rmulte of this trip were the publics 
tion of a map on a ~ c a l e  of about 10 milea to the inch and a fully 
flustra;ted text,' dmmibing the geology and geography and contain- 
ing also notes on the mineral resources. 

Two y e w  later, in 1901, another Survey party, in charge of W. 5, 
Petere, topographer, with F, C. Scbrader, geologist, Gaston Philip, 
topographic assistant, and five camp hands, was detailed ta make a 
trip from Bergman an the Kopkuk to  the Arctic coast by way of 
John River. In order that the expedition ahouId be under way as 
early rma possible in the spring it waa necessary for the man to leave 
Skagway in Febnrary and go to Bergmm overland by dog team. 
While awaiting the break-up of the ice in the rivers a preliminary 
reconnnissance ww made up Alatna River by Gaston Philip tw far 
as the Kutuk. Unfortunately the original notes of his trip have becn 
lmt, so that, mcept a sketch map of hi4 mute and a general statement 
in the report,' no specific details of his trip are available. Although 
tho route of the main expedition up John River and down the CoI- 
ville lies outside the region directly conaidered in the present work, 
Schrader's report affords so much infomation on the near-by areae 
that many &erenoes are made to it in, the folIowing pages. - 
In 1901 the Mendenhall expedition to the Kobuk, ahad  y described F 

(see p. 151, mcended the Alatna 80 miles, to the moutl~ of ITe1p 
mejack Creek. From the published account a of this trip, as well 
as from the original notebooks, many facb have been taken to 
amplify the present mport. The topographic map prepared by 
Reaburn has been used as the base for the lower part of tbe Alatna 
as far as Helpmejack Craek and for that creek &d the pwa to the 
Kobuk. 
Th. expedition of 191 1, aa &&ady stated, trs~ened $ha Alaha 

from its mouhh to  tho head of canoe navigation and spent nearly s 
month in the bmin of this river, In addition to mapping the mull- 
try immediatkly adjacent to the river, the party msda side trips on 
fobt ;nto the hilh &d obtained a general view of the surrounding 
counm. The rmults of thia expedition are here stated fully for . 
the h t  time, though a praZiminarg report on the mineral resources 
has been recently published.' As these obasmationa axe given in 
full on sumding papa, furthar review of the work of this axpedi- 
t-ion will be omitZsd hem. . 
- 
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Alaska haa hen divided by Hayea,' Brooks,' md others into 
seoeral large geographic provinca, which, f ~ o l n  south to north, 
haw been called the PmSc Mountain sptem, the Central Plateau 
region, the Rocky Mountain sptem, and the Arctic Slope region. 
T h e  Nostak-Kobak region lies almost entirely within the third 
pro6ce--the Rocky Mountain syatem. Most of it ia drained by 
Noatak and Rob& rivers, which flow westward to Kotabue Sound, 
but part of it is drained by the Alatna, a tributary of the Koymkuk, 
which forma a p& of the Yukon drainage. Although mainly of 
mountainou~l bpograpliy, the region is so much divemfied by high- 
lands and lowland, by valleys and ridgea, that in places the reason 
for wigning tho country aa a whole t o  the Rocky 3fountain ~ystem 
is m t  appmnt to one contemplating only the immediate detaih 
without regard to their larger relationship. 

Schrader haa suggested that the Rocky Mount& sptem has two 
axes, one norbh and the other eouth of the Noatak. Not enough is 
b o r n  of tbe region to  tha north to venfg this statement. Certainly 
there appears to be a major axis of deformation to the south, betwsen 
the Noatak and the Kobuk. As a result of this structure, thn larger 
streams have c o u m  either nomd to the constructional trend or 
parallel ta it, It js not ppromd, however, to go into these details 
here f d h e r  than t4 suggest that the generd north-south trend of 
the Aletna Valley may orighally have been normal to this axis, 
whereas tha general trend of the Noatak and the Kobuk valleyla ie 
prrralle'l to it. Since this mountain buildkg took place, however, 
so much normd erosion and glaciation haa dected the region that 
few OF none of the comtructional dopes are prmemed. The general 
emt-west trend of both the topography and the geologic formations 
is still one of the moat notable features of the region. 
Aa prwticaly the entire are8 comprising the Kobuk, Noatak, and 

Alataa vallep liw north of the Arctic Circle, and as the region as B 
whole is s rnountainou~ province, its climate, vegetation, and fauna 
are mainly those characteristic of hqhIands in the frigid zone. Thie 
fact i perhap even more ~trikiug than the mount-ninow hpography 
or the general eat-west trend. 

It ia proposed in the following p a p ,  before the geology and the mh- 
era1 resourma are considered, to dmcribe the genera1 featurea of the 
geography u d  to give information of a relatively nontechnical chm- 
&chr concerning the drainage, mlief, climate, flora, and fauna, and 
the population esd mttlementa. As mch of three rimr basins d Z m  

1 Barn, C. W., E - h  thmugh tho  Y W d b W e t  Nat. Qerg. Mag., ~01.4,189a, pp. 11?-la 
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from the otbew 51 mmy mpecta, and forms a ra;bher distinct unit, 
they wiU be d d h d  separably. 

For purposes of d-ription the region adj acont to the Kobuk may 
be divided into three more or less distinct pmts whoh am, from the 
mouth eastward, the delta, the Squirrel. River to  Reed River pravinca, 
a d  the headwater mountrain province. It ghodd be noted, however, 
that these terms have r d m a o s  only t o  the region near the ~ ~ e r ,  for 
the so-called headwater mountains extend practica11y without hi ter- 
ruption along the north side of the river dl the way to ite mouth, 
though in some placa they axe distant from the river a d  in othera 
are close to  it. It is evident that they form the &Man& in which 
all the tributaq streams rise, md therefore hrtd exploration been more 
extensi~o~it would be mom logical alto divide the basin into tha b h -  
lands, the valley slopes, and the valley floors. 

DELTA 

Tfie delta portion of the Koba'k a h a  water atm& westward - 
from a point a ahort &tarice below Squirrel River. It is approxi- 
mately 35 d e a  long and from 20 to  30 mil= wide. In tbis area the 
main et~eam epliia into e, great number of channels, which further 
~ubdivide and reunite, forming an untravemible network of atrmm~. 
Stoney notea that there are 13 mouths to the river, but so far na 
known only two or thrm are much traveled. Shney, Menddal l ,  
and Smith traversed the middle &-el, which entm Hothm Inlet 
nearly opposite Nimiuk Point, 28 milea from Kotzebne. Cantwell 
apparemtly mended the ~outhern channel, which enters almost at 
the b e g h h g  of Selawik Lake and is 25 milea farther away from 
Kotzebue; the northern channel hm not been survqed, bu$ natives 
report that it follows dong the southern flanh of the hjll~ rand is 
nedy as deep as the other chaaneh. The middle route is the one 
rnostusdaxlldhthereforebe~~~edtobethebest. Oneunqaalnted 
with the river would have coneiderable dif5culty in fidmg the way, 
for tho current is slight and is o f h  reversed by the tide during 
periods of high water or strong onshore winds. Stoney reports that 
2 fathoms may be carried over the bar at the entrance to  the middle 
channel, but from the reports of other travelera it is b e l i e ~ d  that there 
is mually little more than half as much water. 

The dm& between the different htributariee me low, few being 
more than 5 feet above the summer stage of the river. The natives 
report that t h e  flats are usudy overflowed in the spring and ara 



DIWRAQE AXD RELIEF. 21 

wvmd with blmks of ice discharged by the river. F'mm the scam 
'on the m d  the accumdation of driftwood brought down during 
the high s t q e s  it was evident that much of the region mwt ham bean 
recently undar water. The immodiato b 6  of the river a m  the 
b t d r a i n e d  parts of the delta, and usually furnish sufiicimt dry 
ground for p i h h g  camp, but farther away tho g o w d  in mmmeris a 
wet spongy massof vegetation, into which one sinks a t h u t  ankle deep. 

Soma s m d  tributaries rising in the hills north of the delta undoubt- 
edly emter the northern channel, but not- ia known of them, a9 
that part of the region has not bean vbibd. North and weat the 
delta of the Kobuk merges into the coastal lowland that skirts the 
northern hills and extends boyond the Noatak. To the south and 
east the delta mergea into the low county mound Selawik L k e .  
The presmoe of a delta, at the mouth of the Kobuk Es notable, for it 
is practically the only large delta on the west coast of Alaska north 
of the Yukon. 

nwnram. m a ,  TO REXD m a  P a m r .  

A short dhtance ahve Squirrel River the hille on the opposite 
~ d e s  of the river converge, and for 6 to 8 mil- the valley floor h only 
2 d e e  or so in width snd rocks outcrop on both banks of the stream. 
Farther npetream the bills again recede and the floor aver- 10 
milas or more in width almost as far as the mouth of Reed Ri~er. 
Throughout most of this distanco no rocb are exposed in the river 
b h ,  which are h k a d  formed of sands, gravels, and silts, WE& 
here and there include ice maas- 20 feet or more thick. The flood 
plain of Ithe river is usually not more than 2 to 3 d e a  wide, and 
except in the part jwt sbwe Ambler River the sheana doea not 
meander extensively. The fiver is from oequrtrter to one-eighth 
of a mile wide and hm no obshctions to navigation. me cment 
is from 1 to 3 miIa an hour, which, though not strong, m & s  hclring 
necmary. The river does not split up much Into blind do+, so 
thBt it iB awy to trweme* even by one unacquainted with the route. 

lhok of the B o d  plain there me prominat gravel terraces, which 
s b d  100 to 200 feet above the river. Higher bench=, the highest 
at sn elevation of nearly 1,000 feet above the river, have been notd, 
but they ars not so distinct MI the lower one. Traveling on these 
tmrac&s is fhly  good, as for the most part the gravela are well 
drained. Horses have been taken on these benches with little or no 
diffiaul ty from Reed River to Shungaak, and simiIar muntl.g &.en& 
still farther west. Smdl l&w of irregular shape and size th&t were 
produced in an earlier s t q a  of the valley development occur in placm 
on these tmmm. Hero and there crescentic moraines opposite the 
mouth of the 1-m streams h h p t  She newly gmooth gentle slope 
01 the outwash plain. 



22 TEE NOAThE-KOBOK REOIOK, U K A .  

North of the bwhnd of the Kobuk the hills rise with steep go~th-~ 
ward-fhg s l o p ,  the fronts of which are fairly well ahgned, showing 
no long straggling apurs. This feature b particularly prominent in 
the stretch between Reed and Shungnak rivem, though it still 
appears here and there to the west. In this part the steep slop- 
lead to ragged peaks and r i d p  rising from 2,000 to  3,000 feet above 
the valley floor. Plate XI1 ia a charwterietic view of the northern 
margin of the lowland, with the steep slopes and mountains in the 
background. The picture was taken from the gravel t e r n  150 
feet or so above the Kobuk, juat wmt of Lake Selby. Except for 
the lake the picture b typical of the topopph y north of the Kobuk 
for about, 100 milas. 

One of the most peculiar featurn of the topography north of the 
Kobuk is the subordinate i-ange of hilh that liee between the Hob& 
m d  the mountain area still farther north. This highland, which h 
aded  the Cosmos Hills, rises to m elevation of 4,000 feet and js 
separated from the Endicott Mountdm by a lowland whose surface 
stands at an average elevation of less than 1,000 feet. The larger 
rivem rise in the Enhcott Mountains, flow southward, enter the 
lowland, and then cut through the Cosmos Hilln in steepsided gorges, 
some of which are narrow floored, though othera are broad. The 
divide between the stream in the lowland region is only about 200 
feet high In placee, as, for instance, between the Kogoluktuk, Shnng- 
nsk, and Ambler riven, north of Shungnak. At s distance it is 
almost impossibls to M i h  the divides ie this part of the region 
and trsvelers repart that dnrjng the winter they have passed from 
one tributary to another witbout realizing the fact. With such a 
broad lowland region available it seems atrange that the rivem have 
persisted across the trend of the lowland and have trenmted the 
Cosmoe Bills. 
In addition to thwe larger tributariee mmy streams that rj, in 

the Cosmos Hills enter the Kobnk independently or join one of the 
larger branches. Some of these ahow peculiar f e a t w  ; for instance, 
m e  of the streamm h e d u g  on the north aide of thma hille flow north- 
ward to thelowlandortoatransvemeatre~, where theyturn abruptly, 
crms the range, and thus enter the Kobuk. An example is Ruby 
Creek, which heads within 3 to 4 d a s  of the southern face of the 
Chmm Hills but flowa northmrd for 7 to 8 mil= More joining 
Shungnak River; thence ita waters are carried southw~~t about 20 
miles before reaching the Kobuk. This condition prevails in spite 
of the fact that near its head, toward the ~outh, there is a paas not 
over 400 feet above the Kobuk which has evidently bean occupied 
by a former drainnge way. Examplas of tbis sort might be multi- 
plied, but the one cited may serve to bring out the fact that the p m n t  





DWWAGE rn RELIEF. 23 

drdnage wes in s large measure determined by the earliar topography. 
f t ie b 6 h v d  that these passea, traneveme streams, and like feature9 
are k t  explained a~ due to d r ~ a g e  modifrcatione induced by g1:lac 
cietion in the Endiwtt Mountains and contiguous territory in com- 
paratively recent time. 

EspeEzally full description of the region north of the Kobuk in the 
estern part of the Squirrel River-Reed River provintw haa been 
given, as t b  region is best h o r n .  Farther there ars many 
large tributaries that rise in the hills to  the north, but their b a s h  
are practically unexplored. Squirrel River bas been visited, but 
only its lower part. This part of the vdey is a Broadly open 
gravel-sled lowland, ia which the stream meandem in irregular fash- 
ion, Benches on the valley sides, the hqghest 400 feet above the stream, 
form prominent features, and the nearly imparwable sloughs, m a d = ,  
and flab between the river and the M1a are particularly notable. 
Many of the s m d  tributaries of Sqmkel River in their headwater 
parts flow in rock-cut goorges, but in their lower courses they Bow 
in the gravel deposits of the main valley. 

Passes from the Kobuk to the Noatak probably occur at the hea& 
of msny of the larger streams. A prospector with pack horses ia 
reported to have gone to the Noatak by way of a p m  north of SquirreI 
River, and it is probable that several low pasaes lead from the western 
part of t b  basin into the lower part of the Noatak Valley. At the 
head of Hunt Kiver there reported to be another pasa which pmb- 
ably leads ta Cutler River, a tributary of the Noatak. Stoney l~nd 
his parties went to the Noatak by way of h b l e r  River; nat.ives met 
by the expedition of 191 l on the Noatak reported having come by 
way of the Kogoluktuk and an easy pass into the Ipmiluik, s atream 
entering the Noatak 12 miles south of the camp of August 2; pros- 
pectors report having gone to the Noatak by this mute and ralso by 
way of the Mauneluk, the neart large tributary of the Kobuk to the 
emt. It is probable that no good pame8 to the Noat& wil l  b found 
farther eaat until Reed River is reached. 

South of the Kobuk the hdle are not so high md ruggd as those 
to the north. The same terraced country stretches from the river to  
the foot of the hills and the slope to the cmt of the ridges nearly 
as ateep. The spurs do not show as well-marked ahgnment as on the 
northern side and they hava a less truncated appearance. Benchea 
that Be wnsiderably above the river are more noticeable on the 
southern than on the northern hills. 

No d&te name bas been applied to tbe southern range as a 
whole. The western part haa been c a l l 4  the Waring Mountains, 
the central part the Sbeklukshuk Range, and the eastern end was 
considered by Stoney to be part of a northemtiBOuthwest range, 



m d  by him the hckwood Mountrsins. Tbe latter name has here 
h e n  applied the range muth of the Kobuk, end the mountaim 
still farther south, whicb are entirely separate, have been edled 
the Zme Hills. In many respects the drainage of them hiUs is 
peculiar. There are normal sbeams that rise on the northern ftbce 

of thuse MIS and flow northward to the Kobuk, bat them me in 
addition some streams tbat risa on the southern face and, after 
flowing for a distance mutbwmd, tm abruptly, transed the range, 
and thus join the main stream. P& River is the best-known ex- 
ample. As tbe form and relations of thb river am well illustrated 
by the topographic map, further dmcription m y  be omittad, except 
to point out that there is practically no divide between this straam 
and tbe Kopkuk drainage on the sou tb and that the divide between 
it and %lawik River on t$a west is leas than a thousand fwt high. -. 

Very little is known of tba drainage and relief south of the Eobuk 
in the w e s m  part of the Squirm1 River-Reed River province. 
From the views obtained on tbe Kobuk, and from the reporte of 
SMney and Cantwell and their maps, it smm probable &at tbe 
range of hills ia n m w  and the streams are therefore relatively 
&orb. None of the palm seen weat of Shungnttk were more khan 

r 

2,000 feet high, and it is doubtful if more elevated points occur. - 
East of Sbu#, however, some of the hgher bills rise 4,000 
fwk, but tbw are earcaptionel, the average elevation being probably 
not over2,50Qfeat. Here md there agapnot uccugiedby astream 
interrupts the continuity of the ~ l r w o o d  Hills, notably at a place 
about 10 miles emt of the mouth of hlby River, where a narrow 
gorge, whose bottom at the highest point &i not over 500 feet above 
the .Kobuk, and whose precipitous w a h  are over 1,000 feet high, 
CUB completely acrosa the ran@. 

P m  acroaa the range south of the Kobd can be found almost 
evaqwhere. The p w  h the w&mri part of the range lead into 
the %law& basin; a o s e  in the eastern part l e d  into the bash of 
the Koyuhk  &onay l reprte having pn6  from Fort Cosmos to 
the Selawik by way of a paws not over 400 feet above the Kobuk 
The Survey expedition of 1910 traveled with b o r n  along tbe crest 
of tbe hokwood EEills from a point west of Ptrb River to a point 
nearly south of Beaver River, so tbat even in ita higher parts this 
range is not d86cUit ta mom, and with the numemus transverse 
gaps a route from the Kobuk to tba Koyukuk can be found thab 
nowhers rises mom than 400 to  500 feet above ths Kobuk. The 
most traveled mute between the Kobuk and tbs lower part of the 
Koyukuk is by way of tbe Pah. The name Pah sign5w "door" 
and refers to the fwt that this is the gateway into the Yukon basin. 



Aa has already been stated, the upper part of the Kobuk Valley 
above R a d  River is here included in the headwater mountain 
province. In the part of its course near the mouth of Reed River 
the Kobuk is ona-eightb of a mile wide, hut it decreases in width 
toward its headwaters in the high hills between the AZatna and tbe 
Noatak. Its depth also d8em greatly from place to place. Near 
tbe mouth d Beaver River 8 sounding of over 14 feet waa obtained, 
but natives report that above Echaiakaka Creek the river spIits 
up into many small streams, dl of which are too shallow even for 
canoe navigation. Probably some of these streams rise in small 
glacit~m, but the region hw not been explored and little is ]mown 
about it. Most of the valleya have forms such as am usudy pro- 
duced by glaciation, and them is reason to believe that in the parrt 
many if not most of the larger valleys were occupied by ice. This 
fact has been emphasized by Mendenhall in dmcribiing part of this 
region, for he s%ates that much of t h ~  topography tbnd strew dqn- 
menta ara of the confwd types that result from ice work. 

Several lakes form notable featurea in this province. Tbe lagmt 
of these is Walker Lake, which is about 14 miles long and from 1 to 
2 miles wide, and is hemmed in by mgged mountains except at it9 
south end. Near by h Nutuvukti Lakg much smaller than Waker 
Lake but similarly situated. These lakes are probably of the same 
general origin as Mby Lake, in the more weatern part of the valley, 
already dwcribed and illustrated, and the several otber mapped 
lakes in the neighborhood. Of as entirely different character ia 
Norutak Lake, south of the Eobuk. It occupies a broad widely 
open lowland that is reported to extend uninbrruptedIy between 
the Kobuk and the tributaries of the Koyukuk. 

The following description by Mendenhall l of tbe country m u n d  
the bead of Walker Lake fumhhw a general idea of the topography 
of the mountain province as a whole: 

The lake ia bordered on both adas by precipitous mountaha which riae to heights 
of 3,000 or 4,000 feet. Southeast of it, t a d  the mouth of Reed River, the country 
becomw broken, the hills, which are from 1,000 +XI 4,000 f ~t in height being separated 
by b d  pwa, whicb am often not much above the gemem1 level of the streame. 

As h e  mountains form the divide between Kobuk, Noatak, 
and Alatna rivm, there d be occasion to describe some of the s p  
c& featurea notad in the other basins later. (See pp. 32-33,36-38.) 
For the pr-t it will 8uffice to point out that the peaks and ridgas 
are lofty and rugged, with great differences in elevation, and me 
undwgoiug erosion so rapidly that they preserva in few places any 
evidence of an earlier topography. Bare rock crab and talus- 

1 Mmd€ddl, W. C., FWmm&mm from Fort HamUn to Kohabue &mud, A M a :  Pmf. Pager U. 8. 
QmL Survey No. 10,1W, p. 25. 



covered lower s l o p  dorainate m d  ere the chmw-tic features of 
the landscape. 

THE NOATAK BABIIQ. 

me region djment ta the Noatsk may be divided into six more 
or 1wi hpographically distinct parts. These, from the moutb u p  
atrmm, ma themaeta1 lowland, the IgichukHilIs, the Mighn lowland, 
the second highland, the Aniuk lowland, and the headwater mom- 
tains. A s  was said of the KoGuk basin, it is probable that more 
complete knowIedge of the geography would necsaeitate modification 
of these subdivisions, for they refer only to lths region near the river 
and not to the entire basin. For h t a n c e ,  probably all the moun- 
t a b  dorm one main tapgraphic unit in which the various lowlands 
have been cawed. Inasmuch, however, as the six provinces enumer- 
ated above are the mmt str iking feat- t o  the ordinary traveler, 
they will be adopted in the following dacription. 

Tha mmtd lowland djscent to the Noatak, as its name implies, 
has low relief, at no place rising more thrrn a few hundred feet above 
the sea. It has the form and g e n d  chamtern of a coastal plain 
and not t h m  of a normal delta. In fact, the delta portion of the 
Noatak above water, if the term delta h spplied d y  to the psrfwhem 
the river ~plita up into distribuhries, ia not more than about 2 miles 
long. In thh mpeat the Noatak diff em in a marked manner from 
the Kobuk. Laksa and marahes, it is true, occur in great numbem 
on either side ol the river for 10 mitoa above the mouth, but gravel 
benchm 60 fset or more in height extend as far m t h  aa the Iarge 
mapped island just above the fimt distributary to the west and are 
not pariodicdly ove~owed.  

The plain is composed mainly of mnds and gravels, probably 
of marine origin, which were deposited under water and then later 
uplifked and partly dkected. The slop& from the sea toward the 
next upstream province ~rre rather gentle and in placea no sharp 
line of demarcation between the two can be drawn. Near the river 
tho upland is fairly well drained, but fadher away the thawing of the 
surface in the summer makm an ahast  untraversable morass. 

The main river b about a d e  wide and hm a gmtb current, 
It is not much obstructed by islaeds or sand bars. At its mouth 
it is aa shallow that, b a t s  must follow the channel. No wundiqp 
were mdt! by the Survey patty, but McLeneganrs s a p  shows s 
depth of 12 to 15 feet as far upatrema aa the big bend to the west near 
the camp of August 26. Few tributaries enter the Noatak in this parb 
of its coum find all of these are mere wet-weather stream, no 
Wt iite valley is ~ e r y  namrw. 



XMOEUE -n 

The fopogmphie feature called here the Xgichuk Ells, is a high- 
Zand - fmm 5 to 15 milea wide trending in general emt-west, the 
higher poinh of which rise to elevations of 1,600 to 2,000 feet. On 
the east these hills join tho88 muth of the Squirrel River bmin of the 
Kobuk, which in turn are part of the general K i m d  area called 
by Stoney the Baird Mountains. To the west the Igichuk I T i a  
disappear as topcgmphic featuw north of Capo Bruaenstern. The 
most remarkable feature of this range ia that the Noatak cuts through 
it in a narrow gorge. This lower gorge is 400 to 600 feet deep mcl is 
so recent a feature that pmoticdly no flood plains have boen devel- 
oped and ragged limestone points jut into the river in fantastio 
pinnacles. Benches along the hill slopes, the hghest standing at an 
elevation of 1,000 feet? have been formed by water-worn gravel and 
sand. Abovm that elevation, however, the surface is mainly bare 
rock, &ording numerous easily identifiable landmarb. Plate IV, A, 
gives a typical view of the Ijgchuk HdIs from the h o b  2 milea 
northeast of the camp of August 26,  loo^ northwwt. The Noatak, 
just above the point where ib enters the lower gorge, may be seen to 
the lefb aa a small white area. The gorge is between the low knobs 
in the middle gmund m d  the higher hill at tho left of the picture. 

7 % ~  range of Mls is BO namw and low that it affords no consid- 
embla run-off, and nnmqueuently streams tributar~r to the Noatak 
h e d u g  in it me short and small. Tha largest are Agashashok and 
ljgchuk rivem. The former, however, drains not only the. northern 
face of the Igichuk RiZIs, but also part of the region to the north rrnd 
d themfore bt, described Istar. Igichuk River e n h  the Koatak 
from the east, 8 short distance below tbs camp of August 26. Owing 
to the sluggjshnem of the current of the Noatak at this point t he  
Igichuk has built a small delta. The stream is only 15 to 20 miles 
long and its basin includes not OVOF 100 square milea. 

*IssroIP L O W .  

The W o n  lowland is a broad pvel-Hied lowland bounded on 
the wuth by the Igichuk Hills and on the east by tho highlands called 
by Stonv the Baird Mounbins. The southwestern part of the prov- 
ince stretchm westward uninterruptedly to tha Arctic Ocean. North- 
east of thie broad pass there are low hills, which rn higher toward 
the north and east and gradually converge toward the river, giving 
rise to the second highland province. The lowland ia about 50 miles 
long from north to south and has an average width of about 20 mil-. 
The greatm part of the region is only 200 to 600 feet above sea love1 
and has very low relief. 
In the northern and centm1 pasts of this lowland the main river 

occupies a  trip of the valley floor about 2 wide, within which 



it is a network of snaatomoshg or braided atreram, most of them 
a M o w  and d%cult to follow. Although the gradient of the river 
is low, the volume of water is so seat that the current is atrong and 
projpeea upstream can be d e  only by traclung. The banks me 
low, rising only 5 to 15 feet above the water at normal atages of the 
river. In the muthem park of this lowland, below the camp of 
August 22, tho river is not split ap but flows in a single channel for a 
long distanco dong the northern flank of the Igichuk FTilIs. In this 
part of its course the stream is deep and on the south side ia bordered 
by gravel bluffs from 50 to 150 feet above the river. A soun$mg 
near the c ~ m p  of August 23 gave a maximum depth of about 30 feet 
and the width of the river fit that place was 900 feet, but 2 miles 
upstream ita.width was 2,200 feet. 

The wuntry bwk from the river is a plain mveM with ao many 
lakes of all sizes and shapes that it  AS been pmible to  reprmnt 
them on the map only in conventional or diagrammatic manner. 
Thase lakes have probably been formed by diveme procwes, and, 
although many am old, bod-plain lakw, most of them had some 
other origla. Here and them muadd hills one-half mile in diameter 
at the base rise 100 to 300 feet above thegeneral surface of this plain. 
They are sgmmetriml in ahape and, although irregularly distributed 
over the plain, suggest, when viewed from a distance, giant hay- 
stacks. None of these wm examined at close range, but they are 
apparently gravel: mounds similar to those near the mouth of the 
Colville, dmcribed and illustmtd by Schraaer.' 

Sido stream that rise in the highlmds bounding the M a n  low- 
Iand flow on steep gradients until they resch ths plain, where they 
lm velocity and meander a c m  the flat in v a l l e ~  so shghtly incised 
and ao featurelw that they aro not recognizable at a distance. I t  is 
uncertain where most of these streams join the Noatak, for many enter 
slough. Even thoae that do join near the route tra~eled asre likely 
to bo mistaken for  laugh. The largest tributary in this provhw is 
the Agashashok, which empties into the Noat& from the east a t  the 
extreme southmshm part of t h i ~  Province. It hesda far back in the 
B&d Mountains and probably also receives a large mount of drsin- 
age from the west face of t h e  hilla. In the lower part of its course 
it flaws parallel to the Noatak until that river, swinging against the 
Igichuk Rills, cub out the lowland and permits the tributary stream 
ta enter. Numerous other streams rtYing on the western slopes of the 
Baird Mmntrrins are tributary ta the Noetak. None of thme, how- 
ever, is large, sad all are unnamed. From the northern slope of the 
Igichuk Hills odg a few short streams floqr into the Noatak. 
The Mulgrsoe Hills, which bound the lowlmd on the weat and theif 

cantinuation to the north and east, z b ~ e  the soum of several l w e  
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straams. M these the l a m t  are Kelly River, which enters the 
Noatak abut 8 miles in an air Iime above the camp of August 19, and 
the Kugururok, which corn= into the main stream a short distance 
above the camp of August 18. Both these stream siae in the unex- 
plored divide between the Noatak and the Arctic Ocem north of Point 
Hope, and the heads of both are reported to afford low passes into 
tho northern drainage. The valley floon, even withi the hills, 
appear ta be very broad and steep wslled, nnd thaae rivers probably 
extend northward for 8 considatsbla distance. Near the Noatak the 
streams are much split up and it is difficult to form a just idea of 
their volume. 

Plate W, B, b a view in the northern part of the lowland province, 
&ken from a point on the south side of the river a short distance 
above the camp of August 19. Although the lowlrtnd is not so wide 
here as it is farther south, the view illus tmtes the braided chmcter 
of the stream and the featureless plain bounded by mountains 2,000 , 

to 3,000 feet high and 10 to 15 d e s  distmt. At the extreme right 
of the view the gap in the hills marb the v a h y  of Kelly River. 

The s a n d  highland pravince is formed by the convergence of 
the Bills east end west of the &ion lowland. It extenda from the 
*yon of the Nonhk above the camp of August 18 to Nimiuktuk 
River at the camp of August 11, a distance of about 60 miles in an sir 
]inn. In this part of its course the Noatak is from one-quarter to on+ 
eighth of a mile wide. A1 though the river has numerous rather abmpt 
Inrge bends it has no well-mark4 meanders and is in a relatively 
youthful stage. Here and there, as, for instance, 5 or 10 miles below 
the camp of August 11, it splih up into a number 01 braided s h a m s ,  
hut through most of the province it flows in a single channel. Gravel 
tsrracos that stand 50 to 100 feet above the stream form prominent 
f a t u r n ,  and higher terraces, not ao noticeable, also occur. The 
Noahk has eroded s rather narrow stmp-sided trench in t h e  gravel 
d e p i h .  Bedmck outcops at many placw on both sides of the 
valley, but although in some such places the current is swift there bra 
no dangerous fdIs or mpids. 

The hilh that flank the streem rise with steep dopee to elevations 
of 2,000 to 3,000 feet above the river and aa a mlo have a rather sub- 
dued topagmphy. Plate V, A, a view toward the weat taken from the 
triangulation station near the camp of August 11, gives a general idea 
of the aaskrn part of the second highland area, which is fairly bypica1 
of the province as 8 whole. Most of the laka in the f o ~ q p u n d  of 
this picture lie 50 to 150 feet above the river and are not on the 
pment flood plain. 

Perhaps t h e  moat etriking feature of this province is the canyon 
that practically marks &a baginniqg of this part of the valley. Plab 
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V, B, a view taken from the low h& s h u t  2 milee south of the camp 
oIAugust 14,ahom thegeneraltopogrsphyof thecfinyonrcgion. The 
Noatak, flowing from right ta left in the picture, turns abruptly fsom 
the broadly open lowland north of the camp of August 14 and swine 
south and west through the narrow rock-walled gorge in the middle 
ground. One Iwge lake and numemus smaller ones occupy the old 
more direct valley north of the canyon. Other viewe shown in this 
report (see PI. XI, p. 70)  give g b p s a s  within the canyon. The wslh 
rise precipitorrdy 600 to 800 feet above the river and afford marcely 
foothold on either side. The water rushes so swiftly though the 
canyon that a transverse wave roaching halfway across the river is 
set up aa the streanr impinges on the bIuffs, b t  on one side and then 
on the other. In this constricted part of the river the wahr is d wp. ' 

During periods of heavy rain the stream above the canyon rises rapidly 
but f dls as quickly. Mctenegm notm ths t a short distance upstream 
the wgter aurfw fdl8 feet in a singla day and states that this rapid 
fiuc tuation was one of the mmt noteworthy features. Them wit1 be 
occmion Inter (sea pp .  93-94) to d d b e  in more detail certain 
of the featurn in the neighborhood of the canyon which throw light 
upon its origin and also to describe the rocks exposed in the walls 
(pp. 70,110). 

Numerous side streams heading far back in the mountah to the 
north enter the Noat& above the canyon. It was not pcmible hu 
determine definitely the poaitian of the divide, but it appesred ta 
be nearer the river to the south than to the north. The laxest of 
the tributaries i~ the Nimiuktuk, or, ss it h sometimes called, Indian 
River. For more than 5 miles above ib mouth this stream is split up 
into a network of channels, which are separated from one another 
by low sandy islands. The western wall of the valley is marked by 
prominent M s ,  but the eastem pert for s t  least 10 miles sbovo the 
mouth of the river is a law hlling country not more than 400 t~ 600 
feet above the stream. Tha depth of the vaHay floor below the 
preeent flood plain, however, is not very great, es outcrops of bdmck 
appear on both $id= of the rivet for s d a  or two above the mouth of 
the stream. 

AmmLO-. 

East of the camp of Auguslt I I the hiVe forming the seodnd highland 
area recede from the river, and the last of the lowlands, hem called 
the kniuk lowland, mmmencee. Thk is a gravel-filled depression 
about 75 d m  long and 10 to 30 milee wide. In this part of ith 
course the river ie from oneeighth to one-skhnth of a mila in 
width. There are meny large angular bends in t h e  gen-I coume 

1 YIcUmtgen,B. B., Erpbratlm atthe NoatM R l w , A k l m  R e p o r t o l W m ~ W d W m V  
-BC h i n h t h s M o ~ i a t h a y e a r l % B 5 , p F d , l ~ .  



of the stream as well 98 numerous much smaller meandem. The 
svgrage width of the meandera is 1 to 2 miles, wh- the larger bends 
meaaumd in the aame way have in places rr width of as much m 
I0 miles. The current haa an average vcldty of 2 to 3 miles an 
hour. On the whole the stream offers no serious o6shhx to naviga- 
tion by small bosh except during periods of v q  low water, when 
the numerous bowlders in the river bed muse dangerous rapids. 

Plab W, A, a view Goward the south and east taken near the 
camp of August 7, shows a typical part of the IowIand. The most 
prominent features in this picture are the bmd, nearly level upland 
and the meandering rivaw. The river has incised its bed below the 
general level of the upland and is more or lsss h m e d  in between 
sheply doping gravel walk that rise to heighk ranging from 50 to 
200 feet. Flood p l a h  alternate with cut banks snd some abandoned 
coursea of tba river &re presemed aa I&=. Many of the lakes esseen 
in the view, however, lie on grave1 benches 50 feet'or more above the 
river and have ht~d a more complex &tory. The upland, as i ePi- 
dent from the view, is an almmt featureless plain, except where low 
rocky hills, like those ahown in the center of the picture, here and there 
rise above the gravels. Although the upIand slopegl downward from 
the hills that bound the lowland on the north and south as well aa 
downward dong the c o r n  of the stream, it giva a general imp- 
sion of being wantially flat. , 

Numerous small streams rise in the low country near the Noatak. 
The larger streams, however, rise in the & h t  mountha and flow 
acms the Iowlmd In rather n m w  trenches. The largest tributary 
from the south, Cutler River, joins the Noatak near the middls of 
this basin. The Cutler wagl called by Lieut. Stonby tho Caribou, bub 
this namer was not published until after the other hacl been adapted. 
It carries nearIy one-half the volwne carried by the main river above 
thbt piut and drab a large region batwaon the Noatak and Kobuk. 
A large tributary, the Anjuk, entetrr the Noatak from the north. 
TI& stream beads in the distant rugged hilJB that limit the lowland 
to the north and probably receivos most of the southward drainage 
from &me hiZls. Many of the tributary valleys of the A n i d s  show 
broadly open U+heped c m  ~wtiona in the marrntaina and were 
probably onm occupied by glaciers. A b d ,  low psss leads from the 
Noatak by way of the lowland into bhe ColviUe basin, which &aha 
into the Arctic Ocean emt of Point B m w .  This pasa waa probably 
traversed by Howard, of the Stoney w i t i o n ,  on his trip to the 
AxcticOcean.' (Seep.14.) Thefartbmtpoint~hdbyllrichnegm 
w s  about 10 miles emt of the mouhh of the Amiuk. Aniuk River 
was particularly notable b w w  of the large mount  of clear water 
it added ta the Noatak. 



The mountainous hddwater provhce, which extends roughly for 
about 75 milas east and we&, js formed of the mountaim that stand at 
the headwaters of Kobuk and Alatns r i v m  (See pp. 25-26.) The 
floor df the main valley gradually narrows from a lowland 2 miles 
wide, in which the rivor meanders in a slightly incised trench, toward 
the hedwaters, whore it is entiroly occupied by the stream. Ctravel 
deposits hem m d  there, the highest a h u  t 1,000 feet above the river, 
cover the steep rock scarps that are dsewhere bare and prominent. 
The rocky WBUS riae abruptly from the valley floor and have the tm- 
cated appearanw. usudy produced by glaciation. 
In the higher bills there are amall glaciers, probably the mmants of 

larger ones. None of thom seen waa more than a d e  or two long 
and none of them extended below m elevation of 5,000 feet. In the 
pmtS of the range that were not explored men larger gltwim may be 
found. None of the side stre-, however, ahowed marked tarbidity, 
sukh as is d b i h d  by streams thst recaive a Imge part of their water 
from glmiers. 

Many v d e p  heading in the &vide beCween the Kobuk and Noatak 
are reportad to a t e n d  long distances and to afford ~ e a  by gla- 
ciatd cols from one bmin ta the other, Phte VI, B, a ~ e w  up Ipmi- 
luik River, which joins the Roatak a short dbtance above the camp 
of August 1, shows s typical side odey and the genera1 features of 
the highland province. Tha steep slopes, the bare ragged crest lines, 
and tho broad main d e y  flmr, with benches near the hills, are all 
reprssented. Natives report that tho Ipmiluik Valley afforda an easy 
route into the Kogoluktuk Valley of the Kobuk basin. 
In the headwater mountain r&on them aro p w e s  into the Alatna 

by way of the route used by the Survey and also by way of Lucky 
Six Creek end Oull Pas. The pt~&s used by the expedition of 191 1 
is about l,om feet above the Moahk and 8+ milea in an air line from 
that stream; the total distance from the head bf canoe navigation 
on the Noatak to boating water on the Ahtna ia about 114 d e a ,  
ao that this mute is aspecially good for s cmoe portage. Gull Pass 
is about 1,000 feet higher, is m u ~ h  longer, and is far more dScuY t. 
It, was not surrrepd, but the general topography of th mute was 
seen from both the east and the west. 

Opposita the mouth of Lucky S k  Creek them is &o a peas into 
Reed River, of the Robuk drainage, and another pass to the same 
stream by way of the southern fork of the Moat& is reported. Both 
of them ire steep and difticdt, but prospectom say horns can be 
taken aver thorn. A psas into C o l f l ~  drainage, at the head of one of 
the bmchea of Midas Creek, waa also aamined. The divide about 
8 d e s  distant from and 2,000 feet above th8 Cmnp of Angust 2. 
This route is feasible for a canoe portage, and the &tan- beheen 
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wafer deep enough to float c m m  on the two ntreams is ahut  13 
miles. Thie is ~ i b l y  the Riley Prras traversed by Stoney on his 
h t  trip to the Colville, but his map and descriptioas do not make 
thia &sr. 

AUTTNA RtVER B A B N .  

The Alstna River vdey has a general northwest la southeast 
trend, It &I a b u t  140 miles in length and is rather narrow, as the 
gide-stream vdleys we short. The basin o m p r i ~ e s  two rather dis- 
tinct topogmphic provinces. The ~outhern one, carved in relati~cly 
we& rocks, has subdued topographic features; the other, carved in 
reabtmt mcks, is chmmtorixed by rugg~d mountains. 

In the saut,hern province the valley floor is a wide pvd-filled 
lowland in which the stroam is incised but slightly and flows in a inu- 
ous meanders that try the patience of the traveler upstseam. From 
this widely open, p a r t l ~  filled valley floor gentle slopes lead to the 
~ m u l n d i n g  upland, which in few place9 GCR more than 2,000 feet 
fibove the river. In this part of its come, dthough the strem is 
too swift to aUow rapid progress to be made against it by rowing, 
ita gradient is less than 5 feet ta the mile. Here and there rocb 
outcrop on the two sides of the river, but the ledgw form no obstruc- 
tion ta boata. ShsUow-draft river steamboats have ascended this 
river as far &s Helpmejack Creek, but only during periods of excep 
tionally hiih water. In 1911 a small river steamboat wsa able to 
get only about 40 miles before it was shpped by ahdlow watar, 
atthough that season was not particularly unfavorable. 

The largeat tributary of the Alatna in this part of its basin is 
S i i  Creek, which entm from the west. Thia stream &gins the 
broadly open Zowlsind that probably extends from the Alatna to 
the  Hogatza and thence by way of the Norutak Lake valley to the 
Kobuk. Thig lowl~nd is roported to be the main winter trail from 
the lower Alatna Vnlley to the Kobuk. Other smaller gtregms also 
are received by tho main ~iver, but few of them are more than 5 to 10 
miles long aid in their lower courses are sddom distinguishable from 
slougb of the Alatna. 

Maim &earn.-The second topographic province extends from 
near Helpmej~k Creek northward m far as the region was explored. 
In thb province the river occupies a floor ranging in width from 13 
miles in the southern part to only a few feet in the headward portion, 
the maximum width of the stream itself being lem than 0ne-eight.h 
mile.  Bs far as Nahtuk C r ~ k  the river runs in a very sinuous murso 
in s rather stmight valley. Distances measured hetween A series 
of points along the course of stream in this stretch am art least three 
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times as p a t  a9 the distanw in a straight line between the two 
end pointa of the serie-s. A b v e  Nahtuk Creek the course of bhe 
rivm b r n m  straighter, the current ~wifter, and the water BhaUowa. 

From Helpmejack Creek newly to Twin Mountain Creek the floor 
of the valley has gravel deposits, which form marked terraces where 
f i e  river haa cut its bed a hundred'feet or more into them. In thia 
part b e h k  outcrops here and there but forms no serious obstrucr 
tion to small boats. God gravelly and sandy footing may uwdy 
be found in normal stages of the river near the edge of the water. 
The bed and shore of the river from Twin Mountain Creek to the 
Nahtuk is formed of quichand which m a k ~  traveling on shore 
extremely diilicult. Fortunately, tbs a result of this condition, the 
river bas a flatter p d e n  t and conaquentZy a slower current, ao 
that fair progrw dpstream day  be made by rowing or with a fa~ora- 
ble wind by sailiig. Above Nahtuk Creek firm sand and gravel, 
rather ooarser on the whole than the material farther downstrew, 
fmiihea good travelmg near the rivm. Still farther upstream the 
river splits into numerous small streams, some of which are too ~maU 
to float even a light canoe. Between these p l m ,  however, &era is 
but a single stream furnishing ample water. 

Above the mouth of the Unaksorak tho volume of the Alatna is 
so small that it may be croaed &nost mywhere on the rifflea without 
going more than thigh deep. Tha slope inereaaes so much that in 
the 15 milw between the camp of July 20 and July 23 the fall is 700 
feet, or an average of nearly 50 feet to the mile. In this part the 
river Aaw~ in an almoat uninterrupted succession of rifles. The 
river, now diminished to a s t r e ~ a  only a few feet in width, m ~ k m  
many abrupt bends, abutting against mky outcrops on either side 
of tha floor. Grave1 terraces and rockeut benches here and Ghere 
riee above the stream. On the whole the vall~y flour has a nearly 
straight trend and is much wider than the stream channel. 

A general Piew of the upper part of the Alatna Vdey,  looking 
northwest from the camp of July 23, is given in Plab VU, A, which 
shows Alatna River to the right, the low gravel &race into which the 
atreram i s  cutting, the valley floor-which is very wide in proportion 
to the size of the stream-the characteristic slope of the valley walls, 
and tb e rather straight and parallel direction of tha junction between 
the walls and the valley floor. 

Side sham.--The side streams tributq to the Alatna are all 
rel~tively short and have no considerable discharge. Practically 
none of these streaqa was explored to ita headwetem, so that thejr 
length can only be inferred by their relation to known basins and 
by reports of prospectors. 

EaJsuk River, with its tributary Malemute Creek, is the most 
southern of the atreams entering the Alatna from the east. It ia in 



a mewurn parallel with the Alatna, but it& elastern tributaries head 
in the mge west of John River. It in reported that relatively easy 
port- lead by way of t h e  tributaries to Malemute and Sixtymile 
rivers of the J o b  River bssin. There k also a low pass by wmy of 
one of the westem tributwim ta Alatna River above Lake Takahula, 
There will be occeaion to  refer again to tbis pass, which is pictur- 
esquelp known to the natives as Akabloouk, or "dayhght through 
the hilb," in inemrib* the glacial features of the region. On  it^ 
western bmch there is a l&e several miles long. 

Above the Iniahk only a few s m ~ l l  streams enter the h t n a  
until the Nahtuk is roached. Thin also comm in from the east, and 
its emhm tributaries are repofled to head in the same hills m the 
western branchea of the hiakuk. Between the two them is reported 
to  be an m y  pass. About 4 miles above the Nahtuk ia the PingaIuk, 
a s m d  stream draining a triangular area between the Nahtnk and 
the next upstream creek, the Kutuk. 
Ths Eutuk b said to be longer than eithor the Nahtak or the Pin- 

galuk. Jt is-the river that, according to  the text, Stone7 ascended 
on hi trip to Chandler Lako. According to his map, however, the 
Unakserak, which is the next stream north, is rapresented as the one 
he followed. Owing to this discrepancy, the fat  that he traveled 
35 miles to the head pf the Kutuk d m  not definitely demonstrate 
the geography, Natives report that the Kutuk heads against Col- 
viile drainage, but it i believed that tho portage by this route is too 
long to  be practicable far transporting boats from one atream ta the 
other. 

From the wed, a short distance below tho mouth of the Kutuk, a 
&ream heading in glsciers was explored. Although of smaU eke, this 
stmam haads in the @heat hills of the region, from which probably 
the Robuk and Noatak riwem also receive ~ o m e  hainage. A pass 
wa% reported to lead by way of thts valley into the Kobuk find Noatak 
valtep. A thorough ~earch showed that thh report, like much other 
hearnay testhony, was untrue. Although it is probable, as hats 
already b a n  pointed out, that the Noatak and Kobuk lie on the other 
side, this divide is so nearly unacalable that A ~ O S ~  m y  other route 
would be preferable. Plate VII, B, shows the head portion of this 
valley, and indicatm not only t h ~  unfsaaible character of thie route 
but also the general type of relief. 

From the west several other unnamed strearne enter the Alatna. 
None of these require special mention here, w their general featurn 
are indicated on the map (Pl. I). Gull Creek, which joins the Alatna a 
short distance above the camp of July 20, however, is importmt, a9 it 
is reported to  afford the first feasible portage into the Noat~k. n e  
paas at the hesd of one of the branches leads iato Lucky Six Creek, 
of the Noatak. Tbis route is a rather dif3cult one, and is not so well 
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adapted for portaging bods as the p w  used by the Survey. It is 
reported to h about 1,000 feet lugher than the more northern p w ,  
md d m n t  on the west side is steep. Proapctors say that it wns 
named Gull Pass, for the firat white man that crossed it. 

The small gdch from the north joining tha Alatnaat thecampof July 
20 is so nmdl that it would not be worth mentioning, except for the 
fmt that it leads to Colville River and is apparently a much-traveled 
mu&. Theair-tinedistanceto the Alatl~tcColville divide from the camp 
of July 20 isJess than 5 mil- and the country is not at dl difkult ta 
traverse. Many indications near this place show that for a long time 
it has been the custom for natives to build their boata here for the 
trip down the AJatna. 

The upper and better psss from the Alatna to  the Nohtak is by the 
gulch near the camp of July 23. Thia i~ occupied by little more thm 
a wet-weather streurn, heading in a b m d y  openad saddle which has 
an olevation of only 1,000 feet above the Alatna, and is not more 
t R a n 3 m i l e s i n m a i r l i n e f m m t h ~ t s t ~ .  Threesmalllakesmupy 
the eol, the smaller eaatern one draining into the Alatna and the other 
two into the Noatak. 

Farther upstream no large tributaries a m  m i v e d  by the Alatns. 
About 12 milea above the camp of Jdg 23 the river, which is little mom 
than a mountain crock, forb, o m  part draining the country to the 
west and the other that to  the north and northeast. Passes by 
way of either of these forks probably lead to the Calville, and some 
are undoubtedly low and may aflord eaay slddmg mu-; for b a t  
port-, however, they would be too Tong, as it is practically i m p  
aible to ascend Alatna River, even during perioda of high water, much 
above the camp of July 23. 

The highhRdB.-Attention has so far h e n  W d  m a y  to the 
lower parts of the basin-that is, to the valley fimm of both the main 
and the side streams. With these tohe traveler is most in contact; 
but the valley w&, the ridges between streama, and the other parts 
that here have been called the lughlsnds, h~ addition to presenting 
the greatest scenic intereat, &o occupy by far the larger part of the 
region and therefore also warrant description. The most accurate 
and completa information concerning these features is ahown by the 
topographic map (Pl. I). As this map show8 all the details, it may be 
supplemented by a pneral statement of the larger featurn of the 
Ihzghland topography. 

The slopes leading from the valley floors are steep in d parts 
of the bask. In the smaller valleys theae slopas in the mhi nrepre- 
sent the normal erosion of a recently caned stream valley. Tn the 
larger v d e ~  many of the s l o p  are ovemhepened by glacintian. 
Plate VII, A, a view in the upper Alatna Valley dredy described, 
s h m  the dopes characteristic of the larger v d e p  and repmnts con- 
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ditiom that are by no means exceptional. Scaling tho distmcos snd 
elmatiom horn the map shorn that many of t'he valley walls slope at 
an q l e  of 30' or more. On stremas such a~ the one shown in Plate 
VII, 3, where gl&cia;l overateepening hm been effective, the  lopes in 
placeg am practically vertical. 
On the lower slopes the accumuIation of detritus that has fallen 

from the Cliffs above or has been deposited by the agencies formerly 
operative produces waste forms in accordance with the particu- 
lar proem by which they were formed. Higher up, the mantle of 
debris becomes thinner, until on tho steeper slopes exposures of bed- 
TOGk dominate. In such placea frost action and died weathering 
procesem are abnormally active and constant dishtagration of the 
expoauras is taking place, the materid clattering down the ateep 
dopes until it h d s  lodgment on the gentler ones below. 

The ridge tops that form the culmination of the vdoy w d s  rise 
to elevations of 4,000 to 8,000 feet. m e n  aimed h m  a di4tance 
them ie a general accordance of summit level somewhat similar to  
the features described by Schrader in t,hs John River basin to  the 
east, but when examined in more detail at closer range the crests 
differ considerably in elevation and seem to be undergoing such 
rapid degradation that they nowhere presewe any considerable 
area of an earlier topography. Far this reason soma hcaitancy ia 
felt in accepting the interpretation of the o@n of this feature 
postulated by Schrader for the accordance of summit level in the 
Rndimtt Mountains to the east. Although doubt is expressed as to 
the interpretation, there is no question that all the peaks rise within 
a b u t  2,000 feet of the 5,500 feet -mod by Schader as the eleva- 
tion of his "Endicott Plataau " from which the Endicott Mountains 
are s u p p d  to have been carved. 
As the general trend of the bedrock structures is dominantly east 

and wmt many of the r i d p  also sl~ow the same direction, Them 
is not, however, a decided difference in resistance to erosion between 
the various kinds of rock, so that the trend is not strongly marked. 
The granites, howeper, seem t o  be mare rssistant &an the other 
rocks, and the ridgm where t,hey occur are loftier than those formed 
of schists and limestones. It is believed that this k mainly due ta 
the grater rmbtance, but it may also be due in psrt LO the originally 
hiher uplift of the area8 in which the granites occur. The most 
rugged forms dso occur in the granite areas. This fact also is capable 
of antithetical explanathns-ht,  at tha granite on tbccount of its 
physical character erodes into these form,  and, second, that because 
it makss the khas t  hiUs it was the place of the most intense glaoia- 
tion in the paat and has therefore been most deeply eroded by this 
agency. 

1 Wmdw, P. C., A re~lnns-ea In mrtbarn Ahka aff~ss the Rmky Mountaim: Prot Papw U. E. 
QmL Survey No. 11904, p. 44. 
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cmed. b z h g  continued mtir in Februarg the ice had a thick 
ness of of# feet. On May 39, 1888, the ice along the b& of the 
Kobuk began to  m k ,  and by June 6 the river waa free. of ice. Joeeph 
Grimell,' who spent the fall of 1898 and the spring of 1899 in the 
central part of the Kobuk Valley, reports that on October 15 the river 
wm fun of ice md that by October 21 the ice was a faat thick. In the 
following spring the ice began to break on May 24, md by May 31 
the river was free. No d e h i t e  datatwere secured concerning the 
tims of the. freezing or brsakmg up of the Noatak, bnt Mendenhall 
sthtw that it is reported ta free itself ordinarily early in June, 

Although the rivers break e d y  in June, it is difficult to reach the 
region from the Unihd  state^ much before the first of July. Ice in 
the lakes at the head of the Yukon basin prevents the through pas- 
senger boats from running until the middle of June. The last boat 
down the Koyukuk usually leaves the head of that river by the fmt 
week of September. Approach ta the region by Bering Sea and the 
Arctic Ocean can not be made even m early as by way of the Koyukuk, 
for Kotzebue Sound usually does not open before the first week 
or so of July. Stoney stated that in 1886 the ice rernhed in Hotham 
Inlet as late as Jdy 8. Grimell notes that in 1898 it wm impossible 
to land at Cape Blossom before July 13 on mount of the ice in 
Kotzebue Sound, but in 1899 a channel through Hotham Met to the 
mission was open on July 1 ,  and a boat that wintared near Chamiaso 
Island was able t~ reach Kotzebua on July 8. 

PREOJITTATION. 

At  AlIahket a record of the precipit~tion since 1908 has been kept 
by Weather Buremu observers and affords the only instrumental data 
on the region. 

fan. Rb. Mar. Apr. Yby. Jum.1 July. Aup. Lpr. Oct. Nm. Twa Total. 

....... lm .......... 1.W 0.67 0.M QW 0.44 b A  1.m 0.m 0 . 1  0.78 1.N 9.W+ 

1910. ......... 1.62 - 1 5  -12 .M 1.m 2 ~ 3  r . ~ 5  .w .m .m 10.w ................ 1911 .......... -65 EN .3r .a au 1.59 1.41 .xz . 3 ~  I.M I O . Z ~ +  

A- ...... .sr "75 .MI .u+ .W 1.a am 1.21 .m+ .s -9 1.11 ~o.o:+ 

The total for the yesr and the everqp for the different months 
hsve been cornpubd in the Hame way as for tha damperaturn the 
t a b  on pwe 38. The average for the entire period has been debr- 
mind by to ta l ing the monthly averages. From tbis table it will ha 
I [Idnmlt, J-h, Gold hunt- In Mush. Ch-, 1901, pp. 78-14. 
* ~ ~ D , W . C . , ~ a I a r s ~ t r o m F w t ~ s m l l n ~ H o ~ b r r e ~ , ~  A o l . m U . 8 .  

aeo~ survey NO. 10,3m, p. 64. 
' Grinmll, Joeegh, op. ett., p. U 



men that at the mouth of the Alatna there is a precipitstion of 9 to 11 
hch a year. In spite of this sppamnt aridity, so much of the p m  
cipitatioa comes in the summer that the tourist gains the impression 
of a much wetter climate than is actually the ease. It should be 
ststed, however, that the records of the Weather Bureau station at 
AUakaket can not be applied to the entire region indiscriminately. 
Not ody do the ~ecoxds cover too short a period, but it is a generally 
rscognimd fact that highland mas receive more precipitation than 
lower coun-. In the vicinity of Nome, where gages have bean 
installed both in tha highlands and on the coast, the precipitation 
hss been from 50 ta 250 per cent more in the kher  than in the lower 
region. 

Soma idea of the precipitation may also be gained by noninstru- 
mental observations by travelers. h attempt wrts made to deter- 
mine from McLeneganrs account of bk trip the kind of weather ha 
experienced from July 2 to August 11, 1885. Although the atat+ 
men& are not full anohgh for m mc~ratg determination, it appem 
that of the 40 d a p  he was in the Noetak basin 15 w m  partly rainy. 
During the 26 c lap  that, Lieut. Allen was in the Koyukuk region 
in the a m a  par, a summary of his observations givw the follom6ng 
f wts: 

In 1901 Schrsder, on hiEl expedition up John River, reported II 
partly rainy days in the 39 days he was in the region between the 
mouth of the Alatna and the Koyukuk-&tic &em divide, 

Smitb reported that, in 1910, of the 72 d a p  he spent in the region 
between the Koyukuk and tha Kobzrk and in the valley of the Kobuk 
44 were partly rainy. Fmm June 26 to September 1, 1911, a total 
of 64 days, 37 were partly rainy, It should be noted, however, that 
much of the raiin came in sI@t showem, which did not Ias t long. This 
was partimlarly h e  in the lower parh of the Blatna Valley, where 
thlmnde~~tarms lasting an hour or rn OGGUJTB~ alm& every afternoon. 
The foBowbg table gives .the records of tba snowfall obsarped at 

AUakakst durirrg the years 1908 to 1911, tso far as they have been 
furnished by the Weather Bureau : 

1 AIEen, H. T., &prt of an expedltlun to t U  Copper, Tfuwa, and Koyuknk h r a  in the T d b r y  d 
u u b  in tk year lrn, 1w7, p. 171. 

Wfhp ..................................................................... 
Ck#rdnyw.. ......... ,.. ....................................................... 
Fair days. ...................................................................... 
Cloudy dsys.. ............................................................... ... ..................................................................... RaiDy day8 

Nukh~lryet 
to 

% e Y  
7 
I 
0 
6 
3 

Koyokuk 
Rlverto 
Yukw 
Rtver. 
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Tbe snowfall, expressed in t e rn  of its equivalent water, WIW in- 
cluded in tbs table of precipitation given on p q a  40 ; and therefore the 
figures given ab~m should not be d d d  to those stated in the other 
table. A comparison of the snowfall with the total precipitation for 
each month indicate3 that the snow is abnormally dry, far it takes 
from 14 to  16 inches to  make m inch of water, whereas the common 
ratio ie about 10 i d e s  of enow t o  1 of water. 77Eis fact is probably 
explained by the low temperaturn, which ~ B ~ U C B S  melting md t h u ~  
preventa the mow pwking closely. 

From tha record at  Allaksket it is e ~ d e n t  that the annuel snow- 
fill i~ about 6 feet. Thii, like the midall, is probably lms than in 
the more mountainous p&, altbough prospmtora report that in tho 
Alatna Valley above the Kutuk there is usually so little snow that 
sledding is at  times difficult. Early in June most of the snow on the 
lowlands has disappeared, but the snow in the pmtectd vallega in 
the mountains lasts much later and has rn impodant effect in sos- 
taining the flow of the ~ t m a m ~ .  Here and there, where the over- 
flows during the wiuter have formed mnsidmble thicheases of ice 
on the valley floors, tba snow and ice may last almost throughout 
the year. Massea of this sort were noted on JnIy 22 in the upper 
Alatna Valley at  an elevation of 2,000 feet and bade fair t o  remain 
throughout the season. 

There are only five settlements within the Noatak-Kobuk region. 
Thase me Kotdme, on the coast; Allakakot, on the Koyukuk; tha 
Noatak mission, on N o ~ t ~ k  R i m ;  and Shungnak and Kima, in the 
Kobuk basin. 

The most important p h  is Eotmbue, on the long promontorg 
t ha t  separates EIoOham Inlet from Kotmbue Sound. This place is 
the seaport for tha entira district, and is normany the home of a 
missionary and family, three or four white traders, a few boatmen 
and mecbaniw, and a number of native f d i e s .  After the break-up 
of tbe ice in the spring, however, missionaries, achool-bachem, pros- 
pectors, and traders, together with a great number of natives from 
all the nejghboling rivers, eongregafer for trading and kbing, in 



preparation for the coming winter, ~o that during July a thousand 
p p l e  am camped for 2 or 3 milea along the beach or in the 
town. Mail semic8 from Nome is maintsined by boat everg 10 days 
during the summer and by dog sledge oonm a month during the 
wintar. Travelers from Nome may r e d  Kotmbue by the gesohe 
schooner which serves aa the mail boat. Tbe trip takes about three 
dap,  as stops are made at way points, m d  the dhargm in 1911 were 
$25 for sech paasanger and $20 a ton for freight. 

AB bas aha* beon stated, Botmbue is shut off by im from direct 
communication with the outside world from the middle of September 
to tho h t  of July. Evan during tbs open sewn large vassels fmm 
tbe Staka can not approach nearer the town than Cape B l ~ m ,  an 
unprotected blilff about 12 miles to tbs eoutb, because the channel is 
so narrow, crooked, and shallow that it is not navigable for boab 
drawing over 6 beet. In consequence of tbe dileiculty of approach, 
therefore, mwt goods have to be reshipped, and this adds to the cost 
of the freight. Snpplim of good quality and in amounts to  meet the 
demand, bowever, cfin be obtained at the  tom in Kotmbue at  prices 
but little in exceser of the cost of ihe same in Seattb plus the freight 
Ghar%w. 

The second most important settlement in the region is on the 
Kopkuk at AJIakaket ltnd at 3Zmans. Although bearing two names, 
them p I m  are practically one; Allakaket is the site of the mission 
of St. John in the Wilderness, directly opposite the mouth of the 
f ia tas ,  and Marsans is the trading post a mile downstream on the 
wmt b d  of the Royukuk. Bergman, which used to be an impor- 
tmt town in tbe early days of the Koyukuk gold excitement, has now 
been ~bmdoned. 

The mission is the home of a missionary, who is also the observer for 
the Weatler Bureau and the Government school-toscher, and around 
it has gathered a native aetQernent. The num,br of nativm ~arica 
during the mason, and few of them have built permanent houses but 
live instead in tents. At Mamans there ia only the storekeop~r and 
his f d y  and s few nativea. As this post had been but recently 
installed, m cumplete stock of  good^ waa not on hand. Prices, how- 
ever, are reported ta be reasonable and the quality of the articlee 
good. Communication is by boat during the short summer m d  by 
ELII overland dog sledge route that reaches the Ybkon near the mouth 
of the Tanma during the winter. The post office ia at B e t h ,  but 
mail ia also delivered en routs. The nearest Megraph station Is at 
the Go~srnment post at Fort Gibbon. The first boait of the aeason 
seldom reaches Allakaket much before July 1, and the last steamer 
down the river leaves not later than the second week of Septamber. 
The Noatak mission is the third largest settlement in the region. 

It h located an the wwegt bank of the river, about 50 miles in an air 



line north of Kotzebue. The riPer at Chis plme agabt  as bluff 
50 feet in height, and the settlement has been locaBd on &a upland. 
Practically tho ody whih paople at the mimion are the missionary, 
his wife, and three children, but a native population of a score of 
f a d e s  h w  congregated there, and many of them have built per- 
mmeent log cabins. The buikding of both the whim and the natives 
are subatantid and well mda.  A new schoulhouse WM planned and 
was probably completed bef om tho winter of f 91 1. 

On the Kobuk are two small settlemenb, Shungnak and Eiana. 
Shungnak, which ia near the site of Stoney's headquarters at Fort 
Cmmm, is a amall settlement, consisting of s Friends' &ion, school- 
hause, store, and the usual native huts. Formerly it wee the head- 
quarters of the United States commbioner and reoarder for the 
Noatak-Kobuk preoinct, but that office baa been removed to a n a .  
The store carries only a s m d  stock of supplies for load needs and 
would not be able to supply a large distriot. Several prospectors live 

'within 3 to 15 milm of the town on the various creeks, but there are 
not more than a dozen white people in an area of.severd thousand 
square milas. 

Kime is a small settlement at the junction of S q u i d  River and the 
Kabuk. It started practically with the discovery of gold in the 
vicinity in the fall of 1909, although a native village had been loeated 
there previohsly. At the time the town wraa visited in August, 1910, 
it conaistd of about a score of log cabins, a store, and restaurant, and 
had a native population comprising m y  f d m .  It is undemtood, 
however, that during the winter of 1910-11 two more stores were 
opened, the recorder's office was established, and several more housea 
were built. 
In addition to larger sett;lerment~, pmpectow' cubins are 

scattared here and there, most of them being bnowpied. T h e  topo- 
graphic m p  CPI. I) shorn the location of dl the known cabins, but 
there are pmbably other&, so hidden or so remote from the route 
traveled that they escaped notice. Many of the cabina are in good 
repair and might &ord shdtor for travelem. The dmerhd cabina, 
howe~er, have been so thoroughly emptied that usually no ~uppliea 
or even cooking uhmila can be found in them, The only isolated 
cabins that were occupied at the time of the visit by the Survey geolo- 
gist, except those near the settlemenb, were on Kutuk arid Malemute 
rivera, both in the Alatna River basin. 

An estimate of the total white popdation of the Noat&-Kobuk 
+on waa made incidentd to the more direct objects of the expedi- 
tiom, sand although little accuracy mBy be claimed it i~ fairly certain 
h t  lem t h n  250 white people reside within the basins of these 
B-. 



Each of the larger aettlemenb of whites has on it9 outekirb gn 
encampment of natives and these are at pment the largmt native 
villages. Kotzebue is the Iargmt town, and hero natives f mm placas 
on the mast as far as Cape Espen'berg and F o h  t Jiope and from Buck- 
land, Selawik, Kobuk, and Noatak rivers meet to trade and fish, 
returning to their homes in the fall. At Nnkakct nativm from the 
Kopkuk and ib branchm congregate with thoso From the Kobuk and 
the Coloille. 

At pmmt there are almost no native settlements remote from the 
viUages of the whites. I'ieret and them are isolakd huh or hunting 
lodges usod by one or more families, but these sm not. mmmon. 
Formerly, however, there wore large native settlements in the mom 
remote parts. Stoney notes tbst on the Kutuk in the Alatna River 
baain there waa a settloment callod Nimiuk (meaning cottonwood) 
about 20 miles above the mouth.' Another settlement of the same 
name was described by tho same writer on tho upper part of tba 
Noat&, probably near the camp of August 2 of the expedition of 
191 1. This was reported to consist of four hub occupied by about 30 
natives and was tha highest village on tho Noatrak. McLenegan do= 
not mention passing any occupied native viIlagea in his trip up thia 
river, but states that "the greater portion of the inhabitants reside nsar 
the extmma headwatem of the river, to which place they repair on the 
appmech of wintor * * *. D u h g  the summer months they 
wander up and down the river, sporiding much of the time in hhing 
and providing for the needs of the corning winter." a 

At the camp of August 7 several abandoned huts, most of which 
h d  caved in, and boat frames and coverings showed that the site 
h d  onee heen the home of a considerable native settlement. It 
was evident, however, that the place had not been occupiod for 
many yearn except by passing natjves. None of the coast natives 
membered my permanent settlement at this place, although its 
location was wdl known bm~use of the peculiar loop of the river 
near there, which they called Okuk, meaning tongue. Farther down- 
stream at several places sites of old native settlements were seen, 
especially near the camp of August 18 and at the camp of August 
23. Below the c m p  of August 19 natives were met almost every 
day traveling in their skin boats homeward to the miasion. 
In the Kobak Valley t.here are reports and indications of numer- 

oua dd settlemeats of natives, but at the present time outside of 
the native villages at Shungnak (or Long Beach, m the native town 

1 B h m q ,  G .  hi., Naval expIm%timin AIsske, AnmpoIis, la00. p 44. 
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is called) and at Kima there are only two that deserve mention, 
Oksik and KaUa, The former ia eituatd a short distance below 
Squirrel NT~F, near the place where the Kobnk divides into the 
northern and middle channels. It is reported to be the I q p t  town 
in the lower part of the river, but at the time it was seen by the 
writer most of the inhabitants were at Kotzabue. KaUa is about 7 
miles above Sbungnak and b the place where most of Qe aalmon 
!6~h.ing in the upper river is done. The natives from Shungnak con- 
gregate there in August, but during the rest of the season it is prae 
ticdly deserted. 

Of flho old villae;es that me now abandoned, the settlement at the 
mouth of Pah Riner webs probably one of the most important. Near 
Stoney's old camp a considerable settlement used to  exist, but the 
place, called Riley Camp, is now practically deserted except for one 
or two families. Stmey mentions a village in the headwater region 
of the Ambler, but nothing muEd be learned of its existence at the 
prasent time. Scattered camps here md there along the river were 
noted, but few of them indicated long muprancy by more than one 
or two families. 
In dl the writer's exparimma with the mtiipes he ha9 been received 

with the greatest cordiality, respect, and interest. The older men 
did. their utmost to impart theb knowledge of the country and were 
skillful in describii and depicting the region in which they bad 
traveled. Their ability ta r e d  topographic mapa and their delight 
in recognhiq on our map regions that they had %tmI is extraordi- 
nary. Physically the men are well davdoped and active; the younger 
ones are interested in sports and games, of which they have quit4 a 
number. The women are not so active and age early; thia, howevm, 
does not preeont their c q i n g  babies on their bmka md at the same 
tima "mushing" the dogs when trwking, pulling oars when im 
the bet, or cooking, &hug, and doing other work when in esmp. 
MentalIy both sexm are alert and a t tdva ,  although their lack af 
knowledge of English gives them on casual acquaintance an appear- 
ance of stupidity. 
T h e  summer is a pmthlarly unfttvorable tima to  make sn esti- 

mate of the number of natives, as many are then away from home. 
In 1901 Schrsder e s t b 8 t . d  that there wera less lthm 200 native@ in 
the Kornkuk basin lbnd of that number only a msU part ~hould be 
aswed to the region. covered by this report. Petrof,' in the een- 
sus of 1880, givea the population of the Noatagambh (people of the 
Noat@ vilagea inland on the Noatak River na 400, but M&n+ 
gan' "places the number at 225, which it is thought fully covers 
the total population." 



The results o b t b d  by the census of 1910 have not yet been 
published in such form aa to show the number of naGvm in the 
d8eremt d a p a  and drainage b e s .  Acmsding ta the %res 
available, the population of Kotzebue WEIS 193, of Noat& alZage 
121, and of Shung~ak 210. Natives probably conatituse at least 
t h e q u m  of this number, m d  it is doubtful if more than a 
hundred others live within tho Eimita of tho thea basins treated in 
this report. The census states that for the whole of Alaska the 
density of popurla-tion is one person to each 10 square miles of terri- 
tory. Y thb figure is correct, it is probable that in northwestern 
Alaska the ratio is not much over one person to  40 square miles of 
territory. 

A N m B f i S  awIl TEt3ETATlON. 

ALATNA RIVER BASIN. 

In the southern part of the Alatna basin fow signs of game were 
aeen. The absence is probabIy due to the fact that the natives haw 
long hunted in tbis part and have grdudly killed off the animals or 
driven them into less accessible regions. In the fall, however, the 
sloughs and ponds near the river are said ta be fairly alive with duch 
and geese. Farther upstream game is more abundant and vnrid. 
Around Lake Takahula ptmnigm were so numerous that they 
might be relied on for food. At other places still farther t~patream 
ptarmigan were pIen tiful and wers d c i e n  tly large by the middle of 
July t o  ba eaten. All were rather wild and should bo hunted with a 
~botgun rather than with a rifle. Toward the head of the river larger 
game beeme more abundant. Sheep were found in the valley of 
the amdl tributary from the west below the Kutuk, and prolspectora 
report h a t  sheep are also plentiful in the hills at the head of the Kutuk 
and hTah tuk. Other bands of sheep were seen in the hilla wound the 
Koatak-Alatne d i ~ d a  md also east of Aiatna River near the c m p  
of Jdy 22. In July the females were not in good flesh, but at that 
time the males are repoded to be in their prime. Not many beam 
were seen, but evidence of their presence waa common. They are 
reporhd to be mainly black; the only ones S e a n  were of this color. 
Mendahdl  statas that moose me known to the n~tivss aa far north 
as Cf~andlor Leke in the Colville drabage basin, but no moose nor 
w e n  s i p  of them were seen in the Alatna basin. 

Fiah rare fairly abundant in the main stream and iks tributmiw. 
Salmon are repoitod to be caught in considerable numbera in the 
lower Alstna, but fsrther upstream grayling m d  white&h are more 
abundant. These fish are caught and dried by the natives and farm 
an important part of their winter's food supply. Pike were shot 

1 m m d ~  w. c., maanalm~e 7mnl Fmt E d i n  ta m b w  @rind, Arm& Pml. F%m U. R 
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dong the border of Lake Takahula tw they ware l+g in the mmh 
paw. Suckers were caught at severd places but did not appear 
to be very abundant. In Helpmejaak Creek grayling wem ao numar 
OW that they could be caught neapIy ag rapidly as the fly was dropped 
into the water. It is dso interesting to note that h h  wero very 
abundant in the laekes on the Alatni+Uoatak &vide at hhe camp of 
July 25. It seems impossi61e that they muld have reached tho lakw 
by swimming, m the s t r e m u  in their uppar part are extremely steep 
and contain h o s t  no water. It i4 behvsd that fkh are sufficiently 
abundant throughout moat of the region so that they could ba rolied 
on t o  furnish food for travelers and prospectom for a wnsiderabltl 
time. 
The vegetation of the Alatna Valley ia typically a u b h t i c  and 

Arctic in its charmter. In thslowhds t r m  and buahea are plentiful, 
but in the higher regions vegetation gradually disappears upslope, 
until on the peaks and the cresta of the ridgea wen pamw are p r m  
tically absent. Spruce is found along the valley as far aa the camp of 
July 22, and its general distribution is graphiody &own by figure 1. 
In tho southam part of the basin the t r w  average 10 to  12 inches in 
diamehr and extend up the slop# to an elevation of 2,000 to 2,500 feet, 
but the diameter of the t r w  and the elevation of the upper border 
of the forested zone gradually dwrease northwmd until at the camp 
of July 20 the &meter of the trees is only 6 to 8 inches and even 
scattered treea do not extend more than 500 to 600 feet a h  the 
river, T h e  northern limit of ttrees is so sharply defined aa to  make a 
deciddy abrupt break which seem to have been controlled by some 
other factors thm tamper atwe and elmation. 

Tha g~neral appearance of the vegetation north of the. e o n  iu 
which spruce grows is f d y  well indicated by Plnb m, A, a view 
looking nort,h from the camp of July 23. Even willow and alder are 
acarcs, and camp Bites must be earefdy chmen in order to get suffi- 
cient fnel for cooking. The same gaersl kind of vegetation app"e 
fmther downaham in the a m d  tributary vdep and above the 
be1 t of trw on the slopea of the main valley walls. In thew trdessl 
mesa numerous brilliantly mimed flowers add much to the lmdwmpe; 
for instance, near the camp of July 1 R  the eastern W d e  for an area 
of nwFy 2 square d e a  was wo sblaze with fieweed that the color 
attracked attention for many miles. Blueberries and manberriea 
are also abundmt h theae open areas and form important additions 
to the available local food supply. 

Gram for atock is auficiently abundant for ttaveling psck mimala, 
k t  the amount is not enough to permit the permanat pastwage of 
any considerable number. Schrder,' however, s t s h  that a home is 

1 Bchradsr, F. C., d mmanatmmce In northem A b k B  sa#p tbs Ebrgy Y ~ M I w ,  alrmg KO-, 
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reported to have lived 8;t large and secured his own forage during the 
winter of 1902-3 on the north fork of Kogukuk River and Maddren 
s a p  that in 1908 aeverd homes wintered on the middle fork of the 

Kaya2mk snd were in good condition in the spring.' Owing to the 
early frosta and the watery condition of moat of the grasa, feed for 
stock must be rather carefully aought. The grwea growing on the 



lower hill dopee and the hometail gruas (equketum), wEah is found 
in well&ined fertile soils on barn or at the edges of open spacas, are 
selfshed by h o r n  and seem to be the best. Redtap grass is par- 
ticularly ~bundant around old cabins and settlements, but although 
it grows luxuriantly i t  does not seem to have the amount of nourish- 
ment that the tougher, smaller, less abundmt grtbsses possess. 

G w e  in the Noatak region is on the whole more abundant than 
it is in the Alstna Valley. Sheep are so numerous in the headwater 
mountains that natives from pltme~ as far sway us the Kobuk make 
annual trips to them for their winter" spply of meat. Near the 
camp of A u p t  1 four natives from the Kobuk were met on such a 
hunting trip, hnd many sheep horm discarded by other hunting expc- 
ditions wera found along the b m h  of TweIvemile Creek. Ipmiluik, 
the name of the river that joins the Noat&k near the camp of August 
1, meam sheep, and refere to the fact that this is the route followed on 
the journey from the Kobuk after sheep. On tha hill oppo~lite the 
mouth of Twelvemile Creek, near the head of the Noatak, sheep 
t d s  are so numerous that the zigzag linea can ba smm for several 
miles. Sheep wers also obt&ed on the hill on the south ~ i d o  of the 
rivcr opposlto the mouth of Midas Creek. Some indications of boar 
were seen, but none of these m i m a l s  wers sncountered. Wolverine 
was seen in the valley of the creek leading to the Alatna-Noatak 
portage, Fox, mink, and squirrel were J s o  seen, 
In the Aniuk lrrwfarrd caribou are fairly numerous, and natives 

from the lower part of the Noatak MI well as from the Robuk make 
annual hunting trips to this part of the region. Early in August the 
bucks are in prime condrtion md have been ea littIe hunted that 
with care they can be approached without alarming thcm. Fox, 
marten, and wolves were numerous, judging from the tracks on the 
sandy and muddy shores. Two cro-foxes were seen from the boat 
at 8 distance of only 25 to 50 feet. Birds did not seem to be very 
numerous, but the piles of ptarmigm bones asround the many hawks' 
nests that wem enmined indicated that there were many more than 
we had suspected. 
In the aecond hrghland and farther downstream caribou and sheep 

are practically absent near the ri~er;  bears, however, tare much 
more numerous, and their trails can be found on aIrnost evev .gmd 
bar. Na beam were seen, but from the size of the fmtprinta it is 
judged that they are mostly the brown variety. In the mission 
lowland both Sand and water birda are much more nuemus. 
Ptarmigan in fl& of 10 to 50 were found in the low country, and 
ducks, geese, and crmm were commencing to flock for their migrs- 
tion and could be seen on the lake9 and sloughs by the latter part of 
August, Near the camp of August 23 birds were particularly plentiful, 
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A h o k  of 36 crane was counted, end flocks of 50 or more g&e were 
by no means uncommon. In the river a short distmce above this 
camp and for a considerable distmce below seal in great numbers 
lay in the shallow water, looking st bt distance like mmbeses of sand. 

The &h noted in the Noatak were in general the same as those in 
the Alatna. Salmon form an importmt part of the local food supply, 
and a, few were seen on the drying frames at  the native c u p .  They 
ware not very numerous, and it is believed that many of the natives 
go ta Kohebue to catch their fiah, as the farther the fish have trav- 
eled in fresh water the poorer they are said to be. M c h e g m  ' 
noted that near the eastern margin of the second hqhiands there 
waa a h h h g  village t h a t  ww occupied only during the salmon m, 
The membera of the expedition of 1911 were able to shoot so much 
fresh meat that they spent no time in fishing in m y  of the Noatak 
streams. It is believed, however, that thme streams, like most of 
those in northern ALaska, have grayhg and trout in su%cient num- 
ber to be of consider&bbbla value to prospectors and travelers. 

The greater part of the Noatak bmin is timberlms, and this wi l l  
make the development of the region difficult. The most eastern spruce 
in the Notttak Valley, tls shown in figure 1 ,  is between tbe camp 
of August 13 and 14. At this place trees 8 to 12 inches in diameter 
appear along the well-drained ba& of the r i ~ e r  as a narrow fringe. 
Farther domtream spruce may be found almost everywhere in 
the immediate vicinity of the river to a point a short distmce below 
the camp of August 26, at the mouth, where it is again absent. 
Over much of the swampy lowland back from the streams and on the 
hill slopes timber is absent, even in the western part of the vdey. 
The large size and aturdy growth of the trees, even near the bordera 
of the dorested ~ B S ,  is striking. Fully tts large and vigorous 
tree8 were aeen within 15 milea of the extreme eastern limit of timber 
as anywhere else in the region, although the place was fully as hgh,  
a9 much exposed, an$ had a soil not differing radically from that of 
the n*hhring tmct~. That the frozen condition of the soil is not 
a dominating Mluenca is shown by Plate XII, B, where a good stand 
of spruce may be seen growing aImost immediately on top of clew ice. 

Although spruce or other large trees are absent, some bushes large 
enough for fuel grow even in the headwater portions of the valley. 
Willow, alder, and poplar (cottonwood and bdm of GiEead) were seen in 
the v d s y  above the camp of August 2, and farther downstream they 
become more abundant and larger. In places the poplars am 6 inches 
in diameter md 20 feet hgh. These bushes are used by the nativea 
on the upper river for frrsmeworks for their huts. After the frame 
hm been woven and twisted together sads, old boat  covering^, ma 
other materials are placed on top and chinked with earth and moss 
so as to form a semiceable shelter. In places h h  nets are made from 
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twig+& jibem of willow, which is used by certain of the idand nativd 
for a11 p u p o w  for which twine would ordinarily be employed. 

Feed for stock is not abundant and h t  cam- so earIy that the 
a e w n  during which animals can obtain sufficient f omgo b w r y  short. 
It is belisvsd, however, that the supply is adequate for a few animals, 
such aa Survey pack train traveling rather rapidly t h v g h  the 
cauntry-but not sufficient to ~usta in  the strength of the animda for 
a long period. Reindeer rnm is particularly abundmt in the better- 
drained lowland areas, especial] y these near Aniuk and Cutler rive=, 
and on tho hill dopa a short distance back from tho coast. These hill 
slopes have been used aa tha feeding ground for the herd of reindeer 
introduced by the Government, which r q e s  between the mouth of 
the Noatsk and Cape Krusenskrn. 

Berries are g e e r d y  plentiful in the lowland areas md form m 
important part of the local food supply d both: aati~es md whim. 
Blueberries, crmbarries, currants, and salmon berria are mwt abun- 
dant and owing to the cold climate can be picked in the fall md kept 
through the winter without de tcrioration. 

Throughout the greater part of the aumeyed m a  near the Kobuk 
game is not plentiful. Caribou have bean reported in the region, 
but none were seen by any of the Survey parties, There is, however, 
a herd of reindeer in the vicinity of tho Sheklukshuk EZill~, and it 
ia poasible t h ~ t  some of the stray deer have been mistaken for cari- 
bou. Bears are practically the ody large wild animals. Thme seen 
were bIack, but brown beam are said to be fairly numeroua in the more 
m o t e  parts of the basin.. Sheep may pmbably be found in the hetad- 
water mountaias, though the fact that the Kobuk nativea make trips 
to the head of the Noatak for their supply of thia meat indicrttea that 
these anim& are not abundant nearer home. Mooso are reported 
to have been found in the Kobuk Vahy in tha early days, but no 
signs af them were seen by Mendenhall or by the expedition of 1910. 
Small animals, such foxes, martan, mink, and lynx, used to  be 
f d y  common but lrso year1 y becoming scarcer. Muskrah are verg 
numerous in the delta portion of the river. 

P-an, spruce hem, docke, and g m  are the birds most com- 
monly hunted by pmpectors, md it is gaid that they are still suffi- 
ciently namerous to bo relied on for food. The land birds are found 
mainly in the Squirrd Riaer to Reed River proPince, but the wabr 
fowl are moat abundant in the ddb. Other birds are common 
throughout the region. A fairly compleb list of the birds obsemed 
in this region has been prepared by Joseph GrinneU.' 
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Fish are abundant in almost all the atream, Salmon is the most 
hprtant na a food aupply. These &h are particularly abundant ae 
4 ar up as Lake SeIby, snd during the hh'i season drying framw may 
be seen at rnmtny places along the river. In the central part af the 
Kohuk basin the main mtive fishing camp is st Ralla, near the m t h  
of KoUyoksok Creek, e, short distance above Shungnak. In additisn 
to salmon a large white h h ,  known to the nativss as "she," iq also 

, obtained in the Kobuk and in some of the larger lakes and is much 
prizedforbmd. Graylingcrsn be found in almost all theeideatreams 
and mountain brooks. Trout, probrtbly tho salmon trout, weighing 
as much sa 3 or 4 pounds, were caught near Shungnak and are 
reporbd from m y  of the neighborhg streams. Mendenbd* 
states that "numbers of pike arc caught, especially in the delta of 
the Kobuk and in the sloflghs of this and other streams, where there 
ia but little current and water plants flourish." 

Timber is found mainly along the larger stream, and, as indicated 
in %re 1, does not extend up the mountain slopes to devations of 
more than 2,000 feet Gz the eastern part of the basin, the upper limit 
gradually decreasing in altitude toward the west. On the flab in 
the central part of the besin trees are usudy absent, except in scat- 
tered clumps here and there where the upland is not too ~wampy. 
In the lower part of the delta trees are &bent. Spruce and birch 
sre the only trem that grow to ~uficient she for lumber, and only 
the spruce is large enough for cabin lop. Stoney ' notes that the 
largmt spruce tree seen by him in the entire Kobuk Valley was near 
Coamos Creek. It memured 80 inch- in circumference at the base 
and 68 inches at a h k h t  of 6 feet abova the ground and wea RO feet 
talt. Thie waa an urkua.lly large. tree, however, and the average 
spruce do= not exceed a foot in diarnoter. Tho birches grow on the 
low hillsid-, except the prostrate variaty, which occurs Irkh on 
the valley aides. Willom and alders are sbundant throughout the 
baain, except high on the ridges, and may be relied on ~s sourwe of 
fud where t r e ~  are absent. 

Grasses for stock rare found on the lower hiU slopes and on the low- 
h d s .  Mendeahall "notes rye grass, blue grm- or red top, and e 
variety of bunch grass as the more usual sp.mim. The grmsa flour- 
ish, particularly in the neighborhood of old settlements and camps, 
and quickly spring up in bumedsvor areas, but none of them seem 
fo shad frost well, for all appear to wither and lose their nutriment 
ae soon as freezing nights begin. Even when the grass is unwithered 
it is very watery, ant1 the stock uued on tho expedition of 191 0 grow 
corntanfly weaker, although there wns an abundmce of what 
appeared to ba good grass. 

1 Mendonhall, W. C., R m n s ~ m ~ n m  Worn Fort HBmln to K o t x c m ~  Sound, blaaL8: P m L  Papr  
Tf. 8.  G e o l .  Bumy No. 10, leM, p. 66. 

"tomy, 0. M., Naval Mtploretlone In Almkn, Annnpolle, lBW, p ls. 
rrnmi3cmhstl, w, C., op. cit., p. 57. 



During the mpdtion of 1901 collections of the lam were msde 
when the exigencies of other work permitted, and a list of the apeci- 
mem identihd by F. V. Coville was published in the report of that 
expedztion,' 

DEEICKCFITWZ ffEOWQT. 

nmmoaa OF 'I.~[E nmxs. 
From the description of the various earpeditiona that have visiM 

the ragion (sm ppp. 11-18) it is evident that a large part of the area 
~hown on Rates I and I1 19 maxplored, and much of the country 
that has been visited was traversed so rapidly that only the larger 
features were determined. As a cbnaequence much mm& to be 
accomplished before the geology can be adequateIy and cc)mtly 
described. Certain facts, however, concerning the geology have 'been 
determined, and it is proposed to  set them forth, together with the 
inferred cadations and interrdstions to which they give rise. It 
should be noted, however, that where data have been collected 
under conditions so diverse Merent parts of the mapping naturally 
hhvs different degrees of accuracy. More dependence therefore 
should ba placed on the ddineation of those arem actually investi- 
gated than on h t  of m a s  where the mapping rash solely on long- 
range view8 or on a atudy of float mat&. 
Two main dipisions have been made of the rocks from which the 

geology of the region has been inferred, namely, sedimentaq end 
jgneous roctcs. Each of thew classas has been further subdiv+ded, 
and each of these smaller unih h a  been dktinguished on the geologic 
map (PI. 11) by a separate pattern or mlor. The sedimentary rocks 
have been divided inta I3 group, formations, or other stratigmphio 
units, as follows: Unmnsolidafed deposits, cunsiating of recent 
etream gravels; recsnt beach deposits; bench and outwash deposits; 
Tertiary deposits; the M ~ o z o i c  rocks, separated into the Bergman, 
Koyuhk, and Anaktnvnk groups; the Pdmzoic rocks, subdivided 
into the Lhburne limestone, Noahk sandstone, Devonian limestone, 
Silurian limestone, undifferentiated Paleozoic limeatanea, and mdif- 
femntiated Paleozoic metamorphic mh'ists. The last two division8 
of Paleozoic rocks may possibly indude some rmka of pro-Paleozoia 
age. 

The ipmm mh have been subdivided into four main groups, 
which have been called late laww or basal tic PrfEusives, granitic intru- 
+as, early intrusivm m d  eflmives, m d  greenstones. 

The foUowing table presents the main feat- of the stratigraphy 
of the region and B ~ O F R S  the sepuence and character of the differeat 
divisions, which are mom MIy treated in the srrr~oeeding pages: 



8EDmNTdBT RO(3gB. 

PALEOZOIC R ND PRE-PALEOZOIC (7) ROCKS* 

P N n ~ R E H T I A T E D  METAM0BPEn:a BCEISTS. 

'Ih oldest rooks recognized are a group of metamorphic schists of 
complex origin and intricate structure. Mthough it is possible thaG 
younger roch may be included by infolding and infaultiag or by 
local dynamic metamorphism in regions of close folding, it is believcd 
that the schista aa a. whole are &fTerent from any of the other r0c:k.j 
that will be described later. 

D ~ T R ~ I I T I O l T .  

T '  undiffemntiated metamorphic rocks are most extensively 
oxposed in Sewmi Peninsula, north of the Kobuk, in the central 
pert$ of the Alatna and John River basins, and in the' headwaters of 
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BLatn~ and Noatak riven. They probably also form a large pad 
of the unexplored highlands htween the Noatak and Kobuk and 
between Alatna and John ripera. In the unexplored areas east of 
Puckland River rand south of latitude 67' N. there are probably none 
of these mcb. Little is known of the region mrkh of the Noatak, . 
.so that it is rather unsafe to predict the ldnd of roch that occur in 
the unexplored tracts, but from the bast evidence at hand it seama 
improbable that exten~ive exposum of these rocks occur north of 
latitude 68". 

The rmh therefore genemUy lie in a belt not over 70 miles wide, 
trending east and west in the swtern part of the Noatak-Kobuk 
region and then swinging rather abruptly until in Seward Penhula 
the t m d  h nearly north and aouth. This belt b closely pamlld to 
the marked structural trends that are better known in southern 
Alaska. It may be noted here that, although the metamorphic 
rocks have the a d a c e  distribution indicated, they may dso occur 
deeply buried throughout the mapped area. Convemly, in those 
places where pronounced folding or faulting haa raised certain of the 
overlying rocks high above the present plane of erosion, these elder 
schists may outcrop at the surface. 

The undifferentiated metamorphic rocks cover a large territory 
and exhibit s corrmpondingly wide rmge of lithologic chmacter, 
but are a unit in that all of them are much sheared and foliated and 
are schistme. Dominantly they are of a gray or grayish-green color, 
though black and brown beds am here and there found where mr- 
bonamua m a t s d  or iron oxides are abundmt. The ~~f~ are 
pot strongly resistant to weathering, but as they occur in the axes of 
greatest deformation they usually form rugged hiUs which have bad 
their steepness emphked by relatively recent glacial sculpturing. 

Numeroug subdivisions of the ~~1diiTerentiatd metamorphic 
pchist~ will. undoubtedly be msde when the mcks me atudied in 
greater detail. ,Differencm in chemical composition have behen 
observed and afford a bnstsis for separation t h ~ t  would probably have 
stratigraphic vdue. The data at hand are not sufficient to afford a 
p e m s  of discriminating the various f&, but a statement of the 
wveral types may be made. 

Considered asi to sbe of grain, the rooks may be divided into 
schists and conglomeratw. The. achish predominate rand may be 
~ t d l  further divided from the most prominent mineral into qua&oee 
schists, calcareous whish, carbonaceous scbista, and chloritic schts .  

The quartaose s c k h  have b ~ n  reported everywhere within the 
area of the metamorphic schists. As the name impfiea, these rocb 
cumiat dominantly of quartz. Plate VIII, A,  show^ a typical expo- 
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mm of the quartzme echbts in the central part of the Al~tna Valley 
and might be duplicated from hny region where these rocks occur. 
The qnartzose whish am usually rather fine grained, much cleaved, 
and show ~l. considerable development of foliate minerah, not ably 
chlorite and muscovite. Biotite, however, is usually ahenl;, except 
in the vicinity of granitic intrusives. The schists rarely show m y  

bedding structurm, but two or more secondary cleavageg are 
by no means uncommon. Under the m i e m p e  feldspar  fragment^ 
may be recognized in certain sectiom, but they are of am& size and 
constitute only a emaU proportion of the rock. Gradations between 
the quarteose md other phasm of the have been aeen and in 
wch plsceg the quartzme schists take on more and more the char- 
actem of the other facies. 

The calcarmua sckista are similar to  the quartzme s c b h  in gen- 
eral metamorphic character, but contain abundant calcita and 
notably less quartz. Thme schists range from rocks of rather fine 
grain, in which the presence of calcite can be detected in the field 
only by the use of acid, to yellowish rather eoamly crptalline rocka 
composed mainly of cdcite, with scattering flakes of cblorih and 
mica. The latter phsse appears to have been recrystfied under 
static conditions; its original stmturgs are not pmerved, and it 
generally shows not more than one secondary ~tructure. These rocla 
appear intarlaminated with the qnartzosa scjsta and the other typm. 
h some places, however, the field relations are such aa to suggest 
.that they have h e n  derived through the dynamic metamorphkm of 
limestona that were originally present in thh group. Few dcmmm 
schists were noted in the basins of John or Abtna rivers, but they 
are wmmon in. the Kobuk basin and in h a r d  Peninsula. 

Carbonaceow scbista and quartzit~s have been reported throughout 
the area of metamorphic rocks. They are dominantly quartzose, 
but on the whole seem t o  have been momewhat less s h e a d  than the 
other metamorphic rocks. In many of the specimens the carbo- 
nmmua material occurs in the form of graphite, but in othem it i in 
such a fine dustlike condition that its ~peciiic chracter has not been 
determined. Many of the carbonaceeua schists ~ n d  dates closely 
rmemble certain of the Seward Peninsula mcks, notably the Hmah 
slate ' of the SelomonJCasad~paga region and the. Ruzitrin f orma- 
tion: dominant in the central part of the pmimula. In momt placers 
there are a great number of quartz veins and lenses in the carbo- 
naceoua datm m d  quartzites ranging from microscopic fdaments to 
masam 2 or 3 foot in width and trimable for several hundred feet 
dong the strike. 

Bmith, P. B., QeoW 8nd m i n d  rrs~urces of the Solomon and Wm q d - k  BrrL U. E. 
W h m c q  Nc. 43,180I1, pp. 6862.  

3 CoUIar, A. J., gnd othnm, ThBgold phwa otp-hoi  Rmd Pmh-aL, A m  Bull. El. 8. Qml 
xo. 329,18aB, pp. 69-70, 



The chloritic whish are not so distinct as the others enumerated 
and are probably closely d i e d  to the quartzose achista. They con- 
tain relatively 1- quartz and proportionately more chlorite, and 
in extreme examp1ea chlorite ia practically the only mineral. recog- 
nized macrosmpicdy. Under the microscope, however, quartz, zoi- 
site, s little calcite, md some feldspar may be recognized. 

Feldapathic schists, so common in p a d  of Sewrtrd Penhula, have 
not been found in any large quantity in the Noat&-Kobuk region, 
though here m d  there small exposures of tb type of rock have been 
observed. Garnetiferow schists ham also been found but sparingly. 
Mr. L. M. Frindle, who spent a winter in the central part of the 
Kobuk basin, says that the rocks in the mountains north of the 
hbler-Hogoluktuk lowland are in placm highly garnetif eraus. 

The conglomerate phase of the undifferentiated metamorphic mks 
has been obsemed at only two places--one dong the south face of 
the Cosmos Hills near Shungnak, in the Kobuk baain, and the other 
nearly north of this place, between the camps of August 3 and August 
4, on the Noatak. The conglomerate in the Kobuk locality occupim 
a strip about 2 miles wide, trending in an wt-west  direction, and 
dips muthward. Although the relations to the other metamorphic 
rocks are not perfectly clear, the dip indicates that the conglomerate 
overlies the  schist^ and slates to the north. M h e r  evidence in 
support of this view is afforded by the fact that recognizab1e pebblm 
of black date and of chloritic   chi st, together with numerous quartz 
pebbles, make up the conglomerate. Them pebbles prove by their 
presence that scbiats, slates, and quartz veim were in e&tmce and 
had been eroded before bhe deposition of the conglomerate, and they 
suggest an unconformable relation between these rocks and the 
conglomerate. 

Other conglomerates of younger age will be noted later, but it 
should be distkctly understood that the one dmcribed above ia 
thoroughly &eared and schistuse throughout its extent and can in 
no way be explained by the laser mount of deformation to wbich 
the later conglomerate has been subjected. nis may be dearly men 
by reference ta Rate VIII, B, which shows three specimens of the 
metamorphic conglomerate. Not ody have the pebblea mmposed 
of the softer rocks been deformed but ewen the quartz pebblea (shown 
bent by the light-colored portion of the spechen fartheat to the 
right) hnve been m pulled out and elongated that they are now many 
timea their original length. It should be noted, however, that the 
pebbles shown on this plate by no means represent the maximum 
distortion, for by excegsive elongation the pebble form becomes more 
and more obliterated, so that finally it can not be recognized. There- 
fore, many of the patches of quartz of no defini&e shape or distrih- 
tian seen in the specimen may have been once distinct pebblea but 
are now stretched and shattered beyond recugnition. 
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The gchistaee conglomerate from the Noatak wm not a m  in place 
ht was found only aa float. The localized distribution of this 
mterial, the lack of thorough water rounding, and the s k  m d  
freshness of the specimens, all suggest that tho float had not been 
trampoM far. Lithologically the rock is identicel with that found 
"m the Eobuk basin, but it containa eomewhat less vein quartz and 
is rather finer grained. 

STEW-. 

The lack of detailed studies of the extremely wmp10x stratigraphy 
of the unditTemntiatod metamorphic  rock^ prevente determination 
of their stmcture. The distribution effected by the most recent 
diwtmphic movement hm already bean described, but the stmctum 
that preceded this stage a till remains undetermined. That there were 
two OF more periods of diastrophism before the one that produced. 
the praeent major stmcture seems clearly indicated, but the direction 
and extant of thme movements ie unknown. During the Istest pro- 
nounced period of doformation the rocka were thrown Into a series 
of east-wwt folds m d  broken by f auks in the -tern part of the field, 
whereas north-eauth f oldB and f sul ta were formed in the western part. 
Dislocations bsving an enomoua throw must be posta2&ted to account 
for the observed distribution of the rocks, and abnormal relrttions 
through overtumbg may be found in practically all parts of the 
field. The relation to the other rocks is therefore in plmea o'b&(:ure 
OF antithetical and isolated stmctural obser~atiom are often mb- 
leading. ks a result of the extremely complex atructtrra -timatee 
of thickness are little better than g u e a s ~ ,  but tens of thousands of 
feet of strata must be included in the undifferentiated schiib. 

Although it is impaasibIe t o  expresa the major structure from the 
fmte avdeble, the smaller structums are prominent and may be seen 
in dl exposures if oarefully songht. As stated, the prominent 5truo- 
ture eveqwbere observable is cleavage. So strongly marked is this 
feature that r d y  if ever is the original structure of the rmk deter- 
minable. In many exposurm not ody one but several structurera due 
fo deformation are visible. Thus it is no uncommon thing to see 
exarnp1es of folding and shearing of earlier cleavago planes by bter 
deform tion. This fsatwa is recognizable even in Plate VIII, A, and 
i~ much more evident in the actual ~xposuro. 

Fsdta of small displacerncnt may be recognized almost anywhere, 
and r n d  of them appear to be of the thrust type. Larger fault  
probably m, but the absence of easily recognizabls guide horizons 
and the probability of uncodormitiies between the schists and the 
younger m k s  make precise determination of the amount of displace 
ment i m w b l e  with011 t considerably more detailed study. Slick- 
ensiding along the fault planes is common, but a large part of the 
dislocation wrrs probaldy taken up by s m d  movements dong tha 
cleavage plmes and therefore the amount Is undebrmined. 
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These features, as stated before, am rmgnbable iiL a!l the members 
of the undifferentiated schists, but they are most prominent in the 
quwtzoae schistfl and lewt so in the c a l m o u s  schista and in the 
dark carbonaceous slates and quartzites. Thia diffrenm may perhaps 
be due ta difference in the age, but it may also be due to the fact tha6 
the cdcareons schkts are 10mt resistant and therefore easily redjust 
themselvm to stmses,  where= the carbonamoua quartzites and 
slates are mom A t a n t  and therefore wihhstood deformstion best, 
and the quartme ~chkB, intermediate betweon the two, were eaaiI;y 
deformed but were resistant enough to preseme mom traces of their 
earlier condition. 

am Amm -uTIoBB. 

Aa tho undifferentiated metamorphic schists camprise a p a t  
' thicknoas and vwiety of mke, they probably have a considerable 
range in ago. No f&Is hew been found in these rocks and therefore 
their q e  must st dekrmined by mdogim and infemnm. Unfor- 
tunately, mmt of tho rocke that aro closely easmiated with the schists 
are &a u n f d e r o w ,  so that many of the mmelatbons rest on 
analogies with areas far away, and in a regian having a structure 
so complex M that of the Noatak-Kobuk region theae analogies are 
hble  to lead to comidsrable error, In h a r d  Peninsula the aug 
posed equivalent schists underlie rocb of known Ordovician %go and 
probably underIie Cambrian rocks unmnformahly, if judged by the 
difTerence in phyaical charwbr. On John River Schder's section 
shows the Tohen "series," that h the eqni~dent of the ~nWpir -  
entiated metamorphic rocks farther wwt, overlying limestones (the 
Skajit formation) containing indistinct fossils that are stated to be 
not older than Silurian nor younger than Carboniferom. Brooke, 
howover, says:l 
Tbe mntact between them roch and the Skajit m a  not expod,  hut Schrsder 

appeare to have regarded the Totem aa the punget, tbcmgh his ~tat81nemta on thin 
pint  a m  not entirely in accord. The evidence presented might almwt q d I y  WBU 
be intmpreted as indicating that tbe Totreen underlies the Skajit. 

On Alatna River the schists underlie uncunfomably a similar 
limestone and therefore are older than the Skajit fometioa On 
DaM Creek in the Kobuk bash tho schists rrnderlia a limwtone that 
presumably is late Paleuzoic, as f& similar to those in tho De~onian 
md Carboniferous limestones of Seward Peninsula are found in the 
float that probably came from the limestone. On the Noatak the 
evidence of sge of the schiate rests on the cornlatian of the limestones 
similar to those expased on Alatns Riaer. The schists am cert~inl~~ 
older than the l&shnea, but nowhere are the b h e r  rocks fowilif- 
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There dl be occasion to refer later to the age of these limwtonw 
and to point out that probably they are of Paleozoic age. For the 
prmnt, boweyer, no more definite statement of the age of the schiah 
can be made than that they probably were formed not later than the 
early Paleozoic and pessibly as much earlier aa the pre-Paleozoic. 
This determination is ngcemwily vague, but it suggesb the correl* 
tion of these undiflerentiated metamorphic rocks with the schistme 
rocb in the lower part of the Nome group or with the Kigluaik p u p  
and Kwitrin formation of Seward Peninsula, with portions of the 
Birch Creek schist of the central. part of the Yukon basin, and with 
the "Rapids," "Lake," and amphibolite schists of the ChandaZar- 
Koyukuk region, not to mention other areas more remote. 

UNDIFFEBENTL4TED PgLEOWIO LIMESTONES. 

The und Barentiated Paleozoic limeston= are widely distributed 
throughout the Noatak-Kobuk region. Plate II ahows graphically 
the placa where these rocks have been recognized. From this map 
it may be seen that there are four more or less distinct large areas of 
these rocks together with many smaller ones. The four main areas 
are in tb  e central part of John and AZatna River bwin~) in the head- 
wakm of the Noatak, in the Tgichuk'Hilla of the lower pwt of the 
Noatak basin, md in Seward Peninsula. The amallex areas are most 
numerous in the Cosmos HiUs north of Shungnak and in the b i b  
nmr the pass between the Robuk and the AIatna. It is not intended 
by thus wparating the areas of undifferentiated limesltonea to imply 
that subsequent investigation may not demon~trate that they are 
continuous or that some of them are the equivalent of certain d 8 e r  
entiated f ormatiom or groupa. In each of the areas the undifferen- 
tiated Paleozoic lim~tones show certain distinct, features which make 
it desirable to treat the lithologic character, structure, and age of 
these rocks in each m a  reaparatu& and this plan will be adopGd in 
tha foUowhg pages. 

LITEOLOCiIC CEhE40TEB. 

The Paleozoic limestone on John River is dwmibed by Schrader 
89 a- 

hemy-bedded q d d h e  limeatone and mi- eel&. Weathwed p""Uel 
with the bedding and planea of movement and crushing premt a dverg &eon due 
to the p m c e  of mica, while ~ o m e  layers grade wholly into a mica 8chht. On a 
fmh h c t u r e  d a c e  the Iimmtone ier found to be highly cryatallin%, generally h e  
or medium pined, and of impum white or bluish-y color, the latkr apparently 
denoting the more dolomitic phaees of the rock, It weathem to a dirty gray or light 
brown, mmetimen tinged with red. a 

On Alstna River very similar Zimeahnes occur between the camp 
of July 10 and the mouth of the Pingaluk. In places the hes tone  k 



dark md has bluish-white bands; in others it is p y i &  and hm 
bean somewhet silicified; md in atin others it is b m b h  sand 
weathem to a sugary sand. No dolomitic horisons were mcmpkd. 
Mica ie remgnizabl e in all of these ph- and in p 1 m  is acl abundant 
that the m k  might bo chamterkod as a calcareous schist. Locally 
the limeatone has been cut by greenshnea and tramolite and other 
mtacbmetamorphic miner& have been formed. 
Plate IX, A, a view of the hi1 emt of Alatna River near the c ~ m p  

sf July 10, illustrates the characteristic topography of the bare white 
M e  to which the Iimeetonas give h a .  
North of the Kutuk an Alatna River enother band of limestones, 

about 2 milm wide, trends east and we&. On weathered exposure 
the limeatone appears quite b r a n  but on fresh fracture is dark 
gray and ~ath@r loss crpttlUine and schist= than the limestono to 
the south. This seems to be the emtern continuation of the limo- 
stona that occum in tho headward part of the Nostak. In the latter 
basin, however, the  rock is aomewhat more &istom and is usually 
darker on frash fwcture. Plate IX, B, w11ich show8 s mar view of 
this limesbne a sl~ort distance below the csmp of August 4, iUnstretRB 
the genera1 phpical charactor of the rock. Bedding is but poorly 
pmemed, the dominant structure being cleavage. Here and there, 
however, t he  bedding may be rocapked, rra may be awn in Plata XIV, 
A (p. I 22), a view of an ou temp s ~ h o r t  dietance below the csmp of 
August 1, which d l  be described in mmewhat greatar detail Istor. 
Tho hammer handlo i parallel with the bedding; the mom prominent 
structure nearly at right mglm to this direction is ctmvage developed 
by the mmptallization of the limestono. Some scattered sulphides 
occur in the limestone in well-formed ccystde. These on weathering 
stain the rock brown and givo riso to most of the local variations in 
its color. 

East of the camp of July 28, near the base of the Limeatone, there 
is a reddish Zim~stone somewhat lorn schistme and more sandy on 
weathered surf- than elsewhere. 7n the gravels of the largo dream 
from the south, a abort dietance above the camp of July 31, many pieces 
of float were found having indistinct cylindrical tubes of white color 
in a dark, nearly black limestone, suggesting nearly obliterated corals. 
The rocks of the Igichuk Hills have been provisionally dassed 

with the undzerentiated Balsonoic Iimatonm on mcount of lack of 
~pecSa  data and the absence of features characteristir: of certain of 
the known limmtonea. These roch are considerably deformed, and 
in places present schistose phasm with original structurce practically 
unrecognizable. Dolomitea tare practical1 y absent and the rocks are 
mrptalljied e s t o n e s  of blue-gray to white color. Some s p a d y  
disseminated aulphidm are occasionally found and in places on 
mathering out have givm the surface of the bestone a honey- 
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cambed appemmoa. Little or no siiicific8tion waa obsemed in the 
rocks m d  there wera no minerals of contmtrmetamorphic origin. 
The general rsppewanae of these rocks is f n.irly wall &awn by Plate IT, 
A (p. 281. 

Zn Sew d PmbsuIa the undigemntiahd PaImzoia limestones h m  
_ bsen moat camfully studied By Moffit and front his report ' the 

following domription ia abstrttctsd: 

-- -..._ . Northwt of tho A wea Em ia an m a  of about $6 equnm miles [the largeat I i m h e  
srea &own i~ tho extreme aouthmwhrn portim ai PI. ZI], made up chidy o I  white 
msrblm much ~hseted and ~omatimm acbiatoee, which appear aa smooth, rounded 
d a m ,  bare of mom, and themfom affording g w d  foot in^ to the traveler. Low 
radiating needlea of tremolita am not uncommon, but athenvise tho lim-e ie  
genem1Iydmaetpure. * * * 

Black graphitic d o t i -  [of limeRtwe] are not rncommon, especidly in the In- 
chuk and Gwdhope River rrrgion. 

The smaller areas of undifferentiated Palaozoic limestones in the 
Kobuk and Alatna basins require no speoial description, ss they are 
formed of rocks wsentially similar to thoso already dewriben. On 
the whole, judging from the descriptions of hlendenhall, the lime- 
stones appear to ba in somewhat narrower balts find to be more 
interlaminated with whish. It i~ by no means ccrttrin, howevm, 
that th is interlamination reprosenh depositional diff~rencm, as it 
may be duo either to infolding or to  rcgional metamorphiam. 
Although most of tba bands of l i m ~ t o n n  aro thinner than thoso 
already described tho indefinitely located ~imwtono 8rca on Reed 
River is only part of ra considerable e x p u r e  of this m k ,  the boundn- 
rim of which could not be det~rznined because of their distance from 
the obwrver. 

B T I t V .  

Enongh has s h a d y  been said to show that a11 the undifferentiated 
Pdeazoic limestones ham been mnsiderably deformed end the domf- 
nent stmoture is seccmdary. Cleavage rather than bedding is the 
structum observed and o d y  in areas whem the structure is excep 
tionrrlly well presemd is the original bedding recognizable. For 
this rewon, in attempting ta determine the geneml stmtigmphy, the 
areal distribution must be considered far more importunt than the 
obsemations made on minute structural feat-. Furthermore, 
observation from a distance usuaI1y doea not disclose the true con- 
dibion, and structure that appears simple st 8 distance bocomes 
more and more complex the closer it is investigated. This fact has 
already been shorn by certain of the foregoing illustrations m d  is 
emphasized by others introducd later (Fl. X, B, for instance). 
The major structure of the undifferentistad limestonee oorreaponde 

to the general eastwest trend in the eastern part of the field and tho 
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northouth h n d  in Seward Peniasda, eiready noted under t h ~  
head of the "UndifferentZsted metamorphicl schists." !h h e  
~ h n e e ,  however, show by their continuity and m a t  distribution that 
they have not been subjected to the smme amount of diastrophism afl 
the schists; in general, they seem to mmr as infolded or infaulted 
a y n c h ~  and am unconformable on the undifferentiated schists. 
This structure is rather dearly indicated in the two bolts of limestone 
in the central part of Alatna River valley. At the southern margin 
of this area the strike of the schists is nearly north and muth and the 
dip is steep and vtrriabla to the east and w ~ t ,  whe~eas the limestones 
tread nearly smt and west and dip steeply north. At the northern 
'border the structure is not satisfacbrily exposed, although the dip 

' 
seema in general to be northward, taa though the schists to the north 
overlie the limeetona. Hem and there, however, gouthward d i p  
ware observed and an overturned stmcture is s u m h d .  Still fsr- 
thes north the narrow belt of limestone d i p  north on the southern 
side of the area and south farther upstream, indicating a syncline, a 
etructure which iq confirmed by the fact that in several p l w  farther 
north the limmtone caps the hill8 and the schbta form the lower 
dopee. 

The atmoturn of the; limeahno bdt in the upper part of the Noafak 
region is exceedingly complex and has not been satisfactorily deter- 
mined, Thn general dip is apparently northward, but with foldmg 
so intricate MI that shown in Plate X, 3, which represents 8n exposure 
betwecn the camps of July 31 and Auguat 1, the true structure can be 
demonstrated ody hy detded studies. Furthermore, the rocks in the 
hills north of Mid- Creek (camp of Auguat 2 )  dip south at hgh angles, 
whereas the lim~stoncs on the Noatak a shokt distance above that 
creek dip north, so that the inferred fault that &+a between the two 
pl~cea makes satisfactory p m f  of the structure impossible, and the 
mcka farther wmt we covered by a mantle of alluvium. 
The obsemtions d e  in the Qichuk H a  are not sdliciently 

extensive to detarmine the major structure of the lhgatane in that 
arm. The m k s  ara intensely deformed and the dips are so nearly 
vertiml and their directions chsw so unsptematically from place 
to place that the only generalization possible js that the rocks are 
nearly on edge and probably form a much shattered and faulted 
aynclinorium. 
The structural feat- of the limestones of S e w d  Peninsula 

present some anomalies that can be explained only by further field 
investigation. Moffitl statas that some of the rnsasive limmtones 
appear to have been thrust up through the overlying schists, possibly 
during granitia intrusions. The writer has not seen this feature and 
feels some hesitation in accepting Most's conclusion bwsuse of tho 
-. . - - 
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rnechmi~1 dBmIties i n d ~ e d  and the lack of defmite proof of the 
smtigrsphic relation of tha sc&h and Iinrestones. 
Small sbuctural features recognized in the undifferantiated lime- 

stonss are f ad  ting, breacietion, recrys taUization, and cles~age. The 
last two have already been sufficiently described. Braciation is 
common and gives rise to a peculiar mottled appearance, caused by 
the fragments of noncrystalbed original black limestme being 
embedded in later Mltrated whita mystaHins calcite, Much of tho 
bracciation appears to have been affected by shattering unaccom- 
panied by any mmiderabIe movement. Faulting on a small scale 
may be w n  in many of the outcrops. The data f o ~  determining 
the amount of dislocation that h s  taken pbce are usuaIlp obscure 
except for faulh of small throw. Along many of the larger faults 
the limestone has 80 flowed under prewure and then rmy~tallized 
that the evidence of movement is in Iarge measure masked. 

The Paleozoic; limsshne on John River contains indigtinct fossils, 
which Prof. Charles Schuchert identified ras "having the ventral valve 
of a brwhiopod of &he order of Meristina and Merish11a and also resem- 
bling a transveree Seminula. 'Shis-kind of shell indicates that the 
rack can not be older than Upper Silurian and not younger than 
Zower Carboniferous.'" Owing to  an error in msiping the Carbon- 
i f e m  limestone or Lisburne lime~tone in the John-Anaktuvuk s e e  
tion tn the Devonian, and t o  the fact that the s ~ d e d  Skajit forma- 
tion was more disturbed etld metamorphosed than the Lisburne, 
Schrader provisionally referred the Skajit to the "Upper Silurian " 
(Silurian). Tho difference m amount of metrtmorphism is not 
concIu9ive evidence, for the deformation seems to become proms- 
sivcly 1- toward the north. Schrader in his publiished report made 
no di~t~inction between t he  roe& underlyhg the Lkbume lirnestane 
and those ~uppwed to overly the Skajit formation. Studies in the 
Alatna River basin indicate that the equivalent of the Skajit forma- 
t ion overlies the schist, and f mln a mamination of Schrader's notes 
it WM found that the rocks underlying .the b b m e  limestone me 
less a h t o s e  thm those wpposed to overlie the Skajit. It is $her+ 
fora a probIem whether or not the Skajit and the.Lkburne sbould be 
correlated. The only fact opposed to such a correlation is the 
absence below the Skajit on John and M a h a  rivers of t.he sandstone 
and shale scrim which underlies the Lhburne limestone on the John 
and Analrtuvuk. This absenca may be accounted for by faulting, 
by nondeposition, or by the metamorphism of the sandstones and 
~ h d m  into the undifferentiated metamorphic schists. In view. 
howover, of the absence of specific proof and the fact that otbei 

m 
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limestones rn Itnowe in the stratigraphc column in northwestern 
Alaska it bas seemed unwise at present to do mom bhm 5-t the 
possible equivalence of the Lisburno and Skajit formations. 

The Skajit formation and the most extensiva limestone m Alatna 
River are so nearly similar &at no doubt is fdt that the two are the 
same. Furthermore, there seem to be little room to doubt that the 
thinner bmd to the north on Alatna River is &a the same Jimmtone, 
ha* tho same relation to the underlying achisb. When traced 
westward, however, into the Noatak basin this same belt shows 
certain features that throw a little more light on the interrelations. 
It has already been noted that indistinct coral-like tnbw, partly oblitr 
grated, that ara found in creek gravels near the camp of July 30 are 
d a r  in general chmwter to  those found in the Carboniferous or Ds 
vonian limeatones of parta of Sewmd Penin8ula.i Furthermore, near 
the camp of August 1 (see PI. X, B) , these limestones o~erlie a seriw 
of sandatones that are indiatinguishsble from and are correlahd 
with the Carboniferous sandstones to. be deacribed lakr. It is true 
that in this place the structure b exceechgly complex, and schistme 
rocks, s&11dstones, and limestones occur together in a mnfwd 
manner. The sandston~s, however, are perfecay distinct and do 
not seem to merge with the schists. They appear ta be. equivalent 
to the sandstones described by Schrader as immediately adjacent to 
ths Lbburne limestone, and to the tran&tones that dl be described 
later as underlying the Cmhniferous limestone in the western 
pmt of the Noakak bash. 

Though the posslila correlation of these limmhnes with those of 
Carbonifsrons age is thus emphasized, the fact musf not be lmt sight 
of that the evidence at h d  is capabIe af other interpretatim, and the 
mmrtainty of tba codation suggwted ia ao keenly felt that it haa 
been deemed expedient to indicate &e doubt by distinguishing on 
the map the known Lisburne limestone from them other roch. 

The age of the limestones of the Igichuk EHls is uncertain. No 
fads haw been found in them and their physical feat- do not 
distinguish them from several other thick limestone membem in 
northern Alaska. Their outcrops where examined were so sur- 
rounded by deposits of recent alluvium that little of t he  general 
relations could be d e t e e e d .  Near the lower gorge of the Noatttk, 
whem Carboniferous rocks were exposed, them were aome dolomites 
that suggested by their physical charactem correlation with the 
Silurirtn dolomite of Seward Peninsula. Their dose relation, how- 
ever, with the Carboniferous TO& and the fact that doJomitic beds 
of consideraMe thichas occur in places in this aeries in Seward 
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Peniasula renders this correlation doubtful. The Sirneatone of the 
@chuk Hdh certainly appears to lie uneonformrtbly above schistose 
rocka which are similar in general aspect to those occurring on Alatna 
River and in the headwaters of the Noat& and which, from their 
lithologic chwmbr and topographio e x p r d o n ,  appebr to be equivtl- 
lent to them. 
In discussing the age 01 certain rocks of northeastern 8eward Pen- 

insula, Moffit states that "the massive limestones mentioned above 
~hould prbbmbly be currelated with the H m h  Creek and Baldy 
Mountain limestones." Kgine a subsequently determined that the 
limestones of Bddy Mountain and Rmis Creek w e  Carboniferous, 
but owing to uncertainties of correlation and the djfEerent interpre- 
tations of the rstructure the suggested codat ion  should not be 
accepted without further investigation, for limestones of Ordovician, 
Silurian, md Carboniferous age occur in close proximity. 
Of the limestones forming the small scattered meaa in various park 

of the Noatak-Kobuk region the only suggestion as to ago is afforded 
by the limestones at the head of Dabl Creak, near Shungnak in the 
Eobuk basin. In the float in the central part of thh valley, not far 
from an outcrop of a downfaultod block of limestone, indistinct ccoraila 
wore found in s, limestone bowlder. These were too poorly preserved 
to permit specific det~rminat~ion, but were of precisely the same 
appesrance as fash collected in 1909 from hhe limestones along the 
eastom fl& of the Darby Range in eoutheastern Seward Peninsula, 
which were idcultifid as Devonian or Carboniferous? Another simi- 
larity between these limestones md those of Seward Peninsula is the 
strong petraliferous odor they emit when freshly broken. The lime- 
stones having thesa particular characteristics waro dark, nearly black, 
with interlaminated blui~h-white bands, the whole ~omewhat c r p  
talline. 
To sum up the question as to the ago of the unMermtiated lime- 

atones, it b erident that, as is implied in their name, t h q  may 
include several limatone~ of diff went ages. Although the evidence 
is not conclu~ive, there are roasons for bcliaving that some are quiva- 
lent to the late Psleomic limestones. It seem fairly certain that 
the limestones aa a whole are younger than the undifferentiated mete 
morphic s c h h  as a whole. Although by no means proved, it is 
bolievd that at11 of tho undifferentiated limmtonea are of Pale- 
ZOLC age. 

1 Mom& F. 3, op. dt., p. 24. 
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The only roch of known Silurian age were found by Kindle in the 
viciniq of Cape Deceit, a promontory near the town of Deering. The 
following account is taken from his deecription of this locality: 

On the north coast of B e n d  Peninsula the writm has found at Cape Deceit r 
fauna which appeare to bt, the w e  rn the Lama at WhiC Mountain [in the south- 
central psrt af the peninlrula]. It is repreanted by a coral which i s  probably a 
specim uf Amplexus and a lamellibranch 8ppenttIy fdmtimI with tb Megalodon 
occurring at White Mountain. The limeebne at Cape Deceit haa the Mghly mag 
n&an compmition characterizirq the limmtone at White Mountain.1 

The limestone at White Mountain ki d~cribed by Kindle 3s the 
same paper as being aeveral hundred feet thick, of white to lighb 
gray color, much broken by joints with very indistinct bedding 
planes, highly magnesian, and a~ contain'i a late Silurian fauna 
comparable with the Guelpb in the Stgtes. 

The fact that in every place where this formation b~ 'been found- 
in southeastern Alaska, on Porcupine River, in the Rampart region, 
and in Seward Peninsula-the rocks are dolomitic is believed to be 
significant. Although dolomim are known to occur in m8ny other 
series, the fact that t.his pwt of the Silurian k evqwhere dolomitic 
suggests that certain of the limeatones in the Yoatak-Robuk region 
that have not yet been diematiatd should be eloeely examined fur 
thii fe~ture. Some of t he  dolomitic beds already noted in the region 
southenst of the canyon and in the lower gorge of the Noatak may 
possibly belong to the Silurian. 

Unfortunately, the Silurian eqmmrres at Cape Deceit are so hIated 
by the sea and by recent deposits of alluvium that they afford no 
clue RS to their relatiom with the other m c b  of the region. The fact 
that they are not s c h i s h e  suggests that they are not so old ~e the 
unMerontiatad metamorphic schists to the south, but even this 
conclusion rests on several unproved assumptions. 

Undoubted Davonian fmils have been found ody in doat bowldem 
in John River basin s short diatsnce north of Hunt Fork. The loca- 
tion of the mcke from which they were derived is therefore uncertain, 
though Schrader evidently believed that they w m  derhed from the 
rocks exposed in tho neighborhood. Owing tn the fact that the par- 
ticular outcrop from whch tho fossils camo ie not hown, it bas been 
impomible to indicate tho Dovonian strata on the geologic map (71. II), 
and they probably hsvo bwn included in the Carboniferous rocks b be 
described later. 

1 ~ d a s , E . M . , T b a ~ ~ i n W P o l . t ~ U m . ~ ~ A m . J m - ~ r t h s a . ,  
mi. 3a, lWI,  pp. N7W. 
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A reasaminstian of the original field notes fails to dimloso a ~uffi- 
leiently explicit description of the rocks in the vicinity, and specimens 
brought back by Schrsder afford t h e  only means of doterminhg tho 
lithology and aga of these mch. From tbme specimens it may be 
seen that the rock is a sandy gray to dark-brown, medium fine grained, 
n o n c ~ t d i n e  limestone, Little if any cleaved, weathering to 8 lifihtcr 
brown on exposed surface. T ~ B  fossils are usudy darker than tho 
inclosing rock and show little or no evidence of deformation. Thme 
fossils wem examined by Scbhchert and Kindle, who report that they 
include S~rifm disjw&w, a typical Upper Devonian form. 
In the Noatak region some doubtfully De~onian fmih have bean 

obtained from rocks that were.indistiri~ishable from the Carbanif- 
erous sandstones, shales, and limeatones, m d  in thie report tbm 
rocks have h e n  included in the Carbonifems to be described later. 
That no mnrkod break occura between Upper Devonian and the lower 
Carbonifsrou~ (Mississippian) rocks ifl tbb part of d m k s  is indicated 
by the facts that the tmly Devonian rocks on John River were not 
diahguished by Schrader from the carbon if em^ rocks, that the 
qumtionable Dwonian roch  in the Nvahk were not differentiated 
by the writer, and that CoIIier states that similar rocb in the Cape 
Lisburn~ region are sppmntly conformably overlain by lower Car- 
bonifemua rocks. It will therdore not be feasible to differentiah 
and map the two aystGms until more prwke etudiee and mom aten-  
aive mUectiona have b e ~ n  made. 

Two main divkona of the Carboniferous rocks have been made, 
bssd mainly on differenma in iaiithoZogio character. One division is 
cornpod mainly of sanchtoem, with subordinate amounta of quartz 
ita, ahde, and thin-bddd limestone; tho othor ccmmkta almost 
~ n W g  of limestones. The former ia c d o d  the Noatak sandstone, 
and the latter the Lisbhsne bestone, the gcographio name given by 
Schrader. 

The Noatak sandstone wes seean and studied most exhnsively in 
the central slrd western parts of the Noatak bash, from the canyon 
aa far east as the camp of August 9. Other areas correlated with this 
typical poeion of the sandatone are the ha8 in which Midas Creek 
rises, n b h  of the camp of Augu~t 2, and the northorn part of tho 
Fickett seriw mapped by Schrader on John River. 

Tiem of chawterkt ic  phasea of the Nostak sandstone and the 
topography to which thme rocb give rise are shown in Plata V, A 
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(p. 291; X, A and B; and XIV, B (p, 122). They illustrate the 
general 5eEd appearance of the mks included in this formation. 

In the mast typical exposures seen from a point near the camp of 
August 11 to the canyon the rocb are dominant1 y sandabnm, m d u m  
6110 grained and rather m m i ~ e ,  but containing Itbyom of shale that 
accentuata the bedding. On exposed surfncos tha rocke are usudy 
msty brown to brownish green, but on fresh fmcturo thny are dark gray 
or greenish. The component minerals era usually not distinguishable 
macroscopically with the exception of quartz and flakes of mica. 
When treated with wid many of the sandstonos affervesca slightly, 
showing the pmence of calcite. Under tho microscope the sandstone 
is seen ta be wmposd mainly of quertz and some eericita, with limo- 
nitic md carbonacoovs mataria1 filling the intemticea. 

Some dightIy congl~lomeratic b c d ~  Bra ~ ~ o c i a f & d  with the sandaton- 
and mtain of these show fla ttenad masma of indurated sh Je or quart* 
ite which are of pebblelike fom, but which may represent contem- 
poraneous mmulations of mud. +Mica bas been developed pardel 
with the surface of these nodules, but the material within is unsbeared. 
Many of these accumulations closely shulrrta f d s  and can be d k  
tinguished from them only by careful examination. 

Some thin bed8 of limestone, few over s foot thick, are interbedded 
with the sandstones. These limeshue M a  show considerable varia- 
tion in color, aoma being dark gray whereas others b v e  weathered to 
a light yeflow. AU the limestones are semicrystdine, but exhibit 
only slight signs of movement. Fmils are fairly nmemus in goms 

of these beds and are entirely undefomd. Ln pIacm the m b  are 
cut by small local calcite veina and have Been intruded by basic in- 
trusive mch. Tho limestone beds become more prominent ' and 
thicker toword the top of the formation. Limestones may be recog- 
nhcd above the intrusive sill in tho upper central part of Plate XI, B, 
and outaide of the more cJosely appmsd portion of the fold in 
Plate XI, A. 

Shales and slaty be& am interlaminat& with the other membere 
of this forme t ion. Generally they exhibit both bedding and cEea~age, 
but not much metamorphism. The slates wntain little clayey mat* 
rial but seem to be f o m d  maidy of hegrained quartz and aome 
calcite. As ra d s  the m k  is too h e  grained to permit it8 component 
minerds to be diathgrkhed, Under the microscope it in seen to ba 
composed mainly of quarkz, kaolin, or sdcite, and a greenish, nearly 
amorphous, finely divided minerd, together with mqpetih, some 
aulphida, and Limonitic material. 

Quwtzih are especially wmmon .in the exposures in the ~ c i n i t y  
of the Noat& Canyon. Most of them m dark, nearly black, but 
brown and red iron-stained members are not ancornmoa. The greater 
induration of the quartzites appears to be due to the pronounced 
fo ld i i  to which the rocks have been snbjwd and also to the igneolrs, 
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intrusions in the vicinity. Aa a result of the igneous- action much of 
their dark dor ing matter has here and there been destroyed and they 
weather whib, 80 that at a distmce they are difficult to  distinguish 
from certain of the limestones. This contact phase may in places be- 
t r m d  several hundred feet fiom the igneous rock. The 14 and 
brown colors noted ~bove have been produced mainly by the weather- 
iug of sulphides that oecur in the quartzites. 

The mcks of the Midas Creek region that stre provisionally corn  
lated with the Noatak sandstone are typically sandy slate9 showing 
little or no whiatosity, but having a well-marked lamination, which 
is in places transverse to the bedding. In addition ta the quarte and 
scattered mica flakes observable in hand spscimena, these rocks, when 
asmined under the microscope, ahow a content of blewhed biot-ite, 
chlorite, albite, zircon, mnd iron or-. The apparently greater shear- 
ing to which they have been subjwted may he amounted for by their 
closer proximity to the ragion of pronounced dynamic metamorphism. 

The rocks on John River that are correlated with the Noat&k sand- 
were described by Schrader, under the name Fickett series, as 

consisting of- 
dark ahale, &ale, and sppamntIy aame dstk limedone, which h mccded 
by quartzite, grit, and conglomerate * * *. The quartzite, grit, and mngIom- 
emfe are hard and flinty, the graina and pebbles being thomughly uni td  by a eilicmun 
cement. The beat e x m e  of $hem rocks that wm meen i a  that at Fmk Peak bust 
north of Istitude BSO], * ' from which point for about 15 milee northeaetward 
to beyond the A n a k t u d  portage they present a steep face to the northwed * '. 
Hem the dip is gently muth or muthmt . Apparently thew =me conglomemtm and 
grita mere alm encountad in the lower mchea of a deeply cut gulch about 20 miles 
mu& OX Fork Peak, wecrt of the mouth af Hunt Fork. Toward the top of Fork Peak 
the grit and quartzite five way to dark scbistoae alate and dark-gmy micamus mnd- 
stone.' 

Aceording to Schrader's notes and descnptlom, this game division 
includes metamorphic rocks which in the present report have not 
been codatad  with the Roatak sandstone, but have been cIaased 
with the unMerantisted metamorphic schists. According to 
Sohrader, those r m b  overlie the more northern ones which have been 
correlaed with the Noatak sandstone. Such an interpretation, how- 
ever, presents so many dif3culties that until further evidence is 
adduced it L believed more reasonable to accept the interpretation 
that the schiatoae beds are older than the lewddomed beds here 
corndated with the Noatnk sandstone. 

In general the folding of the Noatak sandstone has not been so 
intense ae thst of the other rocks h s d y  described. Schrader re- 
ported open folding in this formation on John River' In the eastern 

1 Brhrader, F. C., Amnuah- In wrtbmn A h b a :  PW. Papar U. 8. OmL Burvey No. z0, IsDn, 
m- 
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part of the Noatak aho the folding h not extreme, but varticd and 
overturned dips were obsmed at  many plaoss farther we~G. The 
folds and faults shown in Plates X, B, and XI, indicgte that the 
structure is by no means simple. In spice of the complexity of 
local details the larger structure appears to trend in the main east 
and west. In a broad way the Noatak sandstone disappeam under 
higher rocks toward the north and ha% been removed by erosion, it 
having been more uplifted, toward the south. Although thh appears 
to be the generd structure, it ~hould be remembered that the actual 
structure is made up of subordinate fold8 anp faults, which when 
viewed in detail present many diversities from this simple, l o d y  
inexact, generalization. 
The Noatak sandstone ha9 been subjected ta pronounced regional 

dynmnic me.tamorf,hism, and in addition to the larger structures 
cleavage haa beem produced in almost all ita members except the 
more massi~o quartzite beds. This structure is particularly prom- 
inent in tho her-grained beds and in many places the original bedding 
is  so masked that i h  may escape detection. Plate XTV, B (p. 1221, 
shows an exposure of the slaty phase of the Noatak sandstone between 
the camps of August 12 and 13 on the north aide of the Noatak. 
me bedding i shown by the color bmd'hg pardel with the hammer 
handle. This bawling is evidently due not only to differences in 
color, but Ago to different chemical composition, texture, metorid, 
and size of grain. Transverse to the bedding and in Plate X V ,  B, 
havEng a considerably lowar dip is a well-mwked cleavage, which ia BO 
strongly developed that the rocks weather into slab parallel ta ita 
dmtion rather t h ~ n  to that of the bedding. 

Although cleavage is everywhere noticeable, schis tmity was not 
obstlrvnd in the typical area of Moatak sandstone. In the area of 
rocks correlated with: the Noatak sandstone on Jobn Rivm, Bowmer, 
Schrader mentions schistosity in certain members. It is possible 
that tbe rocks so doscribed belong rather to the s u p p e d  underlying 
undifferentiated metamorphic schists than to the Noah& sandstone, 
and that they ham been infolded or infaulted. 

AOE AHD INTERR~TcllTIOWB. 

Fossils have bberen found at several plaoes in the arm of kyphaI 
Noatak sandatone. The most d&te collections from rocks in 
place were mado at locality 1 lAS46, on the south side of the Noatak, 
about 84~ miles east of the a m p  of August 9, and at localities llAS51 
and 1 ~ 4 3 5 3 ,  on the north side of the rivar, about a mile east of the 
camp of August 11. Mr. Girty, who examined the ~ Q S S ~  from these 
places, states that the three ~ l l ~ t i o n s  beIong together, and be fur- 
niahes the following lists of fossil: determlnetio~a:~ 

1 mty, 0. E., unplbHshed letter. 



Locality 11ASM: 
MenophylAum ~ p .  

Btenopom q. 
Batastomella? q. 
SchuchertelhP q. 
Chonetee aff. illinoiwnais. 
Productua aB. indianeneia. 
Producttm d. undatus. 
Prodvctue aff , longiqinua. 
Productella hirautilormia? 
Camarotoechia sp. 
Spirifer d. atriatua. 
Rplrifer &. centmnatue. 
Cliothyridina eff. mbIamellnea. 
Leptdesma aff . spergenae. 
AvicuIipectBn q. 
Bembexis? 8p .  

Orthocerse sp. 
Pfmpmhi~w sp. 

h i t y  llAS51: 
Zaphrentis q. 
LinguIe? ~ p .  

fichizophoris afi. nwaIlowl. 
Chonete- ab. illinoiaen&s. 
Prod uctua aff. indimemin. 

Pugnm? n. rrp. 
Dielarm38 sff. formm~rn. 
Spiriler afF. paucicoatatw. 
Spiriter aff. ~triahra. 
Spiriimina aff, ar~helliptica. 
Amhocmlia aff. kvicula. 
Cliothyndina &. h h t a .  
Athyrh? sp. 
Avicu lipecten sp. 
Bi~~rclhisania ep. 
PIeuroturnaria ap. 2. 
Euomphalus q. 
Neticopms n.  sp. 
Naticopaia aff. carleyans, 
Parspatchitee ep. 
Phillipma ap. 

h a l i t y  11 AS53: 
Zaphentie? sp. 
Choneta aff, illinokwk. 
Spirjfer q. 
Amhocceb q. 

In discussing the signi lkace of herso determinations Mr. Girty 
sap: "Tho geologic t q e  I take to be upper Mississippian of the 
American seetion or the Mountain hestone or the P ~ a d ~ u 8 g i p a ~ t e u a  
zone of the European section." On OR0 first stream from the north, 
wmt of the camp of August 7, IoeaZity 1 1 AS43, float bowldem of lime- 
stone were found in great numbers in the stream gavels. Many of 
these contained f d s  which Mr. Girty determined as follows: 

Locality 11,45343: 
Fev&M? ap. 
Clsdopora? ~ p .  
Cyathophyllum? sp. 
S ~ t o ~ i d  c d ?  

Wty 1lAW34ontinuad. 
Zaphren tis. 
Crinoid *m. 
Gamamta?chia? sp. 

A short distance downatream from thii place, on the aouth side of 
the Noabk the following fosaila as detmmined by Mr. Girty were 
found in the float: 

From a bowlder of limestone in the cmyon of the Mo~tak st 
locality llAS67 a single fossil was found which Mr. GiPty states b 
Zaphrentis sp. 
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Concerning thme three collections Mr. GiFty sap:  
Tbe doubtful Carbwifemurr colleckbm comprise lots 43 and 43 and m b l y  &'f 

* + *. The presemtion of the qecimens in thw collectiom is very unfavorable 
and the forma themeelvea are not diagndc. The h u m  are unlike anything at  
preaant known in the A l a h  Carboderoue, and they appear to mn to repwent a 
pre-kbonitema faciee. Dr. h d l e ,  however, who kindly examined them at my 
requeet, writes me that he m a  no good reason lor calling them even provjfsionally 
Devonise. The n given for this o w n  are the abundmce of crinoid stem, 
mme of which are mid to have a peculiarly flattened form, and the h t  that one of 
the corals (a rather slender mU-celled branching form, which I have cited aa Clad- 
oprs? sp., but which may W b l y  bo of bryoxmn nature) i a  a d8erent npeciea horn a 
W a r  form in the lot which he i~ accepting as powihly Devonian. 

It &I evident, therefore, that a &Mactnry determination of the age of tb tarma 
mud be deferred until i t  i n  pokble to obtain more d iapodc  and mom ~a?i&ctmiI~ 
p m m d  matJXk1. 

In the ~ohn' River region S h d e r  found no fo& in place, but 
numerous stream pebbles in the regions where the rocks now refwed 
to the Noatek sailstone outcrop yielded lower Carbonifemus (h4issb 
sippian) forms, as determined by Prof. Charlea Schuchert. T h e  
lithology of the pebbles w ~ a  pimilar to that of the roch in place, 
but it is possible that some of the fossils may have come from tha 
Lisburne -limestone farther upstream to the north. !!?he following 
identifications were mads by Prof. Schuchert: 
Tmali -493: 

~ththostmfi~n (of the gmup in 
which the cdlitea are not in 
clom embme). 

Locality 495: 
Bpisi fer etriatw W i n .  
Prod z~ctus wbriculm Martin. 
Spirifer near S. neglectua Hd. 

W i t y  513: 
Pmd uctus mzabriculua Martin. 

Locality 520: 
Pmluctus aemireticulatua Martin. 

W i t y  521: 
Spi rifer driatus Martin. 
Productw, a very d underter- 

mined wlspecies. 
Cyddic tyn  nem& to G .  Iinaata. 

M i t g  622: 
Spiri fer eratriazns Mmtin. 
FeIIeaaa. 

M i t y  525: 
Spirifer Btriatm Mxtin. 
8piriferina cri*ta 8chlatheiml 

Locality 534: 
S t r e b l o w  near nicklesi Vine. 
FenesteUs, geveml epecies, one of 

which in near F. ceatriennia 
Ulrich. 

Cyddictye. 

The above eight localitiw represent om formtion in the uppet part of the 'Lower 
Carbodemua. This fauna ia unlike that of the Missiaeippi Valley in that it doea not 
b v e  t h e  chrusciehing f d ,  as the screwlike bryoman Amh.imedes and the blaatoid 
gens Pentremitee. 

Localitieu 497 and 529 b v e  a SSyringopors much like 8. mul~llnouata of the Upper 
Carboderum. Thia genue, however, haa little stratigraphic value, but the d d p  
ment of the Wes present is indicative of Cerboniferoue. 

Localitie~ 511, 518, and 454 sre repraeented by a ci-inoidaf limedone apparently 
tbs aame aa at Imlities 625 and 521 and pmbnbly from the horizon of the latter. 

hdi t i ea463  and 464 reprcwnt another horizon, ainca the lithology& quite diMemt 
from any of the other localitiee. The only f d  preeent are Iarge crjnoidal columns 
like thke of the LO-= Carboniimm. 
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Zocality 481 a h  hps large crinoid mlumae and may rep-t the Lower b 
W e m a .  

The abwe localities pmbabIy ail iepreaent the m e  Lower Carbwifemm fonnatim 
M that of the specimens fmm localltiefl493,495, 613, 520, 521, 522, 626, and 534. 

Locality 518 haa Fenwtella, Cyntdictya?, md mixtoid columns. The matmid 
ie unmtkfactory, md all I can do is to atate that it indicate either De- or Car- 
W e r ~ u a . ~  

Fmm the above facta it is concluded that the Noatak sandshe 
ia of lower Carbonifaroue (Mississippian) age. Posaibly certain of 
the lower beds may have been formed in ths extreme upper part of 
the Upper Devoaim, but from KinsPe's etatement Ip. 74) there is 
coneiderable reaaon for believing that all the rocks are Missiasippias. 

DfB'PRfBUTIOR AND -0LOOV. 

The name "Lisbume" was h t  applied by Schrader to the lime- 
stonas st Cape Lisburne and was extcnded to include similar limestones 
found by him at the head of John and hektuvuk rivers. Later 
studies of the t ype  locality were m d e  by Collier a and still more 
recentJy by Kindle? but this area is outside the region trsated iu this 
report. Asaresdtaf theworkof theexpedition of 1911 certainlime- 
stones in the westera pm-t of the Noatak ragion haw been agsignod 
tn this formation. Tne position of the ditterent are= ia indicated 
on the geologic map (Pl. TI), and the Noatak and John-haktuvuk 
1ocaliGes will be described in the following pages. 

On John River tho Lisbume limeetone form a, belt about 15 
miles wide. According to S ~ h a d e r : ~  

'She mb d tbe Jjabume formation may be chsractebd for the mmt p&. M 

mditun-beddd semicrystalline limc8tonea of impure white or p y  color. They 
raeather gray, light M y  brown, or chmlah.  They form the mourttaina that &e 
to a Iieight of 2,500 to 3,000 feet above the dmt of the Anraktuvuk ValIey. Xear the 
summit wcur two bed# of int0malated  hale, each apparently several hundred feet 
thick and containing m e  thin leyem of dark gray EimRstone * * *. Judging 
from expowma clbaorved in the ragion of the h a k t u w k ,  the thicheea of the lime- 
stone formation is pmbably a little over 3,000 feet. 

Tn the Noatak region three are- arn correlated with the &burn* 
one southeast of the canyon, one in the M s  west of K u g u m k  River, 
and one in the lower gorp of tho Noatak. The b t  is about 5 
miles southeast of the camp oI A u p t  14, in a region of considerable 
faulting and igneous intrusion, where the relations cornple~ 
The rock exposed here are highly silicmus cherty limestonas, co&id- 
orably brmhted and recerneited by chert.  he^ are light brown 

1 m b t ~ S ~ ,  F. C., op. dL, p. m. 
n ~olller, A. I., Cteobgy and ctdr&ms af the ~ . p s  Lfsbnrns m, Alsalrs: Dull. tl. 8. ClmL h r q  

No. 27% IW. 
I ~ ibd le ,  E. Y., s a e ~  at ~hom-, M b. TW. EW, IUI m., wt, B, I-, pg. 

5%28. 
' Behrsdw, B. C., op. &, p a- 



m exposed surfaces, but on fresh frmtum are in placea much darker. 
Indistinct fmsds, mainly minoid stem replwd by ~ilica, may here 
and there be found on the weathered surfaces. Farther north these 
limestones are apparently overlain by a band of n e d y  black semi- 
crptdine hee tone  wjth numerous white patches formed by the 
remains of corda. The rocks are exposed in smdl outcrops on steep 
north4 acing scrups. 

West, of the Kugururok, limestones form the hilL boundii  the 
Mission lowland to the north. At a distance most of the hills are a 
brilliant; white, but weat of K d y  River a steep ravine exposes reddish 
limestones underlyhg the white. The rocb were not exmined in 
place, but float from theae hills showed the lightrcolored limestone 
to be semicrystalline and to have numerous thin dark, nearly black 
bands interlaminated with bluish-gray to white beds. Pebbles of 
the reddish limeatone were similar to &me found farther east, near 
the camp of August 4, and to the reddish sady Iimestone that occurs 
near the baae of the undifferentiated limeston= around the head of 
the Noatak, north of the camp of July 28, On microscopic examha- 
tion the red color was found to be due to a comiderabie amount of 

- hematite in the rock. This coloring material. is not evenly & 
tributed but is concentrated irregularIy here and there. It may 
have been leached from a cdcareous sediment rich in iron. This 
reddish-brown limestone is &o considerably exposed in the hills at 
the head of Cosmos Creek north of Shungnsk, in the Kobuk region, 
and is there included in the undiBerentiahd lim~~tonw. 
In the lower gorge of the Noatak, about hdf a d e  below the a m p  

of August 25, there iq a ailicificd limesbne beaxing soma indistinct 
fwib on ita weathered surfwe. Bowlders of a dark, nearly black 
limestone containing numerous wsU-pmrved fosaila in such posi- 
tion that they evidently had not traded far  were found near the 
upstream end of this expoartre. A little farther downstream is an 
outcrop of tn brwiated dolomite, which is not distinguished from the 
o thar Zimestonm. Indistinct unidentifwble organic remaha were 
found in this dolomite. Still farther downsdream, nerar the westam 
limit of the exposurm, is a dark, nemly black s e m i c r y s t ~ e  lime- 
stone with thin light-colored partings, which are ao numerous that 
over 30 wore connted in a tbichess of an inch of limestone. This 
phase is nondolomitic. 

rnUFPUBE. 

! b e  mcks correlated with the Lisburne l i m e s h e  show no atruc- 
ture b r d a n t  with that of the Noatak sandstone, already described. 
In alT expoam the mk~ me considerably folded and show secondtarg 
structures indued by the regional metamorphism. In the locality 
neu the c m y n  and in the area weet of the Kugumrok the general 



trend al the iises of msjor ntmctm is easbweat to northw~~ksouth- 
emt, and the dip is dominantly t b w d  the north. In the sxposures 
near tha lower gorge the strike appears trr be shut  N. 20' W. and the 
dip steep anrl variable from west to enst. 

Smaller structural features, such as jointing and &a%, ara often 
seen and have c a w d  the rocks to weather in dabby form. The 
intamoction of the fdding by the jointing in places gives ria9 to a 
"pencil etructm," by forming fragtuenta 6 to 8 inchm long and hdf 
an inch thick. Breccietion also o c c m  in certain members of this for- 
mation, eapecidly tne dolomite, the cement being considerably more 
crystallhe than, the older fragments. 

AciE AND ~TERaELATIONS.  

Fossils from the limestones southeast of the canyan have been 
oxamined by Messrs. Q i y  and Kindle. The farmer furnishes the 
following list of fossils from the more ~onthern beds: 

Lodi ty  111965: ' I fiocality 11ABB-ntinued. 
Bryo- 7 Flpiriler bff. mkponQanw. 
Prodnctua? 8p .  Compomte aff. mbtilita. 

Concerning this collection Mr. Girty states that it contains little 
that is distinctive, so that nothing definite can be said regarding it,, 
although it is rather guggegtive of tho Pennsylvanian. 

Mr. Kindle exa.nined the fossik from the mnro northcrn locality 
and w r i h :  
The m a h l  c o d  entirely of fragmentary mrals embedded in a dark dolomitic 

h e s h e .  The bmt m d  moat abundmt of thene im n @es of Cladopore, 
which is comparable with C. k h .  Iktth the foseila and he mck matrix smrnbla 
rather -ugly mme of the specimcne that have been obtained by me and by othora 
h m  Bhck Mountain, in Seward Pcninmla. The evidence w inmflicient to make 
any p i t i v e  mrrehtion, but I m~t ld  aumeat that the material might be d g n s d  
pmvisionaIly to the Devwian, unless thwo ie mme distinctive stratigraphic evidence 
w i n e t  B I L C ~  en dgnment. The fomila pmbabIy repraeent either Devonian or Mis- 
hippian, p h b ?  y the former. 

moat fossils found near this plme in the Noatak canyon and aIso 
on a gravel bar near the camp of August 19, probably derived from the 
limestones of the biUs ta the north, have been examined by Mr. 
Girty, who identifies t,he specimen from the former ZmaZity (11ASGI) 
as Lithoatrotion p0p.1hcKf and that from the latter (llAS73) ae 
Zithtrotion imphe  t Mx. Gkty ~tntea in a lethx accompmying 
these debrmintttions: 

These I believe to belong at a b u t  tbe ~~sme ho&m am Qe f-ng €Em. 46,51, 
and 63, from the Noetnk mdstons], showing merely different q e c t a  of themme 
fauna. Theee coral Eota (NOR. 61 and 73) have the fsciea that we lrrwn in the Lisburna 
limeeton~, which I believe to be c o m p e d  of equivalent b d a  



The richest fama waa obtained from the dar& nearly black lime 
stone float rat the northern part of the lower gorge of the Noatak. 
The toUohg  fosaila were determined by Mr. Girty : 

Cyatodictya sp. 
Rhipidomeh gfl. pulchella. 
Derbya ap. 
Chonetecl aft. 5 l E n o M .  
Productue aff. undatua. 
'Productus afl. indimensis. 
Productus aff. remireticuhk 
Producturn aff . longimpinua. 
Productue aff. 2 sp. 
Dielrrsma sp. 
8pirif er aff. ash. 
Splrifer aff. pancicwrCahrs. 
Martink aff. glnbm. 
Reticulmia up. 
Cliothyridina aff. him&. 
Nucula mp. 
Leda BP. 
Palmndo aff. ser& 
Edmondia up. 

Sphenotus sff. con-. 
2Sphenotm a&. unioniformb, 
Sph.enotua ap. 
Sanguinolitee ap. 
Gchizodue ~ p .  

Schimdue'? ap. 
C ypricardinis? sp. 
Ploumtomaria sp. 
Platyceraa 8p .  

Katicopeie q. 
Euomphalue aPC. spergenensis. 
Fjphmrodomg aff. littonana. 
R~~limorphr sp. + 

Laxonema up. 
TmchuaPap. 
Ortlloceraa sp. 
Eumorphoceraa? up. 
Paraparchitea up. 
Glyptopleum up. 
Primitia ap. 

Amding  to Mr. Qirty these fossils belong to the same p u p  of mks 
aa thw found in tho N0ata.k mndstone and already deecribed (I l A S  
46,11AS51, and 11AS53). As ~tated above, however, he is of opinion 
that these rocks lie at about the same horhon as the Lisburne Eim* 
stone, but they show differnut aspects of the a m  fauna. In one the 
Iosaila are mainly corals, whereas in the other they m principally 
rnallusks. 

Although the paleontologic edence from the only mh of this 
formation that were found in place is not so conclusive ~8 is d&d, 
them seems to be no valid objection to conaidering dl of these lime- 
stones as one fomtionof Mississippian age. Acmrding b Mr. Girty's 
determination, based on the fossils from localities 11ASk6, 11AS51, ' 

and llAS53, tho Noatak sandatone and t h t  limestone formation am 
of practically the same we. 

Further detailed studies wiU undoubtedly separate this formation 
into different members, but the prewnt stahment~ 8-6 to bring out 
the early Carboniferous age of these rocks and to 8uggest their w m e b  
tian with the Bettles " s e r i ~ "  of the Koyukuk m d  Cbandrtlar regions 
(described by S c h d e r )  witkt certain limestonm of Soward Peninsula 
and with similar limesbnss in the Yukon-Taaana region, 



TBIASWG SYSTEM. 

MESOZOIC ERA. 

Three macr of Mesozoic rocks are shown on the geologic map 
(PI. 11). The largeat of these areaa forms the southeastern part of 
the region shown w the map and embraces mmk of the basin of the 
main Koyukuk River. Two smaller areas of Mesozoic rocks are 
shown in the extreme northern part of the mapped area. These area 
are probably only a md part of the actual exposures of these rocka, 
for the region i~ practically unexplored. So far rts known the rocks 
in aU threPr of these amas are of Cretaceous age. hmg,  however, to 
differentm in age and lithologic character they have been divided into 
three groups: On the, south side of the Endicott Mountains two 
gmups, the Eoyukuk and Bergman, have been distinguished and 
have been differentiated from the. Cketaceoua rocks north of the 
range. This separation does not imply that a part of the group north 
of the momhim may not be the equivalent of certain of the rocks to 
the south. In addition to the Mesozoic roeh found and mapped 
Triassic float was noted in the centrttl part of the Noatttk baain. 

Trkwic m b  have been racogniixd in the region treated in this 
mprt ody as float in the central part of the Noat& basin, in the 
gravels of the first stream from the south below the camp of August 7. 
The material i~ prmticdly indistinguishable in lithologic character 
from the dark Carboniferous limestonw in the \icinity. At the 
time the rock wm found its W c a n c e  waa net appreciated and a 
thomgh mamination of the neighborhood was not made. Triasaie 
fossils were obtained from a piece of float of nearly black chert within 
dark th-bedded limestone. The silicification had taken place 
subsequent to the consolidation of the rock and had r e p h d  much of 
the original material, which wa9 probably hestone. T h e  fragment 
wm very hard, so that it may have been carried for rr long dbtance, 
but in the field the impredon wa9 that the rock h d  not traveled 
far. Float hestone, questionably of Devonian but c a r t ~ l y  of 
P~leosoic age, was also found in the same stream gravels, so that 
little or nothing of s i g d c m ~ ~  concerning the ared distribhtion 
of the Triassic rocks from which the float was derived could be 
detwmhed without extensive investigation. 
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AOE AXD COESLELATIOH. 

The age of the fossiliferous cherty limestone float was determined. by 
Mr. Stanton, who states: 
7244. No. llAS44; Noatak River at first stream from south, west of the camp of August 

8, approximately latitude 68O N., longitude 15g0 W.: 
Pseudomonotis subcircularis (Gabb). 

Upper Triassic. The collection contains only a single species, but it is represented 
by a number of well-preserved specimens and is a widely distributed and very charac- 
teristic form found thus far only in the Upper Triaeaic. 

This is the same horizon as that represented at Cape Thompson, 
175 miles to the west, where Kindle1 found dark cherts and thin- 
bedded cherty Upper Triassic limestones overlying Carboniferous 
rocks and interbedded with soft black shales and argiUites containing 
black, green, and dull-red cherts. I t  should be noted that there was 
a considerable interval between the known Carboniferous and Upper 
Triassic. So far as now known this period in northwestern Alaska 
was unattended by deposition and its history is consequently obscure. 

Although Triassic rocks have been reported only at the above two 
localities in northwestern Alaska the same characteristic fossils have 
been found at many places elsewhere in Alaska. They have been 
found along the Alaska-Yukon boundary, in the central part of south- 
eastern Alaska, in the Copper River region, and in southwestern 
Alaska. The rocks are therefore widespread, and it is highly probable 
that with further study some of the areas in northwestern Alaska 
composed dominantly of older rocks may prove to have infolded and 
infaulted representatives of this younger system. 

LOWER CRETACEOUS OR UPPER JURASSIC SERIES. 

KOYUKUK CROUP. 

Distribution.-The Lower Cretaceous or Upper Jurassic rocks rep- 
resented on the geologic map (PI. 11) have been found in the central 
part of the Koyukuk basin and on the northern face of the Endicott 
Mountains. These rocks in the Koyukuk' basin have been called 
by Schrader2 the Koyukuk series, a name that has been applied also 
to the ljthologicdy similar rocks of the Zane Hills. 

Lithologic character.--Schrader describes the typical formation as 
an impure pinkish to reddish-colored limestone, which is associated 
with igneous amygdaloids and andesitic tuffs? In his later report he 
noted that in addition to these rocks he found dark shale, slates, and 
some sandstones or arkose. The area studied by Schrader was near 

I gindle, E. M., Section at Cape Thompson, Alaska: Am. Sour. Sd., 4th ser., vol. 28,1909, pp. 526528. 
2 Schrader, F. C., Preliminary report on a reconnaissance along the Chandalar and Koyukuk nvers, 

Alaska, in 1899: Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 2,1900, pp. 476-477; A reconnaissance in 
northern Alaska: Prof. Paper U. S. Geol. Survey No. 20, 1904, p. 77. 

a Schrader, F. C., Preliminary report on a reconnaissance along the Chandalar and Koyukuk rivers, 
Alaska, in 1699: Twenty-&t Ann. Rept. U. S. Geol. Survey, pt. !2,1900, p. 477. 
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the northeatern boundmy of these rock, where the dip WM in 
g d  northeast. He reported &hat the limmtone manbar is 800 
feet thick. 
In the Zane Hills, where similar mka were examined by the k e y  

party in 1910, heetaneci~ were entirely a h a t  and the group con- 
of aggIameratio and srkoaic bed8 rrasocirsted with basic intru- 

Bives and effusives cut by acidic intrusivm. This w a  was near the 
westam margin of this p u p ,  whera the strikea are dominantly north- 
wast to southmat and the dips are westward. Chartlcteristicslly the 
rocks are dark colored, generalIy gr~enish, but here mid there dark 
red. As t h y  sw arkosic rmb, it iR very diEcult in the field to 
ditFerentiate their eedimentary and igneous pbasw, EO that the two 
have been mapped together. Some conglomeratic beds were recog- 
nized, but the pebbles were mainly of dark igneous &, none formed 
of w b t a  or granites having beear recogrmed. Femomlrguesian 
m i n d  m cummon and appaar as glittering crystal fmm on freahly 
broken ~pecimens. Generally, however, the rocka are too fine grained 
to permit macromapic dehrmination of their mmponalt minerals. 

The m k s  are  thoroughly indureited and compact, even on expoeed 
surfaces, where they are firm and solid or but little d i s i n ~ ~ .  
So well are the various mmpnents cosmlidtrted that the rock b m k a  
across the g m h  mther than mund them. No great diffmncas in 
k t a n c e  to erosion ware noted between the different members, and 
comquently no nofable features have 'beerr produced by erosion. 
S t q  cliffs have bean formed st many places, but they do not pemist 
for long distancas nor mark d y  idenfiable horizom, being rather 
the mpmsion of various &VB sctivities working on essentially 

. homagerimus material. 
Fragments of vein quartz were not recognized in the Koyuhk group 

and later formed veins were not seen in the Zane HiZls, though they 
am noted by Allen and Schrader in similar rocb farther east. No 
min-ti~n wars mea a d  khe group iis believed Go be practically 
b m n .  

Stwetwe.-The +OT structure of the Koyukuk group where it is 
exposed is irnticlinsl. The trend of the axis is broadly norbhwesb 
southeast; the dips are to the east on the eastern margin and to the 
west on the other side, Howmm, t h e  has been much minor de- 
formation, BO that the structure is by no meam simple. Faults of 
considerable magnitude have been observed and mom profound move- 
ments must be postulated in order to explain the abed facts of 
dktribution. As a result of thase movements slickensiding has been 
produced and in a few places achiatosity has been developed. It is 
believed that this achiatosity, however, is distinctly local and ie 
entirely separated from the schistmit-y noted in connection with the 
und8erentiated metamorphic rocks. (See pp. 55-60.) 

31°-Bd. 5 s -  
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The ddomation ta which the group has been subjected hae pro- 
duced deavage and jointing. Schrederlnotes that "A profuse join& 
ing trends N. 25" W. and dips sMeply northaaat, and a well-marked 
cIeavage strikes nodheast and dips 75' SE." In the Zens Hills no 
such pcmistency in direction was observed, though the structures wme 
epident. Owing to the complex structure the thickness of the group 
was not determined, but it is evidently great. 

Xesr the grsnitia contact9 the Kopkuk p u p  is in msny p l a w  
considerably indurated and new minor structural features httva been 
produced. It muat not ba inferred, however, that the rocks have 
been recryshllked, far they have not ; though tha induration is greatm 
and tha texture is more compact few now minerals have been 
developed. 

Age,-The iage of the Hoyukuk group hes been determined by 
means of fossils collected by Schrader from the pink limeatone on the 
west bank of the Koyukuk near Wnite IsIand and from anotherlocslity 
a few milm farther downatream to the southwmt. Both coll~tions 
were detarmined by Stanton,' who repor* that they contain Awe& 
mt&oZEia Heperling, a fosail charaoteristin of the h w e r  Cretaceous 
in Russia, though other spmies of Aucella are found in the Upper 
Jurassic. No other f d ~  have been found in this group of rocks and 
it is therdora evident that the age of tho portions other than thalime 
stone is extremely doubtful. 

The age limits of this group can not be iixd ddidtely, but certain 
facts indieate that although some parts of it may have a more 
extended range the group as a whole was formed during h w e r  h t a -  
csous time. The facts that eIsewhere in Alaska there was a consider- 
able diastrophic break between tho Upper and Iawer Cretaceous, that 
Upper Gretsceous is repmentcd in the region and lies unconformably 
above the Koyukuk, that this group is cut by granitm similar to the 
granites represented by pebbles in the Upper Cretaceous beds, all point 
to the conclusion that thasa beds do wt extend above the Lower Cre- 
tacmus, On the other hand, although none of the older Mmozoic 
rocks am h o r n  te be represented in the Man ,  the difTerence in 
lithology g u g p t e  that the Koyukuk p u p  does not belong ta either 
the Jurassic or MI:. 

-Lit9&k chQ5.aelff.-!l%e Anakturmk p u p  of Lbwa Cretaceous 
or Upper Jurasgic mka hm been examined atdy by Schrader, from 
whoee report the following etatement-3 are practically quoted. 

The group wnsists of impure sandstone or arkose and a. IittIe 
conglomerate. The ~irnd~tone is usudy heavy bedded, beds 6 to 8 

~ ~ ~ , F . C . A ~ L a ~ ~ ~ . ~ V . & O a D Z ~ N a n g l ~ p . n .  
9 Id=, p 7& 



fmt h thichtm Wig common, and is gmwdy fine to medium 
grdued, but in soma locralitiea becoma so coarse ss to be ahnost a grit. 
In color it ranges from dark or bluish p a y  to dirky green. The 
comer p i n e d  rock commonly presenh a apgclded appeerance m d  
seems to be composed of pains of variously colored flint. Although 
distintttly sedimentary in origin, it contains also 5ome detritus of 
igneous rocks, such as fragments of feldsp~r and femmrtgnmian 
minerals. The igneous rocke from whch thme sedimenk were 
derived were not obsmod in the ricinity of the Anaktuwk. Con- 
glomerate ia apparently rare, having been o b a e n d  at only one place. 
Here it is typically rather k e ,  few pebbles being more than thrw 
fourths inch in diameter. The peebb3ea are noted for their angularity 
and coonsis t mainly of white quartz and dark dawolored flint. The 
cementation is b, but b not so stmng as that of the Paleoxoio 
rack to the south. 

Rocks reported by E o w d  on the ColvilIe have been prohiondy 
correlated with the Anaktuwkgroup. Practically nothing is hown 
about those rocks except for reports of proepectofs that the sand- 
 tones contain cod  beds and the atshment, by How&' that at th% 
place outcn3ppings of coal were obsemed. Inasmuch as coal ia not 
known in the typical Anaktumk localities coasidmabls doubt is f slt 
rn to the ~alidity of t b  cornlation. 

No accurate measurement of the thichese of the Am.ktuwk group 
waa made by Schradcr, but he estimates it to be at least 2,000 feet. 

S W u ~ e . - - T h e  general strike of the halrtuark rocks i~ east and 
west and the major structure is monoclinal. The rocks in general 
dip gently northward at ~arying anglea but present subordinate 
low antichea and ~ynclinm. Tho structure warr probably produced 
by the aame mountain-building forces that wero exerted in the range 
to the ~outh. Besida ermbwwt flexures the rocks exhibit a subordi- 
nate or minor sptam of cross folds or warp in^^ whose axes trend 
north and B O U ~ ~ ,  giving rise here and there ta low domw. 

The group ia freely traversed by two syatams of jointing. The 
dominant or major system trends noaxly northwest and dips almmt 
vertically to the southwmt. The minor ~ystem traverses the rocks 
at nearIy right angles to the major and trends northeastward, dipping 
eoutbeastward. at an angle of tabout 80'. Rotb systems seem roughly 
tm corrqond in trend with the ~ 3 a r  stmotma h the Paleozoic 
rocks in the Endicott 3Iountaina. 

Age.-The we of the Anaktuvuk p u p  was determined by Stmtm 
as probably Lower Cretaceous by me- of fwih mlleckd by 
Schrader about 8 d m  north of the m e  of the Endicott Nountab 
and at several points &ill farther north. Of these fossils the mmt 
chssacteristi~ are Bucek mmkotlie Reperling and closely related 
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forms which indicate Zower ~ e o u a  age, thangh it is possible that 
they may Gome from the uppermoat Jurrasic. Schrader, however, 
points out that no f d  warn o b t d  near the hw of the p u p  
aad mwequently the lower age limit is not proved. me general 
uniformity of lithologic chmctar throughout the group suggwts 
that there is no decided break in the q u e n c e  of the beds and that as 
regards period of formstion the p p  is prob~bly a unif. 

On paleontologic grounds the Anaktuvuk gmup may be d k t l y  
condated with the Keyukuk p u p ,  which mum on the m t h  i d e  of 
the mountains. LithoIagicdy, however, the two are entirely db- 
d m ,  for although contemporaneous igneous r d m  me numerous 
in the southern m a  they a m  entirely absent in the- region north of the 
- g e m  - GRETAUEOU& B-I. 

Dht&&m.-Upper Cretaceous mItS occur extensively in the 
Koyukuk basin and also south of the Kobuk. Tbeae r o c k  were h t  
recognized by Schrader in 1899,' but were not adequately described 
until after Mendenball's m d  Schaxler's expeditions in 1901. Menden- 
ball"s results were published about two pars ewier khan Schader's, 
but the field work on which the reports were based was practically 
contemporaneous. The name B e w m  is derived from a formerly 
impartant trading p t  on the Koyukuk below Alataa River. 

;Cithohgk cba&e~.-Dominantly, the Bergman group k a series of 
dmk greenish-gray arkosic conglomerates and sandstones. The base 
of the aection exposed on AZatm River, on the lower part of John 
River, and on the upper part of the Kobuk is a conglemerah made 
up of pabblm of the oIder rocks, namely schists, limestom, vein 
quartz, and igneous rocks, such as greenstams and graxlib. The 
beds are thomughly indurated and are usually more rmistant than 
the higher sandstoma. h a result, they form ~napicuous p h a c b d  
ridges, particularly in the range north of the Kobuk from Beaver 
R i ~ e r  westward to the MauneZuk It is because of similarity in 
topographic expression in thia particular that the hi& south of the 
K o h k  from Ambler River weatward am camelatad with the are= 
of Upper Cretaceous rocks. This division mmponda ~Iowly in aU 
physical features with the Ungslik conglomerate, of probable Upper 
Cretaceous age, described in the extreme satern part of Sew& Pen- 
h u l a  and the adjacent Norton Bay regionm2 

Toward the top of the Tower division sm&tom bwme more 
numerow, md at iks top the group is composed a h t  entirely of 

1 BaSreder, F. C., op dt., y. n. 
r $mi*, P. 8., and Er%in. H. M., A -08 irr a o a h t m n  k m l  P d m d a  d the 

N&m Bay-Halato r@m, A m .  BnlL U. 8. GmL o L w  Ha. 1149,18J1, pp m7. 



sandatow w W  are prmticdy indietbguiahable fmm the sand- 
ahnw of the Shaktcilik p u p  of the more southern parf of the 
K o p h k  bask." The rock is medium fine gained, of  ath her uniform 
texture, end generally of a greenish-gray color. It is tharoughly 
indurated md offera fair resistance to weathering, not eo great resist- 
anm, however, as most of the mka already described. As a result, 
the sandstone portion of the Bergman group generally form some- 
what rounded, coarsely dissected kills af medium elevstion. 

Tbe rmk contains abundant fragments of rather angular fern* 
rn- minerals and feldspars, whose glittering facm and partial 
rrystal outline resemble the phenocrpts of m igneous rock. Gen- 
erally, the beds sre rather maggive, showing no pronounced stratifi- 
cation. At many p l m ,  however, beds of dark sh JB interlaminatad 
with the sandstones serve tu bring out the stmctulw. No extensive 
exposures of the shales were observed by the expedition8 of 1910 or 
1911, but Mendenhallla notes belh of shale many hundred jeet thick. 
% aho notes red and green shales in the Kobuk baain near Lake 
Xntavukti, but auch ahales have not been recogniead in other parts 
of the mgion. 

Fragments of what appears to be wood and ligaitic W s  haye bsen 
found here and there in tb sandstone member. A bed of lignite 
oaaurs in the hills immediately east of Pah River, and another new 
Tramway Bar on the North Fork of the Koyukuk, bnt both beds am 
apparently thin and of poor quality. Owmg to the a b m c e  of deter- 
minative fmils some are= in the cenkal pwt of the Kobuk basin 
mappad provisionally aa TerZEary m y  prove to be Upper Crettmow, 
in which case workable b i t e  beds may an GJ-r examination 6e 
found in the Bergman p u b .  

Stmdu~e,-The Bergman p u p  as a whole is considarably folded 
and faulted, and the average inclination of the beds H probably 
about 45'. Along the northern margin of the mea occupied by these 
rocFus the etrike is approximately eastrw~t-and the dip south, but 
even in localitiee so n01w the northern margin as the Loelmood Hi& 
thedipisinplaceanorthward. Thegrouphas therefore beenthrown 
ints a number of app-4 but not overturned folds. !Ilk deforma- 
tion was accompanied by faulting but, so far as determined, by no 
profound dislocation, md the faults appear to have been of hhe 
normal or gravitative type. The Bergman group appears to h ~ v e  
'been l e a  severely deformed than the Kopkuk group in the same 
region, and this appearance was also noted by Schrader? who states: 
"On the whole the series do- not seam to have received from the 

- - -. . . - 
1 amit$, P. 8., md E W ,  JT. Y., Op. Clt., pp. 8 7 4 .  
9 Mendmddt, W. C., Bemnmhmua h m  Port Hsmtln. ta Poteebm Bond, A h :  Rof. P8perU. 8. 

Oed. survey NO. 10,19Q2, p. 39, 
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geologically lab  crustal movement the widespread tilt exhibited by 
both the Anaktnvuk ae& on the north of the range and the Koyukuk 
88riw on the south." 

Owing to the deformation md ta the rapid manner in which the 
gmlogic work was carried on, no accurate estimate wm made of the 
thickness of the Bergman group. Schader s t a M  that it is at leaat 
2,000 feet thick, and later measmmenb show a thickn- of at least 
10,000 feet, with neither the top nor the bottam exposed. 
In addition to the major structura notsd, the group show many 

minor charwbristic structural featurm. Cross-bedding ia here ancl 
there common. A peculiar concentric w&erbg, giving rise to ah& 
low bowle, some of them as much as 5 feet in diameter, is especially 
notable. On the bedding planes grooves and ropy structures, which 
are usudy interpreted as mud-flow markings but whose origin is 
not well understood, are common. All these etrucbres rn dupli- 
cated in the Shaktolig group, in the southern part of the Koyukuk 
baain. The numerous concretions noted in that p u p ,  however, 
were not observed in the Bergman group. 

Jointing is common. Between Alatna and Jobn rivers Schrader 
noted a pronounced jointing which trends northwest and d i p  
80° NE. and a minor jointing which trends north and dips 80' E. 
The direction of the system of jointing, however, is not constsnt 
but changes, probably in conformity with the folding and faulting 
to which &he m c b  have bmn subjected. 

Age.--Although march for f o s a h  hhas been made wherever the 
Bergman group was seen no idantsable ~pecimeaa have been found. 
The age of this group waa therefore determined by the suppoeed cornla- 
tion or interrelation of thme rocks with those of known age. Sclhrader' 
s t a h  that the Bergman overlies the Koyukuk p u p  (Lower Cr+ 
k e o u s )  and does not appear so much deformed, but believes that 
the two may probably be of nearly the same age, Mendenhall' 
states h a t  the indwstion of the B e p a n  is greater than that of the 
h o r n  Tertimy beds and therefore wumm es pr+Miocene md 
probably a Mesozoic age. 

The close lithologic similwity of the Bergman group to the Shak- 
tolik p u p  of h o r n  Upper Cretaceous age has already bean noted, 
and the reeemblsnce i~ regarded as highly important. The fact 
that the Bergman group rests directly on the Paleozoio rocks gong 
the nodhem border of the area suggesta that it ia not Lower Cra- 
t-ua and indicates either that the Lower C~etacmus w~ deposited 
md removed before the Beqpm was depositd or that the Koyukuk 
p u p  never extended so far. The latter wumption suggests two 

1 Mmier. F. C., op. dt., p 78. 
5 Idem, pp. n-7% 
' Ymd* w. C., op nit. pp. w 



p a i b i l i t i d t h e r  the cycle of depaition ww interrupted or the 
uppar p u p  waa laid down while the land was sinking mcl was prac- 
tically conformable with the lower p u p .  The facts that eleewhere 
in Alaska s period of pronounced deformation eusued between the 
Lower and Upper Cretaceous, that the Koyukuk is more deformed 
than the Bergman, rand that the two groups show a decided difference 
in lithologic character indicate that there wm a considerable hiatus 
between the two. Such a break would be indicsted by wiping 
one to the h w 8 ~  and the other t o  the Upper Cretaceoua. 

Ths age of the. upper part of the Bergman group ie extremely 
uncartain. It is by no means proved that sedimentetian here did 
not procoed unintemptedly from Iate Cretaceous ta early Tertiary 
time. The great thjcbesa of I I0afOS~i l i fe~~~ rocks undoubbdly 
repmente a long pariod of deposition. The thick conglomerate a t  
the b w  of the Bergman appem to mark a constantly encroaching 
shore line, so the lower beds may be considerably oIder than the 
same lithologic member farther inland. This interpretation geema 
to fit the general facts of distribution, and the Tertiary depmita in 
the central part of the Kobuk basin (see pp. 87-89) may Itherefore 
mark the later part of thia general period of sedimentation. If 
further investig;ation should p m e  this to be true, the upper part of 
the Bergman group is Eocene, but, as thisrelstion htw not bean proved, 
it has seemed rrrfviElabla to differentiate the known Eocene d e p i t a  
on the map and to consider the larger part of the Bergman p u p  
shown on Plate II as of Upper Cretaceous age. 

CEPYOZOIC ERA. 

T d h y  rotdm have been recognized in the Noatak-Eobnk region 
only in the central part of the Kobuk bmin. They were examined 
mmt critically in 1901 by Mandenhall, from whme report t h ~  following 
description is taken. 

The most eastern exposures occur along the lower part of Ambler 
River and in the hills between that stream and the Redstane on the 
west, Shungnak River on the eat, and the Kobuk on the south. 
The rocks mnsist of conglomerates, soft crow-bedded sandstones, 
and sba1e.g. In many places the shah are carbonaceous and contain 
obscure remains of plant stem. Same phases of the congIomortitR1 
are made up wholly of pwrly assorted material derived directly from 
the adjacent mica schists. Most of the pebbles are white vein quartz, 
somewhat rounded, and are embedded in a matrix consisting mainly 

1 Medenhd, W. C., OF dt., p p  4142. 
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of mwovite ;and foih of ahlarite. These be& have a distinct brown 
mlor by which a$ a distance they map be dbtinguished from the other 
mb. 

Abut  25 milea west of the locality on Ambler' River m d  just below 
Ebe mouth of Hunt River there is an outcrop of a hard quartz conglom- 
erate cont&hg cod fragments, and prospectom report that similar 
beds form bluffs for several mil= dong the lower course of Hunt 
River. In the banks of the Kobuk 30 miles still farther west m 
the most extensi~e expoamw of these rock. For 8 to 10 miles below 
the month of Reed River a wzcwion d coq10merah laye&, with 
pebbles of qumtz, mica mhist, l imesbe, and serpentine embedded 
in a micaceous matrix alternating with l e ~ ~  &tmt beds, is in placw 
qd in both bmh of the Kobuk. The individual conglomerate 
beds vary f r m  10 to  200 feet in thicheas, but are of rather uniform 
charmter. The softer beds between are sandstones, shales, fire clap, 
and cads. The cads in fbese rocks are described on pages 151-152. 

Acmrdhg to Mendsnball the Tertiary r d s  of the Kobuk basin 
rn everywhere thrown into folds. F d h ,  however, were not ob- 
m d. The structure is decidedly mmplex and is distinctly local, 
but time was not available for examining the expwurm, so tbaf the 
structural details can not be stated. 0 w - q  to the fwt that the 
~ t m c t u r e  was, not completely worked out the thicknew of the 
Tertiarp mcks wm not determined. 

The age of the Tertiary beds of the Kobuk region was h t  detm- 
mined by Dd,1 whose decision wm based on specimens and descrip 
tiom furnished by Cantwell, without fd. However, apparently 
from the fact that these b& were similar to and on the strike of 
foasiliferous beds of suppod Tertiary age to the southeast, near Nu- 
lato, DaJl says: "'There can be little, if any, doubt that they belong 
to the m e  series." Subsequen~y, dwhg the exploratioas by 
Mendenhill, f d  were obtained from the sandstones near the 
mouth of Reed River. These were examined by &owbn: who 
reported: 

Thia collection conskb of five mall epecimena, the matrix being graybh, fine- 
graind, very hard mdstone. The plant re& are nut retained with great Mew, 
but fortunably all are debmnhble. Four 8peciee are r e p m b d ,  aa Tobws: 

I@., probably B. adhtddm (Unger) Hw, T M u m  W u m  m h u m ,  
EM, Z'mdkm Eeer, Poplaas mdka Hew. Vith eo few ~peciea as a baaia 
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for eornptbn it is not @ble to qeak very dopatially ae h tbeu pmbable age, 
but, dl things Mnaidered, I ahould incline to refer them +B the  m-called Arctic 
M i m e ,  which ia now generdly M e d  aa belonging r d l y  to the Upper Eocene. 

The Eocene age of the f o d a  seema fairly well estsbhhed, but 
the quostion previously raised (see p. 871, whethor or not them was 
unbroken deposition from the Upper eretwoas into tho Eocene, so 
that the two mare uninterruptedly, should be considered. The 
eimilar areal distribution of the two series, t,heir similar likhology, 
and the appmntly identical diastrophic histov to which both have 
beea sdbjechd, all point to  the conclusion that there was no strati-' 
grapbic break between t h e  Mesozoic and the Tertiary. According 
b this interpretation the Eocene beds of the Robuk b& mark 
depoaita formed close inshore or in part on the land at EL late period 
in a cycle of constantEy encroaching marine invasion which commenced 
in the Upper I)ret&c80us and was terminated by mountain buildmg 
st the close of the Eocene. In other words, the mnglomerate 
depmitad clom to the old land during thia cycle of snbmergenco ia 
reardad as forming an unbroken lithologic unit which ranges in age 
from Eooene to Upper &t.amow. 

A great many deposit? of Qustnmry age have hen recognized in 
the Norst&-Kobuk region. Thean beds have been, formed under 
many dzerent conditions during a considerable period of time; and 
m y  be divided into three distinct t p ,  mmely, marina, etream, 
and glscid deposits. Somo of these deposits belong to one or Ithe 
other of the above typcs, but jn the main the various p- hava 
BO interscted that tho result bm  bee^ deposita having features char- 
actRPistic of aeveml agencies. Although an attempt will be m& to 
distinguish tho various agencies hvoIved in the formation of tho dif- 
ferent daposite, the subdivisions used in mapping and in the follow- 
ing descriptions are based on t.imo of formation rathor than on mode 
of ganesis. Only two divisions ham therefore been made of the 
Quabrnary deposits shown on the geologic map (PP. II), namely, 
the recent depsita and the older bench ar high-level p ~ e l  deposits. 
fn many places it ha8 bson impossible to draw a bard and fast line 
between the two dipisions, not only because of tha lack of apmiiic 
information bnt to a grnat oxtent h a u s e  the saala of the map ia 
not large enough to permit tho facts to be repmentd without enor- 
mous exaggeration. To mphasbe the limitations imposd by the 
scale it may be pointed out that a deposit 100 yarda wide in the field 
wodd be representad on the map by a h e  about 0.007 of an inch 
thick. Consequent1 y tho Quaternary deposits, especially the recent 
 gravel^, have been omitted from all the smaller streams. 



The older gravels occupy much mare exbmive are= than the 
recent deposits described on pages IQPlO6. They spred over much 
of the region md give the dominmt featurn to the topography near 
themain rivem. Their origin is complex, and although they have been. 
studied at many places, not enough i~ known of the ontire region 
to allow an adequate treatment of their htribution and interrela- 
tion. 
In the Nostak region these older g r a d  depmih are most abundmt 

be1w6811 tho coast and the Igichuk Hills, in the Mission lowland, and 
in the Aniuk lowland, but small remnants here and there on the 
b i i d e g  above the prment stroam in many park of the baain point 
to a much wider distribution of thme deposih in the past. In the 
Kabuk basin exteflsive deposita m u r  near the mouth of the river, 
and from S q u i d  River ea~tward to a point beyond Reed River. 
Hem, also, a much wider distribution is indicated for these depwita 
in the past. In the part of theKoyukuk basintreatedintkreprt 
there are enomow rsreaa of old gravel depositam Mong the main 
river the la-t e m  of &BBB deposih southwest of the Zane 
Hills, south of the Almhuk and south and wt of the mouth of the 
Natm. On t he  tributaries of the Koyukuk large arms occur in the 
basin of the Hqptza, in the lower part of the &atnay and in the 
vicinitp of S h k  Creek, pwsibly joining with the Hogatza flats, and 
in the lower part of John River. On aU the atream, however, there 
are higher smaller deposits that are apparently portions of more exten- 
eive depmita which have h n  partly removed by erosion. All them 
aman of older Quaternary deposits m e  indicabd on the geologio 
map (P1. 111, which best illuatrat.m their distribution. 

Nadak basi7t .4er tah of the older dqmita were midmtJy fomd 
by a single process, but mmt of them were pduced by various 
activitias, so that it is diEmlt tO ~laanify the mmra1 depoeih by 
genesis, and therefore a xegimaf elass5catioa has been adopM. 
According to this plan the d e p i t e  of each of the larger streams will 
be described separately, though reference dl be made to other areas 
whero similar or related deposits oecm and th& genesis, so far aa 
known, will be statsd. 

The Noatak b h  formerly cont8hed extenaim valley p;IscIers. 
Tbs limits reached by the ice have not been detmmhed, for with the 
waning of glaciation great ghiofluviatile outwash deposits mantled 
moat of the lowlands, effectively concealing many of the older depmits 
and the previous topography. IG is  believed, however, that the 



nuLLE7t-1 S I R  P U T E  XI1 

b* ..;R 

%$&; .,.- 
.* A*. ;u 
?h*- , 





92 THE NOATAK-ROBUK REGION, ALAS= 

create. Ice beds of this sort r~rere  Bean at short intervab all along the 
Nost& from the camp of Auguet 4 to the mouth, except wbsm the 
hilb are close ta tbe rivm. 

The general tqmt of the topography to which these older dqmits 
give Pkse in the Nuat& basin is fairly well shown in Flaw IVJ Y, m d  
VT, but Plate XDJ, B, taken b m  th terrace b a k  of the camp of 
August 1, in the eastern pirrt of the Noat& Valley, shows c&ah fea- 
t ~ s  in somewhat more detail. h thia view the Noat& appears at the 
right with the bare stream-gravel flood plain in p r o m  of formation. 
h earlier flood-plain deposit in which the river is intm&d lies 6 ta 
10 feet above the bvel seasandly overnowed by Ghe river and forms the 
centnil part of the view. Tbii pIain haa been cut in an older outwash 
deposit whose surface rises 100 to 160 feet above the river. The 
dopes leading to this lugher level are as steep aa the mgla of repose 
of the material. Lakes of imgular form, wkh di£Eer greatly in 
size, fie here and them on tbe upland. One of t h e  lakes, seen 
towad the left of the view @en in Phte Xm, 3, strsnds in a position. 
w W  indic8t.w that it probably lost m e  of it9 former extent by the 
cutting of the now abandoned flood plain ahady noted. Above 
tbia rather prominent terretce at least four 0 t h  benches may be seen 
on &e billsides to the left, tbe bigbest being at h t  600 feat above 
tbe fiver. 

It is evident frwn this view that various st- of valley Wing and 
reexcavation are recognimble. In this rapid earploratory trip the 
different levels c m l d  not be c o d s t e d  and the elevation of the bighest 
deposits could be determined only at long htemds and often at 
untawrable localities. It has seemed desirable, howmrn, to record 
certain observations on tho upper limit of recognized gravel depkta 
in the Noatak basin. Theae observations were made at Twelvemile 
Creek, at Midas Creek, at the canyon, and on the northwestern dope 
of the Iguhuk Hills. On the hill southmat of T w e Z ~ ~ d e  Creek water- 
r o u d d  bow1dem of graniter which had evidently bemi transported 
far, as none of %hie m k  oufcrop in tb vicinity, were found in great 
numbers up to an elevatioa of 1,200 feet above the river or 3,600 feet 
above the sea, and for 200 feet higher the dope remained canstant, 
as if the gravels might extend h that height. Northeast of the camp 
of August 2, near Midas Creek, B low bnch 1 20 feet above the Noatak 
lies about a mile distant fm the rirrar. In the next mile are several 
higher terr-, irsegularly dhtrilouted, but h h g  rather %at tops. 
Each of bhe benches tow& the northeast is slihtly higher than the 
prmeding one, bat the gavels are not TW thiak, for a knob of schist 
with a thin layer of gravels on top is exposed at an dention of 500 
feet above camp. The last defmite water-worn gravel recogmized waa 
a granite bowlder at an elevation of 850 feet above camp or o ~ e r  
3,000 feet above the sea. At the csnyon of the Noatak well-worn 
water4epositd material WM m g n h d  up to an elevation of nearly 
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g h i m  originating in the headwater mountains did not extend as far 
aa the camp of August 11, at the eaat border of tba second highland 
province, and tbe glaciers formed in the bills north of the Mission 
lowland do not appear to have extended to the sea w i t h  the explored 
area. With tbe more complete disappearance of glaciem, except 51 
the protected mountajn rwesse, the NOEL$& began to excavate md 
m m r t  the rnahla;l. Of tha older b d  deposite little b known 
except whem they are exposed in the natural mtioas dong the 
streams. 

Most of the older outwash deposits seen are composed of fairly 
weZZ ~ t r a S e d  material but contajn many irregular bowlders, the 
Impst weighing a hundred tons or more. Tbeae bowlders were seen 
in various stag= of emergence from the gravel deposits in which they 
occur, and were particularly evident at placeg whwe the older deposits 
had been transected by st- where they f o m d  rapids in the river. 
In some of these deposits bones of extinct animala were found. In 

water-rounded and straaed gravels on the north bank of the river 
below the camp of August 12 portions of the skull and limb of a amam- 
moth were found. In the graveb of the first atream below the onmp 
of August 7 and on the stream about 6 miles above the camp of August 
12, on the south side of the riv~r) pieces of the tusk of a mammoth, 
evidently washed out of the higher level deposih, were found in the 
present creek gravela. The natives report that a good deal of fornil 
ivory 4s found in tbe deposite, and tbey kaep a careful lookout for it 
when traveling along the river, as it has a cash value of about a d o k  
a p o d .  Eragments of various bones .fro& the mammoth, al l  con- 
siderably waterworn, were seen near many of the abandoned native 
camps. 
In the upper part of the outwmb, deposits at many p l a c ~  am beds of 

ice, more or less mixed with muck and silt, but in places h o s t  pure. 
A typical ice bed 20 feet or mom thiok is & o m  in Ph* XUI, 3, whid  
mpmmts a p l m  between the camp of August 18 and A u p t  19. 
At thii place - of ice am exposed in tbe b& of tho Noatak 
up to an elev~tion of 150 feet above the river. Upon the im Zies a 
thin cover of silt md forest litter on which spruce trees and other 
vegetation rn growing, as is shown in the piew. Where exposd the 
ice melts rapidly, the water drains away, and tbe muck and d6bris 
collect a4 a sticky mud. 'Ihp and brmcbm of willow md spruce 
w e  in p b  interbedded in peaty layers with tbe ice, indicating alter- 
nations of deposition and of land ~urfaces. No mammalian remains 
were found associated with the ice beds. Owrng ta tbe rapid melting 
caves and pinnacles are formed and wbem thwa occur in tJ~e river 
bash the material is constaatly dropping into the stream, the laqe 
hgmenta that break off endangering small boats by the wavw #ey 



M c  Ocean. h i h a d ,  however, of following this cuurse the river hss 
abandoned thb gravel-filled lowland, has swung mythward and then 
enatward, and traversed a range of hitb from 1,,500 to 2,000 feet lugh. 
Although the change by which the stream took this come are not 
yet determined the simplest working hypotheaia that will explain 
the hown facts ia that glacial ice, occupying a part at lewt of the 
Arctic Ocean hrrein, obstructed the former wmtward dkharge of the 
Noatak and forced it to find outleta south m d  east of the ice front. 
These outlets wem perhaps wcovered only after lakes hsd been 
formsd between the Igichuk Hills tbnd the glacim and th& water 
surface raised several hundred feet. After this drainage had beerr 
eatabhh~d and intrenched, the return of the river to its f omer course 
afhr the ice d happeared w a ~  prevented by the heavy glacial outwaah 
depoait~ that had accumulated in the olrl valley. This explanation 
no doubt requires more corroborative evidence than ie at hand, but 
it fib the known facts, and also might explain certain other features, 
for exampla, the peculiar form and position of the high gravel ridge 
mparating Hotham Inlet fmm Kotmbue Sound- and the reported 
glacial t.ill beneath the g r a d  north of Cape Bloasorn,l both of which 
might mark lateral depsita from a bngue of ice blocking the formor 
outlet of the Noatak md extending into Kotmbue Sound, 

The origin and character of the older g w e l  depmita that extend 
from the ment marine gravels several hundred feet up the southern 
slopes of the lgrchuk EWla have not been determified. They may 
be in part of marine or they may be of fluviatile or glaciofluviatile 
@, or possibly of all three. No aections of them deposib have 
been examined, and theref ore little is hown about them. In general 
surficid character they appear to  be closely similtlr to the coastal 
plain deposits in adjacent parts of Seward Peninsula, which me of 
marine and fluviatila oriffin. 
KO&& bmim.-The older depmite in the Kobuk bssin were formed 

under conditions broadly similar to  those a h d y  described in the 
Noatak baain to the north, ATthungh fluviatile emds and gravels 
were deposited earlier than the period of maximum glaciation, for the 
main drainage features had been established prior t o  t h ~ t  t h e ,  they 
have not been recognized in the region. During the period of maxi- 
mum glaciation tho ice centered in the highZanda of the Baid Mom- 
tabs on the north and flowed down the existing valleys, covering 
parts of the lowland and erodmg and tramporting most of the form~r  
valley fillings. ma maximum extent of the g'lmim has not been 
determined, aa most traces of hheir presence have been buried under 
Iahr deposits. Ice extended from the mountains through the Alatn* 
Kobuk pam into IZelpmejack Creek, down Reed, Beaver, Selby, 
MauneEuk, Kogoluktuk, and Ambler rivers at least as far as the 

~ H ~ , O . L T b ~ t K o h k c t l a d a o E ~  J ~ ~ ~ , P o t . l 1 , 1 B O g , p p B & - B 1 .  
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main vdey of the Kobuk That the Ambler valley was occupied by 
ice h proved by the following st~tement by Mendeah~ll: " 

Abut 2 mil- ahwe the mouth of the Ambler Rivet, on ita left bank, occur# a 
d&t of bIue bowlder clay 25 feet k thickneae. Bloch and gebblea of dark c v  
taIline Lim-na, much greenstone, and relatively 4 ammb of conglmwste 
and mdRtane are mattered thmugh the clay, and thw bowldm we aometimea 
auhmgdm and finely striated. The m b of the lower courae of the Ambler are 
Bandstonea and conglomeretes, m that the greater part of the coarser m a M I  in the 
clay haa bemi -orted at Iemt some miles. Overlying the clay are depoeib 
about 100 feet in thicknes of irr@arIy stratified yellow m d s  and clays witbout 
come rnateriaL The lower portion of thh deposit at l e ~ t  ia +a be warded ss a 
true p i n d  moraine, tbw proving the atemion of the Ambler Vdw glacier to 
beyond this point. 

In the Kopluktuk Vallay distinct morainic topography WM r e  
opizable to a point within 3 or 4 miles of the Kobuk. Opposite the 
place where the Mauneluk emerges from Lhe hills stmds a wen- 
marked frontal moraine, several hundred feet high, through which 
the stream has intrenched its course. Below Lake Selby 81. 111) a 
partly obliterated moraine forms a barrier behind which' is the small 
lake 3 miles north of the Kobuk; but the besbmarked moraine is a 
d e  or so farther north. A portion of this moraine, shown in Plate 
XUI, A, which illustrates the narrow ridgelike cbwacter of this 
deposit, risea to  an elevation of at least 200 feet above the surround- 
& country and forms a na;(;ural highway. Knob and kettle holes 
occur in it here and there, and the topographic details are remarkably 
preserved. Through this moraine the river rushas in a narrow, 
steeply incised gorge whose floor is strewn with large tangnlar blmb 
of rmk too big to be transported by the stream. 

Mendanhall a states that the outlet of Walker L a k e  
pwGb1 J marh approximately the souBern limit of the glacier at its princi~~~I citagm 
of advance, and ttie materists dkhargsd at i~ front, sorted and worn by the waters 
flowing from it, built up the valley and r a t b e d  as a dam dter the retreat of the 
ice tongue. Along the eastern ahore and neat tha southem end d the lake exbb a 
msaa af angular material, probably representing a moraine Gni I t  up by m ice &an 
fmm Walker Lake or the upper R o d  [RobukJ. 

Just above the month of Reed River, at the junction of ita valley witb that of the 
Kowak [Robnk] i a  s Sow f i l l  made up of the Bergman conglomeratm, and leading 
out from i?a ffoot t o 4  tba mouth of the Reed River ia a long train of angular rabble 
corn@ d mh. Evidently thia ia the moraine of an ice atream, which 
occnpied the vaIley of Reed River and headed hack among the altered rocks of ita 
upper comse, for rnzhrkl  of the type represenkd in the moraine d m  not outcrop 
in the vicinity. 

Toward the pass from the Kobuk to theklrttns,Mendenhd8 notes- 
DhtincQy rrtriated pebblee m u r  along nppm Kichd8kakn Greek, and h e  confused 

topcgmphic form of the grave1 filIiTiga of thie valley and its continuation w & w d  
ncrm the portage to the Komk [Robuk? immediately mggeat ice action. 

1 MmdenhU,  W. C., aWmrnakm10~ Imm Port r t h  ta E&sdnre hmd, Ah&r  b l *  Papar 
U. 8, Qml. E m m y  No. 10, IsDa, p 4& 
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No d&te proof of the mount of ico in the main Kobuk Vdey  
bas been obtsined, but the effect of the action of the ice on the 
drairmg~ indicatee a body of considerkble extent. No frontal moraines 
of the mmiu Kobuk glacier have been recog-, though the mes- 
monal moraines of tho tributary valleys, described above, me aharp 
and defmite. Probably tha ice, after flowing down the larger tribu- 
tary valleys, q d d  into lob- on entering the Kobuk lowland. 
Perhaps several lobes coalesced and formed a continuous glacier that 
mupied the eastern part of the valley. It seems, howmer,'aa if the 
ice in the Kobuk Valley m e t  have been dominantly a stagnant mase 
rather than a vigorously eroding agent and that it obstructed drain- 
ag0 inshad of eroding tha surface. 

EPidence of this obstruction ia Been in that part of the b d n  between 
Ambler River and Reed River. The details of the history of this 
o h  truc tion have not been worked out, but it appears that at one time 
the glacier mupying the valley of Lake Selby extended 8(:m the 
Kobuk Valley and abutted on the Lochmd Hdls, forming a lake 
upstream-that ia, least of this barrier. As the l ~ k e  m e  its d a c e  
at last reached the elevation of the lowwt sag mrosa the h k w o o d  
HiUs and spilled over. The channel thus formed w m  eroded rapidly 
until it became a narrow gorge, cut down to m n  elev~~tion of about 800 
feet above sea level. This now a p p m  as the tranaveme gap in the 
M e  about 17 miles esat of the mouth of Psh River. The narrowness 
of the gorge and the charher and relatiom of the deposits point to 
the mndusion that the erosive agency waa m h r  rather than ice, 
The eridence of the high level of the lake is shown by gravel tefiaoes 
and irregdar deposits up ta an elevation of 1,000 feet above the 
Kobuk, or 1,400 feet above the sea. 

With the 1mb1oc.h~ of westward drainage by the retreat of the 
Lake Selby glacier it appears &st a lower gap was uncovered in the 

. ptrrce now marked by Pah River. Farther downstream the 1-9 
Ambler glacier still obtructed wesixward drainage, and it is by no 
meam improbable that tha Kogoluktnk and MauneIuk glaciem also 
may have formed barriers to  free weatward d k h q e .  This stage ia 
marked by large gravel terrmes 200 to 300 feet above the Kohuk. 
With farther retreat of glaciation the Ambler obstmctio~~ WIW removd 
and free wtstwad drainage was permitted. It is difficult, however, 
to explRin why the trmhnwerse southward drainage by way of the Pah 
waa abandoned and the present northward drainrtge established. The 
full explanstion wwEd undoubtedly i n ~ o h e  a number of conneoa 
incidents, such es the unbloclring of the western discharge, the dimi- 
nution in the amount of wrtter, the glaciation in the Zano Ells to  the 
south, the reversal of course through capture, and possibIy &o tiIting. 

Deposits were formed not only in places where obstruc'tiom caused 
divemion of drainage, but even where a free discharge waa parmitted, 



at locditiea where glacially eroded materials wers deposited beyond 
the front of the ice. It is impossible to indicate the extant of the: 
modifications of the topography produced by this enornous outwash 
of material. 'FPithout doubt much of the Kobrrk lowlmd and the 
lowland north of the Cosmos Hills is formed of this group of' 
deposits, though defhite criteria are now uxirecognizabIe, as the 
gravels, have been partly transported by mming water. 

mth the disappemance of glaciation the new drainage Ymea that 
had become establjshad wers continued and the tamporwy lines, due 
only to the ice occupation, were abandoned. As a readt chaaneh 
marking aharblived discharges, now unoccupied by strams, me rep  
resented by passes, such as that between Wwley and Ruby areeks or 
the divide at the bead of Cosmos Creek. With the develop~ent of the 
new d r h a g e  lines the s t r e w  in some p h e s  were forced to excavate 
part of the glacial filling of their valleys ; in other plaoe~ glacial erosion 
had deepened the vdeys, so that stream deposition took place; in 
still other places glacial modification wm so dight that the strercms 
flow almost on the preglmial surfaces. 

Con~idexable spwe haa bean devoted to d&b*iqg w h t  is known 
or aurrnised about the conditions under which these depmits hsva 
been formed, for the questiom involved rare not only of a c a d e ~ c  
inter& but are of prmticd irnportmce, as a full understanding of the 
processes and conditions under which thwe deposita were formed 
would undoubtedly contribute greatly to the s u d u l  search for 
placers and prevent much usaIms exploitation. 
In the ~ c i n i t y  of Squirrel River and at s few points farther down 

the Kobuk, as well as near the camp of A u p t  25 on t.he Noat&, depos- 
its of well-eorted and rounded g a ~ e l s ,  eompoad h o s t  entirely of 
quarts pebblm, form notable terraces up to elevations of about 400 
feet above, the sea. Thme snd tha other d e w &  near the mouth 
of tho Kobuk havo not been studied closely enough h detemnhe 
their mode of origin. It ia probable that some of them are of m h e  
or 0 1 f v i o m ~ e  origin, tho origin suggested for cartain of the deposits 
at the mouth of the Noatak. 
Kmpkuk b&n.-The older gmve1 deposits of the main Koyohk 

Valley have not been examined eri~cally and little is b o r n  about 
them, except that probably in large measure they ware formed of the 
outwaah from the various t r ibu tq  stream during the maximum 
period of glaciation. So far as known, glacial ice did not reach the 
valley of the main river, but the evidence ae to the foremost atand 
of the ice is obaeumd by the later deposits. Although little is known 
of the deposits in the main stream valley, those in the vallep of 
Hog~tz8, AI&tna, and John rivem have been aeen in some detail and 
the facts learned about each will be given in the folio* pqgea. 

$1'-Bull. 5 % 1 0 7  
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Tha larger part of the Kogat~a drainage basin up to an elevation 
of about 1,000 feet is gravel filled. Only the western and north- 
w m h  part of this lowland has been examind and its etastern part 
may pwibly conneot with the low area that atends w&nmrd from 
the Alatna near S h k  Creek. The &ne HUB, which bound the 
bagin h the wmt, were the source of small valley glaciers that formed 
moraines and outwash deposits which constitute the daminant topo- 
graphic features of thk part of the basin. The depoaib show a wide 
range in cham& of meterid, but mmt of them appeared to be 
waterlaid. 
The deposits dong the northern margin of this lowlrtnd, where ths 

gravels lap up on the south side of the h c h d  Rills, conkin 
many bowlders, apparently derived from areas outside the p m n t  
basin. No de@ts fonned by glaciem originating in the Iockwood 
Ells were recognized, and w h a b ~ w  im &td in these h ih  was 
probably so small in amount that it was relatively ineffective as an 
agent of erosion and tramportation. An outhe  of the conditions 
under which certain of the deposite in the northern part of the 
JTogatza basin were formed has already been given in the descrip 
tion 01 the former spillways of the ice-hpounded watem of the 
Kobuk @. 96). Hare as there msny detaila are still obscure and 
much investigation will be requ id  to elucidate them satisfactorily. 

The Alaha basin has undergone extensive glaciation of a valley 
type, as is shorn by many of ih topographic features, such as trun- 
wked spurs, oversteepened slopes, and the l w d y  overdeepened 
vetlley floor. The wholo form of the AIatns Valley ahom that it 
was modeled by a larger and less wieldy agent than running water 
and then been partly filled in and partly reexcavated, so that the 
present streams ahow courses discordant with that of the valley. 
Only the dspmits, however, will be described here, not the erosional 
f o m  p m d u d  by glaciation. No topgmphimlly recognizable me 
mine9 were noted in the valley, but rmurkd depkh, containing 
large angular bowlders, apparently ice transported, were found in 
mmy places. About 13 milm south of the junction of Helpmejack 
Creek and the Alatna there is rt deposit of blue clay containing stri- 
ated pebbles, which was probably fonned of glcial rock flour. Ice  
tramported sfiatics and outwash deposib have been found up to 
heights of more than. 2,000 feet above the main river. On the hiU 
dopes west of the camp of July 12, below Lake Takahula, ~6Il-munded 
granite and othsr far-transported float was found up to an elevation 
of 1,800 feet above the Alatna, or over 3,000 feet above the ma. On 
tbe northern divide of the valley heading in the glaciers weat of the 
camp of July 16 are several foreign erratics. One of these was an 
angular block of granite, 10 feet in shortest dimension, perched on 
earposed schist bedrock in such relations that it must have been brought 
and depi ted  by a glacier heading in mentially the same region as the 



&king glaciem PIS. VU, B, p. 33, and Xn, A, p. 90), but st leaat 
five timas as large. 

Some ice from drainage baains now separated from the main 
h t n a  River entered the valley during the period of magimum gla- 
ciation. As a h d y  noted, Mendenhall' pointed out that ice from 
the Hobuk discharged into the Mstna. He states: 

Along HeIpmejwk Cleek and the middle A h h a  drainage changes have taken 
place tbt m k t  explained by glacial action. The direct topographic cantin- 
tion of the upper Helpmejack Creek. Valley ia embard hta the hhtna bg the  pa^ 
which I d s  to the- latter stream in the vicinity of Rapid City, but Helpmejack Creek 
at preeent leavea thb broad open way, t m  to the south at rigbt angles to ite logitmi 
course, and reaches the Alatns at Davet  City. Such a c o w  m e  probably orifi- 
d y  a epillway for glacial mkm and in it Helpmejack C m k  became intrenched 
while the more northerly outlet ww dill mupied by ice. Upper Helpmejack Creek 
accupiea a ftlled valley, but not a gystamab1ly filled one. The d e y  h occupied 
by incompetent meandering atreams and numeroua mall ponh at varying eleva- 
tions. ItR ridgee and terraces while oi waterworn sand8 and gravel, RO farm examined, 
are at no constant elevation and k no obvious relation to each other. In &or& 
tbe t o p o p p  h y and Btregm aEgnmenta aw of the cod ueed type which results from 
icework and are in Bhang contrast to the mom regular typa which are due to normal 
s W m  growth. 

hother pasa to the east of the m r h  Ala;tna River, near Lake 
Takahula, served &o as a spillway for both ice md water. This 
placa, which ia known by the mtives as Akabloouk, maaning "day- 
light through the MIS," ie a broadly apen saddle at an elevation of 
about 400 feat above the Alatna. It waa formerly occupied by 
drainage divarted to Mdemute Rker, a hibutmy of the Matna, 
when swthward drainage was obtructed by h a  Helpmejack or 
Takahula ghchrs. 

Although the older gravcle extend to wmidetrable slavation~ in the 
AIatna Valley, those having the atrongeat topographic expression are 
from 50 to 200 feet abova the river. These paveIs are well stratified 
and water rounded, being similar in general featnres to those in the 
Kobuk and Noatak basins. Certain unusual features were noted, 
howevm, near the camp of July 8, where the gravela, on the south- 
wm t side of the riverI near the top of the bench 50 to 100 feet above 
the river, are thomgbly cemented into a conglomerate from 5 to 25 
feet thick, which extends for a distance of mer a mile. hrge  bImh of 
this conglomerate, which have bean undermined by the mmoval of the 
unconsolidated gravels beneath it, ham fallen down and form notabla 
objects dong this part of the river. h this same generd region 
brown, heady iron stained hgh-leveI gravels are mbch more m m o n  
tban elsewhere. 

The following description ia quoted from Schrader's report an the 
Reistocene deposits of the John River region. The term ta ill,'^ 

1 m d m ,  w. C., op. dt, pp. 1617. 
reQhredsr,F.C.,A-rfonatbWnAhkw ProtFapmV.8.Geot~No.a0 ,1KU,pp - 
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used in hie description, is probably equivalent to  the term " outwash 
deposit " used in this report, and it is doubtful whather Ghe word 
'' tan can be correctly applied to any of the deposib. 
In the l m r  part of the inkamontam eection of John River, where the valley 

ocwhnally widens, it is sometimes f l o o d  by a till A-t from 50 to 100 feet thick, 
containing pride and Iskelete, some of which wem distinctly to be of glacial origin. 
rlWl ia prominent also in the moutha of mme of the mde valleys, as Till Creek d l e y ,  
which opem into that of John River on the emt at about ths &ty-eighth parallel. 
Hem gwd expOslVeB &ow the d e p d t  to be tgpical till. It hm a thicknees of at 
I& 100 feet and f o m  a broad terrace or sort of d, triaquhr plateau a mile or 
more in extent, mupyhg the mouth of the side valIey. It slopes westward to where 
John River has been crowded ta the bluff8 on that side of the valley. On the eaet it 
ovempreade and conmala the lower benching and bedrock tqcgmphy. TilI Creek, 
a torrential &em, dom in a d l  anyon whose mop banks are formed of the 
bowlder clay or ground mornins. 
In tbe region of Fmk Peak, near the head of Johd River, at the confluam of ee-1 

of ii% fiibutark, the d e g  is wide and open and % floored by a tiIl Wt at I& 160 
feet in tbichw. The surface declines to the muthwest, denohg tbat the depoait 
has largely come h m  the n m t M ,  a view which is mpported by lwdmck s t r k  
farther down the d e y .  The till amn& the northwest dope of Fork Peak to an 
elevation d 2,W feet and may continue much higher, but bmomm obscured by 
younger tdw tand come debria of doubtful character, which, however, dm exhibite 
an illdehed t m d m 1  moraine Wpography. At the elevatbn of abut 3,500 feet 
ia a bmh overlain by tdua and drift, which, judging from topcgmphy, wm probably 

. largely aepodted by a l d  hanging glacier. 
The John Valley till ~hheet extendtl s c m  th0 d i d e  by way of il-rmk ha 

and ia continuow wi th  tbat of the h k t u d  Valley and the Arctic alope, At the 
p the valley ia 3 miles wide and open, and ita surface k so httemd with S l e d  

. drift tbat the mall &eam demndkig h m  the mountaim in this locality are ddected 
by ths memt o b l e  to either mdide of the a i d e ,  flowing mmetimea northward by 
way of tbe Anaktuvuk to the &ic rand at others muthwml +a John River and the 
Yukon. 

At the p m  occur lakaleta of glacial origin. One of thm,  Cache Lake, jud north& 
of the divide, ia 30 k t  or mom deep. Ie surface b ~ a b o u t  100 feet below that of tho 
adjacent ground moraine, giving for tha till Bbeet here a thichem of at l& 130 feet. 
TI& mnth of the pass the till sheet fowerly extended entirely amom the valley, as 
5s ahown by the fhbtopped outlying remnantaof ground moTaine in its middb. Thaa 
rim to a height of mom than 100 foet above the W r n  and accord in level d h  the 
ground-momine tarraceu on either side. 

On the whole, the till &eet in thia mdmm part of the range em rarely to extend 
up the aide dopes to more than 500 or 600 feet above the floor of the valley * *. 

Na~urally, the i d e  valleys in thh region wem among the kt to become h e  h m  
glaciem, gome of which probably remained long a h r  the dhppmrance of the ice 
h m  the adjacent prta of main valleys. Thb ia shown by the p ~ n m  of relatively 

terminal m i m a  in the mde valleya. Four mila northwest of the d d l e  of 
John River valley the d va11ey of Contact b k  ia c m d  by auch a motaine. 
It ia typical, 'being about 60 feet high and o n e - f d  of a mile in length, m e m u d  
pruanel with the valley. h but older featum occurs in John River AIey 
near the middle of the range, about 12 in a dinect line muth d the akty-eiphth 
parallel. Here the valley &t b d by s tenmid moraine about 60 feet high. 

* * It atill fonu a continuow ridge or dam acroarr the d e y ,  except whew 
the river h a  cut a notcblike 200 yarda wide at the I&. At tbe right the 
maxsine mme to bs cunitiuuou~ with tbs  till ah&, which js 10 to 20 feet thick, aand 



rssta on the b M  benchhg at a height of about 100 feet abovs the river. d a  men 
in looking parallel with the valley the ridge premnts an undulating p d l e  and is 
&arp crewd, owing to its u m m  side being cut away by the river. Though it 
exhibits but little of the typical hummock-and-kettle bpcpphy of s -1 
mombe, it la c o m p d  msinly of typical bowIder clay carrying d t e d  pebblm 
and bowldem, mme s fmt or mom in diameter. The mteriale noted ma of the aame 
constitution si thow of the river grsvela, there being no emtics. The principal 
&e or front of the moraine, which alopea rrouthd, mpporta grolRth of h c e ,  
aoma of the having a basal tbichem of 1% feet. 
d few milea above thia moraine mcura the Isst lingering remnant of thB John Valley 

Glacier. It co- of a lone, roughly circular mraas of ice about 300 feet in diameter, 
rking from the middle of the gravel-covered vaIley f h t s  to a height of 60 feet. * * * 
At the top the ice terminatear in event1 ddiatinct hoblike prominences projecting 10 
to 20 feet above the main mass. One of thew is cylindrical or pipe duped. The 
athers am cmdeIy pyramidal. The ice ia partially capped and hnkd by s d e m t  
of genuine W1 h m  one to mveral feet thick, to w h m  pmtectkm it doubtlem in hrge 
measure owm its -stion. From three ~ d e a  small Bkeanlats of lighkolored 
muddy water, a m  from the melting of the ice and thickened with ghial  m k  
flour from the till, flow down and deposit their lcd  of fine, argillaceous sediment 
over the &ate around the fmt of the maw. Thie glseisl mud js of very light mlor. 
It ie aticky and diffem decidedly fmm the prewnt stream deposit+! of the valley. 
This ice maas ie undoubtedIy a re-t of the John Valley G h i e r .  Its pmnce  at 
thia late date, after apparently all the other glacial ice has disappeered from the sur- 
rounding region, together with the munded topugmphy of the adjacent mountsaina, 
al&y noted, mggests that tkis l d i t y  ia probably near what waa the belt of maxi- 
mum precipitation, and comquently of maximum he accumulation, that traversed 
ths mountraim during glacial time, and is therefore among the laat to become fm 
barn ice. 

&ha areas,-The only other known extensive depoaits of the older 
gravels m in Seward Peniasula and in the vicinity of Selawik Lake. 
Tbe deposits of b a r d  Peninsula have been adequately described in 
several S w e y  reports and require no comment bere further than 
the statement that glacia.1 doposits have not been obsemd in the 
portion of the area represented on Plate H. Tho deposits are of 
fluviatile, marine, or extraglacial origin, or were formed by cornbh- 
tion of processes. 

The region in the vicinity of Escbscholtz Bay and Selawik Lake is 
not well known m d  the literature concerning it is less a ~ d a b b ,  so it 
will be described hem somewhat fully. Tho following quotations give 
the principal results of observations made by Qumkenbuah on the 
older deposits. Along %cbscboltz Bay- 
high bluffs face the water alI around except at the wide Ahwmqndz delta, and for a 
few milea to the wsatward of the mouth of Buckland River. + + * The bluff 
aoee not end, however, nt Elephant Point, but bends to the mth and conhum 
mound the w&mn and part of the southern s h o w  of Goom Bay. * * * At the 
baae of E b p b t  Point the bluff b 15 feet, rising lee8 than a mile to tha wt to the 
altitude of 120 feet and gmdually d e m d h g  to a height of 20 feet at the opporrite end 
* * * . The bluff0 on Goose Bay have apparently been entirely aeglwted by 

-. - .. . 

1 Qnmktmbush, L. 8., Hotas on AIasga Mammoth E~~ of IW and 1 W  Bus Am. M a  Nut. 
xa&, VOL 28,1m, pp. %wIo. 



writm, dthough they am mElnuws with the biatolic bluff d ~~lttain moat of the 
8peciea of foaeil mrmmnln found st this latter p b .  Fmm the barw of E l e p h ~ t  Point 
the bluff riwm south4 to the maximum height of 75 feet and demmdmg a g i n  forma 
a banf: 26 feet high at  the k i t  bend of LDst Rim * * . 

A bluff ~tretches without a br& from &orb &mimtda wtwd along the nwth 
nham of Eschscholh Bay and is continued up ihe Ahweengnuk Valley in b e  form of a 
terrace. For a distance of 7 milea the bluff ia k ing  cut by wave- and its & U C ~  

beinning at the mky hill on the h e  of Chorie Penhula ia followa: h t ,  y e W -  
kh, sandy milt without trace of stmtScation, half a mile long, 50 f e t  lqh ,  tapering 
down to 18 feet; m n d ,  flat h m c e ,  18 fest high snd I* mil- long, mmpoeed of fine 
dark bid-gray d t ,  containing o few small ~rreguIar layew of peat; hie terrace 
extendm a c m  the brim of Choria P e n i d s  and several miIae nwth along the h o m d  
Kntzebue Round; third, fine lighbco1med ssnd and mlt, e t r s a d ,  &me-quartare of a 
mile long, 35 feet ta TO feet high; fourtb, fine gram Bilt (like that st EIephant Point.) 
4 miles long, 30 to 40 feet hi&; fifth,& section 150feetlong gxpoeing mml alternating 
~trrtta of mnd, coame gravel, m d ,  and fine gravel, ovethin with r thick depoai t of fine 
lightcolored silt; the coarse gravel a a t u m  and m e  of the othere are ebarply croes 
bedded. Fmm thie pint  east the berach i s  b w d  and high sad the bluff i~ almoet 
en W y  overgrown with m, mom, and low willow bwhae. The few bare dopee 
nmr the top and the material brought to the mouths of nWeMU8 ~pannopbile burmwa 
indicate that th in  part of the bluff, amraging about 35 feat high, ia formed of a d e w i t  
of sand containing many small mund pebblea and overlain with from 6 to 11 icet of 
yellom+& d t .  No f&Ia were found east of the cut mctim. The t e m e d  section 
of ths b l d  aear Choria Penimula ie verticai and there is  a aoft clay flat in front of it. 
The remainder of the deep-cut portiam ie bordered by a low aandy beach. Rams 
Wing patthee of ice, which had been formed in B m m n  near the aurface, were expoeed 
in the fad gaction. 

F d e  were collectd on the h t a  and beaches at  the baaes of all five sections of the 
cnt blnff and two epecimens were found on the talua in the third naction. A mm of 
ntick~ cut bp the teeth of k v e m  wm seen mbsdded near the top of the bluff at 
the wmtern end of the woad  mtiw * * *. 

High b ld0  extend all around the outw curve and along the m t h m  side of BeIsw-k 
h k a .  The bluff ia cut in a few places on Sehwik Lake for a di8tanm of 15 milee fwm 
the outlet, but it ~ppmred to be ent.irely overgrown with wetation to the wt and 
waa not examined further. The deposit is mostly unatratifled a n d  conbining cormid- 
mb10 gravel; in mme parf~ eilt liea on the top, in othera the bIuff ia compossd entire1 y 
of d t .  A few mall fragmcnta of mammoth t u k ~  and cnribou bonee were found on 
the gravelly beach, but no f&h were wen on the bluffn. 
On the mufh side of Hothem Idet there are eome cut bluffs 100 feet in height corn- 

peed of ail%, but contain in^ near the top $n illdefined gtratnm of w a t e ~ w w n  grave1 
and bowlders up to 6 feet in diameter, which are embedded in the fine wedimant and 
mwt have been depoeited by flantinp: ice. Tho gtavel consiete of quartz, conglom- 
erstes, gneimid mka, and &om no s i p  nf gkiation; one rounded lump of black 
bituminous cml w9a collwten in the k111il. In the 8outhwdem angle of the set a 
vertical section &owe thet this portion of the bluff ie sbnrply divided into very thin 
horizontal strats Rom top to bottom. A steep continuova bluff of yellaariah i l t  ex- 
tsnda d o q  the weet Bide of Hotham Inlet for at leaat 15 milee to the north; it variea 
porn 50 to 100 feet in height and  ona ally &OWE Borne Bigna of nhl35cstion. Sev- 
eral piecm of mammoth tu& and some m l l  umemgnhble fragments of bone were 
fowni on the p v ~ 1  bsacbae or in tho water along Eotham Inlet, but only one -i- 
men-&e metatam1 of a h o r s ~ n  be definiteEy stated ta bsve come from them 
barren deposits; it w m  found on the Calw on the weet Bide of the inlet about w the 
latitude of the Arctic Circle, 



AGE AND ~ R R E I A T T O N B .  

The earliest known data on the age of certain of these depmita 
were fumhhed by Kotzebue; who found fo& at Elephant Point. 
7%- fmsila were examined and described by Bchscholtz, who 
regarded them rxs PIeiStowne. Subsequently this place waa visited 
and described by many others, notably by Beachey in 1826, DaU 
in 1885, Maddren in 1904, and Quackenbush in 1907. None of these 
writem appear to  quegtion the P1eistocene age of the  beds. 

Certain clays and ice beds on the Kobuk, reported by Cantwell, 
were correlated by D d  a with the deposits at Elephant Point and 
were named by him the Kowak days and adgned to the Pliocene 
or.Plehtocene(8). Dall atatesthat theae deposits do not extendte 
Noat& River, but the descriptions of that atream given in this report 
(see pp. 91-92) show that they do. 

Gradudly, as more of the region was explored and data were ac- 
cumulated, fosail mammoth and other remains were found at many 
places. From the foregoing dwcription of the older deposits it ia 
evident that most of them were farmed during or &er the period 
of maximum glmiation, but it i~ not yet possible to determine their 
age more specScally, for the time relation of m e u m  glaciation 
in thia part of Alaska to that in the United Stat- is not certain. 
It is probabIy true that in a broad way the period of greatest glacia- 
tion was aynchronoua in the two regions, but that it was precisely 
coincident, even in a geologic sense, is by no means demonstrated. 
In addition to the deposite formed while the ice was at its greatest 
extent there are others that were formed subsgquently, and certain 
of them later deposits are so new that they undoubtedly belong to 
the Recent epoch. The older gravels therefore include depasita 
r e g  in age from Pleistocene to Recent. 

It i~ not unreasonable to suppose that cart& earlier beds may 
aubsequentJy be recognized in the areas now mapped as formed of 
the unconsolidated deposita. For instance, the coastal plain d+ 
p i t s  near Mome, which are in many ways analogous to the high- 
level grave2s s u i n g  Kotzebue Sound, contain fossils which DaU8 
has identified as pmP1ei~tocene, and it wodd therefore not be at 
all ~urprising if further inve8tigation should disclose late Tertiary 
sediments jn this region. That the extent of such sediments is 
probably slight, however, seem certain, and the bulk of the deposits 
here described are believed to be of Pleistocene to Recent age. 

I JCatmbq Lfmt. Otto v ,  V o w  of discovery inta the SWth Sea md Barfng I t d t s t s  Land- 
1=, 8 vok 

s Dell, W. =.,ma Earrh, O. D., CormktIon p a m N e m m e :  Bull. U. S. W. bmwy No- w, 188a, 
PB ~~ 

8 Dd, W. 3.) C b t l s  mndiWaa 8t Mome, &&&a, dwhf the PUcoan~ Am. Sour. EcL, 4th m., 
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The mmt marine gravels occur along the mast and are con- 
h e d  practical? to deposits in proem of formation. They vary 
greatly in lithology and physical featum from pIam to plaae. In 
deposits near rocky headlands large bowlders, formed of the rocks 
in the neighborhood, predominate. In deposits fmther  way the 
material i~ finer grained ; the softer minerah baving been removed, 
the more resktant materials remain. Here and there muds and 
silts have been dqmited and sands and graveh are absent. Some 
dspmit~ near the mouth of dreams mnsigt of mixtures of fluviatile 
and marine asdjments. Prmticdy all the recmt marine depmits 
are not permment1y frozen. Tbe depoaita, so far aa known, are 
not consolidated but mn~ist of uncemented silt, emd, g ~ a ~ e l ,  or 
bowlders. 

No wctions of typical marine graveb dong this part of the Arctic 
coaat have been examined, so that little is known of theh fektww 
other than those seen on the surface. Furthermore, sts has been 
already poinhd out, only the recent marine gravela am included 
in the section, the deep marine deposits or thme mmrrjng at a con- 
siderable elevation above sea level having been omitted. Conae 
quently the recent marine pvels  may be considered as forming a 
narrow fringe dong the comt and having rather elight thichesa. 

The stre~m depmits are of greatly diverse typea, their character 
dependmg on the history and relations of the streams by which they 
were formed. Some of the ~mtlller streams have eroded their 
v d e p  and laid down depoeits under the same local conditions 
that now prevail in their drainage baains. The depmit~ in such a 
valley are formed of the mcks outcropping in tho basin, and their 
f~atnres are ehnraoteristic of deposits formed by ordinary single- 
cycle strsams. A stream of this type, however, is rather the exmp 
tion' than the d a ,  for m a t  of the strmms have had a more com- 
plex history. The valleys of some of these streams of more compIex 
higtory show an intemption in the orderly succession of events, 
whereby decrease in gradient bas caused the building up of the valley 
floor. In other plmw increased slow has renewed degradation. In 
atiU other places seved activitim have combined, and the pment 
atream js erodmg former stream-deposited gravels. In ouch placee 
the gravels, h t e d  of being formed of m c h  of locd origin, may 
have come from outside the p~eaent drainage basin of tho stream, 
and instmd of haring the featurw of ordinary river  gravel^ may, 
through this double conwntration, have become mom rounded and 
batter ~ r t e d .  



Not only may the present streams be rebandhg former stream 
gravels, but they m y  a h  be traversing unconsolidated deposits 
formed by other agencies. For instance, the greater prwt of the 
floor of the present Kobuk and Noatak rivers is carnod in deposits 
of g~~ sad glaeiofluviatile origin, already described (aee pp. 
90-971, and as a consequence the present atream deposits resemble 
in large part the older deposits. This is particularly notable an 
the Noatak, where large bowldere washad out of the earlier depe3its 
form nmerous rapids in the steam, line the bank at low water, 
and are being built inta deposita that are diethctly abnormal f o ~  a 
singlacycle siream. 

At several places modebin glacim ghe rise to  streams that are 
forming deposita characterized by features due to their double 
mode of origin, mmisting of normal stream deposits mixed here and 
there with large, irregular icetransported blocks. The fme material 
in such deposits also Mera from that of the usud stream deposits 
in that it is. mainly a product of glt~dd erosion rnther than of normal 
weathering. 
In many places the dream gravela so merge with the deposits of 

marine origin that it is impos~ible t,o separate the two. This i~ 
especially true in the d~l ta  of the Eobuk and at the mouths of other 
stmaans. Tbis interrelation is further mmpEcated by the fmt that 
st se~eral places ancient bench deposits, such am occur near the mouth 
of the Noatak, am being subjected to the action of marine and 
fluviatile agencies, so that the resulting deposit8 shm the results of 
three proeessa. 

Examplea to  show the great diveIrsity of the stream gravels in the 
region might be multiplied, but the foregoing indic~tte some of the 
more common tpea. All t h e  deposits show certain more or 1ms 
universal features. All the material ia unconsolidated and hm been 
subjected to more or l a  sorting prior to deposition. Practically 
all the shallow recent rrtraam gravel are not permanently frozen, a 
fact that is of considerable economic imporkance, for the phfiod 
condition of the gravels with respect to cementation by permanent 
frost exercises a considerable control on the development of mining. 
The data concamkg the presence or absence of permanent frost are 
not sufficiently mmplete to  permit a h a 1  statement as to the dh- 
tribution of frozen and unfrozen deposita, far artificial sections are 
almost entirely abaent and in nstural sections the surface exposed to  
the heat m d  air is thawed, even in deposits that are permanently 
frozen. 

Q L A C I U  DEWBITl3. 

Reoent glwial deposits occur only in the vicinity of the existing 
glaciers and are therefore limited to the mountain regions. They 
have bean s c m  only at the headwaters of PLlatna and Koatak river% 
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F h e r  up Altltna River, wmt of the camp of July 12, in the lime- 
stone near the top of the 3,200-foot hitl, aro sheared s* or dikes of 
greenetone schist having many of the fea;tura noted in the preceding 
locality. Specimens from this place, however, show in addition to 
the recrgstabed albite a considerable amount of hornblende, which 
was not recognized in the other rock, though originally it may havet 
been presmt and have been sr~bsequently altored to  chlorite. SmdE 
amounts of magnetite also occur in the rockt but other minerals are 
p ~ d c a l l y  absent. 

Igneous rocks that have been subjected to pronounced deform* 
tion md attendant rnstamorpZ-Eiarn have been recognized in the Kobuk 
region in the ~icinity of Shungnalr md at Squirrel River. In the 
Shnngmk region grcerbh igneowe schists were recognized in the hill 
east of the ICogoluktuk and at several places in the ridge between 
Wesley and Cosmos crmh a mile or so south of h n  Mount&. At 
t h e  latter place the schist appam to cut the underlying 
slates and forms a sill between that rock and the overlying limestone. 
So far as observed it clocxq not cut the limestono nor d o a  that rock 
show any contact sff ects. Metamorphism of the rocks ss a whole, 
however, hae proceeded to such lengths t h t  the absence of contact 
metrunorpbism is not conclusive. These older igneous mch have 
sehistose a truc ture, are greenish in color, and mmist mainly of green- 
ish chlorite and plagioclase feld~pslr, the latter a rule completely 
mrystdlized. 
In the same general region are serpentine racks, often mistaken for 

jade, that appear to be analogous .to the grwnstones. One exposure 
of thmo mb in place was emmined at tho head of Ddhl Creek. 
Specimcrm of this greenish compact fine-grained dike rock wero found 
to carmist of magnetite and pyrite inclusians in a microcrystdine 
groundmass of serpentine. The rock is but little sheared, and for 
this rcasan considerable doubt is felt in assigning it to the greenstone 
group. From w r t s  of prospectors and othera this typo is prmum- 
ably much m r e  extensive in the Jade Hag, west of Ambler River, 
than it is in the vicinity of Shungnak, but that locality has not bean 
critically examined and little js known of tho distribution md extent 
of this type at that place. The greenstones in the Squirrel River 
region are essentially simiIar to the more common type previously 
described. All of them are, mnsiderably ahemad and have a dis- 
tinctly schktose structure. Albite and chlorite am the most abun- 
dant mineral constituents and both are later than the original miner- 
ala of the mck. 

The gr~enstonea of northeaekrn Seward Peninsula have not been 
studied in detail. Moffit states that-- 
dikm and d h  of pernetone, much aa am saen Sn the w d m n  prt of the pxbda 
northweeto£ Nome, werenotobswvd htberegion. Ifeucharspmntin theare 



immedktelly m.th of Ketsebue Bound they me fnnbably w p t l  J altered t h t  many 
of their original pdiarit iea have bsw loet and they are not now rsadily distinguish- 
sble fmm the including whhtose sedimentary rocks. A l W  g m m h m  are pwemt, 
bat m far sa obaervd by the Writer they do not bave the form of dills or dikee and 
s p p  rather 8e great h ~ g u l a r  or atmks.1 

The criteria for the determination of the age of the grwnstones as 
a whole are not ~uch ea to permit a precise and definite assignment. 
It haa been proved that these rocks cut the undifferentiated meta- 
morphic sc&h and certain of the undserentiated Pdeozoic l i m e  
stones and have been subjected to strong dynamic, metamorphism. 
None of these events, however, can be rsssigned a definite age. The 
undBerentiated schists (me pp. 60-61) were probably early Paleo- 
zoic or possibly pre-Pdeozoic. The hnmtones that are intruded 
are apparently the same zss those on Jobn River, which, RB stated on 
page- 65, are probably not older than Silurian nor younger than 
lower Ca.rbonifmus; near Shungnak, however, the greenstonea 
apparently do not au t the undifferentiated Paleazoic limestones. 
The major period of metamorphism does not seem to have affectd 
the known Carboniferous rocks and in Sewerd Pemimula appears to 
have been, earlier than the Ordovician. 

There are many conflicting lines of evidence, therefore, which lead 
to diverse wndusions. From general cornideratiom and from analogy 
with near-by better h o r n  areas it seems probable t h t  the p n -  
stones as$ associated rocka are of Pdeozoio age and are probably 
older than the Carboniferous. Row much older is not known and 
can not. even be postulrttad until further detailed work is done end 
more of the u n h o m  artla is explored. 

EARLY EIWWBIVES AND INTRU8TVEB. 

There are three principal are= of the rocks here called the early 
effusivm and intruaives-the extreme east~rn part of Seward Panin- 
~ d a ,  the vicinity of the canyon of the Noatak, and the Zane Hills in 
the Koyukuk bmin. The h t  two areas, so far as Imown, havo been 
indioatsd on tho map, but the basic mks of the Zane HiUs have not 
been distinguished on the map from the sedimentary rockg of eup  
posed Lower Cretaceous age caved the Koyukuk group. 

The group of socks in Sewad Peninsula bas bean described by 
MOB t a as f olIom : 

Andmitea ars abundant in the TCiwaKi-Buckland divide and are probably the 
snrfuce mpresentativm of an igneous m n p a  corr.esponding in cornpition to the dwp 
mated d i d -  and monzonites. Aa already dated, they occupy, wbwe obsemd by 
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the writar, s polrition h h m d m t a  be*- the baaic mcka of the mmkm aide of the 
ridge and the central wid wea and form u laqp part of the watershed. They are of e 
darkgray or greeniuh color and on an ex@ miace have s q o t t d  appearrmce due 
to the alteration of the feldapas phenocrpta. Both hornblende and pyroxene varie 
ties were seen, the latter containing coneiderable olivine in addition to pyroxene and 
&owing the eecondary mineml iddinpito. Altaration of pyroxene to hornblende 
t~ss a h  obwmd. The feldspar ia a bmic variety, labradorite or mmetimee &nor- 
thite, giving as altaration grducte chlorita and epidote. 

tlndgaita breccia were found at varioue locslitim. 

In the vicinity of the N o a h k  Canyon  rock^ in a measure s k a a r  to 
the andeaitic TO& of Seward Peninaula were examined, In general, 
however, the m o b  at the canyon differ from the andeaites in that 
they are mainly of intmei~e characbr, effusive phaes being prac- 
tically absent. Topographically these igneous rocks near the canyon 
form numerous sharp pinnactes of irregulw di~tribution. In the 
main they are stocklike masses with dikm and sills hare and there 
radiating out from ths periphery. Some amygdaloidal phases were 
s e a  and though not parts of surface flow thme wcre in the upper 
part of dikea near tho surface, The flling of the amyaddoids wm 
mainly cdcits. 
The rocks are medium h e  grained and wmather to a rusty brown 

color on expoeed surfaces. In h ~ n d  ~pecimens the only miner& 
easily recognized ara feldspar and pyroxene. Under the microscope 
the f eldapar is seen to bs mainly labradorite of an acidic phase. The 
dark minerals are mainly augito with subordinate amounts of biotih, 
commonly altered to  chlorite, and Borne magnetite. Sulphides are 
also ~paringly present. The stmcture is hypidiomorphic granular. 
From the hbovo chm~ctem it fo11om that the rock is a fine-grained 
gabbro. 

A view of a faulted dike in the Noatak C~nyon la shown in Plate 
XI, B. The gabbro forms the right-hand portion of this view and 
the dark band w-ith t'he liiht-colorerl contact phase in the middle 
portion. The rocks cut are smdatonea, qu-itm, and thin time- 
stonee belonging to  the Noatak sandstone. A few d~ wmt of this 
place tha aame rocks exhibit stmctures chsrncteristic of ellipsoid a1 
basalta in tha round bowlder-lika rtppeargnce of the exposed surfacest 
Metamorphism is invariably rather strongly marked near the gabbro- 
sandstone contact for ~tdistanceof severalfeet. Thiseflectisshown 
by the bleaching of the otb& dark-coIored sedimentary roch 
md the greater Induration. 

The gabbro ahom a pronottnced jointing and in place a albken- 
id ing produced by faulting, but ~owbefe was the m k  at au schistme. 

The eastern locality of early efisivea and intntsi~ee has already 
been deecribed under the Ksynkuk group (p. 8 I). It is unnecm- 
aarg ta repeat tbe detde further than to point wt ;rrgsiu that amyg- 



+ daloids, tuffs, end volcanic agglomerafes occur in the Zme Rib so 
intricately d a t e d  with the arkosic sandstones and mnglomsratea 
and other sedimentary rocks that they can only be differentiated dter 
much more detailed ~tur ig  than hna at present been attempted. MI 
thesa rocb are of an andesitic OF dioritic composition and texture. 

The mmt definite evidence as to the upper age limit of the early 
effusi~es and intrusives is afforded in the eastern part of Seward 
Peninsula south of the area coverad in this report and shown on the 
map el. 113. Here  mar rocks f o m  bowldem in the cong10mertrte 
at the base of the Upper Cretaceous saction of that region. This 
d&iteIy places tha upper age limit of the igneous rocks as earlier 
than that period of sodimentation. 1n the same region p i t -  
which am known to cut tho andesitss and associated roch intrude 
f wi l i f e rous  Devonian and Carbonif mous limeetones. Although it 
 ha^ not bean proved beyond question that the andegites aIso cut 

' 

the Clarbonifwous rocks, ~ u c h  en interpretation seems warranted by 
the general relatiom and structures of the two group. 

In the Noatak region sedimentary.rocks younger than the Cmbonif- 
emus do not occur near tho gabbro intrusi~cs, so that the uppm age 
limit of the latter is not dicctly determinable. The Carboniferous 
quartzit-, sandstones, end shales me intruded and therefore the 
igneous rocks w e  later. 
In the Koyukuk region the basic igneous m b  of the Zme KIS 

form pebbles ia the Uppa Cretaceous conglomerate and sandatonm. 
It haa been pointed out (p. 82) that the Lower Cretmoua or Upper 
J u r d c  ago of the K o p h k  p u p  aa mapped reata on fasails 
found in certain limestones associated with igneous tuffs and other 
rocks. If this correIation is correct and the igneous F O C ~  am 
actually interbedded with the Lowor Creta,ceous or Uppar Juraseic 
dimenta the age of the igneous rocks iB definitely settled. However, 
as the age determination does not rwt on incontrovertible fmh, 
there itl reason to doubt tha validity of the conclusion. 

As ia noted later (p. 1143, the granites, which are probably referable 
to this same major period of intmcilon, cut the early effusive and 
intrusi~ea. It i~ therefore open to  question whether tho supposed 
h w e r  Cretaceous aadimenta associated with the igneous rocks have 
been correctly correlated or whether they mtby not in realiQ belong 
somewhat lower in the time scde. Whatever may be Ithe correct 
anewer to thh query, it seem evident from %ha facb at hand that 
the early sffusivaa and intrusives are of Mesozoic age, were probably 
formed in the middle rather than in the early part of that era, m d  
are certainly older than the Upper Cretaceous. 



The mk~ here grouped @ether as @tic rocks m p y  in the 
main t h o  areas4eww-d Peninsula, the Zane RilEs, and the highlmda 
between the Noatak and Kobuk. In all these regions t , b  group is 
composed of acidic intrusive rocks of medium fine grain and rather 
uniform cornpition. The mcks mur maidy as batholithic masses 
from which them are numerous md apoghpea which intmde the 
country rock. 
In Sewatd Penhula there am many pl- where the granitic m b  

am sxposed within the mapped m a ,  namely, in the hills forming the 
Buckland and E w a t i k  divide, southwest of Candle; in the centrd 
part of the K u p k  basin; and in the divide between the Inmwhuk 
and Cottanwood Creek. AU of these localities have been described 
by Moffit, and the following oxtracta taken from his report serve 
to give only one or two typical examples. New K u p k  River-- 
the rack L of s lth-y color and has an evw, p i n  of medium t imemess. While 
not differing gre~~tl y in a v c e  fmm the h e  gmnitee, it haa a eomewht unlike 
mined compwition, m l t i n g  hrn tho pt;eewce of a coneiderable m o u n t  of p h i *  
clam feldspat in addition tn the orthoclam, the two be in^ preaent in about equal 
qrmtiti~a or with the plqioclam aliahtly predaminatb. In thin section the micm 
scope shorn plagioclaee, orthoclam, hornblende, questa, and biotite; titanite, apatite, 
and maffletite rn a l w a y s  pwsent. On the bdu of the amounte of plagioch and 
orthodase thk rock iR clamed with the monzonitea. 

The micro~copic study of the ~iliceoua s~hiRtoRe m3IB of Kiwalik Mountain m d  the 
neighbnrin~  hill^, alm of Potato Croek, hm led to the conclusion that they a h  am 
hQFhy altered gmnitea. Thc hand ~pocirnen~ show B li~htcolored, ~accharoidal, 
~ c b i d m e  m k ,  often elightry &tined with imn oxide. In the outer portion of the 
a m  the disturbing forcva appear to have had gmnter effect than near the centrsl part, 
although thc entire i~ highly altored. Under the rnicroacope the rock i n  Reen 
to contain mom quartz than f c l d p ,  with minor qumtitiea of muscovite, biotita, 
apatite, and a i m n  in p i n s  or rarely in c r y d s ;  secondary calcite is rather frequent. 

In tho Buckland-Hiwalik divide the granitic rocks indude- 
a number of diffewmt varieties--graniteo, monwnitea, and quartz dhrites. Born- 
blende ia the prevailing dark minerat of the gmites, but at timea biotite *- ita 
place. By a, d m m  in the amount of qnwtz the mites appmeh eryenitaa in com- 
pit ion,  mch phaeea being characterized by the ~bundmce and large ~ i z e  of ortho- 
claae cryst&, which usually c how Carlobad t,winnniq and havo roughly parallel 
arrangement, with the emall intervening upaces filled with hornblende, biotite, 8nd a 
small amount of quartz. Titanite ia abundant. 

In the Zane Hih the granitic rocks are similar to thme examined 
in Saward Panhsula. They are formed mainly of quartz, orthoclme, 
and biotite. Microclhe, micropertbite, and undetermined plea- 
clam feldspm ocour in varying amounb. Hornblende is a l ~ o  mud 
mmtituent. Magnetite and apatite form only a small bulk of tha 



m k ,  but are nearly e-bem p m n t .  ApEtic phases in the e m d  
dikes from the larger granite m e a  were noted st a number of placea. 
None of the grauites appeared to ~ T B  h e n  sheared since mnsolida- 
tion, though some indications of movemat during the crystallization 
of the mqma were seen. 

In the d i ~ d e  between the Noatak and Kob& granites undoubtedly 
ocrmr in large m m s .  7 3 s  i inferred from the granite pebblos and 
bowlders in the uncomolidsted deposits that have been derived from 
this region. The mks in place have been seen only in the mapped 
area west of tho camp of July 16 on the Alatua. The general appear- 
ance of the granite and its topographic expredon are shown in Plate 
VII, B. Unfortunately the specimens from this place were loart in 
tramit, so thoy could not be examined microscopically. Grmito from 
the same general region, however, was found as float on the hilbide of 
the Alatna Valley, high above Lake Takahula, and on the Id east of 
Twelvemile Creek in the Noatak basin. The specimens from both 
theae places show considerable quartz, with some orthoclase md 
microcline feldspar and smder amounts of oIigoclase or oligocfase- 
albite, some mica, mainly muscovite but with a little biotite, usually 
more or leas chloritbed, and varying but vsxy small quantities of 
spidote snd gmet.  

It, is uncertain whether granitic rocks occur north of the Noatalr 
in the hills north of the camp of August 7. The float in this part of 
the basin is so mucb, mixed that it wm impossible to btingnieh the 
source of particular pieces. In this part of the bbasin float of a coblrsely 
crystalline hypidiomorphic granular rock that is not hown to occur 
in any part of the explored region was found. It consisted .entirely 
of bytomite felSBpar and augite, with small amounts of olivine. 
Fmm this composition it may most appropriately be cded  an olivine 
gabbra. The absence of quartz makes doubtful the assignment of 
the rock to tho granitic p u p  previously described, and further 
explorations tRilI ba nemsary to prove whether the olivine gabbm 
~hould belong to %he granitic gmnp or to the ewly Gaaic effusives 
and intrusivos. 

Another rock of unknown distribution a d  relations which may 
belang to the group of pnit ic  rwka wm foand aa float in aome of 
the streams in the vicinity of Shungnak. This rock was coarsely 
crystalline, basic, granular, and made up largely of chromite, with 
smaller amountg of iron silicates and feldspar. Bowlders up to a 
foot or more in diameter were f ably numerous in Dahl Creek. If 
this float really belongs to the group of granitic rocks, it d l  be 
necessary e ~ e n t u d y  to spEt up the group into an acidic phme, char- 
wterized by the normal granitas, and a basic phase, to which thme 
b d c  and ultrabwio rocks now known only as float belong. 

31'-Bull. 6S&-1- 



The determination of the age of the granitic mcks has a W y  
been treated in discussing the age of the early bask effuaivw 
and iutrusi~es. In that section it wae stated that the granitic mh 
cut the other igneous rocks in the Kiwalik-BucMand divide and in 
the Zme Ililla and formed pebblea in the mnglornsrate at Ithe base 
of the known Upper C~etacmvs wtion. The latter condition is also 
found to be trne of the conglomerate at the base of the same group 
on the Alatna. It seems fairly certain that the upper age limit that 
c m  be assigned to the granitic rocks m a whole is pr*Upper Cre 
tweous. The lower age limit may be debmined on the b ~ s l s  of the 
assumed age of the e ~ r l y  basic rocks. Thk, however, has been shown 
to be open to  question. There is no doubt, howaver, that granites 
in all essential reepects similar to those under consideration heve been 
found in the Dmhy Ranga of Seward Penineula, cutting fossiliferous 
Devonian or Carboniferous limeston.esmt It followu, therefore, that 
the granitic rocks wore formed probably in the Mesozoic and certeinly 
between the known Devonian or Carboniferous and the known Uppar 
Cretaceous sediments. 

AB a h d y  ~uggwted in a previous paragraph, the most wide 
spread period of volcanism in A h k a  appeara to have been in the 
Jurwic, and it aeoms more than likely that them graniMs were 
intruded during that general period. 

It should be pointod out, however, that a comparatively tong 
period must have elapsed between the early effuaives and the granitic 
intmdves, for the two we formad under auch different conditions 
that there must have been thorough oonsolidation and considerable 
burial of the lavna before tho granites were iujected. It is therefore 
necessary to take into con~ider ation this interval in assigning a definite 
age to the igneous activities by which these two g m p ~  were produced. 

U T E  LAVA8 OR BASALTIC EFFUBIVEB. 

Late lama cmm chidy in two a r m  in the Noatak-Kobuk region, 
namely7 in Seward Peninsula and in the Koyukuk hash. 

In Sewmd Peninsula the most extensive meas are in the extreme 
muthwestem part of tha mapped area along the valleys of Inmachuk, 
K u p k t  and Kiwalik rivers; at several planes dong tho mast, 
notably west of Cape Deceit; and in the lowar country flanking the 
Ewalik-Buckland divide. me recent bwalts in the lattor locality 
have not been mapped, sla their differantiation from the early bwic 
&usives and jntmsives has not been &acted. It is known that the 
group is ~ l s o  represented in the Buckland basin, but the region has 

1 BmIth, P. B., *nd w, H. M., A gsDlc@~ ~ a p s h m a m  $1 Smlh&tma M k m b m h  and W 
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not bean critically examined and little is known of the owmeace 
except that the r&ks form rapids 30 milea above the mouth of the 
stream and prospectors report float basalt in other park of the basin. 
In &B Koyukuk basin recent basalts have bean seen at three 

places, but pmbsbly further exploration would result in the dimovefy 
of other meas occupied by these rooks. The three meas are on 
Kmuti River, about 30 to 40 mdos in an air line east of the month 
of that stream; along the fl anka of the Zane HiUs, west of t,he mouth 
of the Hogatea; and on the northern  flank^ of tho Zane E l l s  in the 
pass fmrn &ha Pah to the Sdawik, between these hit18 and the Lock- 
wood Rangs to the north. 

The recent basalts in northeast'ern Sew~rd Peninsula have been 
best described by Moffit and the following abstrmts have beon taken 
from his published report : 
In color the law rrre dark p g ,  green, w newly black; they are m l l y  very 

cellular or even qmagy in a p p m c e  but at timm compact and without the smygd* 
loidal cavltim, Oatcrop of the alder hwa in place are not plentiful, and the d g e a  
of the mheeb, where cut thmugb by thq dmam~, are marked by tumbled hmp~ of 
blocks mdting fmm the jointed columnar erncture of tho Psva. In a few places 
they form flat-topped hilla or rn- born 20 to 60 feet high. very conepicuoun when 
viewed from B distance and evidently the rcmaina of a partly eroded sheet, Ag~lom- 
smtee and brcccfaa were obeerved at mveral pints. A atudy of the numeroue ~peci- 
mem collected ~ h o m  them to be made up of diabar 9 and b8981tR, both rich in otivine. 
In the brlaalta sspecialIy olivine p h e n q t a  abundant and vary noticeable, even 
in the h n d  wpecimen. Iddinpike ia not infrequent aa an alteration prwluct of the 
olivinee. + + 

In this mion the ontpouriqg of liqnid rock took p k e  in not very dintant time, 
for the ropy &dace and irregular mapin are ski11 p m e d ,  just ~ls st the time when 
the molbn n h m  ceaaed to flow. Cavern or tunnels, p d u c e d  by the cooling of 
the surface and subsequent outflow of the still liquid rock bonerrth, are numerom. 
They show a height of M to 25 feet a d  a width in Borne instanca as great aa 200 or 
300 feet, but rarely have the mfs  prwervd to the pressnt time, since the weight rn 
too great lor an arch of much width. Nattened lenticular steam cavitim, 2 to 3 feet 
in greateet dinmeter, am mmetimes cxpmed, and the upper surface of hs ~heet is  
marked here and there by smooth, irregular elemtiom pduced  by the mape d 
d m  and the welling of the lava from below. 

Important mod ificatiom of the drainage were brought about by the beentroaion of the 
lava, which occupied the d m e i o n s  and flowed down the vll1lq-o in bmad n v m  of 
molten rock. At  times the c w l i n ~  of the advancing front wall dammed back the 
flow and to~ced it over the low, mnnded divide9 between the w a t e m w  into the 
next valley beyond, or formed a lake which finally overflomd the ohtruction arid 
resumed its original coulee, only ta ropeat the p m c w  a little farther on. 
In thin way islanda of haro pound wero loft between the great hgw-1ike p 

trusione along the edge of the mhoot. At the same time a ~hifting of the w a t m m w  
m a  brought about, Inr when not of suacient volume ta fill it the lava occupied the 
lowest part of the valley and the wa&m aught a new chrurnel prualleI C the old one, 
dong the edge of the hirrdened flow. A number of lakes md ponda a h  owe their 
existence to the damming of e t w m  by Lva. 

IMpmt, F. a, op pp. a-a , 



Mendenhall describes the Kanuki Rim locality, in the Koyuknk 
baain, asl fallows: 

Along the middle k u d  Rivm * horizoniaUy bedded veeicnlrrr olivine 
b l t a  form blufi M3 to 75 feot high on ths north bank of the river, end aimilnr blnfie 
muth of the valley are probably due to the .triune formation. 

On the southeastern flank of the Zane HiUs occur numerous 
exposures of dark amygdaloidal baaalt, which form tb low ridge north 
of the Koyuhk. Under the microscope the rock is seen to consist 
of small phenocryets of augite and plagiocIasa feldspar in a h e -  
grained grouadmw of the same material. Magnetite occurs m m 
accessory and chlorite as a secondary mineral, resulting from the 
alteration of the augite. The rock aa a rule haa a muoh l m ~  glmy 
appmmce than the basalts of S e n d  PeninsuIw. On exposed 
svrfaca it weathers to n rusty brawn coIor, but few exposures were 
seen in which this oxidized layer rts mu& as one-sixteenth of 
an inch thick. 
Ln the vicinity of the ptum betwm P& and Sdawik rivers, 

reddish-brown lava forma low level-topped mesas of considerable 
extent. The flow were rather &inI for down some of the ma11 
ravinee a vertical distanm of 100 feet or so were found outcrop of 
the underlying C7re-w sad st on^ and mnglarnerates. So far 
es obsemsd the lava m w  entirely undisturbed. Under the mime 
scope a specimen from this place showed phenompts of orthoclwe 
one-eighth of an inch in length Jn a groundmass of orthocIaae, 
albite, and biotite with access07 magnetite and secondary iron 
oxides. The red color of tl10 rock is due to the finely divided and 
widely disseminated iron oxidw. This rock has all the features of 
certain of the lavas from the lower part of the Koyuk btlsin r e p o d  
by Smith and Eakina in 1909. The  extent of the lava flow at  this 
locality was not determined, but it undoubtedly occupies a much 
greater area than that ~hown on the geologic msp (Pl. 11). Prob- 
ably some of the bpographic features of the Pah-Eogatza basin will 
subsequently be shown to ham been produced by the barrier formed 
by the outpo+ng of this la~a ,  and certain of the high-level gravela 
may have been formed as s raault of drainage modscationa it 

The dusiom of recent basalt took placa probably in the later 
sbgas of the T e r t b  and extended d o m  almost to  the present time. 
'In ;he ~oatak-~obuk  region the only direct evidence as k the earliest 
date to  be assjgned to these Isvm is the f ~ e t  that they overlie Upper 
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Cret,wmns mb nnmnfomsbly. However, as there was a pro- 
nounced period of diastrophism that occurred later than the Eocene 
md as the lavas were not affeckd by it, it is evident &st they were 
formed subsequent to that event. 

The extrusion of lava continued down to a very recent t h e ,  as 
is shown. by the freshness of the mcks and tmhe unrnodzed character 
of the t o p p h y  to which they give rise. As already noted, the 
ropy surface, used gas cavities, and lavedammed lakes indicate 
that certain of the f l o m  are very recent. Furthermora, it  hss been 
ahown 'by Collier "that in near-by portions of Seward Peninsula the 
recent k l t a  overlie gravels which are cemented by indurated 
clays. Mend&llz found similar conditions in tihe K o p k  basin, 
where horizontal m n t  basalts lie on 5 feet of gravel, which in turn 
rests unmnformably on schjsh. 

AII thwe f l o m  are not portions of a once continuous sheet or of 
a single ex trudon. This is proved not only by the different charm ter 
of the rocks and the different amount of weathering they have under- 
gone, but also by t be  fact that at the locality noted in the preceding 
paragraph Collier found pebbles of en earlier lava in the gaveIs over- 
l%in by the recent basaltrr. The latter fact show that there had 
been an early lava flow, succeeded by a period of erosion in which 
the gravels were formed prior to the exuption of the covering lavas. 

From the foregoing atatemate it may be inferred that uIl of the 
recent basal& were not contemporaneous. sl though they probably 
range in age from late Tertiary to Recent, w h ~ n  considered in a broad 
way it is believed that they all mark sssentiall~ one period of ~ o l -  
canism. Therefore, although many years undoubtedly elapsed 
between differant flows, even in the same district, there are guficient 
reasons for assembling the lavas together and regarding them all in 
a stratigraphic sense as practically a anit. 

Although the occurrence of veins is of much importance in the 
searcb for valuable mineral deposits, it has not been possible to 
indicate their distribution 0x1 the geologic map (Pl. 11) on mcount 
of the limitations of the scale. Con~equently in the following pages 
a description is given of the general types of veins recognized ant1 
the kin& of rocks in which they occur, and the account of the plmw 
where veias carrying ore minerah have been exploited is left to the 
last section of this report, which treata of the economic gooIogy 
@p. 125-157). 

C d b ,  A. J., A rmmmhm~e of tbn northw&&m pwtlon 01 h i d  P m W ,  A m  Rof. hpsr  
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OISER QUARTZ VEIN& 

T h  veins of the region may be divided roughly on the basis of 
their most abundant constituents into two main types, namely, 
quartz and calcite veins. The former am the most abundant and 
are economically the most important. The quartz veins me further 
divisible hto many smaller p u p s  on the basis of age or mineral com- 
position. It is not known how mmy periods of quartz vein forma 
tion there were, but at least two appear to be f air17 distinct and 
identsable-one prior to the profound pwMksisaippian deformation 
and the other after that period of diastmphism. IQ the present 
report the veins formed dmhg the &t period are cahd the older 
quartz veins, whereas the o then are called the younger quartz veins. 

From the above definition of the two groups it is evident that the 
older quartz veins are found only in the und8erentiakd Pdeozoic 
metamorphic schists and the undifferentktd Pdeozoic bestones. 
AH already pointed out, moat of these limestorim are believed to bs 
later than the schists, and in the field it is found tbat the older qu&a 
veins are almost if not entirely confined t o  the schists. This fact 
is significant as indicating the generat distribution of these veinal 
for the areas of &t are shown on the geologic map (Pl. JI), In all 
the meaa mapped as undifXerentiated metamorphic scbisb, from 
John River t-o Seward Peninsula j.ncln~ive, repmwnhtives of this 
group of veins were recognized. 

As the older quartz veim have gone through the m e  defomational 
processes to which the older rocks have been sbbjected, their field 
appearance shows evidence of this history. They usually occur as 
stringers, lenses, and irregular masses of gbartz of slight borbntal 
or longitudinal exknt. Plate VIII, A (p. 56), pmvionsly descnied, 
&ow8 some of them veins in the schists on Alatna River. Unfor- 
tunatdy they am not very distinct in the illustration, but they can 
be recognized aa the l ighkolod,  bard bunches around which the 
cleavage wraps, a little to the q h t  of the hammer. T h o  veins am 
&continuous and, although in places mnes or areas having numerous 
veim are men, the individunl members c m  not be traced for any 
distance. This feature is important in determining whether the 
veins can be a~ccassfully exploited as lodes. 

The filling of the older veins is blast  entirely qumtz. Some 
snlpbides or their oxidation producb are seen in a few of tho veins, 
but they form an i n s m c a n t  amount of mck. It is probable, 
judging from aw~p made of similar veins in Sewwd Peninsula, that 
native gold is also found in the older quartz veins. T&I fact haa 
not been demonstrated in the Noatak-Kobu k region, but it is believed 
that this group of veins is the source from whicb a large mount of 
the plwex gold bas been derived. 



The younger quartz veins secur widely throughout the Noat&- 
Kobuk region. Although thb p u p  includes d the veins later than 
the major period of me tamorphiem, and so may occur ia aay of the 
roch  in the *on, they, like the older quartz veins, are largely 
mnfind to the undifferentiated PaIeazoic schists wnd h ~ s h n e s .  
Udike the former group, however, they hsve been found in the 
Noatak sandstane and Lisburne limestone. Few if my veins occur 
in mka younger than the Paleomic, so that the distribution is 
confined to the mas occupiod by roch older than the Mesozoic. 

Like the preceding group, there arb strong reasons for believing that 
all the younger quartz veins aro not of t'he same age. Data to permit 
the separation of the different members of this grohp, bowever, are 
not yet at hand. Many of the younger quartz v e h  appear as W g s  
of crevices or grrabes in tho highly deformed sandston= along the 
Noatak A particularly clear illustration of the appearance of these 
veins is &own ia Plate X, A ( p .  63)) which shows a sandstone outcrop 
a short distance above tha camp of August 13. At this place quartz 
veins have been formed in the axis of a closely appressed and ruptured 
fold, transveme fa the bedding. The veins are all of alight extent 
md the filling has the appearance of being derived by infiltration 
from the adjacent rock. The veins contain practically no mineral 
0 t h  than quarts, and i t  ia believed that gold and other economically 
valuable minerah are not to be sought In t h i ~  type of vein. 

There are, however, certain of the younger quartz veins, appar- 
ently from a deep-seated eource, that may contain v a l u d e  minerals. 
Such veins appear to  be most common in the blmk slam and 
quartzi- of the undifferentiated metamorphic schists. They 
range in size from almost microscopic dimensions to massea 2 to 3 
feet in width traceable for .considerable distances along the strike, 
Veins of this sort were particularly oxamined at the h d  of Dshl 
Creek, north of Shungnak. Ah this place the hillside is covered 
with a heavy quartz Boat derived from ~ e i n s  in the vicinity, many 
of the piece weighing more than 100 pounds. Although quartz 
wes practically the only minerd recognizable in the rock, many 
specimens from this place in the possession of prospectom &owed 
considertbble frm gold in well-f ormed crystalline aggregates. 

Although the younger quartz veins are numerous in the harder, 
more ~ e s i s h t  Paleozoic mcb, it is relatively uncommon t~ & ~ d  
them extending far into the limsetones. It js believed that the 
r w n  for this mndition is not that the higher" mcks had not bean 
formed, but rafher that extensive fissures could not be maintained in 
a rock that flows under pressure so easily aa a limestans. In other 
wotda, the more brittle m k ~  fractured and produced open spaces 
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when subjected to deformation, whereas the Iirnm$&e~ yielded 
somewhat as wsx does under pressure. nia feature makes it 
uncertain whether a particular limastona was formed later than 
certain of the veins in near-by areas or not, and therefore in s large 
measure causea doubt as to the correlation of different members. 

Before lee~ing the subject of the younger quartz veias it is neces- 
sary to point out that, although they were formed subsequent to 
the main period of dynamio mehmorphism, many of them were 
subjected to pronounced mountain-building forces. AS a result, 
although the veins are not 80 &eared tlnd knotted as the older veins, 
they have been folded, faulted, and o t h e e  deformed from their 
o-al condition. They seldom occur, therefore, aa contbuous 
veins trmbceable for long diatancw with a constant dip and strike 
but me usually discontinuous, shattered, and irregular. This fact 
ia important, for the development of minee on t h e e  veins wiU require 
tb thorough and precise determination of the complex structurd 
f aatures of the vsim to be exploited. 

Calcite veina are codbed almmt sxclusivdy to the limsstone 
areas and rarely extend mom than a short distance into the schists. 
As a rule they are ~imilar to the younger quartz veins of the gash 
type, and like them are believed to have derived their ming mainly 
from Ghe rocks in the immediate vicinity of the fissures. Plate IX, B 
(p. 621, previously described, shorn some of thwe cdcite gash veins 
particularly well in the more massive member in the center of the 
view. At thie oubxop, which is a short distance below camp August 
4 on the. NoatakJ the longer mia of the elliptiual cross section of the 
veim atands nearly vertical and the different veins me arranged en 
echelon. 

Calcite is pmticdy the only mineral in them veins. It occur8 
in many ~~t forms, from separate crystals an inch or more in 
length, ha* perfect rhambohedrd outlines and open spaces 
between the crystals on opposite walls, to &&grained marble-like 
masses completely filling the vein. In a few veins s little quartz 
has been found associated with cdciw, but it is generally in amall 
amounts. Sulphides occur but sparingly in the cdcite veins, though 
in some of tho brecciated limestones there has been sulphide min- 
erdieation that is 80 associated with calcite that the rock superficidy 
appeam to be a calcite ~ e i n .  Native gold is not known to occur in 
any of the calcite veim in the Noatak-Kobuk region, North of 
Nome in Seward P&da and in the vicinity of Chicken Creek in 
the Yukon-Tsnana region gold has been found in calcite veins. It 
b not known whether ths veim are similar in or@ to those in the 
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Noat&-Kobuk region, but it i~ believed that as a whole the cdcib 
veins of the ga& type do not warrant exploitation as l o d e  and also 
did not afford any notable amount of gold for the production of 
plaicrere. 

O ~ G I N  OF THE VEIN MATEEIAL. 

The source of the vein material in the two types of veins h o r n  to 
carry valuable minerals, namely, the older and certain of the younger 
quartz veins, is as yet undetermined. So far no connection has been 
traced between any of these types of v& and the igneoua intru- 
sions. The absence of definite proof, however, doea not preclude 
the possibility of euch an interrelation. It is an hpTtant  ques- 
tion to determine, for the distribution of the veins depends on the 
geologic history, which is therefore a matter that ~hould be closely 
investigated in the field and the conclusions th.aroughly testod. 
The p n a b n e s  and assoc.iated schists show some sulphide min- 

erahation of a disseminated type that may have beon brought in 
during &e intrusion of the rock from a deep-seated source. Tha 
amount of thia mineralization, however, seems to be very slight. 
Sulphides are also found in iatruaive rocks at the Noatalr Canyon, 
but only in scattered grabs, and the mineralizing effect do= not 
seem to ham extended far beyond the immediate contact. In the 
regions mupied by granite a little sulphide mineralization was 
observed. It was go s m d  in amount, however, that save for a few 
scattered brown oxide staina on the mck it would haw almost 
escaped detection. No sulphide mineralization in the remnt brtsalta 
has been recorded. 
It hbae already been suggested that the Iillinga of c e r t h  of the 

quartz and calcite veins which occur in irregular gash- have been 
formed during or at the close of the dynamic metamorphism of the 
region. In this type of vein it is believed that the filling has been 
derived from the contiguous rocks and has migrated into the open 
s p m  where it h w  been deposited. If this interpretation in correct, 
it seem probablo that these veins, though of widespread distribu- 
tion, hold out little promiso of being comercdly  valuable. 

BUMMBRY OF TBE GEOLOGIC EWTORY. 

Fren the preceding dacription of the ~srious mcka and depoaita - 
&at have been recognized, together wi th  the not- on their s.tructuma 
and relative qea, the geologic history of the region may be i n f d .  
Rowever, as the reconstruction of these Werant  stages in the history 
are not obvious ta all, an atbmpt wiU be made in the following 
pages to  giv0 a conmcutiva stakment of the various mat& that are 
believed to ham occurred in the Noatak-Eobuk region. In this 
s n m m q  much of the evidence on which the s u m i o n  has been 
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determined hsa been omitted aand &odd be aought in the general 
d d p t i v e  portion of the rep&. In order to avoid too much repe ti- 
tion some of the statements haye been made more d M t e  than the 
facts at hand warrant; for instance, the Bergmm group is regarded 
ras Upper Cretmeous, though, as explhed on pages 86-87, this deter- 
mination is not proved by fossils nor exaet ~trtbtigraphy but ia based 
on several assumptions. The following etahments should, there- 
fore, not be considered independently from fie fuller evidence pre- 
aented in the emlier portions of this reporb. 

The earlieat event recorded in the region was the deposition of cer- 
tain of the tlnd8erentiated schists aa sedimenb probably sinzilar in 
all mentiat mpects to the smda and muds that are being deposited 
in the sea at the pment t h e .  Subsequently thma deposits were 
consolidated, possibly undergoing various elevations and d e p m  
sions so that ooccasional breaks in the depositional c ycIe may have 
o c c u d .  Veins of the older quartz vein group were found in the 
rocks. A pronounced period of doformation then ensued, whereby 
the mck~ were shearad and rendered schistose and a e c o n d q  m i n d a  
formed. Thia mountain-built mass was then subjected to erosion, 
stream and other denuding agencies beginrung to c q  away mate- 
rial from the highlands m d  to depoeit it again in the sea. After 
thie process had contjnued for a considerable time the region was 
submerged and some of the undfiraatiated Limestonee were deposited. 
Owing to  uncertainty as to  the ags of tbesa rocks, it it ispossible 
to state the time of this dspresaien and as there wae probably more 
than one p & d  of limestone formation the history of this part of 
the geologic sequence i~ obscure. 

During the deposition of the earlier undjff-htad limeetenw 
there appear to have been igneous intrusions marked by the prw- 
ence of the w n s b n e a .  These have been subjected to profound 
deformation and seem to be older than the r n h  mass of the undif- 
ferentiated limwtonas and were formed apparently at the dm of 
the early groat period of mountain buildiag. A period. of green- 
stone intrusion has been rmognized in many parts of Alaska-in 
Sewand Peninsula, in the Koyulruk basin, in the Yukon-Tanana 
region, in. the Copper River region, and in the Kaiyuh Hills. The 
evidence fmm t h a e  places does not dord conclusive proof aa to the 
time of the intrusion, for in S e w d  Peninsula the greanstonea cut 
limestones of questionable Devonian or Carbonifmua age, in the 
Yukon region the greenstones are Devonian, md in the Copper River 
@on and in mothemtern Alaaka the in&maion WM Carbonifems 
or ,rater. 
In the M i p i a n  t;be region was agajn one of deposition and 

the Noatak sandstone and Lisbume limestone were laid down. The 
fad contenh of them two formtations show that the rocks were 





sssenthlly contemporaneclus, but tho deposition continued for a long 
time, as is shown by the great thichesa of strata c o m p h g  these 
forumtiom. The presence of %assic &oat shorn that deposition 
was more or 1- continuous into the Mesozoic. Thnt there were 
intemptions is probable, for the Rimsic is Upper T r i m i c  and no 
P ~ y l v ~  nor Lower or Middle Tritbssic is known, 80 that the 
region may h a v ~  been an m a  of erosion during that time. 

After the consolidation of these sediments another period of moun- 
tain building ensued, in which them rocks, together with the earliar 
8chta, were folded and faulted and probably lofty mountains were 
formed. Erosion again began to attack the region, Its wew down 
tbe hills, to rsmove the materiah and to fom depoaita in ouhido 
B T W .  

No records of the events in the middle Mesozoic are preserved 
unlaas portions of the Koyukuk group in the Zane  hill^ and the 
igneous rocks aa4ocia.ted with the known. Lower Cretaceous limestone 
were formed in this period. It has alresdy been ~uggested that from 
analogy with other parts of Alaska such an assump tian is reasonable, 
though unproved. Following tho early basio effusives and intrueions 
there ware wide~pread injections of granitic rocks. 
In the h w e r  Cretaceous tho only definite fact is that limestones 

were deposited. Fragwmtal ~olcanic ojecta and %om are a p p w  
enfly closely associated with them rooks. As may be judged from the 
gaologic history of near-by portions of Alaska, pronounced deform* 
tion and furthsr volcanic effuaion closed this period. Thia resulted 
in a comiderable part of the region becoming land subjected to 
emdon. The material removed from this land was deposited in the 
aea that probably sxisted south of the Kobuk. Gradually the region 
sank and the Uppar Cretaceous depwih encroached farther and 
farther on tho land, possibly oxtending continuously from the soutll- 
ern to the northern margin of the mapped area. Thousands of feet 
of strsta were deposited during this period, which probably extended 
from the Upper Cretaceous into tho Eocene. 

the dme of thin perid of deposition the last great period 
of deformation emued. The present major topographic; featurea 
wera produced, though the rnounti+ins mere probably much mom 
lofty, and tho details wero far diflrrent from those seen t d a y .  
Probably it was during this periw1 of mountajn building that the 
already foIded Mississippian rocks were still more deformed, and 
the ~econdary structures, such as those shown in Plate XK, may 
have been prodncsd. The absence, however, of evidence concerning 
the relations of the Cretaceous and Mississippian makes the time of 
formation of the cleavage indehite, and it is poesible that the lateet 
stmetwe &own in these views was producml during the pt-Mfssis- 
sippian deformation noted above. 
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F h m  that time on the region has been land and haa been under- 
go& almost continued m i o n .  The only mmkd in-ption to 
tbia..procesa was the effusion of the recent baadts, which pmbabIy 
begm late in the Tertiary m d  extended down almost to the present. 
These effmioos appear to have been spasmodic and to ham taken 
plam in a number of separated meras. The lavm flowed into the 
1owZands of the existing topography and by their resistanca in rnmy 
places have preserved thme surfaces from further erosion until the 
lavm themslvas had bean removed. It is for thia reason that many 
of the chwmters of that old land surfaw may be determined by the 
gcsttered patch- which in favorable localities have been preeerved 
under the lavas. 

While the lavas wee  being pawed out in the lowlands, emion 
was still active over much of the m a ,  and the h i g h l d s  were Being 
mom and more degraded. Movements of the mrth's crust without 
doubt also took place, but these were broad regiOnal uplifts or dapr~&- 
giam rather thm sharp mountain-producing flexures. 

After erosion, deposition, and lava effusions had been in propem 
for some time, a change ensued wherehy glaciers were formed in the 
mountaim. Many of these glaciem were large and extended for con- 
siderable &tan- down the pre~ously formod main valleys. So far 
as known, howaver, all of them were distinctly of the valley type, 
and they did not form huge ice aaps mantling all the country, as did 
some of the now vaniehed ice sheeh in the northern United States. 
To these ancient glaciers must be attributed tho formation of many 
of the most prominent of the preaent-day erosional and depmitiond 
features. 

Concerning the late geologic events, the following account of 
observations in southeastern Seward Penin~ula ' gives a general idea 
of the conditiom observed in tho Noatak-Robuk region: 

All this time deposits of glacioflu~tile, fluviatile, and marine origin were b b g  
formed in ths a m  not occupied by the h, whom the conditionn were fsvop~ble. 
LBrs flow6 may also have occurred at this gsme time jn the areas not occupied by 
the iee . 

With the claw of glacial conditions oecillatha of the crust s W  to those pm- 
ceding the period of glaciation again b m m e  evident. It f not intended to imply 
that them willations ceased during gh iaI  %a, but fhe evidence is so o h u d  
that the movemenw wem not recognixed. The general m l t  of these poetglacial 
npIlfte haa been to miae the re* mawhat ~bove the relative poeiticm it occupied 
during the Pleistocene. Apparently, however, the rmm of the recent u p w d  mave- 
menta haa not yet qnaled the sure of the earlier downward mowmate, so that the 
0mrs of many of the I q e r  atrearm ate atill below ma, level. The genml recent 
uplift L a h m  in the rwk-walled ehallow canyons in which many of the m s  
flow. 

Although the I*- T- to Reoent movemembs have bemi d d b e d  ae- redm 
m certain general mditi~~, it uhould be dhactly underetood thet them mow- 
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mmb wew Bnch that while deprpssim wm ta*g place in one part of the region, 
uplift may have takm place in another. Hence it appearn that deposib at the aame 
elmtion abve  or below IWB Ewe1 are by no meane synchrmoue and may be entirely 
unrelated in origin. Comtcmporsneity d the wadom depsits can only be deter- 
mined by d l  and detailed inveatig&tiom of the region. Znsrrmuch as many of 
the problems of economic importance are coanwted with the correct cornlatian of 
the diffemnt depoait.8, it is necematy that such currelatione should be aenrchingiy 
inmtigated and not be based on superficial exsminatiw or upon apparent similarity 
of factor8 h b w n  tu be variable. 

ECONOMIC UBOLOaY. 

EIEXZRBL FEATUREB. 

The Iargm part of the Noatak-Kabuk region is mexplored, md 
even in places that have been Pisitad by prospectom m d  miners little 
is really known about the minerd resources. ln spib of this fnct 
gold placers, gold and copper lodes, and deposits of nomotdliferoua 
minerals, including coal, have been found and partly developed. 
These deposita occur in many ptmta of t h e  region that have been 
studied by Survey geologists. It is proposed to set forth in these 
papea the facts learned aboht the Merent  occnrrences and the 
suggestions and inferences drawn from them m to the conditions 
under which the deposits were formed. It is believed that in this + 

way the record will be of service not only in describing the present 
etatus of the mining industry but &o in pointing out the places 
where further prospecting or explorstion is Likelp b bring r e t ~ m s  
and in indicating are= that are dissimilar to the known productive 
ragiona. In tbis description the northern psrt of Seward P e k I a ,  
included on tbe geologic map (F'l. 111, will be omitted, for the minerd 
rmwrces of that region have already been treated in a publication 
of the Survey by hloffit,%hich shwld be consulted by those inter- 
ested in that district. 

WW PU(JER8. 

Aurifemua gravels have been reported in many parts of the Kobuk 
baain, but in only two rej$ona haa there been any no table production- 
the Shungnak region in the central part, and the Squirrel River 
region in the wss tern or lower part. Mining in the Shungnak region 
has been carried on almost con t,inuously since 1898, but in the Squirrel 
River region the discove y of placers was not made until the f dl of 
1909. There are geologic grounds for believing that much of tha 
area between these two camps may subsequently prove to contain 
auribemns deposits, The economic conditions imposed by the geo- 
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graphic position of the Kobuk region, howemr, have exercised and 
must always exembe a control that wiU prevent working depoaite 
which in a d d e r  climate and in more a c 4 b l e  regions could be 
succsssfu3ly J r e d .  AIthohgh it is probable that the present high 
costa may be in part  dmremed aa the region becomee more- opened 
up, the long distances that auppliea must be carri~d, the frequent 
hmdling of freight required, m d  the short seaaon available for water 
trmspo~tation 8nd surface mining are unavoidable. 
The general gaologic conditions in both the Shmgnak and Squirrel 

River regiona are similar. In the former region glmktion waa mbch 
mom pronounced in the pmt m d  it undoubtedly affmtd pEmr 
accumulations to a more marlred axtsnt. The area of the more 
minerdized roaka i4 1w in the Shungnak region, but the lower part 
af the Squirrel River region is more extensively covered with outwmh 
deposits. At both lmalitiea the gold in the plwera appears to be 
near ih bedrock source and seems not ta have been transportad far. 
AEI a mg~llt the rich ground is more or less irregularlg d i s t~buhd and 
the &nor ranges within wine extremas. 

The main placer developmenB in the Shunpk region are on 
thorn streams heading in or flowing fhmugh the Cogmos H&, namely, 
DahP Omk; Riley Creek, a tributary of KogoIuPrtuk River; and 
Shungnak River. When visited in 1910 there were only 10 to 12 
miners in the whole region, so that the production was smd.1. 
Mthough no accurate statistics are available as bu the production, 
it %I doubtful whether Sf00,000 in p l d  has been taken fmm tha 
p l w m  in the 10 to 15 years that they have h e n  worked. 

DahI Creek is a stream 8 miles long, the lower 8 miles or so of its 
coum being t h g h  the ICobuk lowland, tha middle 2 to  3 mil& in 
a n m w  rocky gorge, and t he  upper mile or two in a rather open 
valley. The placers that have h n  worked are locatad near the 
southem face of the Cosmos Rills and in the central part of the 
valley, where the junction of threa t3maU streams with Dahl Creek 
hm made a small flat. During the time that the Survey party was 
in the region no work was in propew on any of these daims, but 
mining had been carried on earlier in the season at both places, and 
h d  been in pmgrem for several yeam in the past, 

The bedrock under the unconsolidated deposita here ia blmk slate 
and achist with numerous mall veins of quartz and in places some 
sulphide mineralization. The bedmk breaka into rmtangul a blmh 
of small size m d  the joint faces are commonly irsn-stained. The 



dominant atrige is wrtm the creek, and thus the rock make good 
sea for catching the gold. The dope of the bedmck mrface is 
rather low, so that some di0iculty is experienced in disposing of the 
taihga from W g .  Near the lowar p u p  of claims schtose eon- 
glomerate outcrop but do- esnot form bedrock under the productive 
placers. L-tone occurs near the placer ground in the middle part 
of Dahl Creek, but although float from this m k  is found in the 
gravels it does not come down as ftu as the creek and does not form 
my of the aurfaca on which gavel mumulation tookplwe, Igneous 
mcks of a dense texture and greenish, glmy color wem noted upstream 
from the plmera, but though these rocks have furnished many of the 
bowlders in the placm, they do not seem to have been connected 
with the minerahation and did not contribnte valuable minerals to 
the p l ~ e r a .  

Only the creek gavels have been mined on DaM Creek. These 
average about 4 feet thick. In some places theb thick= is only a 
foot or ao, but in others it js as much aa 8 feet. Holes sunk on some 
of the low bench- on either side of the streem haw sham unconsoli- 
dabd depmits 15 feet thick. Practically none of the stresm gravels 
are pmawntly frozen, but some of the low benches that have been 
pmpechd are reported to be in h t  condition. 

Tho graveIs in the productive plscem are of the normal creek type, 
consisting of well-rounded pebbles with ody a small amount of muck. . 
Large, somewhat angular bowlders, most of which are of IocaI deri- 
vation, are numemrrs in the gravels and cause a good ded of trouble 
in the mining operations. One of these large bowlders a short dig- 
tsnce bdow the placers, near the southem face of the Cosmos Hilt, 
m& 14 feet in length. It was made of the shearod conglomerate 
and had not been transported far. Many smaller bowlders occur 
directly in the pay gmvels, however, and it has been neceEJsapg to 
blast them out of the way. 

The pay gravels differ in no essential mpmt from the overburden. 
They axe U S U ~ L I I Y  from 1 2 feet in thickness and practically all the 
gold lies in and on the b h k .  The distribution of the auriferous 
gravels is very irregular and it has bean impmsible to successfully 
trace any mntinuons pay streak. The gold mcum in pockets, 
which, when exhaused, give no clue as to  their relation to other rich 
spots. Such a distribution seems to indicate that valuable minerals 
were either laid down more or 1-9 eoenly and then dispersed by a 
change in the discharge of the creek or else t.hnt tho gold was origi- 
nally deposited by a stream having strong ~arintions in transporting 
ability. 

Owing bo the irregular distribution of the gold the value per wbic 
yard is of almost no &gnificanc~, %%en a rich spot is found SBV~P&~ 



hundred dollars may be taken out in a few days, but st other timw 
only a dollar or m a day can be made. Fqures for the tatd produ+ 
tion are also unsatisfactory, but they give a more accuurab estimate 
of the value of the ground. The return are not complete and prob 
ably exaggerate the amount of gold recovered, but they are an indi- 
cation of the she and present imporhnae of the creek. According 
to the return of the &em, in no year luw Dahl Creek produced 
more than $10,000, and probably half this smount js nearer a correct 
astimate for the average production during the past six yeam. If 
this a m p t i o n  is correct, not ovm $30,000 has been taken from 
thia creek since ih discovery. 

Only a 8maU amount of Dahl Creek gold waa studied, so that a full 
d d p t i o n  is not available. The gold examined from the upstreem 
group of plmem was reddish to bramyellow in color. The pi- 
were small and some were distinctly spongy snd had fairly s h q  
outlines, as though they had not been transporkd far from their 
place of origin. Some wire gold wm also seen but was notably rare. 
Nuggeta of considerable size have a h  h e n  found in this part of 
Dahl Creek. One of thsse wtw seen that had s gold content worth 
about $65. It was a fairly well-worn piece and had 8 considerable 
m o ~ t  of m-h- quartz 8 t h ~ h d .  In 1911 B large 
flat piece of gold worth over 8609 was found near this place. h a y s  
are reported ta have shown the gold to be worth about $18.20 an 
ounce. 

Among the concentram from DaH Creek placers magnetite ia the 
most abundant m i n d .  There is also a amall amount of chmite ,  
some of the piecaa being a foot or so in ~iameter. Garneb are almost 
entirely absent. The occurrence of native silver in the concentratee 
has been roposted and piecm nearly an inch in diameter have been 
examined.. The silver smms to be particularly free from admixturn 
with other mete1Lic minerals, such as copper or lead; a amall amount 
of dmim, however, was recognized by blowpipe examination. 
No midence wm s ~ u d  as to &e source from which the silver m a  
derived. 

Mining Ea carried on by pick-anddove1 methods and the gold i 
won by passing tho g ~ a ~ e l s  through sluice boxes of whipsawed lum- 
ber. Owing to the high transportation chargea machinerg would be 
expensive to install, and owing to the charaekr of the graveb and 
their tenor few mechanical dovicea could be succdully opembd. 
Short ditch= provide the necessmy head for ~ldciug, and there is 
almost always adicient water to meat the demand. 

From the physical ffaaures of the gold and the distrition and 
other charactera of the auriferous ~Iluvium it seema probable that the 
gold has been derived from places within the Dabl Creek basin, q e -  
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dally from the m a s  occupied by the bhck slates and schish. It is 
bliaved that the gourca of the mineralbation is the q m r b  v k ,  
which are so abundanl; in ~ formation. 

Some prospect hoIa have been ~ u n k  new DrrM Creek close to the 
southern front of the Cosmos Hilh or the northern margin of the 
Kobuk low3and. The returns have, however, been hmfficient to 
warrant development and the holes have been allowed to cave, so 
that it wag impossible to examine rt section of the gravels. It was 
reported by prospectors that the bedrock surface slopes southward 
at a high angle below the lower cabins, 90 that h f t s  even 40 feet 
deep faded to reach bedrock. In this lower part of Dahl Creek the 
stream flows though t he  unconsolidated deposits of the Kobuk low- 
land. The absence of any shallow placers in this part of ib course 
seem to indicate that the upper part of the gravels of the lowland 
area does not contain sufficient gold t o  form economic deposits where 
subjected to the sorting of such streams as Dahl Cre&. 

Spafsely disseminated colors of gold have beon raported from many 
parts of tho  Kogoluktuk basin, but the only stream on which placers 
have been minod is Biley Creek. This is a tributary fmm the west, 
heading against the Dahl Croak &vide and Rowing h t  north, then 
aast, to join the Kogoluktuk. Placer ground has been m i d  in a 
dasultory way by parties of one to  three men on the hmdwaters of 
this stream ainca 1908. h h h g  was in progress here when the region 
was visited by membm of the Survey in the early part of Aluguat, 
1910, but m n  afterwards wrrs abandoned for the season. 

The placers wur in a region of bIack ~lates, limestonm, asd e few 
i n b i v e  ignmus rmks. The badrock is similar to that of the placers 
on D d  Creek, except that b a t o n e s  aro much more numemus. 
Evidences of deformation and didocation ars pronounced and the 
stratigraphic succession of the rocks has not been detmmined. 
Quartz veins jn the black slaw that form the b&mk under the 
ground that has been worked are particularly numemus and are 
believed to be closely aaaociahd with the form~tion of the pro- 
ductive placers. 
h the placers typical stream gravels are prmticdy ahen*. Sec- 

tions  how angular slide and shghtly worn uncomolidatd deposh 
of local o w  in which are irregularly dietributed bowId~m from 
outside basins. Mmt of these foreign bowlders are of large she and 
are m a y  of igaeoua ~ o c b  belonging to the greenstones m d  wo- 
ciated typw. They are usually well worn and probabIy have been 
brought into their present position by the combined action of ice 
and water during Ithe closing stag@ of the glaciation of the l o w h d  

31'-BulL 63&-1L9 
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north of the h m w  Hills. Although thase greenetone bowlders are 
found in the placers, they are in no way mnnmted with the origin 
of the gold, and their distribution, except 8s marking fomm glaciw 
fiuviatile.conditions, i~ of no economic ~iffnXcance. 

The :old occum mainly in the crevices of the b d m k  and in the 
angular unconsolidated material lying on top of the bedrock. In the 
part of the depoait that is mined large bowlders are 1- nummw 
than in the upper 2 or 3 feet, but there &re many bowlders even in 
the pay streak. The whole oharecter of the materid in which the 
gold ia found j, more like that of residual placem thm of ordinq 
crmk placers. 
The slight amount of transportation that the ~ U T ~ ~ B M U B  material 

has undergone is also indicated by the shape and quality of the 
gold. Practically d the piecea examined were sharp and angular 
and many had small particlea of quad2 attached. No large aug- 
geh have been reported from thae claims. Pieces worth up to 50 
cents were seen, and a few worth as much ~ $ 2  to $3 were reported. 
The gold was bright and in an average sample the piecss were worth 
from onetenth cent ta 2 cants each. The individual particlm sre 
~pongy and aonaequently appear to one used to  the usual run of 
placer gold to be worth much more than is actually the case. Ths 
pracke assay value of the gold was not learned, but i k  was undershod 
to be about $16.25 an ounce. 

ilccurate eatbates of the total production am not available, but 
fmm the amount of ground that has been mined during the paat 
three yem and its repoded tenor it is believed that not much more 

- than a thousand dollars a year in gold has been won. 
Mining costs ars high and the Riley Creek placem me unfivorably 

eituated for sconomic development. The two greatest obstaclw to 
cheap mining are absence of a mfficient water supply and the pres- 
ence of Iarge bowlders. me latter trouble, however, is not so seri- 
ous as the lack of water, for few of the bowldera are 80 large that 
they can not be roZIed wt of the way by bmd or be gattan rid of 
by undeminbg. Practicdy the only water avaiIabIe is derived 
h m  the malting snow on the north-facing slope of the DahCRiley 
creek divide. Furrows paralld with the contour have been dug on 
the hill slope to coUect the surface snd  hallow seepage water formed 
fmm the malting snow bmka. From these furrom the water is 
led d m  the hillaide and impwnded behind ra sod d m ,  whence it 
Is led by a ahort ditch asnd hydraulic hose to the sluice boxes. So 
slew is the collection of water that under fworabls condition8 it 
takes about 3+ hours to collect enwgh for I# houm sluicing. No 
water, of course, can be wsstd for gtoundsluicing. Even shoveling 
into the duice boxes can only be camid on for  four or five periods a 
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day. During wet wather, of course, the reeervoir fills up more 
mpidly and so relatively longer periods of duicing are possible. 
After the period of sluicing and while the dam is refilling the 

miners bwy deming away the large bowlders and getting 
emerpth'tng in readinem f o ~  the next time that the water can be 
turned on. The large bowlders mtrs not cleaned but are simpIy 
rolled onto the already worked out part of the claim. In order to 
use the water dwtively, the sluice boxes are made only about haw 
the ordinary width and were formerly set on a pitch of 1 inch in 12 
inches. Subsequenhly, however, a pitch of 1 to  15 was adopted. 
The Riley Ckwk placers that have been worked seem to derive 

their gold content from ths rocks exposed in the immediate vicinity. 
They are eo situated that they have no adequate water supply and 
bowlders we 00 numerous that the placer can be developed only at 
p a t  expense. Farther downatream, where the water supply might 
more nearly meet the demands, the presence of thicker o~m1ying 
deposits and large bowldem is to be sqmted. !The abaence of espo- 
cidy affective sorting in this part of the basin suggests that placers 
wil l  be of distinctly local importance. The whde Kogoluktuk basin, 
BO fm m indicated by the conditiom on Riley Creek, seems to promise 
only localized placervr of irregular distribution, workable as pocketa 
rather than as extensive deposits. 

Placer mining. on Shungnak River has been carried on for a mjle 
or so below the n a m w  canyon by which this stream traverses the 
Cosmos Hills. Work has been in progress here during the open s a b  
aon almmt unintemp tedly gince 1898. Only two or t h e  parties of 
three or four men each have attempted mining during any year, and 
in 1910. only one placer camp of one whih man and two or three 
nativea wa4 in operation. The use of native labor is an intermting 
exp&mt and, although it is reported that white men can do more 
work, the wages paid the natives (about $4 a day and board) are ao 
much lower that the diflerence in eficiency is compensatgd for. 

Bedrock in the productive part of the rivor is mainly black date 
m d  achist, but other sedimentary and igflgous rocks occur at no con- 
siderable distance from tho placere. Limostones occur near the h ~ d  
or northern end of the canyon, but are not closoly awociahd with the 
deposits of auriferous alluvium, The igneous rocks near the placer 
mines are camposed mainly of serpentine with scattered particles of 
magnet&! and are of a dark-green color. These rocks h&vo been 
sometimee mistaken for jade, and it is probably owing t.a this error that 
the whites ham reported the name "Shungnak" to mean ''jade" in 
the native lmguage. 
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Most of the mining haa been done near the southern fam of the 
Cosmos Hilh, where ~ m d l  data permit turning the stream aside by 
wing dams. Tha gr&ve]s mined am usually nhallow. The upper two 
fmt or 80 jB atripped off and the lower part only in put through the 
sluice boxm. The overburden is made up of typical river gra~els 
with thme lsrge bowldera irregularly distributed throughout. It is 
not known whether the -rraUey of Shuqpak Xiver through the Cosmos 
I%& waa at one time occupied by ice, but it is certain that glacidly 
eroded and transported bowldem h ~ e  been brought in by glacio- 
fluviatile action and form part of the reworked material, of the 
unconsolidatad deposits. 

The pay gravels are rather irreguIarly distributed and mining 
therefore haa been in the nature of pocket hunting in thw places 
where the water could be handled. The p v e h  are unfrozen and in 

measura this i a dbadvantqe, ae much wakr seepa into the pits. 
During high water the miners are sometimes driven out of the work- 
iup, The gold ia found in the lower part of the unconsolidated 
depoeits and h the crevices of bedrock, especially where it is Mack 
alate. 

Moat of the goId found in the p h m  of the Shuagnak is in mall 
piecm worth from one-half cent to 3 can@, but nuggeta worth up to 
about $40 have been found, although they are by no means nnmerons. 
The gold is reddhh, and although not maty it ie not bright snd a h y  
but bas a dead luster. Its assay v&a is reportsd, to be $16.70 an 
ounce. T h e  form of the gold is very chargck&tic and ia distinct 
from that of the gold from any other pad of the Shungnak region. 
The little pi- look Ziko shot that have been flattened under the - 
hammer, and t h  form h aornetimes gpoken of by the prmpectom as 
"pumpkin seed)' gold. 

Magnetite is by far the most abundant m i n d  among the con- 
centrates collected with the gold and is probably derived from the 
bwic i n t m m ~ e  dikes which cut the metamorphic rocks. Garnet, or 
so-called "ruby," is ahnost entirely absent from the gravels. S m d  
nuggets of copper and also of silver are sometimes found in the sluice 
boxes. %me of the dver nuggcts am nearly an inch in diameter 
and contain but very amaU amounts of other met& ae impurities. 
No clue aa to the origin of the silver was obtained, but the copper 
nuggets were probably derived from the copper sulphide impregnated 
zone near the limestone-schiat contact, an example of which will be 
dwmibed in more dotail an pages 147-150. 

Statigtics of the production from the Shungnak River pfacem have 
not bean kept and estimatee prepared by intereahd parties are not 
reliable. I t  is improbsble that the annual production amounh to 
more than a few tl~ousand dollam in gold, md a liberal figure for the 
totd production from this river would net be more than $50,000. 



The dwdopments in the Squirrel River region have been sm& 
and although gold prospects are said to have been found on eight to 
ten tributaries, when the region W P ~ B  PLBikd in 1910 mining was in 
progress on o d y  one of the streams, nameb, a e r y  Creek. That this 
is the ody place where pmducti~e placer ex&& i improbable, for 
conditions analogous to those on Klery Creek me reported at aev- 
erd other places jn the SquirreI River basin. With further prospect- 
ing other valuable placera will undoubtedly be found. Them is, how- 
ever, the strong tendency of proepectora to hold ground on a proved 
creek and to prospect the adjacent areas olily wlren drtvcn to it by 
the exhaustion of the known p u n d  or the inability to securo claims 
on the dagixed creek. 

At the time the region wm visited by the Strrvoy geologbt not over 
60 men were at work, m d  about a third of thie numbc*. were employed 
on one claim. Capital had not taken hold of the region and there - 

were few opportunities to  work for wagm; comequently tbs camps 
were run on a partnerslrip basis and few of the rnm were equipped 
with the aupplies necewary to carry them for a year or so of unpr* 
ductive labor, such aa that invoIved in building drains for opening up 
a propsrty. Wagea wero said to be $7.50 a day and board for ordinary 
miners, but as there wars only one company employing men mid as 
&that company waa able to obtain all the help it needed at 55 a day 
the abovo figurea are mom or lms fictitious. Though the Iabor con- 
ditions will undoubtedly change if the camp proves succsasful per- 
~ o n s  should be warned againat  going to Squirrel Riwr if they have 
nothing but wagm to depend upon. In 1910 there was no chmce of 
employment far more than a few men, and without supplies or funds 
any venture would be unsucces~ful. 

* 

Furthermore, the usual wholesale staking of the r e o n  has tied up 
much of the available p n d ,  so that unless the prospector goes 
mme &tame from the productive creeks his chance of obtaining a 
claim by original location is ~lkh*. One is compelled to go a con- 
siderable distance from the proved ground or else buy or obtain a 
lay on a recorded claim. Any of these cboicea entails additional 
experwe, which the prospector should be prepared to meet. The 
unjuatneaa of tbe ~ C e n  is wel shorn on merg Creek, where 64 
c l h  have been recorded above the Discovery claim and at least 
20 below that point, and yet  there is no work being done on more . 
than ten of the claims and of theae probably not more than four or five 
produced a thouamd dollars during 1910. This statement is not 
intended fo diecowage prospecting but only to point out the mall 
smwnt of work redly in progress. 



The akehh map shown in Plata XV, compiled mainly from reporb 
af prospectors, shows the eastern part of the Squirrel River basin. 
Although it has not the name dogroe of accuracy aa the other maps 
accompanying this repork, it show the general arrangement of the 
streams, the approximate distance and direction between places, and 
the areas where auriferous gravel8 have been discovered. 

DmcripEim of o p m t i m . - K l e r y  Creek was the only stream on 
which mining wm in progress in 1910, and m two or three claims on 
this stream were seen in detail a dacription of ite placers d l  be 
given. It should be borne in min$ that the general conditions at 
the placers where mining is being dona are likely to ba' the same st 
similar places throughout the field, so that the facts learned by 
mining on one claim are helpful h the undmtarrding of uuppros- 
pected ground. 

The most acti~e work was in progress near the mouth of a emall 
tributarg, Jack Creek, a short distance ahm the Discovery claim. 
At this place there is a rock-cut gorge with a gravel+overed floor 
abou t 150 yards wide. On this floor the stream formerly followed the 
emtern side, but in order to d o w  mining the ~tream was turned ta 
the other ~ i d e  by a roughly constructed darn. Owing to the oxcep 
tionally rajny season of 1910 the ~treram was abnormdly high, and 
thrw t h e e  during tho summer the d m  were completely wmhed 
8 w ~ y  by the floods, some u£ the sluice boxes with tho gold in them 
being recovered only with difficulty. T h e  upper 12 to 18 inches of 
gavel in, tho bed where the stream bas been turned &side is removed 
by shoveling and the larger bowlders are either rolled behind the 
miners onto worked-out ground or are pulled out of the way by a 
team of horsea. Thb stripping ia done rapidly and is carried down 
to a point where the gravels show some '"sediment" or h e  mud 
that coats the well water rounded pebblm and fib the interatica. 
None of tbis aurfaec material ia put through the sluice boxes, aa 
repeated kuperiment has shown that it contains practically no gold. 
Between the upper foot or foot and a half of gravel that, is stripped 
off snd bedrock is a foot to a foot and a half of gravel in which gold 
is obtained, These gravda are typical river wash, but have been Iess 
recently handled by tho stream thm t'hms above them. The lower 
gravels, together with the upper 6 inches to 1 foot of disintegrated 
bedrock, are put though the ~luice boxes and it h from them that 
the gold is won. 

Bedrock on this claim i moetly gcbt, but on the lower end of the 
daim and c o n ~ u i n g  down~tream on the next adjacent claim b 
s massi~e, much-fractured, and contorted bluish-white limestone 

, 
standing at a Zugh angle and cutting the creek transveresly. The 
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m b t  ehowa mmy d 8 m t  p h m  on the working claim. In past 
it ia 8 dark graphitic slaty schiet with numerous small veins and 
atringers of quartz. Ths bands of this whist me not more than a 
few feet in thiclmw and are interlaminatad with somewbat cd- 
c m u s  and quartzose schists, some of which are rusty yellow in color 
owing to the dea,rnp&tion of eame of their constituents. Tbe iron 
m i n e d  from which this limonite had been derived could not be 
determined, but it was probably in part, pyrite. In at least one place 
on the claim a narrow band of Ihestone interlaminated with the 
%hist was s e a .  From t.Ki ddescription of the badrock it ia evident 
that litholagically the rocks are similar to those in the richer parts of 
the Nome region, in tho Iron Creek baain, in the Kougarok, on Oph'r 
md Meleing creek near Council, in the Solomon and Casdapega 
regiom, and near Bluff. Tbis resemblance is further strengthened 
by the rslation of the scbieta to the heavy bluish-white Iimestones 
at all &me placm. 
Several hundred ounces of gold from this claim were examined and 

the cmmeneas of the p i e c . ~  was remarkable. Practically no.&& 
gold was f o u ~ d  and few if any pieces of tho gold rmovered were worth 
less than one-half cent. Several nuggets worth $25 to $50 have been 
found, arid whila the writer was on the ground one nugget we ighg  
nearly 7 ounces and worth about $125 was picked up in the gravel. 
In form the gold from t , b  c l h  is chunky or in nuggets, but a little 
wire gold was also seen, though no flaky or scaly gold was observed. 
The gold is dark, but almost never black, and shorn few signsof recent 
movement. Although somo of tho corners have been rounded, it 
dtm not in general a p p w  to have traveled far. In fact, many piecee 
m lsharp and angular as though but rmentIy unlocked from the 
parent ledge. Some of the nugptn have pioces of the country rock 
still adhering to them. The most abundant mineral attached to  the 
gold is quartz of the same physicd aspect as the quartz in the at- 
and lenses in the acbist. Black graphitic daty s c b t  is also attached 
to the gold in some of the specimens, and the way in which the gold 
f o m  flamenta in this rock shows indisputably that aome of the 
placer gold htw be& derived from this kind of country rock. 

Estbatea of the productivane~ of this &round me of small valug 
for the nuggety character of the gold makea the tenor range between 
wide limits. It is reported that over 190 ouncm wore cleaned up 
from about giX box lengths shortly before the visit by the Survey 
geologist. At the time of the writer's visit a dean-up of 120 o u n w  
was made from about 4+ box lengths. This is equal to a bedrock 
surface of about 600 square feet, so the production horn this cut was 
nearly $4.60 per gquare f o o t  of bedrock. As a working force of 15 
men were ablo to strip and shovel into sluice boxes this amount of 
ground in R little over a day, i b  is evident that t b l  work ia immenmly 
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the gold it is belimed that it htba been d e ~ ~ e d  from near-by source8 
rrnd has not traveled far, 

Midway between these h 0  C~&S the gold k of MI e n h l y  dif- 
ferent character, although the general geology shows no marked 
change, except that the limestone ia moro remote and the canyon 
character of the valley is more pronounced. The gold from this 
ctaim is practically all in h e  bright acaIea. No nuggets worth moro 
than a few cents each have been recovered, though several hundred 
dollars' worth of gold has been won. The scales we d1 more or 
lm of the same size, no f our gold being men. All of the flakes am 
of a bright gold color with no tarnished nor black mating. No 
pieces with quartz or other foreign material attached were seen. 
This gold was of the typo locally hown to the miners aa "bar" 
gold and &owed by its plipim1 characters that it has traveled 
much fmthsr h m  Ithe ledge from which it was derived than that 
found either npstream or downstream from this place. 

Gold similar to hi& "bar" gold has ~ l s o  been found downstream 
from the fwt-described claim. FL is identical in all essential reepecta 
with the one just  described and PI- probably had a similar history. 
The faat that this gold has traveled farther from its parent Iedgo h 
indicated by its higher w a y  d u e .  It is not possible to  givo the 
precise m a y  value, for the aampls that was tested was mixed 
with nugget gold taken horn one of the claima fasther upstroam. 
This mixed sample, however, showed a higher gold tenor than the 
nugget gold previously quoted as worth $1 8.37 an ounce, so the 
differesce is pmbably to  be assigned ta the greater henew of tha 
"bar" goId. 

O&$m of t b  gold.-The distribution of the gold and the difference 
in the phyaical characters presented by this minard from the several 
claims in this strekh of about 2 d e s  preaent problemn of economic 
importance. It is belioved that the coarse nuggety gold on the two 
claima has been derived from near-by areas of bedrock md has not 
traveled far from ih source of formation. Possibly concentration 
hed bemi effected in e d e r  stages of the vdey development, and 
the gold ww sub~quently reconcentrated in the present streams, 
but the movement by thia process must have been relatively slight. 
On the other hand, the h a  flnky gold found downatream from the 
maa of aoame gold seems to represent the smaller, bghtar particles 
which, becaum of their size, have been cmied farther from their 
source. Such an interpretstion is malogous to the well-Emown dis- 
tribution of gold in a sluice box, where the larger, heavier p h c I m  
are found toward the head end of the box and the smaller, lighhr 
pieces near the foot or discharge end. According to this explanation 
there are several localities of mineralization cn t by Klery Creek, each 
being more or lsss dme to the areas of heavy gold, whereas in the 



intermediate r&om the 0 h a m  has not been tm clam ta regiom of 
as p a t  mineralization and the gold has h n  derived from the mrre 
upamam. 

Too little is known a h n t  t-he Fegion to determine beyondquastjon 
whether the mineralization is conked to a single zone or whethm 
there are a great number of these & e m M  zones, but from the 
n u d e r  of places where gold hm been reported in the Squirrel River 
bmin it seema probable that them am at least m v d  and W b l y  
many zones of mineralization. Further study of this importmt 
question i s  necessary, for it &wta the futum of the region. Not 
only is it important in d e t e m h h g  the probable m e n  h which gold 
plmers may be expected, but the information is dm valuable in detar- 
mining the trends of the plmr ground. b m  the experience in 
Seward Peninshla it is believed that the contact of the heavy b 
stane and the graphitic or quartzose schists is one of the most favor- 
able localities for searching for placer deposits in this p u p  of mka. 
This experience seems to be borne out in p& by the work on Squir- 
rel River, for the richest claim so far  discovered has hen near thia 
contact. That there are other places where mineralization hae been 
pronounced can not be doubted, and the prospector should therefore 
not plttce undue emphasis on the above suggestion. 

So far only the shallow creek gravels in the stream beds have been 
exploited. There am, however, bench and bigh-levd gravela .in this 
region, as weU as the broad Wmgs of the main stream valleys, which 
are possible sources of mineral wealth. None of theee older gravels 
have been prospected as ye&, and therefore suggestions aa to their pmb- 
able d u e  or character are tentative and subject to rehion when 
more inform&ori is obtained. The lower benches dread y noted as 
occurring at several differ8nt devatioas above the tribU twy streams, 
such as Elery Creek, seem to have had mentidy the same method of 
formation as the known trarifemua c m k  gravela. I t  is therefore 
believed that in the neighbrhood of b e h k  minerdbation them 
benches will be productive of placer gold. Most of the benchas of 
this character on Klery Creek had but  mall length or breadth, 80 

that only dkontinuoua deposiB resulted. Such benches, however, 
may afford rich p k e b  of auriferous gravel which would well repay 
exploitation. Many of the benches Beem to be covered with muck 
and turf, which fact m p t a  that the gravels IM frozein and 
require thawing apparatus. 

The lugher p v e l a ,  which am of wide extent and cover not only 
the lower s l o w  of the Squirrel River basin but sIeo extend h t h  
up and down the stream along the Kobuk, p e e n t  problems that are 
much more d33dt to intmpret. The origin of  the^ gravels can be 
solved only by a general survey of s lsrge m a  in the lower part of 



the K o h k  Valley, supplemented by numerous good sections of 
the deposits by means of prospect shdh. The chm~b~ter ~ n d  dis- 
tribution of these high-level gravels strongly suggest that they 
have not been formed by normal. fluviatile action. There is a pos& 
bility that they mag mark marine doposition, but it smns more 
probable that they are the ontwash deposita from ancient glaciers 
which at one t h e  ompied the more eastern part of the Kobuk Val- 
ley. If this interpretation is correct, there ia small probability that 
economically profittable placers will be found in thew gravels. AZ- 
though outwash deposits mgy contain gold, it is believed that nor- 
mally .the valuable minerals me so disseminated that, except under 
wnditions of subsequent concentration, the valuable minerals cm 
not be profitably extracted. These high-gravel plain deposit9 consist 
largely of rolled quartz pebbles. No striated fragments or other 
marks of direct glaciation were absarved. The condition of these 
gravels with respect to frost is not known. As a rule, grayel deposits 
st any considerable elemtion above the adjacent a h e m s  are so well. 
drained that they are not permanently frozen. At several places 
where these gravels are exposed in the valley walls of the tributary 
stream there are indications that they are not frozen, Them places, 
however, are not concltlsive as to the conditions of tha gravels in the 
intermediate area between two streams, where the gravels are not 
exposed to the light and air and where the groundwater level rises 
so that the gravels are not as well drained. From the character of 
the surface in some of these less well-drained areas it seema certajll 
that permanently frozen ground will be encobnhred. 

No prospecting of the deeper gravels that form part of the Hood 
plain of the majn Squirrel River hm been done, so that no defmite 
information as to the prmence of placer ground is available, It is 
understood that prospectors have found colors of gold on many of 
the bars tnnd in shallow holm wbich did not reach bedrock. The 
g r a d  was frozen and the necessary machinerg for exploring the 
deposits was not at hand, 80 that the deep ground was abandoned for 
the more easily worked shallow creek dqgmgs. From the experience 
on Seward Peninsula it seems questionable whether important placer 
gold deposits will be discovered in these flab. It should be reiteraked, 
however, that the data for basing a decision are inadequate, and the 
above suggmtion is little better than a guess, wahnted only by the 
desire to prevent the reckless expenditure of time and money on ill- 
cansidered projects, 

NOATAK BABIN. 

Them are no placer mines in aperation in the entire Noatak basin. , 
During the rush to Alaska following the gold excitement of 1898 the 
b&i was visited by pmpactora. Now of the early nor the later 
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cornem, howmw, &caved deposits of ~ d c i e n t  pmmhe to tempt 
them to attampt development, and when the region waa visited in 
191 1 even prospecting had practically ceased. Here and &ere in the 
lower 200 miles of the river abandoned cabina were seen which had 
been the bomm of these gold seekem. A shark distauce below tb9 
Noatak Canyon was seen one of these cabins that bad been abandoned 
but recently. A well-worn trail led to  a near-by creek and there were 
evidencm that, placer pmpecting had been in progresa rather re- 
cently, but no information concedng the results of this work could 
be obt~ind.  

Although it is doubtfd whether more than rr few hundred dollam' 
mrth of gold has been mined in the entire baein it ja bslievd that 
the region has not been adequately p m p h d .  Nummw storiss 
of rich h d s  indehitely locatd are of course heard, but there RIB 

only two plaeea where placer gold is known to have been found. 
These are in the headwaters of the river on Lucky Six Creek and new 
Midas Creek in the vicinity of the camp of Auguat 2. The few f wta 
regadng these two areas are given in the following pages. 

LV0K.Y = -DOH. 

h c k y  Six Creek is a stream joining the Noat& h m  the east about 
12 miles in an air line south of the c ~ m p  of July 23 at the mouth of 
the tributarg. of the Alatna heading in the pass tu the Noatak traw 
erad  by the Survey expedition of 1911. Gold waa &covered on 
this stream in 1898, and from time to time h c s  then s m d  parties of 
p r o s p t o s  haeve visited the region. !%s place is so inaccessible, 
however, that the miners have up& only a few days there. X o t  
only is tho region inacceagible, but it is a l~o  difficult to prospect for 
lack of timber. It is reported that the planks used for making sluice 
box- were whipsawed by hand on Reed River of the Kobuk basin 
nearly 30 miles away and were hauled by dogs and men to Lucky 
Six; there were no logs for cabins and mmequmkly &s prospectors 
lived in tents. Although now that more of the geography and 
resources of the re&n are known., it has been found that spruce can 
be obtained in the Alatna Valley not more than 12 mileg in an air 
l i i  from Lucky Six Creek, yet the labor of transporting the lumber 
even thia Wmca and over a divide at leagt 1,000 feet high ie a 
great tax on tima.snd e n e r g .  Even wood for fuel b s c w e  and ja 
m d y  green alder and willow. 
The Lucky Six bmin W ~ B  not 8meyed,  but the gmmd geology 

was lesmed from a study of the &ream fo the north T b  creek, 
h i o m  aa T w e l ~ e d e  Creek, i~ not more than 10 or 12 miles long. 
For half e mile or so abo$e the mouth the stream meandera on the 
outwash gravel p l k  of ~e main Noatak. Farther up, the stream 
enters the MIS and the river lies in a narrow precipitous gorge i n W  



in bedrock md e d y  glacial depmib. In this part the m k  is not 
more than 50 feet wide, even d m  timm of hlgh water, but it ja a 
maring torrent with its bed full of huge bowldera that make crosahg 
di6dt. Still f~rther up, the gradient of the ~ d e y  decrertees, but ia 
the headwater regions the alope again increasee. 

Geologically the Lucb Six region prwenb many problems. 
Various E n d s  of rocks occur in intricate relations. Tho larger part 
of the bedrock appears to have originally been a 8ediment that was 
subeequently metamorphosed, No m a w s  of the granite were seen 
in place, though dikes were reported by prospectors mbnd may axkt 
in the mom remote parts of the valley that were not explored. Lime- 
stone~ f o m  a considerable parh of the divide north of Twelvemile 
Creek and appear t o  have a general east-wmt trend. The direation 
of the structure in the schists, however, is not ooktant ,  though it, too, 
appeam to strike east and west and to dip north. 

Gravel and partly rounded morainic materid extend to an elevs- 
tion of 1,200 feet above the creek, or 3,800 feet above the sea, but it 
is not in tbis material that the gold values are reportad to haw been 
found. Instead, the gold is said to  occm only in the crtwks and 
crevices of the bedrock in the creek or in the very sbdlow prssent-day 
crmk grtt~ds. Al l  the gold is said to be notabIe for its coarse size and 
the abssnce of fme flaky pieces. It ia described as shaped like 
"pumpkin seedai' has a raddkh color, and assays about $19.20 an 
ounce.' 

During 1811, wMe the S m e y  p&y was in this region, thme 
prospectors were met who intended to spend the winter in proape~t~ing. 
They had atarted up ATatns River in a light-draft steamboat with 
wpplies for two years, but about 40 milas above the mouth the boat 
had been stopped by low water. They therefore decided to  make 
a rapid mmmaiasrsnce of the region and await the frwe-up before 
moving their supplies to the Noatak. Comequenkly the men, with 
snpplies for a month, visited the headwahr region and did tb little 
surface prospecting. This work was of a decidedIy snpedcial nature, 
but it is undershod that the returns were not sdcient to induce the 

' men to hold ik their original plm of wintaring at this place. 

XIDU ammx zwxoa. 

From the same pm~pectam noted in the preceding &ion, one of 
whom, William McCarmant, had been in the hedwater region of the 
Noatak in 1904, it was learned thst placer gold had been obtained on 
Midm Creek, a tributav from the north joining the Noat& n& 
the camp of A u p t  2. The gold was reported to have been found in 
~ m &  particles, all of which wem rather well worn. During 1911 
the Midas Cheek region waa again visited by these pmapectors and 
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although their work was of a supeficial character certain results of 
sigaificmce were obtained in comection with &he geologic obsema- 
tiom made by the Survey party. It seems that much disseminated 
gold in fme particles was found in the creek and ancient gravels of the 
Noatak, bath north and south of the river, but that the gravels of the 
tributari~ of M i h  Greek that are derived entirely from the bills north 
of the camp of August 2 are not auriferous. From the geologic study 
of the mcks forming t h w  hills it is believed that they are younger 
than the metamorphic echists and belong to the .group called in 
t h  report tho Noatak sandstone. The older rocks that are more 
likely to be mineralized apparently form the bedrock to  the south 
and underlie those forming the hills in which Midas Creek rises. It 
is therefore believed that the gold reported to have come from Midaa 
Creek was derived either from the older rocks forming the southern 
part of the basin or else that it may have Gome from the outwash 
gavels which have been transported for long distances, These 
ancient gravels have been recognized up to an elevation of 850 feet 
above the mouth of Midas Creek and they we believed to h m  been 
mainly of glaciol8uviatile origin. 

Some prospecting has also been done south of the Noatrsk opposita 
Midaa Creek. Although it is reported that ad colors of gold were 
found at many places, the &bundance of large bowlders ia the streams 
makes prospecting difficult without numerous appliances not eaail y 
procurable in this remote region. The bedrock mutb of the Noatak 
at thii place appears to be similar to  that generally present ia the 
better-known placer regions of the Saward Peninsulrs. Where the 
unMerantiated limeshnes form the Mla, however, the probability 
of k d * i  productive placem seems slight. 

A a o r d i i  to Schrader, " Placer gold hm been hown in the Kop-  
h k  basin since the early nineties, if not before. It wats first d b  
covered in the bars of the river, of which the most noted seem to have . 
been Hughes and Florence barn, both far below the present placer 
diggings." At the present time, however,'no mining of any of these 
deposits is in progress, and it ia probable that the production of gold 
from this s o m  has been small. Maddren a estimates that about 
$4,000 in gold was won from these two bars. Little is h o r n  of the 
erigin or mode of occurrence of these placers. From prospectors' 
repoh it appears that the gold was in very md pieces and had 
evidently been b o d  for a considerable dhtance. T t  ia important 
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to  note, however, that during 191 1 placers were found on a tributarg 
a h a m  about 30 d m  distant in the same general belt of rocks which 
outcmp near the river at these bars. This fact suggests that the 
gold may have been derived from the group of rocks that haa been 
provisionally mapped IM belonging to the Koyukuk group. 

Ths main Koyukuk plaeor region lies outside of the area diacuased 
in this report and therefora will not be described. For an account 
of the geology and resources of that important region, reference 
ghould be made to the other S m e y  publications, notably those by 
Schrader and Msddren? 

LITBE=. 

In the Rogatea b& colors of gold are reported to have been 
found by prospectma in some of the stream gavels. No productive 
amas, however, have bean &wavered and no prosp~cthg is in progress. 

On the beadwaters of Indian River, 8 stream entoring the Kopkuk 
near Florence bar, soma placer mining has recently been begun. 
Little ia known of the geulogy in this @on. The bedrock is reported 
fo be date and gmi@ and the gold occurs in ehdow stream gravels. 
The Mmck is so disintegrated or dmmposed that it can be. easily 
shoveled into the duice boxm and eeparated from the gold. Brooks 
e s h a t e ~  that the production from this place in 1911 was worth 
approximately 514,000. Only a few claims on Felix and Snyder 
creeb have beem developed, but prospects ham been l o c a d  on many 
of the near-by streams. The productive area ia reached from H u g h  
on the Kopkuk by an overland trail about 25 d m  long, Some 

, 50 to 100 men were in the region during 191 1, but only 8 few were 
actually engaged in mining, 

The next upstream tributary on which placer h a  Geen found i 
the A l a b .  Prospectors Pisitod this atream in 1898 and at i n k -  
vals later. A littlo placer gold ww found in aome of the gravels in 
that part of the ~ d e y  where the southern belt of unWerentiaM 
mebmorphic schk t~l occura, but the indications were not suEcientIy 
promising to induce further work md the mgion in now practicdly 
abandoned by prospectors. 

On Mecklenberg 'Cre~k, a s m d  tributary of Mdemute River, 
which in turn f lom into the Alatna and traversea t,his same general 
belt of und8ermtiatod metamorphic schists, a prospector reports 
having found colors of gold in the creek gravels. Thia locality was 
not pisitod and nothing of importance was learned of the oaurrenm, 
but no workable deposits have been developed. The gold is in  mall 
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prtidm, very few of them fbb, a d  is of a d & h  color. No black 
or rusty go16 wsa reported. In the ooncentrata magnetite ia vmy 
a h d s n t  but garnets are only sparingly found. 

Some prospecting in the Blatna baain hw alaa been carried on in 
the belt of md8erentiated metamorphic schiete north of the Inrger 
ama of undifferentiated limsstone, where the dark slates form the 
mutry rock. Two prospectom living on tlie Kutuk have found 
&dmt prmpta on this stmam to cause them to continue explora- 
tion, but no gravels of workable value hiwe yet been dimovared. 
Work at this place has been carried on only in the shallow grapela of 
the premt  stream. It ia believed that the gold has been derived 
from quartz stringers and veiw in the dab,  Magnetits is abundant 
En the cuncentratss, but garneb are practiody absent. 

Very little prospecting h w  been done on John River. & M e r  
statee that "Colors were obtained here by the miter from g r a ~ o b  
in the mouth of a small meek near the northern edge of the Totsen 
eeries 'I (the southern area of undiffemntiated metamorphic schkste). 
In la euhquent report Maddren a states: 

M i c e  Creek, which Iiw in thew rock@- [diets] on the wt mde of the ri.ver [John 
River], and Faol Creek and ita ~bu.taria, on the we& ~ d w ,  are the only IocaEjtiw 
w h m  encouraging have been found up to tlth time [1909]. About $1,800 
worth of gold w a ~  mined on Crevice Gresk in 1994 and & pepc t s  were found on 
Midsa Creek, e Mbntary of Fml Creek, in 1905, but them dhver i ee  have wt led to 
further dweIopment. 

There awm little room to doubt h t  thn d u a b  mined8 in the 
known plmers on b t h  John and A I a b  rivm have been derived 
from the undifFemtiatd metmorphic schists and their included 
veiaa. The only igneou~ intrusives or effmivw near the placers am 
the pnstones. 

WXS LODES. 

At the present h e  no lodes have been developed to a producing 
. stage in the region, and there are very few place where even prospest- 
' ing has amounted to  much more than the annual a a m e n t  work 

stipulated by 1mw. h u s u a l ,  oneof the troubleshasbeendue tothe 
prospactom overburdening themaelves with more claime than they 
could handle, no that their efforts have not been concentrated on my 
particdm pIace. Consequently, ao far as a$&g information 
a b u t  the lodea is concerned, the pmpecting hse been largely value- 
less, and one examining the region is forced to rely mainly on nabral 
exposures of the possible lode deposits. hdications of mineralization 
occur at many places, but the general i n d b z t y  of the region 
md the high valuation set on many of the prospecb do not invite the 
invmtment of outaide capital. Without abundant funds the develop 
mmtg are hamperad, and many of those attampted am ill k t e d .  



KOBUL BASIN. 

On the divide hemem DtihZ and R i b  melts them am numemas 
v e h  in the black sfam and sohiata. Moat of these veins are mall 
atl.iflgers, but some lenses 18 i n c h  to 2 feet in width were noted. h 
one vein 5a p ~ c u l t l r  on this divide spaoh of gold are r e p o w  h the 
quartz m d  a shallow prospect hole had been dug. The broken quwh 
from this hole had hem panrid, and n n m m s  4 particles of gold 
are mid have bwn obtined. On the northern s l o p  of this ridge, 
and continuing a.a far tia the p h m  on Riley Creek, there is heavy 
quartz %oat eJ1 over tbe d a c e .  In many pieces of the float fine 
gold is ~ i b l e ,  md mme pieces containing averd dollars' w&h of 
goid are repmkl to have found. The hurifemua qalsrtz fm 
this p l m  is mostly of a dense tmtwre and a gremy white color. 
Sulphides are almost entirely absent. hi placerr the quartz is iwn 
attained, but the h l m a t i o n  is not prmmt ever@ee or in con- 
siderable mounh. Tbe quartz in plwa shorn indications" of a comb 
structure, and d m  not seem tn have been mrysts;llized or bdIy 
smaahed. On mount of these &armtern it is believed that the v e h  
from which t& qu- WM dmived belong to a a e r i a  formed l a w  
than the maximum period of regional metaanorphiem. This intar& 
pmtation is further supportad by the greater continui$y af tbwe veim 
a9 compmed with thorn in the oldmt schists. It is believed that thme 
qu- veins are intimately C O M B C ~ ~  with tha l o d  p h  on Riley 
Ckeek and that they tm the sources from which the pl& gold was 
derived, 
An attempt ta interest outaide people ia developing this gold quartz 

hahl so far proved mu&l. Erom the character of the exposures 
d q w a  v e h  in the immediate ~einity it a p p m  that the trea& 
mant of the vein material would require the handling and milling of 
a large amount of the country rock as w d ,  and this would necsssarily 
d w e  the gold tenor. The question whether these veins caa be 
worked is answerable only by careful and extensive sampling of the 
End of material that must be mined and d l e d  if the project is 
developed commercially, It is evident that picked speahens am 
abm1utely w o f i w  in arriving at the valuation; the smplw of the 
v& m a W  done me likewise mideadmg* 

mere ate many other p k e ~  where veins similar to those at the 
the had of Ddd Chek have been seen, m d  it is by no meana improb- 
able that they, h, c w  somo free gold, although in the hurried 
a d a t i o n  it =aped dehtion. These veins are more nummurr 
in the meas mupied by the black ala-, eapecidy near the b w  of 
the limestones. The distribution a p p m  to be dependent on t2ze 
phpicd featuree of the slaw, but the deposition of gold m y  have 
bean due to chemical m t i o n e  induad by the pmmce of cmhn* 
ceonht materid tthrugkmut thme r o c k  
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Fhm a mmt newspqer dipping it i9 lellrned that a quartz vein 
hae h r i  located on Hunt Rivsr neat the Jade Mountains. Picked 
specimens from this place sre reported to have yielded o ~ e r  $100 a 
ton in gold. Nothing further, however, is known about this dkov.arg. 

During the early rush into the Koyuhk some qu&s veins were 
found in the belt of undifferentiated metamorphic schi~tsl in the central 
part of the Alatna basin. These were staked and held for aeverd 
years, awaiting the e x p t e d  boom. Practicdy no work wm done 
to open up the leads, and when the plme wae vidted in 1911 e few 
insignificant pita, driven on mall iron-sttbined quartz stringem, were 
all that could be recognbed of the early work, and the place hae 
apparently long been desertad. 

Schrsldax note that in 19024, in the divide between the Alstne and 
Noatak, prospecbra reported lode deposits carrying ?ugh gold and 
copper valuee. The veins warn  aid to consist essentially of quartz 
with pyrite and chdcapyrite, but some specimme contained stibnite 
also. The location of the veina was ~ e r y  indefkite and they were not 
m n  in 1911. The fact, however, that the highat  mays mads by 
the Survey of the spmhena brought out by the prospectaw c h d  
less than $2 s ton in gold, as well as the fact that no work has been 
done recently in the region, shows that the tenor was not mfficient to 
w-t development under the high c o a b  prevailing in bhe upper 
Alatna Valley. 

NOATAX -IN. 

h in other @om, reports of lost prospectors finding enormouety 
rich deposita &re common. Dnfortmafely, however, these "finds" 
can not Be lmaM when subsequemtIy sought and their value tends 
to incnma the lass that is Elown about bbem. An instance of this 
mrt was the reported discovery of rich gold quartz in the vicinity of 
Mount Kelly, a bill about 40 miles north of the c m p  of August 19. 
On attempting to barn about this gold qu&e i E  wtm found that the 
locsli ty was extremely indefmite, varying from tbe I9;cbuk Rills near 
the mouth of the river to the region beyond the Noatak drainage. It 
ia not intended by the above r e w b  fo cast doubt on the fact tbet 
gold-bearing quartz may have been found in the Noatetk basin, but 
only to point out tbat with shcb indefmite lmstion it is not possible 
w discuss tbe Bignificace of the reported discovery. From the 
little that .t isown about the gwlogy in the vicinity of Mount Kelly 
north of the Noatak, it mxms probable that extensive deposite of 
economio value are absent, for the region is probably formed of the 
b i e r  Paleomk ssdimanta, which aa B rule am but little mineralized. 
Them is, of mum, the poasjbility that the pronounced deformation 
that is known fo have &xed the region may hwe m h d  the highsr 
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beds, so that they haw been removed by erosion sad the older 
&b, which me uaudy mom or lesa mineralized, may have bmn 
exposed. 

Anothm OFG-ce of gold qbmtzr has been reported fmm the bills 
south of the river, a sbort distance east of the canyon. A prospector, 
with pack bomw from Sxpirrel River of the Kobuk bash, spent part 
of the fa21 and winter of 1910 in the bilk north of Squirrel and Salmon 
rivers and returned with numerous spe~imem of quwtz, some show- 
ing h e  gold. It was not possible t o  obtain s description of t h i q  trip 
at first band a d  consequently most of the information is indekite. 
That tbs prospectar w&g satisfied with the indication of mineralization 
was shown by the mport that he intended to return and carry on 
further exploration during the win& of 1911-12. Presumably the 
region bas schists and metamorphic limmtona as the country qck. 
These have usually pmvd auriferous. 

MBB carrying copper ~ulphides have been prospected at eeveral 
plecea in the Noata3r-Kobuk ragion, but the only gystenmtio attempta 
to exploit tho veins have been made in the Kobuk basin. At two 
places attmnpts bave been made to prospect copper lodew, but at 
neither have the explorations been sufficient to determine the extent 
of other geologic relations of the ora. One of thw pmpech is 
l a c ~ t d  on the west aide of Ruby Creek, about 5 mil= from the 
junction of that stream With Sbungnak River. 'She other lies wmt 
of the left fork of Ruby Creek, near the head of Cocrmoa C d .  A 
low limestone bill, locally Ernom as Aurora Mountain, is the center 
around which tbg claims at tbe latter locality are grouped, and this 
name mill therefore be used to designate that Etmdity. 

Copper-be&g leads on Ruby Creek have been h o r n  for many 
pars and were critically a a m i n d  in 1908 by expests in privata 
employ to de-e their comercis1 value. Conditions at that 
time prevented the purchese of the pmperties, and only a small 
amount of work hae been done rwxmtly. Owing to the length of $ma 
that baa elapsed since active work wm in prognm, many of the pits 
and open cuts bave caved snd filled to such an extent that they 
afford poor opportunity for e x h i a g  the deposits and adjacent 
rocka. In this part of the Ruby Creek valley on the lower s l o p  
there k~ a bsa~y covering of talus and vegertation, 80 that without 
pits and other sections many important facts are indeterminable. 

Minerahation on Ruby Creek appeam to be conhad to a bracciated 
zone or mnm in the b w ~ n e s .  SuIphides bsve been deposited in 
tbe open spacss thus formed and the om-bearing mlutions have 
peneta-atd khe limwtone dorig many cracks and cre?im and have in 
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pert m p I 4  it. mere ia some lm&&d dolomita a& fha m h ,  
and this tho bmbeenreplamd md intsrse;cfed by stf1@des. The 
sulphidee of economic importma are maidy barnite and cbalcopfritle, 
b u t g a h a a ~ l d i r u n ~ w w e a L s a n & d .  h t b e m d c i s 1 ~ o f  
the depdeit both tbe Mue srnd tba gmm cuppar mrhanate~ m mm 
mon. Limonib, dermed from tha matbeimg of tha pyrite, in gev- 
era1 placea form a goman, OT "iron bat;' m ~ e r d  f& thick over the 
8uIphideimprepaed lim&ne. 1% is wported that the weahred 
materid when panned yiaIda ~01m af gold. Avm* pans of h 
g w a n  from an open cut abow the mltin wm- am d to giVb 
from 1 3 can* in gold. h a y s  are reported to have yielded as 
much aa 11 per mnt of coppar, but no d e i l s  wem obtained aff ta fbe 
manner in which the samples were taken. 

The main developmenb on the nortkammt p q m t y  tomi& of 
an adit and two open cuts. Tbe mouth of the adit k only a few f& 
above the high-water level of tbe m e k .  The tunnel bas bean driven 
about 40 feet tbra~~gh a much ~Iickemided and f r a c t u d  limeatone, 
in places showing mineralization. Two short drifte, t o t a b  only 
about 30 feet in length, followed especially strong indications of 
mineralization but evidently soon passed out of rich om. w d h  
stand fairly well, but caving of tbe surface brts so blocked the mouth 
of the adit that 12 to 18 inches of water stands on the track, A 
boiler wm brought in from the Kobuk by way of the low pass at the 
bead of Wesley Crsek by a team of 70 dogs. Wbgn work was started, 
a borne-made mine car WM used tQ 'tram the broken rock away from 
the worlang face, ht n new automatic dumping ctw haa since been 
a Wooden ~aila are, howevert still in nse. Natives hwe 
been employed m muckers and for the ~ i q l m  mining operatiom 

. me said to have given satisfaction. 
Qn the hill at an devation of about 150 feet above the d t  an open 

cnt about 30 feet long and 10 feet or more wide had stripped the 
enrifwandhsdcutintot$e~cktoodepthof5to?feet .  Mmtof 
thb pit wss covered with caved sndcial m a t e d ,  so that little could 
be seen. The minerahation mmed to be erssentdly the same as 
that exposed in the d i t .  Altho'ugh the bedrock in tbe open cut 
is l&estone it differs in soma mpcB from that q o s e d  in the 
tunnel, for noas of the dolomitio phage waa recognized and in p h  
it aeemed to be darker and euffgeatd correlation with a higher horizon. 
However, them has been so much didocation that the stmature waa 
not determinable aad in the absence of fo& the a h ~ e  sngptiQn 
ia to be regarded aa little better then a guw. 

At about the awne devhtion above Ruby Creek ae the adit already 
described, and 200 to 300 yards southeast of the open cut on the 
hill, another open out about 30 feet long hea bnmvered a mne of 
mineralization. The mode of oooumm ie easentiallg the same EM 
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&at at the two other plaees, but only the hpper weathered portion 
has bemi exposed. Copper minerals are  1-a abundant here, but there 
i~ more limaite. Sul.$idea were buf spwingly seen; the iron 
md mainly aa oxide and he copper mainly rta carbonate. It 
is r q m d  that mmples of the ore from this rmt ham a higher weea- 
s c q  gold content than that from either of the other two p l m .  

At a Id iky  in Ahrora Mountain, about 3 d e s  west of the Ruby 
Creek Gopper l e d ,  the geologic structure is wsentidy synclinal; 
b d t e d  snd deformed limesbne forming the, top of the hill. lies 
abooe a mrim of dark datm and schistol that form the l o w  dopes. 
Reor .the mitact between the two roclra, but rrcwrring almost hva- 
riably within the l i m 8 ~ h e ,  are  indication^ of sulpbds minerakm- 
tion. The s a d u e  of the hiU is so ewered with fmt-riven talus of 
limatone that except in artifmid cub the rocks am not exposed in 
place. Here aad &ore copper cerbonab flwt is found in cronsidsrsble . 
abundance. 

Devdopmenta on Aurora Mount& aamiat mainly of holm dug 
though the ovdyirig mantle of detritus in places where the mppr 
flaat ia particularly abundant. Tho only prospecting of this sort that 
h a  been carried to any considerable extent is on the northeaetern 
dope of the hilE about 300 feat above the cantact of the limmtone 
md gc!hiats. Explorpbtion at thie place at first mmisted in sinking a 
shaft sn the uphill side of a particularly conspicuozrs am# of carbonate 
float. At tbe time this place was visited in 1910 the shaft wm p&1y 
filled with watar and it8 w d s  were so covered with ice that they 
muld not be exambd. It wes reporhd that the shaft was about 22 
feet deep and intamected s fairly promking copper load about mid- 
way between the surfaca and the bottmm. Tho bottom of the shaft is 
also mid to have shown some good ore. Samples from the lower part 
of the shaft show b o d h  and chalcopyda aa well as carbpnates. 
Owing to the di&ulty of mining the shaft was abandoned and a 

amsout at about 250 feet lower ele~ation was commenced to oonneot 
with the, deepened shaft. This adit was about 30 feet long, and it 
will be necessary b extend it over 250 feet to reach a point directly 
underneath the  haft Throughout its longth the adit is in barren 
brmisted lim~tono, in few places showing my mineralization. 
Slickensiding is evident at many planes, but although the m o u n t  of 
throw wm not determined it probably ww not vary great, as different 
rmka were not brought into juxtaposition. In spite of the bmcclhn 
md faulting the rock stands well, and it has been n-ary to timber 
only tho eatranoe to tha adit, where it pwea through the surface 
detritus. 

Analyses by Thomas Price & Co.' of picked spwim8ns of the bornite' 
me reported to show 0.04 ounce of gold per ton, worth about 82 cmte 
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and 1.4 ounces of silver per tan, worth about 91 dnte, h addition 
to the coppor mutent. Asssp by the same analysts of chdcopgrrite 
f mxn Aurora Mom tain yielded 0.01 ounce of gold per ton, worth about 
20 cents, and a trace of silver in addition to the copper. Neither st 
Ruby Creek nor at Aurora Monntsin, however, do- the adphido 
minedization seem to have produced e.urifemus placers. In Ruby 
Creek mlors of gold have been found, but at Aurora Mountah no 
placer goId has beon reporkl in the stresm gravels. 

Although the Ruby Creek and Aurora Mountain loedities ara tho 
only ones where groapting hss been carried on, there is probably 
gimiEar minedztrtion at many other  place^. In fact, mineralization 
near the contact of certain of the limaabnes and scbista haa been 
recognized all the way from Seward PeninshIa to this region. So far 
prospecting has failed to show that any of these deposits either in 
Seward Ponhsuls or in the Kobuk region are workable. 

Until the mode of origin and the general characters of ore bodim 
of thh type m e  fully undemtaod it seem unwise to do muoh dead 
work, such aa running long cmsscuuts to intersect a poaible ore body in 
depth. Even after a considerable body of ore bas been disclosed 
a careful scrutiny of the costs of mining in tbis remote aed rather 
inaccessible region ~hould bo made before expemim permaaent min- 
ing mmhinery is instded. Although these facta ahodd not die- 
murage inklXpnt prospectingI they should seme as B warning that the 
march is likely to be expemive, as the mst of preliminary invmtiga- 
tion will be hqh. 

TrLI~umwmoua -B. 

Veina ca rqkg  copper and saver oms are reported by a pma- 
pector in the Noatsk region. The dver ore is said to oi;rmr on the 
north side of the Kobuk-Moatak divide between t.he R e d  and Maun- 
eluk River portages. No description of the geology nor mode of 
murrenm was learned. The same pmpctor ' reports that farther 
weet, on the Noatak side of the pass from Kogoluktuk River, there is 
a considerable deposit of copper ore, and float of native cupper is 
fomd in some of the streams. place is probably in the head- 
waters of' Ipmiluik River, a tributary of the Noatak near the camp 
of August 1. Assays are stated by Mr. Lloyd to have shown 9.81 
per cent copper and 27.73 per cent lead; the smple%, however, were 
not represenktive but decked specimw. This ore is said to carry 
also some gold and dver.  An assay of ore from what is supposed 
to be a continuation of this same vein on the Rob& side of the 
divide is reported to  have yielded gold and aiEver to the value of 
$1.24 a ton. No work has been done at this place, and in fact it 
was only discovered and a few samples taken during a hurried trip 
from the gob& to Lucky Six Creek. 
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In the Koy-ukuk region, in addition to the copper sdphidw &ady 
noted in the veins on tha AIatna, Schradsr e tates t h a t  
the pth+l epdmem [of copper-bering rocks] men by the writer dwhg tbe recent 
work c o M  of wate~woorn hgmenta found in the John River gravela and derived 
apparently from the quartz veins. They contaiued m e  coppw pyritm and a little 
borait~ * " *. mat k k p p d  to be a vein of considerable h e  containing iron 
and rspparently copper &t.m was obmrved in e Bteep limeatone cliff of tbe Skajit 
famation overlooking the river, where rro exrsmination or collection could be made. 

Gal deposita in many parts of northwestern Alaska have bgen 
demribed. In the Moatak-Kabuk region, however, the only piace 
outside of Seward Peninsula where coal has been mined i~ near the 
mouth of the Warichuk on the Kobuk. This place was dwcribed 
by Stoney a as follows: 
On my eecond trip to the P u b m  [Kobuk') I discovered a vein of bitumbw coal 

outcropping on the north eide of the river about 80 mi lee  fmm the month. I h k d  s 
ld of it in the furnace of tb &am launch with very mtiuhclory re~ults, though it had 
long been expoeed ta the weather. The vein ma between 2 and 3 feet thick and 
dipped at an angle of 30" from the river. 

Cantwell also tried some of tbia same md in his launch, but the 
d t t s  were not aatiafactory. Mendenhall dm d e d  these beds 
and reported that- 
+e eoak accur in low blufi along the river, interbedad with conglomemtee and fire 
clays, l'hm sufficiently well expmsd for examinration are of poor quality and burn 

, slowly, yielding abundant md the disagraeable gases which are cha- of 
impam lignih~. &o far as determined none of the e d s  outcropping here am more 
h n  2 or 3 feet in thicbea, and the majority of the amma a m  much thinner. Ehlf 8 

domn, with a thickness of 6 or 8 inches, were examined during the raconnaktace. 

During the recent development of placer mining in the adjmnt 
Squirrel River basin some of thia coal bas been mined and transported 
for locd use. In fact, afew aach ham even been cmied as far  as 
Dabl Creek, near Shungmk, for the use of the prospectors. A sample 
of Ghh cod WM submitted ta the Bureau of f i e a  for d p b ,  with 
the PoUowing mdt : 

Y&itrrrs. ..........................-..... .. ............ 
Volatile mstkr ......................................... ... Fhnd cmrhn .........--...-........-............. +. 

A&.. .................................................. 

mlpmr ................................................ 
murk ................................................ 
Brit~tbermalrmits.... .............................. 

1 fhhmlm, +. G., op. tit., p. 1M. atrmep, Q. M., Naval cuplomthm 1 



EtPm the shove malvaje it is evident tbat the c o d  is a good grade 
of biturninom coal with s rather high e@eiency. Of the Alaaksn 
coeb it most clbeely reaemblee Cretaceous coal from the vicinity of 
Circle and Nulab. 

Some Iignih was o b d  in the &tacourn sandatonee of the 
frockwood RiUs mar Pah Ri~er,  and wal float Bas also bmn reported 
on the lower part of the Ambler and on the Kogoluktuk. These 
localities are d in the belt of UpperCretmw and Focene'rocks, so 
that coal beds may be looked for in thase mb. So far rn known, 
bowever, none of the cad Ids in these -mh in this part of ASwka 
have proved to b of great value. Tha following abatement ' taken 
from a report of a region of aimilar rock fsrther south, though sum- 
marizing the conelueiona regarding the eoal m o m  of that ma,  
is equally applicsble Go the Nostsk-Kobuk m@n. 

From the k t  that g0 fiV thm is na ptoductive mining on ray of tha d-m 
rocks outcmpping denp: the Yukon within the mapped .rep, it seems impnobeBIe that 
wmlcsblebedeinthe~eseri~~ofmbrPillbedevelopedin~eimmdiatefutuw . 
in th more remote e n q  where tranqmntion bacilitiea a d  &eta am aranting. 
A l t h q h  thicker beda m y  be found bere and them, the sdditicmal twt of tmmptta- 
tion hr each mile that the deponit lien back from the rivw or h m  a m  0th cheap 
avenue of communication I nc rams  much more rapidly than the t h i c k  of the bed 
could be reammbIy a~nrumed to in-. 

Of come in those placaa where there i a local demand for mi4 
euch aa in the vicinity of active mines, the velue of near-by depmit 
ia so great that a search for coal in the adjacent areas of Uppr C h  
t m m  and b n e  rockg js not only warranted but -my. 

Schdm a a m  cunmming the p m n m  of ma1 on J o b  R i m :  
Copl detsitw In d e r s b l e  quantity and of s c h u m A ~ ~  C tbe probable 

occurrence of coal of economic value mmewhere in the qh north of thia Iocality 
rpes men in the John R i m  graveh new the base af the Endicott bfountaim. This 
ma1 may apparently with d e t y  be called 4 gaod grade of bituminous. It b r d a  
with concboidd fracture and hm a bright ahiny or gl- black gurince. 

Tbis coal probably aomm from the Bergman group of ~ c k a  dong 
the southorn flanks of the mountairis and has the same relrtths rn 
the ma1 from the Kobuk previomly described. 

fn the Colville b h  coal haa been reported at s e v d  p h .  The 
coal: d a p i t a  seen by Schxader in the Upper Cmtmotw to the north 
of the mountains lie outaide the area cavered by this report and their 
d d p t i o n  will therefore be omit tsd. According to Lieut. %ward,s 
coal was found on the ColviUe nearly due north of the camp of A u p t  
1 of the expeditionof 1911. This plsce was deecribed as follows: 

Dnring the forawon we pmd a hill about 500 feet in elevation, with o u t m p  of 
4. On the mdm of this hill beyond the coal were dm found piecse of a suhrtmce 
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did wmd by the mtjve8. It wm hard, britkte, Iight brown in color, very light in 
weight, and burned readily, giving out qnantitiea of gsa. Thk material wag ~catteFsd 
about in all h p e s ,  &a, snd quasititi=. 1 

In the ColviUe basin, m d i n g  to Schrader,' two prospectors found 
coal on ths KilEik. and used it for their camp hm. Unfortunately 
the @tion of this stream and its coal depo~ita is not d&tely 
known, though Schrader indicates that the KiKk liea somewhat to 
t h o  north of Chandler Lake. 

F5I.tber west, in the Cape Liaburne region, coal ia lmom to occur 
in the lower Carboniferous Wsimippian) rocks, so that possibly 
d a r  doposita m y  occur h these rocks where exposed in the Noatak 
basin. No coal beds nor even c o d  float were seen, h w e w r ,  and it 
is probable that this part of the Miasissippian series do& not outamp 
near the river. 

Near the mob& of the Noatak, not far from the camp of A u p t  25, 
a pmpectw reported finding a recent dapoeit of matorial that he has 
'U88d aa fuel.  specimen^ from tbis place show 8 dark-brown, compact 
materid that burns readily in the flame of a match and givea out con- 
siderable smoke and oil but loaves practically no ash. David White, 
who examined the metorial, reports that the mpBcimm is composed 
entirely of large fern sporm and resembles tho s o - d o d  '"ghends.'" 
This deposit was not eoen in plsco and no facts aa to ita extent or 

' rdetiow were loarned. If thcro ia enough of it the deposit ebould 
hrsve ( 3 o ~ a b l o  value as a local fuel. 

31 ddition to the foregoing deposita them tm othem of 11esser 

extent or value or concerning which but little ia h o r n .  Tha, 
et13nib is inid to haw, becn found in cortain of the lodes that were 
mted on Altttna River. 

LEAD. 

Gelom hss been found in s m d  quantities tmocisted with the 
copper sulphidea at both Ruby Crcek and Aurora h f ~ t m t a h  near 
Shungnak. A s m d  amount of vein quartz and somo brecciated 
and recrystallized dolomita with galens wtls seen near tha high hill 
west of Wesley Croek in the samo rogion. A shahow pnwpect hole 
hm been ~ u n k  on this stringer, but so far tho indications am not at 
all promising. 

IRON. 

At plwm in the K o h k  region magnetite in masses as much as a 
hundred pounds or so in weight has been found on tho surface, espe- 
cially near the limeetona and a c b t  contacts. Float of thie mFt is 
particularly abundant on tho dopea of the sharp conical hill iocdy 
known as Im Mountain, east of the paRa hetwe~n Cosmos Creek 
and the left fork of Ruby Creek. Specimene from thls place show a 
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nearly pure magnetits with here md there drusy cavities lined with 
s m d  octahdrd c v t a l s  of thia minerd. An the magnetite btls not 
been seen in p I m ,  speculation M to its origin is hardly warrankl. 
There are no nctar-by igneous rocks, so it aeems improbable that these 
bodies are duo to contact-metamorphic effects. Owing to the occur- 
renoe of limonite and homatitie bodiea in similar limmtonea in the 
Solomon region of Saward Peninsula, a tentative sugg~tion is that t h  
rnqpatite of the Shungnak region may have been formed by the 
matamorphiam of similar iron oxides which were laid down either 
contemporanemsly with the inclosing limestones or earlier than the 
great period of dynamic mehmorphim. The mwet i te  shorn no 
signs of having been   he wed, so it must have been either entirely 
recrystaked or depoaid subsequent to lthe period of regional 
deformation. 

Whatwor theory of oligin of these o m  pmvw to be the true 
explanation probably mattem little, for tho deposits so far aa h o r n  
have but slight economic vdue. The hgh operating costa, conpled 
with the absence of large ore bodiea, will n m a r d y  deter capital 
from undertaking their development. 

Some attampta have been mado ta mine mbestua near Sbungnak 
!€'his mineral ia found in more or lmm c l m  meiotion with the green.. 
stma intmsivee. Several holes have been mado in ledges of this 
rock on tho eaet eide of DDa Creak above the upper plgcer minm, 
and aamplee of the mbestoa h v o  'been submitted to manufacturn. 
It i~ rereported, however, that the asbeah, although of g o d  color, 
has slight tenacity, ao it in not suitable for making high-grade artid= 
and therefore ccommanda a low prim. For ordinav purposee this 
asb~~tos  i4 well n u i d ,  but the gmall trmount paid for this grade i~ 
not euficient to meet the tmmportation chargea. Furthermore, the 
quantity so fsr discovered is small, and it would therefore be eocpen- 
sive to &e. 

JADE. 

Xn almmt d the streams of the Shungnak region north of the 
Kabuk bowldexs of a hard, green, slightly traasIucent rock are plen- 
tiful. These are commonly called jade, but thia debrminationis 
probably incorrect. A complete maminetion bas not been made, 
but m o ~ t  of the pieces are undoubhedly serpentine, others are green 
quartzite, and atill others are probably nephrite. The labnamed 
minerd la closely akin to jadsite bht is an amphibole inatead of a 
pymxeaa. The two may usually be distinguished with the hand 
lena or by ~pecific gravity  test^, for jadeib ia granular and h a  a 
sped0 gravity from 3.01 to 3.32, whereas nephrite ia fibrous and 
has a agocific gravity of less than 3. None of the nephrite seen 



waa of gem quality. The imperfections wen3 due to cleavage, which 
makes the rock split into thin Iayew, and to bdusion~ of other 
minerals, notably magnetits, which spoil the trsducency and give 
the stone s spotted appearance. 

Stoney collected specimens of the jadelike rock and submitted 
them ta expert examination. The report d e s & w  the ~ariom 
a m p h  is as follows : 

+ thnalyst, F. W. Clarke.) 

A. W n i s h m y ,  splintery, lamellnr in ~huctune.-Tbb mmple aa ~ e e n  in the alide 
snd by ordinary light praaenta a uniformly colmleae field of a homogeneom non- 
p l ~ b i c  mineral end iR t r a m m e d  by fine wavy  rift^ running all in the m e  
direction. The incloeurea are very minute; wme am mere dustEke particlecl, othera 
are distinctly recognwable as limonir~. Retween cmmd nicola the entire field is 
covered with very indefinitely autlincd areae, which are alternately light and k k  aa 
the &ge b revolved. With a power of 230 diameten t h e  a m  am m a  b be e m -  
@ of wavy and uneven =lea and b u d l e ~  of fibem so interwoven and con fud  
thst no trmtworWy mmmmrnents of extinction anglee are obtainable. Many of the 
bundlee aesm to extiq@t in directions approximately p l l e l  with their length; but 

. athem ebow wide anglee. * * 
B. Like A, but more gmnular.-Thia m e n  in Win sectron ana by ordinary 

light ia alm dm& colorless, or very faint1 y grmnish and w-ithout pleocluoism. It 
&ow8 only a few yelIoffriah and opaque inclusions, which are evidently of a fermgi- 
nws nature. Between c& micob it exhibits thawell-known rlephritic structure-- 
a denee aggmgate of short fibem and d m ,  tho fibem armngad jn cluntem, or radiating 
tuftlike bundles without definite boundsrie~, which merge into one another as the 
&p ia revolved. In ame where them bundb~ am cornpod of fibers lying approx- 
imately parallel, angles of extinction wem meamred wrying from O0 to 1 5 O .  
G. Mer, nearly white, c f w r  grained. 
D. Brownish, highly foliate. 

Several attempts to develop the jade in the Jade Mountains weat 
of Ambler River have been made, but so far unsumessfufuUy. The 
s m d  and controlled market for this minerd and the inferior quality 
of the specimens so far found, together with the high mining costa 
inmitable in this rather hweasible region, will probably prevent 
jade mining in these hi& b w *  profitabb in the near f utura. 

1 Clerks, F. w., snd M d '  Q. P., On naphim snd J u t e :  Plw. U. 8. Hat. Mu, vatol, 11,1868, pp. 
116W. 

'. 
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The foregding mmmt of the s m d  amount at mining or even of 
- prompactkg h the region shorn that the investigation ha9 not been 

dequats and that conclusions at the p r m t  time regding the 
ecoao&c rescmrces of the region have rn iaauficient basis of fact and 
am to be v r d e d  as littlo more &an tentative su~gestiom, It 
seems wodh while, however, to state certain obsemtions and the 
deductions made from t b m  in order that the svaileble information 
rand theory concerning this littl+hown region may be at the dispmd 
of the prospector and investor. 

From what bas been said of the general geogrsphy it ia e d e m t  that 
h a, region so remote mid 8o dalffdt of 8~ce88 and hmhg a c h a t e  
eo trevere, the mt~  of transportation, supplies, and labor are necm- 
aady high ~ g d  will not materially decrease in the near future. Fish 
md game may be adcient  for the need of the prospector for short 
periods, but thm is no adequate local food supply. Even wood for 
fuel is absent throughout a, h r g o  part of the region and timber for use 
in mining can be procud only in a rather amdl area. 

Although the cammemid conditions d l  in large measure determine 
tZre future davelopment of the Nodak-ICobulr region, the p-t 
paper deah primarily with geologic f a t e ,  and emphasis haa here 
h e n  placed upon th-. 

The basis of the fimt mining development in the region will prob- 
ably be gold-pkcer deposits rather than gold lodes or veins or deposik 
of o h r  minorple. It is believed, tbefose, tha tbe regi- moat 
worthy of proawting am thoss in which the undiffermtiated met* 
morphie w b t e  form the c o u n t 9  rock. Fmm the geologic map 
(Pl. 11) it may be seen that them mks are moat widely distributed' 
ia the country bekween the Noatak and Kobuk and are h o s t  absent 
north of the Noatak or south of tba XCobuk. Ths intricate ~tmcture 
of the region and the m a l l  ncah of the map pmdude the rspmnta-  
tion of a11 the d e t d ,  m that the map ~ h d d  be *regarded as indi- 
cating only the Iecger geologic features rather than detailed fwta 
having bat local sgn&cance. 

bother gologic fact of importance tbat r e q h  much strady is 
the history of the &embed region. Much of the area of the 
Noatak-Kobuk region, occupied by the, ~11Merenthted metamorphic 
scbiets, ie a highland which in the past was covered with anow and ice 
and h d  many of it9 vallep occupied by ghiers. Under ~uch con- 
ditions effective sorting was reduced to 8 minimum and pmviours1y 
formed datritw was in large memure remo~ed. % m a t e d  waa so 
mixed with @acidly erodd material that them was little ar no gravi- 
tative sorting. On r e ~ ~ c h m g  tbe limits of glaciation tbe hetarogeneow 
debris ws19 depoajted as thaice melted and was distributed by stream& 
In the region where deposition wss talang place, however, coacen- 
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tmtion wes not pronounced, for the dominant process was 
dstion. ks s consequence, although a large amount of material was 
being dumped by the ice and spread out by the streams, continuad 
building up w~ t a k q  place. It should also be noted that the en& 
of the glaciers were not stationary, but advanced and retreated 
almost continually, so whatever processes of concentration took 
place at the front were weakened by baing digBipat8d OPW a consid- 
erable area, 

I t  is therefore believed that in the &tinctly glacial deposita exten- 
sive rich placers are but littb to be expected or wodd have such an 
irr@ar distribution that they would be cWtcnlt to mine sy-atem- 
articdly . Here and there even in the glaciated arem, pomib1y some au- 
riferous preglacial msterial may not ham been eroded. Such auriferous 
depcmita, bowever, would have a distinctly local djstribution. Some 
arem of this sort may also be presmed in pmtected places under the 
mantle of outwwh material. These mey be of value but wodd bo - - 
difficult to h d  and to mino. 

With the cluse of the period of maximum glaciation and eceom- 
pan* outwash the streems intronrhed their courses in the earlier 
graveh and now flow at many p l m  in rather namw trenches a ' 

hundred or more feet below the ~urface of these depdts .  In thia 
pmeas concentr&tion of thme glacioflu~i~tile deposits h&B been 
effscted, but whether it bas formed placers can be determined ody 
by prospectin& From the swumed distribution md amount d gold 
in the outwtmh depoei& it is probable that except under psrticdarly 
favorable conditions this secandaq concentration would not produce 
very rich placers. Places which should be o x U d  by prospectors 
are those where this later sorting hw aflected depmits formed by a 
Ionganhued stand of the ice in one place or where reconcentration 
of material from early nongtwial deposits. subsequently buried by 
outwash is acti~ely in progress. 
In spite of the &£6dties that hapdicap imrnediah dsvelopment 

md forbid large enterprises dependent on quick return on their 
inveebent, it is belimed t h t  there is a large area of pfactically 
unknown country in the Noatak-Kobuk region that warrants hvas- 
tigation by obsemant pmpectors equipped with emily trmportod, 
relatively inexpmmive outfib. 
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' T h e  Gupine plncw d!hct, Alaska, by C. IT. Wright. Bulktin 238,1804,35 pp. 
15 cents. 
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pp. 73-'Ji . 45 r m t P .  

QThe bulldin atnnen arid materiah of 8outRemtem Abka,  by G. W. W-t. In 
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M i n e d  reeourcea of the xab=na-&&ite River dmtrkt.  bv F. H. Moat and Add* 
Knopf ; with s section on the Quatwnary, by S . R.' dPp. Bulletin 417, l o h ,  
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50 centa. 
C d l  glscim of Prince Wi l l im Bound and K d  P h n l a ,  A-, by U. 8. 
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hipminary shtement on thefitanu~ga coal field, by 4. G. M&h. In Bulletin 284, 

1908, pp. S&rm. 



BECEWT SURVEY PUBLICATIONS OK ALASKA. V 
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Prindle. Bulletin 295, 1W, 27 pp. 
The Bonaifield and Kant~ehna regtona, by L. Y. Prindle. In Bulletin 314,1907, pp. 

W 2 2 6 .  
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The Fortymile qnarlmngto, Yuknn-Tmma wgioa, Almke, by L. M. Prindle. Bd- 
letin 375, 1909, B'tpp. 
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