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;GEOLOGY r AND MINERAL RESOURCES OF 
t 
1 NORTHWESTERN ALASKA 

- - 

INTRODUCTION 

Lab in February, 1028, Prerrident Hsrding, aware of the im- 
~ r t a n o e  of anticipating and providing for the future needs of the 
'&avy for oil and realizing that there was a vast area of mappro- 
briated public land in northern Alaska which might contain valuable 

epmits of oil, imued an Executive order reserving a tract of a b u t  
5,000 aqnsre miles as Naval Petroleum Resewa No. 4. (See fig. 1.) 1 

"Oil h d  hm reported at  a few places near tha wmstsl portion of this 
tract, but concerning mod of the inland p ~ r b  practidly nothing 

The raspomible naval officials decided that for the 
roper admipi8tration of this newly created -me #a h t  thing pss Imo-- 

b e w r y  was adequate geographic and @logic knowledge of the 
ract. The Bureau of Engineering of the Nevy Department thew- 1 are invited the Geological Survey of the Interior Department to ex- 

jmlne and report upon the area end Bnanced the begkina of fhie 
work. s 

T h  primarg mderlying pnrpose of the m t  in~estigntim by the 
k l o g i d  S n w q  has therefore Gaen to investigate the possibility 
of obtaining 03 in thia region. Not only was the direct question to 
be answemd as to where, if aqwhere, oil occurred, but it was & 
newssary ta collect and bring to bear on the problem my p l o g i o  
infopmstion obtahbb as to the ma whem oil might km found, the 
place where more intensive inveetiptions were justified, and the 
megdtude of the depmits. Furthermore, even the most preliminary 
mnsidemtim of the problem required considerable information re- 
garding the general topography, geolog-y, and gmgaphy of the tract. 
To supply this information necessitated the collection, both in the, 
Beld and ip the laboratory, of data on many difiemt subjects, mme 
sf which bad to be obtained first hand bcause so much of the 
territory wma actually unknown. Therefore, while centering atten- 

1 



rtiw on the d h d  pmb1~m of finding oil, the h1ag id  8um~y 
parti- have coU& as much ndditiond infomution as ps ib le ,  in 
the belief that all of it wonld mner or hter be found to be pertinent 

to dassification, emmination, and pwpsmtim~of plsns ior ds: 
vdopment " of the reserae. The l erp  body of p e d  infomatian 
thus obtained tarn- not only in the immediate inquiry but dm can- 
tributes to the knowledge of a large part of northwestern Alaske and 



to &a scienen of pology and geography. AII the pertineit informa- 
tion is given rather fully in the present report, su as to bs easily m- 
d b l e ,  far many of the $ormer records are scattered through rare 
volnma not ohhimable except in large librdes, Furthemore, the 
d t a  of mmt of the work done since 19% have not been published 
in amp detail elmwhere, Therefore the resdts of the recent h l o g i -  
caI S m e y  work are given in this report with EO much deteil that, 
were it not bar this reason, they might seem to Lw unduly emphasized. 

It ia difEcult to place definitely the responsibility for the prepara- 
tion of the several parts of this report. In the main them geology of 
the Pdwzoic formtiom was written by J. B. Mertie, jr., and a fir& 
draft of part of the section on the geology of the Mesozoic forma- 
tions wrls prepared by W. R. $mi th, while the general geography, the 
geology of the Tertiary and younger deposits, and Me economic geol- 
ogy were & p a d  to Philip S. Smith. W. R. Smith, however, re- 
signed fmm the Geological Survey in February, 1926, snd Mr. 
Mertie haa bean aesigned principally ts other investigations since 
1925, so that, except for the emtion on the Paleozoic geology, mmt of 
the task of hcorporating the results of the later s x w t i o n s  and 
checking orer the earlier interpretations in the light of later data 
haa f alien to the senior author. Although the ztctual writing of the 
final draft of this report waa dona by the two men whom names 
s p p r  on the title page, the conclusions expressed ere believed to ba 
in petal  accord with the conclusions reached by all the geologkh 
bf the ChlogicaZ Suwey who have worked in this region, in so far as 
the data at their disposal went. 

The mimt sumeys made by the Geological Survey in northern 
Alaaka have been mctxsaful mainly becaum of the professional ability 
rind indefatigable =vim of the members of the different parties, and 
gratefr~l acknowledgment is here paid to them. Gerald FibGerald 
m e d  most efliciently on ell four of the recent expeditions as topog- 
rapher and was chief af party in the 19% work. Sidney Paige waa 
p l o g i s t  in charge of all the pnrtiw that worked in northern Alaska 
in 1923, with Jamas Gilluly, geologist, and E. C. Querin-and James 
.WhitaBer, topographers. W. T. Foma was geologist with the south- 
.- party in 1923 and, with 0. L. Wix, topographer, made a most 
pdnooa exploration in 1824. R. K. L p t  was one of the i%pog- 
jraphem with one of the 1924 parties, and Wnlter R. Smith wm the 
P;eOlo&t of the 1925 party. All the camp hmnds abo served effec- 
'vdy in puttiug through the work, S p d t ~ 1  mention is made of k . R. Bhnkenahip, who was a most u ~ f  d member of the parties in 

fQM, 1996, and 192%. H. A. Tait, F. B. Dodge, and George Clark, 
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of the l a  parties; Fay Delemene, oaf the 1825 party; and Fred 
Clark, of the 1926 party, all contributed to the sncceaful pro- of 
the work, 4 .  

The Fedem1 and Territorial officials made the facilitim of their 
respective organizations available to help in every way the members 
of the Geological Survey in this work. Among the many who thus 
assisted may be especially mentioned members of tha Bureau sf Edu- 
cation, particularly Capt. Frank Whitlam and d a b s ,  of the 
Bmwl and the teachers throughout the region, ~pecially Mr. and 
Mrs. Cramer at Wainwright, Mr. and Mrs. Morelander at Kvaliaa, 
Peter Van der Steer at Barrow, and C. L. Andrews at Mome; the 
Coast Guard, particularly Captain Co~hrane~and associates, of the 
E m ,  nnd Captain Ross of the Name station ; the A l w h  Railmad; 
the Signal Gorps; and the Alaska Road Commission. 
In equipping &d supplying the parties that outMd in AIa&a 

the traders and  torek keepers rendered valuable assistanm. Among 
thesa should be specially mentioned JX L i e h  & Go., particularly 
througl~ C. D. Brower, part owner and in general charge of ita station 
at Barrow ; Jim men, itEl r e p ~ t ~ t i v e  at Wainwright ; and R. A. 
Riley, of Barrow; the Northern Commercial Go. of Mash, gw- 
titularly through Q. V. Qm, its former mansger at T&ms ; E. A. 
Parmns, in charge at Nenana; and H, Fleischmann, in charge at 
Ruby; the Midnight Sun Trading & Transportation GI., particularly 
through B. S. Hall, its agenh formerly of Rotzebu8 and Lter of 
Wainwright; Tom Berryman, of the Kohebue Fur & Trading Co.; 
the Magids B m . ,  particulmly through Paul lhvidoriw, their 
agent at ICotmbue; and H. Robinmu, of Robbmn & Greenburg, at 
Candle. 

Among the other individuals and orgmisations to whom admowl- 
edgmmts are due are the A l b  Shnwhip Go. ; the members of the 
Presbyterian hospihl md mission at Bsrrow, aspmially Dr. 8. W. 
Gmist, phy~icim in charge, and Miss FIomce D W ;  0. S. Wmver 
and Lamen Bm., of Nome; Thomss DeVane, of Rabp; Capk 
Jwph Bernard, of the Tddy Bern; and the Eskhas Chester 
Sevic, of Kivaline ; Johnson Knpkpuk, of Kotzebue ; and the N a s b  
loah, of Noatak village. 

It is not prop& ta tram here in detail all the expeditions that 
have pisited parka of northem A l h  but mther ta pi& ouS those 
that have especidly contributed to our knowledge of this @om. 
(See pl. 8.) A comprehensive mmmsq of the early eaploriag 
expeditions was cumpiled by Dd1,' and E spcia1 dmhh of the 

3 -11, W. H., Al&a and it# mnrcts~, London aad Badom, 1870, 



exploring parties who visited the northern coast of Alaska was pre- 
pared by Z e h p e l l , *  An account by Bergs of the Russian dis- 
, coveries in the Pacific haa recently been published, which Este . a d  
&abstracts in English many papers that are in Russian and tbns 
; heretofore unravaiIable to Americans. 
i 90 far as av~ilable information shows, Semen h h n e f f  was the 
' M foreigner to see any pal* of what is now American territory in 
northwestern Ales& when in 1848 be discovered the Diomede 
Wands, but he did not learn of the mainland beyond. In 1711 Pehr 
Papoff reported seeing the Diamedes rand learned of a continent 
beyond, but it was 1732 before any foreigner k reported to have 
reached this new land. In that year, aceording to Berg,' Ivm 
Fedoroff and Michael Gwozdeff landed near Cape Prince of Wales. 
The maps of their surveys were unfortunately lost, though their re- 
sulk- appear b have been known in Bump and incorporated in the 
Jnap drawn by Muller and published in 1758 by the Russian Academy 
bf peciences, Dall, however, gives the hmor of being the first white 
ban on thk COB& ta Lientenant Synd, who, he ssys, lnnded a short 
pistance math of Cape Prince of Wales in 178'1. It remained, how- 
per, for Cept. James Cook: in 1778, to be the first to discover and 
kaw a record of the parts of the ~res treated in this report. He 
named Cape Lisbume and coasted along the shorn near enough to 
cote some of the prominent points as fnr north ns Icy Capc. It was 
1810 hfora the next noteworthy addition to our knowledge of the 

hy of this region was made. In that year Lieutenant von 
uee cruised along its southwestern mast and discovered the 
M y  of water to which his name has been given. He mapped 

host of the coast fism Cape Prince of Wales to  Cape KrusensEern. 
In 1828 Captain Bewhey: of the British Navy, conducted surveys 

that are of remarkable accuracy, conddering the difficulties under 
which they were made, and form the basis from which prsctically 
811 sukquent m a p  of the wesbrn coast have be& made. Captain 
W e y  was unable to force his ship, the Bloam, through t he  ice 
rmrth of Franklin Point, so that Elson, master, m d  Smyth, mate, 
left the v-1 at that place in a small boat md have .the honor of 

, bsing the first ta map the mast northward to Point Barrow. During 
L&-11, R. d4 K., T h  Cannln~ Rlwr region : U. $. t3eo1, Grimy Prot Paper lm, 

W 88-92. 1D19. . . 

*Berg, L., BumIan QIrconrIm 10 t b t  Padflc. pp. 1-26. I m i w a d ,  U. 8. (3. A. l o a d .  
€Id., 1928. 

? Ber~, t. 8., The strait of S e r l n ~  and I t s  wants Mom? Berlng and Cuok [In Bnaaian 
onby], 1820. 

4 Cook, Jam- A voyage tn the Wdc, 8 wla. LwBoa IT84 
4 Kntzchue, Otto m a ,  A rtrpalle of  dtscoverg Into the Sooth Sea8 and Rerlna Btraih, 

8 fo l r ,  badon, 11821. 
tleecbeg, F. W., NarFaZlae of a vww to l&e and Beedng'n Btrdlr. bWa,  

18kl. 



this sitme year Sir John Franklin: sailing westst.srd alang tlre 
northern mast of Alaska, bxplored that coah practidly fo the eaF3t- 
ern margin of the delta of the Colville. The stmtch of mtwt 150 
m i h  long between the aurvep of Elson lknd Smyth and those of 
Franklin remained unexplored until 1837, when the H u h  Bay Co. 
sent out an expedition in charm of P. W. D~ase and Thomas Simp- 
eon to close this gap. They went by open boat dong the llretio 
coast to a pint s few miles beyond Cepe Simpm, where, k u 9 6  
of difftmlties of nmigation, they decided to h i s h  the exploration on 
foot. Simpson, with five athem, W e d  overland, each man packing 
a load of suppliers, Wuding a canvas w o e .  After -era1 days, in 
which they mu& have encountered almost insuperable difficulties, 
they mived at Point Barrow. 

With the completion of them mmya the maim fedma 04 the 
coast were determined, though later expeditions, many of which 
bad been organized to  search for Sir John Fnmklin, came&& some 
of the e r n e  that had been made and added many details. Thosa in 
charge of the several expeditions t h ~ t  ~ S t e d  t b  mast in the sea& 
for Branklin, especially Kellett, Moore, McClure, Gollinan, Pullen, 
and Maguire, aH left brilliant records of accomplishmsnt. J o b  
Simpson; the surgeon on Captain Maguire's ship, the P h e ,  how- 
ever, desemes more than passing notice kam apparently he was the 
first to recard the presence, of the two great i n h d  15~e-a Kobuk 
and the Noatak-though only the lower parts of them rivers are 
shown on his maps, dated 1858 and 1854. 
In the next 25 years little additional informstion wm pnblisbed 

regarding this @on until the international polar expedition in 
charge of Lieutemt Rny " carried on work in the vieinitJr of Barrow 
from the fall of 1881 to the fall of 1883. Not only did this expedi- 
tion carry on i a h s i v e  climatologic and magnetic okrpatlfons during 
ifg stay, but Ray exploredhthe corn of the Meade River southward 
practically to lstitude 70" N., and hh a d a h  made valuable col- 
ledions and records of many of the anhrila and plants of the region. 

Beginning in 1883, the f i t  exploraQons of the inland parb of the 
region were undertaken. In that year Lieutenant Stoney," of the 
United States N q ,  went some distance up the &buk River, and 
the next year he m e w e d  his 'explmatim up that stream ta a point 
st leasf aa far east as longitude 156'. In 1584 Lieutenant Cantwell, 
of the Revenne Cutter Service, also carried snwsys up the Kobuk 

- - - -  

a Fmnklto, John, W~rrat~m of a mcond expdttlon to the .horea of the Pour Ek. h 
the y e v a  1825, 1W, rind 182T. f. 1828. 
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to.about longitude 1 b 6 O  and when rstzuPing to the c a d  met Sbney 
upward bound, Again in 1885 C a n t w ~ l l ~ ~  and Stoney mrried on 
i f d m  surrreya, Stone-y spent the winter of 1883-86 near Shun& 
:;on the npper Kobuk, and during the winter he and the rnernbem of 
,his party mads several trips to different parhs sf the region. Sbney 
thhmlf  went across to the Noatak and latar to the herd of the 
'Kobuk, acmss to the Alatna, and thence to Chandler Lake. One of 
the m e  extenive of these explorations wae made by Ensign (now 
Rear Admiral, retired) Howard, who, with only one white corn- 
panion and occasional natives, went from the Stooey headquarters 
on the Kobuk River acms the mountnins to the Koatak md tbenm to 
the h d w a t e r ~  of the CoIGUe, down that stream to a portage into 
the I k p ' i u k ,  and thence to  Point B a r n ,  Unfortpnately the re- 
sulh obtained by Stoney and his a~ocimtas were not published until 
1900, and during the inintervening time many of the original records 
were lo&, so that m e  of the details becnrne hazy mti even actual 
errors were introduced. 
In 1889 S. B. Mchnegnn,= of the Revenue Cutter Hervice, who had 

been with Cantwell on his trip up the Kobuk in 1884, with one 8$&. 

ban, made an extensive trip up the Xoatak River and was the fimt 
*bib mm to traverse any considerable portion of this river and leave 
L permanent record of his trip. The s m e  year Lieutenant (now 
Major General, retired) Allen," of tbe Was Department, made one of 
the most remarkable trips ever k k e n  in connection with Alaskan 
xploration, the part which brought him into the region here de- k ribad being on the Koyukng from the mo&h of the Emuti to the 

dohn River. In thia tract he was the fimt white traveler. 
; Little new information r e m g  the region was added mti2 the 
dimovery of gold in the Kiondike brought a graat ituush of pros- 
p-ra ta all parts of Alaska. Most of these men, as well as the later 
pmqmbr~ ,  have Ieft few records of their trips, so that while mme 
of them probably traversed parts of this area, dm& none of them 
h m d d  on their experimoe to others, and it is theref ere not possible 
to rscod their achievements, The interest stimdatsd by the gold 
dbverias,  however, led to the sending out of Geological Survey 
parti- to carry on aystematic wientSc explomtiena of the Territory. 
The first of thesa parties that visited this region wag in chsrge of 
F. G. Schrader, geologist, who, with T. G;. Gardine and I). C. Wither- 
qmn, tapgraphem, in 1899 darted from the Yukon, mxmded the 

- - - - - - - - - - 
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Chenaar Rim,  portaged bta the K:opakulr, snd dwcmded that 
river to its moa&lE 

]Lo lsOl Schrade~:~ $g II member of the party im chaFge of W, 3, 
Petem, hpogmphw, went overland daring the wintar to tha Koyu- 
h k  md then durillg the open s e s m  went up the John River, a c m  
the Brooks &age, a d  down the Analo51vuk md the- &Idle t~ the 
d, thence westward along the shore to the Comin ma1 mine, near 
Cape Gsburne, where they were fortmate in finding a vem1 that 
took them to Namg. While this pa* waa waiking for the ri~ers ta .. 
open Gaston Philip, one of the tmistants, asamded the Alstne River 
nearly to its tributary, the Kutylr. During the am year W. C. Man- * 

der~hd, '~  geologist, with D. R. Reaburn, topographer, conducted a 
Qeological Survey party fmm s point near Fort R d i n ,  on the 

- Yukon River, up the Dall River m d  thence down the Emuti River to 
the Kagukuk. This party then ascended the Alatna to Helpmejack 
Creek, portaged reross the divide to the w ~ t ,  and dewended the 
Kobuk to its month. h 1% mother Geological 3a~vey party, in 
charge of Arthur J. Collier,ta geologigt, examined the region ad- 
jacent to the mast from Cape Thornpgon to Czlpe Be8ufort. The next 
Ger>l@ml Survey expedition to this region was made in 1908, when 
E. M. h d l e  reexamined parh of the Cape Lihurne region. 
In 1010 Philip S. Smith and H. M. Eakin, geolagish, went from 

the H o p h k ,  near the mouth of the Eog~tza,  to the uppr part of 
the Kobuk Bmin and then descended the Kohk to its'mo~lth. The 
next year SmitEql@ with C. E. Giffin, topoppher, surveyed t>he 
Alatns River, formd a pam ms~ the mountains to the Noatak, and 
travemd that e r n  to its month. As a result of these explorations 
by WoIogicaI Survey parties, mportxc- m m p a a i d  by maps and 
o t b  illwtrntio11~ wem prepad and tpublished for all the trips 
exoept that of Kindle in 1908. 

Cornring many of the plam along ;the northern mast of A- 
1% 

r 

eye inf ly  in the country east of the ColviUe, eqlloratjans by h&g- . 
*eltell md Anderson in the period from 1906 to  1914 and of Stafms- 2 
mn from 1908 to 1018 have added much information regarding - 
northern Alaska, through inland as k l l  as alongshore and odfshore 
triw The m m q ~  made by the parties of the Xnternatimlsl Round- 

* & b d e ~ ,  F. C, Pmlimlnlrm report on a mmana~amnm nlwg tbe Cbnndnlat . t d  
RWerm la Afnnka In 1888: 0. L1. Qeol. Rurvey f iwb-fld Ann. Rwt., PL 2, 

pp. 441486 ,  1860, , 
* BchraapF, F. C, A hmnnalunnm In northern Almka: u. 8. awl. RUmW Pmf. PWT 

'20, 139 pp." 19M. 
~ M e n d m b e l l ,  W. C., Rewnnabimance from Fort EIamlln to Wt*ebae Bound, hlamb: 

0. 0. Ueol. Elurvep Prof, I%per 10, 88 pp., lQ02. 
Colli~r, A. J., IEsologg. and con1 reaonrcss of the CAW tl&Urnc nglom, Afalln: U. 8, 

Oml. Burvey Bull. 27%. 54 p ~ . ~  1808. 
19 Smith, P. 8., Tba Noatak-Kobuk r@glon, A l h :  V. 8. Owl. D n W  Ball, 636, 
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my Commission in loc&ting and r n ~ i n g  the line between the United 
Stetes end Canads in 1912 fmm the Porcuphe River to the Arctic 

. Ocean, supply geographic and geologic data which, although con- 
, cerned primarily with the eastern part of northern AImka, are of 
) general interest and value. 

3 

RE!€!nNT QEOWOICAL BUBVEY INVE8TXUATIONH IN 
I r NORTHWEBTERN ALABKA 

EILPEDImOX OF lsaS i 
I 

The first of &e recent Geological. Survey expeditions to visit north- 
ern Mash at  the request and expense of the NRTJ Department 

' was that sent out in 1923 in charge of Sidney Paige, with James 
QiUuly shd W. T. Form, geologists, and E. C. Guerin, Gerald Fitz- 
Gerald, and James Whitaker, topographers. The object of this 
expadition was to map the coastal region from B point near Cape 

. Beanfort to Cape Simpson and the i n l ~ n d  country along a few of 
-, the Iarger streams in places ss far a8 65 miles from the ocean. For 
;! field work the expedition was organized as three relatively independ- 
! ant parties. Two of the parties left Nome July 3 on the trading ves- 
1 eel Arctic and reached Wainwright about July 23. One of these 
' parties, in charge of Gilluly, with mitaker, topographer, then 
j followed thb coast northward to Peard Bay, portaged across to the 
' ham River, descended that draarn to Dease Idst, and ascended the 
: Topagorok River for about 80 miles as measured along the mlrm - 3 g of that dream or 40 miles in an air line from Deam Inlet. The 
i w n d  part& in charge of Baige, with Guerin, topographer, followed 

the coast northward ta Barrow and thence eastward to Cape Simp- : mn, where the oil =pages were examined and mapped. The party 
i then returned wedward, surveyed the Basfern shore of Dease Inlet, - 1 c r m d  the inlet and ascended the Made River to a point 65 miles 
in an air line from its mouth, or a b u t  150 miles measured along 

d the mum of the stream. The third party, in charge sf Fomn, with - FitzGe~ald, topographer, left Nome July 11 on the Teddy Bear, 
which had been chartered for the &Id season, m d  began surveys 
nmr Cape Beanfort July 16. The Foran party not only mapped 
the coast as far north as Wainwright but also amnded the Kuk- 
p o d ,  Kokolik, m d  ndt~~kok Rivers for distances of 25 to 40 miIes 
from the coast.. 
As n resuSt of the work of these three parties about 2,150 square 

mil- of hitherto nnsurveyeri countrp was mapped, and infnrmation 
waa obtained that thrtsws light on tha geologic and physical features 
of prohbly 10,000 qaare mil-. As s general narrative of this 
expdition, together with a report on the scientific and technical 

82T43-30----2 
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d t e ,  has already been publi~hed,5~ detailed descriptions mny be 
omittad here. The data obtained by this expedition, however, have 
been freely drawn upon in preparing this report and will be referred 
to in the appropriate sections. 

WIN= WORK 
! The exploration of 1928 left unsufveyed a large part of the =me 

which was so remote that it could not be advantageoudy reached 1 

from the Arctic during the short sewn that that m~st is 
free from ice-perhaps 40 days during the year. To reach this 
inland part so that the necmary surveys could h carried on was the 
first problem to be solved by the expedition of 1924, 

Consideration of the problem, however, had not p m d d  far 
before it was clear that success would depend on being on the p m d  
d y  to work as soon as the mow waa 0% the hills-in other words, 
getting into the e o n  during the winter. To meat this need Philip 
5. Smith, with hid FitzQerald, topographer, left Washington 
the middle of January and sailed from Seattle Jmuarg 19. They 
reached Seward January 26, and took the Alaska Railroad for 
Nenana but were delayed on the way by h e a v  storms, that blmked 
travel for several days. Nensna was reached February 5, and trans- 
portation for Tanana, some 125 miles distant, wns aeorded by the 
mguIar horse-drswn mail stages, which are simply open wagons on 
m e r n  capable of hauling n ton or so of supplies and mail. Road- 
houses along the treil at distances of abut  20 miles provided shelter 
m d  food for the travelers. During most of this stage of the trip 
very cold weather was experienced, the thermometer &anding on 
many d a y  at 60° below zero. 

Tanana was reached February 11, and at  once a start was made . 
in assembling the necessary supplies and equipment needed far the 
aix months the expedition would be in the field. Through effective 
cooperation with the Northern Commercial Ca. of A l a h ,  with - 

- 
which contracts were r n d e  to furnish m& of the mataria1 needed ' - 
by the expedition, pmries and food supplies were selected and ' 

pscked to meet tfatl conditions, specid dothing was made by nativea 
living in the naighborhd, and dog teams were procured from 
points as much M 150 miles distant. f namuch w other technical. 
membera of the expedition would not arrive from Washington be- 
fore the later park of February, it wss deemed expedient to Eake 
advantage of the exceedingly g m d  weather that prevailed to send 

mP. i se ,  &idmw. hrU, W. T, mud Wlull, J a m  Remnmafmwr or the Point B a r n  
w o n ,  A m k a  : n. 8. Osol 8mr~e7 Bun. 772, 82 pp, Ism. 



I forward a~ much of the freight and supplies as m b 1 e  as early 
as they could be prepared. Six dog teams, each consisting of a sled 

( with trailer and each drawn by 16 dogs and carrying loads of 1,000 

I to 1,600 pounds, were dispatched from Tanana under the leadership 
of Qeorge Clark .Februq 17 over the old mail trail that strikes 

l across country from Tanana to Allakaket, on the Koyukuk River, 
' 125 miles distant, 

In the meantime J. B. Mertie, jr., geologist, Richard K. Lynt, 
toppapher, and Frank B. Dodge and Harry A. Tait, recorders, 
who had left Seattle, February 9, had arrived at Seward and wem 
proceeding to Tsnana over the route followed earlier by Smith and 

. FitzGerald. This party brought with it all the necessargr surveying 
i instrumah and hhicral equipment, togethet with four Peter- 
, borough cedar fraight canoes that had been specidly built for ths 
! party and were nested in a single crate. This party reached Tanam : February 26, and the out& was reammbled 9o that it could be trans- 
' ported over the pmr hails that would be found farther on. Special 
$ Wleds,  drawn by 15 dogs, had been constructed for the transportn- 
ci tion of the crate of canoes, and three sleds, each drawn by 13 dogs 

and with a tmiler attached, were in readiness to transport the neees- 
anry camp equipment and mpplies of the combined parties. Addi- 
tional camp hands, Walter R Blankanship, John A, Swenson, and 

. Titue Nilcolai, had been engaged. 
T h e  survey party left Tanana February 27, following the mute 

eerlier t r a d  by the freight out&, and reached AIIakaket March 'I. 
From Allak&et the course lay up the Alatna River, which, from 

] prwioos explorations by the Geological Surrey, was known to head 
8 in the motmtains that form the divide between it and the streams 
that flew north into the Co1-e and ultimately to ths Arctic Oceaa. 
' Tnamnch rrs the freighting crews had to make double trips over most 
'of the muta UP the Alatna and also had to  b r e k  trail, the members 
of the scientific seetion were able to overtake the freighters a short 

'distance south of the Unakserak River, n tributary of the Matnn 
which a t e m  that stream abwt 85 miles in an air Iine northwest of 
All&&& T h e  Unahrak was found to afford a mitnble route 
into the monnhins, and consequently a mute up this stream to search 
for a paas was chosen. About 16 miles Im an air line above the 
month of the TSnakserstk is the extreme northern limit of spruce 
timber, and a base camp was established at that point, so that sur- 
peys could be gtaPted and the surrounding region explored to find 
the most suitable pass acms the mountains. A gap having an eleva- 
tion of about 3,700 feet was found 8 miles northwegt of this camp. 
The freightera, ha~ing  brought their Joads to the point called for 
in their contract, ware dismissed and sent back to Tanana. George 



GI& was relieved from duty with the freight outfit and attached to 
the party that would spend the rest of the seamn in examination of 
the reserve, and John S w e m  and Titus Wicolni were relieved of 
duty with the sciantific ppartg and returned to 'Sanana with the 
freighting outfit. 

Topographic and geologic surveys wsre oommenced ; ties with t h e  
earlier surveys near the mouth of the Unabrak were made, and 
explorations were pushed northward. While this technical work 
was in progress, freighting of the supplies across the mountains 
inta the Colville drainage basin wap activsIy carried on, and by + 

April 2 all the equipment and supplies of the expedition were across 
, the range and on April Creek, a stream that flows into the Killik 

River, a tributary of the Colville, which in turn flows into the Arctic 
Ocean. Firewood was rn scarce on April Greek md so mall in 
its headward portion that the -edition was clompeUed to move 
down the valley to its junction with the E U i k  River before a suit- 
able camp site could Lve found, At this plmce the stream appeared 
t o  b large enough to allow thehum of canoes during the open sea- 
8on. Rere a hendpuarters camp w ~ s  established, and this was the 
c8nt.m from which axplorations wers continued until the spring 
break-up. While the nontechnical members of t h e  party bronght 
all the supplies to this haadquartass camp, the technical members 
were more or lm constantly off on side t r ip ,  ach lasting a week 
or 10 days, exploring various parh of the adjacent region. As a 
re& of these winter surveys several thousand quare miles of 
hitherto m a p p e d  and undmcribed country was visited. 

Early in Map the rim of winter had largely disappeeid. Mmh 
o f  the snow on the adjacent hills had melted, and bare pstcbes 
sppeard at many places. Soon aftmward birds that bad wintered 
in mom southern regions put in their appearance, and flocks of 
ducks and geese could be heed  whirring northward over the camp. 
Many of the birds that h d  wintered in the region, such irs 

ptarmigan, began ta c h a n g  ts their Buglmar pl-. Patch= of 
dush appeared in low places, end suddenly, May 19, a loud mar 
&nnound the brsaking of the ice on o m  of the d streams in 
the neighborhd. From then on water began to run in several of 
the channeIa of the stream near camp, and by May 80 sufficient water 
was running by the camp to permit abandonment of the winter head- 
qurters and the mdertdrhg of the m n d  stage in the exploration 
of the region, by the use of canoes. MI the pampherndia that had 
h amntjal for travel with dog hrns and under winter m d i -  
tiona ww discarded. 



I 
FIDMMER WORK 

/ /  In order to increase the area covered by surveys the general plan 
ifor the summer work was to split tha winter party into two inde- 

h- ;pendent units each codsting of a geologist, a topographer, a 
'.recorder, and a camp hand. One party was to descend the rCillik 

2: rapidly as possible ta the CoIvilIe and then turn westward, exploring 
the headwater region, while the other would proceed downstream 

- more slowly, surveying the region in greater detail, and on reaching 
, # the Colville turn eastward and explore that part of the Colvilla 

Basin. According to this plan Smith, Lynt, Dodge, and Clark 
formed what is here called the central party and Mertie, FibGerald, 

;?Pait, and Blankenship formed the eastern party. Each party took 
;two ~af~m. At the start the volume of the K X k  was too small to 
i permit free use of the canoes, and it was necessary to  drag them many 
;miles over shdlow gravel bars, evoryhly wading in the icy water 
'from ankle to waist deep. In this manner progress in an air-lint1 
(distance of about 10 miles was made downstream until the large 
amount of anchor ice rising from the bottom of the stream presented h trzards that made immediate prograss impossible. Within a day, 
however, this ice had run by, so that the downsham journey was 
reamed, and below Easter Creek, the volumg of the stream having 
jincreased, it was possible to ride in the boats most of the way, to 
m p  M June 9, with only occasional jump-ofls to hold the boat in 
herd de. 
i Progress downstream was not marly as rapid as had been antici- 
b a M ,  however, for below camp M June 9 a morainic belt stretched 
m c m  the country, and where it had been cut across by the stream 
boulders of all sizes and shapes ob&ructed the river downstream for 
hany miles. Furthermore, many s-called Croverflow glkets  " or 

aufeis great diaiculties to navigation. Many of t h e  
bvadows farmed areas several miles long and a mile wide, through 
which the stream flowed in numerous small channels which had been 
cut down through the ice to the gravel. In these channels the 
stream undermined the ice until bl& 5 to 8 feet thick md 100 feet 
or BO in length toppled 0% and fslh into the stream with a great 
mar, producing a huge splash and swell that was dangerow to pws- 
ing bats ,  even though they were not directly struck by the 
falling ice. Both above and below the mouth of the Chandler River 
the Rillik split into numerous small channels, so that in places 
them was not enough water to float the boats, and they had to be 
dragged by- hend over the shallow &mtchw. 



The central party reached the jmctim of the Kinik and the Col- 
ville June 18 and dmkd at once on the npstream journey. The cur- 
m t  of the ColviUe ia w, d that no p r o m  mala be mada rowing, 
paddling, or saihg,  and it was nemaarg to had the h t s  by means 
of towlines attached to the bow, one man hauling on the towline 
while the other steered and poled from the rear of the canoe, In this 
way botb boats were worked upstream to s point; 90 miles up the 
Etivluk River. Because of the fiequent stop n-ry for geologic 
and topographic observations and wading in &he cold water for 8 or 
10 hours a day, it was seldom possible to make an average air-line 
advan& of mom than 5 miles a day* The country adjacent to the 
river, however, was SO low that the general features of a strip 20 to 
50 miles wide could be learned from them observations. 

Early in July, having surveyed as much of the central part of the 
Colville Basin as the available t i m e  warranted, the party began the 
exploration of the Awuna River, a western branch of the Colville, 
with P view to finding a pa= by which to cross fiom.the basin of this 
stream into the basin of the Ildsade or the Ikpikpuk. The Awuna 
River h nelabtively sluggish, and pro- up it could be made largely 
by paddling and poling the canoes. Afhr a pint nearly due south 
of the lower mapped portion of the Meade River and not more than 
60 miles distant from it was reached a route was f o d  by which the 
boats and supplies could ba port%@ to a northward-flowing stmam. 
In making this partage a mall stmm was first followed for a few 
miles until it became so m a l l  that it was necgasary for the members 
of the party to pack on their backs all the expedition's supplies and 
carry them bodily moss the divide, A port@@ of 8 or 10 miles over 
a p w  1 , N  fwt above sea level mas mde,  m d  on JnIy 29 the entire 
outfit, boats and equipment, was on a northward-flowing week, which 
a t  that time was blieved to flow into the Meade Bivsr. This stream 
near its head was so mall that in many places it was cousiderably 
narrower than the boats, and only by tilting them on their sides and 
than by sheer force shoving them along wuld they be m o d  
ah&, After promeding in thh way a few mila the voltme of the 
&ream incred,.so that the men could ride in the boats and carry 
aU the supplies id one load. 

me condith of  rive^ travel irnpmped greatly with each day's 
descent, but the party had the disappointment of hding that h- 
stead of continuing its northerly and westerly m r m  the atfezun, 

after 10 or 15 miles, swung sharply to the east and continued in that 
direction, indicakbg that it was not tributaq to the Meade River 
but to the Ikpikpuk. On Aaguat 6 s fair-sized tributary from the 
east, Iater named Maybe Cmk, was reached, and men's footprbta 
on the near-by bar and mmuments and signah on the near-by hills 



umishhbly indicated that the aastern party had descended that 
bmch and was farther down the Ikpikpnk. The central party then 
harried ahead m d  on August 8 came up with the emtern party in 
camp on the Ikpikpuk at the mouth of the Price River. 

l h m g  the time that the central party had h n  following the 
:mute desmihd in the precdmg paragraphs the eastern party, ac- 
cordmg to the plan originally outlined, had dmnded the 
and experienced many of the same diBcultiea until they arrived at 
the Chanaer Rhr June 18. Here the party halted in the down- 
stream journey in order that a side trip up this - mdd be 
mde. The Ghssdler River was swift and SbaUow so &at after 
lining r mnm upstream for about two days, in which m &-line dis- 
: tance of only 7% miles had been made, the party decided that prog- 

by that method was too slow. Consequently wperfluous supplia 
.were cached and the journey was continued an foot, each member 
;packing the necessa y supplies and equipment an hia k k .  In thie 
banner the parQ re~ched the northern front of the momhim and 
-ascended one of the hilIs, from which the general features of the 
kegion muld be mapped. Unfortunately, during mod of this trip the 
:weather was stormy, and distant points were o k u d  by clouds and 
,rein. On completion of this work the party returned rapidly to the 
mou& of the Chandler River, and on July 1 they resumed the 
journey down the KilLig River and the next day mehed the ColviLlk 

Tha Colville was in B good &age of water, and after working 
downstrerun an air-line distance of about 50 miles Mertie and 
PitzGersId made aeverrrl long cross-country trips northward ta 
search for a practicable mute to some stream tributary to the lkpik- 
buk. A roub was finally found by way of the tributary of the Col- 
pille from the north that enters that stream near cmmg M July 11 
wid was later named Prince Creek Progress up the Power 15 ta 20 
d m  of this stream pr88end few difbcdties, but ferther up the 
streem became s m d  and extremely toduous, so tbnt p r o p  was 
dow. Finally at camp M July 18 further wcent of Prince CFeek 
wag abandoned and a portage of about 5% milm (sir line) wes 
msde to a point on the tributary of the IIrpikpdt at camp M July 26. 
On this portage dl the supplies and equipment had to be csrried by 
the members of the party, and severat round trips had to IM made, 
E#, th& it wae July 29 before the portage waa completed. 

Under normal conditions the stream at camp M July 28 is prob- 
qbly too small to allow the use of canoes, but fartunably there had 
k n  a period of heavy rains wMe the portaga wm in progress, eo 
&at the party wns rsble on leaving the camp to travel in the canoes 
with their full I d .  The stream, which they named Maybe Creek, 
w2tjnued to jmprove as the party descended, and after a day, and s 
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half the Kiplik Biver, a laage tribubarg from the we&, swelled the 
volume, sx, that further p m  down t b  Ikpikpuk to mmp M 
August 7 was inhmupted only by the delays incident to suweyii~g. 

The combined party set out August 9, working as a unit to complete 
the survey of the Ikpikpuk. However, August 11 they reached ab 

point where the Ikpikpuk splits, and it seemed desirable for Smith 
and Ddge to trwersa the eastern chaanel while the rest of the 
party went down the western channel. The western p u p s  reached 
the mouth of the river August 15 and tied in with the monumeab 
left, the preceding gear by the Geological Survey parties that had 
mapped the coastal portion of the region. They then crossad Dew 
Met and skirted the coast to the c a p  about 10 miles west of Christy 
Point. At this point a launch sent out from B a m w  to hunt for any 
of the crew thah might haw landed from the L d y  Xinder~ley, which 
was in the ice ofl the coast, h a ~ a  in sight, and arrangements were 
made with the m e i n  fop transportation to Pergniabk, the so-called 
Kunting Beach on E b n  Lagoon, h u t  5  mil^ north of Barrow. 
On ~rrival at this point the ocean ice W I ~ B  found to tx: jammed so tight 
a@& the beach that further progress with the boats was impossible. 
The Geological Survey members therefore walked overland to the 
tmding station st Barrow, which they reached lata Angnst 21. 

The party tbt followed down the d m  channel of the Ikpikpuk 
made onIy a time and compass survey of that route and August 18 
came to the show of Smith Bay, a, few hours earlier having passed s 
mall  communie of Ecskimos, the first people that had been seen 
since leaving the U n a h ~ a k  in March. From the coast the party 
p r w d e d  by canoe dong the shore, hastily visiting the oil claims in 
the vicinity of Cape Simpmn and, until stom b a d ,  sMing the 
sand m f s  md islands that lie some distance off the coast. They then 
followed the muthem ~hore  of Elmn b g m n  dl they dm arri~ed 
at  P e a k ,  where they cached much of their qaipmsnt msnd walked 
to Bftmw, arriving Iato in the afternoon of August 5%. 

At B a m w  it was learned t ha t  the Arctbl the ahip on which the 
expedition had plsmed to return to Nome, had been mmhed and 
sunk by the icse wwly in August; farthename, that tbe trading -1 
Lady EWmSt.y had been caught in the ice and was in diskem off 
Point Barrow. The Cosst Guard veme1 Becw; which ordinarily visits 
Barrow during the open season, had h a  badly damaged by the ice, 
so that it had hen f o r d  to turn sonth for mpdrs. Fortunately, 
however, a vesel of the Bureau of Education, the Bmw, was lying 
#under the lee of Point Barrow and would transport the pasty to 
Nome rts soon as the resene of the Lady, 12UmI.y m w  had hen 
effected, Late in August the northerly wind, which had been jam- 
ming the iw against the -st for several weeb, a b M  and hally 
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1 mmg to the muth, so that the ice began to loosen and move away 
:.from the coast and long leads of open water began to appear. Fol- 
i 
I lowing m e  of these leads, the B ~ P '  put out from Point B a m w  
!and got within 6 miles of the ill-fated L d y  KibmsZtly and picked 
:up her crew, who had traveled the inhrvening d i s h c e  over the ice 
'dragging canoes. The Bmer then immediately worked out of the 
:id and arrived in B a m w  August 31. The shipmrecked crew of the 
Amtic and the members of the Geological Survey party were then 
taken aboard, and the B e  steamed southward the evening of Sep- 
.tembr 1, slopping a short time at  Wainwright Sapkrnber 2 and 
at Point Hope September 3, and reaching Nome early September 5. 
On arrival at Nome the party learned that no boat would sail for 

23e&tIe mtil October, so in order to avoid that long wait all tbe 
tmemkrs except Mertie and the two camp men went b St. Miehad on 
&he Dw&?gon, thence up the Yukon and Tsnana Rivers on the Dr. 

Governor Dm&, Gauemm* Jacob8 to Nenana, thence 
on the Almh Railroad to Sewarcl, and sailed om the iV&W8tsPrP  
for Seattle, which they reached October 13. 

W E B m m r  Pmn 
C 

According to amanpnent~ made early in 1M &fore the winter 
parties left for the field, additional work was planned in the western 
part of the remrve during the summer season. Far this purpose o 
party was to go by ees t o  Wainwright with instructions t-o make r 
t r a m m e  muthward from that place to some point on the Noat& 
gver .  William T. Foran was assigned to this work as the geologist 
*nd chief of party, with 0. L. Wix as topographer. In order to 
become familiar with the inland route through Alaska Foran went 
b Nome by way of Sewad, the Mash Railrod, and St. Michael 
as Boon as the ice on the rivera had broken. HI arrived at Nome 
June 16, where he joined the other members of the party, who had 
d e d  direct from Seattle to Nome, leaving June 1 and arriving 
June la. The ice wnditions in Bering Sea and the Arctic Oman 
were reportad to be particularly b d ,  and it was not until July 19 
t h a t  tbe party, consisting of Foran, geologist; Wix, topogmpher; 
R. h & h ,  rodman; H. G. Hughes, boatman; and F. W. Belgard, 
mk, got away from Rome on the small g&mline launch Amy, which 
bad been charbmd to go to Wainwright. Gales and heav ice m u d  
many delays. Near Point Lay a heavy piece of ice jammed between 
the propeller and mdder, stripped the gear, broke s propeller blade, 
and bent tha cmnk &aft. Kear Icy Cape the two technical mernmbew 
and the rodman left the Amy in a skiff, with a small supply of fwd, 
iystrurnents, and equipment, and reached Wainwright Inlet July 30 
abd were joined a few hours later by the. Amy with the other mmbem 
of the party. 



Tbpograpbie work wm carnme~ced st once and wm tisd b the 
m e y s  m d e  in 1923 on Wainwright Inlet and st the mouth of the 
Knlt River. While the rast of the party was engaged in preparing 
mnoes and qnipment for the trip southward, the topographic suney 
was continned northeastward along the coast to Franklin Point and 
the entrance to Peard Bay. This coastal work wllit completed 5 
August 4, and the next day the pasty, to which two W m o s  had 
been added, stdad up the Xuk River. Several  day^ wme ~ n t  in %, 
exploring the didorent tributaries, and finally the Kaolak wsa seIachd 
as aflording the best route and was ascended to ita h a d .  A portage 
of 6 miles waa made to hh0 Utukok, and August 17 all hands and 
equipment wera on that stream. Geologic and tapgraphic work 
was carried mnthwerd, until at the forb of the Utukok, which was 
reached August 22, the straarn became too mall to allow further 
canoe tramportation. A considerable part of the supplies and equip- 
mmt, together with one canaa, was therefore cached at this place 
and the remaining outfit was packed up the stream, which the party 
called Disappointment Creek, and ecrm the low divide to the next 
stream to the south, which pmfrd to be the Colville, 

It was a severe disappointment to learn on reaching &his river 
An@ 80 that ite mmrm was eaatward and not mthwnrd, aa 
motbar portage must be made to get into a stream flowing southward 
into the Noat& The pa* continaed muthward up Meridian 
CresPc, reaching the mall lake at its head September 8, Here ST- 

eraE days were spent in exploring the adjacent region and in bring- 
ing back from the cache near the forb of the Utulrok same of the 
f d  that had been Ieft bhind. On Septmnber 8 the camp on the 
Iake wcrs sbandond and the portage ncmm the divide between it 
and the Nirnidthk was undertaken. The party with ontfit reached 
the headward portions of the Nirniuktuk September 12. Their diffi- 
culties were not over, however, becanm owing to the lateness of the 

T 
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season the water was very low and for m& of the way WBS frozen, 
so that e m  while fling downstream it was xl-ry to back-pack - Y 

the boat md mppliea Finally, on September 16, about 0 miIw 
above the junction of the Nimiuktafr arid the Hoatak, boating weht 
was reached, The rnembm had been an s m-r dlowenca of food 
for mveraI days, bat on reaching wabr in which they could again 
use their cspoe snd the outboard motor, which they had carried 
during dl their podagm, they fdt that the end of the trip ww in 
e h t ,  and in t h  days of down- travel fmm the mouth of 
the Nimi&& thay d e d  the Noatak biisicm, where they could 
obtain some supplias. 

The village of Nastak waa left Sephnber 90, ImrE Kotmbue wan 
m h d  September 21. Stozpls rtnd the ice eom&tiom nemsihhd 
remaining at this dl+ until O&br I, when the -going tug 



!&ah& was chartered to take the party to Nome. After encountering 
$heavy ice in Kobbue Sound, the tug reached Nome October 3, and 
bn October 16 the p&y obtained transportation on the steamship 
~V;~CO&, which arrived at Seattle October 24. 

Thia trip, which invoived a, traverse of 170 m i h  (air line) be- 
%wean Wainwright and the junction of tbe Nimiuktuk with the 
.Noat&, necessitated an dmost continuous portaga of about 60 miles, 
.in which three divides were crossed, one of them abut  4,WQ feet 
above sea level, in the short h e  between A u m  6 and Septehber 
16, and was an achievement that could have been carried through 
.only by the iqdefatigable efforts of every mamhx of the party and 
hy the muroefoIn~s9 and indomitable p h k  and generalship of 
:$Form, the leader. 

-1DmrOH or 1asl 
" i 

Geologic investig&ions in Navd Petroleum Reserve No. 4 were 
pntinued in 19% by a party in charge of Gerald FitzGterald, top- 
maphic engineer, with Walter R. Smith, geologist. This party bft 
washhgto~. Febmsry 20 and Sesttle February 28, m d  arrived at 
penam on the & a h  Railroad M a d  10. At this phce W. R 
$31&mhip and Fay Dalezene, who were to assist in camp duties, 
.joined the party with two dog team ~ n d  the necmary equipment 
gar the trail. The party left Nenana March 18 and made the trip 
relong the Nmw-Nome mail trail to the head of Norton Bay and 
$hence ta Kotzebue, a distance of about 725 miles, which was covered 
Ft an, average rate of more than 27 mil* w day. At Kotmbue neces- 
wry mpplies and equipment were obtained, rrs the party would Iw 
unable to purchase additional supplies until they returned to the 
hast in the fall. Several natives and their dog teams were hired 
$0 hdp in freighting some of thwe supplies into the monntdns that 
dorm the southern boundary of the reserve, from which the new 
work of the season was to atart. 
: k i i g  Kotzebue April 15, the route led northwmd up the 
Noatak River to the Kuprurok., a tributary from the north that 
enters near longitude 169" W., and the new W e y B  of the expedition 
were ommenced. Topographic surveys were started from lend- 
marh near the cBnyon of the Noah& that had been located by C. E. 
G i h  in 1911, and geologic obskrvations were made so as to tie tha 
yew work to that done by Philip S. Smith in 1911. 
;. The party pushed up the Kugururok until the later part of April, 
Then rt pass across the mountains was fonnd thaf led to the drsia- 

- .basin of the Utukolr, a stream on the north side of the moan- 
bins, which empties into the Arctic Ocsrtn near Icy Capa From 
&en ~1 every effort was: made to move the camp anpplies forward 
fK) that they would be in the Colville drainage before the ice 

j 
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broM in the prbg and at the time to mmy M lere a traaf 
of adjacent territory as possible. Both obj- were sumdully 
acoomptished. A Jow p m  fmm the Utukok to the Coldle was 
found, end all supplies wexle p l a d  h r  enough down the Coloille 
rn thak canoes could be used when that stream k n m e  free of im* 
One of the canoes vsed by the party had hen  hauled in from Kotze- 
bue with the other supplies. T h e  second canoe waa one chat the 
Geologicd Sumey party under Foran bad cached on the Utuknk 
the previous year, when they encountered unexpectedly d i i t  and 
Iong portage8. 

The ice on the Calville broke so that a canm was used May 30, the 
=me date that the Killik River, the, tributary of the Colville on 
which the expedition of 1924 made its winter headqasrbra, had 
broken the year befora. With the opening of the river dog-Eeam 
work ceased, and the party worked downstseam, d n g  numerous 
back-pmking trip into the country 20 miles or more from the river 
m d  thus widely extending the area covered by the suwey~. On these 
side trips the headwaters of the R e  R i ~ e r  and more of the baain 
of the Amna River, w h m  lower part was m m d e d  by the central 
party of the 19% expedition, were mapped. In this way the pa* 
descended the Colville ta the Et;ivlnk R i m ,  a tributary from the 
south near lonpitade 166O, whose lower mum wns traversed by the 
~ 3 e u l ~ ~ l  Stmey party in 19%. At this point, which was reached 
duly 12, junction was made with the mrveys of 1924, which hnd 
covered most of the d m  part of the basin of the ColviUa as fsr 
east as its tributary the haktuvult. The party under FitzQemld 
therefore tnrnd southward, aseenhng the Etivluk and mapping the 
country on both kdes of the &ream, During this apstmm journey 
the dogs were used with good effect for hauling on tha towlines of 
the boats. By t h  time the party had rsached the camp of July 25 
the stmam had become so m a l l  &at each day it wmed likely that 
only a little more p r o w  could be made with the h k .  The rainy 
wmthery however, kept the stream at a good stage of water, and by 
the d o n m l  use of a shovel to widen out narrow points in the 
channel the bosh were successfully worked upstream. For m r a l  
miles above camp G Jnly 27 the st- wm little more than a gully 
cut through the turf, just wide enough for the to p s  through 
and with very little current. Abut 3 milee a h ~ e  camp Q July 28 
it was found ta h e  fiom n bke about 1% miles in diameter. This 
lake proved to be situated almost pmigely on the divide between 
the CoLville sad the Naatsk, and a portage of about 1,000 prds 
from its south end brought the party to to stmam tributary to  the 
h i u k  River, which flows into the Nwctak rr little west of longitude 
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lMO. The Aniuk was followed dawn without much difficulty until 
;on Amgust 10 ita mouth ww reached, and the surveys were tied with 
"those d e  in 1911 by Smith and G&. 1 The party quickly dropped down the Noatak, making practically 
;so stop except for camp at night, and arrived at Rotzebue Aumst 

'1 122. Here connection was made with the B o w ,  and through the 
.conrtesg. of t h ~  Bureau of Education the party was taken to Nome, 

3 where, after lms than a day's delsy, they obtained psssaps on the - Vktmb,  of the Alaska Stemship Co., fur Serttt1,e. 
As B result of these explorations about 6,600 square mileg of 

? hitherto unknown country wes mapped with the accuracy nquired 
by mmaissance exploratory standards. A much larger awn was 
observed, so that its general aspects are known at leagt sufficiantIg 
wdl  to be a£ considerable assistance in planning further work in the 
region and in interpreting the results already obtained. Although 
in ganeral the work is regarded as of an exploratory strtndard. most 
of it was red1y done in much greater detail, Practically all. the 
topographic work was executed by plane-trrble and micrometer- 
traverse methods on s field scde of 1.: 190,000, though the data are 
ineoqmrated in the map that forms P'lste 1 of this r~port, on n scale 
of 1 : 500,000. At fnquent intervals during the work obsemations 
for latitude and azimuth were made with a transit. When computed 
these observations coincided very doseIy with the positions deter- 
mined by the other methods. The position of the mouth of the 

as determined by this party checked so closely with its psi- 
+ tion as determined by Giffi that probably fern intermediate pints  

are more than s mile out of posikion ea4 or west and probably not 
as much as a mile out north or sou&. During the minter the novet 
expedient was adopted of making the micrometer bases of anow and 

C pIacing a piece of colored cloth on the mound facing toward tho 
point from which the back sight on the base was Ito ba made. This 
expdient waB neoessary in order to provide signals in a region 

% where timber is entirely absent and where, except in the valley bot- 
toms near the streams, even good-sized bushes are extremely scarce. 
A number of the low station marks made of brush and used as 
micrometer bases by the party that surveyed the NDatak in 1911 wers 
sfill standding. Elevations were detemimd throughout the area 
surveyed, and tha relief was sketched with 200-foot contourn. 

:The geologic observations permitted the mapping of the forma- 
tbm encountered in the area topographicdly surveyed and disclosed 
&e continuation of many of the formations already recognized eke- 
dhem by the preceding parties. Several new interpretations of 
csrtain gealogic phenomena wers made which added materiaIly to the 
howladge of the geologic history of the ~egion. Thm are dis- 
c a d  in more detail in the appropriate portions of the report, but 



here it may b mentiwed that one of the m a t  Ggnifiwmt points noted 
by the geologist.waa the fact &at the r m h  of Lawer ~~ age 
had been affected by a greater d m  of mountain building than the 
yonnger mcka. No new definite aigna of oil were observed, but even 
this negative evidence, together with the mom m p l e t e  dstermim- 
tion of the chmwttr of the Me9ozclic r& made by this expedition, F 

is of material value in determining the possible oil r m m s  of the 
region. s 

n m o w  OW low8 

Altbongh much of the area of the reseme Rad been egpIored hy C 
the m e g  expeditions of 1923, 1924, and 1925, there were stilt large 
unvisihd tracts which might shed important light on the main 
problem. Therefore, early in 1926 another party in charge of 
PhiIip S. Smith, geologist, and Gerald FitzGeFaId, topographer, wrrs 
dispatched to survey an area lying batween the Point Hope and 
Cape Lisburne regions and the 'Naatak and extending along the 
western margin of the reserve, together with guch supplementary 
suraeys into hitherto unmapped aress adjacent to large streams as 
time pmnithd. The party sailed from Seattle February 13 for 
&ward, whence the geoIogist and topographer traveled over the 
Alaska Railroad to Nenana, which was reached February 23. Here 
two h a m s  of 10 dogs each were purchased, and Fred Clark was 
attached to the party as camp hand. With a light quipment the ex- 
pedition left Nenana February 27 to follow the Nome-Nenana mail 
trail to the head of Morton Sound and thence to branch ofl for 
Kotzebue on the mail trail that cuts moss  the eastern neck of 
Seward PeninsPla and then &rts the c o d  At the head of Norton 
Sound the party was joined by W. R Blmkemhip, who semd dur- 
ing the rest of the field work as cook a d  camp hand. The run from 
Nenana to Kotzebue, a distance of about 725 miles, was made in 27 
days, on three of which the parby mdd not tmvd bemuere of dorms, 
at the rate of about 30 miles a, day of actud havel. Throughout 
most of the trip the weather was excellent and trail conditionn p o d .  
Road h a m  at which board and lodging a d d  be obtained are situ- 
ated about every 25 miles, so that in this pafi of the journey it was 
not necessary to camp ant or carry many mpplies except bedding 
and a little food for t h ~  dogs. 

At Kotzebue, which was reached March 25, food and equipment 
d c i s n t  ta supply the party for about five month were bought, and 
two Peterborough canoes that had bem wld ~t auction by the Geo- 
logial Survey padies in 1925 were ~ e p n m h d .  A& all them 
arkich had beem sorted and put into shape for trail cxmditions, a 
number of naf im were hired to  aasist in freighting the supplies-ta 
Kimlim, a m a 0  mttlwnmt on the comb about 90 m i h  northwmt 
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of Kotzebue. Smith and the freighters left Kotzebue March SO, and 
the rest of the party left the next day, following the Barrow- 
Kotzebue mail trail and the general route used for travel along the 
coast. On arrival at  Kivalina arrangements were made for striking 
eff across country with the object of placing the bulk of the equip- 
ment across the mountains, so that, when the ice on the streams broke 
In thesummer, the canoes could be used for the further explorations. 
In accordance with this plan the freighters, together with Blanken- 
ship and Clark and an Eskimo guide, Chester Sevic, who had herded 
reindeer in that region, left Kivalina April 3. The geologist and 
kpographer remained at Kivalina to make the necessary observations 
#or commencing the new surveys and then started northward along 
$he route broken by the freighters. On April 12, when they were 
some distance up the Kivalina River, the freighters with Clark 
&turned, having placed the supplies on the Kokolik River and left 
$lankenship to safeguard them. After the freighters had been dis- 
charged the work of surveying the country adjacent to the route 
yas  continued as rapidly as possible, but there were numerous delays 
&ing to howling storms and biting winds, so that it was May 10 
before the surveys were brought; up to the cache which had been 
egitablished on the Kokolik River. By that time travel was begin- 
d n g  to be difficult because of the melting snow and the softening 
d the ice, but FitzGerald with Clark moved farther up the Kokolik 
to map more of its headwaters, while Smith and Blankenship estab- 
lished a new camp (P May 15) farther down the river, at a point 
Ghere it was believed better conditions for the use of the canoes 
yould be found. This was the place where the break-up was 
a*aited and where the use of dog teams and sleds was discontinued. 
v r i n g  many of the succeeding days the weather was bad and little 
c+uld be accomplished in surveying the surrounding country. 

"On May 23 FitzGerald and Clark returned and reported that for 
almost 10 days it had been impossible to see anything because of 
t&e clouds and storms in the mountains, and as many of the streams 
were beginning to carry a large volume of water they had been 
fqced to give up the attempt to map more of the mountains that 
fc@n the Noatak-Kokolik watershed. 

puring the severe gales that had accompanied the stormy weather 
om of the canoes had been badly damaged, so that the next few days 
wvre spent in repairing it and making ready to leave this camp for 
tb downstream journey as soon as conditions were favorable. By 
May 29 the river at  the camp was practically free of ice, but a short 
distance downstream, where the valley walls narrow so as ta form a 
mild canyon, the ice still held and there was little or no surface 
water. At last, on June 6, after waiting impatiently for sever'al days, 
the s h u t  downstream in boats was made. The break-up was not 
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mtkd oat by wa* flowing over it or was nndemt by water flowing 
under it until it collapsed and was mrrid away. Many of the huge 
snowdrifts along the walk of the gorge, where thus undercut, fell 
with s t n p d o u e  splashes into the river and were a muma of danger 
to the b a t s .  This was especidly notable at camp P June 15, where - 
great blocks of drifted snow and ice, many of them 20 to M) feet 
high and 100 yards long, feu ~t frequent intervals with roam #at 
could be beard for long distances, 

The current of the river was swift, but there were few rapids or 
obstructions to navigation, se that the journey could. have been made 1 

in a- faw days if it had not been necessary to stop frequently to 
make geologic observations or ta e~tablish topographic stations. 
As it was, the junction with the surveys of the lower part of the 
Kokolik made in 1928 by FitzGerald and Foran wtls eflected June 
15, and the c~osum was found to be mcellent. Before lesvjng Wah- 
in&n it was believed that it might be advantageous to portage from 
thisr point to the Utukok, and thence to the Kaolak, as the coastal 
arm north of the mouth of the Rokolik as far as Wainwright. had 
a l r e e  been surveyed in 1923. In the field, however, this plan 
seemed a less demrable way of reaching the unsuweyed country west 
of the Kaolak than continuing down the KokoIik, and then prooeed- 
ing by the Arctic Ocean m d  the lagoons ta Wainwright. The ltttter 
plan gave a don-grade and sea-level route which avoided a11 port- 
agss, wodd dIow the making of larger d w t i o n s  of rocks3 would 
not force the party to discard valuable supplies and outfit to lighten 
the Iogdg, and if conditions were favorable would probably take 
lass time. 
The party d e d  Point Ltay on the mast  June 90, m d  fomd that 

tbe m a n  was &ill ice bound, with no open water in sight. For- 
tnnetelg there wss s gmd deal of open water in the lagoon back of 

>* 

the reef ; and, although much of the anchor ice in the l a g o n  still 
held, there was mwgh water covering it to allow the boats to pro- 3 
d Many parts of t h e  l a p n ,  however, were so shallow that 
them was not enough water to float even the gha2low-draft canoes, 
and farther progress mnld be made only by all hands wading and 
hauling oa the baats. In fact, in sevaral places no p r o w  could 
h made even where alI four men hauled on one boet rat the, same 
time, and in such place it was necessary to unload mast of the 
articles from one boat inta the other, drag the lightened boat nhead 
s hundred yam% or ao, and transfer tho load from the rear to  the 
forward boat by back ppscking, and then repeat the pmcess. These 
shallow places occurred very irregularly, ~o that many times the 
bmh were agmnnd a mile or more from either shore. 



The north end of the long scrim of lagoons on the west oorst is 
near Klimentavi, which was reached June 28. Here further pmg- 
~BSS was blocked by the ice pack of the ocean, which was jalnmed up 
again& the shore, leaving no open w ~ t e r  in sight. !lXe Ice was much 
broken, however, and as it would probably go on% quickly as won as - t h e  wind was favorable, camp was established, and another period of 
waiting ensued. After a few days a strong east, wind opened up some 
leads through the ice near share, but it made the aes too mugh for 
travel in the canoes. Finally, on July 6, it became possible t o  push 
ahead, and by wriggling through narrow Ieads and occasionally 

6 shoving aside an obstructing cake of ice the pmrty reached Wain- 
wright inlet but found progress up that body of water blocked by ice. 

Whjle waiting for the ice in the inlet to open up the first ship of 
the season arrived July 7 with mail and newspapers from the States 
as recent as May 26. This was an exeeptionalIy early arrival. On 
Jnly 8 the party starbd up Wainwright Inlet to survey the Avalilr 
River and adjacent region, T h e  season, however, had been unusually 
dry and aU the stream appeared to be in exceadEngIy low &ages, EO 
that e short dishnce beyond the mouth of the Kaolak riffles and bars 
at short intervals made progress by rowing impracticable. Above 
this point advance could be made only by tracking the boats or wad- 
ing abngside and lifting and huling on them. i n  this way and 
&ten maldng an air-line distance of only 3 or 4 miIes a day, a p i n t  
was m h e d  where even this method became impracticable, ss the 
bottoms had been h o s t  dragged out of the b o ~ t s  and the wood 
worn to paper thinness by the constant scour on tho bars, so that 
a m p  P July 18 was abl ished.  Prom that camp EitzGerald made 
h v e m a  on foot inta the adjacant country and determined its en- 
ml features. Return to Wainwright mas made as rapidly as condi- 

- tions permitted, and the mouth of the inlet was reached July 27. 
During the absence of the party the sea ice had driven in again, so 
that other ships had not arrived, and it was not until July 31 that 
the Coast Guard ship B a r  was able to break through the peck and 
reach '1,Prtinwright. O n  August 4 the ice, which bad been firmly 
jahmed along the Geach, began to open up, and the nest day the 
Geological Survey party started northward along the mast for 
Peard Bay. Much of the WRY the lead of open water was only 100 
feet wide, but eventually the narrow entrance through the sand spit 
east of Atanik was reached, and surveys of Peasd Ray and of the 
Knkrosk River, which enters it, were started and carried as far 
upstrerun as waa feasible considering the low stam of the river. 
On return to the coast, as it was nearly time for the arrival of the 

boat on which return to  Nome was to be made, Smith and Bhnken. 
ship returned to WainwrigF~t, while FihGemld and Clark turned 

en4-3W-s 



north to connect the topographic surveys with those made in earlier 
p r s  in the vicinity of Barrow. The Smith party reached Wain- 
wright August l2 and went aboard the B e  for Barrow August 16. 
On arrival at Barrow it was found that FitzGerald gad party had 
not yet arrived, and it was kter learned that they were storm bound 
on the coast about 35 miles south of Barrow and ultimately had to 
m t m  to Wainwright. Smith and Blankenship ai led  sonth on the 
B o w ,  until at  Point Hope it was learned by wireless that the trad- $ 

ing schooner 0. D. Broww was a short distance behind and was 
headed directly for Nome, with We Fitzhrald party, which had 
been picked up at Wainwright, aboard. Transfer of Smith ta the 
B P ~  was tbemfora effected, and on August 25 the party landed 
at Noma On Beptember 2 they left on the V*&, of the Alaske 
Steamship Co., for Seattle. 
As s d t  of this trip about 5,000 square mile of hitherto unm- 

wyed county was mapped topographically and geulogicdly. The 
topographic surveys were executed in the field on a scale af 1: 180,000 
with 200-foot contours by the usual methods of plane-table md 
micrometer traverse. Although the scale used was what is generally 
considered standard for reconnsissance surveys, the need of obtaining 
and recording as much information regarding the pa* of the area 
remote from the general route of travel warrantmi sketching distant 
featuw with only the degree of refinement appropriate for explora- 
tory surveys. This procedure appeared especially justifid becaus 
the -1e of publication was td be 1 : 500,000, which is much smaller 
than the standard for rmmaissanm surveys. The topographic snr- 
veys were checked as ta position at  i n t e d s  by latitude and azimuth 

. determinations made with an &-inch trmsit, ' The latitude of the 
point at TEivalina, from which the aurvey was ~taded, was deter- 
mined by transit and cheeked by records of the captains of several $ 
vemls and from hhe form of the coaat as shown on the published 
maps of the Coast and Geodetic Survey. This survey was further 
checked by ties with the surveys made in 1925 of points in the Utukok * 
Basin and with those made in 1923 of the lower part of the KokoIik 

The surveys of the Avalik River were begun at the junction of the 
Kmlak and the Avalik, whose position had been determined in 
1924 by Wix with reference to Wainwright and to t-he Utukok River 
at camp F August 16. The surveys in 1926 in the vicinity of Peard 
Bay were tied to the surveys that had been extended from Wain- 
wright to Ahnik in 1924 by Wix. In all places the checks proved 
that the surveys had been made with a high degree of accuracy, so 
that the resulting map everywhere maintained the standards required. 

The geologic surveys were commenced st Rivalina; and fortu- 
nlttely throughout most of the region land in almost dl the forma- 
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Zions fossils were fairly abundant, SQ that the stratigraphy as 
indicated by areal and structural relations could tm checked by them 
at intervals. The geologic work was tied with the observations made 
by P, S. Smith in 1911 and W, R. Smith in 1925 on the Noatak, by 

- W. R. Smith in 1925 on the Utukok, by Foran in 1823 and 1824 on 
the Kokolik, Kuk, and Kaohk, and by Paige and others in 1923 in 

a the vicinity of Peard Bay. Several hundred photographs of gealogic 
and physiographic features were taken, and about a hundred speci- 
mens of roeh were collected, many of which were from fossil locali- 
ties ranging in age from Paleozoic to PIeistocene. 5. Because,of the relative simplicity of structure of the rocks over 
much of the northern part of the region, as we11 aa the relation of 
the area surveyed in 1926 to the areas that had been eurveyed before, 
it is possible to predict the extension of certain types of rocks far 
beyond the areas examined at close range :end even into areas so 
remote that onIy their most general character could be seen There- 
fare, altbough on the accompanying map (pl. 2) several large areas 
af unexplored country have been left without geologic coloring, there 
k ground for believing that the general character of the surfam 
~ l r s  can be surmised with a good deal of certainty, especially in 
most of the a m  lying north of Isti tude 69". I 

Northwedern slarrka, when analyzed as to its topographic ap- 
p r a n c e ,  may be divided into four main partq, which from south 
to n o d  are (I) a plateau region south of tha Kobuk; (2) s mom- 
tsinous highland about 160 rides wide that &ends from the loom- 

! try north of the Kobuk to a line from 10 to 70 miles south of that 
part of the mum of the Colville which trend= about east; (8) a 
plateau w o n  that extends northward from that line to s line 
within 10 to 50 miles of the Arctic coast, where it is succeeded by 
(4) a gendy sloping plain that extends to the coast. In general. 
these different units trend approximately oast and west, so that 
their raspemtiva boundaries may h considered as roughly coincident 
with the parallels of 6'1, 69, and 70 degrees. The areal extent af 
these subdivisions is shown graphically by Figure 2. (Sea also 
p t  I.) On the whole, each of the topographic provinm conforms 
in distribution with the larger areas occupied by rocks of relatively 
the same geologic age and character. Thus the southern plateau 
province is .underlain largely by mclm of Mesamic a g ~  that as a 
whole offer only moderate resistance to erosion. The mountain bdt 



is eompmed dominantly of Paleozoic r o c h  that as a whole w e  
highly indurated and strongly resistant to erosion. The plateail 
province north of the mou11tains, like that to the south, is composed 
dominantl? of Mesozoic rocks that are less deformed and leas resist- 
ant than those of the mountains. The surface of the coastal plain 
is composed principally of unconsolidated deposih that have been 

laid down mainly under marine conditions and mbj&d for a 
shorter time than any of the others to the destructive action of 
~rosion. 

Different names have b u d  at diflerent titimez for some of 
hhme belts, but in this report the sonthem pIateau is cellad the 
:Royukuk Plateaus, from tbe large river that drains mnch of the 
teastern part of that province, which falls within the area described 



in thia wport. This is the name that was given by Schrader to part 
of this festure in thi m a  when he first described it it 1190, though 
unquestionably it is part of the major N a s b n  p d m  called by 
Brooh the centnrl plateau region. 'She mountain province is called 
the Bmks Range, as that name has been adopted by the United 
States Geographic Board for the entire mountain belt that &retches 
eastward from Kotzebue Sound to tha Enterxmtioml boundary. Part 
of the northern plabau was first recognized by Schrader in his ex- 
ploration of I901 and when seen in the vicinity of the Anakltuvuk 
River was d e d  by him the Anaktuvuk Plateau. The plateau 
featu* however, generally recognized through the belt defined 
above, has a wide extent and appears to be made up of a number of 
plateaus standing at &Rerent elevations, so that a less Imal or re- 
stricted name seems more desirsble for the larger feature, and in 
this report the province mill be called the Arctic Plateaus, local 
names Iike Anaktumk being m r w d  for the individueI members of 
this province. The coastakplain province has long been called by 
this name, with or without the qualifying word Arctic, and that 
practice will be followed in this report. 

All these provinces-except the Koyulruk Plateaus are terminated 
on the west by the Arctic Ocean, so that the shore line of the region 
differs markedly in different parts. For thk reason i t  is more con- 
venient to treat tbe features of the west coast as parts of the respec- 
tive provinces that lie idand from them, rater  than attempt to 
goup  all the coastal features together in a single section. Grouped 
in this way their distinctive characters may be emphasized without 
obscuring the controlling fwhrs that cause their differences end 
similariti~, 

X O Y V W g  PLBTELlrn 
b The only part of the Koyukuk Plateaus represented in the area 

described in this report lies south of the Kabuk River and is recog- 

2 nized,as extending up the Alatna Bivm marly as far as Helpmejack 
Creek and up the John River €0 a poiat above Timber Creek. This 
provinm in the vicinity of the John River was described by 
Schrader as follows: 

It consEats malnIg of a roiling hilly country of known tuld supposed Ncaozolc 
-8 whom hills rim to eleoations of from 1,000 to 3,000 feeD, while tbe maln 
valley doore 1Ie at appmdmately M O  feet. The general accordance In height of 
th hill8 and Fidgm of this pmvlnce ~trongly snggest~ that the present towg- 
rapby has been caned Prom two former platean featnrem. Though for need 
of further inve8tlgation thb qumtlon can not be d i s c a s a  in detail in thla 
place, it may be noted that of these two features the lower level is reIativeIy 
dwfnct and well marked an8 represents the general elevation of the knd  

n Schradcr, F. C., A reconnnlaaance In northern Aloska: U. 8. Geol. Survey Prot Pnper 
24 p. 44,1804. 



maw o* the larget part of thia tkmture. * Fm I t  the m e  Koynkak 
Plateau la s u m d  Ths higher lmel, wid& also a fm~e plateau 
now B i s W d  aad h-1g removed by -0% Ues at abut 3,000 feet, but it is 
Indefinite. Its best erprmion occurn dnng tbe bme of ofthe mount&, where 
portlons of nearly flat-topped r l d w  W g  gentb northward W merge into 
the foothulle of the mwntainq whlle to the mth they become lost Ln irregoIar 
ridges and hula dmmmding to the Iewer or KO- Piatean. 

It will be noted from the foregoing qnotstion that S c h r s d ~  pro- 3- 
posed the name Koyukuk Pl~teau for the lower plakm, but this nse 
has not been generally folIowed, and, in fact, he himself d d b e d  
both these platema under the general term Eopknk pmvinca'" 3 

Consequently the broader term goyukuk Plateaus is used in this 
report. It should also be noted that  very little of the area described 
in this report as lying within this province stands as low as 1m 
feet-the elevation of Schrader's lowest plateau-so that if that 
feature is represented in this area it probably coincides with the ter- 
races or benches along the lower courses of some of the larger 
streams, such as the KoyukuIr and Alatna Rivers. 

The hckmood Hills, south of t h e  Robuk, which form part of this 
plateau, were aeen in soma detail by Smith and E&n in 1010, and 
they mport that the highest poinb measufed w'em slightly less than 
3,000 feek and that in piaces stretches of tho summit extended along 
the trend of this range for several rnile~ with differences of elevstion 
of less than 200 feet. 

Mendenhall, who traversed the Matna River and Helpmejack 
Creek in 1901, makes no specific reference to the plateau feature 
in that region but notea that the mountainm to the south are LL con- 
~pknously smoother and Iower than those ta the north."' Smith, 
however, as a result of his traverse of the basin of the Alatna in 
1911, distinguished two distinct topographic provinces, the southern 
one corresponding to what is called hare the Koyukuk Plateaus. 4 
He described this part as foUows: 

In me -em provlnce the valley flm L a wlde gtavel-lllled lawland in 
whlch the atream Is Incised but slightly and f l o m  in ainnws meanders that 

9 
try tbe pntienm of the traveler upstream. From this widely opw. 
filled valley floor gentle @ l o p  lead to the mmonndhg upland, which in few 
places riws more than 2,000 bwt above th9 river. In €his part of its mum, 
although the ~ t m m  Is: too mlft to allow mpId p r m  to be made against it 
by rowing, its madlent js Iess tbnn 6 feet to the mile. Here an8 there ro&a 
outcrog on the two e ids~  of the rlver, bat the ledges form no obrttmction to 
boata Shnllomr-draft rlwr PIteambOats have wended thls river aa far tw 
Helpmejnck Creek but only during pfiods of exceptionally high water. 

g Bmltb, P. E., !FbO NahbEobaL reglw. A h b :  U. B. Wl. Bull. EM, Dsh 
28-24, 1 gl3. 
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Bs d m d y  noted, rII of the country within the Platsnns 
p+&ce described in this report is underlain by Mesozoic roc2Ls, 
mainly ssndstone and shale, .which, so far as known, are of Upper 
htaceons age. These rock& weather somewhat rapidly, but the 
more massive nandstone beds form steep slopes as contrasted with - the gentle slopes that are produced where the bedrock is shale. The 
topography that  the rocb produce, however, is everywhere relatively 
subdud, m d  ,hem are the dopes tao steep to be readily climbed 
or to held vegetation. Althongh spoken of as a plateau, relatively 

L 
small amounts of the upland remain undismted, and thus the pla- - h u  character ip more evident when looked at from a distance tban 
when sgen at dose range. Even near at  hand, however, the uplands 
are relatively flat and afford the best routes of travel during the 
summer, as they are in general fairly well drained and formed of 
dieintegrated rock fragments, and the differmtles in devation be- 
tween the peaks and th0 sags on the ridges are usudy only a few 
handmd feet. 

The plateaus have prticipated in Borne of the later d h  move- 
menb that have affected the mountain region to the north, and on the 
whole the larger streams that have been in existence a relgtively long 
time, mch as the Ahha  md the John, flow outward from the moun- 
tains a d  traverse a greater or lsss extent of .the plateaus before 
joining the msin msinm, which in this region is the K o p h k .  
Farther west the Kobuk flows more or less closely dong the junction 
af the moanhin and plstegu provincas md diverts all the streams 
heading in the mountains to the north of it, so t b t  they do not 
trrverrje the plateau province ta the south  In the early geologic his- 
tory of this region this condition probably did not pmail, and eer- 
ltah low gaps nmcm the hckwood and other hills south of the 

y, Kobuk to mark plaw where streams tbat headed in the moun- 
tains onm flowed southward across part of the plateafls. 

Although the Kobuk drains a large area in the Brooks Range nnd 
d only a relatively small area in the Koyukuk PIateaus, the mnin stream 

may perhaps be best described here, ES it practically forms the line 
of -ration bstwean the two provinces. In an air h e  the distance 
is about 225 miles from its head, in the divide between it and Helpme- 
jack Creek, to its mouth, but the river is so crooked that its length is 
several times that digtanm. It is navigable by launches md shallow- 
draft ba t s  as far as Shnngnak, and b1endenhall was able to use 
canoes witbout difficulty all the way to the month from a point onIy 
8 miles west of the divide. One of the most noteworthy features of 
thd Kob& is the delta it has built out into Rotham hlet, which is 
pr4ctically the only extensive delta on the whole west ma& of Aladm 
north of the Yukoh The delta is about 35 miles long and 20 to 30 



miles wide. fn this area the d m m  spIits into innumerable sbugb 
and channels, so that there are said to be as many as 13 separate 
mouths to €ha r i m ,  but probably only two or t h  are suitable for 
even smalI-boat navigation. The current of the river in its mntraI 
and headward parts is so strong that progress against it can not be 
effectively made by rowing, and recourse must be had to poling or 
t r & c h g .  

The K o p h k  is the largest st.- in the part of the K+k 5= 
Plateaus lying within the area described in thia report. It is navi- 
gable by stern-wheel river stesmers drawing about 2 f ~ t  of watsr 
at practically any stage as far as Allakaket and dnring per id  of 
g o d  water conditions as far as Bettles Beyond Bettles shdlow- 
draft scows carrying about 1.0 to 12 tons and towed by horses or 
poling boats carrying a b u t  1 ton are used to freight supplies 
upstream to Coldfoot, on the Middle Fork, about 60 miles  nort.heast 
o f  Bettles m d  some distance east of the area described in thia report. 
No regular line of passenger boats is now operated on this river; 
the only shambost on which passage may be obtained is owned by 
one of the traders, operated mainly in connection with his basin- 
and seldom makes more than one trip a year, but an occasional boat 
runs on speciaI chaster. 

The western part of the Koyukuk Plateaus province within the 
area described in this report is drained mainly by the Selawik River. 
Little is known of this part of the region. The only avdable de- 
scription of the Selawik VaUey is that furnished by Stoney? who 
visited it in connection with his explomtjons of the Kobuk and 
adjacent country in 18%1886. He states regarding the & l a d :  

Its valley Is roIlfnp but I e m  BQ than the Pubam [Bobuk] and La 1nterspemm.l 
wlth more Inkex The river is not so long as the ntnnrn Ikobnk] or tbe 
Notoark [Noatnk], ant1 Its course la more ralndig. The mrrent at the place .F 
where the riper forks is eight-tenths knot and less lower down, Many trlba- 
tnries enter from both banks; the$ are d e q  bat of no went Im$th. The banks 
of the Sebwik are as wmlar ae cannl banks. * There are three outlets 
into Selawlk Lake; the westernmost Is the deepest: 2 fathoms can ba carried C 

over this bar ; over the otherw only o few feet. 

Dominating the whole of northern Alaska as the backbone that 
aeparates the waters flowing southward inta the Yukon and its 
tributarik OF westward into Kotzebue Sound frum $hose flowing 
northward into the Axctic OONII stands the Bmlm Rmge. Al- 
though spoken of as u unit, the Rrooks Range really consists of man7 
individual mountain groups. To some of these p u p s  distinctive 
names have been given-for instance, the De tong Mountains, north 
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of the lower part of the Noatalr; the $aid Mountains, between ths 
Noah& and Kobuk in their w&m part; the S c h w h  Mom* 
b t m n  the head of tha Kobuk and the Alatna; the Melville Moun- 
tains, btween the ColvilPe and the country east of the Alatna; the 
Endicott Mountains, in the eastern part of the mapped a m ;  the 
Mulgrave Hills, between the lower part of the Nm&k and the 
coast; the IgichuJz Hills, which form the lower gorge of the Noatak; 
and the Lisburne Hills, which extend southeastward tram Cape Lis- 
burne. Unfortunately, however, hardly any of the original defini- 

L 
tiom of these p u p s  dated the extent or limita of the features to 

A which the names warn given, and subsequent exploration of them 
in the field hw not been complete enough to  pmit their adequate 
delimitstion now. Furthermore, apparently the Bame feature has 
h e n  called by more than one name, though in the absence of ade- 
quate data this is by no maans always certain. Although as a gn- 
era1 mla it is '6est to adopt the name first given to  mch a featum, 
in this region it iEl not always certain to what the origina1 name 
applied, and where the first name was based on s misconception of the 
geography a later name may be more appmpriate. As an illustra- 
tion of the complexities that may arise, the following is cited as n 
case in point: In August, 1885, 11. T. Allen appeam to have been 
the first white man to see high mountains about 60 to 8 miles north 
of the Royukuk, when hs was in the, general vicinity of what is now 
Allakaket and the mouth of the John River. Thongh he did not 
Mnitely degeriba or name them in his report, he indicated on his 
map a continuous chain of mountains extending northeastwsrd from 
a point on the north bank of the Koyuhk in approximately latitude 
6$' N. ta n point fhr beyond the a m  he could possibly have seen 
and thence eastward. On this map, although apparently referring 
to the entire m, &a name Endimtt Monntain~ is placed on that 
~ r t  of this range north of and beyond the mapped head of the 
Alatna (Allenkaket) and north of and beyond the mapped head of 
the Koyukuk, in latitude 60", longitude 147O. 

From what is now known of the geography of the region It is 
obviously improper to apply this name to the entire range, as it cer- 
tainly d m  not extead as indicated by Allen. To curtail it even 
to that part on which the neme originally appeared is also open to 
W d t i e s ,  especially as Schrader, who in 1901 c m d  these 
mountains in that park, describes two axes, each of which may deserve 
a distinctive name, and as Stoney, who in March, 1886, explored 
parts af the region between the Matna and Colville, gave the names 
Melville and Schwatga to pa* of what may be the same monnkin 
P U P *  

Under these conditions it has seemed sdrhbIe in this mport not 
to attempt ta give specific nama to the different mountain p u p s  



which together form the Brooks Range, but to leave tbis task to 
later investigators, who, when more complete data regarding the 
topography of the region is available, may be better able to define 
the different groups that should be discriminated. The names for 
some of these groupa, however, have been placed on the map smm- 
panying this xeport, but thwe names should be regarded only as . 
indicating the general positions of mountain p n p s  and should not 
form additional precedent for the retention of names that when the ;B 

whole region has been adequately mapped and studied may prove to 
be applied improperly or to be unmita-ble. 

1 
Scenically the Brooh Range is earemely nttrsdive beeause of iCs 

sculpture, which has produced ragged mountain m m  intempted 
by steeply trenched or glacially opend-out vdeys, but when com- 
pared with many other mountain ranges the B m b  Range is rela- 
t i d y  low. Throughout its extent, from the international boundary 
to the Arctic Ocean, no peaks have been measured that rise more than 
9,200 feet above =sea level, and within the area covered by Plate 1 the 
highest peak that has been measured has an elevation of slightly 
more than 8,400 feet, This point is situated near the bead of the 
No&&, about 5 miles southwest of the mouth of Lucky Six Creak. 
This peak forms p r t  of the high ridge that was noted west of the 
Alatna, where many elevations of over 7,000 feet were recorded. An 
8,000-foot peak was agppd in the upper part of the Noatak about 7 
miles southwest of the mouth of Portage Creek. A 7,800-foot pa& 
was mapped at the head of one of the tributaries of the Chandler 
River at a point about 30 miles northeast of the winter headquarters 
of the expedition of 1924, and several peaks between 7,000 and 7,400 
feet high have been mapped within a radius of 20 miles of the same 
camp. 
In the vicinity of the Aniuk and west of the valley of that stream *# 

no peah as much as 5,MX) feet in elevation were recorded, though it 
is very probable that there may be some that equal or surpass t h ~ t  
height in the umrveyed region between the Noat& and the Kobuk * 
west of the mouth of the Amiuk. 

Taken as a whole, the average height of the summit of the Brook3 
Range from tha meridian of the headwaters of the Aniuk eastward 
to the limits of the mapped area is probably between 6,000 and 
"f,000 feet. From the Aniuk westward the high& par& of the range 
probably have an average elevation between 3,500 and 4,500 feet, 
and in the extreme western part, near the coast, the highest peaks 
stand less than 8,000 feet above the sea. 

Although the height of the peaks ~ n d  tha ridges makes them 
formidable barriers to  e a q  travem, there are many gaps at lower 
elmations by which passape of the mountains can be made with ma- 



eonsble facility. Among the best routes across the mountains are 
the  following: By way of the John to the Anektuvuk River and 
across a pass that atan& at an elevation of about 2@ feet ; by way 

a 

of the Alatna River and its tribubry Unakserak River ta the Kil- 
liB across a pass st 8,800 feet; by way of the side streams of 
the Hoabk to &rmns  tributary to the Colville acme passes that, 
at the heads of tho Aniulr, Nirniulttuk, and Kugurul.ok, s t d ,  

't rmpctively, st 2$00,8,800, and 2,600 feet ; by nay of the Ku yrumk, 
a tributary of the Noatak, to the Utukok m s  a pms nt abouh 
2,600 feet, or by way of another p a a  at  the head of the same river to 

5- the Kokolik River; by way of the Rivalina River across a pass at 
about 1400 feet to the Kukpuk River, and thence by another pass at 
1,400 feet to the Kukpowruk Riveh A good route, much used in the 
past, leads from the Matna River by ray  of Helpmejack Creek and 
thence across a pass at Iess than 1,900 feet to the upper part of the 
Kobuk A mute by way of thc Uatna River to the h'oatak is aflorded 
by a mall tributarfr to the Alahtna from the west about 25 miles in an 
air line above the mouth of the Unakserak, thence across a pass at las 
than 3,400 feet, and thence down Postage Creek, a tributary of the 
Noatak Passes across the mountaim between the K&uk and the 
Noatak probably occur at  the heads of many of the larger valleys, 
but the only ones that are definitely known to have been nsed are 
those from the Ambler and Redstma to the Cutler River and the 
route southward by the Ipmiluik River, which probably leads either 
20 the head of the Kopluktuk or ta that of the Ambler River, and 
one at the head of the Squirscl River, by way of which pack horses 
axe said to have been driven over into the Noatak Basin. None of 
these routes between the Kobuk and Noa tak have been surveyed, and 
consequently the elevation of the passes is not known, but probabIy 

%, they do not stand much above 3,000 feet. 
, It is indicative of tho complex physiographic development which 

the region has undergone that the highest peah  do not occur on the 
tl. dipides that separate the major drainage basins on the two sides of 

the rango but instead are found on subordinate divides, as, for in- 
sltanee, the 8,400, 8,000, and 7,600 foot peaks already noted. Meny 
of the peak af mom moderate elevation also occur on subordinate 
divides. As a result of this condition it is often difficult to recognize 
at a dishnca the actual drainage divides, and this has led some of 
tb earlier writers to direct attention to the general uniformity of 
the Bky line when the rsnge as a whole is viewed from a high point. 
Thk feature is clearly exhibited in views taken by Schrader from 
Fork Peak, near the head of the John River, at an elevation of 6,000 
feet (pl. 4, A } ,  and was inte~preted by him as marking an old plain 
which bad been uplifted to form a plateau and subsequentIy dissected, 



acquiring thus a mountisinous appearance. Although &is may be 
the m d  exphation of this feature, it is open to doubt, b u m  
most of the cmta are undergoing such rapid dedmction that they 
are almost constantly changing before oneb eyes, ao that in few plam 
does it seem, possible that tha orest preserves exhmive relim af a 
surface that may have been formed millions of y a m  ago (pre- 
Nmene, according b Schrader). Nowhere on the high summits of 
the range was deep rock weathering observed or m y  alluvial depo&b, 5. 

such as should have been formed if the plateau had at one time been 
reduced nearly to a plain stending at a low level, as is required by ; 
the hypothesis thet the mountains have been cawed from a plain of - 
this ~ o r t  after it had later been upliftedfted 

Whatever may be the Enat interpretation of the late histmy of thh 
mountain range, it seems fairly certain, as i daribed in aomawhat 
more detail in the paga devoted to the p l o g i c  formations, that 
structurally the range as a whole is either a much mmpled and 
deformed sgncPfnorlum cut off to  the north and sonth by profound 
faults or else a much deformed mass, the resulbnt of all the folding 
and faulting which has affected it being to give it a general mono- 
cline1 dip to the north, with variat.ion~ in the roch which compose 
it trending east. Under either interpretation the original drainage 
lines would have tended to be established in d i m i o n s  normal to the 
axis of the range and to flow northward and southward down the 
constructional slopes. Coincident with the drainage thua established, 
other streams parallel to the mnga were developed, mainly along 
belts of weak rock or liaea of structural weatmess. To this class 
belong most of the largest streams of the region, namely, the 
Kobnk, the Noatalr, and the CoIville aa far east as its junction with 
the AnaIrtuvuk. Streams thet appear to have had their wumers 
directed mainly by the original constructiona1 dopea are, an the 
muth side, the John and Alatna Rivers and the tributarim of the 
Kobwk from the north, and on the north side the Kokolik and Dtukok 
Rivers and most of the longer tributaries of the Colvilla from the * 
math. 

However them several vallep originated, they have undergone m 
many modXcatiom since their formation that now most of their 
original characters are masked or degtroyed by the later processegl 
of erosion. These prom- have allowed the rivere to intrench them- 
selves, and by eo doing destrq the original s l o p  which directed 
their early coums. In this p r o m  side stream have been formed 
dong belts of weak rock, and as they developed they may even 
have turned aside or captured some of tha less active stmms thd. 
flawed down the original dopes. Tben, wid, many of the valley8 
in the mountains have had their ehape and course considerably m d i -  



&d the ice. of the last grwlt ice age, which formed in the high- 
dnnds and flowed down some of them for many miles, muring and 
lthm ahliterating many of the features originally characteristic of 
+river origin, and .then as the glaciers waned covering much of the 
existing topqgmphy with a mantle of detritus brought down by the 
ice and scattered broadcast by the heavy run-off that resulted from 
the melting of the glaciers. 

G Although gIlacis were fairly extensive in many parts of the 
Brooks Range in ther past, they %re uncommon now. In fact, in all 
the region that has hen traversed by the GdagicaI Survey pal.ties 

5 only three glaciers were m n ,  and none of theso m s  more than 2 
miles long. Two of thase glaciers were near the high peaks at the 
head of the mapped porkion of the Noatnk, and the other mas at  
the head of the valley that conlea into the Alatna River fiom the 
west a short distance downstream from the Rut&. (Sm pl. 4, B. )  
Possibly a few other glaciers may occur in some of tha valleys 
near the head of the Noatak and in some of the higher parts of 
the range between the No~tak and the Kobuk, but if so they are 
doubtless small, because dl the streams from them vallsp wem 
~Iear-water streams and not at all milky like those that are com- 
monly fed by glsciers. T h e  almost entire absence of glaciers in thia 
region is in marked contrast with the enormous glscism, many of 
which extend down to sea level, that occur 500 miles or more farther 
eouth, in the mountains of the AEaska Ran* T h e  difference be- 
tween the amount of glaciation now found in thwe two mountain 
rang- and adjamnt country was probably also maintained relatively 
the same in the past, but the ancient glaciation of the Brooks %nge 
m d  adjacent regions is described in somewhat greater detail else- 
where in this report (pp, 242-247). 

' *, The only one of the three largest rivem of t h i ~  region that lies 
entirely within the Brooks Range province is the Noat& The dis- 
tance in an air line from the easternmost mapped head of this 

c &ream to itg mouth is about 220 miles, but this distance is I= than 
that meamred along the major meours of the stream and i~ very much 
h a  than the dikanca measured dong the actual winding channel of 
the river. The river bas sufficient volume to be traversable by canoes 
unintermptedly at I& as far &s its tributary Portage Creek. At 
its mouth there are numerous sand bars and the river is Bhdlaw, so 
that the channel must be followed closely to avoid running aground, 
but a few miles farther upstream the wafer is deeper, and McI~ne- 
gan reported depths of 12 to 15 feet at a point about 10 miles above 
the mouth. hunches drawing somewhat more than 3 feet have made 
the trip upstream as far as the PiIlap of Noah& and a smaller 
bunch is reported to have gone up to a point a #hod distance above 
the upper canyon, about 10 miles in an air line east of the mouth 



of the Kugurnrok. Hone of the Gtealogical Survey parti- that have 
trammed the Nmhk made any definite remrda of the depth of the 
river at different points, but it seems probable that aa deep water 
as in many of the stretch- farther downstream mdd be found above 
the canyon as far as .the month of the Nimiulrtuk, and possibly as 
ftw as the month of the &ink In fact, the shallowest stretches of 
the river are in the lowland 20 to 30 miles north and south of the 
f l ~ g e ,  where the river splits jnto a great number of mall chm- 3" 
nels. Can- were used for descending the entire length of the 
Anink and for the last 10 or 12 miles of the Nhiuktuk, though 
doubtless a much greater length of the Nimiuktuk would have been 
found navipble for canoes had it not been Pisitd so late in the 
season that its sndm wm from. 

The region rtdjmnt to the Noah% River wan dmibed by Smith 
as divikble into six more or less topographically distinct parts which, 
for descriptive purposeg, he called, from the mouth upstream, the 
ooaatal lowland, the lgichuir Rills, the. Mimion Iowlnnd, the second 
highland, the Aniuk lowland, and the headwatet mountains. Viewed 
brondly, however, the three highland or mountain parta belong to the 
pnersI  highland of the Bmks Range, and the t h m  IowEands ere 
features that have been formed in this mountain rmass by the procaases 
of erosion and deposition. These different rmbdirisions therefore rn- ' 

late ta really minor features which are much more prominent to the 
traveler fol,lowing the river than b one viewing the country s 
whole. In the highland ;belts the cbannd of the river is genarslly 
constricted and its velociq inmead. AH the river cuts ita muma 
through the Igichtak Bills the water flows in onm chamel between 
precipitous limestone walls in places 400 to  600 feet high. In the sec- 
ond highland area, extending from a point a short distance upstream 
from the month of the Kugumrok to the mouth of the Nimiuktuk, 4 
the NoaCak m a  numerous mther abrupt bends but no well-marked 
meanders and through most of th& distmm flows in a rsingle chan- 
nel. One of the most notable featurea of this part of the valley is * 
the canyon that has been earned near the west end., The waUs of the 
canyon rise precipitously 600 to 800 feet, and the water mhes along 
in a narrow channel at high speed. Plate 5, A, shows the general 
appearance of the canyon and the sumounrling country. The 
details of the geulogic hi&ry aflarded by the interesting section ex- 
posed in its walls nra referrd to in Ikter pages of the report. In 
the Aniuk ,lowlands the course of the stream Bhows not only large 
angular bends but also numerous meanders, and the country 10 miles 
or so distant from the river is gently doping except where roc9Eg 
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h o h  project above the general level. In the headwater  mountain^ 
the floor of the main valley gradually decreases from a lowland 2 
miles wide, in which the river meanders in a slightly incised trench. 
toward the headwaters, where it is entirely occupied by the ~tream. 
Itock walls risa steeply from the valley floor, and many of them have 
.the tmacsid appearance usually produced by glaciation. 

The Colville River affords a more or less readily recognizable 
northern boundary of the Braoh Range propinee, though in real- 
iw the main stream Pies entirely within the Arctic Plalteaus and is 
10 to 70 miler, from the northern front of the mountains from it9 
head to a point within 75 miles of its mouth. Its position is some- 
what andogous ta that of the Kobuk, near the southern border of 
the mountains. This dream is described in more detail in the part 
of this report relating to the Arctic Plateam, but as ih tributarim 
from the south drain most of the northern s l o p  of the Broolx 
Range some mention of them is also given at this place. The gcn- 
eral character and appearance of these mountains near the head of 
the Killik is shown in Plsh 5, B. Few of these southern tributaries 
of the Colville rim more than 35 miles in an air line from tha north 
front of the mountains, The -it of the pass 'between the heads 
of the John and AnaMupuk Bivers stands less than 15 miles from 
the north front. The smaller of these northward-flowing streams 
nsnally have rather @p gradients and narrow mlhy Boors. Many 
of the larger valleys, however, have been mom or less modified by 
glacial action, which has widened their doom rrw that the dreams 
that now m p ~  them are small in comparison and ~traggle irregu- 
larly in trenchas cut in the e~lluvial depositamthat partly fill the 
valleys. Canoes have sucwsfully been used on the hnaktu~uk 
River, Hillik Ever, and Etivlvk River, in the mounhina and prob- 
ably could have been used on many of the other large aide dreams 
had the GeoIogiml Sumy padies been workna in their neighbor- 
b o d  daring the open &ason. The Chandler River, however, was 
found fa be swift and turbulent above its junction wit,h the KiHik 
River, mpecially at high water, and from a point about 5 miIes in 
an air line from its mouth to the mountains it wns traversed on foot, 
with pa& on the backs of the men. 

Tha larger of the other streams that head in the western prt of 
the mountain province and flow directly into the Arctic Ocean are 
the Dtnkok, Kokolik, Kukpowruk, Kdquk, and Kivakina R i v m  
The lager part of the three streams named first Jim north of the 
mountains, and within the Brooke Range they are mere mountain 
torrents not navigable even by canoes. T h e  Knkpuk has a general 
westerly mum. It r k s  in the highlands north of the Rivalinfa 
River, trilversns a hit of lower country, and then near its mouth 



flom through the southward extension of the Jbburne Hills and 
the highlands that form Cape Thompmn. Nativ~a report that they 
m n d  the Kukpwk in their skin h a t s  for at 1& 40 miles from the 
maat, and from the general characters obmrved before the ice in the 
river had broken in the vicinity of a m p  P April 25 it seems prob- 
able that at timesr of favorable wster a canoe codd be taken at la& 
that far upstream. The Elivalina River ie a rehtively s m d  stream 
whose course is in general southerly, trawvem to the trend of the 5 
geologic structm of the racks of its basin. It riseg in mounhhm 
like thw shown in Plate. 6, A, where the streams trre swift and 
shallow. Under ordinary wnditions, however, it is nlGvigabIe for J 

canoes as far as the narrow gorge north of camp P April 10, and 
natives say that they can hke their skin boats at favorable stages 
of water some distance above the forks of the river h b w  camp P 
April 14. 

The only p l m  where the highlands of the Broolrs Rmge abut 
directly on the &ores of the Arctic Owan are in a atretch of 6 to 'I 
mirw east of Cape Lisburne and thence 25 to 80 southwad 
along the west amst of the penhula and again at Cape Thompson 
and at Cape Seppings. At all t h w  places precipitous cliffs, many of 
which are unmdmtble, rise abruptly from the sea Eo heights of PlOO to 
1,O feet. Plate 6, &, shows a &amcharistic view of the d i f f~  
the vicinity of Cepe Lisburne. Deep water for this part of the Arctic 
Ocean extends dose into tho cliffs, fio that depths of U3 fathoms QE 
more are found a short distance offshore. This mast, however, is 
dangerous for navigation because of the strong winds that m a d e  
over the cliffs, tfte absence af harbors, the BES'Ong curcents and drift- 
ing ice, and the frequent fogs. The highlands also come cltm to 
the shore n a r  Cqe Krwemtarn, but tong sad  spits make out sev- 
eral miles inta the ocwn to form the actual mpa The landfall urn- + 
ally recognized here by navigators, however, c o d  of the cliffs by 
which these highlands break off abruptly to the lagoon at ma level 
at their foot, and a wide berth is given to them, as ahortl water of L 
less than 10 fathoms extends for more than 23 miles to the w& of 
these cliffs, 'This highland that terminate back of Cape h n s t w n  
is the continuation of the Qchuk Hilts, through which the aouthern 
gorge of the Noat& has been cut. 

Elsewhere north of the Kobuk the highhds terminah same milea 
back from the mast, from which they are separated by a narrow 
alluvial plain. Doubtless in the past the ocean impinged directly 
at many places agairist the slopes that lesd down from the highlmds, 
but in the long time that has elapsed since then, uplift of the region 
rmnd deposition of lahr mdiments have resulted in the withdmwd 
of the weran wmtward, until after many changes its shorn line hw 
M y  attained the p m t  position. 
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Norbh of the Brook Range and stretching as a atrip 100 miles or 
so wide are the Arctic Plateaus, As the name implies, this province 
is c h h r i z e d  by relatively smooth uplands in which the streams 
have cut down their valleys, BO that from n didanm the general ap- 
p m n m  is that of a high plain, but near by it appears aa a sruccession 
of gently rolling hills and moderately flaring ~aIIeys. (See pl. 7.) 
In many places the, junction between the mountain m d  plateau  pro^- 

inoe is abrupt, th8 ragged rocky slopes of the mountains giving place 
within a short distance to the smoother dopes of the plabaus. When 
v i e d  from the north the more or lass featureless plateau is seen to  
tenminab agginst the deep cliffs of the mountains. This is the con- 
dition reported by Schrader along the Anaktuauk,' where the mom- 
tabs mare than 5,000 feet high give pIlace within 5 or 6 miIea to an 
upland w h m  highest points stand about 2,400 feet abve  sea level. 
Nenr the Chandler River the mountains, which rise to aa elevation 
of 7,000 feet, give place witlrin about 5 miles to the plateau surface 
at about 3,800 feet. Along tha Kill& the line of demarcation is 
nearly as sharp, but the differ en^ in relief is not so great, becam 
close fo the momt~ins s good deal of glacid material has been de- 
posited on the plateau surface. Here, however, within 7 miles mk 
between 6,000 and 7,000 feet give place to uplands that stand b 
tween 3,000 and 4,000 feat. Farther west the lime of separation is 
not marked by as p a t  a difference in elevation, but even there the 
topographic forms show a distinct diffreace between the two 
provinces. 

This plateau province is cornpod dominantly of Mesozoic rocb 
of relatively low .resistance to erosion These rocks, however, con- 
sist of alternating layera of sandstone and shale, which have been 
folded into anticlines and synclines. As a result there are differences 
in their rmistancs to erosion, and these differences are indicated 
topographically by the general east-west alinement of the r i d p  and 
by the minor scarps and swales on the hillsides. Near the mountains 
the folding has been mom intense and the beds in places stand 
nearly vertical, thus giPing a linear character to the hills formed 
by the harder beds, Farther away from the mountains, where the 
foldmg is more gentle and the beds lie nearly horimnh1, the hard 
layers form steps on the hillsides or cap the hills. 

Near the mountains the highest points on the plateaus stand at 
devatiws that in few places if anywhere exceed 3,800 feet and are 
nsually between 8,000 and 3,500 feet. Farther north, say in the 
divide north of the ColviPIe between that h e a m  and the Ikpikpuk 
or between the ColPille and the Utukok, the average elevation of the 

8 n - n  



have been m p t e d  r m ~ v e l y  until, &mgh capture, the CoIPiUe 
had established a course p r a d i d y  coincident with its present one. 

Conclusive evidence in support of this explanation was not ob- 
tained in t.he i3hort time that could be diverted from the field studies 
of mom important matters, and it is offered only as a working hy- 
po&&~ In attempting to test its soundness it should be renl izd 
that the assumed divemions took place so long ago that many proc- 
esea have modified the existing valleys, so that the evidence mill 
not be at all easy to acquire or simple to interpret, h fact, certain 
obsewstions already on record suggest that in the time thnt bas 
elapsed changes have taken place whereby the advantage of posi- 
tion lies with streams other than the Colville, so that some of its 
acquired drainage may be captured or recaptured if the present p m -  
asses continue uninterruptedly. An iUustrat,ion of this condition 
is show in the vicinity of camp G May 30. At this place the Col- 
Glle is flowing at an elevation of npproximately 9,000 fee& Within 
a few hundred yards to the north is the summit of a divide that 
stands only about 110 feet above the river. This divide separates 
thm CoIviIle from Diappointment Creek, a tributary to the Utukok? 
and the distance between the 2,000-foot contour on the two sides of 
the divide is less than half a mile. Tllus, only e very mrrow barrier 
naw keeps this upper part of the Colville from flowing north into 
Disappointment Creek, fnr that stream hns a drop of about Go0 feet 
in an air-line didnee of 5 miles, or nearly 90 feet to the mile, whereas 
the Colville in this pW, of its course drops only 200 feet in an air- 
line distance of 26 miles, or considerably less than 10 feet to the mile, 
For this re-, if normal erosion processes continua uninterruptedly, 
Dissppointrnent Creek may be expected t o  capture part of the head- 
waters of the Colville, and if the explanation that the Colville long 
a p  diverted part of the former TJtukok drainage is correct, this cap- 
ture would return to the Utukok an area formerly tributary to it. 
The general mlations at this place are diagrammatically shown by 
Figure 3, on which the distances have been determined by measuring 
the air-line distanoe &ween m d v e  contours as shown on the 
map. 
As already dated, the Cal~ille b by far the Iarpst river in the 

Arctic Plataaus. The extreme length of its drainage ares, meas- 
ured in an air h a  from its most wedarn tributary to its mouth, 
is over Zf5 mi les  ; but, as the river makes many l a r ~ e  angular bends 
as well as winding meanders of smaller scale, its length measured 
dong it& channel i8 mveral times that distance. At its mouth the 
river has built out r delta about 20 milea wide, in which there are 
numerous channels. Schrader notes that four mouths of the river 
wore formerly reported but tbat he belie= it has five crr six. The 
depth of watsr in these channels is not horn,  but probably they 



are dl relatively sbdow, though the e&mnm& orw is bEeved 
by Schrnder ta be tbe dmpest and appears to be the la+ South 
of the delta the water in t h ~  ~ i v e r  is deeper, md Schmder dates 

that pmbsbly a small river 
skambogt cadd go atxmsid- 
erable distance mpslmem. 
However, in the partion of 
the river from a point below 
Prince Creek wedward to a 
point near the mouth of the 
E U i k  River it becomes so 
split up and interrupted by 
bars that considerable difli- 
culty would be experienced 
in traversing that part, 
even with a canoe, if the 
water was af the stage. en- 
countared by the eastern 
party of the 1924 expedi- 
tion. Above the Killik 
River the main &ream is 
more or 1- in s single chan- 
nel, and its dapth is grater, 
so that except for the swift. 
n m  of the current it muld 
probably be traversed by a 
ehallow-draft launch as h r  
as the Nuka Biver. Canoes 
have been used on the Col- 
ville from the mouth t~ 
camp G May 24, and prob- 
ably could have been umd as 
far as camp G May 18, & 
the mouth of Storm Creek, 
if the river had been free 
of ice. Canoas have4 been 
used  thin the pln-teau 
province on thg tributaries 
of the Coldle as follows: 
The entire Iength of the 
AnaZrtuvuk; Prince h I r  
as far as camp M July 18, 
the entire length of the 
Killik  rive^ downstream 
from camp S April 9, the 



, Chandler River to camp M Jme BOT the Awuna River to camp S July 
17 (mdd have been used much further if desired), and the entire 
length of the Etivluk River. Few measuremeata of the velocity of 
the current at different placa along the Colville have been made. 
Schrader stam that the current north of Ocean Point is slack, and 
between that point and the mouth of the knaktuvnk is 8 to 4 miles an 
hour. Above Prince the current is so strong that little or no progress 

9 can be made by rowing, and when crossing the river some distance is 
I& e m  with the most vigorous urn of the omrs. Some of the side 

i 
streams, eqaiaIly those from the north, such a9 Prince Creek and 
the A m a  Rher, have maderate or sluggish currents through much 
of their corrrses. 

West of the Colville and having comiderabla partg of their courses 
within the plateau province, though heading in the mountains, are 
fhe UMo& Kokolik, snd Kukpowsuk Rivers. All these streams can 
be- travemd by a n m ,  but probably none of them could be ascended 
any d i n n c e  by Iaunches drawing as much ~ls 1 fwt. The main 
stream of the Utukok was not traversed above c m p  F August 28, 
and its tributary Disappointment Creek late in the fall was too shal- 
low to be ascended with a canoe for mom than a short distance. The 
upper part of the valley of the Kokolik was Lsted by Geological 
Survey psrtigs principaLly during the winter, when the stream were 
frozen, but in 1928 can- were used below a m p  P May 15. How- 
ever, E&imos familiar with the region say that ordinarily later in 
the p a r  the Btresm is SO. small that canoes wuld not be used nearly 
as far upstream, and ths party that surveyed the lower part of this; 
riwr in 1923 reported such shallow water near the later camp P 
June 16 that becaw of the shod time availsble they abandoned the 
attempt to ascend the river farther and did not reach even the north- 

c a m  border pf the plateau pmvinee as here defined. The headwaters 
and central parts of the Kukpowrmk River were also visited only 
during the winter, but the i m p k o n  gained at that h e  was that 

* s t  favorable stages of water it could probabIy be descended by canoes 
from a point not far downstream from the junction of it9 tsorks, 
below camp P May 1. 

North of the Coldle and having their headwaters3 entirely within 
the plateau province are several good-sized stream-from end to 
west the 'Ikpkpnk, Meade, Avali, and Kmlak Rivers. The c o r n  
of these streams is determined in the main by the northward slope of 
the plateau province, but the atreams have incised their courses so 
t h ~ t  their ffoom dand several hundred feet below the uplands. Dur- 
ing this dimtion many of the side stream have been able to erode 
their mursw to considerabla didances dong the east-west trend of 
the weaker belts of sock This condition is particularly well ~ h o m  



by the fwo branch- of the Kigalik River and Maybe Creek, which 
units t;o f o m  the Ikpikpnk River. The pattern of drainage of this 
kind is often called trellised. The entir~ length of the Ikpikpuk hes 
been traversed in canoes fmm camp M July 26, on Maybe Creek, 
and camp S July 28, on the Kigalik River, and probably a &allow- 
draft launch could ascend the main stream as far 8s the junction of 
these tributarim. 

Little is known of the upper part of the Meade River by direct 
observation, Inasmuch, bowevqr, as its extreme southern part must 
lie in the hills seen from the head of the Kigalik River, from Lookout 
Ridge, and from the highest point ascended on the Avalik, there is 
little room to doubt that i t  is of the snme kind of country as that 
seen at those places. Consequently, the mountains which have betrn 
reported to be at its head are probably only low rolling hills not more 
than 2,000 feet above sea level. The lower part of the Meade was 
ascanded by one of t h e  parties of the 1923 expedition, but probably 
this party did not go far  within tbe northern border of the plateau 
province, and this mms to be about the highest point rertched by 
Eskirnoe with their skin boats. The point reached by the Qeological 
Survey party is dsr ibed  as about 125 miles by river abovc the 
mouth, and the channel there is said to be 600 to 600 feet wideqEb 
though at Iow stages the river ody occupies one-half or less of the 
channel. The current of the; Meade River 1 0  miles from its mouth, 
also measured along the course of the river, is said by Paige to be 
a to 5 miles nn hour. 

Ijctween the Meade River and the Utukok are several streams that 
are tributary to the Ktlk River. Of these, the largest am the Avalik 
and Kaolnk Rivers. The Avalik apparently heads in the hills north 
of Lookotlt Ridge, whom highest poines r i a  to eIev~tions of about 
2,000 feet. This river was ascended in canoes only to camp P July 
18, and even in that distance it was so shallow that the bottoms were 
practically worn out of the boah by ~icraping over the bars, as much 
of the way the water was only a few inches deep during the excep- 
tionaIIy dry summer of 1926. The highest point on the upland in the 
vicinity of that camp wns only about 350 feet above sea level. The 
Kmlak was traversed by the. western party of the expedition of 
1924 in canoes iw far as camp F August 15. From this place s 
portage, having an air-line distance of only 6 miles and crossing a 
divide only 400 feet above sea level, leads to the Utukok. The highest 
points in the viciniQ of the Kaol& stand only s h u t  800 feet above 
the sea. 

-Paise, lidam, an8 others, h icfonnalwance o f  the Wlnt Brrrow nglon, Alas-: 
D. 8. Qeol. Survey Ball. 772, p. 8,1925. 
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The only other stream af any considerable length that traverw 
psrt of the krctic Plateaus is Pitmegea River, which drains much 
of the country lying north of the Kukpuk and west of the upper part 
of the Kdtp~wmk The distance in an air line from its mouth near 
Cape Sabine to iB headwaters wwt of camp P May 1 h only about 
85 miles. S t d t m  found it h have about 8 feet of water over 
the bar at its mouth but to be 6 feet deep inside the bar. However, 
a ahort distonm farther upstream it is so beset by bars and shoals 
that except at periods of high water it can not kw ascmdd. At times 
of especially high water the natives are said to ascend it in their 
&in boats for a distance of about 40 miles measured dong its 
winding courae, or to a point perhaps halfway to its head. 

Through much of the distance from the vicinity of Cape Beaofort 
to Wevok the plateau province abuts on the shore, and the coastal 
features differ from those of the mountain province to the south 
or the coastal-plain province ta the north. T h e  uplands in this 
tract stand about 400 feet above- the sea, so that high cliffs mark the 
decent from these uplmds to the sea. These cliffs, however, are 
lower, less continuous, and less precipitous than those that mark 
the seaward termination of the momtains, but they are much higher 
and steeper than t h m  of the coastal- plain. No harbors occur along 
this part of the coast, and few indentations large enough to sheIter 
even a small boat can be found. At intervals between the headlancCq 
am small beach-, land soma of thm extend seaward from the foot 
of the slopes leading to the uplands, so that the steep bluffs which 
probably once marked the shore are now some distance idand. This 
condition is well shown at Cape Beaufort, which is not marked by 
any bend or change in direction of the shore line but is marked by a 
hill about 500 feet high that now stands about a quarter of a mile 
inland f mm the sea. The wahr oflshore from the plateau province is 
appmntly somewhat shallower thtan that off most of the neighboring 
coast of the mountains to the south, for according tn the Coast Survey 
charts the b e  separating soundings of 10 fathoms or less from tho= 
giving a greate~ depth is in most places opposite this province some 
7 to 15 miles offshore. 

The most northern of the major provinm of northern Ala~ka . - 

is the Arctic coastal plain. This province is raughIy triangular in 
outline, hpering nearly to a, point at Cape Beaufort at the west, 
widening to a marrimurn width of nearly 80 miles from Point Bar- 
row southward; and then narrowing again near the mouth of the 

= Ibckbn ,  C H, Arctic cdma o f  the U. B. & In tha aammer and autnmn of 
1- : Xat. Gem. Mag., voL 2, p p  178-178, 1891). 



ColdEe, whem it ia only 2U miles or m wid& AH in the p h h u  
province the mrfw of this tract d m  not repmnt a siegb plsia 
bnt instead is made up of a xlember of surf ace8 of d o n  and ctem- 
tion which have beea formed during a long period of pars and mltrk 
different stages of erosion md uplift. The chmwhrist ic  feat- 
of the whole province, however, is that practically everywhere its 
~ u r f a e  is formed of unconsolidated deposits that ham been hid 
down mainly under marine conditions. Them depbsits have hen  
uplifted and in part reworked and shaped by other agencies. Pre- 
sumably at one time this province was similar to the p m n t  floor 
of the Bea ofl this mast. Later it was uplifted and as 8oon as it rm~ 
above the ma was exposed to the sfma kinds of erosional and depo- 
sitional processes that are even now tanding to modify and shape 
its appearance. Many of its featurea therefore represent the in- 
equalities that && on its surface when it was part of the floor of 
the sea, others ars the $ulliea formed by the msff from the l a m  
ahower of rain, and between these two extremes are all gradations. 

On the whole, however, in a geoIogic sense tbe province is young, 
and there has not yet been time for the present p~ceases to  remodel 
its features to fit existing conditions. Comqumtly large tracts 
have not yet * q u i d  thorough drainage, and ponds and lakas that 
fill old depmsioas are numerous on the pmrly drained uplands. 
Because the bland part of the coastal plain hss hen longest above 
the sea, its original surface features am most m d i f i d ,  and the pmta 
nearest the coast have been a f f w d  least. 

Perhaps t h e  most striking characteristic of the coastal plain is 
the uniformity and monotony of ita landscapes. (See pL 8, B.) 
Escept for minute minor details, its appearance is everywhere the 
game. Its slope is so shght that to the unaided eye it appears b 
stretch away to the horizon as an endlem flat. Pmminent landmarks 
are entirely absent. Owing to its faaturalesmess even mirror eleva- 
tions such as sand dm@ 10 feet high appeer tb be notable prominences; 
in fact, it is said that one of the aarlier explorers reported a ranp 
of mountains east of the Colville where subquent explorations 
have proved that only low sand dunes exist. Over these plains the 
winds sweep with unbroken severity, and the traveler caught in the 
sudden storms that are m o n  in the winter finds it next to im- 
possible to  get any natural shelter. Zn the summer the poorly 
drained tracts of upland afford only spongy fmting, which makes 
travel laborions m d  slow, and lakes and deep sloughs necessitate 
circuitous deviations fmm direct courses. 

AII the large northwad-flowing rivers mentioned in d d b i n g  the 
provinces t h ~ t  lie ~ u t h  of the coastal plain traverse this plain to 
resch the ocean. In that part of their c o u m  their valley %oom are 





wider than in tha plateau province, and their current is much slower. 
Their banks.- generally not more than a few feet above the level 
of the water, and in times of high water in the spring much a£ the 
mmtq  near the rivers is flooded. Near the coast many of the  rive^ 
wlit inb numemas distributaries and enter the sea by many small 
channels. Except at the Kuk and Kukroak Rivers and Deasa Inlet 
the l a w  movement which seems to have affected the northern part 
of the m s t a l  plain has been emergence. The lowr part af tho Euk, 
however, appears ia have undergone some depsession at a reIatively 
recent time, aa is shown by the long estuarine characte~ of its course 
from Ibtrmuk Point to camp F August 7. The Kukroak River, 
which enters the head of Peard Bay, alm appem to have had its 
lower part depremed, so that it enters the bay through a long estuarg; 
The river at the head of tbis estuary is mall, and in August, 1926. 
could not be ascended by canoe for more than 8 or 4 miles above the 
narrow pint 5 miles above Camp I? August TO. At Dease Inlet also 
there appears h ham been some recent submergence by which this 
bay, nearly 30 miles long, has been formed, but the southern part has 
been filled to e considerable degree by the silt and other deposits 
bronght down % the Meade, Topogaruk, and Ghipp Rivers, which 
entar it near its head. Avak Inlet, southeast of Icy Cape, has not 
been examined in detail, but it, too, probably indicates some relatively 
recent su brnerpnce. 

Almost no large atreams have their courses entirely within the 
coastal-plain province. The Topogaruk, which was traver~d by one 
of the parties of the 1923 expedition in cantws for nn air-line dis- 
tance of at l e d  40 miles from the mast, is probably one of It& 
I a r e  of the streams lying entirely in this province. It has an 
extremely meandering mume, which makes its lengtlz h m  head to 
mouth many times She air-line distance between those paints. Many 
of the large dreams atready described have tributaries th8L originate 
in the msstal plain. Among these may be mentioned the tributary 
a€ the Epikpuk from the east that enters midway between camp S 
August 12 and camp S August 13 and is said to flow from Lake 
T ~ h e k p u k  The ham River, which is a tributary of the Meade 
River and joins that stroam only a few miles above its month, drains 
an area 60 miles long east and west, its headwaters rising within 10 
miles of Peard Bay, from which it can be reached by an easy 
p r h g e .  The I n a u  is described as a narrow, extremely meandering 
&am flowing in a channel that appears in many places s e  an . 

artificial ditch, it is so narrow and steep banked. It is navigable 
all the way by canoes and has only a sluggish current, The Kungok . 
and Ivisaurnk Rivera ere tributaries of the Kuk that probably have 
the larger part of their courses entirely within the c o b 1  pIain. 



still continues the reefs are padually thrown landward mtil at those 
places where the action is most intense or the mainland juts out 
fsrthest they connect with the mainland and thus disappear as reefs, 
and the wavm and other erosive form beat directly on the mainland 
shore, gradually undercutting it and making cliffs. All stages of this 
series of c h m p  may be recognized at different pdmb along the 
nodern coast of Alaska. The earliest stage is apparently repre- 
sented by the & fro113 Cape Simpson to Cspe Halkett,, where there 
is no reef; a later stage by the discontinuous reefs and islands between 
Point Bamw and Tangent Point; a still later stage by the nearly 
mntinuous mf with very small and widely separated inlets that 
extends santhwestward f r m  a point near Icy Cape for nearly 100 
miles; and a very late stage by the reeflaw cliffed coast extending 
from Point Barrow to Skull Clifl, Icy Cape, tlnd the region near 
C a p  Beaufort. 

A dl of the region described in this report lim north of the M c  
Circle it is often wrongly regarded aa a land of perpetual mld, in 
which none but the hardiest can live, It in s cold region, but for 
properly clothed and equipped persons it is by no means intolerable, 
and except far occasional very cold snaps, which are unpleasant in 
e v e v  latitude, pwph trsvel and attend to their duties with alm& 
as liMe regard for the mld as most people in the northern United 
States. This statement of coum does not mean that the tempemture 
is not a&aIIy colder, but simply that the people ham learned to 
protect themseIv-es and adapt their houses, cloth@, and methods of 
living to meet these conditions. 

For many p r s  the tVeather Bnmn has maintained a station at 
Barrow rn that reliable data concerning the tampemturn there are 
available. The foUowing table giva some of the pertinent items: 
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me highest and lowest temperatures are based on the record of 19 
years. Among the many interesting facta shown by the, table, the 
following are perhaps worthy of special note, The extreme annuat 
range of temperature is lalo; the highest temperature morded is 
practically the same amount above the mean annual temperature as 
the lowest temperature is below, namely, 6 5 O  and 66", respectively; 
in all months of the year temperaturn ss high as 32O may be ex- 
pected, but temperatures below freezing haw also occurred in all 
months of the year; in all but the four months June to September 
temperatures below zero have been recorded; the mean temperature 
of each month from June to August is less than 10" above freez- 
ing, and for September it is lo below freezing. The average of the 
mean monthly temperature for the four summer m o n t w w n e  to 
Sephmbr--is a little more than 36". - * 

The twnpernture at Barrow is somewhat modermtd by the near- 
neR of the ocean, rn that, s t r a w  tts it may appar at W, graater 
extmea of temperature are recorded at inland points muth of 

'Q 

Barrow, Also because of the greater relief of the inland part, the 
minimum temperature in the plateaus and mountains is probably as 
low as at places in similar latitudes on the mwt, if not lower. The 
following records of the Weather BuraauSa station at ALlaknket, 
near the southern pert of the area, afford an interesting contrast. 
with thorn already given for Barrow: 



Tmpemture at A n d k e t  to  F.) 
m u m  

'She table of mean temperatures for the period a t  AUakaket is based 
on a broken record of 20 y e w .  The highest and lowest. tempers- 
turea am based on records of 17 and 19 years, respectively. Accord- 
ing to these records, the extreme range of temperature ia 160°, or 
nearly 30D greater than at Barrow, and the lowest temperature re- 
corded at Allakaket is 14O lower than at B a m w .  The lowest tern- 
penrtum ~hows a greater departure from the mean than the highest 

e tempemture, as the coldest day was about 88" below the mean, 
whereas the warmest was onIy about 72" above the mean. In all 
months temperatures $g high as 32O may be expected, but tempera- 

Cr 
tures below a 2 O  have also heen recorded in all months of ?he yen, 
and in a11 but the t h m  summer months June to August temperatures 
below zero have been recorded. The mean monthly temperature for 
the five month8 May to September is above freezing, :,and the average 
mean for the three Burner months June to Aupst is 85.e0, or more 
than 1 7 O  warmer than for the same period at Barraw. Row- 
ever, for the five winter months November to March the mean 
monthly temperature is -12.6" or abut the sane  asl for a similar 
period at  Barrow. The difference in latitude between the two stn- 
tions is about 48 /4O,  so that, computed from the m r d s  of the two 
places, the mean annnal temperature decreases northward at n rate 
equivalent to about 1.8' for each degree of latitude. This ganerali- 
zation does not t d m  into account the effect on the tmnpemture pro- 
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d u d  by the highlands that lie between the two placss. The eleva- 
tion of Allakaket is leas than 1,000 feet, though many of the 
mountains of the Brooks Range rise to elantions of more than 
7,000 feet, and even many of the passes &(:- the mountaha are 
4,000 feet above the sea. Acmrding to the formulas which are 
pera l ly  wcepted by meteorologists, tempec~ture decmsss about 
lo for each 300 to 600 feet .af ascent, so that the m e ~ n  annual tern- +# - 
pernture in the mbuntains may be 5" to 10' lawer than at AJlakaket. 

A series of tamperaturn observlations have been made for s &ort 
time by tha Weather .Bureau at its stption at Nmrvik, near the month 1 
of the Kobuk. In general, the record from this place shows tempfa- 
tures on the whole intermediate between those recorded at Barrow 
and at Allakaket. The p a t e s t  recorded r w e  is about 141" at 
Noorvik, as against 131"t Barrow and 180° at AUakaket. The 
mean monthly temperature of the winter months is much higher than 
at either of the other stations, but the wmmar temperature is 
intermdiate. 

Temperature at N o d k  ( "  F.F.) 
Mmn 

The records obtained by the recent QeoIogica2 Survey expeditions 
do not afford much new information on the temperature of the 
regions they traversed. This is due to three c a m  First, observa- 
tions were made only incidentally to other work and were not made 
under uniform conditions of exposure ; ~eoand, the camps were moped 
80 frequently that ithe rebords do not allow inhmmparison; third, 
usually only the minimum daily hmpemtures werer recorded, became 
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fie papties were generally on the move daring the part of the day 
when maximum temperatures occur, and at that time suitable or mi- 
form expasures were, even le= atrailable than when the parties were 
in camp. In spite of the imperfactiona of record the following f & 
noted by the e m r n  snd central parties of the expedition of 1924 
may be of interest: Until practically the 1st of May the minimum 
daily temperature st camps in the Bmks Range did not r ise above 

-t zero, and until pmtically the 1st of June it did not rise sbove freez- 
ing; the highest minimum daily temperature recarded in the plateau 
province was 50" for one day in July and one day in August, and 

I the lowest minimum daily temperature- was during the fir& week in 
April, when for seven drtys in camps in the Brooks Range the mere 
c u v  stmd at -Edm, which was the limit of the minimum thermometer 
u d .  * 

Mthough the foregoing iastmentd hrvatiom correctly express 
the measured temperatures of the region, a person's &dings regard- 
ing temperature do not react directly to heat and cold like s ther- 
mometer and &re not susceptible af such measurements. Many fac- 
tam, B U C ~  &a dampness or wind, modify or may actually reverse the 
eflectp af the knper~ture that is e n d .  It is well known that a 
ternpemture many degrees below z ~ r o  in quiet weather is far more 
agreeable than a temperature of zero or higher accompanies by 
~trong winds. This was psrtidarly noticed by the party in 1926 
near the coast, where tamperatures of 1O0 abova zero accompanied 
by gales were much more un'wmforhble and intarfered more with 
the work than tsmperrmtures of 2D0 to 3Q0 below zero that had been 
experienaed in the mountain valleys to  the esst. A parsbn'a phfical 
condition a h  has sn important effaet on how be bars cold. Old 
midants of northern AIaske say that after many yeam they do not 

C stand the cold as well as newcomers. To judge from the experienca 
of the Qeologifwl Sumey members, persons in god phy14caI c a d i -  
tion can five in the open and sleep on the ground in tenta throughout 

u the winter with a snrprising degree of comfort if they have adequate 
noarishing food and suitable fur clothing and fur slesping bags In 
fact, they found that during the time they were in the field fur 
cloth- were usually too warn to be cornfortabla for s person physi- 
c d y  active, and it was only when the men were inactive er riding 
on the sleds that guch dothes mere necessaq. During the summer 
the membew of the Geological Survey parties d m d  in clothes of the 
=me kind that they ordinarily wear for field work in the Northern 
S t a h  or southern Alaska, except for the addition of heavy woolen 
underwear. The natives, however, appear to wear about the sama 
h d  of clothes winter and summer. Probably this is isdue, as Tafig- 
.well hm pointed out, to the fact that after becoming acmstomed to  
fir clothes one is easily chilled in ordinary garmenh. 



The generally prevailing low tempmatures ham many adwantages 
for travelers that may not suggest themsdves at first thought, Among 
these advantages may be mentioned the fact that under this natural 
refripration most, foods can be preserved in good condition for rr 
long time. Fresh fish aught late in February immediately froze and 
~emained in that condition until it was tbawed and eaten in May. 
bleat was kept without spoihng indefinitely during the winter, d- 
though it often b m e  frozen so solidly that it d d  be cut up only .* 
by means of a saw or an ax. The refuse from camps remained for 
months mithout putrefying. Some food4 however, do not stand 
freezing well, as after the water in them has b m m ~  mparated, h 

through. freezing, it d m  not reunite, so that after mwated freezings 
and thawings the original qualities are pmcticaIly destmyd. Canned 
goods are espgcislly subject to debrioration of this sort. Tooth 
paste and shaving m a m  are among the articles that lose many of 
their good qualities through freezing and become granulated and 
ineffective. Electric dry batteries when subjected fo low tempera- 
tures fail to function, and their activity can Z>e mtored only by 
warming them. Cold interferes seriously with the effectiveness of 
lubricants-in fact, during the extremely eoId months lubricants be- 
come so stiff that tbegr must be removed completely from such arkides 
as guns by a thorough w a s k g  in gasoline. Some of the instrn- 
m a t s  failed to function well owing to the stiffening of the lubricant 
or the precipihtian of the minute particles of Emst from the air they 
contained. This was: particularly noticed in the action of the ~huthm 
of cameras, and a small moving-picture camera was entirely useless 
a11 winter from this cause. Pdpitation of the moisture of the sir 
is also a source of annoyance, as in several of the camps the in~ide of 
the tent remote from the stove bcame covered with s thick layer of 
frost that had cundensed against the cold outside eir. PI-ecautions t 

to prevent this condition are usually taken in the construction of 
houses by providing ventilators through which the warm, moist 'air 
may escape. Ventilation is essential not only for houses but also for Tz 

clothing, as impervious clothing prevenh the escrtpe of the errhala- 
Eions of the body, which then condense and form a, disagree~ble icy 
casing inside the clothing* The close yet pomus texture of the skim 
used for dothing meets this condition admirably, but the glazed-finish 
feather often seen in m d e d  sporting clothes completely fails to 
ventilate properly and for that reason is actually dangerous. Con- 
densation of air ia. the instruments is also s common source of azmoy- 
ance but can be prevented by leaving guns and instruments ouhide 
the tent or house throughout the winter. 

One of the m e  noteworthy effectsl of the cold is its effect upon the 
snow and sledding conditions. In extremely d d  weather thp sue- 



face seems gritty and is apparently made up of small,  sharp, needle- 
like crptals of ice. abese cut the feet of the dop badly, so that 
they soon become gore and must be pmtected by dog moccasins or 
mull cdvaa sacks. The rapidity with which this cutting is- done 
is shown by tha fact that experienced dog drivers report that at 
times slevaml pairs of dog moccasins are worn out by each dog in 
a single day's trwel. The needle-like snow also rnekes sleds d r ~ g  
hmvily as if they were being pllllecl through sand, whereas during 
warmer weather the snow mashes down and the runners readily slip 
over it, During cold weather wboden strips called okis are usually 
bolted on the regtltar iron runners, as they slide morn emily, but 
when the snow is wet it sticks to  them and ta the snow over which 
the sled is being dragged, so that progress becomes almost i m m b l e  
until the wooden skis are removed and iron runners used. Iron 
runners are slso beat for use along the coasts or on salt-water ice, 
sa they slip mom easily and are not so readily broken. In fact, all 
the Eskimo sZeda have runners of iron or bone, and runners of wood 
are p&icallg unbown in the entire coastal region. The bone run- 
ners sre said to slip dong with the least amwnt of friction, and 
for thet reason they are also especially adv~ntagmus for hauling 
over stretches of tundra that am bare of snow. 

Much of northwestern Alaska is arid, and throughont the greater 
part of N-1 Petroleum Reserve No. 4 the annual precipitation 
probably does not exceed 10 inches. The fo22owiq table shows the 
measurements made at the stations af the Weather Bureau at Barrowt 
Allakaket, and Noorvik: 



Mpimdon at at-, AmkuW, and K&k (flsohea )--Continned 
H e  

3, 

The average precipitation st Barrow is compuhd from the mom 1 

or leas complete record that has been kept for 16 years. That at 
~ ~ e t  is computed from the record that bas hen  kept with 
relatively few breaks for 20 years. These meamreme~ts include both 
the precipitation that faIls as rain rtnd the water equivalent of tha 
precipitation &at falls as snow or sleet. From the debiled records 
of the Weather Bureau it is learned that the; lnr@.and mallest 
amounts of precipitation recorded during any one month a t  Barrow 
am, respectively, 2.44 inchas in July, 1922, and traces in 12 months 
between January, 1902, and December, 1926; and at Allskaket 469 
incbes in September, 1925, and traces in May, 1919, and March, 195% 

At dl three stations the precipitation is generaUy heaviest during 
July, the month2y means being, respectively, 1.03, 1.88, and 2.'17. At 
Barrow 39 per cent of the average total wmual precipitation falls 
during the three summer months; at Allakaket 38 per cent. At Bar- 
row records for only six complete years are available for study, but 
for these six yews the annual precipitation shows a departure from 
the mean m u d  precipitation as computed from the average of the 
mean monthly precipitation, based on the best partial records for 16 
years, by showing an excass of 2.38 inches for 1882 and deficjsncim + 
of 1.67 inches for 19?21 and 3.03 inchas for 1926. 

The following table shows the recorda for the monthly and annual 
snowfall at the Weather Bumu statiom at Barrow, Allakaket, and % 

Noorvik, b d  on incomplete records of 13, 19, and 8 years, 
respectively : 

I I- hb. Mar. hpr. Mllp S w a  J d y  A=. fhpk. Oot. Nw. Dm. f$ 

~ m a , i e m ~ Z i  .... LO ae 4.0 la* 2 s  R. ~ r .  ~ r .  cs ' 11.0 R O  u,6 m.4 
m a  .....-........- ... 1.11 g5 1.7 5.a . i i a ~  0.0 as as i ra  8.8 a.a a.4 
iBZ1 ...._........... .. .....---...-..-.-- %P 9.5 Tr- Tr. TT. 3.8 11.8 4.9 .7 ....-. 
IDS ............... ... 4.7 .T ni 1.0 r a  3. .r 1.0 3.6 1.6 9.3 Q I  ~ . s  
1P25 -.......-....,---- 2 0  Tr .  4.6 1.5 - 4  Tr. ?t. 0 7.0 21.2 19.0 0.7 W.2 
11120 .............. .... 1.1 2.4 1.0 L O  R. Tr. Tr. Tr. . 5  19.0 4 . B.4 
MmW,lW18Z#L .... 3.8 5.4 5.5 6 2  2 8  T r -  1.2 1.8 4.0 12.4 6.9 5.8 64.6 ! 



Fmm this table it will be seen that mow may fall in every 
month of the year at Barrow but that it practicsIZy never occurs dm- 
ing June, July, or August at Allakaket, though in the mountains 
north of that town it falls eyery month of the year, At Mlskaket 
the month1 y fall of snow increases more or less regularly from Sep- 
tember until it reaches s maximum in February and then decreases 
somewhat mom abruptly until it becomes insipScrant in May. At 
Bamw there is no such regularity in the, monthly distribution of 
snow. The records show thatt usually the snowiest month is October, 
with No~ernhr ranking second and April and December, having 
about the %ma mount,  third. The months having the heaviest 
9nowfaU daring the period for which m r d s  am available were, at 

4 
Bwmw,  April, 1910, when 26.5 inches of snow was recorded, and, a t  
AUakaket, Fsbruary, 1920, when 47 inches of snow wns recorded. 

Apparently the records of the snowfall at Barrow am too few to 
afford an entirely reliable estimate of the average snowfall. This * is apparent when the mowfall as given in the foregbing tabk Is cum- 
pared to the total annun1 precipitation s t a t d  in the table w pam 
68. For instance, if fhe entire precipitation fbr the year were 
tentatively considered to fall as mow, each inch would be equivalent 
to about 9.6 inches of mow. Obviously, however, mmt of the pre- 
cipitation during the summer falls as rain, so t h e  if this amount 
were deducted from the average annual precipitation and all the rest 
of the precipitation were assumed to fall in the form of mow, each 
ipch of water would require at least 16 inches of mom, an abnor- 
mally high equivalent. A similar computation from the m r d s  at 
Mlakaket suggeskfi that at that place about 10% inches of mow is 
equal to 1 inch sf water. Both of these estimates, are minima, for 
unquestionably some of the precipitation in the other months besides 
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60 OEOLWP - W D  B&IKERhL RESOURCES, NORTHWESTERR ALhBKA. 

June, July, and An@& is in the form of rain, and whatever further 
deduction should be made to allow for it would increase the number 
of inches of snow required to equal an inch of mter. Furthermore, it 
is very difficult to get an accurate meamre of snowfall in the mgian 
because of the driving win&* As hfEnpel l2 ' .  has pointed out 
regarding his own observations : 

So attemM p b ~  made to memure the precifltatlan, and It is ertremeb doubt- * 
fnl l f  this mnld bP done amrately. DurIng bigb wln(1s the air la fQlF of drldng 
snow for swemE hnndml feet '~rticallg, yet an open-top wceptacle placed on 
.the ground would probnbly m a i n  empty, on accoont r r i  the -liar air 
cnments. 1 

Jafigwell estimgta the snowfall in the mountains to be perhap 
8 to 4 feet, and this comspmds dm1y with the judgment of the 
members of the m n t  Geologicsl Survey expdtiom 

Although the foregoing instrumentd observations eodtute the 
most authoritative and reliable data reprding the pmipitatim of 
the region, they euggwt an widity far more ink- than other 
features of the region indicate. These apparent cxlnffich betweerr 
fack and impmasions can be reconciled when it is mli& that 
small precipitation is only one of the factors that determine the 
characteristics of mid regions such as the Sahara or the arid lands 
in the Bttsin province 02 the western United States. A region of 
small precipitation is nsudly pictured as devoid of watar, but in 
northern Alaska mQr is almost everywhere. The surface of the 
country during the summer is commonly wet and swampy, end 
wahr stands oa tbe surf- in ponds and lakes T h e  streams, unless 
they traverse a b m d  belt of Umeatoae, show no marked diminution 
of volume but collstmtly increase in aize toward their lower canmes. 
All these features are due in large measure to the permanently frozen 
mndition of the s u h i l ,  which makes m m s r l  of mrfece water by f 

percolation and by underpund migration impossible. Further- 
more, the low elevation of the sun, even during the  summer, pre- 
vents rapid evaporation. The rainfall or snowfalI thus stands on u 

the surface or coUects in the low areas where the slope is not suffi- 
cient to induce surf- run-off. Then agsin, the upper 6 to 18 
inchw of the frozen zone melts during the summer and thus produces 
wet, soggy footing that is mod unlih any pmnmived idea of a 
dry country. Furthermore, the precipitation does not come in 
del-g cloud-hmh, wparahd by long intervals of low precipita- 
tion, es in the countries more often referred ta 8s arid, but comes 
in name~ous light showers or heavy mists. As illnsts&ve of this 
condition may IM cited the experien08.s of travelers in this general 
region. Many of their reports are not complete enough to furnish 
the exact data desired, but the following table shows the number of - 

B dM K., lmm Wqt W*r h e r e  a.Ba: u. 8. -1. 
mvey Pra Paper 108, p. 62, 1919. 



CLIMATE 

idrgg on whim different travelers dehitely report mme precipita- 
tion, Although this t&1e therefom only mrves to indicate the 

, bminimtlfn number of such day., it may give undue eyphphssis to  the , ..* 

n&r of days on which eame pm5pitotim fell. Thla is especially 
' 

true of the m r d s  of Smith and of the recent survey expdlitions, for 
on mamy of t h ~  days counted the showem were not of long duration 

' 5  m d  yielded only a mn dl amount of water. Still, they were nearly as 
di-ble to She traveler as the heavier showem and left him 
with an impression, which is esentially correct, fist he was damp 

d much of the time. 

Foggy weather is common near the ooast, especially during t h m  
periods in summer when the ice pack is close to the ;shore, In fact, 
the presence of fog offshore is often a a r e  indication of the nearness 
of the ice pick and is one of tbe fsctom that adds much to the 
danpm d naviwon in the Arctic Ocean. 

strength and direction of the winds largely dhrmine the time 
of the break-up or freeze-up of the streams and of the maan. They 

u very decidedly aR& ternprahre directly, aa well as have a marked 
, influence on the effect that temperature ha9 on people, snd they prob- 
ably control to n m&dernbIe degree the di~tribution of bushes and 
vegetation. At Bamw the preniling wind, rn indicated by & e m -  
tians of the Weather Bureau, extending over a period of nine years, 
is e e r l y ,  except for the months of October to December, when it is 
northeasterly. At this plaw the highest wind velocity recorded was 
100 miles an hour in January, and the next highest was 71 miles an 
hour in February. The latter record, however, was pfbbably not the 
true e k e  af thmt particular dorm, became shortly after the ob- 
mrvetlon was made the anemometer was Mown away. The. average 
annual wind velocity during the two years in which continuous meas- 
prements have been made instrumentally by the -Weather Bureau at 
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Barrow. is 13.1 mila an hour. In this perid tbe h i g M  avorap 
hourly rata for 8 menth, namely, 18.4 miles an hour, wm in~Novam- 
bqr, :and the lowest, 8.4 milee an hour, in December. , . 

At Allakaket the prsvaihg . i n t i  direction far the gear, is ea&rly, 
though in June and July it is weshrly, and in November and Decem- 
ber it is northeasterly. No records are available of either the maxi- 
mlrm or the average hourly velocities for the different months at this 

* r  

station. From noninstrummtsll observations, however, it.seems wx- 
titin that the wind velocities .do not average so high, nor are the 
individual gush so violent as they are at Barrow. 

hffingwell states that at Flaxman Island the chief minds are from b 

the east-northeast and wmt-southwest, EkA winds there prevail 
during tho summer and west minds during the winhr, eand the 
stron,wt gales mme from the west. These gales h m  the west usu- 
dly last for only short periods, but east winds having a wlocitg of 
30 milas an hour may last for more than a meek at  a time. hhg- 
well a h  states that in the north or south valleys in the mountains 
calms usutmlly prevail except during the periods when warm vinds 
blow from the muth. The experience of the recent Geological Sur- 
vey expeditions hardly confirms this statement of the quietnears of 
winds in the mountains. On many days the wind was boisterous 
and in no sense warm. In the mountains, however, the direction of 
the 'wind was either up or down the valleys, so that even in near-by 
areas entirely different winds were mcounbrd in the d h y a  tbat 
h d  different trends. Owing to this mntml by the topography the 
winds in the rnauntain~ uauslly change direction 180° rrrther than 
by mall  amounts. h the plateau and plains regions the topographic 
control is mnch lem noticeable and the winds crre steadier and do not 
change their direction greatly within a short time. 

me expedition of 1926 spent much of its Eime in the Arctic comtd w 

plain a d  Arctic Plateaus and the lower part of the B m b  R q p .  
On this expedition the winds were at times so violent that they seri- 
ously hampemd tbe work by bl~wing the alidda ofT the plane tabla a 

and quickly numbing the observers ao that they could not maintain 
exposed positions. During one of them windstorms a 19.fmt canoe, 
weighing probably 150 pounds, whose bow and stem were embedded 
and frozen into pakchas of @ow, was picked up by a gud aad carried 
many feet in the air a horizontal distance of .over 800 y mds bfom it 
struck tlre ground and rolled into the lee of a slight obstruction. 
Many times the wind was go strong that it swept thick clouds of dust 
and snow from the bars st, t h ~ t  they M y  obscured the view, and 
again it tore newly formed ice an inch or two thick off the streams 
and ponds. 



Theampping, slatting, and popping of the tents during these wind- 
. s t o m  was incessant and so vehement t h ~ t  tho mnsation waa, de- 
wcribed at the time a r s  if a giant washwoman was scrubbing and 
;wringing out a tubful of very dirty clotha'' The wind drove the 
.fine partides of snow even through the very close texture of the 
. balloon-silk Wits, into c l d  and fastened valims, m d  into s a b  
that were reasonabIy.miy tied. CuriousEy, the most violent wind- 

\: storms mmmA with rather a high barometer, and although =me- 
:times the barometer showed drops of more than threa-fourths %of m 
,-inch of mercury, these occurred usually during p d  weather and at 

i .I& several days before a sturn. Life in the open is practically 
. impwible during severe windstorms, and according to those who 
, have ,lived long in the region, both whitss and natives, the only, thing 
for a traveler to do when caught out in such weather is ta crawl 
into his leeping bag or such other protection as ia available and await 
the abatement of the atom, This procedure wss probably all that 
preserved the Barrow mail carrier in 1925 when, being overtaken by 
such a sturrn, he dug his way into a snowdrift and remained them 

. for many days, One of the members of the 1020 Geological Smey  
expedition, a m m  who had lived for nearly 30 yeam in central Alaska 
and carried mail during dl kinds of weather on the Yukon, after 
having experienced some of these a s  near the northern coast, 
said thlrt althaugh he bad been out in temperahma mms of degrees 
, lower md h d  worn clothes of the same kind, he had never suffered 
! so much and should never work a p i n  in that kind of a climate with- 
. out a complete set of fur clothing-a thing practidy unheard of in 
. mntral Alaska. 

# 
Dhdonbtedly the m& import& evens of the year in n o r t h  

Alaska am the opening and closing of n~vigation. On the mast the 
open season means the t h e  when v d s  h m $ h e  outside can traverse 

P the water of the Arctic Ocean, and h h d  it means the time when 
boats can travel freely on the dreams. The dates of opening and 
dosing of mean navigation differ greatly in did era t  yeam, because 
n great many different factors combine to produce the result, and aa 

-they are all variabIes they seldom if ever combine in exactly the same 
pmportions. In the Arctic Ocean wind is perhaps the most im- 
portant agency in dispelling the winter's ice, but the same wind that 
drives the ice from the A l d a n  coast may jam it more densely on 
the coast of Siberis, so that ~t the same time different parts of the 
coast. may be in very a e r e n t  a t a p  of freedom from ice. In fsvor- 
able seasons boats c a n  get td Kotzebne early in July, to Wainwright 



by July 90, and to B m w  by dug& 1. In lml the m ias bmb 
on July 23, but in 1922 it was Angust 21 before the first boat radd 
Barrow. In 1924 the first boQt did not math Barrow until August 7, 
and the ice came back again within a day or two, m that the vessel 
wes caught in tbe ica and sonIr P short distance m t h  of the bwn a 
few days latar. So far as a d d  be learned, the ~ o e  then kept mlidly 
packed against the coast at Barrow until &out AugwL25, when it 
b g s n  to open a little; by hum 90 it waa far atorigh off tha maat 
for b a t s  to get to Barrow, and it d y e d  in this position for m v e d  
weeks. In 1 M  an exceptionally favorable opining of the ice pmk 
allowed the first v-1 to reach Wainwright on July 1 and Barrow 
more than s week later, but the ice soon closd in again, so that tbe 
Bdar did not mnch Wainwright until July 81, and it wm August TO 
bfore she got to Barrow and &en only after breaking ice for days 
and m&ehing her way in and having to pnLl out s p i n  almost at 
once, as the ice wt in and threshed the ship. 

Early in the spring or summer, hefore the large ice pack leaves 
the coast, there is often considarnble open water between the shore 
and the heavy ice, so that shaIIow-draft boats, by keeping close to 
the shore, can travel long stmtches before the sea ice brmks. It 
is thus pos&le for small boats to travel along much of the, north- 
western coast early in July. Relying on this condition, the expedi- 
tiun of 1926 traveled in canoes fmm the mouth of the Kolroljk h 
Wainwright along I d s  in the ice of the lagoons ~ n d  of the aeean 
and were able to ralrch Wainwright several days tmfore the first ship 
from the ootside. Rowever, the water in many places was go shallow 
and the lead of open wahr  m narrow that it would have been im- 
possible to take much larger boats through a t  that time. In fact, 
at  several places the ice was jammed so solidly against the &ore that 
the enpedition had to camp m d  await for wv~ral da;ps the formation 
of s lead by which It could p m d .  An annoying feature of thuq 
rravebp: along the cqast wgs that while an offshore wind tends to 
drive the ice -ward and thug apm s lead, it also drives the water 
o%shaxle. As a result of this condition, the expedition wm held up 
eeveral days at KilLmantrr~i, not only by the ice that had grounded 
on the mast but also by the lowering of the sea level a couple of feet, 
by the offshore wind. In thus t ravehg  in the early spring along 
the coast the entrant- through the reefs m especially difficult places 
to  get by, es thay are urnally beset by strong carrents, which carry 
l a p  quantitjset of ics either into or out of the lngmns. Further- 
more, ss p i n t d  out by Lehgwell, near the time of the break-up 
of the ice on the mean the weather h m ~ s  n w ,  windy, a d  foggy, 
so that it is -ally dis*preeeble if one gets wet, as L &no& in- 
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Thesnapping, slatting, and popping of the tents during these wind- 
storms was incessant and so vehement that the semativn, was, de- 
scribed at the time " RS if a giant washwoman was scrnbbbg and 
wriqging out 8 tubfql of vesy dirty clothes." The wind clrove,tl~lte 
fme particles d snow even through the very close texture of the 
balloon-silk tanis, into closed and fastened valises, and into s d p  
that were reasonably securely tied. Curiously, the most violent wind- 

iZ stmm occurre$ with rather a high barometer, and although sane- 
# times the barometer showed drops of more than three-fourths of an 
inch of mercury, these occurred usually during good weather and at 

i - I& several days before a storm. Life in the open is practically 
, irnpossibb during scverc windstorms, and according to tl~osc who 
1 have Jived long in the region, both whites and natives, the only -thing 
for a traveler to do when caught out in such weather is to crawl 
:into b sleeping bag o r  such other protection as is available and await 
the abatement of the storm. T I i s  procedure was probably all that 
preswed the Barrow mail carrier in 1925 when, being overtaken by 
such a storm, he dug his way into a snowdrift and remained there 

, for many days. One of the members d the IQ6 Geological Survey 
expedition, a man who had lived for nearly 30 years in central Alaska 
and carried mail during all kinds of weather on the Yukon, after 
having experienced some of these storms near the northern coast. 
said that although he had k e n  out in temperatures scores of degrees 
Jower and had worn clothes of the same kind, hs had never suffered 
so much and should never work again in that kind of a climate with- 
out a complete set of fur clothing-a thing practically unheard of in 
central Naska. 

OPENING AND CIBSIh'G OF NAVIGATION 
* 

Undoubtedly the most important events of the year in northern 
Alaska are the opening and closing of navigation. On the coast the 
open season means the time when vessels fromJhe outside can traverse 

C the water of the Arctic Ocean, and inland it means the time when 
boats catravel freely on the streams, The dates of opening ancE 

, closing a€ ocean navigation differ greatly in different years, because 
e great different factors combine t o  produce the result, and as 
they are aU variables they seldom if ever combine in exactly the same 
proportions. In the Arctic Ocean wind is perhaps the most im- 
portant agency in dispelling the winter's ice, but the same wind that 
drives the ice from the Alaskan coast may jam it more b s d p  on 
the coast d Siberia, so that at the same time different parts of' the 
coast may be in very Werent stages of fkedorn from ice. In favor- 
able semns boats can get t o  Kotzebue early in July, to Wainwright 
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by J d y  M1 and to Barrow by August 1 In 1MIf;bs sm iloe broke 
on July 23, but in 199'2 it was August 92, before the 5& boat reached 
Barrau. In  1Pe4 the first boat did not reach Barrow until A q d z  '7, 
and t h ~  ice came h& again within a day or two, so that the vessel 
was caught in t l e  ice and SLBB6( a short distance south of' the tcrwn a 
Pew days later. So far as could be learned, the ~ c e  then kept m y  
p d d  against the coast a t  Barrow until about A e k 9 - 8 ,  when it 
began to open a little; by August 30 it was far enau'gh dE the mu& 7 
for ba*be to get to Barrow, and it s t q d  in this position for mveral 
weeh. In 1 N 6  an exceptionally favorable opening d the ice pa& 
all~wedthefirstvesseltoreachWainwrightmJtily7andBamw 
more than a week later, hut the ice SOOB~ closed in again, m that the 
B m  did not rssch Wainwright until July 31, and it w a s  &qust 10 
before she got to Barrow and then only after ice for days 
and mding her way in and having to pull out again almost at 
once, w the ice set in and threatened the ship. 

Early in the spring or summer, before the large ice pack leaves 
the coast, there is often considerable open water between the shore 
~ n d  the heavy ice, #r that shallow-draft bo*, by keeping close to . 
the shore, can travel long stretches before the sea ice breaks. It 
is thus possible for small boats to travel along much of the north- 
western mast early in July. Relying on this condition, the expedi- 
tion of 1%6 traveled in canoes from the mouth of the Kokolik to 
Wainwright along leads in the ice of the lagoons and of the ocean 
and wer~ able to reach Wainwright several days More the first ship 
from the outside. However, the water in many places w a s  so shallow 
and the lead of open water so narrow that it would have been im- 
possible to take much larger boats through a t  that time. I n  fact, 
at several places the ice waq jammed so solidly against the a h m  that, 
the expedition had to camp and await for s m  days the formation 4 

of a i a d  by which it codd proceed Aa annoying feature d thus 
traveling along the coast wm that' while an offshore wind tends to 
drive the ice seaward and thus open a lead, it aIsa drives the water yl 

offshm. As a result of this condition, the expedition  ma^ held LIP 

F A Y P , ~ ~  days at Kilimantavi, not mly by the ice that had grounded 
on tb c a s t  but alsoby the lowering of the m level a couple of feet, 
by the offshore wind. In thus traveling in the early spring along 
the coast the entrances through the reefs are especially dX~cult places 
to ~t by, as they are usually h e t  by strong currents, which carry 
large qunntitiss of ice either into or out of the I~$OL$. Further- 
more, as pornted out by b f b g w e l l ,  near the time of the break-up 
d the ice on tbe m a n  the weather becomes saw. windy, and fogpg, 
so that it is e s p i a l l g  dhmgma~bhs if one gets wet, as is h o s t  irr 
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evitable when traveling in a small boat under the conditions described 
above. 

The ice pack is almost always within a relatively short distance 
of Barrow, and the oldest Eskimos say that in some years it has 
failed to m v e  off the coast far enough to allow navigation. Possibly 
this is true, but if sc, it is so rare an occurrence that in no year 

*v in all the period when white men have been in the region has the 
sea ice failed to open, although, according to Captain Healy, in 1884 
it was impossible for a vessel to sail eastward around Point Barrow. 

C The other polnts a t  which tha ice pack hangs longest in  the spring 
are Blossom Shoals. near Icy Cape, and the Seahorse Isldds, off the 
entrance of Peard Bay, and all mariners experience a feeling of 
relief when these foul grounds are safely passed. 

The time of closing of ocean navigation in the fall is also vari- 
able. According to the Weather Bureau records, the ocean closed 
in 1920 on October 9; and the same authority states that in 192 1 the 
ice pack b e  visible on the horizon at Barrow on September 7, 
but it drifted & and on shore at in tends  during October and 
November, although open water prevailed most of the time until 
December 13, when young ice formed solidly as far as the eye could 
see. It must not be assumed from this statement; however, that 
the ArcticqOcean is open to  vessels anywhere near as late as  ths,  for 
ordinarily vessels plan to be w-est cb Point Barrow and headed 
southward early in September. Leffingwell states that after the mid- 
dle of September new ice may form a t  any time and that the ocean 
waters crust over several times before they become permanently 
icebound. During this period travel is a t  a standstill, because the 
ice is b thick for progress by boat and yet not strong enough to 

1* be safe for sleds. By the iniddle of October coastal travel with 
dds and dog teams becomes again feasible. Stefansson states that 
in 1908 hls vessel t e a m e  icebound in Smith Bay September 7, on 

1 

September 10 the ice was so thick that he used sleds between the 
rrhip and the shore, on September 17 the ice was strong enough to 
allow freighting to be carried on, and for the rest of the season the 
bay was icebound 

Perhaps the most authoritative statement on the general ice condi- 
tions and the time of the closing of the season for man navigation 
near Barrow is the following statement in the United States Coast 
Pilot : 

Beyond Icy Cape there i s  always danger to vessels, and strangers should be 
cautious and careful in going there. Xn &e lead of gen water between the 
polck and the shore the current i s  swift and nearly always carries drift ice, and 
v w h  rarely reacli Point Barrow at any time without encountering some ice. 
The ice can not be forced, and vessels should not venture into small lends 



between the pack and shore ice * * " Navigation east of Point. Barrow is 
such that it should only be attempted by those l ~ v i u g  experience. 
As a mle, the pack does not wme down on Point Barrow before the latter 

part of September, but in 1897 it came down the f i s t  of September, and, in 
general, except for whding vessels, whose ofacere are men of long experience 
it1 judging ice, weather, etc., September 1 is as late a date aa vessels should 
remain in that vicinity. Abut  this time, or a little later, young ice begins to 
m ~ k e  in the lagoons, alobg the shore, and around the old ice, though it is not 
lilielv to foml in tfie open sea until the last of the month. The young ice 
makes stronger and spieads over the open SM with the advancing season. I t  is 
dangerous to vessels and will very quickly cut through one not sheathed to 
withstand it. Ordinary vessels should be out of Kotzebue Sound by September 
15 to 20 and out d the Arctic by October 1. The whaling vessels make it a rule 
to bB ready to leave there ahout October 10, and though there may be times 
when they stay later, these are exceptions. 

According to captains long familiar with these waters, navigation 
is attended with considerably greater risk than in othemise s~milar 
waters tributary to the north Atlantic Ocean, because from Bering 
Strait northward for some distance the trend of the currents is in  
general northward, so that the route by which a ship penetrates into 
the pack may become bloclied in the rear, whereas on the Atlantic 
side, as the current is in  general south\vard, there is less danger from 
this cause. I n  other words, if a ship becomes unable to p r o d  in 
its northward course on the At1 antic side, it can usually back out and 
will be assisted to get clear by the currents, whereas on the Pacific 
si* it may be hampered by ice that has been swept in behind it and 
also have to fight against the set of the currents and the ice. As an 
indication of the hazards of navigating these waters, it is understood 
that in general the summer r a w  of marine insurance increase suc- 
cessively by steps of about lper  cent between Cape Prince o f  Wales, 
Cape L~sbume, Icy Cape, Wainwright, and Barrow-. 

Break-up of the ice on the rivers proceeds in general from the head 
tmurd the mouth, so that even in a single basin several days may 
elapse between the break-up at different paints. In  the mountains 
and in places*whsre the streams freeze solidly to the bottom there is s 

no break-up in the strict sense. In  such places the water from the 
melting snow collects in the bottom o f  the valley and runs over the 
surface, gradually cutt;ing a channel through the ice until it reaches 
the bedrock or gravel floor. Then undercutting by the stream and 
melting by the air causes blocks of ice to break & and be carried 
downstream. I n  this way the channel of the stream and later the 
floor of the valley are widened out and freed of ice. In  the break-up 
of the larger streams, however, when the volume of water running 
under the ice increasa, the ice is bulged up and put under strain 
until it ruptures. Then a wild, crashing torrent of ice blocks and 
water sweeps down the stream, overriding low banks, twisting and 
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plucking out bushes, here and there jamming and producing a pond 
upstream from the barrier until it finally acquires sufficient head to 
burst the dam and carry the process of break-up farther down. Ice 
as much as 5 feet thick fonm during the winter on the stream in 
northern Alaska, so that the noise, confusion, and appalling power 
ofthe streams when they break can be imagined, though they can not 
be entirely realized by anyone 1vho has not actually seen the break-up. 

The winter headquarters camp of the expedition of 1924 was In 

the region where the break-up mas due mostly to the action of cut-,+ 
ting through, but one of the small streams near that camp broke 
with a roar like a landslide that could be heard for iniles and piled 
up a windrow of broken ice like levees along its banks. A few miles 
below the winter headquarters farther down the main stream, where 
the river had had a true break-up, large blocks of ice were stranded 
far up on the banks, and bushes w7ere misted off or barked and bent 
down by the flood of ice and water that had overmn them. Almost 

' 
the entire time the expcditien of 1924 was in the Colville Basin it 
had difficulty in finding suitable camping places near the river, 
because of the thck coating d mud that the high watcr of the break- 
up had left over the entire country, which stands 10 to 15 fect above 
the usual level of the river. 

Thc point where the expedition of 1926 awaited the opening of 
boating water on the Kokolik River was also abovc thc place wherc 
the stream was large enough to have a true break-up. Instead, the 
icc gradually rotted or was cut out until thc channel k a n e  clcar. 
Because of this condition jt is difirmlf to state a precise time when 
the river opmd. For Inany days there was Inore or less running 
watcr near camp, though later this again became covered with icc 
during cold spells. At thc same time, howeverr the river a few miles 
farther downstream remained icebound Tor weeks after considerable 
open watcr had been seen at camp P May 15. Usually the cuming 
through d the ice in the headward portion of streams takes place 
soon after m y  considerable volume d water commences to flow. As 
more and more water iS furnished the river rises, and high water 
does nbt occur until several days later. During this high stage the 
river undercuts the snow drifts and banks, thus augmenting its 
wluma and widening its channel. After the collapsing snow banks 
cease to add materially to the streams and the run-off from the hi1 1s 
decreases, the volume of the river begns to decrease until it reaches 
st normal stage. 

A noteworthy feature of many of the northern rivers consists of 
the ltracts, manv of them several miles long and a mile or so wide, 
J d g  their courses that during the winter h o m e  filled with ice 
fhqugh the freezing of the water that overflows them These look 



like ice-covered lakes and are often loa l ly  spoken of as " glaei-" 
though d course they arenot I&ngweU adopted the name eufaia, 
proposed by Middeadorff, for these heavy deposits uf ice on tb 
flood plains, and that name will he used here. The prwess of their 
formation is in general as follows: When a stream has completely 
frozen over, water seeping along beneath the ice or from the b&q ' 

may produce sufficient pressure to fracture the ice and e z a p  througl~ 7 
the weak places. This overflow water itself sam freezm and thus 
forms a new s h  d ice, which in turn mav be broken or mated 
over as the pressure again increases. In  this way the pmcess con- 
tinues until the ice is too thick to be broken or the flav of water 
decreasesto such an extent that it can pass through the gravel or in 
an unfrozen zone under the ice. Several of these large deposits of 
aufeis were seen in the valleys d the Killik River and a few other 
streams that are tributary to the Colville, as well as on the Kivalina 
River, but none of any size were noted on the Kokol~k, Wtukok, or 
Ikpikpuk. In the spring high water apparently many of these aufeis 
deposits are entirely submerged, for mud: boulders, and driftwood 
are found an their surfaces. 

This was the stage of the first aufeis deposit traversed north d 
the winter headquartem of the expedition of 1924. ( S p l .  9, A.) 
Soon, however, the sheet of water becoma restricted to definite chan- 
nels, owing to the irregularity af the surface of the ice, and these 
channels intersect in intricate patterns similar to those of braided 
streams flowing through a flat gravel plain. At first these channels 
are hemmed in by ice walls (pl. 9, B), but soon the water cuts 
through to the underlying pave1 and begins to undermine the ice. 
\%en ~ ~ c i e n t l y  weakened ky undermining, great blocks of ice fall 
suddenly, throwing huge mass= of ice 5 to 8 feet thick into the 

+ 

stream. Navigation under these conditions is hazardous, not only 
because of the possibility of being directly struck by the failing ice 
but also because of the waves thrown up as the masses fall into the 
water or the chance of being struck by floating ice carried down by C 

the current. This was practically the cond~tTon of the aufeis that waq 
traversed on the Killik River above and below the mouth d the 
Chandler River on June 10 In 13. (See pl. 9, C.) At a still later 
stage the only aufeis remaining consisL9 af pieces f a r  up on the bars, 
out of reach of the streams, that slowly melt during the summer. 
(See pl. 9, I).) The normal structure of the aufeis is horizontally 
layered, with the component ice prisms standing vertical. At places 
the succasive layers are separated from one another by open spacEls 
in which icicjes hang down like stalactites or columns. The building 
up of these accumulations of aufeis undoubtedly has a marked efl& 
in produci~g the abnormally broad-floored valleys that are ~harader- 



&tic a€ many nort?neirrr streams. This is due to the random and 
rapid change in the position of the stream which are annually ob- 
&m&d by these i~ deposits and wltich on resuming -the next 
year take new positions m outlined above. Successive & p s  in the 
di~rppearance of t,ha deposits of aufeis shown in the wliw of 
views Sonning Plate P. 
bs h u g  feature of these aufeis deposits consists of the ice 

'E m m d ~  ca: bulges which, according to Leff~gwell, are usually formed 
during the carly part of the winter. Several d these hummacku 

4 - seen, especially toward the lower w northern limit of the aufein 
tm t  n few miles north of the winter headquarters d 1624. A char- 
acteristicviewofooeofthesemoulldsisshowninPlate 10,A. Some 
af the m u n d ~  rise 10 feet ahve  the level of the adjacerl t ice. Their 
h g a r  dimension is m y  parallel to the axis of the valley in wliicl~ 
. hey  wax, and several of the mounds m were more than 200 feet 
ions Usually a partly open fracture or group of fractures extends 

tothe longer axis, and several radial fractures extend ncrrrrmlr 
t o  thls &rechion. The ice exposed in these bulges is usually of a! 

dmp-Mwtmh and laminated parallel to the nuter s l q m  d the 
doma. The lee is unusually compact and is of such especially good 
quality for camp uses and so readily quarried that trips of several 
miles weremade to th'enearest mounds to get the iceneeded. Pebbles 
and boulders as much as 6 or 8 inches in diameter w m  at places 
emkdded in all parts of the ice, as if they had been picked up from 
&ha bttoB1 during the process of freezing and then buried by the 

, f&hraccumulationof iceboth above and below them. 
A rather unusual oppomnity of seeing at close range me d the 

features connected with the last stages in the freeing of l l ~ e  rivm 

* and lagmns from ice-namely, the rising d anchor ice fiom under 
the unter-wz afforded near camp S June I an  the Killik River. 
When the party approached this place the water was seen to s w ~ r l  
suddenly in so unusual a manner that it seemed to forebode trouble, 

O and the party landed immediately and got t l ~ e  boats into a safe psi- 
tion. HarrlIy had this been done when a black tangle of willow 
mfi and ice began to rise, and this was. followed by more violent 
witation of ih cvater and a sheet of ice more than 100 feet long and 
rnversl yard? wide rose alrnmt at the men's feet. For the next few 
m i n u k  small pi- of ice f ~ ~ e  CP: actuallv sprung a shot? distance 
out of the lvater, owing to the momenhm wit11 which they m e  and 
the drive of the eumnt.. The surface of this anchor ice \vas covered 
with p v e l  and small pebbles and matted masses of vegetation, 
%a afterwards the turbulence of the river at this place c e a d ,  but 

' all day chunks and masses of ice- that had k e n  derived by similar 
action from points farther upstream or that had broken from t h e  



aufeis .deposits floated by the Famp., A vim7 d a large mass of 
anchor ice that h d  juslt rkw ia &own in Plate 10, B. 

Records regard~ng the exact date of the breahng of most of the 
northern rivers are lacking. Howard. reports that in 1886 the 
Ikpikpuk broke near Qgalik Jma 2 t+ 8, the river 6 feet on 
June 6. Stoney , r h o  was camped on the Kobuk River during 1886, 
reports that in that year the ice began to break on the Kobuk May 

C 
19 and the river was free of ice by June 6 Grinnell reports &ah ice 
began to break on the Kobuk May 24,1899, and the river was free 
d ice by May 31. The mouth d the Kobuk, however, is inaccessible 
from the s e a m h l  much later, so that in 1886 ice remdnedin Hotham 
h l e t  until JuLy 8, and in 1888 it was July 13 before a landing could 
be made a t  Cape Blossom, though in 1899 there was a channel open 
through Hotham Inlet by July 1 and a boat that wintered at ChsLmim 
Island was able to reach Kotzebue on Ju ly  8. According to Schrader, 
ice broke on the Koyukuk at Peavey, about 20 miles (air line) above 
the mouth of the Alatna, May 19,1899, and in 1901, a t  a point some- 
what farther up the same strcam, it broke May 29 and thc river was 
free of ice by June 6 In Schrader's report it is statcd that in 1901 
the ice broke on the Colvillc July 16, This statement appears tr3 
refer to the ice on the coast. or '' July" may have been a typo- 
graphic crror for Junc. According to  hffingwd, the Canning River 
breaks out about May 20, and he believes that many of the streams in 
that region break a t  about thc samc time, though in some of thcm, 
including the Canning, large deposits of aufeis remain until late i n  
t.h.he season. h f b p e l l  statcs that in July, 1908, thc Canning River 
near its fork was flowing through a narrow canyon in a field d icr: 
more than 12 feet m. 

The following record was furnished by the Weather Burcau 
tion at Allakaket for the dates of the opening of the Koyukuk at 
themouth oftheAlatna: 1917,May 19; 1918,May 27; 1919,May 14; 
1920, May 25; 1921, May 18; 1922, May 21; 1923, May 18; 1924, 
May 19. 3 

the headquarters camp on the Kill& River in 1924 the first 
small side stream broke May 19; a trickle of water coming do\w on 
top of the ice of the msin stream valley reached camp May 26; a 
strong stream of water carrying small blocks of ice was h g  by 
the camp May 28; and the camp was abandoned rtsd the partv 
.started downstream in boats May 30, 

The expedition of  1925 reported that some surface water was run- 
ning May 13 at the camp on Driftwood Qek, a tributar'y of the 
Utukok. To the east, however, in the Colv~lle Basin, the creeks did 
not have much water running in them until &fay 19, and on May 20 
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the surface water had again frozen solidly and remained frozen until 
May 25, when there was some surface run-off. By May 27 the river 
was running bank full at camp G May 24, and on rviay 30 canoes 
were first med. The river continued to rise, however, so that the 
highest water did not occur until June 8. 

The expedition d 1926 reported that when it reached the Eokolik 
River May 10 the snow was soggy and there was SP much water on * the ice of the river that a crossing had to be sought with considerable 
care. Later, when camp was moved to camp P May 15, the sleds 

11 
broke through the ice at several places, and shortly after that ice're- 
f m e d  an the river and lasted until May 22. On May 23 gales tare 
the new ice oFT the river, and from that time on there was always 
somerunning water near camp, but In the narrow part d the valley, 
6 to 8 miles farther north, the river was bridged by snow and ice 
as late as June 2. On June 4 the water in the river at camp rose 
nearly a foot, on June 5 the winter camp was abandoned, and the 
expedition was able to use canoes all the rest of the way down the 
Kokolik River. The highest water came June 8, and after that date 
no more ice was seen in the river. 

The closing of the streams in the fall extends over a period of 
many days, during which travel is especially dficuIt. Stoner reports 
that in 1885 ice formed on the lakes near the Kobuk September23 and 
along the river by September25 and that it was frozen so solidly by 
October 18 that ,it could be crossed. Grinnell reports that in 1899 
the Kobuk was full of ice October 15 and that by October 21 the ice 
was 1 foot thick. Schrader notes that in 1898 ice was running in 
the Xoyukuk at Peavey September 20. On his traverse h Wain- 
wright to the Noatak in 1924 Foran found the streams tributary to 
the Utukok either so small or EU fmzm that he was unable to use a 

t canoe south of his camp of August 24 on Disappointment Creek 
until he reached his camp of September 15 on the Nimiukhzk River. 
However, he was able to use the canoe the rest of the way down the 

U Noatak t o  Kotzebue. Kotzebue Sound was partly closed by ice 
October 1, 1924, and i t  was only by chartering a special boat that 
the party was able to procure transportation to Nme. The regular 
mail boat had already been caught in the ice and, as was learned 
later, was lost. All  the other recent parties were out of the region 
be for^ the freeze-up, so that from their awn personal experience they 
furnished no additional facts on this subject. 

The following dates are those on which, according to the Weather 
Bureau records, the Koyukuk closed at Allakaket : October 28,1916; 
October 17, 1917; October 19, 1918; October 30, 1919; October 4, 
1920; October 10, 1921; October 21, 1922; October 27, 1923. 
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No continuous records 4 the thickness of ice formed during any 
one ~v intcr  a t  a single place in this region are a~ailable. However, 
the expedition in charge of Ra?. in 1881-82 made several measure- 
ments d ithe ice a t  Barrow. with the following results: 

Qn hgocrn: Ft. ER 

Ho~ember I ,,,-,, I % 
Jammrs 1 , - - ,  3 9 . February 27 ,,,,,,-,- 6 135 
&dl 1 ,,,,,,,,,,,- 8 , 
-1 ------------- a 2% 

OaAm2tkOcean: 
l D e c e m k  I-- -,--,,- 
January S--,,-, 
Febmry 2 ,--.,, 
March 7 --------- 
Aprn 2 ---_--- 
m y  2 --,- ,,,, 
Julr L-------*- 

This mmrd, together with scattered data from many sources, in&- 
cates that  througl~out most & north~vestern Alaska thc ayerage thick- - of ice formed during a winter is between 5 and a feet. 

VEUETATION 

Mod of northwestern Alaska lies north of the tree zom. Only in 
thc lowcr lands d its southern part are there spsucc or othcr rcal 
trccs, as that term is commonly understood. Thc general distribu- 
tion of trces in the area is indicated by Figurc 4. Although in this 
figureseveral areas are shown as unexplored" and although sercrd 
other parts have not actually been visited in detail, i t  is belrcved that 
practically all the arcas in which trces occur arc fully shown and. 
csccpt in the southern part, will rrot bc materially cstcndcd wlim 
thc rcgion is more complctcly survcycd. 

I n  the valley of thc Alatna sprucc cxtcnds within about 6 miles 
of the pass to the Noatak and up the Unakserak to thc camp c 
March 17. At  both of these places the northern limit or trces ccanea 
abruptly. A few hundred yards south of the adual l ~ m i t  the WL'S 
are of about the same sizc as they arc for sams ot' rnilcs to t l ~ c  south, 
but in that short distance thcy disappear cntircly. On the Unnk- II 

seraS; spruce mces 8 to 10 inchcs in diarnctcr. 30 fcct tall, and nearly 
straight, tvhich apparently havc suffered l i  ttlc from strong winds or 
cold climate. were found at camp M~ch 17, hut 100 yards bcyond 
there -evere not even dwarf trces or any signs that thcre had ban 
trees within many miles. Platc 1 /A .  shows thc last of thc  spruce 
that were s m  on the Unakserak. and it wil l  be noted that thc trces 
are of god size as compared ni th the tents and arc qui tc symmet- 
rical. This same condition prevails on thc Alsltna above the Unak- 
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serak, and when that regon was surveyed in 1921 was described as 
follows: "The northern limit of trees is so sharply defined as to 
make w decidedly abrupt break, which seems to  have ken controlled 
by some other P&rs than temperature and elevation." On the 

no ~prum m r s  anywhere east of Iongttude l 6 l 0  80' or north 

of latitude %a0 63'. At the eastern limit of spruce in that valley the 
trees are 8 to 12 inches in diameter and grow as a narrow fringe 
along the well-drained river banks. Farrher down the Noatak 
spruce is found dmost evqwhere in the lo~vland near the river to 
a point within a few miles of the mouth, where the ground becomes 
wet and spruce i s  absent. On Ihe Noat& the sudden disappearance 

Ba?- 
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of spruce is also notable. for in an earlier description of that regon 
is the follo~ving statement : 

The llirge size and sturdy growth of the trees, even near the bardem of the 
nnforested areas, is strildng. Fully as large and v&mms trees were seen 
within 15 miles of the extreme limit of timber as anywhere e h  in the region, 
although the place was fully as high, a$  much exposed, snd had a soil not differ- 
ing radically fram that of the neighboring [unforested] tracts. 

C Latitude $is not the controlling feature in this distribution, for 
much of the e shm part of the Noatak Basin lies south of the limit 
of spruce in  the western part, and some of it ,liw south of the lati- 

+ 

tude in which spruce p l v s  on the Alatna and its tributary the 
Unakserak. On the Kugururok River the expedition of 1925 found 
spruce extending within about 4 miles of camp G April 26, or ap- 
proximately to latitude 08" 13', which is farther north than any other 
point a t  which spruce has heretofore been reported in northwestern 
Alaska 

Spruce grows in many of the valleys other than the Alstna whch 
are tributary to 'the Koyukuk. Thus Schrader states that on the 
John River his party passed the northern liinit d spruce near their 
camp of July 8, whch was situated almost exactly at latitude 68" 
north. M point is considerably north of the point where the last 
spruce was seen on the Alatna and is fully as high in elevation. 

Throughout the lowland of the valley of the Kobuk spruce is 
found extensively. The largest trees usually do not exceed a foot in 
diameter, though Stoney reported measuring one 80 feet tall and 80 
inches in circuinference at the base and 68 inches in circu~nference 6 
feet above the ground. Spruce does not extend up the slopes of the 
hills to elevations of more than 2,000 feet and is absent even at lower 
elevations in those places where the ground is swampy, as in the 
delta, and on some flats in the central portion of the valley. The e 

general character of the timber in the vicinity of Shungnak is shown 
in Plate 1LB. 

Practically the only other large trees that grow in the regon are 
the birches, and t h e ~ r  dstribution coincides more or Id closely 
with that of the spruce. I n  the regions where spruce is abundant 
the birch uauaJly extends to a somewhat higher elevation on the 
hillsides than the spruce, but near the northern limit of trees the 
birch usually disappears fist. None of the foregoing remarks refer 
to the dwarf or prostrate varieties of birch, as these are found far be- 
yond the area in which kees grow. The natives value the birch 
hghly , as its wood is much in demand for the manufacture of snowT- 

'Smith. P. Sf,- Noatak-Kobuk region. A U 8 h  : U. 8. Qeot. Survey Ball. EX, p 51, 
m. 
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shms and other gear, and its bark was formerly much used for bosh 
and receptacles. 

Along the Arctic coast. and in the lower courses of many of the 
streams entering the Arctic Ocean. spruce and other large trees are 
found as driftwood that has probably beerr brougli t from the Yukon 
or the Mackemie or some of the other streams along which spruce 

I 
grows abundantly, and thence carried by ocean cumn ts to tlie places 
where it i s  now found. Some spruce logs wen: also found scveral 
score of miles back from the coast along the lkpikpuk and Mea& 
Rivers, and were probably originally hrouglit in tlie same way, but + were buried in the coastal-plain deposits when they were formed 
and later were uncovered tlirougli the uplift of these deposits 
and the consequent erosion of the streams in whose valleys the 
1- are now found on the bars. Possibly some of the spruce now 
found EEJ driftwood on these atreams may have grown in the pro- 
bated valleys north of the Brooks Range that  have not I m  
explored. If so, it must have grown 100 miles north of any known 
spruce, and therefore this explanation is not regarded as pmhahle, 
especially as no spruce, either growing or as drillwood, was seen at 
any place visited in the upper part of the basin o f  the Colville River 

Throughout tlie area north o f  the limit of spruce to points within 
a few score miles o f  the coast willow bushes grow along the cornea of 
most d the streams. The character of the vegetation in many dif- 
ferent parts of the area is ahown incidentally to other features in dl 
the pictures accompanying this report, but special attention m y  
called here to the group of large willow near the lieadquarters camp 
af the expedition o f  1924 (pl. 5, B)  and tlie al mast entire ahence of 
'buabes in the areas shown in  Plates 7, A ,  and 12R. Plate 1ZA. 
sliows a camp site on the Kivalina River t h a t  w;is selected 
$he bushes there were considerably larger than elsewhere in llie 
neighborhood, though the tallest were not 10 feet high. Usually, if 
.carefully sought for, willown are found to he plentiful enough to 

* furnish fuel for ordinary camp needs but not enoush for long se 
j o u m  or for many people. It is rather astonishing how mucli \vmd 
a n  be found, even in an apparently unpromising place. when it is 
+vigorously hunted. For instance, a side camp was established on 
tha upper part of the Killik River Ill to 18 miles southwest of the 
,rrinter headquarters of the expedition of 19?4, i n  a clump of \villo\vs 
that when first seen was judged to contain probably only enougli fuel 
t o  supplv camp for a couple of d a y ,  and yet a camp of four men 
stayed there nearly 10 days and then abandoned it. not -use the 
-wood had given out but h u s e  the work had been completed. 
Althoush the many pictures taken by the different parties north o f  
&he R m k s  Range show onEv spame and stunted willow. a t  many of  



these same places wood was suficientlg plentiful to amn entirdy 
adequate for the needs of the camp. This holds true only as &gads 
summer travel, however, for during the winter, when there is much 
snow an the g r a d ,  many of the: willows are hidden, as they are 
most numerous in those places where they am likely .fo be coveredby 
drifts. On awinter  trip downtheKjlliktoapoint 10to 15miles 
M o w  tks mouth of Easter Clmek it cmcluded that tkm were not 
enough willows to maintain a camp there for more than a few days, + 
but when the same place way visited after the snow had gone a plenti- 
ful supply of wood found. Possibly the mnclusilan mxhed 
during the winter trip to this place would have proved as erroneous ir 

a9 that already cited regarding the camp on the upper part of the 
Killik Rrver, but obviously them is much less wood in sight during - 
the1 winter, and a cautious traveler wmld do well to carry enough 
dry wood to start a fire quickly and to maintain ituntil suE1cientother 
w o d  is gathered. In f a d ,  during the winter most Eskimos 
Primos stoves and kerosene when traveling and do not d v n d  on tke 
necessity d finding suficient wood for cooking. 

In a few places the willows are so small that it is necessary to  
twist handfuls of twigs into bunches so that they will burn satisfrtc- 
torily, but usually enough wood could be gatherd in an hour within 
a hundred yards or so of a carefully selected camp to provide fuel 
far supper, the evening, and breakfat. For use in most d the Geo- 
logicai '~urvey's cam6 practically all the wood wllectd was dry, 
and the partim were generally able to avoid using green w d .  
Many of the dry willow sticks were drift that had ken brought 
down during the spring high water and left stranded on the banks 
or entangled in the thickets of growing willow. The ice during the 
break-up kills or injures rrraty of the willows lying in its path, ro 
that there is much more dead wood available than would k formed Z 

by the natural death of the bushes. Perhaps it is this process that in 
part controls the present distribution of the willows. Certainly 
various factors, the interaction of m*ny of which are not yet under- a 

stood, must be invoked to explain the distribution of the larger wil- 
lows. Large wifrows may be found in widely separated places ~~ 
apparently widely different physical or climatic conditions and may 
be absent in new-by areas where conditions appear essalrtially the 
m. At the headquarters camp on the Killik River there wm a 
thicket of large willows, many of whieh were 20 feet hiah ssd 3 to 5 
inches ia diarnetar. At a point a few miles downstream and extend- 
ing thence for a s c m  of miles the bushes were not more than a frac- 
tion m high. Still farther downstream good-sizedwillows like those 
at the winter camp again k a m e  plentiful and continued t h ~ o w -  
out most of that part of the Colville surveyed by the central party. 



Southward up ths Etivluk the large willows became fewer and 
fewer, until south of camp S July 8 they were absent, and through- 
out the & d that valley only small bushes were available for fuel. 
Even on the Naahk side of the divide large willows did not appear 
an the Aniuk above a point neat the mouth. For miles up the 
Awuno River t l ~ e  willows were only a few -feet high and of small 

? diameter and formed a fringe near the  river at most not more than a 
few yards wide. Then near the Lookout River, the tributary that 
m in from The southwest about 30 miles in an air line from the 

d mouth, willows 15 feet or more high and 4 to 5 inches in diameter 
appeared. I n  most of the rest of the valley of the Awuna there 
are no large willows, but near the junction of the Kigalik River and 
Maybe Creek, in the Ikpikpuk Basin. are willows as large as any 
seen elsewhere in the entire region, or even larger; in fact, some of 
them had to be split to be used in the camp stwe. Large vi4llows of 
this & were found for several miles down the Pkpikpuk, but then 
suddenly, without any discoverable w e ,  they ceased, and only low 
bushes line the stream for the next score d miles, and a t  about 70 
miles from the coast even these became rn scarce and small that they 
wuld not k relied on for  camp fuel. 

On the Kokoljk, Kukpowmk, and Utuh lc  Rivets most of the 
willows or other bushes suitable for fuel are small, and the places 
where they are sufficiently abundant for camp uses are considerable 
distances apart. On the whole their distribution resembles that in 
the poorer parts d the Cdvjlle Valley already described. The cease- 
less struggle to procure sufficient fmwood was strikingly illustrated 
at Kivalina, where, during the season when no driftwood can be 
got from the sea, the natives spend nearly half their time in col- 

8 
lacting willow sticks some distance up the Kivalina Valley and 
bringing them in by dog team a distance of 10 miles or more, and the 
supply from this source, which was never large. is of courw being 
constantly depleted. 

p Paige, who survey4 f i t h e  lower part of the Made River in 1923, 
states that the stunted willows began to appear on that stream a 
few miles inland from the m, and at 50 to 80rniles inland, meas- 
ured along the winding course of the river, they were sufficiently 
abundant to be relied on for fuel. kffmgwell notes that in the 
region east of the Calville the coastal plain is devoid of even bushes, 
but that in the valleys of the upland stunted willow occur and 
increase in size toward the mountains. Within the mountains on 
the old gravel bals larger willows become common, but even there 
they rarely exceed 12 to 15 feet in height. 

Catki~q were noted on the large willows near the headquarters 
camp d the expedition of 1924 a b u t  the middle d May and were 
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conspicuous b y M v  24 The WiUol~dl in the central part of the Gol- 
ville Valley. however. did not show many leaves until nearly the 
middle of June, and it m well into July before thev appeared to 
& in full leaf. In 1926 the first willow leavcs noted were sear on 
bushes in the Kuk Valley July 9, though they may have k v  out 
somewhat earlier, as before that time the party had been traveling 
along the coast, where all vegetation is extremelv small and back- 'C 

ward 
Other bushes or small trees that in places grow to sufficient size to 

furnish camp fuel are cottonwoods and alders. Alders grow in, v 
thickets and clumpsnear the larger streams in much the sane faahion 
as the willows, but they are not nearly as abundant and never grow 
a s  tall. Alders were particularly common in t lie Lobuk and Noatak 
Valleys above the general limit of the spruce and birch trea, North 
of the Brooks Range alders were seen in the central part d the Col- 
ville Basin, but they practically disappeared west of the mouth of 
the Awuna River. They were absent from the upper pard d' the 
Kigalik River but reappeared abruptly a short distance above the 
junction of that stream and Maybe Creek and continued several miles 
northward to a point near camp M August 4, from which northward 
they became insignificant as a source of fuel. Cottonwoods were not 
seen in many places in the naval petroleum rmerve, though they were 
frequent in bath the Kabuk and Noatilk Valleys, to the south, and 
in the Noatak Valley trees 6 inches in diameter were measured near 
the mouth of Midas Creek. The most southern locality for cotton- 
wmd in the region drained by the Colvilla River and its tributaries 
was a short distance south of the hdqunr t ,era  camp of the expedi- 
tion of W 4  on the Killik River. Only a few small Lmshes, however, 
grow a t  this place. These were in bud about May 20. Farther down u 
the Killili fiver, near the mouth of the Chandler River, cottonwoods 
grow in close association with the larger willows a d  are therefore 
not conspicmus of themselves. A few isolated cottonwoods were seen + 
at intervals up the Alzlna River, and a g o d - s i z e d  clump of them 
was found m the mouth of Lookout River, the southweslerlv tribu- 
tary of that stream. Somecot ton '~~dsmiuer l  with the larger wil- 
low 'c~~ere noted on the Ikpikpuk. Large driftwood stumps and logs 
of cottonwcmd are fairly common on the coa5t and probably llad a 
some similar to the spruce driftwood alreadv described. h h g -  
we11 notes the occurrence of cottonwood on the Canning River. 

Over the larger part of the country north of the mountains and in 
the lower tracts within the mountains and plateaus the dominant 
plants are gmms.  sedga, rntrrsa. lichens, and prostrate buqhes. 
Plate 12, B, &om a view of the character of the vegetation near the 
heads of the Etivluk and Aniuk Rivers that, except for details, in 



VEGETATION 

representative of thousands of square miles in the plateau and plains 
provinces. These plants f o m  a cover over the entire county, m 
that only veq- steep slopes are free of vegetation. Mere md there 
on the crests of the higher ridges, where the soil is thin and well 
drained, the plant covering is sparse and does not form a continuow 
mat. Where this cover of vegetation is thick it retards the thawing 

t - of the frozen ground beneath and holds a great deal of the precipita- 
tion that falls. It thus b m m a  a veritable spongy cushion into 
which and the underlying thawed unconsolidated deposits the trav- 

4 eler may often sink half leg deep and through which he finds walk- 
ing most tiresome. At manv places hard tufts of grass, the so- 
called -.niggerheads .. of the north, make walking especially di6- 
cult, becaust: the tufts sway underfoot and are too irregularly spaced 
to permit uniform steps, and the Iower ground beh1een the tufts is 
especially swampy and son. 

I n  the Kobuk Valley pack horses can be used almost everywhere 
during the summer and can subsist themselves well on the grasses 
that can be found practically anywhere except on the more pre- 
cipitous rocky slopes. ProbabIy sdlicicnt horse feed could be found 
in the Noatak Valley to supply the needs of a small pack train if 
some care were taken in the selection of camp sites. Although there 
is somc grass almost everywhere in the Arctic plateau and coastal rc- 
gion, it seems to be of poor qualip and not abundant enough F ? ?  
rdied on for feed for horses worked like the animals used in other 
parts of Alaska on trips bf thc Geolog-ical Survey. It is truc that 
at a few places, cspccially in a rather narrow fringe bchvcen thc 
watcr and the thickcfs of tviIlotvs, some grasses of the kind suitable 
for horse feed were seen. Near the mountains also suitable grasses 

a appear to  be morc abundant, and it is beIicvcd that if the traveler 
were abIc to keep in the foothills and codd deternine his stopping 
places mainly with reference to the grass, it might be feasible to use 

C 
pack horses during the summer, especiaIIy if cnough grain could be 
carried to permit a good feed of i t  at least once a \v&. The length 
of time, however, that horscs could successfull~r forage for themselves 
on the northern flanks of the mountains, even under most advm- 
tageous conditions. would probabIy not be more than two months. 
It is true that a pack horse was used by the Geoloycal Survey party 
in 1901 at the heads of the John and Anaktuvuk kven, but this was 
for only a short time and nnt under the usual conditions of recon- 
naissance and exploratoy surveys covering a broad area. The Jn- 
ternational Boundary Survey also used pack horses for much of the 
work nm& of  the Porcupine River to the Arctic Ocean. The north- 
hrnmoa point reached by that survey, however, Iies about i n  the 
latitude of the centraI part of the Colville Vdley, and most of the 
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mmtqr lies on the aauibrn rahher than the m r t b  slopes 

of t,he Brooks Ranga, Furthermore, it is u n d e r ~ l  that several 
hwndd tws of home feed wm uwd to supplement the f~cage which 
the horses were able to obtain. All these ccmditions, therefore, do 
rat mpta the general mndurion -the use of horses for surveying 
r t d z  of the country north of the B m k s  Range is not believed to be 
practicable, - 

The writers, of course. do not have expert knowledge regarding 
the food value of the vegetation far other animals, but they are of 
the opinion that reindeer could k successfully pastured throughout o 
much d the plateau and plains region. I n  fact. several herds of 
reindeer, numbering in all many thousand animals, now find suitable 
grazing at diffmnt places in the eoastal region from Smith Bay to 
Kotzebue and in  the inland region on the Noatak, Kobuk, and 
Selawik Riven. So far as was apparent the vegetation and other 
conditions that undoubtedly would sect reindeer throughout most 
of the plateau and plains provinces are not greatly different from 
those that prevail at places where reindeer are now successfully 
herded, not only within the petroleum reserve but elsewl~ere in 
northern Ala~ka as f a r  south as St. Michael. 

Plants yielding berries that could be used for food grow through- 
out the region. Blueberries and cranberries were reported by Smith 
to be abundant in the Alatna and Kobuk Valleys, and these berries, 
together wit11 currants and salmonberries, are plentiful in the low 
lands of the Noatak Valley and form an important part of the food 
supply of both whites and natives. Howard, on his trip throush 
the Colville Basin in 1886, noted the curious fact that his party ob- 
tained many berries Pluebenies?] sar1.y in M y  in the lower part 
of he EtivEuk Valley. According to his account the berries ripen 
in the fall, at about the time that the snow comes, and then freeze 
on the bushes and are c o v d  by the snow. I n  the spring. as the - disappears, the berries are uncovered and are then gathered, 
mainly by the m e n .  He states that these h i e s  tasted especially a 

g o d  The membm of the expedition of 1824saw blueberry bushes 
at a number of places in the Colville and IkpikpukValleys, but even 
toward the middle of August they b m  only small green berries, 
which could hardly be expected to mature before winter set in, So 
far as could be learned the native berries do not contribute much to 
the food supply of the people in the northern parts of the ares. The 
membm of the expedition of 1923 report that in the region they 
traversed bI.uebeny bushes were seen a t  a n m b r  of places, but even 
n s  late as they were in the region (early September) the h i e s  
were small and immature. The expedition of 1925 did not fmd 
berries abundant anywhere in the Colville Wlq, though they recog- 
nized bluebemy bushes there, but reported excellent blueberries on 
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the Aniuk and elsewhere in, the Noatak Valley. LeftingweJI does not 
qm5ficslly mention berries in the area with which he was familiar, 
and probaI&,,+y &re unimportant IW a food product though they 
may p v  there. 

Sbcnberrim = ripe and fairly abundant along the upper past 
of the Awuns Biver in the later part of July and on Birthday C!e& 
and at places along the Kigalik River in August. The leavesof 

* Wn plant  ere also wm at so many other places that it is probably 
a colnmon plant throughout the regicn. Cranberries are found at 

+! many places throughout the partly drained areas of the coastal plain. 
The m e n t  Geological. Survey expeditions, hornever, have h so 
adequately providcd with dried fruit that they paid little attention 
to the distribution of edible berries. 

The only other plant growing wild in the n@cn that is known 
to be wed for food is called by the natives " rnaahu." W, accord- 
ing to Anderson, is the root of a knotweed belonging to the genus 
Pdypwwa, probably of the species P. bhtmta or i & p m m  or 
fapsm. This root, which is eaten either raw or boiled, is said to 
taste! much like a sweet potato, Howard notes that at his camp of 
May la, on the Colvillc below the mot~th of thc Etivluk, the natives 
accompanying him dug many mashu roots, which he found very suc- 
culcnt and tmdcr, and that later this root becamc his principal food. 
He furthcr rclates that on his journey down the Ikpikpuk the natives 
stopped frequently to dig this root. 

I n  thc cxtrclnc southern part of the area describcd in  this report 
some food plants have baat successfully grown in gardens, Such 
gardens hwe been s m  in  the Royukuk Basin near Allakaket and on 
the B l h a  River near the mouth of the Mahtuk River; a t  several 
pTam on thc Kobuk from Shungnak to Noorvik; and on the Noatak 

a at the villagc and near the mouth d thc Kelley Fhver. Even at 
Barrow lettuce and radishes are CJKMI i n  some of the hsuses under 
practically hothouse conditions. At none of these places, however, 

C ~ J E  crops produced that make any considerable contribution to the 
focd supply of thc neighborhood. The plants grown require a great 
m o u n t  of attention and special protection, and in  spite of the great- 
& cam manv are l@ through the rigors of the climate. It therefore 
mmin improbable that agriculture or farming will ever be developed 

region, Such plants as may be raised for food will probably 
groffm more &8 an agricultural stunt and as a diversion rather 

than w n profitable commercial business. 
Flowers sppiaar almost as soon as the ground begns to became bare 

and are of great variety and brilliant color, On June 1, I@?&, May 29, 
IM6, m d  June 2, 1926, the first flowers were noted by the Geological 
-+-rid*- =SEW Lrgelpusple and white m a m h  of 
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the awmone family. From,that h e  until the parties left the region 
in the fall flowers added much t o  the beauty of the landscape, I n 
fact, $he abnndmce and showiness of the northern flowers is one of 
the most striking features of the region. Schrader, on his trip up the 
John River and down the Colville, collected more than 50 different 
distinctive flowers, among them representatives of such fmiliar 
plants as the anemone, poppy, mustard, saxifrage, m, and aster 
families. A list of the plants collected by his party i s  published in 7 

the report of the trip.'O In the report. of the wok of the interna- 
tional polar expedition are also many notes on the planks of the 
region. Although the reports of the Canadian Arctic Expedition E 
were primarily designed to treat of the natural features of the Arctic 
coastal region of  Canada, they abound with much information that is 
pertinent to the near-by parts of Alaska, and in fact many of the 
observations recorded in those voluma were made at places within 
the area described in this report. Only a part of the strictly botanic 
results of that expedition have yet been pubbhedp but some of 
the general volumm on the results of this expedition incidentafly give 
many data on the plants of the region. 

WILD LIFE 

ANIMALS 

No attempt was made to observe closely the animals that live in 
the region, and the only new information contained in the following 
9&ataments is based on casual notes made in the oonrse of the geologic 
studies that were the main object of the investigation. The prin- 
cipal interest in the animals, therefore, was due more to their relation 
to the food supply than to zoolog~c or biologic problems. 

Throughout the mountains of the Brooks Range the Iarger of the * 
wild animals that can be counted on to furnish meat are mountain 
sheep. As already reported by other travelers, sheep meat i s  the 
most satisfactory of the wild meats, as it satisfies as well as appeals + 
to the appetite. A full-grown sheep dresses on the average 75 to 
100 pounds. Most of the animals sean lived in the higher, more in- 
accessible parts of the mountains, where low vegetation is exposed 
on wind-swept areas. Sheep tracks, however, are occwioqaUg 3 e e ~  

in the lowlands, where the animals had evidently crossed f m  one 
group of mountains to another. As a rule the animals were marl, 
but their curiosity was easily amused, and when they were disturbd 

* Schrader. F. C.. A reconnsismce In northern Alaska : U. S. Qeol, SnlTes Prof. Paper 
20,~. 13&-154, 1904. ' RW, P. lL, Report of international golax expedition to Point Barrow, 1881-1531 : 
48th Cong,, Zd sem, H. glr. Doe. 44, 1885. 

'kh~~azt, Y. Id., and others, Botany : Canadian krctlc m i d o n ,  1818-1818, Bcpt., 
voh 4 and R Bttsmn (in prem). 
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they wually w ~ u l d  run only a short distance and then turn around 
to look at the intruders. Tiiven .the noise of the shooting did not 
scarethem somuch that they would run for,Song distances, but after 
a few days' absence they would return to the. general region from 
which they had fled 

Sheep are not now common in the vicinity of the Bobuk, though 

w they are reported by Mendenhall and others, especially in the hills 
near the head of that stream. Their scarcity is indicated :by the 
fact that the'natives living in the centml part of the Robuk Valley 

d usually make trips to the Noatak for their sheep m a t .  The dis- 
tribution of sheq in the Noatak Basin was described in 1911 by 
Smithsa as follows : 

Sheep are so numerous in the headwater mountains that natives from places 
as far away as the Kobuk make annual trips to them fur their winter's supply 
o f  meat. Near the camp of August 1. [3 miles below the mwth ,of the Ipm~luili 
River] four natives from the Kobuk were met on such a hunting trip, and 
many sheep horns discarded by other hunting expeditions were 'found along 
the banks of Twelve~tllle Creek. Iprniluik, the name of the river that joins 
the Noatak near the camp of August I,rneans sheep and refers ta the fact 
that this is the route follmed on the jor~rney from the Kobuk after sheep. 
On the hill opposite the mouth of Twelvemile Creek near the head of the 
Noatak, sheep trails are so numerous that the zigzag Ilnes can be seen for 
several miles. Sheep were also obtained on the hill en the south side of the 
river opposite the mouth of Midm Creek 

In crossing the mountains at the head of the Kugururok in 1925 
the Geological Survey partly saw many sheep tracks, but the animals 
were all traveling westward. The expedition of 1926 did not get 
into the high mountains of the western part of the range and did 
not see any signs crF sheep. Captain Hooper mentions seeing and 
hunting sheep near the Conin  coal mine in 1851, though from later 

*. accounts it seems probable that now there are no sheep in that region 
and probably none within 50 miles or more. Many of the old ladles 
and similar utensils seen near Point Hope were made from the horns 

a of mountain sheep, 
Sheep were common in many of the mountains in which the 

tributaries of the Koyvkuk from the north rise, but through being 
hunted they have gradually k e n  driven into the more inaccmsible 

They are still abundant enough to afford considerable meat 
to the prospectors in the more remote camps, Sheep w m  seen at 
a number of places in the valley of the Alatna. Small bands of 
sheep were seen in the valley of the small tributary from the west 
below the ,Kutuk and in the hills around the Alatna-Noatak divide 
and also east of the river near that place, and prospectors report 

Smith, P. $, "he f w g o b u k  r?+q : U- 3.8. awl. Sumey Bull. f36, p. ID, 
1313. 



that they are plentiful in the hills at the heads of the N fthtuk: and 
the KQtulrtulr! Thq*expeditioa of 1% found sheep fairly mmmon 
throughout many of the hills Ithat, flank the U n a k r a k ,  A& the 
time that the party was in the vaf ley (the middle and later part of 
March) the sheep were scattered in smaIl units consisting of' only 
a few animals each, and the females were exceedinglv thin and 
scrawnv. w 
In tht: Colvills: Basin shmp have b x m  = by m m b m  d the 

Udqgical S u r v g t  parties only in the mountains adjacent to the 
Killik River, but in that region they we= fairly numerous. The 
largest group was seen on April Creek and m4dd d about 85 * 
females and lambs. Near this same place in the hilh on the ~pposite 
aide d the valley was a £I& of about a dozen mslw Early in May 
Ihe fsmalss were beginning to Istrrlb,'and before the parties of the 
expedition of 192-4 had left their winter camp the last of May appar- 
ently all the young had been ha. Alm23t no twins were seen, and 
both the swm and the lambs appeared to be in pow condition. as 
if the preceding winter had k e n  unusual1 y severe. 

In  the region east of the Colville, b f f i n p d l  '"states : 

T)all's sheep formerly were abundant everywhere in the mountains, but they 
have already been clean4 ou t  from the lower parts d the larger rivers. I'he 
writer saw none below the of the Oanning and none below Lakw Sc hrader 
and Peters, on the RarSlerochlt. 'There are sti31 a few on the headwaters of 
these rivers as well as on the Hulal~ula, hut the natives can no longer depend 
u p ~ n  tliem for a fmd supply. 

Until r e a d y  the Jaga and OQilak Rivers were bbm, and the sheep there 
were undlsturhed. The writer's party was the first to go far wlthin the moun- 
tains on the O&glfak. Sheep were constantly scen, as many as 40 on: BD in a 
day. T k  high Rcmansof Mom- will afwaye tw a me, go that the sheep 
will not: he entirely exterminated. 

North of the Brooks Range to  points within a short distance af the 0 

coast, caribou are the chief source of fresh meat No large herds of 
these animals were seen in this region, though possibly this was due 
tr, the fact that the Geological Survey members were on the caribou n 

range during the summer, when the animals are grazing as indi- 
viduals or small families before bunching up in large groups, as they 
ctnnmonly do later in the fall. The largest nlprber seen in one group 
was a herd of about 150 on the Colvilfe some distance above the 
mouth of the Etivluk. Thse seen near the mountains were in 
general much larger than those in the lower country to  the north. 
A bull that w a  killed on the Killik River dressed between 175 and 
2M pounds, but he was an exceptionally large animal. M& of the 
full-grown caribou are not diff~alt, to approach during the slmaaer . 
*-a, E. de K, The C x m i r q  R h e r  region n m  Alanha :U. 8. Beat. fhCWW 

Rof, B p w  198, F 88, 1819. 
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Although the meat forms a welcome addition to the regular food 
supply of trawlers in the region, it does not seem to have the suste- 
nance or satisfying quality of wild-sheep meat. During the summer 
practically all  the caribou were infested with grubs. Mosquitoes 
bothered the caribou greatly, and during the time when these pests 
were at their worst, the later part of July and the early part of 

+ August, the caribou were constantly rubbing against the brush and 
thrashing their heads around to rid themselves of these insects;. 
Their grazing was thus interfered with, and a3 a consequence the 

$ animals became poor and t h .  
M caribou were seen on the Killik above camp S June 5, but old 

antlers that had been shed by caribou were found at several places 
in the hills and farther south. For instance, numerous horns were 
sem in the hills near camp S June 1 and up the southwestern tribu- 
tary about lOiniles above the winter headquarters of the expedition 
of 1924. Along the main valley of the Colville River caribou w7ere 
seen almost every day, and on many of the tributaries, such as Prince 
Creek and the Awuna River, they were coinmon. Caribou were 
fairly numerous in the northern part of the valley of the Etivluk 
but bscame scarcer upstream, though a few animals were s e n  at 
the very head and aver on the Aniuk side of the &vide. On the 
Utukok the most southern locality where caribou \Irere s e n  was on 
Meat Mountain. north of camp G May 10. On the Kokolik River 
caribou w-ere seen in the hills south of camp P May 12 and east of 
camp P M q  15, also wmt of those camps on Poko Mountain and 
dong the course of the Kokolik northward to a point within a few 
score iniles of  the coast. A few caribou tracks were s m  in the upper 
part of the valley of the Kukpowruk near camp P April 28, but the 

c parbes that surveyed the lower part of the valley of this stream did 
not report any caribou in that area. Farther west in the valley of the 
Kokolik some animals that may have been strays from the reindeer 
l~erds m t h ~  mast were seen. 

II Caribou were found on the Ikpikpulc as far north as the Price 
fiver and near its main tributaries, Maybe and the Kigalili 
fiver. Paige reports caribou on the Meade R~ver  near the highest 
point reached by his party on that stream. Caribou or stray animals 
from the reindeer herds were seen on the Kukroak, Avdik, and 
Kaolak Rivers. Leffigwell nates that in the Canning River regon 
&of the Colwille, although the barren-gromd caribou are the 
most abundant animals, they have become much reduced in numbers, 
and the few bands that m e  over the divide from the Yukon side are 
swn rounded up and killed or driven back through the mountains. 

Caribou are extremely scarce nowr in the Noatak Valley. Smith 
areported in 1911 that caribou were seen midway between the Aniuk 



and Nhiulrtlrk; but when the Geological Survey expedition went 
through this part of the region in 1 9 2 5 t h ~  saw none of these ani- 
mals, though they did see a few near the head of the Aniuk and hm 
or three near the mouth of that stream. 

Mendenhall states that herds of carilmu are reported in the hills 
between the Kobuk and the Kayukuk, but that the Eobuk'natives 
generally have to go to the head of the John River or the Noatak t o  w 

get the caribu skins they for clothing. Schrader makes no 
special mention o f  caribou on the John River, though he records 
killing some near the divide between that stream and the Anaktuvuk. b 
No caribou were seen in the Alatna Valley b?/ any of the Geological 
Survey parties that have traversed it since 1901, and there are no 
reports of others having seen caribou wintering in this valley. Prob- 
ably such caribou as  remain in the Koyukuk region live much of the 
time in the plateau province and migrate into the hills when the 
mosquitoes and flies are bad in the summer and then wander back 
into the lower hills o f  the plateau province in the fall. 

The reindeer to the uninitiated appear to be essentially the same 
as the caribou, though they are usually somewhat smaller and o f  
lighter weight, and many of them have spotted coats instead of the 
uniformly colored coat of their wild relatives. Already there are 
extensive her& of these animals in this region, and their further 
propagation and development bids fair to Ix one of the productive 
industries of northern Alaska. Herds are now maintained at many 
places near the coast, all the way from the mouth of the Colville to 
Kotzebue and thence southward beyond the area described in this 
report. The largest of these herds contain several thousand deer. 
According to Palmer,= the herds near Barrow contain about 10,000 
deer, those in the vicinity of Wainwright about 7,000, those in the a 
vicinity'of Point Hope and Kivalina about 10,000, and those in the 
vicinity d Kotzebue Sound about 84,000. PracticaIly all these 
herds are held by Eskimos under allotment, and many o f  them are * 
operated by companies instructed and more or kss informally super- 
vised by the school teachers of the districts in which the herds live. 
Many problems in successful management and exploitation dill 
await complete salution, but these animals are even now mast vaIu- 
able in furnishing meat, clothing, and transportation, and doubtless 
they can k &velolped to  make wen greater returns in these ways. 
Strays from them herds are found in the neighborhood of many of 
the places where the reindeer have k e n  herded in the past: and 
caribou are reported to m e  into the herds on occasions. In future 
exploratory work of the United States Geological Survey in the 
- .  - - 

m palmer. L, J., of reindeer g w h g  tnvewtlona in Alaska: U. 8. Dept 
Agr. Bull. 1423, p. 2, l926. 



WILD LIFT 87 

me,reas where horses can not be used and where dogs are extremely 
expensive because of the amount of food they require, it would be 
extremely valuable to experiment with reindeer as pack or draft 
animals. 

The absence of timber throughout most of the area makes it diffi- 
cult for the natives to build suitable corrals for handling the rein- 

* deer and has led to the extensive use of driftwood for th~s  purpose. 
w 

Even suitable driftwood, however, is not everywhere at hand, and 
this has resulted near Barrow in the utilization of the local material 

i that is available-ice. For this purpose the natives in the fall cut 
slabs of ice 6 to 8 feet long and a foot or so thick, which they stand 

end, inclosing a tract several hundred yards in diameter, in which 
the deer are herded. Plate 13, A ,  shows a corral near Barrow 
built in this way d ice slabs, with part of one of the herds. 

Some biack and bmwn b a r  live in the southern part of the region. 
In  the vicinity of the Kobuk River the bear have practically disap 
peared, and it is only in the more remote parts of the valley of that 
stream that they may wcasionally be found. I n  the Alatna Valley 
cmly a few black bear have been seen by any of the Geological Sur- 
vey parties, though during the summer evidence of their presence 
was fairly common. Neither Smith in lSIll nor any of the recent 
Geological Survey parties report having seen any bear in the Noatak 
Valley, though Smith states that bear tracks could be found on 
almost every sand bar below the Nimiuktuk and that apparently the 
tracks were made by brown bears. 

North d the divide of the Brooks Range the only land bears that 
were seen by the expedition of 1924 were a small brown female and 
her cub prowling around the cIBs near the junction of the Killik and 
the ColviUe, Bear tracks, however, were fairly numerous near the 
aufeis deposit north of the headquarters camp of the expedition of 
1924, where the bear had apparently h e n  digging for mice or other 
small animals, and there were innumerable footprints on the mud 

I downstream from the Killik and near the mouth of the Etivluk and 
for sanedistanceup theEtivluk. The onlybear reported by mem- 
bers af the expedition of lQ5 was a smell black one that was seen 
near the head d the Aniuk. though many tracks were noted farther 
dawn that stream. A good-sized brown bear was se~n in the hills 
east cf camp P June I2 in the central part of the Kokolik Valley by 
one d the members of the expedition a€ IB6. Possibly the reason 
Qat more bear were not seen by the recent Geological Survey expe- 
ditions was that they were in the country best suited to bear mainly 
in the winter, when the bears were hibernating. The absence of 
easily procurable fish in inthe streams and the lateness with which 
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k i s a  matwe throughout most of the Arctic pl-u and p l h  
pro* may explain the scarcity of many beam in those -. 

In  addition to the bears already noted, many polar bears live on tho 
ice near the coast and rarely go more than a short d~stance inland. 
FormwIy a number of these bears were killed each year, 'but Idsly thu 
prlce p a ~ d  for their hides has tern rn little that the natives 6nd it 
hardly pays to hunt them. In  1926 only one or two p2sr-bear skins v 
were brought in to the traders at Barrow and Wainwright. 

were once fairly plentiful at several places in the upper 
Koyukuk Valley and on the I iob~~k ,  but they are extremely scarce 
now sanywhem withm the area described i n k s  report. It was there- 
fore wth  considerable surprise that signs of these animals were noted 
in the valley of the Qllik River near the mouth of the Chandler 
River, thus confirmingthe early statement by Mendenhall that natives 
reported moom as far north as Chandler Lake. Near this place two 
females were a;eem, and an antler P~R~S found that had beeR r m t l y  
shed by a male. There is a considerable growth of large willows near 
this pl,?ce, but it is 80 to 80 miles north of the nearest timber and is a 
most unusual place to  find these animals. 

In  the inland parts of the region foxes are among the cormnonest 
of the smaller animals, and their pelts are a source of wealth. I n  
the region traversed by the expedition of 19% red, cross. and black 
foxes were seen at many places, but no white fox. Their trails were 
conspicuous in the snow over all the lower tracts, and, although the 
animals were wary, they often followed the sled muls  for miles and 
sometimes robbgd the traps only a short distance from camp. On 
the Etivluk a fox ran ahead of the geologst for a couple of miles. 
never more than 100 yards away and often only a few feet, stopping 
at intervals to bazjk and snarl at the intruder, who noisily follewed iX 
hiin and returned his barks with shouts. Fox dens were seen a t  
many places in holes under rocky cliffs and in holes in the ground 
near low hobs such as were numerous at many places along the hill- 
sid- in  the valley of the Colville. The foxas kill a great many 4. 

ptarmigan and other small birds and animals, and during the spring 
bunches of feathers that mark their past lunching places are conspic- 
uous along many ef the valleys. 

Many white foxes are lulled each year near the coast, and their 
pelts probably furnish the most valuable revenue of the region a t  
this time. In 1824 several thousand white-fox skins that had been 
brought in to the traders as fa r  east as Barter Island were received 
at the trading pst  at Barrow, and every year many hundred white- 
fox skins are taken along the coast of the region d-ibed in this 
report. Weitber the expedition of 1924 nor that of 1926 reported 
seeing any live white foxes in the region they traversed, but the 



mdmm of the expedition d 1986 saw several .far i n l d  cn the 
d e r w  Agw of the 3mb Range, T\vo were r e o o ~  ig 
the hi& btweetl the Kiligwa slHd Nuka Rivers. 4 to 6 milw &B 
d-q Q J u n e  16, on thc Cdville; om was sm eome dida-r~m up 
the Etiv1uk in the vicinity of a m p  <; July 17; md one as nobed 
sboPrt 640 8 rnilesmwth of camp G May 30 on Dhppoiatment m, 

9 a k~butary zrf 4 4 ~  Utukok Kim.  
am usually ve? numerous t h u g b u t  the Jowland ~ a r w  

but nhcir tmih are not conspicuous during the period when 
t 

there is m o w  cm the ground, and ss thc ~~~ S u m q  parties 
\\ere plentifull! supplied with meat of  othcr k d ~  dbeFe n-as littlc 
incenti i.e to aeawh fm than. h a mansequence tha recards contain 
very Jittle i n h a t i o n  about rabbits except ip thc ricinity a€ the 
wb&w amps. &- thc Alatna rabbits ware numerous. and a 
40- or rn d d  h m d e d  mp pt slmoet m~ t imi in the tbi& 
patdm of b d  dong tk river. At the headqurbm camp on 
t hc  J W i k  rabblrs ncrc also numerous: and a short trap h that 
waa put ia near that camp yielded i~ thrce t\echs several M X ) ~  of 
&em On the Kivalina, K - m  and Kokolik Rivers signs of 
sdhite w m  d o e a l l y  -,but they \wrc by no means as nurner- 
orrs rn in the basins of thc cmcm or southern streams. None of 
t l ~ c  large d r c t k  harm \a re  aeen by membefa af the Geological SZP 

e q d i t i u n s ,  Rag, ~vho l i ~ c d  at Barro\v for t\\p years, did not 
iicc as? of a6ep but s t a k  that na t im reported them m oomon  in 
tlze vallg-s of tl~c Mcade and Col~~i l  le Rivers. 

Other ~vhosc pelts are valuable for claw and which have 
been reported or seeo by Gsologicd  sun.^ rnmcbc.~~ in the 
am lynx, mink, marten, muskrat. squirrel. and n,ol\-erine. For a 

a long h e  thc lynx and mink frrmthc Selanik and the lower part of 
the Kob& \VCTC &d to be among the h e s t  of their kind in the ~vorld. 
Wol vcrine fur is especially prized by the natives as a trimming for 
their hoods arid &s. Zkse an i m a Is were seen = +he kd af the 

I Alatna, their h k s  were noted on the Eil l ik,  and one was k~lIed by 
n a t i m  on TupikcU Mountain. near a m p  P M a -  115 on the 
XoItolik Martm ncrc reporkd by earlier Gmlogicd Sung- parties 
in the valleys of the Nsstak and the Kobuk. Muskrats are especially 
nuincrous along the lower courses of t he  SeFawik, Kobuk, and Noatak 
Rivera Sqtxirreh of several kinds lire in the southern part of the 
region. Tb mnunonest in the timbered areas of t11eKobuk and of 
t l~c M a h a  is a small red one, but the s o c d l d  parkie squirrel, which 
lives in holes in the ground or in the crevices of rocky knobs, 
noticed most frequently in places in the ColviUe V a l l e  and on low 
knob near the head of the Jkpikpuk. Another fur that is also much 

Bat-7 
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prized for making parkies o r  shjrts that 1 1 1 1  shed rain is fudihed 
by the "sihikpuk," a groundhog-like animal which also makes its 
h o h  an mky bobs and whose strident chattering can be heard on 
thc em& of dmmt eree ridge, A number of these animals ~vece 
killed by natives in the hills near camp P M* 16. 
Them is reason to believe that all these animals Isere formerly 

much more numerous than a t  present. but t h e  have k e n  hunted until b 

t h q  h a ~ e  been driven farther and farther into the leas a-sible 
areas, and now t he  trapping indusm is rather small. though still 
one of the main sources of ~veaIth. Doubtless. if properly regulated. 
it could be developed to bt: still more productive. 

s 

From time to time wvol\-es have been reported in the region. Thus 
in 1924 a wolf is said to hare Geen killed in the upper part of the 
Noatah VaIIcy. and Ray reported that in 1881 wolves were seen near 
Barrow when he was there. None of thae animals, however. or e r a  
their tracks were = by members of my of the recent Geological 
Survey parties. 

Porcupine are common throughout the \ v d d  region of the 
Kobuk, Noatak. and Alatna and one of these animals n7as found 
wandering some distance north of the timbered region at the head a€ 
the Unakserak. 

Shrcws and small mollselikc animals were noted at a number of 
placa. and the holes they dig  in the banks were common along the 
Killik and IkpIkpuk Rivers. One of these little animals. a partic- 
ularly black-coated one. was seen running over a snow bank in the 
valEq of t l ~ c  Kill& April 10. 
In thc waters off t l ~ c  coast d northwestern Alaska there are many 

aquatic mammals that contsi bute a considerable part of the food and 
supplles of the people. I 11 the past whales were perhaps the most 
valuable of these animals, but with the present small use of whale- 
bone and ~vhale oil the prices paid for thcse commodities arc ss 
low that thc whaling industry in these waters fails to attract many 
white follo~vers. Only a few whales are nmv caught by the natives, I 

and those that are obtained are so rare that they senre as an excuse 
for rathcr widespread rejoicing and celebration, which takes the 
forin of feasting, dancing, and indulgences in many of the old native 
games. kinds of seals are fairly numerous and furnish oil, 
meat, and &iw, which are almost indispensable to the Eshmos. 
Most seal are caught during the spring on the im near the leads 
of open watcr. The largc seal called by the Eskimos "Ugruk " is 
much sought for its skin, which is used to  cover their native boats 
and for the soles of their muckluks, or water e. Walrus is an- 
other aquatic animal that is common & the western coast of north- 
western Alaska (See pl. 13, B.) The members of the expedition 
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of 1928 saw many of these animdks and shot several as they followed 
the southern margin of the ice northward in the summer of that 
year. While the expedition af 1426 was in the vicinity oF Wain- 
wright the natives brought in many \\alms that they had killed on 
the ice a short distance offshore. and when the B w  arrived its of- 
ficers reported passing a herd numbering thousands between Icy 
Cape and Wainwight. Many ~valrus that are 1%-oundcd during 
these hunts are not recovered at the time the nativcs but latcr 
die, and their bodies a te  brought ashore by the rvinds and currents. 

d Dead walrus that had floated ashore in this IV? tvcre found a t  a 
number of places along the beach b \ m  Wainwright and Pcard 
Bay by the members a€ the Geoloycal Sun.+ p a p  of IC)2fi. Ac- 
cording to IAXnrnell walrus hardly cwr go cast of Poinlt Bar- 
row, though he states that  hc .. found onc dead and two a l i w  Ims than 

- 60 milea west of Fl axinan Island. During thc six years no others 
were seen by natives. Some natives had ncwr sorm any during a 
Lifetime on the coast." 

BIRDS ' 

Birds are numerous throughout northwestern Alaska during both 
Bllmmer and wintcr, and many of thc~n arc not onl!: a sour= of food 
but their skins are used by the nativcs for parts of their clothing 
and for decoration of many of  their small articles. such as bags 
and ttimminp. Fortunately. many of thc birds of thc region hate 
h studicd. idcntificd, and dcscri bcd by qualificd ornithologr sts. so 
&at in this rcport only a fcw notes madc by mcmbcrs of rcccnt 

. Geologicat S u r k  c?, cxpcdi tions arc given. Tl~ose who arc specifically 
inhmbd i n thc birds of the region should consult the more corn 
prchcnsivc reports, refcrcncc to which is here gvm. The birds of 

;E 
t l lc  southcm part of thc rcgion, which may be considered as includ- 
i ng all of thc mapped area southcvard from Point Hope and at lcast 
as far east as Ithe head of the Kobuk, were, rn far as lainown. described - by Grinnell " i n a paper in which he not only lists 150 species but 
gives dctailed notes regarding many of them and a bibliography of 
18 othcr papcrs dating to birds of this regon. Notes on thc birds 
of the northern part of the region are perhaps most available in a 
rcport by M ~ r d o c b , ~  who identified 64 specla. Another valuablc 
reference I 1  st IS  that  prepared by A n d e r ~ n , ~  who wrote the reports 

mtcmnme11, E. ae K.. The Canning Riwr region. nnrthem Abska : O. S. C ; d .  Surv~y 
Bmf. Pmprr 109, pp 634.4 1919, 

@rinneU, Joseph, Birds or the K&Aw Sormd negion : Cwpw Ornlthal. Cluh OF Cali. 
tornia l%ull., aol. 1. pp 1-Rn. 19Rll. 
," Mnrdoch, J., R e p o ~  on birds obsPrvPd at Point Barmw daring thr stay af t l~r  polnr' 

exprtlitirrnh 1 M - 1 M :  48th Cons, 2d -, H. Ex. Ik- 44. 18Ba. 
*dnderson, K. >I., ill Stefanmm, V- >I! lire 'e k11e Edarm, pp. 48-27, Macmnlan 
a, lela 
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on t b  natural history collections m d e ' b y  himself and S t e f a m n  in 
their explorations in northern Canada and adjacent regions in L90@- 
1912. This list contains notes on 170 species a€ birrls, some uf which, 
however, do not live in a region topogi.aplzically or climatic all^ simi- 
lar t o  northwestern Alaska. More complete and up to date than 
any of these, however, is the report by Andamn and Temrnw '" 
now in preparation, which will doubtlm inclads the most complete * 
and authoritative treatment of the birds of this region 

Although the birds of the region are therefore slmdy M y  
covered in published reports, the following scatkering notes may k 
of some interest ss pertaining to tra& not hitherto reported on and C 

prsserving a record not othewise available. No attempt has k m  
made to systematize these notes, nor are they t o  be regarded as 
complete. 

In the saom-white ptarmigan we= &en in flocks of hundreds 
on the Alatna, Unakserak, and Kokolik and almost e~erymherc  
in the headward portion of the Ki'llik River. Early in May their 
heads; and necks had begun to bemme dark with Summer plumage, 
and by May 1 X m the Killik in 1924 and May 5 on the upper Utukok 
in 1925 their feathers, as far dawn as their shoddets, were brown. 
By that time the large flmks had begn  to  break up into small 
family groups, and their mating calls resoundsd throughout the brush 
and along the bars, often within a fiw paces of the tents. On June 
4 a ptarmigan nest with eggs in it was found in the grass on the 
banks of the U i . k  fiver, and on June and 27 ptarmigan were 

cm their r&x on the ColvilEe near the Kurnpa and Awuna 
Rivers. I n  the nest near camp S June 26 were 8 eggs nearly hatched. 

Next to ptarmigan the most abundant birds a ~ e  ducks and geese 
The first of these visitors in 1924passed northward over the camp a 
May 7, in 1925 May 15, and in 1926 May 10. After those dates 
flocks were seen at intervals during the next few weekseeks It is 
significant to note that Howard, who passed through the Colville 
region in 1886, reported that the first goose tc8s seen that year May 
llandthat p e w e r e  plentiful the lastweek of May. Ray reports 
seeing an eider duck flying north at  Barrow April 27,  IS^, and he 
saw large cavqs of these ducks May 1 2  Several different species 
of geese were but the inexpertness of the Geological Survey 
members prevented identification of the different kinds. Emperor 
geese, which are supposed to have a distribution restricted to the 
Yukon Basin and near-by areas, were definitely recognized at several 
places in t l ~ e  basin af the Cdville north of the mountains as far 
upstream as the mouth of the Kurupa River and as far downstream 

UdnQereon. M., and Ikreslrrs, R A, Bfxdn of W r n  -E Amerlca: t b d & u  
Arctic Expditlon, 1918-1818, k p ~ ,  vnl. 2, pt. Ottawa (in preparation). 



WILD LIFE 93 

ts Prince Creek. A pair of these birds spent most of the day within 
a few hundred feet of camp S June 28, near the mouth of the Awma 
River. 

Near the coast in  August ducks were especially numerous, and 
along the west &ore of Smith Bay and along the Arctic Ocean from 
Cape Simpson to Tangent Point, especially in the evdng ,  the water 
was in  places literally black with thousands of ducks. Along the 
a& reef from Point Lay northward almost every hummock of 
gram had served as a nest for ducks and other shore birds and the 
eggs found in them from the middle of June b the early part of 
July formed a welcome addition to the food supply of travelers, 
both natives and whites, 

A 0mk of fivs large swam was seen at close range en a d 
lake near camp SJ- 4 A lone GW& circled the party for an hour 
or more on tJw Kok& above camp P June 17, and several were seen 
on the small pond md flying overhead a t  camp P May 15, farther 
up the Eokolik, 

b r m g  the time spent in the headquarters camp on the Killik in  
BE44 C~lladiaa jays or camp robbers were constant neighbors. 
Thm buds flew around the tents, picking up scraps of meat or other 
food that was handy. and many of the bushes within a hundred 
yards of camp had little caches of food that had h e n  hidden in 
W by these birds. As spring advanced other land birds became 
common. I n 1924 snow birds were seen early in May. On May 16 
r- OP crows were heard cawing, and on the next day it seemed 
that winter was practically over, bscause the robins fluttered and 
smg in the bushes near camp. From thm on birds became more 
nummas and kept up a constant chatter or song. Owing to b ' 
sdromt continuous daylight in May th0 b i d e  were quiet very little 
of the time-in fact, an entry in the diary for May 24, 1824, notes 
that the birds were still singing at 11.30 in the evening. 

Among the commonest d the other land birds seen during the 
aummer were hawks, ou~ls, and eagla. It seemed as if almost every 
rocky bluff dong the Colville was the sitc of a hawk's nest, and the 
parent birds were constantly alert to divert geologsts awav from 
the r w h  near their home. The hawks early in the season built their 
nests, ~vhlch were roughly constructed of twigs on the ground amidst 
shattered rocks. Hawk's eggs were found near the winter head- 
m s  on the EiIlik as early as May 21, 1924, but even as late as 
the middle of August some of the young had not yet left the nest. 
The first hawk's eggs found in  1926 were collected on the Kokolik 
dm8 6. The b w k a  kill many other birds and small animals, and 
their lookout posts near their nests are usually littered with the 
feathers and benes of their victims. Owls were most numerous 
near the coast, and in that region of little topographc relief they 
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l ~ b d  fib Iarge white boulders until the boats w n e  within g short 
distance of them, when they .Iazily r w  a d  flapped,away for a 
quarter or half a mile and settled again on a d n  hummock 

FISH 

. The waters along the coast of northwestern Alaska and many of 
the streams afford Ersh that form a welcome addition to the local food * 
supply. Salmon is probably the most impostant fish in the southern 
part of the region, and grayIing and whitefish are the most abundant 
in the inland streams. r 
- Kotzebue is the center of the salmon-fishingindustry in the sum- 
mer, but salmon are caught in the Kobuk at least as far upstream as 
Kalla, and on the Noatak Mchnegan noted a camp near the Nimiirk- 
b& that was occupied only during the salmon m. A few salmon ap- 
parently are caught as far north as Point Hope, but beyond Chat point 
they are rare. It is true that a king saIrnon is reported to have been 
taken near Batrow, but Dr. E. W. Nelson;' of the Biologcal Survey, 
regards this report as unseIiable. Lefigwsll4* mentions having seen 
only two lots of sdmon during his entire sojourn on the extremenorth 
coast of Alaska. One of these Iots consisted of five fish that he 
identified as small humpbplok salmon, and the other was a single 
Iarge dead salmon of unknom species. C. D. Brower, in charge of 
the trading station at Barrow, states that almost every yew a few 
silver salmon are caught at Pergniak, near Barrow. 

Except in the vicinity of Kotzebue, salmon are not kbundat 
enough to serve as feed for dogs, and northward along the coast 
either seal or wdrus meat is most extensively used €or that purpose. 

Another fish that lives in the coast waters and is much esteemed 
for its food value is the so-called salmon tkout that is caught in great 
numbers on the &near Kotzebue and in the lagoon back of Kive- 
lina. This fish W& SO plentiful that a packing plant was operatr~d 
at Kotzebue for several years but was Iater closed down as the run 
of fish decreased. SaImon trout weighing as much as 3 or 4 pounds I- 

each are also reported to have been caught near Shungnak. on the 
ICobuk, and in some of the neighboring streams. En the waters all 
along the western coast tomcod are numerous. Many of these fish are 
caught bv jigging for them through the ice during the winter and 
spring. 

LehgweI1 notes that during JuIy and August fish are abundant 
eveywhere along the north coast of Alaska. They are less abundant 
west of Harrison Bay than to'the east, but he states that at most 

U Iremann, B W.. and O v l & ~ h ,  B. L., The fishes of Milssk~: Bur. Fiaberiea Bull. 
ml. 26, P a  248, 1907. 

-well, E. de E., U. 8. Geol. Survey Prof. Paper 10s, p I, 1019. 
- .  
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places east of Harrison Bay it is possible in a short time ta catch, 
wjlt7 a gdl net having a 2%-inch mesh, more fish than can be eaten. 
He further states that the best fishing places known to him are at 
Olikbk, Beechey Point, and Brownlow Point, all of which are east 
of the regon apec3cally described In this report. 

Grayling is the principal fish found in the smaller inland sk!ams 
q and is believed to k sufficiently plentiful in all the clear-water 

streams to be relied on for food. I n  fact, it is difficult to recall a 
clear stremi of any size in which grayling were not found when care- 

1) 
fully searched for, though it must k confess4 that because of the 
abundance of supplies of other food and because of other interests 
fish were not generally sought. Not only \yere grayling seen at a 
number of places during the summer, but even in the winter they 
were found in deep holes where the stream was not frozen solidly. 
Such a place wss found a couple of miles north of the winter head- 
quarters of the expedition of 1924. At this place there wTas a nar- 
row lead of open water 5 to 10 feet !vide and perhaps 100 to 200 yards 
long in which at least 400 grayling were caught with arbficial flies, 
home-made nets, snares of copper wire, and even by grabbing them 
in the bare hand. 

Large whitefish live in the waters of the KO&& and are wpe- 
cially abundant near Allakaket, where they are caught in great 

in  traps set through the ice. They are also said to be 
abundant in many of the lakes, especially those near the Kobuk, and 
are much prized for food. A small whitefish about the size of a 
graylmg is found in a great many of the small streams under condi- 
tions essentially the same as those favorable for grayling. 

Mendenhall states that numbers of pike are mug& in the delta 

e portion of the Kobuk, and this fish was also shot in Lake Takahula. 
in the basin of the Alatna. 

Before the natives had the white man's gear for fishing, their 
hooks, m, and other tackle were made from local material. Along 

+ the aoast their nets were made of thin strips of whalebone, sealskin, 
or canbou sinew, and inland they were made from the tough in- 
terior fiber that lies under the bark d willow roots. The sinkers 
were usually made of pieces of caribou horn or of pebbles. Sinall 
floats for the nets were made from pieces of driftwood, but the larger 
ones were frequently made of blown-up bladders. The hooks of the 
Ekkimos \yere usually barbless and \vex made from pieces of walrus 
tusk or other suitable bone. Even now many white people report 

. that fish lnay be caught with these ivoy  hooks when they can not 
be taken with other kinds of hook or bait. The Eskimo fish lines 
were made of thin strips d whalebone or some o€ the heavier lines 
horn the hide of the ugruk. Some fish and eITen whales were ob- 



1Esipsd.rrith-thst hd-,IwPe,or ipeppinb h s h d l t o  
&shafts 

Probibly the most c m ~ p h m s i v e  memoir available & J deeeriber 
the fi&s of thia @an is the ma by Evarmam mmd Qddabrough. 
already cited In thb report are lisM d h a x i b e d  36 qwies fmmk 

am 86 " the A r c E k  Omm ~ ~ ~ I W I M  kelpding the Mac- 
k& d all OtbBF tributtwy watera in A b k a . "  This e8ea th-fore 

t 
i n a l u t h  a c o m i d d p  p b r  trwb 1 , h  is cumred, in the g m n t  
F-, h u g 5  it is believed tbab in pnmel'tlne d h & e  4 other 
h t u m  am @ally simdarr, AR m d t  of mtmy yeam af ex- 
phdi& of modhem Can& and djtrc&t psrts of A l a h ,  the k 

C m d k n  h9.k Expditian (191&1918.)1 is now prep* s wort 
om the of &ah region which, whwa & is published, wil l  d~klbtkm 
mntain the m& eomprehemi~e art& auhofihtbive data on the 
subjmh' 

Te one unfamiliar with the m d m  the n~lmben and md&y of the 
lamer animals that inhabit it may be surprising. Over the lmd i n  the 
summer time are swanns of insects ranging from f l i t s  d m q u i t o w  
to vivid dragon 'and bwbt.&lies, Id in the waters are crustaceans, 
mollusks. sabindarms, and rap-ives of many of tha other 
phvla appd classes. So numerous wi& m a y  dF these that ~n the d e r  
of hepihp tess d o e t h e  batte& an8' m&k+the Camdim Ara- 
t ic Expdiki011' li& and d m h s  13 families, 8e genera. anit 114 
@, I\ lllch w we aollected ~n nordmn Canada d d-nt re&m 
that may becoaaidased mom a- less iddied ~ v i t h  the Aiaskm region 
whiah form tBe subiect of this cepact, Other vokrmes of t h  beana- 
dim Arctic Expedition ha1 e been puhkhd or are in prepwatim, 
11 hich describe the other fonns of lift: c d e d d  by th& expedi- x 

t.ionr and t~h ich  ahwld tx: consultad aa affording m& detgi1d in- 
Eoruatioa regudmg a mare or less analog~us rcgion. m well s in- 
corporating red- to most of the pertinent lhrature on the kin& r 

0% I t  fi: dsocribed. 
Little notice w paid by the Wogicel Sun-q. expeditions to these 

lo\l-cr an~mals in thc field except as the\. thrust them1,vw a the 
athntiou Of thrrse thc  men mere tInrs forced to notice. moquitoes 
\ \ w e  udoubtealy the most numerous. Thcse pests axe exzrernel!, 
activc in the Kobuk a d  Noatak and adjacent areas early in J- and 
keep up thcir Iiarassment until ncll into August, but north d the 

- 

Eoerrman, R W., and Gofd-b, F, L. ag. dt, pp. 318-880, 
& J o b ,  F., FWm: C a n a d h  ,\rrtic wth, 1W3-191% m, mk 6 pt. A 

(In pwpamtroa). 
~ G l b e o a ,  \nhur, I--Lepidqttra : Canadian ,l& E x p M t a q  IBIS-1918. EWt.. 

wl. 3, pr. 9 E8 pp.. Qet*rr. I W r .  
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mountains, although a few were seen as early as the later part of 
Mav, it was well into July before they h a m e  really objectionable. 
From that time on until the middle of August, unless the weather is 
stormy, they are present in such hordes that work in  the open is 
extremely tying, and uninterrupted sleep elsewhereAhan inside com- 
pletely mosquito-proof shelters is impossible. Ewm the caTibou are 

.o 
tormented by them so badly that they can not graze in peace but are 
constantly tossing their heads, rubbing against brush, or wandering 
in search of a breeze. Along the coast the mosquito scourge is not 

* so bad, far there is almost always a breeze there that d r i m  the insects 
to seek shelter i n  the vegetation. As a protection against these in- 
sects it is generally necessary to wear veils and gloves. 

A number of different kinds of flies were also nokd. in regon. 
The first fly noted in the open in 1924 was seen &y 20, and within 
a week they [yere vev numerous and had blo~vn fresh meat so badly 
that it had to be destroyed. I n 1926 flies were so numerous by May 
28 on the Kokolik that i t  was necessary to cover up meat to preserve 
it from their attack. I n  this connection i t  is interesting to nota that 
Howard reports that on his trip in 1886 fhes appeared in the Colville 
and Ikpikpr~k Valleys May 20. Grinnellm reported mosquitoes on 
the Kobuk May 24,1899. 

Alotzg the coast the beaches are usually s t r e w  with remains af 
crabs, starfish, jellyfish: mollusks, and other forms of sea life. Col- 
lections of some of the smaller commoner forms were made while 
awa ting the withdrawal of the sea ice. A1 though all the forms have 
been reported from other places, the following lists of species iden- 
tifid by W. H. Dall may be of interest as relating to collectionsmade 
by Sidney Paige in 1923 and by P. S. Smith during the expehtion of 

S 
1926 from points not hitherto recorded: 

Peard Bay, near Point Barrow (mAM9) : 
Peronidia luten Gray. 
Ilhcoma bnlthica Linnaeus. 

I Venwicardiil alaskslna Dall. 
Serripes mnlandicus Gmelin. 
Natica sp. cf. N. (C~ptonaticn)clausa Broderip and Sowerby. 
Tnchyrhynchus erosus Conthong. 
Bnlanus sp. 
Echinoderm cf. &-chning parma. 

15 miles southwest of Wainwright Inlet (288898) : 
MWus ednlis Linnaeus. 
M d o W  nfgra Gray. 
Monia rn acroschisma ~ e s h s m .  
Pecten IChlamgsl i~landicus Muller. 
Astnrte borealis Schumacher. 
Cardium cilistum Fahricius. 



~ t m  &ense m a w .  
ljerrlpes laperonail Deebayer. 
Macomir carlottmda WUtetrves, 
8IUqna mcdia Gray, 
Csrtodaria hrba Dunker. 
M r n  truncar;l W a e a e .  
Admete CW- Jay. 
Yolntomttm a h k a n a  DnU. 
Buccinluil w e  Llanrtens. 
Bncdnum polsre w. 
Ikccinum angal- Gray. 
Bucclnum normnle LIalI. 
Uuccinum teneUm DalI, 
~ b r g s d o m n a  s d a m  Eemann. 
Ohfysodomas sp. 
m-harpamd'. 
Llomesns n m  Dell, 
Nephlnee padm & l l .  
Neptunm m d t i m t a t a  lFabacholta 
Boreowala f r m i h n d i e a  P e w ,  
Mchotmpie bicarinata -. 
NaCica (Crvprun;~ticaE clausa 13roderip sfid w. 
Margaritee aordida Bancock. 
Plhynthoaella plttacea a m .  
Idoil~ea ep, 

miles snuthwest o f  Icy Cape (28A899) : 
MgtUue eduli6 f$nnsetle. 
Astarte bwneEl7 Dall, 
Aabrte Bchnmacher, 
Y y a  truncata Llnnaens, 
Plicifuaus arctlena Philiml, 
Slicifusua ag, nndet, 
B n ~ i n u m  tenue Gray. 
Bucclnmn glaciale 1,mnaeus. 
Buccthum plectrum Sumpson, 
I luccinum polare (fmy. 
Bucdnnm nvnnale Datl. 
BucCF~W -@- Grey, 
Trleholrclpts biearlnata So~vLrhv 
Xargaritee eordida H a d  
Modiolarla n b p  &q. 
T'ec~en (frapntent) cl  P, islandicus Mliller, 
Ohrdium d l i a m  Fabrlciuah 
Benips @3nEandba Cfmelln. 
V e n e r i c d  l a w i d e n s  Brcjderip and So~vesby. 
Venerfcantla a&mc&ab Krause. 
BlUqtla media Gray. 
Slrfaa gaMi W o n .  
Rhyachwella paittam Omelln, 
Adn~ele d d d a p d o d a n a  nilL 
Chrg&omus bredk P h l l l ~ i ,  
~ ' S O I ~ ~ I W  ~ I I ~ B  

Neptuncs dnllr K*lL 
1 
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Neptunea pcifica Dd. 
Ncpttmea Sowerhy. 
Boreascala gwnlandlca Perw 
N;ttrc;~ (Cpptonatica) clausa Brodcrip and Sowerby. 
---HI- - Point, lrt, Illlet (Sidney Paige, 1Oal : 
lictlls;~ s~mcn Ilea-e. 
Lora harpa ' )  I >ell (decorticated). 
Admete middendorflana Dall (Yourig). 
Admete mutbouyl .lay. 
Beringlus marahall1 WE (Young). 
Berlngiua Indentatus Urlll. 
A ~ c o ~  sp. 
C 5  sodotnus S R ~ L I T U S  Mnrtyn. 
Chryaodomus ~tit i~rus Mnrtvn, variety. 
Rucc~num normalc Urlll. 
7 ;ichyrhynchus polarix B8dc. 
Grmtonatica clauso Rrodcrip and %;orvrrby. 
Ensplra pallida Rroder~p and Sowerby. 
Amnuropspsls punurea Dnll. 
Margarites sp. 
Aslarte burealis Schurnachcr. 
Astastc horealis var. s m r s ~ ~ l c a t ~ ~  Lcach. 
Aslurk alaskenals Dall 
Vcncr~card in alaskana Dall. 
Venencnrdia patrclcoutatn Kmuse. 
h o w i s  ~ i r l d i *  Dall. 
Serrlpes grtlnlandicl~s G m e h  
Liwma Iwcki~ Ilnll. 
?'ellma lulor~ Eirny . 
Macntn~ hroln Ilall. 
Mncoms carlot!cnsis Whiteaves. 
ma-= 

SETTLEMKN'TS AND POPULATION 

COAST IIETX%EM%HTH 

Aa thc pcrrnanent settlements in thc region are strung along the 
coast or along the larger rivers. tvhicll form natural routcs of travel. 
Altogether, ho~vcvcr. there are probably not more than 200 I\ hite 
persons living within the cntire region described in this report. so 
that even the largest of the settlements are only small frontier tonns. 
I n addition ro thc \\-hites, there are scvcrd thousand Eskimos along 
the coast and Indians in the inland region, and man!. of these hay; 
thei t more permmcnt abodes in or near the \vhi te scttlemmts, though 
far a large part of thc year many of them arc a\\-* on hunting or 
other expeditions. 
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Kotzebue, the largest of the coast towns, serves as a central point 
to which most supplies from the outside are shipped for use and 
distribution to the outlying parts, vhch are relatively easily acces- 
sible to it by the coastal waters or by the large rivers-the Kobuk, 
Noatak, and Sela'cvik-thatreach the coastnear it. I thasno harbor, 
and vessels drawng much more than 6 feet must lie 10 miles or more 
south of the town, near Cape Blossom, and lighter their cargoes from 
*lime. Kotzebue Sound is usually closed to ocean transportation 
:from the later part of September to the early part of July, so 
*hat during the winter the only ordinarq. means of transportation 
available is by dog team or on foot. During the summer a mail boat 
makes trips from Nome to Kotzebue about mice a month and affords 
an easy means of transportation for passengers and freight. Usually 
a t  least once during the summer a large ocean freighter sailing from 
Seattle visits ports i n  Kotzebue Sound. It is understood that the 
customary fare from Nome to Kotzebue is $25 for each passenger 
and $20 a ton for freight. Freight shpped direct from Seattle is 
also carried for about $20 a ton. Several of the trading companies 
maintain their own boats, which stop at odd times at Kotzebue. Dur- 
ing the winter the mail is brought by dog team along the trail that 
leads from Bonanza, near the mouth of the Royuk River, at the head 
of Norton Sound, crosses the neck of Seward Peninsula to Candle, 
and thence skirts the coast to Kotzebue. At  Bonanza this trail. joins 
a e  main Yukon-Nome trail, so that incoming mail from the M 
~ H S  d i ' r d y  to Kotzebue without going to Nome, as it fonnerly did. 
The winter mail smice  is usually contracted for on the basis of two 
round trips a month. Wireless communication with Kotzebue is 
available through a station maintained by the Signal Corps of the 
Army. 

The towm consists of about a score of frame buildings or cabins and 
a great number of sod huts, tents, and other temporary habitations 
of the natives, It has a permanent white population of about a 
dozen persons, but there are always many natives in it, and during 
the summer several hundred natives are camp4 in and near it. I n  
former days natives from points as distant as Siberia, together with 
those living inland on the large riven, used to congregate during the 
summer at Kotzebue for fishing and trading. 

The Territory maintains at Kotzebue a school for white children 
and those of mixed blood, and accordng to the governor's report for 
1926 the school had an enrollment of 18 children. The Bureau of 
Education also maintains a school for the children of natives, with 
an enrollment of more than 60. 

Four stores do business in  Kotzebue, and each year about 600 
tons of supplies are distr~buted by them and in exchange they take 



in many furs. The stores a t  Kokebue and i n  fact most of the &om 
throughout northwestern Alaska are better stocbd than stores scm- 
ing numerically similar communities in the Statcs. This is h u s c  
their customers desire and use a great diversity of articles. and thcrc 
is almost no chance to replenish supplies ccunomically csccpa on 
orders. sent out many months in advance, that are d~livcred during 

a the short open season. An idea of the completeness of t hc  stochs 
cgrried by these stores ma\. perhaps be best shown b!' the fact that 
the Geolaycd S u n q  expeditions of both 1925 and 1926 purchased 

J practically all their supplies and eq i  pment. except instruments and 
special tents. at Kotzebue. The prices tvcre rcasonablc and thc food- 
s t e s  furnished to the  expedition of 1926 \.ere or csccllcnt quality 
and of great di~ersity . There is  a road house a t  Kotzcbuc n hcrt: 
travelers can be well taken care of at the usual Alaskan ratus. 

North~vard along the coast the next settlement a t  ~ ~ h i c h  thcrc are 
any white people isKivalina. The main activities a t t h i s  place are 
the school maintained by the Bureau of Education. I\ hich has an: 
enrollment of about 25 children. a store opcratcd b\. the nativcs in 
connection nith their reindcer busintus. and a branch storc of one 
of the Kotzbua traders that is in chargc of a nativc. Thc old settle- 
ment a t  Kivalina appears to hate ken situatcd ncar thc north end 
of the lagoon. about 10 miles from the prcsmt sitc. Ivhich i s  ncar 
the southern inlet into the lagoon on an cxposcrl spit that  is bcing 
destroyed more or less rapidly by thc sea. The schoolhouse, the' 
homes of a couple of native families, and the storc arc t l ~ c  only 
frame houses in the town. the others being constmctcd mainly o f  sod 
or driftwood and during the nintcr bcing dmmt  hidden in snow- 
drifts. The location of this town appcars to offcr no striking natural 

s advantages, though it i s  .well placed for gctting into the back country 
nrq of the Kivalinn River and is about thc nearest point on the 

coast across c o u n p  to the settlement on the Noatak. I t  is also more 

m 
or less centrally placed with respcct to the reindeer range that is used 
by the local herd, and fish are said to be particuIarly nulnerous near 
the mouth of  the Kival ina River. Fucl, however, is cxtremcly scanty, 
except for the occasional driftwood that can bc pickcd up on the coast 
or stunted willow9 that grow 10ic.r 20 miles up thc river. 

Eve? 10 to 20 miles in thc 911-mile strctch bcween Kotzebue and 
Kivalina are native camps n.hcrc shclter can be obtained. The first 
one north of Kotrebuc is thc rcindccr camp at Shishaluk, near the 
mouth of the Noatak and about 18 rnilcs from Kotzebue. There 
is another camp i n  n Iittlc gulch near thc bluffs inland from Cape 
Krusenstern; a hut at a place locally known as Kililnnak, about 28 
miles north of the cape: a Government shelter cabin about I t5  miles 
southeast bf Kivalina: md an old'rcindeer c m p  at Onalik, mid- 
w~ behvarz the Govemmcnt cabin and Kivalina. 
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Northwest of IIivalina the town of importance is Point Hope, 
on the long sand spit that juts far out into the ocean. At this place 
there are only a few whites, but there are many natives whose num- 
ber fluctuates greatly from one season to another. Point Hope con- 
tains a school maintained by the Bureau of Education ; and an Epis- 
copal mission in charge of an archdeacon, who is also able to min- 
ister to some af the physical needs af the people as a physician. 
There are a two-story frame house and several other frame build- 
ings at this place, but most of the natives who live here perrnmntly 
have d huts. Only one store is maintained in Point Hope, and 
apparently it carries only a small stock ctf goods and only the mere 
essential staples. No road house or stopping place for travelers is 
regularly operated, but the open-handed hospitality of the north 
always makm travelers welcome, and provides maans of feeding and 
sheltering them while in the village. This place is one d the oldest 
settlernab on the coast, and in the old w h a h g  days it was the 
rendezvous where many ships congregated. The old hurying ground 
surrounded by a palisade formed of hundreds of bones of whales 
is a unique feature of the village. d o n g  the coast within 6 cp: 8 
miles of Point Hope are a number of minor settlements that sprang 
up  principally during the days of great whaling activity and have 
been given distinctive names such as Covers, Jabbertown, and 
TacMeld. lhdz of these places are now practically deserted, with 
only a family or two living in them permanently. 

In general, the village af Point Hope is advantageously situated 
because it is near sealix, whaling, and fishing w d a  and opposite 
the mouth of the Kukpuk, the lwg& river in the Picinity, which 
affords an easy routs into the interior. The strong currents along 
the coast heremare undoubtedly one of the features that have made this 
place especially favorable for hunting the sea admqls, The 
ness of the spit makes it possible for the natives to launch their 
boats during almost any kind of weather by clragging their boats to 
whichever side of the spit is to the leeward, but even during mod- 
erately & weather there is usually = much surf that getting in 
or out in small lmats is likely to be sloppy. E& af Point Hope, 
in the hilly colintry back of the sand spit, a herd of reindeer are 

. grazed and give employment to a number of natives as herders and 
afford a source of income through the sale of meat and skins. In 
detail, however, the settlement is not so fortunately placed, for being 
on a low sand spit it is without protection from the violent winds 
and storms tha t  sweep the coast, and even an adequate water supply 
is difk~lt to obtain. It is built on the sand, so that even foot- 
paths between the differenthous~s and huts are hardly marked eas 
the ground, and wen marsh grows but a y  on the spit, 
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North of Point Hope there are no settlements of whites until Wain- 
wright is reached. There are. however, a number of shelters and 
md,l settlements at several points. Thus at Wevok, about 2 rmles 
east of Cape Lisbume, are a couple of houses and some old abandoned 
sod huts. This settlement is rmr the point where the wintar trall 
that strikes inland south of Cape Lisbume, in order to avoid the 
treacherous ice and the wild winds of the cape, comes out to the coast 
qam.  At 25 miles east of Werok is the Convin coal mine. where 
there is n house and where a watchman is in more or less continuous 
residence, An old settlement of small size is reported near the north 
end of' 'the small lagoon l0 m$es north aF Cape Beaufort, but no 
details are available regarding it, though it is understood that now 
no one lives there permanently. A number of native caches have 
bsn built on the sand spit at the second opening through the E& 
south of Point Lay, and a house stands on the mainland shore about 
10 miles south of the mouth of rhe Kukpowruk River. at a point 
c a e d  Naoliok, which is evidently a well-known landmark for 
travelers. 
. At Point Lay there are sevcral frame houses and many old huts, 

now in various stages of disrepair. Point fis* is marked by a curious 
knob, which. though it rises to a height of less than 20 feet, is a 
conspicuous landmark. The settlement is advantageously placed 
for travel along the mast, in the lagoon, or up thc streams that 
afford natural routcs into the interior. The old Settlement at this 
place seem to have been buiIt mainly on the higher ground, but 

present-day settlement is a short -t north or this knoll and 
appears to be more or Ias permanently the home of about a dozen 
natives. About 15 mil% north a€ Point Lay two framc houses have 
m t 1 . p  b m  built on the reef near the sitc of some old sod huts, a t  
a place that is locally known as Naparuacheak. 

Ncar the mouth of thc UtukoL there arc a great n h r  of aban- 
doned sod huts and igloos that mark the site of what was o m  a 
native village of considerabIe size, known as ToEageal;. Apparently, 
however, no one hw lived there recently, though signs of its use as a 
temporaq camp site for travelers were evident. 

The settlement at Icy Cape is situated on the low headland that 
forms IQ Cape. For several years a school was maintained by the 
Bureau of Education there, but as the school population consisted 
of 1- than a dozen chiIdsen and as avaiIabIe funds were needed 
more urgently elsewhere, the school has remained. closed for several 
vears. Besides the schoolhouse. there are one or two other good 
houses and a number of sod houses and igloos. About 40 natives 
live in the settlement at Ieast part of each year. A branch of one 
of the Wainwright stores is maintained at Tcy Cape. but it carries 



only a small stock.& goods. so that often before navigation opm 
in the spring its mck is exhausted. A herd of several thousand 
reindeer is pastured on the mainland a short distance froin the 
settlement; and a more or less permanent camp for the herders is 
maintained at AkeoPilr, near the head of the lagoon 3 or 4 miles 
south of Icy Cape. I 

About 50 miles northeast of Icy Cape is Wainwright, om cf the 
largest villages on the coast, consisting of a school, two stores, and 
a pore or more houses whlch range from well-constructed buildings 
of'dresad lumber to sod hovels, not to mention many tents. The 
wpite papulation usually consists of a storekeeper and the* school- - and his wife, but late in 1926 a white nurse - the hospital 
at Barrow was addd to this small group. Accorbng to the Bureau 
of Educrqbian the school registration is from 50 to 75, and there are 
probably 100 or more adult natives who live in the neighborhood. A 
herd of reindeer is pastured in the county back of the town. and 
another part of the Wainwright herd is pastured in the rolling 
country back of Kilimantavi, about 20 miles southwest of Wain- 
wright. Tending these deer, hunting inland, and fishing and hunt- 
ing in the waters and on the ice off the coast form the principal 
activities of the natives at Wainwright. Cod crops out on the Kuk 
Rivcr 20 to 35 milcs south of the town, and many of the nativcs mahe 
trips there during both the summer and the winter to get fuel for 
their own, use and for sale to the ksdwa 

About 3inilcs soutl~wcst oF Wainwright, mar thc cntrancc through 
tEae sand tipits to Wainwright b o o n  and the Kuk Rivcr, is a small 
s a t b n t  firsE by Dr. Rowld Amundsen ,when he was investi- 
gat~n- airplane navigation in his projcctcd attempt to fly over the = pole zn a hcavicr than air machine. This settlement, ~Yhlch was 
called Maudheim, was subsequently vacated by him and later taken 
over by one of the trading companies for a store. ais place has 
many natural advantages over the site of Wainwright, as the lagoon 
forms an advantageous shelter for small boats as compared with the 
exposed coast at Wainwright, and in addition it is nearer to the coal 
deposits and the route into the interior by way or the Kuk and on the 
whole has a less swampy site for buildings. 

Along the coast in both direetions from Wainwright are the sites 
of old settlements. lb the southwest the largest settlements appear 
to have been at Metlatavik and Kilimanta~i, though now at neither 
of these places are there permanent buildings that are occupied. At 
Kilimantavi, however, when that place was visited by the Geological 
S w e y  party in  l-926, before the sea ice had gone far offshore, a camp 
of reindeer herders wit11 their families had h established, and i t  
was evidently a much-used stopping place for travelers along the 
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coast. Northwest of Wainwright a number of huts that a t  the time 
of the Geologcal Survey visit in 1926 had no one living in  them, 
though apparently they were more or less constantly occupied, are  
s ihmtd  at the place called Atanik, near the point where the sand spit 
that forms the northwestern bounday ef Peard Bay joins the man- 
land. A vey  large old settlement that has long been abandoned 
except for temporary traveling parties was noted on the first island 
east of the slst inlet to Peard Bay, between Atanik and Franklin 
Point. According to natives, this place was called Pingrtshugnrrk, 
and apparently as many as several hundred people had lived 
h at one bme. 

About 9 miles south of the extreme northern p i n t  of Alaska is 
the settlement of Barrow. (See pl. 14, C.) This town is really 
divided into two more or less distinct parts, separated from & 
other by a lake about one-third of a mile in diameter. The south- 
castern part consists of the school, hospital, church, and related ao- 
tivities, and the other part comprises the trading post and many of 
the native houses. The cl~urch and hospital are maintained by the 
Presbjderian Church and are in charge of a minister who is also 
the doctor, with his wife and a hospital st& consisting of a hcad 
nurse and one on mere white assistants, togcther with such native 
helpers as arc required. This establishment, is a sourcc of cnormous- 
benefit to the dwellers in any or the territory within a radius or  
scvcral hundrcd miles. Thc United Statcs Bureau of Education 
maintains a school a t  Barrow, with a white man as school-teacher, 
who is usually assisted in hls duties by his wifc or other m c m k ~ .  
of his family. About 90 school childrcn are enrolled in thc school. 

The trading post has long been established and i s  in charge of a. 
white man, with onc or two whi tc assistants and such Eskimo helpers 
as are required from time to time. At present the post office is con- 
ducted the managcr of the store, who is also Un~ted States com- 
missioner and the general '' head man " for the mtire regon. Mail 
for Barrow is brought during the open season by boat from Noms 
whenever an opportunity offers, usually at most two or three times 
a summer. I n the winter mail is brought two or three times by dog 
teams that connect with the other mail routes at Kootaabue y d  thmce 
skirt the coast, passing through Kivalina, Point Hope, Wainwright, 
and the other villages already mentioned. For some time there was 
considerable agitation to have a wireless station established at Bar- 
row, and in 1928 a station of the Signal Corps was established at that 
place. 

The United States Weather Bureau maintains a fairly completely 
equipped station at Barrow a t  which many valuable records of the 

62743-3- 
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various climatic elements are collected, The observations at this 
station are usually made by the wife of the minister. 

No regular road house is operated atr Earsow. but travelers can 
usually be taken care of at the trading post, The cusbmrg  charge 
of a dollar for each meal or a bed is the same as is charged h more 
accessible parts of Alaska. All food, except meat, must be shipped 
into the region, and the cus tomq freight charge from Seattle to 4 

Barrow is about $50 a ton, to which must be added the cost of pack- 
ing the goods from the beach to the place where the supplies are to 
be used or stored. Practically all the water used for household pur- , - 
poses by the whites is obtained winter or summer by melting 'ice that 
has been cut during the fall and winter on the lakes back o f  the 
town, hauled i n  by dog team, and stored until needed. Many of the 
better houses are heated by coal stova, supplemented by kerosene 

Sr 

beaters. Most ofthe coal and all of the oil is brought in as freight 
from the States. Most of the buddings ate lighted by gasoline or 
kerosene lamps, but the hospital and adjacent buildings are lighted 
by electricity supplied from storage batteries that are charged by . 
a generator driven by a gasoIine engme. There are practically no 
roads or even clearly marked footpaths. A few of the principal 
buildings are connected by short p l d i  walks, but in the & the 
people tramp over the loose sand or marshy tundra and in going 
from one part of the to\m to the other must 1i7ade nearly half leg 
deep aorosa the little stream that forms the outlet from the lake. 

In addition to the 10 or I2 white people ~vho live at Barrow, there 
are several hundred Eskimos who live more or less permanently in 
or m the town, The main activities of the natives are hunting, 
both on the land and sea but they obtain occasional employment from 
the whites, and the current wages are about $5 a day, payable in 
tmda goods. Their houses range a11 the way from good frame 
h ~ u ~ e ~  to sod huts or tents. 

Just east of the extreme tip of Point Barsow is ~ u w u k ,  a small 
settlement wnsbtbg entirely of natives. population fluctuates 
considerably, depending on the hunting conditions, but usually it 
consists of I50 to 100 persons. At  the head of EIson Lagoon, about 
~nidway between Nuwuk and Barrow, is Pergniak, or Hunting Beach, 
where many families of natives congregate during the summer for 
hunting. "he sand reef at this point IS not more than a hundred 
yards wide, so that it provides as! easy portage by which advantage 
can be taken of the lagoon, whch usually opms earlier and affords 
smoother water than the ocean A short di- south of Pergniak 
is an old whaling station consisting of a group of half a dozen old 
lumber buildings belonging to Thomas Gibson, now moccupisd. 



BE'TTZEMEKTS A N D  POPULATIOY 1u'7 

Eastward of Point Barrow aImost everywhere along the coast are 
indications of former human occupation of the regon but most of 
these signs seem to have been made @ traveling or hunting parties. 
At the end of practically eve? sand spit is found the site of an old 
camp where travelers had apparen tl y waited for fa~~orable weather 
inlthich to continuethe~t journeys. The only place where any con- 

* siderable settlement has bsen reported is at Wigaluk, a native trading 
place on the CoIviIIeDelta. No specrk details regarding this place 
am availabIe from any of the recent travelers on the Arctic coast, 

+ and, although Schrader hunted for it in 1901, he did not find it but 
judged it was situated on the westernmost channel of the river. A 
little east of the mouth of the CoIviIIe and east of the area described 
in fAk report a white trader maintains a small post near Beechey 
Point. 

INLAND SETTLEMENTS 

The only permanatly occupied bland settlements within the 
mapped area are on the Koydul i  at AlIakaket and Bettles, on the 
Kobuk at Noorvik, Kiana. and Shungnak, and on the Noatak at 
Noatak village. "hey are all frontier villages; each consisting at 
most of only a dozen or two whites and a larger number of natives. 

Allakaket and the settlements above it on the Koyukuk are reached 
during the winter by trails that foIIow the river or by a mail trail 
about p6 mi les  long that stnkes across country from Tanana on the 
Yukon and reaches the river a few miles southwest of Allakaket. 
During the summer the only means of reaching the upper part d the 
Xoyddx now is by means of the river steamer belonging to one of 
the local traders. which makes about one trip a season, by boat under 
special charter, by the Iong, tedious route up the Koyukuk in a poling 
boat, or by the cross-country Chandalar trail. Formerly, however, 
when mining was active, the old trading companim wed to run river 
boats on a more or less regular schedute the entire length of the 

r ~~ as far as Bettles. 
'She main distinctive feature of the vilIage of Allakaket is the 

Episcopal mission. St, John's in the WiIdemess, whch for many 
years hw effectively labored in bringing the best of the white man's 

a knowledge to the natives. The head of the mission, with whonl 
there is generally associated a graduate nurse, also serves as observes 
for the Weather Bureau station that is maintained at the mission 
A store and a dozen or m e  well-made log cabins have been built 
near ths mission, and the village is one of the most attractive and 
orderly of all that have been visited. -of natives, both Indians 
and Eskimm, live near the village and hunt  in the territoq con- 
tiguous to it. 
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Bettles, situated on the Koyukuk just Mow the mouth of the 
John River and about $0 miles above Allakaket, used to be a good- 
sized town when boom mining flourished, as it was at the head of 
steamboat navigation and was the distributing point for supplies to 
a large part of the surrounding country. It was also the site of a 
large native village. GraduaIly it has diminished in size until now 
it is mainly a warehouse point with a store, a post office, a road house, 
and a few houses. Wiseman, about 60 miles above Bettles an the 
Middle Fork of the Koyukuk, is the nearest point at which a wireless. 
station is maintained. 3 

On the Moyuliuli during the early msh of miners into the region 
many boom tomms sprang up. Jirntouq. at the mouth of the Jim 
hver :  Soo City, a few miles farther downstream: Seaforth, midww 
betcveen the Jim River and Fish Creek: Union City. at the junctions 
of the South Fork and the Koyukuk: Peavq. 3 or 4 miles up the 
Koyukuk above that junction ; Bergman, near the mouth of Pickarts 
Creek; Beaver City, on the AIatna near the junction o f  that stream 
and Helpmejack Creek; and Rapid City, 10 miles farther upseeam, 
are all places that existed at one time but have been depopulated and 
are recognized now only by reference to old maps or by fast-dis- 
appearing evidenca of old camps. 

On the Kobuli the largest inland village is at ~ G r v i k ,  where tha 
Rursau of Education has established a school and hospital that were 
designed to be models, and where the California Socidy of Friends 
mainthins a rni&an, This village is near the head of the delta, 
about 60 miles from Kotzebue. During the summer it is reached: 
by small launches that sun at irregular times up the river, and 
during the winter the mail is brought to it once a month by dog 
teams. There is, however, always more or less travel to and from 
points on the b b u k  A doctor and nurses are attached to the hos- 
pital and ara of inestimable service. as they serve a territoq within 
a radius of many hundred miles, The superintendent a~ the schools 
of the northern district and a school teacher and his family are " 

usually the only other permanent white residents of the to~vn, but 
there are seven1 hundred natives. The school registration is by no  
means constant but probably ranges in the neighborhood of 100- 
Formerly a radio station was operated at this place. but it is un- 
derstood that this station has been discontinued since the Kotzebus 
station w m  o p e d .  The buildings at Noorvik have electric lights, 
and there are plank sidavalks and many other improvements not 
customary in remote settlements. A sawmill is also operated here. 

About 25 miles farther upstream, at the junction of the Squirrel 
River and the bbulr, rs Kiana. a small settlement comprising a Ter- 
ritorial school. the headquarters of the commissioner of the district. 



SETTLEMENTS AND POPULATIOH 109 

a store, and a few cabins. This town was originally a native camp, 
but with the discovery of gold in the hills to  the north a mushroom 
village d whites sprang up, which has gradually diminished as the 
rush subsided. 4 

The next village upstream at which white people are found on the 
Kobuk is Shungnak, whch is a short &stance above DaH Creek, or - about 10 miles abwe Fort Cosmos, Stoney's winter headquarters 
when he explored part of the region in 1885-86. When this place 
was visited by Smith in 191 0it contained a mission, a school, a store, 
and several native huts. It is understood, however, that since that - time the village has grown considerably in size, but even now- only a 
few white people live there permanently, though there are possibly a 
dozen prospectors who live on the creeks within a radius of 15 miles. 
At Shungnak several small gardens are successfully cultivated and 
furnish carrots, turnlps, potatoes, cabbages, and similar hardy quick- 
growing vegetables, which form a welcome addition to the local food 
SUPP~Y. 

At a number of places in the Kobuk Valley signs af old habitations 
that are now deserted were seen. The largest of these appears to 

- have been near the mouth of the Pah River, which aifoxds an easy - 
a- route southward into the Koyukuk Valley. StonaydP mentions a 

settlement, " Su1ookpo~wick,"near the mouth of the stream flowing 
into the Kobuk from Lake Selby. m7hch he says was the most eastern 
settlement on the Kobuk. A short distance .above Shungnak is 
Kalla, which is said to be the place where most of the natives o f  the 
central part of the Kobuk go for fishing during the season when the 
salmon are running. Plate 11,8, shows some of the natives catching 
s a h m  with nets near this place. 

s In  the valley of the Noatak there are no settlements in which any 
white people permanently reside. The largest village is the mission, 
which is about 45 miles in an air line upstream from the mouth of the 
Noatak and has a population of several hundred natives. The - Bureau of Education has a school there that is in charge of two very 

. competent natives: the school population is about 40. A reindeer 
herd is pastured near the village in charge of native herders. There 
are  two stores which carry small stocks of supplies; one is the so- 
called native store, which is operated in connection 'with the reindeer 
industry, and the other is a branch of one of the Kotzebue stores. 
Throughout the rest of the Noatak Valley signs of former settle- 
ments are rare. Stoney mentions the villages of Aniuk, probably 
near the mouth of the river of that name; Shotkoaluk, some 10 miles 
farther upstream ; and Nirniuk, near the stream that is s h o ~ m  on his 
map leading to Riley Pass. Neither of the last two village sites was 

f l  Ston~y, G. M., Nnvnl explodons in Alaska, pp. 46-51, 1900. 
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recogmzed by the Geological Survey parties, and their locatioi is 
uncertain. M h e g a n 4 a  did not mention any occupied villages in 
that part of the liverbelow the Aniuk which he surveyed. The only 
sites of old settle~nents mentioned by Smith were ope near the big 
bend 10 miles m d - ~  of the mouth of the Cutler hver.  one a short 
distance below the Kugurulrrk, and one 10 miles northwest ,of the 
gorge of the Nost& through the Igicbuk Hills.lP 

No detailed information is available regarding the village on the t 

Selauik kve r ,  though it is h o r n  that the Bureau of Education 
maintains a school there. This school is usually in charge of a white 
teacher and there is also a store in the village. The school popula- - 
tion is about 40. 
On the ColviUe within the area s m .  by any OF the recent Geo- 

logical Survey expeditions there are not only no settlements but also 
no signs d recent human habitation. In fact, even gigns of old habi- 
tations are rare. Near thc small canyon cB April Creek a short 
distance above thc winter headquarters of the expedition or 1924 
were a number of willow frames of huts that did not appear to have 
b a  occupied for a score of years, ant$ buricd in  the moss that had 
sprung up were shme discarded utensils which, frpn their workman- 
ship, had apparently been brought there from the coast. An old 
rusty v-indlw bucket nearly buried in the gravel of a small creek 
ncar camp M Junc 13 on the Killik River was probably left by the 
party or prospectors reported by Schrader as having b x m  in the 
region in 1908, Old chopping for firavood and more characteristi- 
cally o€dtvdlow stumps that had been sawcd d€ wcrc scen at a num- 
Z>er of places. and on many of the prominent knobs mrth of the 
B m h  Range are lookout stations that ,had k e n  uzd long ago by 
natives when hunting caribou. Signs of an old settlement consisting 
of 15 ta 20 igloos were noted on the Colville new camp C? June 19 v 

and also a group of rour or five igloos near camp G June 25, but all 
of these were in ru ins and had not been used for a long time. The 
point on the Colville from which the old route led from that stream .r 

to  (ha Ikpikpuk was not well marked but a parently waa near camp . 
S June 2 6 ,  On thc south side of the Colvi I' Ic at thls place were two 
old willotv frame hovels and numerous discarded utensils, among 
them tin cans and stovepipe that had not yet entirely mstd away. 
There were, however, no signs d a large old settlement such as How- 
ard described at the place where he waited for three or four days 
when he made his remarkable trip in 188686. Several other Villages 
farther up  tlze Colville and its tributary the Etivluk wel-e mentioned 

P MmLBaegan, 8, B., Explorntim of Noatnk River, UI d the cruise of the Bev* 
BIIW Marine steamer C W  in the krrtic Ocmn in the genr 1886, pp. 63-80, Wa#ltiD&oa. 
1m. 

* W t b ,  P. El., U. Qed Survey Bull. 636, p. 46, ml8. 



by Howard, but at most of these sihs even vestiges of these former 
hdbi ta t iu~~ had practically disappeared. For instance, at the 
junction of the Etivluk and the Colville, where Howard spent five 
days in the village of Etjvolipar, there were no signs of a former set- 
tle~nent that could be recognized from the Geological Survey boats. 

up the Etivluk, near the stream that enters it from the west 
.. near camp Q July 17, are some ruins that may mark the s i k  of 

Todoodc, noted by Howard as a vilIage of 10 huts With.about 70 
natives. Both Bhney and Howard mention the village of b h e y u k ,  

i which was situated near the head of the Etivluk and consisted of 
about 15 huts. The precise area in tvhich this village might have 
k a ~  located was probably not traversed by the GeoIogical Sun~ey 
-, but it is certain that there is there nowr no village that has 
recently been occupied and no natives living in that neighborhood. 

On the Awuna f i v e r  a short distance above its junction with the 
Colville some exceptionally we11 fashioned stone spearheads were 
found near an old native camp site, and on the summit of Birthday 
Pass, about a mile east uf the point where the Geological Survey's 
routc crossed, wcrc sods that had evidentIy been cut to bank around 
thc bobtorn of a small tent. 

In  the basin of the Ikpikpuk a few miles abwe the junction of the 
Kigalik Rvcr  and M ~ b c  Creck is an old ruined village that appears 
to mark the north end d the pottage from the Colville. This place 
must have been at one time the home of numerous natives, as is in- 
dicated by the ~vorn-out and discarded gear and the ruins of houses, 
many of which \yere dug dowr~ several feet below the terrace flat on 
which they were built. Large willow tripods, evidently used for 
hanging up me&: showed that this place had probably bcen last used 

* by hunters. but the mtten condition of the rope and canvas which 
together with willow withes had bxn used for fastening the legs of 
the tripods proved that they had not been used Tor many years. A 
fw miles farther dotvnstrcam, at the junction of the Kigalik Fhver - and Maybe Creek, there are indications of a formerly ven, populous 
settlement. This is undoubtedly the village noted by Howard in 

as Kigalik, which at the time of his visit consisted of 30 tents 
nnd SO natives. No huts remain, and the tract does not appear to 
have been used even by chance travelers for many years. 

Farther down the lkpikpuk signs of former small settlements be- 
come increasingly evident, but at a11 the places the huts were in ruins 
and had not been used for a long time. Midway between camps S 
August 12 and S August 13, a short distance above the junction of 
the large clear-water stream that comes in from the east, a traveling 
party of Eskimos were camped. These w m  the only people that 
were seen in the entire basin of the ColviIIe or Ilipikpuk during the 
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nearly six months the  logical Survey party of 1924 was in We 
xegion. 

No records are available of any settlements m the Mea& River, 
and none were seen by tim Geological Survey parties. Doubtless in 
the pa& there have been temporary -ps here and there along the 
river, but none d them seem to have been permanent or t o  have 
been occupied by many people. 

On the Kukroak two or three hhts were noted a few miles above 
1 

mnp P August 9, but they were deserted and appeared to have been 
used only rarely by hunting parties during the winter. 

Signs of former habitations were seen at a number of places along b 

the l lu l r  River snd its tributaries. None of these, however, were 
occupied at the time the Geological Survey parties were in the region, 
and m, natives were seen. The largest old settlements noted were at 
Anaktook and a n g i k ,  and people probably still live in these places 
during the winter. Farther up the Avalik signs of native amps  
were seen at several places, but above the northern fork they were 
mostly made by -21 bands of hunters. 

The same p e d  conditions prevailed in the valleys d all the other 
rivers O/oowinghkdhe Arctic Ocean. On none d them were there my 
occupied settlements, and on few of them were there s@ns of camps 
that had hen  ad for my length of time recently. Sod huts and 
igloos that had rather recently afforded shelter for hunting parties 
or trappers during the winter were seen on the Kokolik W e e n  camp 
P June 15and camp P June 16,011 the Kukpuk between camp P Aprll 
25 and camp P April 26, and an the Kivalina at several places both 
above and below camp P ApriI 10. On the KuIi~owruk all the wmy 
from the coast b the Amatusuk mils deserted igloos were more 
numerous than on any of the other streams. Many d these were io 
ruins, but several ofthem had apparently k r t  used by natives within P 

a year. 
DEBCRIPTIVE GEOLOGY 

QENERAZ F E $ l ~ ~  

Rocks representing a number of different formations that  range 
in age from early Paleozoic if not pre-Cambrian to Recent are found 
in cldferent parts of the region. The interpretation of the facts 
that they disclose permits the geologist t o  determine the long series 
d events that have happened in the region and thus reconstruct in 
greater or less detail its history. This history includes longperiods 
during which beds of sand, mud, and other sedimentary materials 
were laid down in the sea and on land, molten igneous was 
intruded deep underground and flowed out on the surface, many 
of these materials were consolidated into hard rocks, these rwks 
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were subjected to enormous earth stresses and strains whereby they 
have km folded into mountains, broken, bent, and dislocated, and 
all the time they have been undergoing erosion and weathering - 
by the same agencies as are now modeling the surface features, to- 
gether with other agencies that were more active in the p& than 
nm. Much of this historg is still. only obscurely determined, for 
mch subsequent event tends to obliterate the recod d the earlier 

so that many of the older events are now dehrmi~zaMe, if at 
all, only by more i n h s i - d  extensive d m b  than the Geological 
Survey has k e n  able to give to them En the investigations that form 
the basis of this report. The story that has been thus revealed is 
of interest not only beause i t  is fascinating in itself but also because 
it is of service in uulockixlg the secret of the mcurrmce'of Rome of 
the mineral resources of the region, as deposits of Cerrain types have 
been found to occur in rocks of certain composition and age or under 
certain geologic conditions. It is proposed in the fallowing pages 
to in some detail the distribution, lithology, structure, age, 
and correlation of the different formations that have ken distin- 
guished in the region and to summarize the geologic h&ny in&- 
cat4 by these f omt;i!oons. 
In order that the general subdivisions that will be used in thwc 

descriptions may be readily followed, the accompanying correlation 
table (p1. 15) k intrduced ib afford a more at less graphic repre- 
wmW.hn of tha successive formations and their relationship to one 
another. This table also shows the interpretation d the relation 
of the rc&s and events in northwestem Alaka to these in near-by 
regions, notably the upper Yukm Valley, the Chandalar-Koyukuk 
region, and the Canning River region. The size d the individual 
b lock  in this table is not intended to indicate proportiond length 
of time or thickness of the different formations. and therefore the 
table should not be mad as if it were drawn to any scale. For in- 
shnce, the time reprwentsd by the Tertiary and Quaternary is prob- 
ably only a m a l l  percentage of the time represented by the pre- 
Cambrian, and doubtless something like the same discrepancy exists 
titween the thichmses of deposits laid down in the two intervals 
cf geologic time. 

Another feature of this table that may need explanation is the 
d8erencs that is intencled to be shown by the use of the wavy 1in.r 
separating successive units. The wavy line is intended to indicate 
that the two units are separated by a stratigraphic break, either 
an angular unconformity or a gap in which certain beds represented 
elsewhere are nbssnt, Where the wavy line cuts diagondly across 
one or mure blocks it indicates that the unit above the wavy line 

+. rests directly upon the unit below the wavy line. Where, however. 



erated by shearing and recrystallization, and in its place rock cleavage. 
has been substituted. Moreover, observations at several localities along 
the south side d this belt show the presence of secondaxy structure 
of two kinds, Icb different age, so that it is difficult to correlak the 
latest m k  structure with the original bedding by a sbdy af the 
drag folds or by similar rnetllds. Faulting has also contributed lo 
the complexity of the regional structure. FinaIly, only a portion of a 
this group of rocks is exposed, the southern Iimit being conceal& by 
overlapping Mmozoic rocks, so that stratigraphic &ductions are at 

be t only f iape$al .  3 
!t 1s appar nt t at for these reasons recognition of the present atti- 

tude of the original bedding planes, measurement of formational ' 
thickness, and a satisfactory interpretation of the stratigraphic rela- 
t ims between ths group of mcks and contiguous formations are 
not at present feasible. Nevertheless, ~ ~ c i e n t  structural data have 
ken acquired for some tentative conclusions, which will serve at 
least as a hasis for more detailed studies. 

Certain descriptive details of structure are worth recording, even 
if they contribute but little to a final understanding of regional 
structure. For example, Smithpa in discussing the structure of the 
more altered rocks in the Noatak-Kobuk region, states that the 
prominent visible structure is cleavage, and that in many places not 
only one but several structural features due to the deformation 
occur. He further states that it is not uncommon to see earlier 
cleavage planes folded and sheared by later deformation. Plate 
14, A, B, shows outcrops m the Alatna River and nwthwest of 
Shungnak in the Kobuk Valley that illustrate characteristic fea- 
tures d these schists. Smith in the Noatak-Kobuk regien, Schrader 
on John River, and Mertie in the Chandalar district have all recog- 
nized that the latest deformation which has affected these schists * 

has resulted in the formation of a system of folds, ar id  planes 
trend about east. This determination is based in part on the strike 
of folded cleavage planes in the older schists and in part upon the a 

regional trend of the contact line between the older rocks and the 
Silurian limestone that adjoins them to the north. Faulting, on both 
a small and a large scale, has been generally recagnized, and little 
doubt can exist that this faulting occurred ia severaI stages, which 
were perhaps more or less concomitant with the w ~ a r a l  ~ r i o d s  of . 
defmation already noted On looking at the structural trends of 
these schists over northern Alaska as a whole, however, two other 
structural phenomena appear which do not seem to harmonize with 
a generalized east-west famatianal trend. These phenomena are, 

u l m l t b ,  P. S.,The lloatak-tobuk region. Alaska: IT. 8. -1. Surrray Bull. 536, p 59, 
1413. - 
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&,to the east of the region here discussed, a t  about longitude 14E0, 
the metamorphic rocks to trend southeasbwwerd, whereas to 
the west, a t  about longitude 160°, a pronounced veer to the southwest- 
ward hkes place; second, unsy stematic local discordances occur in the 
trend lines, which are particularly indicated by marked sinuosity 
o f  the schist-limestone contact at numerous places. 

*+ The &st of these phenomena, which deals with the crescentic trend 
of the Brooks Rangee4 and its correlation with a similar crescentic 
hd in the Alaska Range, is a topic that may more profitably be 
discwed in connection with the general geologic structure of this 
region. The second d these phenoinena, the marked local irregulari- 
ties in the trend lines, could, in general, be interpreted as the result of 
one or more of several geologic processes. Differential erosion, origi- 
nal sinuosity of contact lines due to unconformable overlap or ia 

younger upon an older formation, systems of transverse faulting, tho 
intrusion of igneous rocks, and composite folding with discordant 
axial trends are some of the causes that might be partial or complete 
explanations of the phenomena. Without minimizing the possible 
effect of the fmt four of t h ~ e  causes, i t  is desired to stress the prob- 
able effect of the fifth, 'because all who have seen these older schists 
are agreed that one prior cleavagel~as ken deformed in the produc- 
lien or the present east-west rock structure. 1 n Seward Peninsula, 
to the southwest, Smihh 68 has definitely shown the existence of a t  
least two sets of clewages i n  the Solomon schist, resulting in part 
froin two systemsof folding in which the axial planes of the folds 
were d y  normal to one another. It is believed that the same ex- 
planation may k given of the two sets of cleavages in the older 
&sts of this rcgon. The older diastrophism is belicved to have 

G produced a set of folds whose axial planes and cleavage trended 
nearly north, and this structure was subsequently modified by a later 
diastrophism which deformcd the preexisting cleavage and produced 
a new set of folds whose axial planes and cleavage now trend, in the 
longitude af the Alatna and John Rivers, about east. 

The younger of the early Paleozoic or older rocks and the Silurian 
limes tone th at adjoins them do not appear t o poswss the dual cleavage 
of the older schsts, but certain data suggest that they may have been 
affected m some degree by an earlier folding along north-south axes. 
I f  a series of nonpitching folds whose axial planes strike in a north- 
d y  direction are subsequently refolded into a new series whose axial 
planes strike in an easterly direction, the net result of the deforma- 

w Smith. P. S., Northwestern Alnskn: Geog. Rev., vol. 16, pp. 23S239, Am Qeog. Soc., 
152s. 

-8mltb, P. S, Oeolom mnd m i n d  reswrrps of the Solaron mnd C ~ d e p n p a  quad- 
nn gl es, &wnrd Peninsuln, Alnsh: U. 8. GeoL Survey M I .  433, ~ p .  112-114,1910, 
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tion d l  be such that on northward-dipping planes, of the law 
b t n r c h m  the a of beds in an original anticline will dose toward 
the north, and i n  an origind syncline toward the south. Q1 tb 
southward-!lipping slopes of the later structure the reverse will LE 
true, the original anticlines closing southward rtnd the original syn- 
clines northward. If the folds of the second +od of diastrophism 
were appressed and overtusmd from the north, resulting in s uni- - 
t-ursal northerly dip, the traces of original anticlines would bulge 
southward, and the synclineg northward, irrespective of what Limb 
of the later folding is considered. Under the relativeIy simple con- I 
ditions postdabd, the contact line b e e n  two cdormabIe forma- 
tions would approximate that d a sine curve. Actually, however, 
folds are not infinib in extent but pitch, m a y  of them abruptly, but 
all surely, v,even if slightly. The compmite effect of two sets of such 
pitching folds whose axes are nearly at right angles to one another, 
even if the folds are unaffected by faulting, will b= such h t  the 
relatively simplesinusoida1 trace of a kd will be extensively modi5ed 
into aome intricate pattern h o s e  shape could not be predicted with- 
out fairly &Wed knowledge of t l ~ e  character of the two composite 
foldings. In  general, however. the trwa of a M within an old 
antidine will still project northward, unless the sum of the o r i g i d  
anticlinal pitch and the dip of the later structure oxceedr W O ,  whieh 
is pwhbIy d d m  b. 

The contact between the undifferentiated &ts and the Skajit 
l h e s h n s  shows, at certain places in northern MBsks, marked ir- 
regularities in  outline, which appear not to be explicable simply as 
a result of the a u e n c e  d topographic relief. To account for such 
irregularities, in a report on the G h d a l a r  district, aug- 
gated as a possible explanation the hypothesis outlined above. Lt 
should be mtd, however, that this explanation was based upon the 

* 

belief, s u p p M  apparently by fossil evidence, that the limmtons 
srPlisll: c o n t a t  in the Chandalar district is pararlel to the original 
bedcLng of both schist and limestone-that is, that this mhct line *L 

re-h mthws deposition of changing 1 ithologic chamter, OT 
perl~aps a depositional hiatus without any structural unconformify. 

Within the ansa covered by this report, however, Schraderw has 
inferred that the schists, which he called the " Totsen seria," lie un- 
conformably above the Skajit limestone. S m i t v  on the other hand, 
states that on the Alatna River the dn&s underlie u n c o n f ~ ~ ~ a b l y  

"iMwtie, 3. B., Ir., Geolup and gold place= of the Chandalar &&id. Alaska: U, & 
Qeol. S~rrvey Bull. 773, pp. 248-249. 1925. 

&hmder, F. 6, A rewnna~reanct in northern Alaska : U. S. QeoL flwqr Prof. Paper 
20, p (19, 1904. * %nth, P. S., + T h  NoatakKabuk reglon, Alaska f D. 8. Oeol. Survey Bull. 636, p 60, 
19U. 
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th Biluria (Skajit) lksta~. With conflicting data, therefore, 
in adjoining fields, a reasonable doubt is thrown upon the theory of 
-posits folding. in so fa r  as it affects the younger d i s h  of the 
m l y  Paleozoic or older group and the adjoining Silurian limestone. 
Little doubt can exist, llowever, that among the various deforma- 
tional process= to which the oldest schists of the early Pal~ozoic or 

. older group have bxn subjected, diastrophism during hvo periods 
has, at least at certain localities, induced flw cleavage or schlstosity ; 
and that the earlier of these cleavages was deformed in tha produc- 
lim of the later one. Jf the Skaj it limestone lies conformably pr even 
unconformably above the youngest schist, then the schist and the 
limestone have also probably participated in the earlier north-south 
folding, even though they do not show the older cleavage. I f  the 
S kai it limestone lies unconformably above the youngest schist, then 
the earlier north-south folding is probably, though not necessarily, 
confined to the undifferentiated schists. 

As might be expected, the attitude of the clcavage planes in the 
morc southerly and presumably more deformcd schists is erratic to a 
high degree. Scbraderm noted this feature in the lower and more 
highly metamorphosed part of the schist series in the Chandalar 
district which hc called the '' Rapids schist" in the frequent reversal 
of the dip of cleavage planes; and this feature is also illustrated 
by the diversity of strike and dip of rock structure in the same area, 
as plotted by MerticBD on the latest geologic map of thc Chandalar 
district. Closer to the limestone, however. both in the Alatna and 
Noatak Valleys and to the east, the cleavage planes in the schist 
become somewhat more uniform, approximating parallclisin with the 
m. I n the valley of the Unakserak River, within the schistose 

w rocks that lie geographically between the S kajit (Silurian) lime- 
s h e  and thc h o w  Devonian rocks farther north, the cleavage 
planes dip for the m ~ &  part northward at an average angle betcvm 
20" and 80° ;and whcrc bedding planes ore preserved, they appear to 
be m l y  parallel and in places coincident with the clewage. Fossils 
collectd from these sheared rocks in the Unakserak Valley were 
found to be distributed along a cleavage plane, sho~ving definitely in 
this locality the real coincidence of bedding with cleavage. The 
comnon structure in these rocks is therefore that of appressed folds, 
overturned to the south by force applied from the north, with the 
development of a rough parallelism of bedding with cleavage:. It 
is believd that the observed divergence of cleavage planes from this 

- S c h W ,  F. C., P-Pliminary report on a reconnainsmre along the Cl~mdmlar a d  
Emkuk EUPem, Blsaka : U. S. Geol. Survey Twentg-ilmt Ann. Bqt. .  pt. 2, p. 4 7 4  1m. 

.DMertIe, J.  R., jl:, Geolow and gold plucem of the L%mdalur Utr ic t ,  dlasgsf ti. & 
-1. Survq. BulL 778, pl. 6, 18!& 
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structural uniformity in the schistose racks south of the Silurian 
limestone is probably due to the greater degree in which these m k s  
have been affecbd by diastrophism during one or more periods, 
wherein the deforming forces were applied from a different 
geographic direction, diverging approximately 90" from earlier 
structure. 

Faults of the thrust type are common in the schist, For the most *- 
part the faults are probably parallel with the cleavage, md the corn- 
monly observed slickensiding along cleavage planes indicates that 
much d the has k e n  taken up by numerous small parallel 4 
thrust faults, a distmbutive type OF thrust faulting being thus pro- 
d u d  I n  addition, l~owever, thrust i'aults of great magnitude have 
probably also occurred. Such larger thrust faults are suggested in 
the distribution of the Silurian rocks, as  shown later. In  addition 
t o  the thrust faults, normal faults at right angles to the cleavage 
and thrust-fault planes have also been observed particularly in the 
western part of this area, but little is known. of the magnitude of 
these later movements. It is interesting to mb, in this connection, 
that in the Porcupine Valley, some 250 nd= to the eazk of the region 
here considered and in the locality of the southeasterly bend of the 
regional structure previously alluded to, Kindle Oi found many faults 
of the normal type, striking about north. Kindle has also stated that 
this faulting appears to have ken later than the regional folding. 
When these facts are cansidered in relation to the fact that north- 
south faults are more prevalent in the western part of the region 
here discussed, in the locality of a southwesterly bend of the regional 
structure, the explanation is suggested that the southward bend of 
the regional east-west structure of northern Alaska, at the east and 
west sides uf Alaska, may have a causative relation to this north- 4 
south normal faulting. Doubtless other systems d faulting and 
more data on their paragenesis will be disclosed when additional 
work is done in northern Alaska. Traces of all the later systems of  
folding and faulting will probably k recognized in these meta- 
morphic rocks, for because of their age they must have partaken in 
greater or less degree d all the diverse types d later diastrophic 
movement. 

With such complex structure plainly visible, and the southern limit 
of the early Paleozoic or older NJ&~ unknown, any estimate of their 
thickness would be so indefinite r hat a t present it is hardly worth 
making. A11 that may be said is that the thickness of these rocks, 
as exposed south of the Skajit limestone in the Alatna Valley, must 
be at least as great as that d the Skajit, which has been estimated at 

mm~rn&r E, M.. Q ~ ~ o ~ c  ~ I ~ W B O B  d the Pamphe Vallg: Alaska: W. 1304. 
Amerlca Bull, vol. 19, pp. 818320, 1908, 



&000 feet; but the total thickness to the actual southern limit of these 
rocks l w d d  probably be found to be several times as great. 

No fossilshave yet been found in the rocksofthis -here classed 
early Paleozoi~ or older, but to the east some -1y pr-rmd fos- 

sils PEB= found by Mertiewin a thin bed of cqstalline limestone h r -  
bedded with the mekamorphic mcks south of the'Sl-adan (&a@) 
limestone. These fossils have been referred by Edwin Kirk to the 

$ Silurian. The upper or younger part of the undifferentiated meta- - - 

morphia rocks inthe chidalar  district is therefore believed to be of 
Silurian age; and as the Skajit limestone atso is of Silurian age and 
the lithologic change from schist to limestone in that district appears 
to be transitional, no structural uneonformity is believed to e s ~ s t  be- 
tween this Silurian schist and the Skalit limestone, although the pm- 
sibility of a depositional hiatus is recopzed. In the valleys of the 
Alatna and John Rivers the schist does not appear to grade upward 
lithologcdly into the Skajit limestone, and there seem to be a struc- 
tural d~scordance in the attitude of the tu-e formations. Both these 
phenomena, however. may be the result of faulting, especially as it is 

. well recogrvzed that the regional metamorphism becoma propres- 
sivalg stronger from east to west. Yet inasmuch rn fossils have not 
h found in the schist. and as its precise stratigraphic relation to the 
overlying Silurian limestone is undetermined, it seems best to regard 
the schist as dominantly of pre-SiIurian age, with the reservation 
that the upper part may be in part Silurian. It is not believed that 
m y  pre-Cambrian rocks are exposed in the area considered in thrs 
report, but this is only an opinion and should be regarded as such. 

9 Pre-Cambrian rcdcs probably do occur, however, farther south. 
The early Paleozoic or older rocks here described include part of the . 

so-called " Totsen series,'. a group of metamorphc rocks adjoining 

r 
the Skaj it Jimestone on the south in the valley d the John River, and 
part of the early Paleozoic rocks underly~ng the Skajit limestone in 
the Chanddar district. The Iatter were divided originally by 
Schrader into two formations, an oIder called " Rapids schist f l  

and a younger called " Lake quartzite schist," but both these names, 
aa \Yell as the name" Lotsen series," are not used in this repost, because 
none of the three can be defined either lithologicdly, structurally, or 
paleontologically, Stifl farther east. in the valley of the Porcupine 
River, occurs thin-bedded quartzite, with some intercalated beds of 

aMerUe. I. B., P., h 1 o g y  m d  gotd phcers of the Chnddrir district, Alaska : U. 8. 
&d. Survey Bull. 773, p. 228. 1925. 

- f % h W ,  F. C, Preliminan- report on a mxmnnisssnre along the Chrln* m d  
komkuk Blvera, A I S I S ~  : U. S. Gwl. S-rv Twpn~--fim ANL Bppt., po. 2, pp 4 7 ~ ~ 5 ,  
IsoO. 



dmb, 3imacton., m d  do*.ta, of pre-Odo~icim age. together. nith 
shale, -,ad ddom~ta of Ordovician and &lurbn Tb.ese 
relatively unmetamorphased sacks are doubtIess the stratigraphr c 
equivalent of certain of the pre-Silurian rocks of the John, aa tna ,  
smd Noat& WJqp. The undifferentiated metamorphic rocks may 
also& carrslated in a general wag with the Nome group in Seward 
P&la. South of the Yukon River ths probable equivalent of . 
certain of thea ro&s is known as the TaMina group, which includes 
strata of Lower Ordovician, Cambrian, and probahlj pre-Cambrian 
age. i 

Skaj it formation is the designation applied originally by 
Schrader6* to a great band of limestone and mica schist, which c r o p  
out in  the southemi part of the valley d the John Ri~er .  In the 
present report the cartographic unit is essentially limestone, with a 
minm propufiion of intrafomational schistose beds. I n  order to 
emphasize the dominantly calcareous nature of the formation thus 
mapped, and at the s m e  time exclude therefrom any schist other 
than the inkafmational schistose beds above mentioned, it has 
seemed desirable to create a new7 cartographic unit, to t>e known as the 
Skajit .lim&ns. In reaIity some extraformational schistose rocks 
zna~ !&+so Ix p ~ ~ l ~ e n t  in the area here mapped as S kajit limestone, but 
ang mcb M d m s  are to be ascribed to inacm~acies of mapping and 
not to design As here d ~ f i n d  the Skajit limestone occupies a belt 
atleast15~~lers~l i ideinthelo~verval leydtheJohnRiverandrep-  4 

. wmts one ,o? the most prominent horizon markets in northern 
M. Frum the Johnkver  it continues eastward into the Chanda- 
!~UT River d westward along the divide between tha KobuZi and 
N d  Rivers !for many miles. It is bbeevd to mstikute the bed- 
mck funning the Igichult HiUs,cIose to Rotzehe Bound, i n  the lower 
NadaIc Valley. The known &Wt a€ this formation, therefore, 
.ercrwe rpo&em Alaska is about 600 miles from the Porcupine River 
to &e Arct~c O m n .  

Like the o t h r  early Paleozoic or older &s, fhe Skajit limestone 
has been swcted to various earth movements, resulting in  disloca- 
tions which have broken away parts of the formation and place8 
them as isolated outcrops among dien rocks. Some smaller bands 
of limestone in the mpm, which resemble the Skaj it limestone but 

u%lehrAder, F. C., Geol. Bloc .herim Bull., vol. 73, pp. 28S-248, .1902; U. a. a d .  
;kvvey h P r  Pa~apr 24 pp. 5668, 1904. 
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mm sparated from it, may be the result of such faulting. A proba- 
e d g  however, that such smaller bands may in part represent 

M e ~ e n t  and perhaps later horizons in the Silurian system, and on 
Plate 2 they have km mapped separately. 

The Skajit limestone varies considerably in  lithologc characters. 
both across and, along the strike, and also shows diffemcw due to 
Qfferences in the degree of metamorphism to which <t has been * ' subjected in various distncts. I n  the valley of the John River the 
Skaj it formation was described originally by Schrader as a 

heavy bedded limestone and mica schist. Wenthered surfaces parallel with 
the bedding and planes of  movement and crushing prewnt n silvery sheen, 
due to the presence of mica, while some layers grade wholly into a mica schist. 
0 7  a fnsb fractare surface the limestone is found to be lighly crystslline, 
generall? flne or madiun grained, and of impure white or bluish-gray color, 
the latter apparently denoting the more dolomitic phases d the KO&. It 
weathers to a dirty gray or light brown, sometimes tinged with red. 

The massive limestone in the valley of the Alatna River was sub- 
sequently correlated by Smith with the Skaj it formation and de- 
scribed by him as in part dark in color, with bluish-white bands, 
in part grayish and somewhat silicified and in part brownish and 
weathering to a sugary sand. Mica has k e n  recognized as a com- 
mon mineral constituent of the limestone by all who have seen it, 
and in places it.is better described as a calcareous schist. Smith 
date that the limestone has locally k e n  cut by greenstone, and 
that tremolite and other contact-metamorphic minerals have in places 
besn formed. Dolomitic beds are stated to be absent rn very scarce, 
The limestone of the Igichuk Hills is essentially like that of the 
Alatna Valley, except that it is, if anythbg, even more altered and 
d b b s e  and has been observed locally to carry sparsely dissemi- 
nated d p h i d e a ,  which by weathering gve  te the surface a honey- 

r combed appearance. 
To the east, in the Chandalar district, the Skaj it has hm described 

by Mrtie:T who called it Silurian limestone, as a crystalline a d  
semicrystalline limestone, probably dolomitic at many localities. 
Ha te  16, B, sho~vs the massive limestone as it appears in the valley of 
the Middle Fork of the Chandalar River, but it is equally representa- 
t ~ v e  of the limestone in the Alatna Valley and in the hills to the 
west. The usual color. both from a distance and close at hand, is 

SFhriuler, F. C.. A reconualwance in northern A h h  : U, S QeoI. Suwey ProK Pa per 
rn# bp, p., Em. * mith ,  P. S., The Naamk-muk region, A l m b :  U. S. t3eoL 8- MI. 636, p~ 
mas,  19U. 

\lettie, J. B., jr., Q m l m  and gold plncers of the Q-mdahr di&h.lct, &sLn : U. lS. 
Oed. Survey Bull. 773, p. 223, EX%. 



white or li&t g r q ,  though this grades mb darker colors. In scme 
plaka much red and brown iron staining cc#rrs. At one local- 
ity, an the upper part of the North Fork of the Chandalar fiver, 
where fossils were collected in l9B, the limestone on a fresh fracture 
is almost black and had a strong odor of decomposed organic matter, 
but this condition is exceptional. The limestme for the most part is 
nimive  and jointed, but in plrvces, particularly near the cow w 
titct with the older schist, it is sheared to the condition of a calcareous 
schist. The rcck is also much fractured in places and veined with 
calcite and l a s  commonly 1~7th quartz. On the southern border of a 

the limestone of the Chandalar Valley a band d sheared greenstone 
ndjoins the limestone, and sinaller lenses of this same material are 
found within the main body of the limestone, indicating a constant 
associatmn of & of these tm70 types. I t is believed, In fact, that - of these greenstone lenses represent altered basic lava flows, 
although i t  is possible that they may have been of intrusive origin. 

St$&rtlzer d buE magnesian limestones crop out in the lower 
ramparts of the Porcupine River Valley. Associated with these are 
some thin beds of shale and quartzite. It is possible that these dolo- 
mites are not exactly equivalent with the Skajit limestone, for the 
formation is thinner, the rocks are essentially dolomitic, and the 
fossils indicate a somewhat lower horizon in the Silurian. 

lTBWTVEE AND W-80 

The structure of the Skajit limestone in the Alatna Valley is 
much the same as that of the underlying metamorphic rocks, with 
the exception that cleavage is only imperfectly developed. The mas- 
s&&& 4- either ac td  as a competent buttress against the hrr- 
gw&l.khm&hg movements, whose effects are so pronounced in the 
ad johing .. rocks, . both above and below the Skajit, or, more probably, 
such movement6 have been taken up in granulation and recr)lstall~za- 
t ~ o n  of the IFestone itself. To the east, however, the available mi- 
dence indicatw that regional metamorphsm has been less intense, 1 

and original bedding planes are commonly well preserved. 
Where original M&ng planes of the limestone have been dis- 

torted, and a welldeveleped cleavage has been produced in the less 
competent adjacent rocks, the available observations on the attitude 
of isolated bedding planes have little general significance, not alone 
because the coinplm structure deprives them of meaning but also 
because the scarcity of such observations renders it impossible to 
correlate them. The regional trend and the attitude of the cleavage 
and drag folds are therefore of much more importance in deciphering 
the formational structure in this area. The Skajit limestone, because 
of i& lithologc character, is easy to trace across the country, and its 
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regional trend is thus definitely established as about east. The 
relation of the Skajit to the overlying or underlying rocks is not 
yet definitely proved, but if either the upper or lower contacts of 
this formation indicate continuous sedimentation, or even interrupted 
sedimentation without any structural discordance in the adjacent 
formations, then detailed studies along such a contact will yield 
more information regarding regiona1,structure than many sections 
across the limestone. 

I n  the Alatna Valley the cleavage of the Skaj it limestone strikes 
easf about parallel with the regional tmnd of the formation, but 

d dips prevailingly north. Younger rocks adjoin it to the north, which, 
if considered without relation to other structural data, might point 
to a normal mwncclinal sequence of northward-dipping mb. But 
the dominant structural feature of the rocks immediately overlying 
the Skajit h e s t o n e  is flow cleavage or schistosity, and the general 
dip of this cleavage is comparatively low, about 20°-30" N. Mm. 
over, the north-south distance across the strike of the Skajit lime- 
stone in the Alaha Valley is about 20 miles. Observations in areas 
of less metamorphosed rocks indicate a thickness of about 6,000 feet 
for this formation, so that it is apparent that in the Alatna Valley 
a great mount  d duplication ol' beds has occurred through close 
folding or faulting. The structure d the Skajit limestone and of the 
mks immediately overIying and underlying it  in the AIatna VaIley 
is therefore interpreted as an appressed monoclinal sequence, con- 
s ist ing of close and in places nearly recum bent folds, so that cleavage 
and bedding are for the most part nearly parallel. It may also be 
that this monoclinal sequence represents the north limb of an over- 
turned anticline af major magnitude, the south limb of which is con- 

s cealed by overlying Mesozoic rocks. 7hk structure is shown graphi- 
cally in the cross section across the Paleozoic m k s ,  Figure 8. 
It is apparent, of course, that the thrust producing such an appressed 
structure must have come fiom the north. 

t I n  the valley of the John River, as recorded by Schrader;@ the 
Skajit formation trends nearly east, parallel in  general with the 
trend of Brooks Range, The north-south distance across the f m a -  
tion at this point, however, is 25 per cent less than in the Alatns 
Valley. Bedding rather than cleavage, according to Schrader, i s  
the dominant structural feature in the limestone of the Skajit forma- 
tim on the John River, cleavage having h e n  seen only at a few 
Imlities A well-developed system of jointing striking northeast 
is prevalent. The joint planes are nearly vertical, with a steep north- 
westerly dip, and divide the rocks into sheets ranging in thickness 

BrhmW?, F. C, A rsconmimnd~ In northern Al ask:  U. S. Geal. Survey Pror. Paper 
20, pp. 66-51, 1904. 
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from 1 to IOfeet. A minor system of jointing striking nearly north- 
west dso occurs. Schrader interprets the Skajit formation in the 
John River Valley as structurally a broad anticlinorium, whose oen- 
tral part is a broed, shallow syncline. Later information, however, 
which has been acquired both east and west of that area, warrants 
a reviaion d his structural interpretefions and indicates that the 
structure of this limestone on the John River can not well be much .c 

l e s  intricate than that which has h observed m the rocks of the 
Alatna Valley. A second difference in structural interpretation is 
that the Skajit formation of the John River lk stratigraphically + 
above the schists (" Totsen series ") ,which adjoin i t  on the south. It 
therefore appears logical to interpret the Skajit formation of the 
John River as  representing one limb of an appressed monocline 
rather than closed structure. In the John River Valley, as in the 
Alatna Valley, the great distmce across the outcrop is interpreted 
as due to  repetition d beds by close folding, though the folding on 
the John Rivbr may indeed IE of a 1- appressed type than that 
observed an the Alatna and Onakserak Rivers. It is believed, how- 
ever, that a t  both IocaEities the folds are overturned, and the avail- 
able evidence suggests that the tangential deforming thrust came 
from the north. 

Faults, particularly of the distributed thrust type, more or less 
parallel with the cleavage, are highly develged in the limestone and 
associated racks directly overlying the Skajit limestone in the Wn- 
akserak Valley, and slickensiding, brecciation, and subsequent re- 
crystallization along the cleavage cracks are some of the commonly 
seen evidences of the fracturing and faulting that have taken place. 
The faulting of the Skajit limestone appears to have resulted * 
dorninan tlg in minor faults and dislocations resembling joints, but 
traces of more intense deformation are probably also present, though 
doubtless obacursd in large measure by recrystallization, In  general, 
it may be said that the .older or thm~t faulting place for the 

part a t  considerable depth, as indicated by the flow cleavage 
that usually accompanies the faults of this type, and that the later 
faulting occurred mainIy in the zone of fracture, when erosion had 
moved  some of the superincumbent load from the limestone. 

The structural relation of the Skajit limestone to the formations 
that Tie to the south and north of it is doubtful, because of conflicting 
data and interpretations in adjoining districts along the strike. The 
doubtful &ructElral relation eltidting between the limestone and t;he 
s d u t  to the south of it has already been mentioned in the discussion 
of the undifferentiated metamorphic rocks. %hradw~* in the John 

m Isebradwr, F. t A m m a a l e a ~ q  in nortbem h k a  : II. 8, %I. Surwy Prof. Paper 
PO, p. 67, 19W. 



X*BF Vallw and Smith:" in the klatna Valley, haye postulated an 
i2ncoa5omity bcnvecn the ro&sto the south and the Skajit -; 
but Yertiep in thc  Clrandalar Valley, still farther east. found Si- 
lurian fossils b * &in the limestone that he ~~~ n-ith the Skajit 
jsad iP the sehktmm pocks lying to the south of it. The inference as to 
the uacanfomable mlatjon is based primarily upon a greater degree 

-* of mekamtwphh obsemed i n  the bordering scbt.aem rocks to the 
wutb, but the condition prevails with regard to the sch8tme 
roaks oi' the Undmwak Valley. which adjoin the S kajit Iirnest~ne on 

* the no& 89 the other hand, the presence of Silurian fossils is the 
sl:bhm d m  wMh of 6b $ihrim limestone in the Chaadalar 
Valley ia mot ennclrlsiw eviden ,for two reasons: First, because it 
~ r a a  not definitely dletwvrind it at such Silurian f&b were older 
than the fomiEe;of tbe Skajit; e, ino~erturaed fdda w wmplex 
m thsaa, y a m  rncks might wi ly  Is iafoldd to the south, fn 
fact, no absolute evidence is available to prove that tba 8ksjit ittsc3f 
dm not form a closd and highly hpprqsed anticlbl  #old. which 
md.d norrnaUg plaa gawgr rocks for mm distanm at I& to tbe 
muth. 

PaleontologieaUy, the apparent abewnm of lower Silurian rwh in 
mrtkm Alaska might be cited as evidence h favor of an uncon- 
formity at the base of the middle Silurian sequence. But it ia pot 
vct c e r t a h  even that the Skajit I;~&DB includwr~cka m old as the 
h d d l e  Silurim ;sad *foregoing suggskion i sfurther wakened by 
the fmt that fm-kber solsthmt, in Sewa~rl Peninsula, lower Silurian 
m c h  are ddhitely b m ,  thus suggesting that rocks sf d l a r  age, 
though unrccop~zcd as such. map also tx present i n  northem Alaska. 
T l ~ c  ersct rclation, there&, vhi& &da bchvcen the Skajit I I me- 

* ~ e a n d t h e ~ # : ~ r o c k s i n ~ m e d i a t e l ~ a d j o i n i n g i t t o t h e ~  
is redly unde8emkw.I and is subj ject to conjecture depndent upon 
the partf cular regiwal structural intcrprctatl on applied, It is be 
liaved, but nof pro&, that t h w  bordering acbistose mch me really 

-" o l d w ~ t h e S k a ~ i l i t l i m e s t o n e ~ ~ v h i c h m ~ o r m a y ~ o t ~ ~ e ~ -  
formably upon them. Without question. however. the more htensely 
altered schists etill farthcr south arc prc-Silurian, and am B t r u ~  
turaUy unlike and doubtless unmfomabie with the Sibrfan lime- 
stone. 

The relation of the Skajit limestone to the formation that aclioins 
it to the north is also subject to different interprctations. In the 
Alatna Valley, m d  particularl!. in thc  Unakser& Valley, a group of 
much metamorphoscd rocks appears to lie bcnvav thc S kaji t and the 

mBmitb, P. S, The Noatak-Kobuk rclftnn, Als~k*: U. R, Qd. Sun? BAL 636. pp 
-7, 1913, 
- M e ,  I. B., jr., Grolop and gdd plncem d Zhc Wnndllar 8Ierlct, ,%lanks: tl. #, 

Qml. Su17eg null. 778, pp. 21&, 2.32, 3925. 
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known Devonian rocb, and this group of rocks seems to possess the 
regional structure of the Silurian limestone and schist. Structurally 
there is no reason for hesitating to c m l a t e  these rocks with the 
Skajit limestone and possibly with the schistose rocks that adjoin 
the Skaj it limestone a t  its southern Eimit. Some poorly preserved 
fossils found within this group of mks, however, have heen deter- 
mined as possibly of Devonian age. But in view uf the f ~ c t  that % 

definitely known Devonian m k s  crop out still farther north in the 
Brooks Range, are less metamorphosed, and possess different struc- 
tural features, this paleontologic determination is not acceptable, and q 
the vriters feel constrained to correlate these metamorphic rocks with 
some part of the Silurian, perhaps the upper Silurian, rather than 
with the Devonian, Under this interpretation these metamorphic 
rocks probably overlie codomably the Skaj it limestone, and it is 
aImm t certain that they underlie unconfonnably the hm Devonian 
rocks farther north. 
In the Chmdaiar River, Vdey  structural data and fossil collec- 

tions indicate that Middle Devoo3 an &s rest at some places un- 
conformablv upon the Silurian limestone which is correlated with 
the Skajit; but on both the Chandalar and the John River, par- 
ticularly the latter, there are indications that an intermediate f m a -  
t im lies between the Skajit and the Middle Devonian roch and 
that this intermediate formation may rest conformably upon the 
Skaj it limestone. This c d m a t o r y  evidence, therefore, leads to 
the klief that Middle and Upper Devonian r d s ,  here as elsewhex 
in northern Alaska, rest unconfwmably upon the racks of the 
Silurian system. 

The structure of the limestone in inthe Alatna Valley is too complex 
to admit any trustworthy estimate of the thickness the formation z 
untiI more &tailed work has been done. But to the east, where the 
structure is simpler, a fair gm.s may be ma&. SchradertB estimated 
the thickness aS the Skajit lformation in the John River Valley rn 
a t  least 4,000 fee< and 3ler t is  estimated a thickness still farther t 

est, in the Chandalar district, of at least 6,000 feet for the Silurian 
limestone that he  carrelated with the Skajit limestone. Neither d 
these bra estimates is probably correct in detail, but they check one 
another in that they are of the same order of magnitude and 
therefore give an idea of the approximate thickness d the Skajit 
limestone. 

*8fhradet1 F. c., op at., p Bg. 
" M a e ' ,  J. k,jr., opclt.,p. 231. 
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No fossils have been found in the Skajit limestone of the Alatna 
ValIey, but in the John River Valley S c h d e r v c  found a single 
Posd which was identified by Schuchert as having f i b  ventral valve 
of a brachiopod of the order of Nedtiina and Meristelks., and also 
resembling a transverse ,Semddfi. This kind of shell indicates that 

4 the rpck can not be older than Upper Silurian and not younger than 
Lower Carbonifemus. " From structural considerations, and in  view 
of the age of the overlying Devonian rocks, Schrader elected to * dssjgn the Skajit to the oldest epoch that this fmsil determination 
would permit ; and therein he agrees with the present determination. 

. A collection of fossils was made in lm from the Silurian lime- 
stone of the Chandalar district by Mertie.fu Although that district 
is not within the area specifically included in this report, the fossil 
collection is here recorded because it is the only collection of deter- 
minable fossils that has yet k e n  made from rocks that can definitely 
be correlated with the Skajit limestone. These W s ,  which were 
found in the upper basin of the North Fork of the Cl~andalar River, 
came from a very fossiliferous layer a few feet thick, in the mas- 
sively kdded limestone. Plate 16, A, shows a great slab d this 
Eo~sdiferous limestone, which has fallen into the meek from its 
new-by bedrock source in the canyon wall and haa k e n  washed 
smooth by the creek, thus exposing clearly the internal structure of 
the shells contained in it. Edwin Kirk, of the United States Geo- 
logical Survey, identified these shells as C m h i d i m ?  sp. He fur- 
ther states that 

This may lw the same as the C o w h ~ r r s f  sp rorn the White Mottnlalm 
Fairbanks quadrangle1 oT the YukomTanana region. The latter seems to have 

P a rektivrlg tliin shell. while this species Itas one of extraordinary thichcss. 
This map, however, be due to difference in preservation. What appears to bp 
the m e  genw is fmmd in the upper Silurian af southeil&ern -,Alaska 

t 
The fossils from the limestone in the White Mountains are regarded 

by K h k  as highest middle Silurian. The Skajit limestone, there- 
fore, because it  is believed to be continuous with the Silurian lime- 
stone of the ChandaIar district, must k regarded as of upper Silurian 
or highest middle Silurian age, with a preference perhaps for the 
f m e r  assignment. 

The limestone of the Chandalar district, identified by Mertie in 
1923 as  Silurian, was onginally called by Schradern the LL Bettles 
series," but this h e s t o n e  and the Skajit limestone are now believed 

'Schradw, 8: C, op. tit,, p. 67. 
a Mertle, J. B., jr., ap. dt, p PZ. 
* Scbrmdw, IF. C, Rdlminary report on a reronnaissance dong C h d s l a r  and IfogukuL 

Rtvera, Alaska. in 1899 : IT. 8. U e o l ,  Survey Twenty-first Ann. R q k ,  pt. 2, p. 476, 190C1. 



tu k identical, and the formation name Skajit has long been used 
in place of the spkm name. 1 n a trrozld way, the Skaj it limestone 
may lx correlated with the b f l  magnesian limestone that crops out 
in the lower ramparts of the Porcupine River, below the mouth of 
tlm- Riwr, although t his limestone was determined by Kindle'' 
as middle rather than upper Silurian. Its equivaIent is also prob- 
ably pesmt among some of the undifferentiated limestone in Seward + 

peninsula, although the fossils so far found in those limeitones 
iridicde that they are for the mmt part of lower Silurian or Upper 
Ordovician rg;a South of the Yukon, however, the Skajit limestone Q 
is cbdr co~relatable with the Silurian limestone that crops out in 
the White Mwrrtsins (Fsirbsnks quadrangle) aad ako on the 
spur nocthmwk of Tolovana telegraph station. RPCBD~ work by 
B m  as also indicaks that this or a closely related horizon is also 
rqxamtd in & upper Kuskokwim Basin. In mutbeastein Alaska 
tIm Bilnrjm is a wdl--stratigraphic unit andis  typically 
d d d p d a r a  a m i v e  cz .~~s td ine  I h f & a %  in Glacier Bay. 

!BE mks here grouped as undifferentiated Silurian(?) crop out 
in a belt from U) to 15 miles wide, which occupies the upper valleys 
of the Alatna and Noatak Rivers and exten& eastward across the 
valley of the John River. The known east-west extent of this group 
d rocks is about IKi miles. Farther west these rocks probably cosl- 
tinue to crop out in the hills south of the Noatak River for another 
I90 miles, ultimately extending perhaps under the alluvial de@h 
af tb lower Noatak River Mm Kokebue Sound. s 

These rocks, as will appear later, do not form a d&nih lithologic 
or stratigraphic unit and are recognized as a cartographic unit only 
because their exact relation to the adjoining formations is problem- 
atic, Tlis unit includes in reality all the metamorphic rocks tW 3 

lie north of the Skajit limestone. Subsequent work will  probahlv 
permit correlation of this group of rwb either with the upper 
Silurian or with the Devonian. 

The lithologic sequence d rocks in this group is known to vary 
greatly both across and along the strike. Moreover, the lithologic 
sequence across the strike-that is, from north to s o u t l 4 o e s  not 

WIUndle, E. M., Oealoflc recxlnnalssanoe o l  the Porcupine Valley, Alsska : Qed. Boe. 
America Bull., vd. 19, pp. 324426, 1908. 
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l ~ ~ ~ ~ ~ ~ t r i k r  comespond to or even approximate the stratigraphic se- 
quwree, for the dominant structure of these rocb iq known to be 
&amp, the bedding being largely obtiterated. But the geographic 
sq-ca fzamsmth to north in the Blatna Valley is fairly well 
known d \w11 'be described as such. 

k$mu-g j n 3  north of the Pingaluk f iver,  in the upper u r n  
u Valley,a~tofmetamorphicrocksabout7mMiCeS~~adjoinsthe 

&Sit limestone on the north. Adjoining this m tbe north is a b d  
bf qstdlhlirnestone from half a mile to 2 miles wide: and this is 
follon-ed by another band of metamorphic rocks which extends north- 
ward to the known Devonian rocks. No close examination was made 
of the southern third of this group of rocks, but the upper two-thirds. 
es exposed in the canyon of the Unakserak River. was examined in 
some detail. 

The rocks immediately south of the middle or limestone member of 
this sequence uonsist mamly of a highly crenulated and sheared dark- 
gray phyllite, grading locally into a true mica schist. This rock & 
impregnated with opaque white vein quartz,, in thin stringers and 
gash veins, which for the most part follow the cleavage but not 
uncommonly cut across it. Later faulting has cut both the phyllito 
and the quartz stringers. Interbedded with the 1,hgUite are numer- 
ous thin beds of light bluish-gray finely cystalline thin-cleaving 
limestone, which grades locally into a calcareous schist. Manv of 
these limestone beds show color banding due to the vaving degree of 
crystallinity rather than bedding planes. 

These rocks merge rather gradually into the thick band of limestone 
that forms the middle member of this group of rocks and is exposed 
for a distance of about half a mile across the strike in the Unali- 
seruk Canyon. Th is  limestone, probably originally massive. is now a 
thin-cleaving rock, cut by numerous joint planes, which, together 
with the cleavage, g v e  it at close range a blochy appearance. It  
also has in places a secondary nodular structure. At other places. 

S parbcularly toward the northern contact. the cleavage is so perfectly 
developed that the rock breaks win almost paper-th~n slivers. Much 
of this rock would be better designated calcareous slate or even schist. 
Yet, with all the elea~age and other s econdq  structural features, 
the appearance from a distance is that of a yellow-weathering mas- 
sive, thick-bedded limestone, and this was probably its original 
character. PI ate 17,A, illustrates the appearance of this band of lime- 
stone where it crosses the Alatna R ~ v e r  above the mouth of the Unak- 

River, and Plate 17, B, shows a double structure visible in the 
same limestone on the Noatak River below tlie mouth of the I pmilui k 
River. 
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At f i e  north edk this limestone gives place gradually to  more 
phy lli te and schist. which, though dominantly of argillaceous char- 
acter, have numerous car careom and arenaceous Iay ers. These rocks, 
like those south of the limestone band, are penetrated by many quartz 
stringam, some of which have bem intricately folded along with the 
c o m d q  mk. They rang0 in color from black through brown, dark- 
green, and yellow tones. Here and there. in zones parallel to the * 

cleavage, a anaryfyellow sublimate appears on the rocks. At many 
places the r o b  gre extremely thin-cleaving, and well-developed 
schists also occur. The vein quartz in places is sheared into augen, q 
lvhich give to the cowltry rock a superficial resemblance to an augen 
gneiss. Some of the dark-green sheared rocks resemble somewhat 
sheared volcanic rocks. but closer examination indicates that tho 
whob sequence is essentiaIly of sedimentav origin. The calcareous 
s&ist mcrnbcrs of the sequence are in places vcined with calcite as 
kvell as quartz. Some of the calcareous schist is graphitic. A colloc- 
tion of poorly presend fossils was found in one of these beds of 
graphitic calcareous schist in the upper part of the series. 

B T B V m X  AND FRTO-B 

Thc structure of these rocks is much the s m c  as that of the Skaiit 
limestone in the Alatna Valley and the schist that directly underlies 
it. Clcavage is the prominent structura1 feature, and bedding where 
observed i s  either parallel with the cleava~e or makes a ve? low 
angle with it. Thc clcavagc strikes about N. 80" E. and dips 20" to 
30" N. Most of the rocks are sheared. contorted. crenulated, and 
full of low-lying drag folds, whose axes are more or less parallel 
with the clcavagc. These soft and relatively incompetent rocks h w e  
evidently record4 a larger sharc of the thrusting strcsses than the * 
Skajit limestone. I n some pIaces the rocks are sheared to a ribbon 
structure and resemble a pile of thin laminae; in other places lime- 
stone, phyll ite, calcite, and quartz are ground together into a nonde- 7 
script mixture o.fi minute frablnents. 

Much movement has taken place along the cleavage planes. as 
shown by numerous sl~ckmsrded surfaces, and probably some thrust 
faults of considerable magnitude are present, though none were 
definitely identified. Later faults of rhe normal typc were also rec- 
ognized but are evidently not all of the same age. One normal 
fault, striking about east, with the fault plane dippl ng about 6Q0 N., 
was noticed in the wall of the upper part of the Unakserak Canyon, 
and another faUIt of the same type, striking N. 8U0 E. and dipping 
60° W., was seen somewhat farther upstream. 
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Along the John River, Schmder 'A observsd that the rocks that 
immediately adjoin the limestone of the Skaj it formation along its 
northern border are more metamorphosed than the known Devonian 
rocks farther north. He described these more metamorphosed rocks 
as fine-grained gray or bluish quartz schist, with greenish chloritic 
schist and slate. He also noted that these rocks carry considerable 

+ quartz in small veins and stringers, trending more or less parallel 
with the schistosity and bedding. These rocks, as shown on Plate 2, 
are correlated, from their structural similarity, with those in the 

* southwestern part of the Unakserd Valley. 
The structural relations of this group of rocks to the underlying 

Skajit limestone and to the overlying Devonian rocks are not dcfi- 
nibly h o w q  but these rocks appear to be more related structurally 
to the Skajit than to the Devonian. First, the degree of regional 
metamorphism of these rocks is more nearly comparable with that 
of the Skajit limestone; second these rocks hare a well-developed 
northward-dipping flow clewage, siinilar to that observed in the 
sdustose rocks closely associated with the Skajit limestone. The 
overlying Devonian rocks, on the other hand, are much less meta- 
morphosed and have a fracture cleavage dipping south, instead of a 
flow cleavage dipping north. For this reason the rocks of this group 
are believed to have suffered a high degree of metainorphism, in 
which the Devoiian rocks did not participate. The presence north 
of the Skajit of a group of rocks similar to the Skajit and the schist 
that underlies it might be explained as a result of enormous thrust 
faulting. But these rocks, including the band of limestone which 
lies midway in them, have too great a ggeographc extent along the 
strike to make this interpretation ~ e f y  convincing. It is b e l i e d  

t that they are really younger rocks than the Skajit limestone but par- 
e of the major deformation that the Skajit suffered. In other 
words. they are believed to antedate the great unconformity that lies 
a t  the base of the Middle Devonian in northern Alaska As such they 

C may lie conformablv or u n c o n f m b l y  upon the Skajit lunestone. 
Schmder believed that thq rested unconformably upon the lime- 
stone of the Skajit format~on in the John River Valley, but the 
writers are inclined to favor a conformable relation or perhaps an 
l ~ n c o n f o d t y  without angular discordance. 

W trustworthy estimate of the thickness of this group of rocks 
can k made at present. The only available basis for an estimate is 
the width across the belt, normal to the strike. It will Iw seen from 
Plate 2 that this width is of the same order as that of the Skajit 

Srlimder. F. C., A rpcrmnakrnmin mFtEtkra Almska : U. 8. &oL Survey Prof. Paper 
SO, o., 69, 19M. 
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1-m; and therefore the k t  guess i s  that this group of w d m  
may be about a~ thick as the Skajit--that is, Ilrrt: less than 5,030 or 
6,000 feet. On t k  same baqis the limestone b m d  in the middle part, 
of the sequence msy be 1-00 to 1,500 feet thick. 

AQE UCE) U m k l l T I O X  

Fmils were coIlected fmrn this group of xmh in the myon  of 
the Unakserak fiver. The exact Iomtion is on the we& side of the 
river, 7% miles in an air line from the confluence of thc Vnakserak 
and the Natna. This wlle~tion (24A.bft.8) was examined by EcMn 
Kirk, of the Unitscl States Geolo~ical Survey, who repotts as fbl- 
low:  

Alt'mutrs l4D. 
Watho~byLIirm q. 
Crlnoid $term. 
Crinoid steam probabb referable to b B b l ~ h b b .  

Similar minohi colamnala and m a l s  occur In coUeatlm m t 3 8 ,  fmn the 
Chardafar dhtrjct. This Iot (XIAM@@) wm ~que&imably Mirltlh hon ian .  
The pmel~nt ion  of  t l ~ c  h thr prcvcnl Ioi ( W M t 8 )  IR ao p r  85 to 
preclude accurate determination, hut Middte Dpvoninn I s  Indicatrrl. 

As a result of previous wark by Mertie 'O in tlie Chanddar dis- 
trict and by Kindle*' along the Porcupine River, a structural uncon- 
formity is believed to exist between the upper Silurian and the 
Middle Devonian roch of northern &&a, the Lower Devonian 
roeks apparently being absent from the stratigraphic m. 
Similarly, on Seward Peninsula Lower Ilevonian Posails liavc not 
bern found. although lower and upper Silurian and MiddleDcvonian 
fossils have been collected En fact, Lower Devonian 1.ock.s are un- 
k n m  at present anywhelp, in Alaska. Tt dnes not warn logical, 
iherefore, to assume that a Lower Devonian horizon iff rcprescnted 
in the Unaberak and John River Valleys, and the two alternatives 
remain of correlating this group of mkS: with the Middle Ilevonian 
sequence, as the fossils suggest, or of correlating them the upvr  
Silurian sequence, as indicated by the structure and stratigraphy. 
Unfortunatelv no Middle Devonian collections have been made in the 
relatively unmetamqhosed rocks that lie north of thig group d 
rocks on the Unaherak and Killik Rivers, but Upper Devonian fos- 
sils have 33aen found in these less metamorphosed rocks ahout 20 
miles to the north, thus giving plenty of room for an in t t . r~~ .nhg 
Middle Devonian sequence. 

rMe?t!h J. D., $r., Gmlopy and @d p l a m s  or  the Chandalar Qlotrlct. Alaska: U. 8. 
Gml. Survey  Bull- 775, p. 234, 1925. 
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corals of possible Devonian age, found by Smith Or in 191 1 in the 
WIs smitheast .of the Noatak Canyon, suggmt that this belt of rock 
may continue weatward from the Aniuk and Cutler Rivers hb the 
hills south cfthe Noatak, extending, perhaps, to the flats of the lower 
Nmtitk River. 

Northwest of the lower part of the Noatak Valley, in the hills east 
of Point Hope, adjaeent to the Kukp~rk River, is another g r q  of * 
rocks which wme assigned provisionally by Collier 88 to tbe QB 
vonian. These rocks resemble 1ithologicaIly the Upper Devonian 
rocks of the Killik River but may nevertheless turn out to be of 9 
Mesozoic age. For lack of additional information. however, they are 
here c m l a t e d  with and mapped as a part d the Devonian sequence 
of northern Alaska. 

Eastward from the Unakserak and Killik Rivers Devonian 
crop out on the John River, where they have ken  mapped by 
Schraderap as a part rB his " Fickett series." StdP farther east, out- 
side d the limits of the area covered in this report, they crop out 
again in the Chanclalar Valley, flanldng Silurian rocks on the north 
and extending across the strike for an unktemined distance north- 
ward Rocks of Devonian age continue thence &dl farther east and 
are known on the Porcupine River and along the international bound- 
ary. In general, therefore, it may k said that m k s  of Devonian 
age extend across nortl~ern Alaska from t l ~  e Noatak River, and pos- 
sibly Kotzebue Sound, to the international boundary and con- 
stitute a prominent and well-recognized unit in the geologic section 
d the Brooks Range, 

LTTHQLOGY 

The Devcmian & consist of a rather monotonous sequence crf 
quartxitic sandstone, grit, slate, and shde, with a minor proportion C 

o i  conglomerate and limestme, In general these mcb are not 
schistose but have & v + p d  a fracture cleavage. LwaIlv, however, 
they have been more intensdy deformed. The outstandng feature 

of the Devonian r d c s  i s  their lack of any well-defmed stratigraphic 
horizons which may easily be traced along the *and by m 
d which c n n c 1 ~ o n s  regarding the s t r u c k  and thickness may be 
drava from reconnaissance studies. The harder atenaceousbeds, to 
be sure, form hogbacks and ridges, but there are many d these &dq, 

and no one of them can be distinguished from any of the others cx- 
cept by the more refined methods of detailed mapping. The lime- 

& Smlth, P. S.9The No&tak-L(abmk regfon, Alaska: U. 8. -1. Survey Bull. 638, p. 89, 
1913. 

Cblller, A. J. ,  Geology and coal resources or the Cage Lisbarne reglon, Almka : U. S 
GI& Survey Bull. 278, w. 18-18,19DS. 
L. Schrader, B C., A m m m i s -  in northern Alaska: P. S. Ged. Survey ProT. Paper 

20, VP. 67-72, m. 
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+me beds, moreover, are thin and grade into sandstone and shale 
along the  strike. so that they also can not be used as horizon markers. 
Below rn elevation d 4,000 feet these racks form rather rounded hills, 
with a moMed yellow and brown appearance, due principally to the 
yellow weathering of the argiIlaceous be&. Above 4,000 feet, owing 

* to the presence of relatively unweathered black tdlus, they form 
darker and sharper ridges. Nowhere, however, do thege rocks pro- 
duce the ragged serrate crest Iines characteristic of the Silurian 
limestom, Plate 5, B, showing the east wall of valley of the 

1; Killlk Rivhr opposite camp S AptiI 9, Illmtmbzs the typc of topog. 
raphrthm mdm produce. and Mate 18,A, & o m  the topography of 
~ ~ 1 a . r  rocks rn the head of the John River. 

The &toneand gnt of the Devonian rocks are ganerdtlly dark- 
gray rocks of varying degrees of granularity, which crop out in beds 
from 6 to 4 or 6 feet thick and weather to tones of yelloiv, 
brown, and red in surficial oxidation. AT a rule more cr less re- 
crygtaUizntion ha$ taken place in these rocks, so that locally they are 
qusrtzitic sandstone and grit. Most of the ~s&ndstone is+ompmd 
- W g  of grains of quartz. but some of it, partimlarly the 
~coamr-gr&d varieties and the grit, contains a considerable pro- 
portion af chert g m h .  The c h e q  I ay crs appear to be morc charac- 
tcris tic of higher 1.lorizon -that is, of the Upper Dcvonim and Mis- 
sissippian. Locally much carbonaccous material. chidy carbonized 
plant stems, may bseen, both in the sandstone and in the shalc. 

In the first@& bclow camp SApril 9, on thc southeast side of 
the Zllik River, Upper Devonian fossils were found in thin beds of 
rcddish-weathering g p y  crystalline Iiincstone and also in rcddish- 
weathering gritty sandstone and fine conglomerate. composed a€ 

a chcrt, quartz. and black slate grains evidently cmmtd by calcite 
and siderite. One of the curious phases of thc Iitbology at ths local- 
ity is the relation that exists between adjoining beds of the gray and 

F 
red calcareous sandstone. In addition to the normal contact. parallel 
with the bedding, irregular areas of the red sandstone occur within 
the gray sandstone. The reddish areas are in pIaces rounded and in 
places v e F  angular, but thc border Iine between red and gray is 
eveywhere sharp and d l  defined not unlike that formed by the 
acidic apophyses in a d~oritjc counts?? rocli. A t  first sight the red 
areas suggest a boulder bed or a breccia structure, but in reality they 
are due to secondary action, lvhch has resulted in the introduction 
of siderite, probably replacing calcite, in these mAs. The origrnal 
distribution o f  lime in the sediments, however, may have been influ- 
ential in determining the present limitations of the sideritic areas. 
The sandstone and grit indicate the bedding planes of the Devonian 
h s  better than the slate and shde, for two reasons. First, they 
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shose at, many places perfectly developed ripple marldngs, worm 
trails. and cross-bcdding ; d, the formational fracture cleavage 
i s  less pcr6ccrly dcvelopd in the sandstone. being represented iD 
man!. places by newly vertical and rather distantly strike 
joints. +(Seslig. 6.) 

Thc arg~llaccous. beds constitute a large part of the Devonian m- 
qucncc--probnbl!,. if t he  sand!. diale is included more than half of a 
the totclt thicknesr They are for the most part dark-gray d s  like 
the sandstone. w i t h  which t h e  are interbedded and into which they 
commonly grade along the bedding planes. Because of their inferior P 
compctcnc\.,ho~vc\.er,they are more deformed than thesandstonekb 
and almost universally show a welldevdoped fracture cleavage. 
locally accompan~ed by close OF even overturned folds. Moreovar, 

little variation in com- 
position is apparent i n 

Sanddone 
successi~e Ms, so that 

sl* the original bedding i~ 
S ~ I *  in places obscurc. though 
shal usually discerniblc upon 

close ~nspcction. Clcav- 
agc, ho;\.ctcr. is the 
most prominent struc- 
tural f cat u re. Gritv 
and fincly conglomer- 
atic- arc found at-  
many pIaccs  in tbe 

and strikr .Joinclngln I Gprr llr<rrtii:~n platy no tsuc c-ngiomcratewas 
and a ~ ~ r ~ r l r r t o n r  

noted. e 
Alang the John Rives Schraderw groupcd all thc rocks behvccn 

the Skajit formation and the Lisburnc formation into one unit which. 
he cd e d the k Fiihtt scrics.'- This group comprises various forma- * 
tions from upper Silurian(?)to the Essissippian in age. Smith " 
subsequ~mtly separated from thc a m  Fickctt series .+ the northern third, 
nhiqp is distinctly Ims mctarnorphosed than thc southcm third of 
the scrim." and corrclatcd it with thc Noatali sandstone of Missis- 
sippian age, thc type localie of ~vhich is in the western part of the- 
Noatak V n l l q .  I n v i m  of the h o u n  occurrence of Devonian as 
w c l l  8s IMisshipph mks among the relatively unaltered strata of 
fbc '*PicLctt series," it nmv seems practicable to subdivide the 

series - Into thrcc parts, of ~ i l  urian ( a ) ,  Devonian, and Mississip- 

" Schmdcr. E C., .\ mnnniruanrp m northern ,\laska : U. 8. G a l  Survey Prob Pmper 
2l4 pp Cir-72, t9W, 

mSmirh. P. S., Tbe Noptnk-Wuk reglon, Alnsks: U. 8. Qd. Bull. a, p 
191%. 
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pian age, the Mississippian part king  cornelated wi th  the Naatak 
sandstone. The boundaq lines between the Devonian and Missis 
sippian r&s on the one hand and between the Devonian and the un- 
differentiated Silurian(?) rocks on the other hand are inexact and 
more diagrammatic than real ; but this subdivision, indicating as it 
cioes the approximate grouping of formations, should be useful in 

1 any later work that may be done upon the "Fickett series." 
Schrader's description of the lithology d the '' Fickett series l' ia 
more ar less generalized, and it j s therefare aIrnost impossible to dis- 

3 tinguish from his description of this larger group the parts that are 
particularly pertinent to the lithology uf the Devonian rocks as de- 
fined in this paper. The rocks along the .Tohn River from Hunt 
Fo& to Till Creek, however, are believed by the writers to k prab- 
ably in large measure Devonian. Tnese, rocks, as described by 
Sdttader, consist of gray sandstme, limestone, gray schist, some 
quartzite schist, slate, and conglomerate. Still farther east in the 
Chandallar district are Middle Devonian rocks that lie above the 
Silurian sequence and have been described by Mertiee2 as consisting 
dominantly of slate with a minor proportion d sandstone and some 
thin lseds of dark-gray hestone.  These rocks are literally perme- 
a t d  with discontinuous anastornosing quartz veins, which carry more 
or less oxidized pyrite. This great amount of quark veining was 
noted by Schrader in beds at what is believed to be about the same 
geologic horizon along the John Rrver. Numerous dikes and sills 
of a l k d  diabasic rocks are also found in the Devonian rocla of Ithe 
Chandalar district. 

The so-calied Devonian rwks of the Cape Lisburne district were 
examined by Collier,@a and the following statements are abstracted 

c from his description. These rocks are exposed in  the sea c w s  for 15 
miles north from Marryat Inlet and also for 1 Omiles along the Iluk- 
puk River and consist d heavy calcareous sandstone and interbedded 

4 
calcareous slate. The sandsfan;? b d s  range in thickness from 1 to 
10 feet; the slate beds are usually thinner. Locally some of these 
rocks contain secondary mica and have developed a schistose texture. 
Calcite and quartz veins have k e n  fumed to a considerable degree 
along joint planes, but such veins have not yielded any traces of 
gold or silver. 

BTRUCTDl€E XXtCmE88 

The Devonian rocks have been greatly compressed and folded and 
possess a highly developed fracture cleavage but are not as a rule 
schistuse. On account of this cleavage, together with the lack of 

-Mertle, J B., jr., GeoIaa and gold placers or the Cbandalar district: U. I. Qeol. 
larvep RUII. 773, p. 233, 1926. - CmUler, k J., G e o l o ~  and coal resources of the Cape Llsburne reglm, Alaska r U. 8. 
Q#L S u r r y  Bill- 278, p. 17, m. 
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easily secognizabls lithologic key be&, little mn be learned of the, 
attitude of the bedding, except by observations at ct3je range, d- 
though the structure produced by cleavage is spperent kt  long dis- 
h m a  Plate 18,B, illwbratss this fracture cleavage as it appears in 
the valley of the KillikRiver when viewed from a distknoa. Mm- 
t i d y  faw detailed obsenrations d the attitude of bedding plaaw 
have &en made, but where the bedding plmes have been studi'e'd J q 

close range it has been found that the dip of the r a c k  is reversed 
w i t h  very short &s- acroB the strike. In the c a q m  aE the 
KillikRiver above camp April 9, in a distance of about 3 mdw the P 
average strike of ttme rwks is a little south of but the dip is 
reversed at such short intervals that it would be difficult b stah 
with any assurancewhether the prevailing dip is to the north or to the 
south. Along the ridge northeast from camp April 22 a the soud~- 
east side of t l ~ e  U U i k  fiver, however, in a similar distanrJe the rocks 
are a h  g r e ~ t l g  disturbed, but the dip is prevailingly northward. 
But in traverses up several of the creeHtiributary fa the &illik River, 
in thm~ vichity, many revmals of dipd  the bedding planes were 
noted. In the gulch on the southeast side of the KiUik River about 
3 miles below mmp April 9 where f d l  col~ectians were made, the 
relations d bedding to cleavap are clearly indicated; the kMing 
dips on the average 20" NW,, and the cleavage dips 3 5 O  SE. Cleav- 
age Is developed in this gulch mainly in the slaty beds, and the inter- 
bdded sancfstones show for the most part a - jointin$. (See 
fig. 5.1 It is apparent, therefore, that only m b e d  stratrgraphic 
mapping will yield a complete understanding of the folding to which 
these rocks have been subjected. 

The attitude of the cleavage and the dig of the axial planes of the 
folds, however, yield infomation of considerable value; and the inter- k 
pretatim of structural relations in the Devonian rocks ia bclssd 
largely on these features, aided by the evidence afforded by fossils. 
The most striking structural feature is a prevailing though by no * 
means universal southerly dip of the cleavage planes a t  angles of 30'' 
or m m .  This is directly opposite to the direction of dip of the 
eleavage planes in the Silurian and older r w h ,  and this daerence 
forms one d the criteria used in conjunction with the degree of meta- 
morphism for separating the Devonian from the pre-Devonian rocks. 
A second criteri~n is the character of the folding. In the canyon of 
the Xjlljk River above camp S April 9 small overturned drag folds 
were seen, one of which was nearly recumhf  and similar fold? were 
seen elsewhere in the same vicinity. (See pl. 18, B.) Most d these 
folds were in the softer or shaly Ids, but in one & the folds dleen in 
the canyon d April Cmek fairly competent sandstone beds have been 
thus folded The axial planes of such folds, where they were seen 
by the writers. dip south, although in places a t  a lower angle than the 
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usual pitch d the cleavage planes. These compression folds, there- 
fore, are nd a minor feature of the structure confined to incompetent 
W, such as may often be seen in relatively mildly folded rocks. 
Inatead, they are believed to be a real index of the type of folding 
that has aflected the Devonian rocks; and considered in conjunction 
with the cleavage relations, they are believed to indicate that the 

* whole Devonian sequence has been closely folded and probably in 
part overturned by compressive.forces applied, from the south. 
Na large faults were observed, but small faults and fault zones 

# were observed at numerous localities. Some of the fault planes dip 
southward and some northward, and apparently both normal and 
reversed faulting have occurred. I n  the canyon of April Creek 
above camp S April 9, a well-defined thrust fault dipping about 85" 

. S. and parallel with the cleavage has broken through the axis of one 
of the overturned folds above mentioned. This indicates that the 
formation of the cleavage wa- accmpmiedby parallel thrust fault- 
ing, (Seepl. 1 8 3 . )  Ingeneral,however,faultplanes arenot con- 
splcuous in the Devonian rocks, for much the same rmons  that the 
bedding planes are inconspicuous. It is likely tfiat more detailed 
work would reveal several systems d faulting, both concomitant 
with and later than the regional folding. 

I n  the John River section Schrader in his original notes records 
three structural features in the area from the mouth af Hunt Fork 
northward to the Lisburne limestone. These are, frrst, bedding planes 
that dip prevailingly southward, and this feature he has also indi- 
cated on his generalized cross section of the range; second, cleavage 
planes that 5mn several observations appear to dip rather constantly 
southward at angles d 39" to 40"; and third, joint planes that are 

a M a rule steeply dipping and parallel with the strike. The cleavage 
and jointing in this section therefore agree wit11 those seen in the 
upper valley of the Kil lik River. 

The structural relation of the Devonian rocks to underlying and 
I overlying formations is only partly understood The Silurian socks 

are characterized by a high degree of metamorphism, by appressed 
folds, whereby the bedding has been either obliterated or rendered 
nearly paralIel to the cleavage, and by a flow cleavage that dips 20" 
to 80* N. The Devonian rocks are l e s  metamorphosed, have close 
but not appressed folding, in which the original bedding planes are 
film& everywhere preserved, and p s e s s  only a fracture cleavage. 
It is confidently believed, therefore, that thc Devonian rocks are 
separated from the underlying Silurian mks by a great uncon- 
formity, but as ncm traced in the field the actual contact line between 
the two groups d rocks may be as much the result of faulting as of 
unconfomity , 



Bsth Middle and Upper Devonian rocks are probably represented 
in this section across the Brooks Range, but on the Killik River 
fmils were found onlyin theupper part d thesequence. No skw- 
tural break, however, is believed to  separate the Middle from the 
Upper Devonian nxks .  Similarly, to the north no structural break 
was found between the Upper Devonian and the Mississippian rocks. 

The structure of the Devonim sediments in the B m h R a n g e  rt 

as a whole i s  as yet only imperfectly understood. It seems to  be 
fairly weil established that in general the rocks h o m e  younger 
from soutll to north, and this succession of younger k d s  toward the 
north does not stop with the Upper Devonian rocks but continues e 
through two Carboniferous formations and the Meswaic formations. 
I n  a broad way, therefom, the general structure for the Devonian 
and Carboniferous rocks might be considered that of a northward- 
dipping monocline. But  if the details d the rmk structure arecon- 
sidered, i t  is not so simple. Instead it appears that the whole 
sequence is thrown into a multitude of close and probably for the 
most part overturned folds, whose axiaI planes pitch southward. 
Some additional evidence bearing an this point is presented in the 
description of the structure of the Carboniferous rocks. The general 
picture, then, d this late Paleozoi~ structure is that of a monocline 
that has been modified by intense compressive stresses applied from 
the south, resulting in the development d close and for the most 
part overturned minor folds and d a southward-dipping cleavage. 
As no evidence of an era of marked deformation between the 

deposition d the Devonian and that of the Carboniferous rocks has 
k e n  recognized, the geologic and structural history of these two 
groups of rocks will be considered jointlv under the discussion of 
the Carboniferous. It suJ5ca here to state that the major part Cf Y 
earth movements 'that deformed the Devonian rocks probably t d c  
place during early Jurassic time; but later movements, in' Tertiary 
and Cretaceous t h e ,  must have added their quota of deformation. 

With this general structure in mind, it is obviously unjustifiable,  st 

on the basis of the available reconnaissance data, to venture any 
close estimate of the thickness of the Devonian rocks. The great 
distance fiom north to south across the strike of these rocks suggests 
at once an emmous thickness d strata, but the evident duplication 
of beds, due to close folding, shows that their true thickness can not 
be nearly as great. Even if a moderate estimate is placed on a11 
the factors involved, however, it seems certain that the thickness of 
this group of rocks is to be measured in thousands cl feet 

Most of the fossils found in the area here mapped as Devonian 
were obtained in the northern and probably the upper lmlf of this 



group of mk. A summan. of these cottections is g iv~m belo\v. 
The paleontologic determinations were made by Edtvin Kirk. of the 
United States Gmlogical Sung-. 
W t 1 7 ,  24AMt18, and 248MtX9: 3% milm N. 80a E. from camp S 

efpril 9 (winter base camp). on rhe soutlieast s~dc of the gulch l l la l  110\\s to 
Ahe lRnr end of the lake in the valley d tfic EIWP: R~vcr  : 

3 4 U t 1 7  : On neathered surfaces Ihc m k  ahowa bcecblopo8s.stroagly 
suggesting d [he [\ li~unrl ill rhc S~lurinn rrl' thc Fair- 
'hanLs dlstricr and thc ChandaIat" Kiwr. I t  was not possible to twrk 
out speclrnens for  sntisl'nctoy detcnnination. I t  t.r psslhle that the 

& hrachiopods are Bplrlfem and that ihc lot is d' Upper Ikvoman age, 
along 11 ith %Kt18 and 248Mt19. 
24hhft18 and 24AMt19 : 

Spirifcr disjunctus Soiverhy. 
Produc~ella ep, 
Camnmtc~echin sp. 
Gsammysia sp. 
Numerous indeterminable pelmypod and hmchiopd fragments. 

2 U L M  : 15.6 mzles S. 21" W. of catnp 8 Awl-% In- the headwaters of the 
%OOthvm&fork-of t l ~ c  Killik River, in gulch on .wwslde creek : 

Splr~l'cr disjunctus S o i \ h y .  
ZLhslB : Ilm Cmck, =miles southcast of camp S April 9 : 

Spiril'cr disjunctus S~iverhy. 
C;~rnar(>toecliia sp. 

%Bl7: South branch a€ ihc Killik River, ahove camp S April 8: 
Spirifer d~sjunctus Sowcrbl;. 

AU these collcctions that contain S~df tv  ckkjtmttsa are regarded 
By KFrk as Uppcr Dcvonim in age ; and collection W t l ? ,  which 
appeam paleontologically to be indeterminate. owing to the poor 
qual~ty of thc material, is also of Upper Devonian age, because it 
wlm. o b h d  at bhe same Iocdity m cdlections 24AMt18 and 

* M t l 9 ,  
In the valley of the John River % h + x ~  made three coFlections 
d fossi Is b m c c n  Hunt Fork and 'T'ill' Creek, in the area mapped 
.bg him as part of the "Fickett series," that were definitely deter- 

9 mined as Devonian. These fossils were determined originally by 
Charles Schuchcrt, and subsequently two of' the lots, 460 and 462, 
lvcre reexamined by Edwin Kirk, who confirmed the earlier deter- 
minations of Schuchert. The locafities and determinations by 
Schuchert are rts follo~vs: 

Schrader 465:  Dark, slate-colored limestone, fossiliferous. Locality, John 
bflver, camp July 6: 

ProducteIla, 2 sp. 
Pls~?+ostr%ma v. 
Xnphrentis sp. . 
Fencstelln sp. 
unitry-pn sp. 

Y Rhmdrr. F. C ,  manustrlpt notmi 

k.. 
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Erfdotrypa q. near to  or identical with E, barmudel -lam) pf the 
Middle Deronlan, 

Schrader 460 : Dark limestone, pebbly, f W e r o n a .  Locality, John River, 
a m p  Aluly 6: 

Spl rifer didundus. 
Bchrader 452: h r k  limestone or ~alcareous sandstone. Locality, John River, 

camp Jury 9: 

Spirifer disjunctus. P 

Collection 456 has unfortunately been lost and can not be re- 
examined, and the determination of this lot as Middle Devonian 
will have to stand, but it seems probable that if it were possible S 
to reexamine this collection in the light of accumulated data regard- 
hq Devonian faunas in Alayka, i t  might also be regarded as Upper 
Devonian. 

P. S. SmithM in l91lma.de a collection of fossils from the south 
side of the valley of the Noatak RTver about 10 miles above the 
mouth of the K t t g l l ~ ~ t o k  River. The exact locality and E. M 
Kindle's report on the material are as follows : 

118986: 5 miles southeast of camp August M. lTaFal8 on hill *loge with 
sock exposures. Fossils not absolutely in place but probably within 6 feet 
of bedrock source. 

Thla material consists entirely d fragmentary corals embedded in dark 
dolomitic limestone. The Mt preserved and most abundant of these is a 
species of Utadopwrs which is comparable with 0. labbaa, Both the fossils 
and the rock matrix resemble rather strongly some of the apeclmcna which 
have k n  obhned by me and others from Black Mountain, in Seward Penin- 
sula. The eHdence la insnficfent to make any positive correlation, but 1 
would mggest that the material might be  assigned p ~ v f s i o n ~ l ~  to the Devonlan 
a n l e s ~  there fs 110- distinctwe stratigrapluc endence qah& such an aElslm- 
rnerrt, lPfie fr\ssils represent in all prclbablIity either D e ~ o c i m  or M l a f i d ~ p i ~ ~ r ~  
but probably the former. 

One fossil plant also was collected from the rocks mapped as t 

Devonian at a point 1% miles east of camp April 9, on the north 
slope of a gulch tributary to the Killik River. 7hk plant, however- 
wa.9 d~termined by David White, of the United States Geological 1 

Survey, to be of Carbonifsrous age, and the specific identification 
and age assignment are therefore given in the discussion of the Car- 
boniferous d s .  This fossil plant is mentioned ak this place because 
its occurrence Sipdies the presence of infDlcfed or infaulted Car- 
boniferous beds in the Killik Valley, which have not been separated 
from the Devonian sequence, 

The fossils s~ far collected are, as stated, mainly Upper Devonian, 
but from previous work done by Mertie " in the Chandalm district, 

- -- 

"Rmlth, P. S, The Nuatak-Kobnk r@m, Alaska: U. S. Geol. S . m q  BLl ,  Sag, m. 
6&69, 1913. 

"Hmie, J. R, p., Omlo= and gold placers d the Chandalar di8tdct, Alaska: W. 8. 
QaoL Survey Bull. 7T3, pp. 254-29B, 1926. 
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to east, a distinctive Middle Devonian fauna is known to exist 
among the rocks d the Brooks Range. This Middle Devonian 
fauna was £4 a short distance north of the Silurian limestone 
in that region, whereas the Upper Devonian collections above de- 
~;cr ikd were obtained a considerable distance north of the Skajit 
limestone. the h i s  of a northward-dipping monoclinal struc- 

* ture, previously postulated, this is a reasonable distribution B the 
fossils in the Devonian rocks. It is believd, tl~erefore, that the belt 
here mapped m Devonian includes both Middle and Upper Devonian 

A, rocks 
It seemsnwessary in this connectiontopoint out a discrepancy that 

may appear by reference to Schrader's original w d c .  I3e grouped 
together all the rocks between the Skajit (Silurian) formation and 
the Lisburne (Mssissippian) formation, applied t o them the designa- 
tion " Ficlcett series," and d m e d  them to lx of "Lower Car- 
boniferous" age or younger. It is now believed, from compara- 
tive geologic studies both east and west of the John River, that this 
group of rocks includes Silurian, Middle and Upper Devonian, 
and Mississippian rocks. '' Fickatt series'' therefore has no further 
usefulness as a group or formational name and will be entirely 
abandoned in future work. No new group nnn~ez arc proposed in 
this paper for the Devonian rocks, because two epochs, Middle and 
Upper Devonian, are involved, and the boundaly line between the 
two has not ha determined. One of the geologic problems of 
future mapping in the Brooks Range will be the separation of the 
rocks of these two epochs, and a further problem wil I be the accurate 
determination of the base and top of the Devonian rocks as a whole. 

The correlation of the Devonian x&s of the Brooks Range with 
~1 similar rocks in other parts of A h s b  is difficult, kcawe the Upper 

Devonian fauns that was collected seems b be restricted to the 
Brooks m. On the other hand, the Middle Devonian age of the 
lower part of this Devonian sequence is only sum&,  no fossils of 

P this age having been collected. Only one definib correlation of the 
Upper Devonian part of the sequence can be made. &@dftw d& 
j umtw ,  which characterizes this fauna, - f m d  by Schrader" in 
1899 among the boulders of the Chandalar River, a d  these fossils 
were klieved by him to have come from his West Fork '%series," 
which msisted of 'L dark-gray 'quartzite,black flint, calcareous black 
shale, and impure limestone." Next in closeness of relationship to 
this Upper Devonian horizon is a group of rxks of late Middle or 
early Upper Devonian age which crop out along the Yukon a b v e  

"Rbtader, F. C.. PreliwUnbrs report on a reconnatssrrnce along the Cbin&lar nnd 
~ P W  Rivers, Alaska, m 1899: D. S. Geal. Suwy Twcntg.firat Ann. Rept. pi. 2, 
pp. 47-76, 1900. 
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and below the mouth of Woodchopper Creek These are essen- 
tially votcanic rocks with s m c  interbedded limestone and therefore 
do not carrespond lithologically with the Upper Devonian rocks of 
the R m k  Range. Along thc upper Porcupine River is a formation 
described hy KindleaR as consisting d 325 feet of brown shale, which 
lie assiined, mbetr3fi&h#hfc 'grounds done, to the Upper Devonian- 
Such a-formation cam not, be m l s t e d  well, either in character fir in t 

thickness. with the Upper Devonian mda of the R d s  -. 
Qn the assumption that the lower part of the Devonian sequence 

of the Brooks Range is Middle Devonian in age, certain correlations 3 
may he made. ?'he nearest correlation geographically and the most 
acceptable lithologically is the equivalence of these beds with the 
Middle Devonian slate and sandstone group of rocks in the Chanda- 
lar district, described l y  Mwtia." Still rarther east the Salmon- 
trout limestone on the Porcupine River, as described by Kindle: is 
the Middle Devonian counterpart of these rocks. 

the north dopes d the Brooks Range Devonian rocks have not 
yet been recognized with assurance, but L e f i n p ~ e I 1  found in the 
Flaxman formation. of I'leiatocene age, a limestone boulder contain- 
ing the typical Middle Devonian fauna of the Porcupine and Ohan- 
dalar districts, thus proving that rocks d this age are doubtless pres- 
ent somewhere along the nortl~ slopes of the range. 
In Seward Peninsula, which is as close to the western extension 
d these inch acr the Chandalar Valley is to their eastern extension, 
few correlative data have k e n  found. The only collection of' fbs- 
sils that has k m  deh ih ly  assigned to the bliddle Devonian was 
obtained by Collier at Baldy Mountain, in the Kuzibin \-alley. 
Several c~~lle*tiom of doubtful age. which. holvcver, have beea re- 
ferred either t~1  the "Devonian or Carboniferous'" or  to the " Si- 3 

Iurian or Devonian," suggmt strongly that Devonian rocks are 
developed in Seward Peninsula, though doubtless much more meta- 
morphorsed than & of tlre same agc in the nrooks Range. 

1 

South of the Yt~kon.. in the Mounl McKinley region, is a group af 
rocks of great lithologic variety, known as the T m m  group. dc- 
scribed originally by 13r9dks: and the name \ w s  suhequently 
extended by Prhd~,' thougl~ with some hesitation, to describe a 

r$'ladlq E. M, -t m a l m c a  of * B r a p ~  Vnlley. bb*rs: Clgl. QW. 

' Rull.. vol. 18, 327. 1WM. 
W d c ,  J. B, Jr.. &lorn  anrl gold A-r of the Chantldnrtllstrld. A h * :  U. B. 
w. SIIT? Blrll. 773,1111. Ss-2sB, I 925. 

L5Jndle, Em M.. o p  d:., pp. 32-329. 
a L?Enz.s+ll. E. rlr K.. un~)ublishd dnla in fllrs H U. 8. GmlaglfaI Survey. 
' BFmke. A EL. H,e Motml LtcEil3:ey region, Madx U. S. OmL Barmy PM. h p m  

70, pp YC-6 1911. 
4 Frhdle, L K ,A Folo%c reronnslwnnor the Fnirrbnnks quadrangle. Alamkm : U 8. 

-1. S u w q  Bull. 626. pp 44-46, 1918. 
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p u p  of similar rockg in the Yukon-Tanana region. The Tonzona 
p u p  is now7 known to include rocks of Silurian, Devonian, and 
Carboniferous age, and the name, like Schrader's I' Fickett series,'" 
d l  probably not be used in subsequent geologic description. The 
group probably includes, however, both the typical Mddle Devonian 
rocks, as exemplified by the Salmontrout limestone, and the late Mid- 

+ dle Devonian or early Upper Devonian rocks, as exemplified by the 
volcanic rocks near Woodchopper Creek. I t is therefore apparent 
that a part of the Tonzona group i s  correlative with the Devonian 

.C rocks of the Brooks Range. 
Small areas of Middle Devonian limestone were early recognized 

by Braoh6 in the Mount McKnley region and subsequently by 
Capps' in the Nutzotin Mountains and the Kantishna district and by 
Moffif in the Broad Pass district. 

A number or fossil collections from Middle Devonian rocks have 
been obtained in the Minchwnina and Ruby districts and thence 
southwestward in southwestern Alaska: and even more rocks of 
Dcvonian age. both Upper and Middle, are known in southeastern 
Alaska. but such occurrences are so distant from the Brooks Range 
that separate mention of the individual localities is hardly war- 
ranted. 

' CkRBONTFEROUS SYSTEM 

The Carboniferous system of northcrn Alaska includcs rocks d 
Mississippian w d  Permian age, but within the area covered by this 
report Perinian rocks have not yet k n  certainly identified. The 
M~ssissippian series, howcvcr, comprises two litholog call? distinct 
formations, k n o w  as the Noatak formation and Lisbume limestone, 
of the Lisburnc is rcgarded on stratigraphic grounds as the 

+d -- younger. SUfficimt detailed paleontologic work has not yet been 
donc to separate these two formations on paleontologic grounds, and 
the l ist  aE their included invertebrate fossils is therefore given at the 

4 end of this description as a single Mississippian fauna. 

NOATAK FORMATION 

The type locality of the Noatak formation is in the western part of 
the Noat& Valley, betcveen the Nimiuktuk and Kugururok Rivers, 
where it crops out dong the strike for a distance of W miles. The 

.Bmk#, H., op. dt, pp. 77-78. 
CaPna, 8. B., The Clrimnn-WhiteRiver district, Alaska : U. S. 4 h L  Survey Bull. 630. 

PP. 81-88, 1916: The Kantishna region, Alnskm : U. 8. Geol. Survey Bull. 887, ppp. 32-34 
1910. 

'MOmt, F. H., Tl~p Bmd Pmss redon, Almska : U. S Qeol. Survey Ball  80% pp 24-26, 
1916. 



north-south distance across the formation at this locality has not been 
deter& but is known to be at least 10 mile% About 150 mila 
farther east, on the Killik fiver, the same rocks were recognhd and 
mapped by the expedition of 1924. There the approximate n o d  
and muth l h i b  of this formation were recognized and the distance 
across the formation was found to be about 15 miles. Between the 
Colville and Elbatak Rivers, but closer to the Noatak, the formation IP 

wss also mapped in the valley of the Aniuk fiver by the expedition 
of ?#5, thus ~ndicating in all probability the continuity of this belt 
ofrocksbetweentheNimiuktukand~llikRivers. Inthevalleyof 3. 
the Bniuk the north-south distance across the strike of the Noatak 
formation is only about 9 miles, but post-Mississippian lavas appear 
to overlap the southern limits of the formation; and if due weight 
is given to this fact it smns probable that the width of this belt of 
rocks is at least as great dong the Aniuk River as in the valleys of 
the Noatak and Killik. 

At the easternmost extremity of the area covered by this report, as 
shown on the accompanying map. the Noatak formation occurs in a 
belt about 15 miles wide crossing the John River between Till and 
Contact 'creeks. This belt is the northern third of SchraderJs 
'( Fickett series," the subdivision of which has been described in the 
sections discussing the d i f f  ereatiated Silurian (8)  'bd the Devonian 
rocks. 

At  the western extremity of the area mapped, in the Cape Lisbume 
district, three small bands of rocks that are intermingled with the 
Lisbume liinestone and the Triassic rocks have also been separated 
out and correlated, mainly on lithologc grounds, with the Noatak 
formation. The southemmost of these three bands crops out for 
about a mile along the coast at Cape Thompson and extends north- -;b: 

northeastward toward the Kukpuk fiver. A second band, about 
5 miles wide, crops out north and south of Cape Dyer and exten* 
southeastward toward the Kukpuk River, possibly joining at the * 
south with the Cape Thompson band. .The third and northernmost 
band crops out for about a mile along the coast north of the mouth 
of Niak Creek and appears to extend in a general southeasterly 
direction parallel with the Lisburne Elk 
In summary, then, it may be said that the Noatak formation crops 

out as a continuous belt of rocks about 15 miles w d e  for a distance 
of BO miles, between the Kugururok and John hvers,  and continues 
eastward into the Brooks Range for an undetermined distance. It 
is not hown hon7 the Noatak formation on the E u g r u r o k  hver  
connects with the rocks of the same age in the Cape Lisburne district, 
but evidently the broad beltlike dstnbution fails west of the Kugu- 
rurok, the formation probably losing its general westerly trend and 



qlittbg into several bands whose trend appears .bo be more nearly 
mth. 

YTBOLOBY 

The Noah& formation at its p pe locality in the western part of 
the Noat& V a l l e ,  beh\-een the Nimiuh* and Kugururok Rivers, 

originalIy described in part by Smith in 19U, under the desig- 
.. y nation lioatak sandstone, but the kl~& of that date did not yieId a 

complete section across the strike. For this reason. and also h a m e  
other Mississippian rocks have in the present report km assembled 

h and treated collectirely with the original Noatak sandstone. it has 
seemed desirable to create a nay and more cornprehensi~e carto- 
graphicunit, to be h m  as the Noatak formation. 

Smith's orig~naI descriptron of the Noahk sandstone is as follo~~~s : 
In the most typical eqosures seen from a point near the camp of A n m t  1l 

[at the mouth of the Niminktuk River] to the canyon [of the NoaZak River] 
the rock?- are dominantly sandstones, rnediun~ flne grained, and rather massi~e, 
hut containing layers of shale that accentuate the bedding. On q m d  ar- 
faces the rocks are usually rusty brawn 20 brownish green, but m fresh. m 
lure they are dark g r q  or greenish. The component minerara are uwall?- not 

, dlathmiahable macroscopjcall~ with the exception oC quartz and d mica. 
When fmabd with add many d the s a n d ~ t o ~ e s  effervesce slightly, sl~m'ing me 
presence cji' caldh, Under tile microecope the sandstone is seen to be cniiiposed 
mamly d quanz and some serlcite, wjth l~mtmitic and carbonaceow material 
dlIing the interstices. 

Some slightly conglomeratic beds are associated wlth the sandstones, and 
-of lhese shoxv flattened maBsee of indurated shale or quartdte which are 
cd pebblelike form but which may represent contemporaneous accomnlatlom d 
mud. h has k e n  developed pmUd v&m the surface d thee nodules, but 
the malerial within is nnabeared. M m  y of k s e  accnmut&Uaaa clc-ze3.y ulmwXaW 
fossils w d  can he distingl~ished from them only by careful e ~ ~ m i n a t i o ~ l .  

E b w  thin beds of limestone, few over a foot thick, are interbedded with 
1 the s a p d s t o n ~ .  These limestone beds show considerable variation in color. 

some being dark gray Whereas others have weathered to a light yallow. bu the 
Llmwton~s a m  semicr)cstalline but exhibit only slight signs of movement. 
& me fairly numerous in some d these beds and are entirely mdeformeZ 
I n  plam the roclcs are cut by small loedl calcite veins and have been intruded 
by -bade intrusive rocks. The Limestone beds become more prominent and 
tlicker toward the top d the formation. * * * 

Shales and slaty beds are  interlaminated with the other members of this 
formation. Generally they exhibit both bedding and cleavage but not much 
metamorphism. The slates contain little clayes nlaterial but seem to be farmed 
mainly of finegrained quartz and some calcite. Bs a rule the mck d;J too me 
grained to pennit its conlponent minerals to be distinguished. Under the micro- 
scope it is seen to be conlposed mainly of quartz, kaolin, or mridte, and a 
greenish, nearly m ~ r ~ h o u s ,  f lnel~ divided mineral, together ,with magnetite, 
some mlphides, and lunonitic material. 

48~lth,  I2 8, The Nmm-E0balr @on, Alaska: U. 13. Qeol. Sunreg W. 688, pp 
3 

69-76, I-. 



la Q B ~ ~ T  AND MINERAL RESOURCES, NORTHWESTERN ALASKA 

Qrvartgitea are  especially common In t@ expasums h the vidnlty of the 
Nontak Capri. Most af them are dgrk, nearly black, but brown and red lron- 
etdned n ~ e m  bers a re not uncommon The greater ind uratlon af the qnWtsiteB 
appears ta he due to the pronounced folding to which the rocks have 1)~en 
sul~jected and also to the igneous intrurlons i n  the vicinity. As a rerub d the 
ignpous a h o n  much d their dark coloring matter I~as  here and there been 
destroyed, and  they weather white, sr, that a t  a distance they are dltkalt to 
distinguish from certaln of the limwtones. This cantact phase nlay in placer 

traced several hundred reet fmn~ the igmow-mck. The red and b m n  colors 
noted above have been prducetl mainly by the weathering of sulphides that 
cermr in the quartzites. 

In the Aniuk River district the Noatak formation is expased in the 
hills east and west of the lake in the Etivluk-Aniuk Pass. The rocks 
of the formation, as o b s w d  by the expedition of 1925, consist 
chiefly of thin-bedded shaly sandstone, shaIe, and thin beds or lenses 
of white to bluis h-gray limestone, The sandstone is f"me grained and 
weathers to hues of red, brown, and yellow. A freshly broken sur- 
face shows rusty grains of sand throughout the mass. The shale beds 
are from a few feet ta 50 feet thick, but all contain thin beds of 
sandstone. The shale is usually dark and weathers into thin, flat 
fragments. The Noatak formation as a whole is not so hard as the 
underlying Devonianmks, but the contact h e e n  these two groups 
of rocks appean to be a conformable one. Some of the limestone 
beds are foss jliferous. 

Along the Killik River the rocks included in the Noatak formation 
differ in some respects from the typical exposures in the Noatak 
Valley. The soufl~ern b o u n d a ~  of this group of rocks is drawn 
tentatively at Easter Creek, not because any discordance in structure 
or discontinuity in sedimentation is observable a t  that point but 
mainly because the m k s  between Easter and the Lisburne 
limestone appear to contain a larger propoAic?n of cherty and argil- 
laceous b& and in general appear to lx more carbonaceous and there- 
fore darker in color than the Upper Devonian rocks south of Easter 
O e d ~  The most striEngOditremma between these reeks and those 
of the Noatak formation at its type locality is the presence not only 
oi' numerous cherty beck but aka of a peculiar chert conglmmte, 
which occurs along the Killik River. This is an aphanitic siliceous 
rock c a m p e d  of angular and subangular chert debris in a siliceous 
matrix. I n  other words, all variations may be seen between a chert 
conglomerate and a sedimentary chert breccia. It is d interest to 
note that chert conglomerate and sedimentan, chert breccia of the 
same character are also found to  the east on the John River and at 
the head d the Chandalar River in rocks that undertie stratigraph- 
ically the Lisburne limestone; and apparently this same chert con- 
glomerate horizon is represented in a more w less continuous zone at 
the h e  of the Mississippian rock of t l ~ e  Yukon-Tmana region. 
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Nong the John River the northern third dE Schrader's Fickett 
dm, "  which is here correlated with the Noatak formation, is de- 
scribedby Schrnder* as folilolvs: 

Bqinning an the south slope of the north axis of the range ' ' * [these 
r-5 consist of 1 dark shale, schistose slate, and apparent1 y some dark Ilme- 
stone, which is succeeded hy quartzite, gnL and conslomerate. The sediments 
~n the quartate, and more espeaally those in the grit and con~lomerate, thouph 
they are often fine, bear a marked resemblanc~ to the variccrlclred c~nglornerate 
d the Stuver from urhch they seem umdeubte&ly to have been d ~ r i c M .  
The quartzite, grit, and cr?nglc?maate are hard and flbty, the qmns and Peb- 
h k ~  thoroughly united by a silicecl~~s cement. 

The Stuver "series" ITL? believed by Schmrier lo to k a forma- 
tion of pre-Devonian age, and its posit& within the Lisburne lime- 
stone was explained as due to a fault contact along its north flank 
The Stuver LL~er ie~  .. is klieved by the writen to k a part of the 
northern third of Schrader's " Fickett s e r i ~  a t  and as such is included 
in this report wL* tho Noatak formation. No fossils were ibund in 
the ~tuvEr  cLseries,'' and the following description, w given by 
Schrader, shows rather clearly its lithologic kinship with the rocks 
above described : 

T h e  rocks of this series are principally conglomerates, u~ih interbedded lay- 
ers of quartzite, which toward the top pass Into slate and shale. The pebbles 
composmg fie conglomerate are practically all siliceous and consist af bl~c-k, 
slste-m.tltired, red, green, and bluish flint and milky-white quartz They range 
En s i ze  fram less than an inch in diameter to cobbles, and in a few instances 
approach boulderets. The cement is siliceous, usually dense, snd often con- 
tains grahns d ayptocrystalline or aphanitic silica, undoubtedly derived from 
the same parent rock as the pebbles. Great force is required to break tho 
radc with the hammer, a d  when broken the fracture plane is almost iav~r i .  
ably found to take a direct course, traversing any pebbles, though pm-y 
*flmd, that may lie in its path, in fact, the mmentatirm is w firm as to form 
of,the conglomerate, as a whale, a rock substankilly as hard as the hardest 
flint pebbles that are included in it. 0 T k  interbedded quartz~tes in 
the Stuvcr series are medium grained and exccpr~onally hard and siliceoug 
and are usually of a gray or sometimes a pinkish or reddrsh color, while the 

? slate is dark. 

One of the most puzzling features of the Noatak formation i s  the 
origin of this chert conglomerate, as ahve  descrikcl, which m t t ~  

in its upper part on the Killik, John, and Anaktuvtrk Rivetsl and 
thence eastward in the Brooks Range. This conglomerate occurs at 
several places dong the Killik River, below the Lisburne limestone, 
but in view of the character of the folding in these hBd5 these mm- 
dry outcrops may well be repetitions oT one well-marked chert 
congIomerate. Schrader goes to the heart of this problem when he 

* Mrader .  F. C A r p r o n n a i ~ m  In northern AJssb : U. 8. M I .  Strrq  Pm. Papet 
20, p 68, 1- 

lo Idem. pp. 6682 



st~.tes, as quoted above, that the matrix of this rock was undoubtedly 
&rived from the same parent rock as the pbbles. So far as known, 
however, there are no cherty rocks of any extent in the Paleozoic 
rocks d this vicinity, and certainly no such multicolored chert for- 
mation that might act as a source rock for the pebbles in this m- 
glamemte. The Lishume limestone and the averlylng Triassic racks, 
to be sure, contain much chert. Yet both in northern Alaska and 
in the Yukon-Tanana region, according to the independent opinions 
of several geologists, the chert conglomerate lm apparently below 
oratthebaseoft lzeche~rocksoftheMississ ippianssqumce.  + 

Where, then, is the source ox parent rock of these chert pebbles? 
Cherty rocks are not entirely absent from the early Paleozoic and 

pre-Paleozoic &, however, and the explanation might be sug- 
gested that these chert pebbles originated by prolonged residual 
concentration at the surface of a relatively few weathered cherty 
kd?, just a? vein quartz and gold have been concentrated to form 
a h a d  purely quartzose gold-bearing gravel, such as  the white 
channel gravel of the Elandike district. The weakness of this expla- 
nation is that the early Paleozoic and pre-Pdeoeoic h s  that 
formed the land mass back of the Mississippian ocean contained 
much vein quartz, which is as resistant to residual decomposition 
as chert; and therefore these canglamerates s h d d  contain as many 
pebbles d vein quartz as of chert, if not more. Hut this, as is well 
known, is not true. 

Perhaps the rast significant evidence beating upm the migin of 
this conglomerate is the cherty character of its matrix. The chert 
of the Mississippian m b  in' the Yukon-Tanana region has km 
studied by Martie? who says : 

The chert k a rnicrocrystalIine rock composed of Chddonlc quartz, which 
under $he rntcrmwopn shows usmath only an aggrede polarization. Much of 
3t i s  hreccliahed and recemented with dlieB, I t  L b e l t e d  to he or $rirmW 
ortpjn-that is, to be a rock formed from orlglnal sllicrous material. It ' l~elher 
the chert is derived from rneclianfcally or chemimlly predpitated slllca Itas not 
been cktermined. 

The same description would apply equally well to the chert of the 
Noatak and Lisburne formations, except that among the Lisburne 
rocks there has ken  a pronounced tendency toward recystallization 
at  certain horizons, resulting in the formation & a  certain proportion 
af fine-grained quartzitic rocks. 
In the description above quokd Mertie wished to emphasize the 

fact that these homogeneous cherts probably originated either from 
the sedimentation of fine-grained or colloidal siliceous i l k s ,  or by a 
- 

U Merkie, J. R, jr., The gold placers of the Tolovana district, Alaska: U. B. 
S U W ~  Bun. 662, pp. 2 3 % ~ .  m. 
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*ial reaction that precipitated silica from oceanic waters. The 
&in from accumulated deposits of consolidated siliceous organisms, 
although theoretically possible, was purposely ignored because the 
esamination of many thin sections of the chert failed to reveal anv 
traces of  organic remains. It is possible, however, that the cherts 
mag have originated indirectly through the action of dgalike 

*, organisms that had the power to sexrete silica from water, just as 
certain types of algae have secreted iron froin water to form valuable 
deposits of iron ore. 

*, It is now bel iwd by many geologsts that deposits of primary 
chert have been formed in past geologic time a t  many places in the 
world. Some of these deposits: to be sure, are claimed to be of 
nrganic orign, but they show no inore evidence of direct organic 
or~gin than the cherts under present discussion. If we admit, thm, 
the possibility o f  primary siliceous deposits, it is relatively simple to 
egplah the manner of formation of the chert conglomerates, even if 
the exact: causes and details of the process are not thoroughly under- 
stood. Some limestone conglomerates and primav limestone breccias 
have been proved to form more or less simultaneously vlth the mas- 
sive limestone about them by the erosion and sorting action of oc+ 
anic currents. Why, then, could not siliceous conglomerates form in 
the same manner? However, it is not proposed here to limit the 
formation of chert conglomerate to the one method above outlined. 
A slight elevation above sea level of siliceous sediments already 
formed might result in the denudation and sorting of siliceous frag- 
mental d h i s  by atmospheric agencies. The angular character o f  the 
chert fragments in the chert breccia, however, indicates that the 
comminution of these fragments must have taken place after the 
source rock had attained a considerable degree of cohesive strength; 
that this comminution took place as a result of subaerial denudation ; 
and that some of  these fragments at least suffered little transporta- 
tion or assortment moving water. Various explanatioi~s might 

5 bepropossd to f i t thecond i t ions thusadduced~necess~ to the  
fonnat~on of the chert conglomerateand breccia, but until some fur- 
ther light is thrown upon the mode of formation of prim- chert 
itself the exact mode of orign of these related rocks will have to 
remain in more or less doubt. The explanation here proposed, how- 
ever, is that the pebbles and angular fragments in the chert con- 
glomerate and breccia are essentially contemporaneous with the 
formation of a primary chert matrix ;not contemporaneous, perhaps, 
in the sense of secular time units but in relation to the geologc 
time units of the Paleozoic era. 

One of the peculiar features d the Noatak formation is the litho- 
logc  variation observable along the strike. The chert and chert 



conglomerate of the John and Killik Rivers have not beren seen along 
the Noatak River. Northwest of the lower Noatak Valley, in the 
Cape Lisburne district, there occurs still another variety of rocks, 
which must perforce be correlated with the Noatak formation- 
namely, % coal-beating and, in part at least nomarine group of 
.ra&q, These facts suggest strongly that the Noatak formation com- 
prises a great assemblage of rocks, which by more detailed mapping e 
.might well be split up into smaller. f omat ion4  units. 

The Carboniferous section at Cape Lisburne was described or@,- 
&ally by Collier," but subsequently additional work was done by + 
KindIelS in the vicinity of Cape Thompson. Collier divided the 
Carboniferous rocks of this district into three formational units, 
which for descriptive purposes lie called th e lower, middle, and upper 
formations. The middle formation is now horn  to be of Triassic 
age. The upper formation constitutes the typical Lisburne lirne- 
stone. The lower formation comprises the three bands of rock pre- 
viously enumerated, which in this report are correlated with the 
Noatak formation. 

The so-calkd lower formation consists, according to Collier, of 
slate, shale, and limestone, containing several coal beds and, in some 
of the black shale and clay, Paleozoic fossil plants. Regarding these 
rocks Collier further states : 

I t  Zs therefore -sentially a freshwater deposit. In one instance marine 
hvertebrata l~ave k n  found in such posilion as ta suggest a possible Inter- 
bedding of m a r i n ~  sediments with the fresh-water deposits, but as this rela- 
tion may be due to the infolding of some of tlte overlying formations it m n  not 
be accepted as conclu~ivc cvidencc. The beds arc usually thin and the forma- 
tion as a whole is softer tlmn the overlying &. For this m s o n  it has 
more deeply erdd so that it j o b  the bcdmk of the indented portions of the 
coast and determines the positions d sottw of the valleys. + 

The structure of the rock? in this locality, as elsewhere in the Cape 
Lisbme district, is SD patently complex that it is possible that some 
of the Mesmoic rocks are infolded in such a manner ZE to appear to 
be a part of this "lower" formation. The presence of Paleozoic 
plants, however, can not be cmtroverted and it must therefore be 
accepted that a lower Carboniferous and probably nomarine group 
of rocks is here present and is k t  c m l a t e d  with the Noatak forma- 
m. But inasmuch as such plants do not appear to have been col- 
lected directly from the coal-bearing beds a reasonable daubt ~~ntily 
exist whether the included coal beds are Carboniferous or Mesozoic 
in age. 

=Colllm. A. J., Geology and coal resourcm of the Cape Lfsburne @on, Alarka : U. 5. 
Qeol. Survey BUM. 278, pp 18-27,1906. 

*Kindle, B. M.. The section at  CupeThompson, Alaska : Am. Jour. dcl., 4th Wr., Yol. 
28, pp. 5-$28, 1909. 
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STBUGTUBE AND T g I m I B  

In  the type locality, on the Noatak River, Smith l4 noted several 
structural features that characterize this formation, which in brief 
are as follcws: 
1. The degree of regional deformation is not so great as in the 

older rocks-that is, the rwks af pre-Devonian age; Devonian rocks 
as such had not been differentiated from the Carboniferous rocks 
along the Noatak in 1911. 

2. The deformation appears to become progressively greater in 
going westward down the Noatak River. 

3. Cleavage but not schistosity is everywhere apparent, except in 
the massive quartzite beds. 

4. The regional strike is east-west, with younger rocks adjoining 
the Noatak formation on the north. 

Along the Killik River much the same structural conditions pre- 
vail. In the description af the Devonian rocks af the Killik Rrver 
was stated the belief that no stratigraphic break separates the 
Upper Devonian from Ehe Mississippian mks. I t  may now be 
further stated that all available data from the KillIk and John 
River seclions indicate more or less continuous deposition d sedi- 
ments throughout the Mississippian epoch. I f any interruption in 
sedimentation occurred, it is not believed to have hen accompanied 
by any marked diastrophic movements. On the other hand, the 
pre-Devonian rocks in this region are everywhere not only mom 
highly metamorphased but deformed by diastrophic pmceseses af 
dflerent character and age. I t  is therefore apparent that Smith's 
first generalization, i f  it is modzed to include as a single structural 
unit both the Devonian and the Carboniferous rocks. holds not only 
for the racks of the Noatak and Killik Rivers but, so far as known, 
elsewhere in northem Alaska. 

The second o% Smith's generalizations, as above given relates to a 
structural feature which in the nature of things could be observed 
only in a series of rock exposures extending over a considerable range 
east andwest The Killik and John kver  sections can not therefore 
d m  this generalization, but if the rock structure in these two sec- 
tions is compared with that far to the west in the Cape Lisburne dis- 
trict, this impression of pmgres sively greater deformation toward the 
west is most strikingly confirmed. The structural features of the 
Noatak formation in the Cape Lisbusne district, as given below, wil1 
make clear this interpretation. 

The omnipresent cleavage developed in the less competent argil- 
laceous beds of the Upper Devonian rocks along the Killik River has 

* mltb, P. S., The Noatak-Kabuk reglon, Alaska: U. X Qeol. Survey Bdl. 636, pp. 
n-n, m. 
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previously been commented upon, and it should be stated that the 
same condition holds true for the argiIlaoeous beds of the Noatak 
formation along the Killik. Plate 19, B, taken from Smith's report, 
showing the development of a perfect cleavage and the nearly com- 
plete obliterabon d bedding in the shaly sandstone of the Noatak 
formation along the Noatak River, is typical of the argillaceous beds 
of the Upper Devonian and Noatak formation wherever seen in w 
northern Alaska The quartzitic racks of the Noatak River were 
cited as an exception to this condition, the movement having been 
taken up apparently by stretching and folding of these mare compe- 
tent beds. I n addition to such quartzitic beds the Killik and John 
River sections also have chert and chert conglomerate among the 
rocks of the Noatak formation, whch have behaved under deforma- 
tional in much the same manner as the quartzitic rocks and 
have tended to develop into folds fractured by jointing rather than 
cleavage. 

N Lisbum limedone S 
For the Killik River 

**+ Noatak section, however, an 
randstone addition must be made 

to Smith's third gen- 
eral ization regarding 
folding and cleavage. 
It has baen found that 

k D R a  L-Sbkh .hor(ng mmbrnsting of the' among the rocks of 
~oatak formation northward upon the Lieburne this area the cleavage 
lin~&one, enst WPU of Kllik River Valley at nortl~ Of the ~~~~~i~~ and front of Brooks Range 

Mississippian r o c k s 
dips rather uniformly southward at an angle of about 30" or more 
and that many & the folds in the more competent beds appear to 
be overturned, with axial planes dipping southward like the cleavage. 
The sketches in Figures 6 and 7, w-hch represent idealized struc- 
tural interpretations, the latter taken from Plate 21, A, show the 
southward-dipping cleavage of the Noatak rocks at their northern * 
edge, where they lie in contact with the Lisburne limestone. This 
additional generalization, however, is not negated by any structural 
data along theNoatak River, as may be be by Plate 19.A, whch 
shows among the Noatak rocks in the canyon of the Noatak an over- 
turned fold whose axial plane dips southwestward. 

The east-west trend of the Noatak formation as obsened along the 
Xoatak River also prevails in the Killik and John River sections and 
in the territory between the Killik and Nimiuktuk Rivers, and nearIy 
everywhere younger rocks lie toward the north. Hence the regional 
or large-scale dip must be northward, though many reversals of dip 
occur, the rocks dipping both to the north and to the south, with the a 
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prevailing dip southward at certain localities, as, for esample, along 
the Aniuk River, as recorded by W. R. Smith in  m. The diagram- 
matic sketch shown in Figure 8 is an attempt to interpret these struc- 
tural features in  terms of an idealized geologc section across the 
Brooks Range in the longitude of the M l i k  River. This sketch fits 
no particular line along the geologic map but shows approximately 

? the geographic north-south extent of the Paleozoic and older Mesozoic 
formations Seen in the range. The structure is interpreted as an 
assemblage of overturned folds, whose axial planes dip southward, 
while the regonal dip remains northward. The amplitude of these 
folds is a matter for speculation. Are these folds minor features, 
such as the small drag folds s m  in thin beds of slate, between hsaw 
beds of quartxitic sandstone'? Or do they attain to large size, measur- 
able in hundreds of feet, or are they even larger, approximating or 
even exceeding in size the thickness of the formations involved 8 The 
structural data at hand 
are meager. But it is 5. K 

.J 

evident, from certain 
large overturned folds 
obscrved in the field- 
as. for example, the re- 
cumbent fold in the 
Lisburne limestone at 
the north front d the 1 

FIonnE 7.-Sketch showing development of clesvage 
m~rntains, ~ Q W  the in Nmmk fumtiun rind close folding in Lisbarne 
Killik River-that t h s  p WL t 11 or KU~L KVCF VHIII.Y at  rn gGt0 bm%uY'nge 
overturning is not can- 

& fined to mall  drag folds in incompetent strata. The uppcr limit of 
size might rough1 y be gaged by the degree in which the northward- 
dipping monoclinal sequence is interrupted. That is, such structure 
would k sure to result at some places in the infolding of younger 

3 rocks, thus breaking the sequenceof younger rocks occurring profles- 
sively northward. I f  such infolded rocks are only fragments of their 
formational units, the conclusion might be justified that the ampli- 
tude of the folds is to be measwed in hundreds rather than thou- 
sands of feet. I f  all or nearly a1 1 of a younger fonnati on were thus 
infolded. i t  would probably indicate that the largest of these folds is 
measurable in thousands of feet. The distribution of certain of  the 
geologic formations in the Brooks Range, particularly in the Nimiuk- 
tuk and Kugururok Vallqs, suggests that the latter inference is 
correct, but their distribution may also be explained as due to fault- 
ing,> and in the absence of more facts than are now available, no 
decision as to which is the true explanation can be reached. 
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Faults of several types occurintheNoatak 
formation, as in the Lisburne and Devonian 
rocks of northern Alaska bur ha\-e not ken 
closely studied. There i s  much evidence of 
small-scale faulting of thcdistributed thrust 
typc  as a phase of the dcvdopment of frac- 
turc cleat-age in the ary llaccous rocks, and rn 

similar faults on a some\ilhat larger scale cut 
thc marc competent rocks. A t  the north 
front of the Brooks Range i s  a grcat thrust- 5 
fault zone. which 1s describcd in morc detail 
in the discussion of the Lisburne limestone. 
not k a u s c  this structure is especially dis- 
tinctive of thc Cisbume, but bbecausc that 
formation is .w situated geographicall?? as to 
have been most affccted by t h s  disturbance. 
As a matter of fact. thc chert congl pmeratc 
called by Schradcr thc Stuver " series " and 
here describcd as part of the Noatak dbrma- 
tion was as huch in~alvcd in this faul tingon 
the Anaktuvuk River as thc Lisburne lime- 
stone. the north contact of the Stuvcr 

series '? bcing dclfmi ted by this fault zone. 
With regard to this faulting, Schraderi8 

statcs : 
TO convey a clearer conception or thc controlling 

codirions hcre, it should be notcd lhnl Ihc Sluver 
series llcs In iin cast-west zone that csl~ihirs thc * 
most mnrkctl geologic disturbance of rhc regim. 
konotmc~d I'tlirlting estcnds south~vard into the 
range Ihr a disloncc $ 15 t: PO miles tiom its Scri- 
ward [north] t'acc. The thrirsl or move 1 

m a t  camc from ihu south and apparently prrXl~~ccJ 
on overturned fold In thc icrranes forming the CTOS( 

d the anticlinc. 'I'hc kiultrng which accon~pnicd 
this movement brokc thc beds into several grcnt 
fault blocks. * -ro\vard i t s  northern 
l~rnits and the crest of the fold the Stuver series 
dips southward n t  on i~ngle d 30' Bur still 
ncarer i t s  northern limits, ~~rnctically at the crest 
rrt' the fold, the beds bnvc k e n  stra~ned, hen! 
dotvnwnrd, and broken, and l innll i  terminate in a 
1~11-defined Cault scarp. 'I'his scnrp trends a little 
souill 01' east and is visibl!. pronounced for a t  least 

* S&mlr,  F. C, A reconnalsaauca m n m h m  Ali. : U. GcoI. 8 a m y  pmf. Paper 
20, Qp. 61. 69, 1W. 
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u 6 or 6 d e s .  Along this distance, in the higher part of the mountains, the 
edges of the broken, hard conglomerate beds forming the scarp are distinctly 
exposed, generally dipping about 30" S., while at a lower elevation along the 
face of the scarp the broken-off portions of the same strata have dragged be- 
hind along the lower face of the scarp and stand nearly m edge, dipping north- 
ward at an angle d so". These nearly vertical beds of the Shlver series are 
met at the contact on the north by the limestone of the Lisbume formation, 
wkch dips south at an angle of 75" to 80°, The contact of the two forma- 
tions thus forms a reentrant angle of 23 ", opening upward. 

The rocks of the Cape Lisbume district that are hem included 
with the Noatak formation betong, it would seem, to a structural 
province that shows marked divergence from the structure of similar 
rocks in the Brooks Range. With regard to this structure, Collier1d 
says: 

The s h c t u r e  in most cases consists of an intricate system of f o l h g ,  with 
faulting along the contact with the underlying and overlying formations. On 
the south side of Cape Dyer the coal-bearing formation s e m s  to test mk 
formably an the sandstones which form the cape, while it is overthrust by the 
same sandstone a t  the Ears, about 2 miles south of Cape Dyer. Between 
these two points the formation, which is almost continuously exposed is closely 
folded. 

Reference to the map that accompanies the above statement show 
that the strike of the contact between the rocks now considered mem- 
bers of the Noatak formation and the underlying rocks is about 
northwest, but the w c u m c e  of similar rocks at Cape Thomp- 
son indicates that the regional trend in this district may be more 
nearly nortl~~northwest. The thrus t-faul t plane a b v e  recorded dips 
southwestward, and the axial planes of the folds in the Noatak for- 
mation dip in the same direction. 

Kindle I' has s h o w  that at Cape Thompson, abut 50 miles south 
and slightly east of Cape Lisbume, the dominant structural, feature 
is a broad syncline whose axis strikes north or northwest. In gen- 
eral the Mesozoic mks, which occupy the center d this syncline, 
are relatively litrle deformed, but the Carboniferous mks, which 
form the limbs, are sharply tilted, particularly at the northwest end, 
and the structure is modified and cmplicatd by lmal flexures, such 
as the anticline at Agate Rack, where the less competent rocks are 
intricately folded. At the northwest end af this syncline occur the 
rocks correlated with the Noatak formation, comprising 400 feet of 
shale and sandstone dipping 8D0-80° E. 

f l  Collier, A J., C e o d w  and coal resources of the ape Lisburn~ region, Alaska : U. 8, 
GwL Survey WIII. 278, p. 19, 1906. 
"Kindle, E M., The section a1 Cape Thompson, Alaska :Am. Jour. Bet., 4th ser., rol. 

28, pp. 631-622, 1000. 
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From the structural observations of Collier and Kindle, as given 
above, it is evident that the regional srtructure of the Cape Lisburne 
district does not coincide with that of the eastern part of the Brooks 
Bange, the strike or trend of the rocks being more nearly north 
than east. One analogy, however, between the two types of struc- 
ture i s  noticeable. The fault recorded by Collier and the axial 
planes of the folds appear to dip southwestward, whereas the gen- m 

distribution of the Carbonlfemus and M m i c  mks indicates 
u p~ogmssive sequence from older to younger rocks northeastward. 
Hsnce, as in the Brooks Range, the dip d the cleavage lies roughly S- 
at right angles to the regional dip of the rocks. 

The fact has already been mentioned that the deformation of the 
rocks of the Noatak formation becoma progressively p a k  west- 
ward down the Noatak Valley. If  this condition is interpreted in 
the light d the structural features of Cape Lishrne, the obvious con- 
clusion is that the highly deformed rocks d the Kugururok Valley 
show the combined effects of both types of deformation. This, h 
k sure, is a highly speculative surmise but s e a s  to lx in harmony 
at least with the facts observed in the field No data are available 
for determining which of the two &formative processes is the older. 
In general, however, where one structure is superposed upon an 
older structure, and both are of the same degree of deformational 
intensity, the later of the two will be more evident. This consider- 
ation provides a presumptive basis for the belief that the north-and- 
south structure of the Cape Lisbume district is later than the east- 
and-west structure of the Brooks Range, but this can not lx accepted 
as more than a suggestion. 

i n  the type locality dong the Noatak River neither the tv nor 
the bottom of the Noatak formation is accurately delimited In the Q 
Aniuk Valley the southern limit of thaw racks is masked by Inter 
mks. In the valley of the KilEik Rives the southern limit, or con- 
tact btween the Noatak formation and the underlying Upper De- * 
vonian rocks, is indicated an the accompanying map, but the indica- 
tion is admittedly more diagrammatic than real. Moreover, these 
rocks are correlated only lithologic gro~mds with the Noatak 
formation in its type locality. The same holds true in the John 
River section, the boundary line between Mississippian and De- 
vonian rocks at that locality being less d e h i t d y  determined than 
on the Killik River. And in the Cape L i s b m e  district it appears 
probable that most d the mapped contact lines are faults, and 
almost surely only a small part of the stratigraphic thickness of the 
No~tak  formation is there apparent. 1511en t h i s  lack of defmite 
boundaries, the intricate structure of this group of rocks, and the 
lack of detailed work are considered, it is evident that no trust- 



worthy estimate of stratigraphic thickness can be made. The great 
d~stance across the strike. approaching 15 miles at its maximum, 
givcs a rough measure of the order of magni tudc of the stratigraphic 
thicknms bus little more. Probably thc  truc thickness is measur- 
able in thousands of feet of strata. 

thc N-k and Lihurne formations have bem dehrrnioed 
h their fauna to be of Mississippian age, but the regional stratig- 
rnphy shotw c1arly that the rocks of the Noatali formation ncre 
deposited prior to thc deposition of the Lisbume Sirn~tonc. The 
Noatak formation thercfore includes all the rocks of this scgion of 
pre-Lisburne Mississippian age. The invertebrate fossils of these 
two formations havc bcm assembled as a single Mississippian fauna. 
tvhich is presented in thc cnsuing discussion of the Lisburne limc- 
stone. Somc of these fossils, m, for esarnple. Leptasna rhmdoida- 
& am believed by H Girty to belong distinctively to the lower 
Mississippian, but insufficient detailed I\-ork has yet been done to 
make two separate faunal lists. 
in addition to anrertebrates, ho\\rvcr. six lots of fossil plants haw 

collected from thc nonmarinc Mississippian rocks of the Li~is. 
burne district a d  onc from the vallt~ of thc Killik River, which 
arc here included with thc Noatak forination, All thcse plants were 
determined by Dayid White, ot' ttre WW Statcs Goolog~cd Survey. 
The lid follows: 
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(Museum No. 55.34). Coal bed 1% miles m h  of Cape M l ' a .  Cotledw, A, 3, 
ColEier, 1904. 

4ACSS Wumm No. 3553). Halr a mlle south of Cspe qrPr. Collector, d J. Collier, 
1904. 

5289. Lower 140 feet of gray sandstone a t  base or geologlc s d o n  at CPlpe Thompson. 
Colktor, 1 M. Kindle. 1908. 

5190. Fmrn 280 f&of black &ale, whlch overtlee thEl ~ ' m m -  a t  base d gwrlodc 
section a i  Cape Thot~~pson. Collector, Q. 34 Wndtp, 1809. 

24AYt39. One and omhalf miles est of lrarnp April 23. cm the north trLage of gulch 
tributary to t l~c  E!h& RIVCP. CoIIcctOr. J .  B. Mrrtlc, jr., 1!T24. ~r 

Collection A was found along the beach a t  the CoMrin mine in an 
area o f  exclusively Mesozoic rocks. The specimen however, was not 
found in place and is believed to have been ice-rafied eastward from '.f 
Cape Lisburne, where the nearest Carboniferous rocks occur, I n  
addition to the flora abve  listed, fucaids also form a part of collec- 
tions 4AJV87 and 4AFY40, The other fossils of these two collections 
are invertebratm and are listed among the Mississippian fauna in 
the table facing page 182. 
' Collection 24AMt80, which is here included with the flora o f  the 
Noatak formation, was found on the Killik River, about 300 miles 
east of Cape Lisburne, in an area mapped as Devonian. This local- 
ity, however, is no great distance south of the belt o f  Noatak rocks, 
and the occurrence is believed to signify the presence of infolded or 
infaulted Noatak rocks in the Upper Devonian sequence. 

This fossil flora is believed by David White to be representative 
of the lower Mississippian, and possibly the basal part of the lower 
Mississippian. The presence of ~ s ~ f ~  rbm3dddk in collection 
4AC22, obtained 3 miles southeast of Cape Lewis, in  close proximity 
to these plant-bearing he&, serves to corroborate the assignment of 
the Noatak mcks of the Cape Lisburne district to the lower Missis- 
sippian, The Noatak formation as a whole, however, may and prob- 
ably does extend upward into higher horizons in the Mississippian, # 
and only more refined stratigraphic and paleontologic work will 
serve toshowitsupper limit. The cock9 of this group, whichoccur 
in the Cape Lisburne district, are regarded as the basd part of the 

+ 

Noatak formation and probably also represent the basal l~orizons uf 
the Mississippian of northem Alaska. 

The nearest counterpart to the Noatak formation tbewhm in 
northern Alaska is an unnamed group o f  black shales and slates 
that underlie the Lisburne Iirnestone in the valleys of Canning ~ n d  
Hulahula Rivers, about 300 miles east d Cape Lisbume. N) fos- 
sils were- found by Leffhgwell I* in this group of rwks, but their 
position below and in apparent conformity with the Lisburne lima- 
stone indicate that they sllould be correlated with the Noatak forma- 
tion, and probably with the marine part of the Noatak. 

u LetUngn.el1, E. de K.. The Canning River region, northern Alsska : U. S. GmI. Survey 
Prof. P a p r  109, pp. 10S108, 1919. 
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The Noatak formation has not been recopized or mapped else-' 
where in Alaska as a separate unit, but the geologic section m the 
Porcupine River, about (iCn) mil= emt of the Lirihurne district, sup- - the belief that this geologic horizon may be continuously wp 
resented across northern :Ibska. Kindle lo found in IWR, just b 
Eorv the lower ramparts of tlie Porcupine River, a Carboniferous 

a section which. although stratigraphically incomplete. yielded a =urn- 
her of g o d  cdlections of invertebrate l'msils, lar_pely of upper Mis- 
sissippian age but showing also distinct lower Mississippian phases. 

k 'This lower Mississippian aspect was commented upon by G IF. 
Girty. who identified these fossils, and was believed by Kindle to 
indicate that the entire Mississippian sequence    as probablv present 
at that locality. ~t additional apidencc of this h?~othesis Kindle 
found at the h e  d the section hlack shale containing the plants 
Sphen~tis  frigida, fragments d unidentifiable ferns, St iymria ,  and 
Lepidostroihrs. Subequently, in 19 1 1, Maddren 96 collected from 
these same black shales two species of l;rpp2odmdron, namely X. 
i r e E l & i m n  var. m~rminnfm and L. a p e l s b e r g m ~ .  It will be 
seen iiwm these data that  a lower Mississippian group of rocks exists 
at  the base of tlie Mississippian along the Porcupine River that is 
comparableand probably to he correlated with the  h'oatak f m a t i o n .  
the planthearing shales k i n g  equivalent to the shales in the Cape 
Lisburne district and tlie lower Mississippian phases of the marine 
strata being compamble with the marine part of the Noatak forma- 
tion. 

Tllirr correlation ia  in fact the only clwe comelation that can at the 
present time be made wit11 tlie Noatak formation. In the Yukon 
Basin there is a group of rocks composed essentialIy of siliceous slate 

6 and chert, whicli, largely cm stratigraphic grounds. i s  believed by 
Mertie 2' to belong to the Mississippian. This formation, however, 
to judge from its contained fossils, is apparently entirely marine in 
origin and is quite different litliologically from t he  Noatak formation. 

f. Th c lower Mississippian of the Yukon Valley is also characterized by 
a group of lava flows and interbedded marine sediments. known as 
th; Rampart group, which has no counterpart among the rocks of the . 
Noatak f'ormation. And finally, the Nation River formation of the 
Yukon Valley, which litholagically resembles t o  some extent the 
Noatak Ionnation, particularlv in containing coal, is entirely non- 
marine and lies stratigraphically between upper Mississippian and 
Permian rocks. Elsewhere in Alaska no rocks of supysed lower 

Mndle. E. M., C e n l ~ l c  reconnalssnnce a l  the Porcupine Valley, Alaska : M. S o t  
Arnwtca null., vol. 19, pp, 382390, 1908. 

"hfa4dren. k 0.. unpubllst~wl clmtn In fllea or U. S. Geological Survey. 
"Mettle, J. R., jr., 'rlw gold plawr% or the Tolovana district, Alaska: U. S.  M. 

Sr~rvty nic!l. 662. pp. 239-241, 191'. 
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R/iississippian age are known. The present available data, therefore, 
seem to justify the hypothesis that the Noatak formationis a group ' d rocks confmed essentially to northern Alaska Other lower Mssis 
sippian rocks are doubtless present in Alaska but are M d y  to be: 
found to differ lithologicalty and genetically from those of this 
northern Alaska horizon. 

The type locality af the Lisbume limestone is the Lisburne dis- 
trict, in the western extremity of the area covered by this report. In 
addition t.0 %n occurrence at Cape Lisburne, four other bands of this 
formation are known in the Lisburne district. One of these is seen 
rtt Cape Lewis, 13miles south d Cape Lisburne, and mother along 
thecoast aboutmidwaybetweenCapeLisburne andCapeLewis. The 
other two bands of this formation occur along the coast at and south- 
east of Cape Thompson. 

In the valleys of the Killik, Chandler, and Analdunk Rivers and 
at the head d the John River the Lishrne Z i m m e  crops out in a 
belt from 5 to 10 miles wide parallel to and adjoining the Noatak 
formation on the north. Plate 20, A,  illustrates the appearance of 
the topography of this 16nestme at the head of the John and Anak- 
tuvuk Rivers, near the southem margin of this belt of rmks. About 
60 miles west of the Ki l ik  fiver, in the valley of the Etivluk River, 
this formation appears as a belt 5 miles wide and in the h i u k  Val- 
ley as a belt lmile  wide. These two belts are separated Egr a hori- 
zontal distance of 17 miles in which Mesozoic rocks form the sur- . 
face exposures. 1 n the valley d the Nimiuh-tuk, 85 miles west d the 
Etivluk River, the Lisburne again orops out in a northern band 4 % 

miles wide and a southern band-5 miles hide, separated by a distance 
of less than 3 miles, in which Mesozoic strata are e x p e d  More- 
over, the southern band in the Nimiuktuk Valley is bounded on the 1 

south by Upper Cretaceous rocks instead af the Noatak formation. 
. About 30 miles still farther west the Lisbume I-inxsbne forms the 

principal rocks through a tract of country nearly 25 miles wide along 
the Kugururok River and continues in a belt almost as wide south- 
westward into the valley of the ICivxldna h v e r  and tl~ence preaum- 
ably westward to the Arctic Ocean. Another small band af the 
Lisburne hestone, about 1% miles wide, separated apparentlv from 
the limestone of the Kugururok Valley by faulting, is found a t  the 
head d the Utukok fiver, a northward-flowing stream that heads 
against the Kugurumk. The Cape Lisburne or type locality lies 
about 70 miles northwest of the croppings on the Kivalina River, but 
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mt later ~ l c S  cover much of the intervening area, the two occurrences 
dwnot to be connected across country. 
Ia general. therefore, the Lisburne limestone crops out in one or 

mom belts, from 1 to a0 miles in width. extending from the -4rctic 
h In a general easterly direction for 350 miles to the Anaktuvuk 
River and thence into the Canning River region and eastward to the 
intcrnational boundary. The type locality, at and near Cape Lis- 
bum, is not a part of this great east-west belt but comprises appar- 
ently an outlying group of occurrences which have ken isolated 

W geographically, possibly by geologc structural processes of a variant 
character. 

L l T H O ~  

The Lisburne limestone, as d d n d  in this report. comprises, as 
previously stated, what was formerly regarded as the upper of 
Collier's three formations in the Cape Lisburne district?* Collier's 
statement regarding the lithology of this formation is as follows : 

The formation consists of massive thick-bedded liil~estones, massive white 
Cherts, and occasional thinner beds of black slate or shale and i s  distinguished 
From the underlying Carboniferous [and also from the overlying Upper Tri- 
assic] formations by its lithologic character and its fauna, which cembts 
mainly d corals. * * * FaulL breccia with interstitial calcitc occurs n e x  
Capc Lisburnc. 11 rcscmblcs cr~rse-graincd porphyry, L'or which it has probahly 
hen mistaken, and perhaps has given rise to thc reports d porphyry d~kes 
near Cape 1,isbnme. Chi the north side of Cape Lisburne and also at Cape 
I e x k  the limestone weathers into jagged pinnacles. 

Plate 21, B, shows a typical exposure of the Lisbume limestone a 
short distancenorth of Niak Creek, in the Capc Lisburne district. 

The Lisbu,me limestone on the Anaktuvuk Rives at its easternmost 
4 limit, m~thin the area covered by this report, was studied by F. C. 

Schrader in 1901. threc ycars earlier than the work of Collier in the 
Cape Lisburne or type locality. Furthermore, Schrader, later in the 
same season, saw the section at Cape Lisburne and, though unable to 

E do any lwrk there owing to the proximity of  winter, nevertheless cor- 
related the limestone of  the Anaktuvuk River with the limestone at 
Cape Lisburne and in his report used the name Lisbume formation 
for the limestone at the two places. Schrader's statement regard- 
ing the litholoa of this formation at the head of the Anaktuvuk 
River is as follows : 

T h  rocks of the Lisburne formation may be characterized for the most 
W as medium-hddd ~emicrvstalline limestone of impure white or gray 

Collier, A. J . ,  Geologg and cosl reswrcm of the Cape Liabarne region, Alaslie : U. S. 
Gaol. Suruqv Bull. 278, e. 27, lW6. ' Scll~mder, F. C., A renrnnalmnce In rnrtkm Alaska: U. 8. Geol. Survey PmT. P u p  
20, p. 03, 1904. 



color. They m h  gmy, light n1s9 bmm, or chocolate. They form the 
mountains that rise to a height of 2,600 tn 8,000 feet abot-e the m r  of the 
Anaktur.uk Valley. Near the summit occur two beds of intercalated &al% 
each apparently seveml hundred feet thick, and containing some thin layers 
of dark-gmy limatone. . 

Along the Killik kve r ,  where ssen by the expehtion of 1924, the 
Lisburne formation is prevailingly a group of white mcks, which at 
a distance would probably he regarded as limestone by a geologist * 
engaged in reconnaissance work. When examined closely, however, 
these white rocks are seen to consist of innumerable layers of chert 
and limatone, ranging in thickness from a fraction of an inch up d 
to many feet. The southern and probably the stratigraphically lower 
part of this formation, along the Killik River, consists of a cream- 
colored granular crystalline limestone in beds from 10 to 20 feet 
thlck. To the north the rocks consist of an intiinate mixture of 
limestone and chert. This limestone is generally less cystalline 
than that on the south side, is white to dark brown, and some of it 
when freshly broken gives a fetid odor of d q d  organic matenal. 
Both the limestone and the chert are foss~liferous. 

On the Chandler River, at the north front of the Brooks Range, 
essentially the sane kinds of rock were seen, with perhaps a some- 
what greater lithologic variety. The chert-liinestone formation is 
here at least 4 miles wide, and the two types of rock are intimately 
inbrbedded, in part in thin seams and i n  part as thicker Ids. The 
limestone is for the most part calcitic, not dolomitic, coinmonly 
recrystallized, and in places siliceous. A few beds of dense, fine- 
grained, black noncrystalline limestone were also seen. Much of the 
limestone, both crystalline and noncystalline varieties, has a strong 
organic odor when freshly broken. 

The common occurrence af alternating beds of limestone and chert f 

along the Killik and Chandler Rivers has led the writers to believe 
that the Lisburne formation, as a whole, contains at these two locali- 
ties almost if not quite as much silica as lime. Collier made no quan- + 
titative estimate of the proporbon of chert to limestone in the for- 
mation at Cape Lisburne, but his lithologc description indicates that 
the proportion of chert might be considerable. Schrader, strangely 
enough, does not mention chert as an important part of the Lisburne 
along the Anaktuvuk fiver, but his orignal notes indicate that he 
w w  unable to examine this formation at close range and obtained 
his ideas of lithology and structure from observations at a distance. 
Under such circumstances the siliceous character of part of the 
formation would hardly be suspected. One of his photographs, here 
reproduced as Plate 20. B, shows beds of limestone with other beds 
of a noncalcareous composition, and this occurrence probably consti- 
tutes a typical alternating chert-limestone sequence of beds. 
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With regard to the thin beds of alternating limestone and chert, 

a considerable amount d silicification was recognized in the field and 
therefore part d these chert beds may be regarded as due to  second- 
ar?. processes, although the larger d chert, of which there are 
many, are regarded as d primary origin. Microscopic examination 
of a number of thin sections of silicsous limestone and calcareous 

." chert from this formation, however, has led to the opinion that the 
dominant secondary process has been calcification rather than silicifi- 
cation. Without precluding the possible influence of silicification in 

r' the formation d chert, the data at hand seem to warrant the wn- 
clusion that many of the chert k& in this formation are d primary 
origin and that some of the beds of siliceous limestone are the result 
of the partial replacement d silica by calcite. 
Along the Kugururak River, where the Lisburne formation is so 

extensively developed, it was reported by the expedition of  1925 t~ 
consist d white to dark bluish-gray limestone, with several e v -  
sures of black chert and a single outcrop of dark-gray sandstone, 
The chert occurs within the limestme and is  b l i e d  to be an integral 
part of the formation. The sandstone probably underlies the Lis- 
bume formation and is part d the Noatak formation. The greaer 
part of the limestone is massive and weathers into jagged pinnacles 
on the crests d the mountains, although many of the lower slopes are 
smooth. Nearthe summit of a high mountain an the west sideof the 
central Kugururok Valley a massive reddish-brown granular crystal- 
line limestone occurs in several beds which make a total thickness of 
60 feet or more, This limestone is brecciated at certain horizons but 
contains numerous crinoid stems throughout These beds of red lime- 
stone overlie a great thickness of massive chert and are overlain by 

c hard bluish-gray limestone. The exact position d this red brecciated 
limestone in the stratigraphic section is not definitely known, but it 
is beliwd to be closer to the top than to the base d the Lisburne 

3 
formation. Siliceouslimestone is commm along the Kugururok fiver, 
the siliceous beds occuring usually in large lenses and extending but 
a short distance along the bedding planes. I n  general, a large part 
of the nonsiliceous limestone of the Kugumrok Valley is crystalline. 
but some noncrystalline varieties are also present. I n  the Utukok 
Valley, north of the Kugururok Valley, the Lisburne formation is 
again e q e d  as a cream-colored semicrystalline limestone but cm-  
tains a considerable amount of silica. Abut  1,400feet of the forma- 
tion crops out on the steep north s l g e  o f  a mountain just south of a 
fault and east of the upper Utukok Valley. This limestone, which is 
here abundantly fossilifemus, lies in thck massive beds, at the base 
d which occurs fine-grained massive sandstone that is believed to 
represent the Noatak formation. The basal part of the section, as 



here exposed, m m M e s  the base of the Lisburne formation along the 
ILilUi River i n  t l ~ a  t the limestonei s not markedly siliceous. 

I n  the Nimiuktuk Valley t he  Lisburne formation occurs in two 
bands and is much less extensively developed than along the Kuguru- 
mk River but hau the same generat lithology, consisting for the & 
part of cvstalline limestone, with a certain proportion of heds of 
chert and silicoaus limmtme. 

The Lishurne formation as found in the0Etjvluk Valley foms a 
range bf mountains trending east and consisting entirely of pure- 
white limestone. No fossils were Sound in this limestone, hut ma 
lithologic and stratigraphic grounds i t  is correlated wit11 and mapped 
as a part sf the Lisbume formation. The southern band of tlris 
formation in this region crops out in the h i u k  Yalley just south of 
the Etivluk-Aniuk divide and consists of only a l'ew hundred feet 
of massive ~ h i h  limestone. The bedq at upper horizons in the s e  
tion are here covered by alluvium and efisive ah, so that the 
total thickness represented by this band is indeteraninate. No fu&& 
wem obtained from this limestone, but like t l ~ c  limestoned the Etrv- 
luk Ever, and for the same rea.5ons. it is  included as part of' the 
Lisburne formation. 

The  Lisburne limestone is well e x p e d  throughout the lower part 
of the Kivalina River Vallev, forming the countv m k  on both 
sides of the river from a point about 7 miles east of the t o w  of 

. Kivalina as f a r  north as camp P ,April 10. From the hi@er hiIls 
near that camp it can be recopized by its distinctive mlor, stretch- 
ing westward until it appears to m e q e  with the exposures near Cape 
Seppjngs and eastward until it seems 20 join with the mapped Lls- 
burne limestone area in the Noatak ValIev west of the Kclly River. 
Its continuity in the Kivalina Vallev is intmplted north B camp 
P April 10 by basic effusive mks, which extend within 3 mila  of 
camp P April 14, but east of that camp d d m d b g  for mamy 
miles east of the headward pads of the Kivalina. Kukpuk and 
Kukpwmk Rivers these mks were at some places seen at  close 
range and at many others could be readily recognized in the dis- 
tance. Plate 6, A shows the characteristic appeamnce of these mks 
in the hills near the extreme head of the Kivarina River. 

TIte Lisburne limestone in the vicinity of the Kivalina River shows 
a number of diffcrentphases. Thus a t  the more southm localities 
i t  i s  dominantly dark hmwnish, whereas near camp P April 10 it 
is principally a light-pavish rock, and in the hills near the Kukpuk- 
Kukpowmk divide it has a light-bluish color. At many places the 
recrystallization \vhicfi the rock has undergone has given it a streaked 
white wlor and a coarse crystalline grain. In places where the 
roeH has k e n  shattered by deformation later veins of calcite inter- 
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sect the rock in all directions and give it a mottled appearance. At 
several localities fragments of crinoid stems make up so large a 
proportion of the rock that it appears speckled. the crinoid columns 
being usually clear white, whereas the rest of the rock is gray or 
bluish. Organisms of other kinds are also found at many places in 
thesc rocks. The most abundant of these fossils are isolated corals 

F which have ken more or less silicifid and therefore, on weathering, 
stand out hstinctly on the surface. Locally the entire limestone 
has been more or less silicified, but so far as observed this process 

4F has affited individual grains and particles rather than large masses 
and has not produced rocks that resemble the cherts reported on the 
Killik River or those that occur in the overlying Triassic formations. 
1 n fact, at n short distance from an exposure it would be impossible 
to recognizethat silica formed so much of the rock as it actually d w .  
The calcite veins mentioned above appear to he younger than this 
silicification. It is of some significance to note that thc fossils found 
do not appear to have begl, much distorted by the deformation the 
rocks have undergone. Instead they, as well as the inclosing lime- 
stones, seem in most places to have been shattered or even recrystal- 
lized with little er no rccogmzable movcmcnt. 

STRIJCTLfIU? AND TWCKNRW 

The structure of the Lisbume limestone in the Cape Lisbume re- 
gion is cxtreinely complex, as has bcen abundantly dcmonstratcd both 
by direct observatien and by thc anoinalous position of ccrtain of thc 
fossils that have km collected, whereby certain rocks appear to 
underlie others that are definitely older. It is therefore not at all 
strange that some of thc interpretations made by earlier workers in 
this field can not be rwnciled with thcmsel-\*es nor with latcr obser- 
vations. Much remains to be done before these complex relationships 
are correctly evaluated, and doubtless some of the following interpre- 
tations will require modification after the region shall have been 

.t adequately studied. 

It has not appeared practicable in this presentation to show in 
detail the specific contributions of individual workers nor to enumer- 
ate the successive steps by 'cvhlch the present understanding d the 
structure of the Lisburne forlnation has been attained. Instead, a 
s u m r n q  of the structural relationship of these rocks is here pre- 
sented, based principally upon the fundamental data supplied by 
Collier and Kindle, with n e c e s s q  modifications of their interpre- 
tations to conform with all information at present available. 

First, it appears that no discordance in structure exists between 
the Lisbume formation and the overlying Upper Triassic mks. Yet 
the intervening parts of the geologc column, namely, the Permian 



and the Lower and Middle Triassic groups of rocks, are absent. In 
reality, t he re fo~ ,  a great discontinuity in sedimentation or strati- 
graphic hiatus exists. In this particular field this condition might 
tx interpreted to indicate either, first, that the missing Permian ahld 
Triassic strata were eroded prior to the deposition of the Upper 
Triassic beds or, s emd,  that a great migration of the strand line, 
involving elevation and subsequent subsidence on a large scale, took 
place in this interval. The fact that much the same condition has 
ken  found in many other districts in Alaska, however, leads to the 
belief that the second condition prevails here as ekewhere and that 
the gap in the stratigraphic sequence represents an elevation at the  
end of PaIeozoic t h e  which was of wide extent geographically and 
constituted a major geologic episode. The structural concordance 
between the Lisbume and Upper Triassic rocks, however, shows 
clearly enough that this elevation and the subsidence which followed 
it priw to the renewal af marine sedimentation in Upper Triassic 
time resulted in no marked deformation d the CarbmlEerous rocks 
and therefore had no part in the deviloprnent of the folded and 
faulted Structure d the Lishrne fornation. Cdlier's published 
sketch of the relations bheen the two formations south o f  Cape 
Jmvi.9 shows the Lisbume limestone actually lying concmdantly upon 
what are now known to be Upper Triassic be&. 

In 1904 these Upper Triassic beds were not recognized as such but 
were hl iwed to antedate the Lisburne formation; but in the light 
of present information this relationship indicates that both these 
formations at Cape Lewis are actually upside down, the Lisburne 
lying without apparent s tmctural discordance upon the Upper 
Triassic mks. Under any dynamic assumption, therefore, a highly 
intricate type d structure is indicated, If, as Collier's field data 
appear to indicate, the thrust-fault planes of this area dip soutll- 
westward, i t  is likely that the axial planes d the overturned folds 
also dip in the same direction, indicating a possible structural in- 
terpretation, which is shown in Figure 9. This interpretation, of 
course, is hypothetical and diagrammatic but is k l i e v d  to gve a 
rough pichve of the type cB folding and faulting involved in the 
Cape Lewis structu~. 

In general, the formational contacts in the Lisburne district are 
largely fault contacts, but in his published sketches Collier indicated 
this faulting only diagrammatically, showing most d the fault 
planes in a vertical or nearly vertical position. In reality, many of 
the fault planes are low-lying and dip southwestward, indicating 
that thrust movement from southwest to northeast took place, and 
this movement. it is believed, constitutes an important phase in the 
structural h i s t q  of this district. 
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Somcopen folding has h sem. but it is doubtful if open folding 
charactcr~zes thc structure d this district as a whole. Kindlez4 
refers particularly to the open folding which he believed to char- 
actcrizc the qnclinal structure at Cape Thompson. But the anti- 
clinal core o f  this large synclinorium. as seen at Agate Rock, is 
charactcrizcd by close folding and consists of apprcsscd minor folds 

* whose axial ptancs dip southtvcstward; and it is probable that if 
thc enti re stmcturc were as visible as the portion at Agate Rock. thp 
apprcsscd e p c  of folding might prove to be rather prevalent. * 

r F R northern Alaska particularly in the v a l l q s  of the Anaktu\.uk. 
Chandler. Killik. and Etivluk Rivers. the Lisburne limestone ap- 
pears to have bccn dcformcd thc same strcsscs that affcctcd the 
ad.joining Noatak and Dc\.onian rocks. but the effects have btm 
sorncwhat diffcrcnt. Thc axial plancs of thc folds and thc fault 
planes pitch for the most part soutl~~vard, but the limestone and 
chert of the Lisburne formation haw not dcvclopod a fracture 
clcavagc in thc  same dcgrcc as thc underlying slat\, rocks. The 
limestone apparently has taken up small intcrnal strmses b? granu- 
lation and recrystallization. and thc chest beds. particuhrly the 

glntne, E. If., The vctlon ne Cup h p m .  i\la*kmia: Am. .lmr. Id.. 4th w., TOL 
Bl, p~ 621422, 1908. 



thicker beds, have acted as competent members in much the same 
way as the quartzites of the Noatak formation. 

A striking structural feature of the Brooks Range may be seea 
along the north front in tlie valleys of the Anaktuvuk, Chandler, 
and ICilliIr Rivers, and probably for a long distance westward. This 
structure, which appears to be a manifestation of pressure applied 
from the south, is mentioned here, not hause it is confmed to rocks r )  

of Lisburne age but becanse it has affected the Lisburne limestone 
more than other formations that could have been affected. It cm- 
sists of a zone d intensive folding and faulting which extends east- 
ward along the front d the Brooks Range. Along the Killik River T 
a great overtl~rust fault is indicated, accompanied by overturned 
folding. The actual fault plane was not seen, but the overturned 
folding in the Lisburne limestone. the abrupt change in lithology 
between the Lisburne and Noahk formations, and the welldeveloped 
fracture cleavage in the Noatak near the supposed fault contact all 
point to a great thrust fault. Plate 2f, A, shows this structure on 
the west side of the Killik River, and Figure 6, drawn from this 
plate, and Figure 7 show the nearly recumbent folds i n  the limestone 
on both sides of the river and the cleavage of the adjoining Noatak 
ro~ks. Several interpretations of this structure might be made, but 
the favored one is that the rocks of the Noat& formation have been 
shoved northward over the Lisburne limestone up a great thrust- 
fault plane d low dip. The dip of the fault plane is therefore 
presumably southward. 

The same defomational feature was seen in the valley of tho 
Chandler River, a t  the north front of the range. The southernmost 
point on the Chandler River visited by the Geological Survey party 
aPlWwasa8,W-fmthobmthewestsideofthevalley~7miles 4 
S. 80' E. crf camp June 23. From the top of this knob ihe contact 
between the Lisburne limestone and the adjoining reeks to the nod11 
may b seen for several miles, both to the east and west This con- 

1 
tact line plainly makes reentrant angles up  into the small valleys of 
streams that issue northward from the range, and on the Chandler 
River, the largest of such streams in this vicinity, the limestone ex- 
tends southward up the valley for a distance of 3 or 4 miles - 
the north front crf the range, indicating that the contact plane be- 
tween the two formations has a relatively Iow dip, perhaps 20°, 
southward As the Lisbtnne limestone is older than the acljoining 
rocks to the north, its apparent superposition upon those rocks show 
that this contact is either the trace of a low-lying southward-dipping 
fauIt plane, or the trace of a bedding plane of an overturned struc- 
tural feature of enormous dimensions. This contact is blieved to be 
principally a fault contact, but in reality the strata are probably 
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exactly ascertained, but certain data seem to bear upon this problem 
and afford the basis for a plausible interpretation. First, those rocks 
in the Carboniferous and Triassic formations that are similar litho- 
logically to the Devonian rocks show much the same type of struc- 
iture and degree d metamorphism; second, the field evidence in this 
%ion appears to indicate the absence of any period of marked de f - 

3. ormation Mween the Devonian and Carboniferous deposition ; third, 
no  major structural unconformity has been found in this region, or 
elsewhere in Alaska, W e e n  the Carboniferous and Upper Triassic 
~rocks, although a great h a k  in sedimentaticm, accompanied by 
regional uplift and followed by regional subsidence, is believed fm 
have taken place at the end of Paleozoic time; fourth, the next young- 
est rocks of this =@on -the Lower Cretaceous -fiough considerably 
deformed where found in or close to the Brooks Range, are on the 
+whole less metamorphmed than the Devonian, Carhaniferous, and 
Triassic sequence. When these data are considered, together with 
+he total absence of Lower and Middle Jurassic formations in north- 
e rn  Alaska, it seems a fair presumption that majw part of the 
deformation of the Devonian, Carboniferous, and Triassic sequenm 
~taok place during the Jurassic period. It can not be denied, how- 
ever, that later earth movements, in Tertiary and Cretaceous times, 
;by means of which the Cretaceous mks were themselves folded, must 
?lave added their quota of deformation to the earlier deformation 
:above indicated. 

AaE AND CDRRELATION 

Numerous collections of invertebrates have k n  made in north- 
%stern Arctic Alaska from the mks nom known and mapped as 
the Noatak and Lisburne formations. The first collections by mm- 

4 bers of the Geological Survey were obtained by SchracIer in 1901, 
and these have been followed successively by l atet collectims, up t e 
siad including those made by P. 5. Smith in 1926. Plant remains 

2 'have h found only in the rocks that are here included in the 
Noatak formation, and these are separately listed on page 165. In 
addition, 72 collections of invertebrates have ken made, of  which 
records are available, The fossils are listed in the accompanying 
table, and the localities, collectom, and dates of collection are set 
forth below. 

454. Crystalline limestone. John River, camp Juls 4, about 3% miles u p  
stream from Hunt Fork. Float. 
46L. Gray semiaystalline hestone. John River, midday July 9, about 1 mile 

downstream from Tlll C m k .  Float. 
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483 and 484, Black flint. Jolm River, camp July 9, about half a mile down- 
stream from Till C ~ e k .  Float. 
493. Dark-gray semicrystalline, dense limestom. John River, east fork of 

Contact M. Float. 
4%. Gray crystalline limestone. John River, east fork of Contact Creek 

Float. 
W. l l lcified coralline limestone. John River, east fork of Contact Creek. 

Float. "t 
5ll. Semicrystalline limestone. Base of mountain, west of head of Anak- 

tuvuk River, opposite camp July 21. 
6IS. Dark semiclr~l8talline limestone. Anaktuvuk River, east of Portage 

Creek, about elexwtion of 5,000 feet. 
m. Dark-pray crystalline limestone. Head of Afi~ktuvuk River, summit 

of Browne Mountain (station 14)- elevation, 6,25Clfeet. 
519. Dark crgsbllfae limestone. Anaktuvuk River, north contact slope, east 

of camp July 24, about 4% miles from gource of Amktuvuk River. 
620, SZ1, 622, and 525. Dull-gray crystalline limestone. hah;tu.uk River, 

north contact slope, east of camp July %, about 4% miles from source u f  
Amktuvuk River. 
629. Dark siliceous limestone. Anaktuvuk River, mountain slope, on wt 

side of valley, station 17V, July 26. about 7 miles from source of Anaktuvuk 
River. 
a. Dark-gray, slightly crystalline, impure Limedone. Anaktuvuk River, 

top of mountain on nest side of valley, station 17, about 7 miles from source 
of Anaktuvuk Rivm 

A Cape L isbme district ; exact locality unknown. 

B. Limestone of CUES 4miles south of CapeLisburne, just south of the mouth  
of a considerable stream Lprohably Niak Creek]. 

4AC14. 8 rrilsd southeast d Cape Lisburne. 
&a& 2 miles southeast of Wevok. 
4AC17,, 3 miles southeast of Wwok. 
4AC19. 8% miles south-southeast of W m k .  
48622. 3 miles southeast of Cape Lewis. 
UCl27, 2% miles south of Cape Lewis. 
4AC28. 2 miles east of Cape Lewis. 
4AU2R 1 mile east of Cape L a % .  

48TRn. 4 miles east-sot~tltheast of Cape Lisburne. 
48W29. 1 mile southeast d Wadi .  
4AwaO. Cobble Ln creek, east of Wevok. 
4AW3l5. 1 mile s#lh o f  Cape Lewis. 
-38. South side of Cape Lewis Mountain. 
421WZ7, 2 miles north of Cape Lewis. 
4bW$9. 3 miles nmth of Cape Lewis. 
U W 4 .  4 miles north of Lewis. 
4AW44. 6 miles lrPrth of Cape Lewis. 
4 A W a  Uravel of Kuh;puk River. 
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'14C, Lowest invertebrate horizon a t  Cape Thompson. 
1# (Maler )  , Higher invertebrate horlmna at Thompson. 
14D (Kin Jle). Higher invertebrate horizons at Cape Thompson. 
I#'. Higher invertebrate horizons at Cape Thompson. 
168. 2 miles southeast d Cape Thompson. 

* FoIlectbns by P. S. Smlth, 1911 

U h S d s .  Gravel from first big c m k  from north, west of camp August 7-8, 
approximately latitude 88' N., longihlde 15Y W.. 29 miles east of Nirniuktuk 

37 River. 
118896. Gravel fronl second stream from north b l o w  camp August 7-8, 

2S miles east of Nirniuktuk River. 
2 miles M o w  second stream from north, below camp August 7-8, 

+n & side of Noatak River, 2 l  miles east of Nimiuktuk River. 
W 6 1  and MS. 1 mile above camp August ll (mouth of Nirniuktuk 

River). in limestone layers interbedded with shale, approximately latitude 68" 
U)' U, longitude lg0" W. 

JlAB68, Float on north side of Noatak River. 6 miles below camp August 2, 
30 miles east of Kugururok River. 
U 8 6 L  Float in Noatak River Canyon, half a mile below camp August 14, 

apgrorhate l~  latitude 88' N., longitude 161" W W., 8 miles east cB Kugornrok 
River. 

UblSB6. Noatak River Canyon, 5 miles southeast of camp August 14,s miles 
southeast d Xugnrurok River. 
1US67, Large boulder in Naatak River Canyon, a short distance bdow 

camp August 14,8 miles east of Kugururok River. 
1lAB73. BTQat from Noatak River, 3 miles above camp August 19, approxi- 

matells latitude 67" 55' N, longitude 162' 45' W., 5 miles southwest cd Kelly 
Xiver, 
11A877, Plmt from point west of Noatak R i~e r ,  3 miles below camp August 

23, approximately latitude 81" 121 N., longitude 162" 30' W., 7 miles south d 
Awhaahok River. 

C COoearOn by W. T. F- 1W 

24sF8 (m). Divide between Reynard and Transit Creeks, a2 miles ' 
N, 4" IO. -the confluence of Nirniuktuk and Noatak Rivers. 

V 
I C o ~ m  h J. R Mwtie. it., 1924 

W W ,  Spur on west side of KIZH1: River, 24 miles N. 22%" 1. d mw 
-af April Creek &illik River. 

%+AM= E111 on west side of Chndler River, 32 miles 5. 14" E d canflu- 
ems d Chandler and Killik Rivers. 

collections by R Smith, 1926 

aBABmF1 (8869). la miles north of mouth d' Kugururok Kver. 
SiU8mF2 (8889). South side of mountains near head of Utukok River. 
28A8mF4 (6870). side of mountains = head d Utulcok River. 
26ASmF10 (6871 ) , West d pass, Aniuk River, Brooks Range. 



26862. Kivalina River, camp 1.U miles northeast of Kivalina. 
26853. Hill 1 mile northwest of camp 1, 11 miles northeast of Kivalina, 

Kivalina River. 
26854. Kivalina River, between camps 1 and 2,f l  and 1B miles northeast of 

Kivallna. 
2a55.  Near togographic station 6, midway between camps 1 and 2, u and 

IS miles northeast d Kivalina, Kivalina Rrver. % 
BAS?. Hills 4 miles cast of c m p  2, 18 miles northeast af Kivalina, Kiva- 

lina kver. 
26859. Hills 4 miles east af camp 2, Is miles northeast a! Kivalina, Kivalha 

River, 100 yards above WS7. 7 
288817. 4 miles southeast or camp 4, 38 miles north of Kivalina, Kivalina 

River. 
26851fl.1% miles east of camp 4, 38 miles north of Kivalina, Kivalina 

River. 
28A841, Ear opposite camp l2, f mile south of Tingmerkpuk Ever: Kokolik 

River. 
268544. Camp U, 5 iniles narth d junction of Tlngmerkpuk River, Kvkalik 

River. 
28AB60. 3 miles north af camp U, 5 miles north d junction of Tjngmerkpuk 

River, Kokollk River. 
28AS9rf. 1 mlle.nor& of Niak Creek, 6miles south of Caw 1,ishurne. 

Four of these coIlections-Schrader 464, 466, 463, and 4-were 
obtained on the John hver  behvem Hunt Fork and Till m, in 
an area mapped as Devonian; but as all thesc fossils were collected 
from boulders dong the John Fhvcr, their locations have little signifi- 
cance. These four collections contain nothing more diagnostic than 
'crinoid columns and may be regarded as either Carboniferous or 
Devonian i n  age, but as they were assigned originally by Charles 
Schuchert to the Carboniferous it has seemed best to retain this 
assignment for thcm. 

Thesc 72 collections, which repscsent the fauna of both the Noabk 
and Lisbume formations, contain I01 genera, and if specifically de- I 

1 
termined would probably be found to contain from 350 to 2m species. 

Y The earliest of these collections-those made Schrader in 1901- 
tvere determined by Charles Schuchert, now of Yale University, but 
all the remainder. representing the bulk of the fauna, have been 
identified by G. H. Girty, of the United States Geological Survey. 
Thcse determinations do not represent detailcd pdeontologic work, 
but chiefly .rvorli of only such degree of detail as was necessary in 
order to determine the general aspect of the fossils and their age. 

The entire fauna is recognized by Girty as Mississippian in age 
and constitutes the typical Mississippian fauna of northern Alaska. 
It is not to be regarded, however. as the typical Lisburne fauna, for 
many of the collections here assembled were obtained from the 
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Noatak formation. Future wwk will doubtless provide the data 
necessary for separating this fauna into two paleontologic units, 
corresponding in age to the Noatak and Lisburne formations. On 
stratigaphie grounds alone a beginning could even now tx made 
on this separation, by assembling the fauna that has k e n  collected 
from the ~ a a t a k  formatian into one unit and fram the Lisbume 
limestone into another unit. Such a separation. however, would 
hardly show 'distinct faunal differences, unless all the collectims were 
described and identified specifically, and this has not yet been done. 
NIoreover, a complete separation on stratigraphic grounds couIcI not 
I= made at the present time, because the locality descriptions of sane 

. of t l ~ e  older collections, especially in the Lisbume district, are not 
~ ~ c i e n t l v  exact for this purpose. On paleontologic grounds alone, 

; snlg collection 4AC22, which contains Lepleena ~ h n b o j r J d i ~ ,  is 
distinctively lower Miss is sippian in age. Obviously, any division 
should be made from both stratigraphic and paleontologic studies, 
the stratigraphic data bolstering the paleontologic data in weak 
places, and vice versa. This remains a task for the future, 

The Lisburne limestme has k e n  recognized and mapped by Lef- 
h g w d a e  in the Canning River region about 150 mil= east of t l ~ e  
Anaktuvlrk River, and by Maddren 2' in the valley o f  the Firth River 
and contiguous territory along the international boundary. Hence 
it may be said, so far as northern Alaska is concerned, that the 
Lisburne limestone constitutes a distinct lithologic unit, which ex- 
tends from Kokebue Sound eastward for more than 600 miles to the 
international boundary and probably for some distance still farther 
east. It has also been found in Seward Peninsula, where it h a  
been observed and studied by a number of geologists in the York 
district, particularly near Cape Mountain, east of Cape Prince of 
Wales. 

The Lisburne limestone of northern Alaska is distinctively upper 
Mississippian in age, and because OF the uniformity crf its lithology 
it is also a welldefined lithologic unit. But this dual correlation can 
not well he carried to other parts of Alaska, for the lithology of the 
rtpper Mississippian rocks elsewhere is found to be variable. Hence 
in correlating with rocks of like age in other parts of Alaska. we are 
in reality correlating the upper Mississippian rmks of northern 
Alaska, rather than the Lisburne limestone alone-that is, w are in- 
cluding in the correlation the upper part of the Noatak formation, 
which is also probably upper Mississippian. 

*Mngarpll, de K., The Csnnlns Rivw rPgion, northern Alaskm : U. 5. Genl. Survey 
ProT. Paper 109, pp. 1Wl13, 1919. 

"Matlclren, ..l G..  G d @ c  Investigatians along Ule Canada-Alaska boundary : C. 5.  
Qml. Survey Bull. 520, pp. 3iW12, 1912. 
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Wirh this reservation, it may be said that rocks of llke age are 
found at many other localities in Alaska. Io the Yukon Basin two 
standard or type localities should be mentioned. At  Calico Bluff, 
on  the Yukon h v e r  a short distance below Eagle, is found a group 
sf thin-bedded shale and limestone, which contain an upper Mississip- 
pian fauna, even larger perhaps than the Lisbume fauna. Paleon- 
tologically the Calico Bluff formation may be correlated with the 
upper Mississippian rocks of northern Alaska but l i tholo~cally it is 
dissimilar. The Calico Bluff and the Lisburne-Noatak faunas to- 
gether, however, may well be regarded as the typical Mississippian 
fauna of interior and northern Alaska 

The other locality is on the Porcupjne h v e r ,  just above the lower 
ramparts and also farther upstream just above the mouth of the 
Coleen h v e r .  A typical upper Mississippian fauna has been col- 
lected from the Porcupine k v e r  localities by &dle.P8 The Mis- 
sjssjppian rocks of the Porcupine region, like those a t  Calico Bluff: 
are shale and limestone and therefore are correlated paleontologically 
rather than ljthologcally with the upper Mississippian rocks of 
northern Alaska 

Fer  to  the south, in the headwaters of the White and Nabesne 
kvers .  Mofit gB and subsequently C apps * recognized and described 
rocks at this horizon. These rocks, however, are partly sedimentary 
and partly igneous and include shale, limestone, lava flows, luff vol- 
canic breccia and conglomerate, the last intruded by a variety of 
doleri tic rocks. 

A well-defined Mississippian horizon has been recognized by Moffit 
and Merfieal in the Chitina Valley, in the Copper fiver regon. 
I n  this district the Mississippian rocks are largely bedded lava and 
W but contain intercalated beds of fossiliferous limestone and 
shale, as well as beds of chert, 

Finally. Mississippjan rocks are highly developed in southeastern 
Alaska, being found a t  many localities on Prince of Wales; Kuiu, 
And Chichagof Islands and in the Porcupine placer district. The 
rocks are largely limestone, and although southeastern Alaska is 
more remote from northern Alaska than the other localities above 
mentioned, these rocks may be correlated better litholog~cally with 
the Lisbume limestone than those of the other known localities. A 

sKindla E M, Qeologlc mconnalruance d tlic Porcupine Valley, Alaska : Oeol. 8Oe. 
America DuU.. vol. 19, pp. 330-333, 1907. 

SMotBt, R Jj., nnd Kaopf, Adolph, &lincr;ll renoarm d the Nab--Wblte 'River 
district, A l a s b :  U- S QeoI. Survey 8~11. -117. pp. 17-27, 1910- 

Cappo, S, R, The Chlsana-\Wte River m, Alaska : U. S Qml. Survey BuJl. 880, 
p p  33-47, 1916. 

Morn, F. JI., and Merue. J. E, Jr., The Kotnine-Kuskulane dletrlct, AJaskn: U. B. 
Qeol. 8-ey Bull. 7-15, p p  21-28, 1923. 
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mmparative paleontologic study a€ the Mississippian faunas of 
northern and southeastern Alaska, however, might possibly reveal 
importa-i faunal illfferences. 

a 
No rocks representing Lo~ver Triassic age have been recogmed 

anywhere In Alaska, and none of hhddle Triassic age have k m  

- 
identified in the past of northwestern Alaska that forms the subject 
of this report. This does not mean, however, that Middle Triassic 
rocks may not occur there. for the fossils lvhjch best establish the 
actual age of the rocks that are considered as bbeIonging to the Trias- 
sic system are found at a considerable distance above the base of those 
rocks. More detailed search may therefore result in subdividmg the 
rocks described in these sections or may disclose representatives in 
groups now ohenvise cone1 ated. Upper Triassic rocks, however, 
have been recognized at a number of places along the north front 
of the Brooks Range and at a few places within the range in the 
Noatak Valley. . 

The tract occupied by these rocks near the northern margin of the 
Brooks Range extends in a more or less east-west direction for a dis- 
tance of 300 miles from Cape Lisburne and the Kivdina River to 
the Chandler River. This tract is from 5 to 15 miles wide. It has 
not k e n  traced continuously through this entire distance, but i t  has 
bem crossed at seven different sections, and its continuity can there- 
fore be assumed with a high degree of probability. It is uncertain 
whether these rocks continue uninterruptedly east of the Chandler 
River. M u s e  45 miles to the east on the Anakuvuk River they were -' not recognized. That they do extend farther east, however, is shown 
by the explorations of Lefimell nt in the Canning River region. 
w-here these rocks were definitely recogntzd Still farther east, 

1 according to M a d d ~ n , 8 ~  they occur on the international bounday . 
Apparently the b t  place in northwestern Alaska at whch the 

presence of Triassic rocks was recognized was near Cape Thompson. 
Although as early as 1896 specimens from this place had been i denti- 
fied as probably Triassic, it remained for Kindle in 1908 to work 
out some of the details of the structure and to make a new in* 
pretation of the stratigraphy of parts of the Cape Lisburne region, 
in which he pointed out the Triassic age of certain of the strata 

r-gwa, E do K,. The Camhg River @on. mrthm Mmka :_W. S GeoL Survey 
Prof. Pmpcr XOP, p. 125, 1819. 

" h d d r e a ,  .-l O., Gmlogicinvestigations dong the C m u d ~ ~ - A h s b  boundary: U. 8. Qeol. 
Surrey t3ulL 820, p 312, l9ll. 



that had hitherto been regarded as Carboniferous. In  1911 Smith 
found Triassic fossils on the Noatak near the mouth of the Nimiuk- 
tuk, and in the same year Maddren found Triassic rocks along the 
Alaska-Canada boundary. About this time geologc investigations 
by LeffmgweU were in progress in the Canning River region, to the 
east, although the results of that  work bearing on the Triassic were 
not made available until 1916, in a preliminan, article by Martin:4 b 

and Leftingwell's final report was not published until 1919. Each of 
the recent Geoloycd Survey espeditions brought back additional 
data regarding these rocks. The expedition of 1924 found these 7 
rocks along the Iiillik and Chandler Rivers and in the mountains 
at the heads of the N i m i u h k  and Nuka hve r s  and Reynard Creek. 
The expedition of 1925 found Upper Triassic rocks in the divide at 
the heads of the Kugururok and Utukok Rivers and in the head- 
ward portions of the valIey of the Etivluk River. The expedition 
of 1926 encountered these rocks 30 miles or so northeast d Kivalina, 
in the valley of the Kukpdr, and near the heads of the Kukpo~mk 
and Kokolik hvers.  

Although these rocks are exposed in the places enumerated.' it is 
certain that in other places they have been covered by some of the 
younger formations described below. There is therefore evey reason 
to believe that they would be found in drill holes at many places 
north of the arca in which t h e  arc indicated on the map as farming 
the surface rocks. Possibly some infolded or infaulted Triassic 
rocks also occur in the  unexplored areas between the Noatak and thc 
Colvillc, but thcir anal extent is  roba ably small, and they doubtless 
have complex relations to the ,djac?nt r& 

\ ,  I 

The section of rod= about 2 miles southeast af Cape Thompson, as 
described by Kindle, includes at the base about 5,W feet of lime- 
stone, whch is correlated nlth the Carboniferous or Lisbume lime- - 
stone. Above the limestone there is an abrupt lithologic break, the 
succedng 6iM feet consisting of argiIlite, with bands of black, 
green, and dull-red chert. These rocks are, in turn, overlain by 25 
feet of &&k chert a d  thh~Mded ,cherty limestone, 1 with .some 
greenish bands in which Trimsic fossils were found. The upper 7 
feet of this unit i s  composed almost mclusively of shells that have 
been largely altered to chert. Next above these rocks is 6W feet of 
soft black shale that may be Triassic or younger. 

m, O. C., M @ a  rmka d Ala9ka: G m L  b c  Amrim Bun., -1. 27, pp 108- 
W.191IL 

~ L d a g w e &  W de &, op. dt 
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The determinations by Kindle a€ the Triassic rocks near C ~ E  
Thompson led him to  review the notes and specimens collected earlier 
in the CapeLisburne region, to the north. As a result of this review, 
it has ken  definitely determined that in the Cape Lisburne region 
similar Triassic rocks also occur. It was not possible t o  dekmine 
from these earlier notes the exact extent of this formation, kt. it 

- appIstocoincidemoreorlesscloselywiththm&p~~~ 
Collier as his second or middle subdivision, which h~ described a s  
made up of &'black cherh, slates, shales, and cherty limestones con- * taining corals and bivalve fossils, the most cammon being several 
species of A&&dpeotsn'' (later determined to be Paacdmnoiis) . 
This member was distinguished from the near-by Carboniferous 
rocks by the absence of coal W s  and the less abundance of corals. 
It was supposed to rest conformably on the coal be& and cmfom- 
ably beneath the Carboniferous limestone, but the succession is known 
to k enormously faulted and folded, and i t  is now believed to lie 
unconformably above both the limestone and the coal-bearing mern- 
ber, as has been stated and discussed in more detail'in pre&djbg 
Pages- 

The Triassic material in the valley of the Noatak was found mid- 
- way beheen the Aniuk and the Nirnjuktuk and consisted of float 

which was mainly dark chert within dark thin-bedded limestone, 
The silicification had apparently occurred after the consolidation d 
the rock and had replaced much of the original material, which was 
probably limestone. At the mouth of the Nimiuktuk the exposures 
on the w t  side of the river, a o r d k g  to W. R. Smith, consist dF 
s lae  material and thin-bedded chert which is gr;aenkh an'd mnt&s' 
numerous large cubes of pyrites. 

.e Excellent exposures of the Triassic rocks were studied in the hills 
both east and west of the Etivluk River about 30 miles upstream from 
its junction with the Colville. Tllere chert is the outstanding litho- 
logic constituent of the unit, though sandstone, shale, and limestone 

C- 

are not uncommon. The rocks show a great variation in color. At 
one hwizon the massive chert is in narrow black, blue, white, and gray 
bands superficially resembling limestone. The hills west of the river 
below the forks are almost entirely massive white cl~ert. , A  few,miles 
southeast d this chert a high c W  on an eastern tributary of the 
Etivluk shows thin-bedded chert, shale, sandstone, and limestone. 
All the rocks are brilliantly colored, especially the chert, which 
ranges through purple, blue, green, and orange, each color heinc 
characteristic of beds 20 feet or more thick. Spherical bodies of dark 
crystalline calcite, from 1 to 6 inches in diameter and showing dis- 
tinct radial structure, are emkdded at several horizons in the chert. 
A few small crystals of  pyntes occur with the calcite. 
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Sandstone and shale make up a considerable portion of the Upper 
Triassic rocks a t  the heads of the Utukok and Colville Rivers, but 
there is also a large amount of chert in beds from 2 to 5 inches thick, 
in places sepamted from one another by thin partings & shale. 
The chert is not banded, but the sides of many of the beds where 
exposed wmther far a depth of one-eighth to one-fourth inch to a 
lightolive-green. Thagreenishtintiss~cimtlycharacteristicto % 

serve as a means d discriminating this chert from the more massive 
black chert found in places in the Carboniferous rocks. Some of the ,, 
sandstone and shale bads appear ta underlie the cherty part of the d 
formation, but there are also shale and sandstone above the chert. 
These beds are well exposed where the Utukok and Colville cut amass 
the trend of the rocks, At this place about 1,000 feet of alternating 
be& of sandstone and shale are exposed. The sandstone is light gray 
and occurs in beds 3 to 4 feet thick, but these split up under the 
influence d the weather into slabs that are usually less than 2 inches 
thick. The sandstone and shale are ripple marked and show impres- 
s i o n ~  of raindrops and mud cracks, thus indicating that they were 
deposited in shallow water or perhaps upon mud flats. The upper- - 
most 150 feet d the Tria~sic rocks exposed a t  the head af the Utukok 
are thin-bedded limestone and ched -. 

In  the Kivalina, Kukpuk, and Kukpowruk Valleys the most dia- 
tinctive feature af the Triassic rmks is the chert, which weathers into 
fantastic pinnacles that are readily recognized for long distmces. 
Inalltheplaceswherethesemcksweteexaminedinthese~alleys , 

they have ken  much deformed and faulted, and in some places the 
rocks have been completely overturned, so that it i s  not always cer- 
tain just  where the stratigraphic boundaries should be dram.  1n 
general, the series here appears to consist near the base of vari- s- 
colored chert with some subordinate beds of sanhtone and shale. 
These rocks are overlain by several feet of shale and sandstone with 
small concretions and flattened mud lumps. These in turn are over- - 
lain by several hundred feet of a light-colored silicified and cherty 
limestone, whch is followd by thin limestone. The limestone is 
dark chocolate-colored, and on its surface are numerous light-colored 
trails of worms. Overlying the limestone is about 100 feet of dark 
thinly splitting tenacious shale that is full of vegetable material and 
somewhat flexible. Still higher in the section are more beds d 
shale and sandstone which contain some concretions and a number 
d pyrites balls. These highest rwks are generally dark colored and 
where exposed to  the weather are considerably iron stained. Oppor- 
tunity for examining the rocks that probably lie above the highest 
member of this sequence was not afforded, as as prominent zone of 
faulting intervenes, which brings Lower Cretaceous rocks into con- 
tact with these Triassic rocla. 
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Another good sectiun of the Triassic rocks was found on a tribu- 
tary of the Kukpowk above camp P April 28. At the top of this 
section is several hundred feet of black shale breaking into small 
L ~ m c i f s  '' and having a yellowish color on weathered surface. The 
shale is underlain by a considerablethickness of chert with thin shale 
bands, the chert forming conspicuous rock pinnacIes. a A hundred 
yards south of the chert, in a position that would be stratigraphi- 
c& 100 feet or more below the chert if no fault occurs in the inter- 
val, is an abundantly fossiliferous limestone which has been more 
or less completely replaced by chert The rock is badly fractured, 
so that it breaks into angular pieces a few inches in diameter. 
Underlying the limestone is more shale whose thickness W B  inde- 
terminate. 

The Triassic rocks in the vicinity d the Killik and Chandler 
Rivers consist dominantly of chert. These rocks form a belt 5 to 8 
miles wide which flanks the Lisbume limestone an the north. The 
best exposures were seen on the 3,265-foot hill about 25 miles in an 
air line above the mouth of the Chandler River. Here the rocks mn- 
sist of  cllert, siliceous thin-bedded limestone, and a siliceous dark- 
c o l d  but white-weathering argillite. The chert in places is 
banded, but same d it is pure black It occurs for the most part in 
beds n few inches thick and at some places has a highly contorted 
structure. Near the Killik River the chert formation was also 
recognized, but the exposures are poor, consisting only of hillside 
rubble. The lithologic characteristics, however, were the same as 
those shown a t  other localities in this region described above. 

The Upper Triassic rocks in the Canning River region, which were 
called by Leffingwell the ShubIik formation, are described as consist- 

-@ ing of dark limestone, shale, and sandstone. Their maximum pos- 
sible thickness is 1,350 feet, but Leifingrnell thinks that the true 
thickness is more prohably about 500 feet. The lower part of this 
section is composed dominantly d dark shale and sandstone, 
which is succeeded ly rr dark, almost black h e s t m e ,  which in turn 
f followed by softer rocks that make poor outcrops and are probably 
soft shale. These rocks differ litl~ologically from any of the other 
Triassic rocks already describd in that they apparently contain 
no chert, and in the Canning River region none of the near-by forma- 
tions contain chert. The Shublik formation contains a much more 
varied fossil fauna than the other Triassic rocks in the region that 
is especially described in this report. (See p. 194.) 

STRUCTURE M D  THICKNESS 

In every place where the Triassic rocks have been examined in 
px i  exposures they have been found to be highly deformed and 
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fad ted. I n fact. the observable structure is so complex and involved 
illat rn- differentinterpretations of their real attitude may be made 

Llnless checked by extremely detailed studies. 
Thus, in many outcrops the dip of the beds 
isrerticaloroverhmed. Smallfaultscanbe 
seen h a l l  parts of the series, and large faulb 
are probably numerous, though the amount 
d movement is not readily determind. The 
beds art: ob~iously folded into small w i n k l a  
and probably also into major arches. The 7 
accompanying field sketch (fig. 10) of bluffs 
formed of these rocks that crop out about 4 
d e s  south of camp P April 16. on rhc 

s k v e r ,  may sene to indicazc the 
complex structure. This sketch, ho\vet.cr. 

that. in addition to thc merc 
structure, man! of the folds havc a 

bich still further complicates 
burion of thc rocks. For in- 

he crests of the folds S ~ O ~ T I  in the 
d portion of the skctch have a pitch 
5" N V .  (toward thc reader). lhis 

E" feature may dso be sem in PI ate 22,A, ~vhcrc ' in the extreme I eft-hand portion of the view. a- 1 and pitching steeply fonvard. is part of the 
st of the smdl folds shonn in the 

thcr locality that  illustrates the cam- 
tructure in thc Triassicis at Agate 
Capc Thompson. A sketch made Yo 
by E. R1. Kindle is shown in Fig- 

picturc of t l ~ c  same anticline is 
tc 22, fl- Obviously the struc- a 

t ~ ~ r e  in the lcss cru~npled beds in the upper 
part of the sketch is even more complex than 
indicated or else the Inore deformed beds that 
form the lower central part of the figure rep- 
resent a different group of rocks. The 
former interpretation seemsmore likely to k 
correct, for all of  this unit is described in the 
field notes as composed of hard black chert 
and siliceous shale. Overlying these rocks is 
soft black shale. which has a thickness in this 
exposure of about 300 feet. This whole fold, 
however. is only a minor flexure which is part 



of a large synclinal fold. I n  other words, the entire structure in the 
vicinity of Cape Thompson as now interpreted is believed to corre- 
spond to that shown in Figure 12. This figure, ho~vever, sen7es only to 
suggest in diagrammatic manner the major structure. for the details 
are much more complicated by faults and folds. 

r- 

Hard blnrk chert  ~ ~ $ ~ . ~ ~ ~ i c e o u s  shale Soft blachshale 
300 '* 

Frourn 11.-Sketrh of Triassic m k s  exposed at Agate Rmk, near Cape Thompson. 
(Aftw &. M. Kindle) 

Nowhere has the relation of the Triassic rocks to the underlying 
formations been clearly determined, though in general there seems to 
have been the impression that these rocks lie without structural dis- 
cordance on the older rocks. I n  general they seem to have undergone 
essentially the same structural movements as the younger of the 
underlying rocks, but the youngest of these underlying rocks whose 
age has been well determined are dominantly Mississippian, whereas 

, -- -- r* I---- L-----_<- +- I' 
?,/ 

I 2 MILE< 
- 1 '  

~ ~ ~ r o x ; m a ' k  horizontal scale 

B~Qnau 12.-Gen~&ed sketch oF stmrtarp in vicinity of Cape Thompson D A  
prlnclpsflg t h m  Kindle and Cdlier. modMeB and simplMe8 by Philip S.  Smith. 

the Triassic rocks are Upper Triassic. This clearly shows that a 
long interval elapsed between the two epochs of deposition, so that 
there is certainly a stratigraphic hiatus, if net an angular uncon- 
formity, at the base of the Upper Triassic mk. In  ~ k v  of the 
extreme complexity of the known structure of these rocks and the 
fact. that in practically every expmw-~ the complete sequence is 
intempbd by faults that may have profoundly modifad their rela- 



t i o n s  to adjacent formations, it dces not seem justifiable to m&a an 
unqualified assertion as t o  the relation of these rocks to the underly- 
ing and ,overlying formations, but they are k l i d  to he un- 
conformable. 

Viewed broadly, however, the Triassic rwks have been involved in 
the same general mountain-building deformations as the Carbonifer- 
ous racks, and like them in this region form part d a great north- P 
ward-dipping structure, so that on the whole the rocks become pro- 
gressively younger from south to north. This major structural fea- =- 

ture, however, has been intersected by faults which trend in general .d 
east and wmt and which here and there have broken the normal se- 
quence into a series of slices. I n  some places the faulting has en- 
tirely cut out the outcrop of this series at the surface, and in other 
places i t  has brought these rocks into juxtaposition with mks be- 
longing a t  f a r  different horizons in the stratigraphic sequence and 
may even have resulted in reversing the dip of the dislocated b lwh.  

It follows from the uncertainties already discussed that  any esti- 
mate of the total thickness of the Triassic section in this region is 
too indeterminate t a  be of much value. However, from the sections 
that have been measured it is clear that these k d s  form a strati- 
graphic sequence of not less than 700 feet and that their total thick- - may be several times that amount. 

AQE bWD OOBXELbTIa 

The only definitely identified fossils that have W found in these 
d in northwestern Alaska are considered representative d the 
Upper Triassic. One imperfectly identified collection was regarded 
as " probably Triassic. " 

Concerning the collections made by Kindle in the vicinity of Cape %. 

Thompson and by Collier in the Cape Lisburne region Stantan 
states : 

Lmt 16d, Mouth of c m k  2 miles southeast of Cape Thornpm This collec: 1 
tlon consists of Clmertone frag~nentfi wit11 numerous specimens of nvlculold 
ahellr referable to P e e u ~ t i a  wrbokorM (Gahh) or to a closely related 
species. No other rmgnkablr specips ATP avsociafed wlth it. T h i l  rperies oc- 
curs In an Upper Trlassic horkon In California and has heen accepted as sum- 
cfent evldence for the Triasxic age of' fro& containing It a t  Cold Ray and in 
the Copper River region, Alaska. In my opinion thc h o r b n  which yield4 it 
at  Cape Thonlwon is also Upper Trlasrlc. 

Among the collections obtain4 by Mr. Comer in the Cape LIsbme region 
some years ago there are several small lots consiMng mainly af a fauna that 
beems identical with P w w l b  rrc&&&&# and probably comm finn about 
the Same horizon as the Cape 7h r rmpn  localle. 

Y Stanton, T. W., in Eindle, E. M, Tl~e e a t  Thompson. M a s h :  Am, Jour. 
Bcl., 4th ner,, vd. 28, p p  520428, 19119. 
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Tha collections of the Zisbume region referred to were originally 
listed as follo\vs : Lot 48C15,1+$ miles southeast of Wevok; 4ACl8, 
8Y2 miles southeast of Wevok; Ual, % miles east-southeast of We- 
vok; UC81,4 miles southeast of Wevok; U W B ,  3% miles southeast 
of We\.ok: UWM, 4AW38,2% miles north of Cape M s .  These 
were described C~llier,~' and on the basis of the information then 

e available were correlated with the Carboniferous- 
The determination of the Triassic float in the central part of the 

. Noatdi Basin was based an its identification by Stanton, kho states : -.' 
kr M (IlbsiM). Nmoatak Ri\+er at first stream from south: \vest of camp of 

Amgnat & (IBll), approuimately latitude gBm N., longitude II* W. PA 
montth I W - ~  (Gnhh), Upper Triassic. The collectiotl cuatatns only 
a si119le specles. hut it is represented by a number d mell.gresem& specimens 
and is a widcl!l J~strihuted and ve? characteristic form found thm far orrl,~ 
in rhc Upper I'riassic. 

Thc collections made by W. R Smith from the mouth of t4e 
N i m i u h k  River, No. 13314, locality B5ASd11, contained Pueudo- 
mar&& ud&dmk (Gabb). according to Stanton, and he ~dcn- 
lifi'eed i t  *of Upper Triassic age. 

Two collections made by W. R Smith in the coursc of the explora- 
tions of the expedition of 1925 wcre cxamined by Stanton. who 
reported upon them as follows: 
1m (26ARmB.3), 10 miles dotvnutrtrlm from the hcad of Ut~tokok Ritvcr 

paas, P-m mbotrmrluda (Gabb). Upper Triassic. 
1W (2lrASmFS}, !?O miles south from month d Bltlvlulr River. Pwwd9. 

monclfd mbd- (Gabh). Uppcr WG. 

The fossils collected from thcsc rocks in thc Kukpuk. Kukpowmk. 
and Kokolik regions were likewise identified by Stanton. \vho reports 

<@ 
as folloa~s : 
U734 (288127). 1 mile north of crimp P April 28, Kukpuk River. Sillall 

amnionttes (2  specimens) not well enough preserved for generic idenWcath. 
Probably Triclssic. 

f U735 (26AS323, 2 miles east of camD P April 28, Kukpo~mk River. P d  
m t i a  mbolmW (Gnhh). 1Jppe~ Triassic. 

m3g <BA833). 3 d c s  cast of camp P April 28, Knmmuk Kivcr. PssurtP 
-tis wrbd~&arQ (Uabb) . Uppcr 'l'riassic. 

UT37 (268834). I mile north nl' camp 1' April 2&, Kt~kpo~wuk Rivcr. Paetrdom 
monot8 subcirczrlmde (Gahh). IJpper Trinssic. 
I3738 I288842). 6 miles southeast of ccatnp P Mar IO, Kokollk Rivcr. PsmwBs 

mmrotid rrrWrdcPrls (Gahh 1 .  Upper Triassic. 

I n  the \-kinit?/ of the Killik and Chandlcr Rivcrs only one fossil 
was found in the chert formation. This was idcntificd by G. H. 

' G i ~ . ~ ~ h o r e p o r t s a s f o l l o w s :  
24LEMt62. West bank aT Chandler River 19% tnilcs S. 12. E. of confluence 

of ChandIw and Kil l ik Rivers. dE4heHw q.? 7'hc gcncml appearance of 

"Collier. k .L, on. dt., pp. B-26. 
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this fossil is strikingly similar to the genus, but of the structures which- ,w~~ld 
determine such a reference none remain. Even if the genus can be deflniteq 
identifid as IlfBchslina, however, Micheliwa i s  known in the Devonian, Missis-  
sippian, and Pennsylvanian rocks. 

Inasmuch as this fossil is hherefore of no great diagnostic value, 
thae rocks have been correlated with the Upper Triassic mainly 
on lithologic and stratigraphic evidence. 

2 
Although in northwestern Alaska the Triassic rocks have h 

identified mainly by a single tvpe of fossil, this condition d m  not - 
f - <- 

prevail farther east, for both in the Canning River region and near -- 
the international boundary a much richer fauna has been found Fn J 

the rocks that are in general correlated with the Triassic system; 
In the Canning River region, however, all the collections have been 
identified only as ' I  Triassic " or " probably Triassic," though many 
of them contain PaeudonwnotG & & d a &  (Gabb). A complete 
list or the Triassic fossils collected in the Canning River region is 
gven in Leffingwell's report.aB 

The correlation of these Upper Triassic rocks with those in otheq 
parts of Alaska has already heen clearly indicated by MartinSB 
in his comprehensivcanaly sis of thc Mesozoic stratigraphy of Alaska, 
and detailed discussion may therefore be omitted here. It is perhap6 
sufficient to point out that Upper Triassic rocks arc widely dis? 
tributed throughout Alaska, including southeastern Alaska, the 
Copper River region, the Susitna region, the country adjacent to 
Cook Inlct, and thc Yukon Va l lq .  I n  general, the Uppcr Triassic 
rocks of northwestern Alaska correspond in age with the Upper 
Noric or Europe and with the Brock shale of California md part 
of the Star Peak forination of Tdaho. 

JCTRASSTC SYSTEM a 

I n northwestern Alaska a series of coal-bearing roclis known EI 
the Convin formation has long hen .racognized east of Cape Lis- 
bwnc in the vicinity of Corwin, Cape Sabine, and Cape Beaufort. 
Various determinations of the agc of these rocks have bwn made, 
rangng from Middle Jurassic to Upper Cretaceous. The most cam- 
prehensive study of the plant remans from these rocks was that 
inade by F. H. Knowlton, who decided that they were of Jurassic 
age. However, in the course of the recent Geological S w v q  inves- 
tigations an essentially similar group of r&s was recognized 
through the larger part of the area to the east. These rocks were 
traced areally. almost into the type field that yielded the fossils on 

"LefflngwelI, & de &, op. dt., pp. 117-118. 
n hlartoq Q. C, RImozoir stratipphy o f  Almska : U. S. G d  Survey Bull. 776, pp. 111- 

iz, Ifml 
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which Knowlton bawd his determination, and yet several collections 
o f  Upper Cretacmus pIants and invertebrates were made in these 
other mks, and the types of many of the plants are such that lzad 
they not been found with dicotyledons they unquestionably would 
have been determined as d Jurassic age. 

Efforts to reconcile these different observations have not resulted in 
r settling the problem. With the matter standing in that situation it 

would have been relatively simple to indicate the doubt or the com- 
prehensive character of the group by calling it Jurassic and Creta- 
ceous, or Jurassic or Cretaceous. This method, however, does not 
appear feasible, because in this region there is a defmitely recognized 
Lower Cretaceous formation, and the rocb in question, elsewhere 
than in the Corwin region, defmitely lie above it, and those in the 

' 
Corwin region may reasonably be interpreted as lying above Lower 
Cretaceous mks. I t would, of course, be entirely inconsistent to 
refer these overlying rocb to a possible Jurassic age and at the same 
time show them as overlying Lower Cretaceous socks. Altl~ough 
the question can not lx regarded as finally settled until further 
d&mite paleontofogic proof is obtained from the spec3c.area in 
which the fossils themselves were collected, it has seemed as if 
the only practicable mehod of meeting the requirements of this 
report is to refer the rocks to the system to which, in the writer's 
opinion, they mat.  probably belong. Therefore, while admitting 
the yssibility that additional data may necessitate revision of the 
present correlation, they have thought it best to include all these 
rocks in the Cretaceous system and the coal-bearing and related rocks 
in the Upper Cretaceous. 

Mwe reluctance to adopt this come would have been felt if simi- 
-& lar rocks of Jurassic age were definitely h o w n  elsewhere in north- 

ern Alaska, but at the only locality where Jurassic invertebrates 
have been found the rocks are entirely different from t h m ~  a t  Coy- 
win. In the Canning River region Ix6ngwe11 found black.shaIe, 

1 called the King~k shale, which contains marine fossils of Lower ( ? ) 
Jurassic age. His other questionably Jurassic formation, the Ignek, 
has slight significance in  sdving the present problem because its 
fossils are so unlike any other Alaskan fauna that they do not 
p m i t  a dose determination of their age. Furthermore, all the 
ddmitefy determined fossils are marine, whereas the Carwin is defi- 
nitely of fresh-water deposition, and Leffingwetl's suggestion re- 
garding the probable age af the fresh-water part of the Ignek 
formation is based not on fossils but on its lithologic similarity to 
the Cmvin formation, so that it does not shed any new light on the 
true age of the rocks near Corwin. 
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Martin has discussed the general problem and has expmmaMhd: 
following condusions : 

The flora of the C o L n  formation does not show a clrwe relationship with 
any of the undoubtd Jurassic floras of southern Alaska. Tl~e  proba- 
bility that the CorttrLn formation h Cretaceous instead d Jurassic is suggested 
b~ the a b b v ~ i t e B  spparerrt lack of relationship with any of the undoubted 
Jurassic floras of dlnska, by its clmer rclationship with the KennIcott for- * 
matlon, which 1s @WdlM as Lower Cr&iccous, by the presence 13 several 7 

. spedes which m~ Fonlaine, and U ' a d  considered Lcrwer Crelacmwf, 
nnrl especially bp ehe ~~FSZL-E of dicotyIedonous leaves. 

The dicotyledons, however, have not heen found in the rocks in the 
are= f r o m ~ h i c h  the Cowin was named. 

IDWEE CRETACEOUS SERlES 

m-ow 

,&dm that are n o w  considered Lower Cretaceow .cyese first recog- 
nized in northern Alaska by Schrader on the haktuvuk liiver, and 
hence this section has been regarded as more or ks the type with 
which all other probable occurrences have k e n  compared or con- 
tra~ted. It would seem therefore most appropriate that when these 
racks are defmed, the name Anaktuvuk, given to them by Schmder, 
should k used id a formational rather than a series sense. At 
present, however, the data are not sufficiently compIete to warrant 
their definition, m that the broader term has ba continued in this 
report. A s  thus defined, the Lower Cretaceous mks are exposed at 
I he surface throughout a wide. belt north of the Brooks Range that 
extends, from the Anaktuvuk River westward as far as the coast of 
the Arctic Ocean and may also extend eastward for a long distance, %. 

though its continuity in that direction has not been demonstrated. 
There are s t m q  reasons for believing, however, that certain of the 
beds in the Canning River region which Lefigwell has included in 1 

his Ignek formation may be the same as the proved Lower Cretaceous 
mch farther west E t is because of this possible correlation and the 
fact that at the point where the Lower Cretaceous m k s  were crossed 
by Schrader on the Anaktuvuk River the series hail a considerable 
thickness that a considerableeastward extension of the rocks seems 
almost certain. 

The ttact in which these racks are exposed at the surface is in most 
places about 15 miles wide, though its width is here and there di- 
minished by faulting that has n m w e d  the outcrop and is elsewhere 
increased by duplication through folding or faulting. This condition 

"Martin, G. C, Mesozoic stratigraphy of Alaska : U. B. Geol. Surver Bull. 776. p 4643, 
7026. 



mmmpeciaIly marked in the western part of the area and in the 
eastern part near the Killik and Chandler Rivers. 
The Lower Cretaceous rocks probably extend northward a con- 

siderable distance beyond their outcrop, but in that direction they are 
covered by rocks of later age, so that unless they have h n  brought 
up locally by folding or faulting it is improbable that they 

F found at the surface north of latitude 89.' Undoubtedly-, t h ~ ~ k s  
would bt: found in drill holes sunk north of that latitude, 6hough, 
in general, a t  progressively greater depths. 

k' South of the 6 belt of Lower Cretaceous reeks and forrn~ng 
more or less isolated areas within the Brooks Range are lwks which 
are correlated with the Lower Cretaceous, These areas undoubtedly 
represent infolded and infaulted blocks that have been braught into 
their present position by mountain-building forces during one of 
the episodes in the formation of the range. It would not be at all 
unexpected to find other inset blocks of Lower Cretaceous in some 
d the unexplored tracts elsewhere in the mountaifis between the 
Noatak and the Colville, and it is entirely probable that some may 
even be found in the unexplored region between the Kobuk and the 
Noatak. Such areas; however, would probably be sinall and, 
although of extreme interest in shedding light on the age and 
development of the range, would be of relatively no moment in 
solving the general problems of the economic geology d the regon. 

Befiveen the proved Lower Cretaceous rocks on the Kokolik River 
and the supposed Lower Cretaceous rocks near Cmvin there is an 
unexplored area of about 2,000 square miles that, if the interpreta- 
tion now adopted is correct, is probably largely formed of these 
h w e r  Cretaceousrocks. T h e r o c k s a t t h e m a r g n s  of thisarea, +* however, have tea subjected to great sb-esses, so that undoubtedly 
the same stresses have affected the rocks in  the unknown area. Con- 
sequently it is believed that any Lower Cretaceous rocks that are 
found there will have been sliced so that their distribution will be 

t more or less discontinuous and they will be interspersed between 
dices of rocks of different ages. 

A veq  few miles south of the mapped area and only a short dis- 
tance south of the Lochvood Hills are rocks that for a long time 
'havebeen correlated with the Lower Cretaceous. b these rocks do 
not come into the area cover4 by this report, they may be dismissed 
here with the statement that they are of special sigtllficance in 
affording a means of comparing events on the south side of the 
Brooks Range in the Lower Cretacaus and later periods with those 
on the north side of the range. Unfortunately, however, this area of 
Lower Cretaceous rocks appears not to he very extensive but is more 



or less'isolated in the midst of later 'deposits, so that it dolessnot 
aBm.3 as complete information as could be clesired. 

The lithologic characters of the Lower Cretaceous m b  recognized 
by ' B&sder on the Anaktuvuk River were &scribed by him " '.as 
f&m%: 

r 

The series consi$W tsoentlal!y of impure santlsmne or arkme wfth a IltHe flne 
canglomerate. The sandstone is usu:~lly heavy bedded, beds 6 to 8 feet m 
thickness being armon, and it i s  penrnlly Bae to mdimn grained but h some 7 
Iomlities: hcomps so coarse as to be almost a grit. 111 color it ran*qes from dark 
or bluish gray to dirty greenish, while t l ~ e  coarser-grained rmk offen presents 
a spekled or salt-and-pepper appearance and is seen to be composed of the 
variously cotored flints r e p m n t d  in the! Shmer conglomerate. In fact, the 
color of the rock throughout seems to be determined lnrgely by the re:ative 
abundance of the different-colored sediments from the Stuver scrim. 

In  the vicinitv of the Killik and Chandler Rivers the rock4 that 
have been correlated with the Lower Cretaceous are dominantlv 
sanQstona of moderately fine grain. No outcrops of grit or con- 
glomerate were recognized, but the present river gravel? contains a 
number of conglomemte boulden that may have m e  from this 
group of mks. On the whole, exposures of the Lower Cretaceous 
mks in the vicinity of these streams are poor, and much of the area 
in which these & occur is covered with outwash glacial material 
and moss. Therefore only a few outcrops were examined critically. 
At adt of them the rocks were found to be rather thin bedded, soft, 
nnrl ranging in color from yellow to greenish brown. In the sand- 
stme that crops out near the small creek that joins the Killik River 
near camp M-&E 12 there are considerable -mounts of sulphides, 
which cm weathering have given the rock a blotchy, rusty appearance. h- 
The pyrite appears to have been introduced into the sandstone sub- 
sequent f o the formation of the rock 

The next area west of the Killik River in which the Lower Ciw a 

t ~ c e o u s  was examined in some detail was on the Etivluk. In that 
valley these rocks occur in two separate areas. '%he northern one is 
about 1Zto 15 miles wide, and its northern margin is about 10 rrliles 
south of+ the iunction of the EtivEuk and Colville. The southern 
arc* is separated from the northern by a belt of Mississippian and 
Triassic rocks about 15 miles wide and is itself about 8 to 7 miles 
wide, The older rocks have apparently been brought into their 
present position by faults of great displacement. The rocks in the 
southern area are dominantly sandstone, arkose, grit, and fine con- 
glomerate. Most of the sandstone beds are massive, and the come- 

u Schrader. F. C.. A reronnslssance In northern Alaska :U. 8. -1. Ilarvey Prof. Paper 
20, p. 'IS, 1904. 
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m x h d  varieties make up the greater part of the unit. The indi- 
k h a l  beds are.from a few inches to 5 feet thick. The rocks are v e y  
mrn@w&j h$,!,.&e gratng are ,yrnlenbd..hgether in large part by 

*' "V , 
siliceous mahrial, though a few maniple3 wem, seen in which the 
cementing materlal is calcareous. The conglomeratic members are 
interbedded with the coarse sandstone and rarely contain pebbles 

P more than half an inch in diameter. Most of the p e b b l ~  are various 
aolored chert, presumably derived from the Lisburne or the Triassic 

' 4% formations. No pebbles of igneous material were recognized. The 
J"' lowest strata examined in this area consist of about 60 feet of thin- 

bedded dark-gray carbonaceous shale and shaly sandstone. A few 
irregular nodular bands of siderite that weather to a bright-red color 
occur in the shale. Associated with the thin-bedded and fine-grained 
sandstone which occurs higher in the section are several thin beds of 
dark shale, some of which are as much as 1 foot thick. The & 
.throughout the formation are almost invariably of a dark dull-green- 
ish color, the only exception being a few beds that have a speckled 
pepper-and-salt appearance. The greenish color of the sandstone 
may be in part due to the large amount of greenish chert from the 
Triassic rocks wh~ch forms the individual grains. 

I n  the northern area of rocks mapped as Lower Cretacwus on the 
Etivluk the lowest members occur in the hills near the southern 
margn of the area. The rocks there are coarse and fine con- 
glomerate, grit, sandstone, and a minor amount of shale. The peb- 
bles of the conglomerate range in size froin small fragments to 
boulders 6 inches in diameter, but in probably the bulk of the con- 
glomerate and gritty phases the pebbles are under 2 inches in diarna 
ter. The pebbles represent a great Inany different kinds of rock, 

Q 
though dark chert predominates. I n  addition to the chert fragments 
of gray and black shale that may represent Mississippian shale. 
limestone that probably came from the Lisbume limestone, and a 
number of different lands of volcanic rock were distingmshed in 
different pebbles. No granitic rocks \yere recognized in the pebbles: 
but search for them was not thorough enough to g v e  definite proof 
of their absence. All the pebbles are well rounded and cemented 
together by a siliceous matrix that forms a considerable part of the 
rock -. SO firmly cemented together are many of the pebbles 
that in places the rock fractures indiscriminately across both the 
pebbles and the matrix. I n  other specimens, however, the cementa- - tion is not so strong and the pebbles break out of the matrix. The 
sandstone beds sholv a considerable range in size of grain, but all 
of them are of a dull greenish or bluish-gray color when seen close 
et hand, though appearing very dark -nearly black-lchm seen at a 
distance. The shale members are dark and thin bedded. 



The same general sequence of radtsw wm obmmed in the 
area d Lower b&taceous on the Eti~rldx continues westward and 

intersected at several plww between that and the h d  
of the Utuk~lt and the Wale. The ~onglomeretia bedsare well 
exposed in  the hills 10 miles south of camp Q June €N,,pti,hills at 
the hebd of Creek near cwmp F S s p h b r - 3 - 7 ,  h d  the 
hills at the head of the Utukok just north of camp (3 April 29,' In hr 

these places, as on the Etivluk, the pebblm in the conglomerate 
consist dominantly of chert with a subordinate number of shale. 
lihwtme, and a variety of igneous rocks. In addition to the - ' * 
r orate beds this group of rocks consists of albmsting beds af 

astone and shale. The sandstone forms the greater part of the 
section and is usually in fairly massive beds. In color it is generally 
dark gray or greenish brown, appearing dark in the distance. 

In the vicinity d the Kivalina, Kukpuk, ICukpowruk, and Boko- 
lik: h v e r s  the Lower Cretaceous r&s are doininantly s a n b e ,  
with subordinate amounts of shale. At  a point..l% m h  east d 
camp P April 16 is a small exposure of conglomerah that probably 
inarks the basal ineinber ob these rocks in that region. It found 
in a region that 11ad sufked considerable faulting, and its continua- 
tion could not be traced along the strike for more than a few yards. 
The pebbles in this conglomerate were of all sizes up to 6 inches in 
largcst diameter and consisted mainly of chcrt fragrncnts, though 
many cf thcm wcre formcd of various igncous n&q. Wd-rounded 
pebblcs or a conglomerate inade up of mort: or less angular frag- 
ments of chert and other rocks were found. These pebbles nepe 
1 ight colored and could readily be mistaken for ,mite. The r d  , 
was rather f b l y  cemented but the pebbles broke away from the I 

matrix when the rock was fractured. N liinestone pebbles w m  3 
recognized, though limestone crops out not v e e  far away from the 
conglomerate and stratigraphically below i t  A-bove the conglomer- 
ate are fairly heavy sandstone beds separated h one mother by 

7 

subordinate amounts of shale. These rods are dark greenish brown 
or gmy-brown and produce relat~vcly subdued topography. The 
sequence of these rocks has been badly disturbed by folding 
and faulting to permit a final htenaent regarding the dratigmphio 
succession 01 the several members, but the general impression mined 
from the many exposures visited in the field was that the proportion 
of shale to sandstone was small in the lower part of the secbon but 
was reversed and b e  greater in the upper part, a that in that 
part the shale ms dominant. 
In h o s t  all these sandstones in the Kivalina-Kukpomruk regicn 

flakes of inica that had h derived from the preexisting rwks were 
readily recognized in the hand specimens. Tn some d the' ro& 
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*uhd frqmmts of vegetation were also secognizd, but they 
'qqmaw& rsimiler to the trash that is frequently seen d c q  modem 
kmhw. Many of the strata show remarkably developed ripple 
marka, gmm of them 6 inches or more behveen successive crests md 
atbe- .only an inch or so. Scour marks and current wash are also .. L . ... 
mymgg. -7 of the surfaces show pecdiar blobs of mud xvhose 

P origin ie indaterminate. Some of these resemble the little irregular 
piles Q€ mud that drip from the meIting snow banks or cakes of 
azlfeis of the present day. Trails of bygone animals, raindrop im- $$ pmsions, and other features that give an intimate insight into the 
d t i m s  that prevailed when these rocks were being deposited are 
fairly widespread. In some of the sandstone beds are small flat- 
dwwd lumps of what was formerly mud that give the rocks a con- 
glomeratic appearance, and as these usually weather out quickly on 

surfaces they leave circular pits that strongly resemble 
molds of h d s .  
T h e m d i ~  in the area which has long been regarded as formed of 

Lower Cretaceous strata and which stretches inland from the coast 
between Wevok and Convin are described by Collierca as follom7s: 

tdtbologlcatlg this formation consists of sandstones and shales with the former 
h the ascendant. The sandstone beds range in thickness from a few inches 
to 20 or m feet They resemble the sandstones of the CorlRin formation 
llut taken as a whole are pruhahly somewhat less grit@ and contain no can- 
g l m a t i e  material. The shales which are interbedrled with the sandstune 
arc darkalored anrl sometimes micaceuus, su that they have a silvery sheen on 
&he lw~itlding faces. in few instances ripplc marking was ahsclved on shaly 
w. 
The Lower Cr.&ceous rocks on the south side of the Brooks Range 

@- in the central part of the Kopkuk region ate described by Schra- 
der as consisting of pinkish to reddish limestone, which is associ- 
ated igneous amygdaloids and andesitic tuffs, together with 
sere dark shale, slate, and sandstone or arkose. I n the Zane Hills, 

*I in the same general region, SmithH reported thc entire absence of 
limestone in these rocks, which there consisted of agglomerate and 
a r l d c  k d s  associated with basic rntrusive and effusive rocks cut by 
acidic intrusives. These rocks are characteristically dark colorad, 
generally greenish but here and there dark red. Some conglomerate 
bedg were recognized in which the pebbles were mainly of  dark 
igneous rocks. Ferromagesi an minerds are common and appear as 

a Cdller, A. J., Geolm and ml m o u r n  of the Cap Ushurne rqlon. Almka : U. 8. 
Oeol. Survey BJ1. 278, p. 33, 19W. 

Sdoadar. F- C.. U. 8. Geol. Survey Twenty-flmt Ann. Rept., pt. 2, pp 4 W T 5  1900; 
U. 8. W. ~ICVSJ Prof. Pap~r  20, p. 77, 1904. 

Wth, P. S, Thr Noatak-Kobnb rpgion, Alaska: U. S. GmL h e y  Bull. 586, 
pp. 8 M 1 ,  1913. 
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glistening cpstal faces on freshly broken qmimer&. 3 c w y ,  
however, the rocks are too h e  grained to allow determiffati.oe,~f;*ir 
&mponbntfnrinlerals by the unaided eye. The rocksrwe ;tboroflM3 
compacted, so that usually t h e  break across the grains end pebhlss 
rathcr than around thcrn. I .I 

STRZICTZrRE AND TICICKNFSS 
. : - a , .  2 

Although on the whole the structure of the Lower Cdacmm 
rocks d& not appear to be as complex as that of the otha '  f o ~ s a  
tions already described. it is ne~ertheless highly involved and has 
bccn afFcctcd b\. cmormous diastrophic movements and stresses. As 
s result i t  is not always possible to determine by direct obsen-ation 
at  a single local i t  the true major structure, because local overturns 
or reversals through faulting i n  man!. places give apparent relatiom 
that  arc cxac t l~  zhc oppositc of thc truc relations. Fm instance. at 
many placcs along thc north front d thc Brooks Range the dip of 
thcsc rocks i~vodd indicate that  these rocks underlie thc older rocks, 
such as tllc Lisburnc limcstonc or the Triassic chert. but the fossils 
clearly prow that  this is not thc rcal relation. At  places along the 
nortla front of the range great overthrust faults haw rcversed thc 
norma! stratigraphio sequarce. SeveraI large tracts of Lower Cre- 
taceous rocks. separate from the main outcrop of this formation. have 
been insct among rocks of \\idcl!- diffcrcnt age. through profound 
faulting and folding. 

Although in dctail the structure or thesc roch is cxtrcrnciy corn 
plcx, in a broad way thc rocks appear to have a gencral outi~vard dip 
from the a ~ i s  of the main range. so that on the north side of the 
range. where t h q  are most extensively developed, the general re- 
sultant of their various dips is to give the formations as a whole a % 
dominant dip northward. Unfomnately the tract in which these 
rocks can be well studied in surface exposures is b narrow to d l o w  
a very extended analysis of their structure. but the ye? distinct 
impression was obtained that the structure is much morc c o m p l ~ ~  * 

near the present mountain front and h m c s  progrcssi~ cly simplcr 
toward the north. 1n other words. overturned folds are perhaps the 
dominant characteristi G Of the Lower Cretaceous rocks near the morn- 
tains, whereas some miles northward the folds bmm more open. 
nearly symmetrical, and much decreased in height. 

The desirabiliq of corroborating this i~npressi on is obvious, because 
one of the criteria that has been more or less set ied on to distinguish 
these rocks from some of the younger rocks has been their greater 
amount of  deformation. Therefore. if greater deformation d m  not 
indicate difference in age but is due mainly to position with respect 
to the abutment against which the rocks were thrust or folded, it is 
evidently not a safe criterion. 
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&2&lukive data on this point are not rmy to obtain, because almost 

everywhere the possibility that the apparent. sequence has been 
brought about by faulting must be disprovcq and this is usually 
impossible without more detailed mrk than the time available per- 
mits. Furthermore, in this area on the whole the older rocks natu- 
rally lie close to the mountains, whereas the younger ones usually 

P lie at more remote distances. One of the clearest sxmplw tending 
a to prove that the 'Lower Cretaceous rocks are in  reality more de- 

-, formed than the overlying rocks was record4 by w. R. Smith in 
the upper part of the Colville Valley near camp G June 11 At that 
place structure similar to that shown in Figure 13 was observed and 

n. 

L~ght-blue Shale end mesalve beds of SMdsim@ of b w e r  C r e t s c m s  a!@ 

BIGIJBE 18.-Sketch showing structural relation of Cretaceous rocks on ColPllle 
River near Re>niml Cseek 

is interpreted as showing that the racks at the south, which are cw- 
related with the Lower Cretaceous, are urlconformably overlain by 
less deformed rocks toward the north. W. R. Smith believes that 
he recognized the same unconformity at several other places in the 
valley of the Colville. 

The complexity UF the folding in  these beds close to the mountains 
is illustrated ly Plate 23, A, which shows the contorted and closely 

;*L folded sandstone and shale on the Kukpuk River near camp P Apnl -* 26. This is not only an area of strong general regond folding 
but aZso is in close proximity to a thrust fault of profound displace- 
ment. Contrasted with this small complex folding and mashing is 

C 
)r 

the large regional folding such as is illustrated in Plate 23, B, which 
shows the rocks in the vicin~ty of camp G June 18, on the Colville a 
short distance below the Nuka bver .  This exposure apparently 
lies not far from the junction of the Lower Cretaceous series and 
overlying rocks and is rather remote from the mountain front. Even 
here, however, there are numerous reversals of dip and some faulting 
within relatively short distances. 

I n  the general belt of Lower Cretaceous rocks that extends wat -  
ward from the Etivluk to the Utukok the observed dips range from 
vertical to about 60" either north or south, the dip on the south flank 
of an anticline being usually steeper than that on its north Bank. 
Repetition of the sane bxl by folding was generally not possible 
to prove, as the individual beds are not readily identifiable for any 
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distance, but it smms probable that mma of the observed aha- 
in dip from north to sorlh are due b hdts rather than to sharp 
folds. 

&hmder4' d m r i b  the strike of the Lower Cretaceous rocks on 
t h e M u d  aa dominantly & He says: 

~ c o n a ~ i ~ ~ a w  ~ & b l l T E b n s i ! ~ 1 . - + ~ h a ~ ~ i n ~  
dip gently north!\ art1 at \*IT& e m ,  lru- & w d ~ ~  and. a 
nyncllnal fo lb  a present. t k  k t t 8 r  bung apur. These were 
probablv caused by the same mountain-building lnrces that  were eyerted h - 
the range to the south. This is suggested bv the fhct that the trend of the 
more pronounced fdds in the plateau is parallel with the main foldfng of the F 
range, as if all b l o n g e d  to the same system. 

The structure of the supposed Lower Cretaceous rocks in the 
region east of Cape L i s b w e  is thus described by Goflier 

The structure of the formation, while it consists of simple open folds near 
its boundary with the COmin, twome53 increasinglv complicatd as t l ~ c  fault at 
the contact with the Carboniferous rocks is approached. O~ertarner l  folds and: 
minor' thm  fault^' with a%% " M a l h g  in a gcnmal ' way' norlhwesl d 
southeast are tvplcal features 

Collier. however. decided that these rocks overlie the rocks to the 
north, whereas the present l l t e r s  consider that they underlie those 
rocks. The cvidcnce on ~vhich ColIier based his decision IVX not 
conclushe, for he m o t e  " 

The exact contact of W formation with the C n d n  was not expsed, o r  
if observed its slfliflcanee was slot wberatood, though the field relations af the- 
two Connativns arc deflniteIy known at a nrnaber of localrtics. CoatInnoas 
-a a n & m I W  hWwn the foma&Iene are indicated, Ihough 
the possih~l~ty of thrust faulting along the contact should not h clverlcmked, 

Imsmueb, thedore,  as the possibility was recognized by Collier 
that the contact was not the ictual depositional contact but might b 0 *, 
due to Tau1 ting and m that aEternatiw seem to fit better with the data 
now available from a number ef relatively near-by localities, it has 
h accepted for the prcscnt rcport, under this interpretation the 
northern boundan. bchvctm tb Lower Cretaceous rocks and ths 
overlying rocks in the ~ i s b u m e  region is regarded as probably a faulB 
contact, with the beds 5~~1th of the fault possibiy being overturned. 
Some slight corroborative evidencein support of this interpretation is 
found in the fact that Ithe southern contact of these rocks against 
the Triassic is a great overthrust fault. and another fault aomwhd 
farther north is also indicated in the structure section accompanying 
Collier's report. According to Collier's interpretation the fad t  be- 

"&!wader, E C., A remmtlissmce in nortbertl Alaska: U. 8. Oaot Prot 
PRper 20. p 16, 1904, 

*(?ollrm, A. J., Oeolom and coal &nrmm of the Crrpe L h h r n a  Wsq Web*: 
U. I. Oeot S w e y  Bull. 278, p. 81. 1m. 

Idem, p. 80. 



the Lower Cretaceous and the Triassic &s entirely cut out 
+&e 15,000 feet or mare of the Convin formation. 

The structure of the Lower Cretaceous rocks in the Zane 
south of the Brooks Range and south uf the region specifically de- 
-w in this report, is said by 8m.i th La to be in general anticlinal, 
mitb the axis trending northwest. "he structure is not simple, how- 

? .ever ; minor faults have been , and more profound - .b.w been indierim3 as probable=ence of Lower Cretaceous 
rocks kbetween the ~aleozoic mks on t b e  Kohk a d  the overlying 
Upper Cretaceous rocks, described below, is believed to be due to 

*the rnasJdng of the older roeks by the overlap of the later sediments. 
The structural relations of the Lower Cretaceous mks to the older 

ilFQClts in a32 exposures that have k e n  studied in northwestern Alaska 
isbelieved to  be unconformable where the sequenceisnormal. though, 
a s  has already ka pointed out, at many phew the present relations 
-are m y  varied because of faulting and folding subsequent to the 
deposition of these & Not only is the reistion indicated by 
-direct. obsem&ons of t he  structure. bukibis also earrohrtrted by the 
fragments of the older mks that are found making up some of the 
Lower Cretaceous M. The structural relation of the Lower Cm- 
tewous rocks to the younger rmks in many places is also believed to 
k unconformable, though data on this point are less conclusive. 
'Wre la t ion  has already k e n  discussed at somelength, and the clear- 

-&st example of the apparent u n c d o m i t y  between the Upper and 
Lower Cretaceous rocks is illustrated by Figurn n. 

Enough has doubtl~s been said regarding the complexity of the 
-"" .structure to show that wry estimate of the thickness of these rwks 

w can be regarded as at best only a crude approximation. Schsader. 
.$ -who was well aware of the inadequacy of the data fo r  making a guess 

-as to the thickness of this formation m the Anaktuvuk River, consid- 
.wed a thickness af 2000 feet a minimm. W. R Smith, from l is  

w 
studies in the Utukok, Colville, and Etivluk Valleys, reached the 
.conclusion that the thickness in that region could not be less than 
10,000 feet. Collier also admitted the im ssibility oF determining 
.accurately the thickness of these rocks in t P" le Lisburne region, but he 
.believed that they could not be less than 5,000 feet n w  more than 
15,000 feet thick and for the purposes of his report assumed their 

~thicknws to be 10,000 feet P. S. Smith made no estimate of the 
.thickness of the Lower Cretaceous rocks of the Zane IZills. From 
the various estimates, which admittedly are extremely uncertain, it 
is none the less apparent that there is a very great thickness of these 
pmks and that 10.000 feet may be regarded as a crude apprclxima- 

* amlth, F. $, The Noatak-Kobuk r e o n ,  Alaaka : U. S. W. Survey Bull. 638. 
PP. 81-82, 1913. 
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tion of their true &h.icImem S~,great a $hidmew dLsocks laid down 
in relatively shallow water and relatively3= near ahore presents many 
problems that are drfficult to explain thoroughly. 

AQE AND O O E ~ U T I O H  

The original collections from which the Lower Cretaceous age d 
certain rocks in northwestern Alaska was recognized were obtained 't 

by Schrader in  the valley of the Anaktuvuk River. These collec- A 

tions were identified by Stanton as containing the single fossil , 
AzlceZla wcl.assicoll& Kqserling. The most southern locality m the - 
Anaktuvuk a t  u ~ h ~ c h  this fossil was found lies about 8 miles nor& 
of the southern border of the tract mapped as Lower Cretaceous, so 
that possibly the fossil corns from a stratigraphic position consid- 
erably above the base of the formation. 

No Lower Cretaceous fossils were collected on the Killik. The 
rocks an that stream which are assigned to the Lo~ver Cretaceous are 
so placed because of their stratigraphic pos~tion and 'general rela- 
tions to the rocks on the Anaktuvuk River. 

In  the northern tract of Lower Cretaceous rocks on the Etivluk 
Rivcr, W. R. Smith obtained fossils whiieh wcrc identified by J. B. 
Recside, jr,, as follows: 

13311(25ASmP1). 8% miles upstrcam from mnuth of  Etivluk Rivcr. 
Hobataphan~s sp. h w e r  Cretaceous. 

Near this same place in 1924 P. S. Smith obtained an indcfinitc 
fossil concerning which Reeside stated : 

12476 (24AS46), Etivluk River ahnvc camp S July C. Ammnnitc fragmcnt 
Probnbly Crctrceous hut not sufficient for clnw age determination. 4 - 

I n  the southern area of Lower Cretaceous rocks on the Etivluk *, 
Rvcr W. R. Smith madc a collection which was identified by Reeside 
as follows: 

13313 (26ASmFD). 40 miles upstream from mouth of Etivluk River. AuoeZla I 

A. masstooW Kcyserling h w c r  Cmhcmus. 

Farther west, in the headwaters of the Utukok Fhver, W. R. Smith 
collected fossils which were identified by Reeside m follows : 

13309 (23ASmBB). 4 miles downstream from head of Utukok River pass. 
Amcells rrms$icol& Keyserling. Lower Cretaceous. 

I n the valley of the Kivalina River a short distance above camp P 
April 16 P. S. Smith made a small collection tvhich w-as definitely 
identified by Reeside as f o l l o ~ ~ ~ s  : 

13716 (26AB19). Tbmquarters of a mile nbove camp P April 16, Kivalina 
River. drrcelh m e f ~ l l i a  Kgserli ig Lower Cretaceous. 
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No fossils have been found in the rocks immediately east of Cape 
Lisburne that are correlated with the Lower Cretaceous. Their cm- 
relation is based entirely on their areal and stratigraphic relations 
to the rocks in adjacent areas, and this basis has been fully dis- 
cussed in preceding portions of this report. Unquestionably there 
is s t i l l r m  for difference of opinion as to the age, but the interpre- 

a tation that has been adopted here seems to fit best all the facts that 
, arq now known. 

The age d the Lower Cretaceous rocks on the Koyukuk River 
south of the mapped area was determined from fossih collected by 
Schrader at two localities near Waite Island, about 'in miles south- 
west of Allakaket. The fossils from both these places were deter- 
mi~ied,by T. W. Stanton as Au.cella cr(u;~cotlw Keyserling. In this 
a q a  the r;ocks differ somewhat lithologically from the Lower Cre- 
t t s q ~ u s  m k s  north of the Brooks Range in that they are described 
aa.pink impure limestones about 800 feet thick 

Nowhere in the region east of the Colville and north of the 
Brooks Range have Lower Cretaceous fossils k e n  recognized It is 
higl;lly probable, however, that some of the mcks in the Canning 
River region that were included by LeEingwell in the Ignek for- 
mation, of questionaMe Jurassic age, may be Lower Cretacmus. 
I n  the absence of any definite data on this subject there is not justi- 
fication a t  this time for regarding this suggestion tis more than a 
surmise. 

Lower Cretaceous mks are widely represented throughout Alaska 
fiorn tlie southeastern part to this northern part. They are also 
known in the Copper River region, the central and eastern Yukon- 

*= Tanans region, and the lower Kuskobrn region. The general his- .* tory of this geoIogic period has been summarized by Martin 's as 
follows : 

In gneral, 11: is  believed that the h w e r  Cretaceous deposits were laid down 

n 
in all the larger geogmphk prolines, but probably not over the, entire area 
of the Territory. The extent OF the b w e r  Cretaceous seas, so far as known, 
was not limited along the lines af any of the existing geographic features. 

Martin further expmse the belid that the Lower Cretaceous seas 
were more extensive than those d the Upper Cretaceous. In all the 
Alaskan localities so far known the Lower Cretaceous mcks were 
dominantly Iaid'down under marine conditions, and, although some 
plant remains have been found in these rocks, their presence does not 
materially modify this conctusion. 

* M d n ,  a. C. BIeeD*Oic stratfgraphy of Alaska : U. S. Geol. Survqr Bull. 778, p. 287, 
1026. 
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UPPER W m m  

d the Range from about latitude 69' northward the 
hard rocks are dominantly sandstone (and ahale which are considered 
to be of Upper Cretaceous age. If the overlying ~incansolidatacH 
deposits of sand and gravel were stripped ofK theae rmks uoutdprob 
ably form the s d a c e  of almost all the county orth of that latitude A 1 as far as the Arctic Ocean. Xreally, therefore, hese rtxks occupy a 

<F- far greater tract of country than any of the others so far descrilxd. ,. , 

The rmks have been recognized and &died on the A n a k t u d  River 
and the northern part 01' the Colville River by Schrader, who de- 
scribed them under thc names Nanushuk "sesiesM and Cotville 
a series." Tl~ey were traversed by the Geological Survey expedition 
of 1923 aIong the northwest cmqt of Alaska, including the Kuk- 
powruk, Utukok, and Meade Rivers, and by the expedition of 19'24 
on the Killik, Chandler, Colville, Etivluk, and Awuna Riverrr, in the 
drainage basin of the Colville: on the Egalik and Ikpikpuk Rivem 
and Mayk Creek, in the basin of the Ikpikpuk; and on the-Kuk,  
Kaalak, and Utukok Rivers. They were critically sh~died by the 
expedition of 1925 in the headwaters of the Utukok and Colville 
Rivers as far downstream as the Etivluk and up that river. wlliey 
were examined on the Kukpowruk and Kokolik Rivers by the expedi- 
tion of 1926, which also reexamined certain of t l~e  outcrops cm the 
Kuk and extended the surveys into the valley of the Avalik River 
and Peatd Ray and its tributary, the 'Iiukmak River. I n  the region 
b e e n  Convin and Cape Beaufort these rocks were among the earli- 
est recognized, and they have been successively d~scribed hy a number a 
of geologists, the latest of whom, Collier, brought back the most 3, 
complete and authoritative statemenk regarding their distribution. 
No Upper Cretaceous rocks have k e n  recognized in that part of 
northern Alaska which lies east of the Colville, though it seems 4 

probable that they extend into that region. 
South of the Brooks Range M C ~  that are correlated with the 

Upper Cretaceous were recognized in 1899 by Schrader on the TCoyu- 
kuk In 1901 Schrader mapped these r o c h  on the John Rivet and 
adjacent parts of the Koyukuk, and in that same year Mendenhall 
noted them on the Alatna and at seveml places near the upper part 
of the Kobuk Vallev. In  1909 Smith examined the Upper Cretace- 
ous rocks that form a large part d the country hetwecn the Yukon 
and Seward Peninsula, whiclb though outside the specific area cov- 
ered by this report. is useful in giving insight into the general geol- 
ogy of the near-bv region. In 1910 Smith examined these rocks i n  
the h b 1 v d  Hills, south d the Lohuk, and in some of the areas 
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already visited by Mendenhall north of this river. I n  191 1 the 
Upper Cretaceous rocks on the Alatna k v e r  were reexamined by 
Smith, and the winter expedition of 1924 also traversed t h ~ s  section 
of the river, though little time was spent on the geology of this part. 

On the whole, therefore, i t  is evident that these rocks have been 
seen in widely distributed sections by a number of different observers. 
Although on Plate 2 these rocks have ken represented only in those 
areas where they have tea actually examined in some detail, it is 
obvious that they oxtend into many of the unsurveyed areas that 

') hwe been left blank. There is therefore little hesitancy in asserting 
that probably these rocks form the surface at. underlie practically all 
the unswveyed areas north of the east-west section of the Colville 
Valley and much of the unsurveyed area south of the Kobuk in the 
Selabiik Valley. 

The  Upper Cretaceous rocks north af the Brooks Range are doini- 
nantly shale and sandstone. Because of its greater resistance the 
sandstone is usually more conspicuous than its abundance relative 
to the shale would warrant. so that usually the traveler takes more 
rate of the sandstone that caps the low hills or forms bluffs along 
thc streams than of the shale, which makes fcw outcrops or note- 
mrthy features. Near the base of these rocks sandstone probably 
forms the bulk of the strata. This sandstone is probably marine. 
though il contains somc plant fragments and sticks that werc dcrived 
from thc near-by lands. The middle part of this group of rocks 
is colnposed dominantly of shale, with subordinate amount of sand- 
stone. It is in this section that coal beds are most numerous and 
indicate by their presence that those rocks w m  formed in swamps 
and sheltered waters. mainly under land conditions. The upper 
part of the section of Upper Cretaceous rocks again appears to be 
composed mainly of marine sediments and includes mare sandstone 
than shale. 

Schrader 6o in  his description of the Nanushuli "series" on the 
Anaktuvuk River states : 

The beds range from 3 to 6 inches +I thickness and exhibit rapid alterna- 
tion. They consist of gray and brown sandstone, generally fine grained and 
mmetfmes friable, with some gmp and impure fossilifernus limestone, dark 
shale, finegrained gray quartzite, drab-ceIored and green chert, and blncli 
sletc atnined reddish along the jnints. Coal nf gmd quelig i s  also present. 

I n  no other place, however, has quartzite or chert been found as 
distinct beds in this formation, and there is some uncertainty as to 

" Bchrader, F. C. A reconnaiasnnce In northern b l a a  : U. S Oeol. Survey Prof. 
Paper 20, p 79. l9M. 
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whether these mks were actually seen as beds in this formation or 
were only particles in the rocks. The latter explanation seems more 
probable, but if they actually occur as beds it seems likely that they 
occur in an area where local faulting has brought Triassic w older 
rocks up to the surface. The typical appearance of the rocks re- 
garded by Schrader as of Upper Cretaceous age is shown by Plate 
94 A.  Q 

?he writers have also included in this series the lower of the rocks 
referred bv Schrader to the Calville "series" an the Anaktuvuk 
River. described the lithology of the entire sequence of these 6- 
rocks as Yo71ows : ax r- - 

The series consigts p r in jpyy  *of heavy bedded silts, sofi sandstone, lime- 
stme, shale, and lignite. The lower Colville contains the more in- 
durated class o f  mcks and consists mainly of partly consolidated silts in beds 
6 to & feet iu thichess They are usually light slatecolored or ash-mlored 
and constitute about onehalf of the lower Colville section and are generQly 
much lem consolidated toward the top than near the base. The harder rocks, 
which fncrease In volume toward the base d the section, include impure dull- 
gray mehum to flne grained sandstone with detrital hgnitic plant remains; 
slate-colored and brownish calcareous shale with disseminated undeterminable 
vegetable detritus; hgnitic coal in layers 1 to 5 feet in thickness; dark slate- 
colored or brownish chert containing cavities incrusted with chalcedonic silica ; 
rusty brown, very fmginous sandstone or impure ironstone; and some iron- 
stained siliceous c;onglornerate, which also contains lignitic vegetable remains. 
There are also a few layers of hardened silts, forming a rock of very fine tex- 
ture resembling soft smooth honestone, 

The lithology of the Upper Cretaceous rocks in the western part 
of the ColvjlleValley and at the head of the Utukok was described 
by W. R. Smith in sane unpublished notes from which the following 
statements are abstracted. Shale is the most abundant rwk. It ,z, 
occurs in thin beds making up a section of several hundred feet and 
also in thin beds alternating with sandstone. It is usually soft and *- 
commonly nodular and ranges in color from light bluish gray to 
black, and certain beds weather Iight yellow or pink. At the base 
of the formation as e x p e d  near camp G h h y  30 and camp G * 

June 19 a dark-blue nodular shale resk unconfmably on the Lower 
Cretaceous mks. Layers of light-gray fine-grained sandstone or 
sandy shale from 1 to 4 inches thick are interbedded at Ftregular in- 
tervals with the shale. Ellipsoidal shale nodules give a rather mas- 
sive appearance to the rock at certain horizons. The nodular be&, 
which are from 3 to 6 feet thick, are separated by b& of relatively 
lrard thin-bedded shale or sandstone. The nodules weather into 
conchoidal fragments and do not contain a central nucleus. 

Above the shale is a massive sandstone which forms an important 
horizon marker. This sandstone is about 80 feet thick, is medium 

rnxdern, pp. gZ 83. 
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grained and cross-bedded, and ranges from light gray to dull green- 
ish. It is the thickest sandstone member noted in this part of the 
field and forms the u p m o s t  bed on many of the flat-topped hills 
north of the Colviille. The outcrop of this m e m h  is generally 
marked by precipitous cliffs 40 feet or more high. at whose base are 
steep talus slopes formed of the large slabs broken from the cliffs by 
frost and other weathering processes. In the central part d the 
Colville Valley, near the mouth of the Etivluk, this sandstone is much 

-= less rnaqsive, as it splits up into thinner beds separated by shale 
i partings. 
A 

-.I 
A petrographic examination of the sandstme collected at different 

points within the Colville Valley shows the presence of subangular 
grains of  quartz, quartzite, chert, feldspar, pyroxene, and a little 
mica, generally contained in a somewhat calcareous or fmg inous  
groundmass. Pebbly sandstone and thin irregular lenses d fine 
conglomerate occur, with a few beds d come sands tone, but they are 
by no means numerous. The pebbles in the conglomerate are chiefly 
chert of various colm. The coarse beds of sandstone are strongly 
cross-bedded. The fine-grained h d s  are notably ripple marked, and 
many of the h d s  show an intensely corrugated appearance over the 
entire a p m d  surface. The appearance of a typical exposure aF 
these Upper Cretaceous rocks on the Etivluk is shown by Plate 24, B. 

In the southern part d the valleys of the Kukpowruk and Kokolik 
Rivers these rocks include a considerable thickness of  dark soft shale 
overlain by alternating beds of sandstone and shale whose layering, 
as developed by weathering. produces distinctive topographic foms  
readily identified at long range. Some of the sandstone beck are 20 
feet or mare thick, and many of them show cross-bedding. At several 
places a few pebbles are irrsgu1ar)y distributed through the sand- 
stcme. These pebbles are not very smooth and are almost exclusively 
chert. Few of them are more than an inch in diameter, but some 5 
inches in diameter were found, especially near the summit d the hill 

C west of camp P June 6. I n  addition there are numerous layers in 
which cmglamerate cd" the "mud lump7"e was noted. These 
layers are usually oi$y a few inches thick, but they occur at several 
different positions in the stratigraphic column. 

The rocks have been folded into so many anticlines and synclines 
that the higher rocks in the sequence do not m u p y  large areas south 
of a line near camp P June 12, where the coal-bearing part of the 
sequence appears. These beds are dominantly shale with subordinate 
amount? d sandstone and coal hds and lithologically do not differ 
from those seen farther south. The same sporadiq-pebbles of chert 
are found in many of the sandstone kds, and hardened mud lumps 
with san&tone occur at several horizons. Fragments of vegetation 
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are more common, and in some of the beds there is a g d  deal o f 
s i lkzed  wmd, some of which is in pieca 6 inches or more in diam- 
eter and several feet long. This is apparently the s a m  part of the 
series that waq fnund on the Awuna River, where silicified logs are. ' 
m m o n  and stratigraphically are not far  from beds of coal. 

One of the sandstone beds found near camp P June 12 had a some- ., 
what unusual appearance due to the crystallization of calcareous ma- f 
terial, which produced shining crystals that at casual glance gave the - 
rock almost a porphyritic appearance. When examined under the- d F  

microscoge this mck was found to consist of subangular and rounded ek 
detrital grains of quartz, slate, chert, and acidic plagioclase feldspar - ' 
in a groundmass consisting lxgely of calcite that showed signs of 
incipient recrystallization. Near this outcrop the sandstone and 
shale were intersected by numerous seams of calcite in the form of 
small veins or fracture fillings. 

Another unusual phase of the sandstone was found by W. T. 
Foran in the central part of the Utukok Valley. This is a black 
rock which weathers to a yellowish brown on expos4 surface, is of 
medium frne grain, and occurs in a bed about 2 feet thick. A chemi- 
cal and microscopic study of a specimen from this bed shows that 
the rock is cc3mposed of small black spherulites of siderite in a fine 
greenish-black glauconitic cement. The siderite sphenrlites give ncr 
evidence of having replaced oolitic limestone, as they have none of 
the concentric structure c o m m d y  found in oolite. 1V. R Smith 
has suggested that the water in which this bed was deposited may 
have k e n  saturated with iron, and that it mixed with carbonate 
waters brought down by the rivers, and at favorable localities pre- 
cipitated the iron in the form of ferrous carbonate. It is very dif- ,r - ficult to reconstruct the conditions under which this might have taken, - *+- 
place without leaving some other evidence af its occurrence, so that 
the find explanation of this curiaus deposit rmst await further 
data from the field. 

Rwks that are now correlated with these Upper Cretaceous beds 
were studied an the Kukpowruk, Iawer Utukak, Kuk, and Meade 
Rivers by the gtologisls of the expdition of 1923 and were described 
as follows :CZ 

A thick series of sandstone, shale, thin-bedded Ifmestone, and aaaciated beds 
of coals extends: from Cape Beaufort westward to the Cape Llshurne region. 
These mks are bellwed ta  extend eastward to and beyond flaw Simpon ant) 
Inland a t  least 80 ruiles south of tlie coast a t  M a d e  River. 

The sandstone is gray where fresh, hut weatl~ers to a yellow or buff cobs. 
Tt is medium to flne grained, gradm b places into rillale anti rarely Into con- 
glomemte, and Jn general Is o f  nortml types that were lald down at the mardnl " 

Sidney, and others, d reconndswnce of  the Point Barrow region, Alaska: 
U. 3. G d ,  Survey R1111. '112, p 12, 3926. 
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the sea by rivers and streams that entered it. Cross-bedding and ripple 
marka are locally abundant. 

The shale is gray to yellow, Inany beds are flnegrained mudrcrcks, and some 
b d s  are darkened by an appreciable amount, of carbonwsoua debris. In places 
it grades into sandy shale or sandstone, of Which shale is the normal accom- 
paniment in deposition of the type suggested above. 

The limestone is pray to brownish and occurs in beds intercalated with the 
e shale, into which it grades. It was noted only in vew thin layers or a s  

nodular concretioae, - The coal that accompanies these rocks is abundant and occurs in beds of 
!vorkable tblckneas, I n  the regions of strong Cnlding it is bltuminous, and 

1 '  
m tlie less-disturbed regions i t  is of subbituminous m k .  

k .- The field appearance of the Upper Cretaceous rocks in the north- 
a m  part of the region iq sho\w by Plate 25, which @yes character- 
istic views on the coast near Peslrd Bay and on the Avalik Rver. 
.Other views which show principally the coals of this formation 
app&in Plates 30,52,33, and 34. 

Rather near the top of the section of Upper Cretaceous rocks, 
as now distinguished. and interstratified with the shale and sand- 
s.tonc are several beds of bentonite. These beds hwe been recog 
nized on the Kigalik River, a tributary of the lkgikpuk River. near 
camp S August 4 and on the inain stream a t  several places farther 
north. They were also recognized in thc central part or the Utukok 
Valley and a t  a number or p l a c a  on the Avalik and Kaolak Rivers. 
'Bentonite is a hydrous aluminum silicate that is extreincly plastic 
.and has the property of absorbing enormous quantities of water. 
It is gcncrally regardcd as representing a dccornposition product 
that has tKen formed by the breaking down of a deposit of volcanic 
-dust. It rorms a puttylike substance that is exceedingly sticky and 'I becorner almost untravcrsablc when wct. Specimens of this material 
were examined petrographically by C. S. Ross, who reported ab 
follows : 

I have concentrated and determined the phenocrysts associated with this 
-- .bentoilite speclman [collacted on the Kigalik Rivcr]. They are predonlinantly 

oligwlnse-andesine of approximately the composition Abrilnm, wtth smaller 
eproportiona of orthoclase and biotite. The material contains little or no 
.quartz. This indicates that the original rock was a tatite or sodic andesite, 
and that there was no mixing with foreign material. Thus the bentonite is 
,the result of the alteration of a clean ash fall and is not reworked or  mixed 
twith other detrital material. 

Other material from a locality on the Avalik Rver was later sub- 
mitted to Mr. Ross, who states: 

The bentonitic material from the Avalik River when examined in thin section 
.showed no structures that retained the habit of glassy volcanic ash. This was 
mot due t o  their destruction t h e n  the material was wllectd but probably to 
re:vorkitlg before flnal deposition. The dominant clay mineral y a s  cff the 
rtype charaoteristfc of bentomte, but this can not be accepted as defimte evidence 
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of volcanic origin. Mme significant is the presence of' a very large proportion 
of perfectly fresh pIagtoclase among the mineral grains and an unusually large 
amount d biotite in very perfect euhedrd crystals. Quartz is the most 
abundant material among the crystal grains after washing out the clay. 
Q u a ~ t a  and plagioclase are in sharply angular grains which mdicate an absence 
of extensive transportation thr water. The fresh plagioclase and esgeclally 
the euhedrd biotite crystals sern t o  indicate that the clay is derived from - 
volcanic ash, even though there is a lack of evidence through the pmence d j 
volcanic glass structures. a 

A few well-rounded reddish grains of cinartz are present, and these q p a r  
to b: quite difi'eron t h mode of origin from the more abundant angular quartz. + The presence of this rounded qu&z d detrital angin also confirms the IruprH- 
sion that there has been a certain amount of reworhg of the matmal. T 

-1 

The specimen contained small crystals of a s m d  clay mineral (probably 
anauxite) that I have long tried to isolate fa r  analysis. 

The IithoIogy of f i e  rocks in the vicinity of Curwin and extend- 
hq along the coast as far  east as Cape Beaufort was describd by 
Collier 6n a9 follows: 

L';lhvl&callyh the f ormatdoa o,candsts,m of rather thinly bedded. shales, .sand- 
stones, conglomerates, and coal beds. Fossil plants occur in the shales wherever 
they have been closely examined. The shalea which comprise the greater part 
of the fmnation vary in composition from greenish-brown calcareous to black 
carbonaceous beds md in texture from mudstone to  fluegrained sandy shale& 
The sandstones which occur at mfrequent ~ntemals through the formahon in 
beds less than feet thick are easily traceable over eroded areas, since their 
outcrops rise in rel:ef above the surrounding shales. 

The conglomerates are made up mainly of quartz and chert pebbles from 
one-half inch to  4 inches in diameter. The most definite bed of this k i d ,  
which is about 16 feet in thichess and reaches th; cfasi at Q o ~ h  Bluff, 
form~~k a~pfotnht!~it r l d f t e m  .lWntd. 24Kl feet high. This ridge, with 
the conglomemte of which i t  b composed, has been *aced continuously ta the 
m c b s t  for about 16 d e s .  Sinoe it extends in a nearly straght lrne and 
is not deeply covered by tundra growths, ~t k the usual route followed by *+ 
nabves in traveling overland from C&n Bluff to  Pitmegea and Kukpowruk 
Rivers, and it is almost invariably indicated on the maps drawn by them. 
On account o f  ib persistence and the ease with which it can be traced and 
idenhfid, Chis conglomerate bed offers a definite key to the structure of the 
formation over a Iarge area and indicates the absence d any extensive faults 
in the portion of the field shown on the map. 

The stratigraphic section given by Collier, which clearly indicates 
the vaned lithologic aspect'af the -rocks exposed in the region near 
C m i n ,  is here reproduced as Figure 14. 

The recognized Upper Cretacxous rocks south of the Brooks Range 
are dominantly a series d dark greenish-gray arkosic conglomerate 
and sandstone. The obsewations of the geologists who have studied 
these rocks were summarized by Smith" as follows : 

8 Collier, A. ' , Geology md coal resources of the Cape Lisburne region, A lsska: U. A. 
Ue~l .  Bull. 278, pp 27-28, 1906. 

MElrnl?, P. S., The Noatak-Kobug replan, Alarka: W- S -1. S w g r  Bull. W8. ~ p .  &- 
85.19U. 



CRETACEOllS SYSTEM 
A b o % ? f l f d  

The base crf the section e.ipn& on Alatnn River, 
on the lower part of 301111 R n w .  and on the upper 
part of the Kohuk IS n conglomerate made ti;&' 
pebbles of the older rocks, namely, schists, nure- 
s~oncs. vcln quart7, and igneous rocks, such a s  
grccndones and gmnitcs. l ' h e  heds arc thoroughly 
indurated' and rlrc usunlly illore resistant than 
the higher .=andstones. AR a result thev form 
wnspicw~e pintlacled ridges. * * This dni- f- 

sicm co~cspods  closely rn all physical features 
with the llnpiillh ~onglom~rate, d probable IJppcr 
Cretaceous agu, dcscntd in the extreme enslcrn 
part or Scwnrd Peninsula and adjaccnt Nortan 13ay 
repinn. 

'Taward the top d the lower division sadstones 
hecon~c more numerous, and at its top thc group 
is composed almost entirely of sandstones 1% hich 
are prncticnlfv indislinguishahle from the sand- 
stones of 'the ShaHnlik group nl' thc more southern 
part of the Koyukuk Uasin. 'I'hc mck I S  medium 
fine gained. d rather u n i f m  texture, and gen- 
eraIly d a gmm~sh-gmv mlnr. Tt is thoroughly 
indurated and ofl'crs rnir rcslstance to weather- 
q-rmt rn great resistance, however, as the rocks 
already dcscrihd. As n r c s ~ l t  thc sandvtonc por- 
tlon of the Rerglnan group generally forms some- 
what rounded. coarselv diswctcd hius of morltum 
elevation. 

The rockcmhins abundant fragments of re ther 
angular berro~lngubiran minerals and feldspars, 
i 3  hose glittering I';~ccs and partial cr!.stal ourlinc 
resemble t hc phenocrysts d' an igneouq mck Gem- 
eraus thc beds arc rather massivc. sl~owing no 
prontruncd stratification. At many placcs, hour- 
ever, beds d dark shale interlamlnnted with the 
sandstcmcs sene to bring out the structure, No 
cutcnsivc euposures of the shalcs were obsmed 
by thc eupedltions cff 1910 or 191 1. hilt Nendenhall 
notcs hells of shalc many hundrcd fcet hick. I l o  " 

nlsn notes red and peen shsIus in the Kobuk 
13asirr near Lake NNuta~tlklz. hut such ahales I' 

have not ken recopi7ed In other parts of the , 
region. 

Fragments of whnl nppcars to te \\owl and 
lipnitlc beds have heal lilund here and there in AbartI.x 

om8lUd 
thc sandstone memhcr. A kd d' lignite occurs s 
io thr b i b  ~~nmctliatclv east nf Pa11 River, and 
another ncar I'mrnway Rar on the North Forb '" 

ntrtlm: I of theKrrrukuk,hut  both kdsa reapparen t lv  BY 
thin and d p r  qunllty. ytmt Sn! 

9. 1906) 
>\&. 

E X M A m O M  

Shale 

E2 
Sandy -&ela 

r q -  Bu11.278, pl. 



The Upper Cretaceous rocks appear to have been involved in part 
of the defomatfon that gave rise to the Brooks Range. AS a result 
they dip in general outward from the flanks of this range at angles 
that h e  progressively less away from the range. There are 
strong reasons, hawever, for believing that they experienced mlv the 
later part of this mountain-building deformation, 'because, on the -* 
whole, they are much less wmplexly folded than the older rocks. 
As has already been noted, this conclusion is not yet fully suhstan- 
tiated, because these rocks now lie farther from the center of the w 
range than the older rock. and therefore might well k less deformed. 
However, the hence of any areas of the Upper Cretaceous rocks well 
within the range and the fact that there is considerable difference 
in lithology between these rocks on the northern and southern flanks 
lmd support to the v i m  that the ranee was alreadv well blocked out 
before these racks were laid down and that the northern area was 
quite separate from the southern area. 

Although these rocks are less deformed than the older rocks. they 
are by no means little affected bv folds and faults. At many places 
tlre bed? stand vertical, and faults. on some of which apparently con- 
siderable movement has taken place. have hxn recognizd. The dips 
appear steeper in the areas near the older rocks, and on the whole they 
b e  less in the more remote areas, in manv of which the kds ap- 
pear essentially flat. There are, howwet, few places where there are 
not some folds, and this fact is d special sipificance in considerin_p 
the structural possibilities of these m h  for trapping .oil that mav * 

have migrated in thcm. North d the ColviEle, in the vicinity d' h k -  
out Ridse, these rocks are warped into broad. gentle anticlines and 
synclinc.;, the dip of whose Iimbs in few places esceecb 18'. One of 4 

the most noteworthv flemres of this sort is a well-defined anticline 
that cmsses Disappointment Creek m e  15 miles north of the Col- 
ville and extend? in an east-west direction for 30 mifa.  The crest - 
of tha anticline is cut across by Disappointment Creek and the Uhkok 
River. The flanks dip from 5" t o  16' and form long r idga  plainly 
recognizabla.from a distance. 

On the Iiukpommk River three anticlinal folds were recognized 
by the expedition of 1923 in the stretch of ccontv &tween the coast 
and a point 36 miles inland. The folds kvere described as follow I~ 

The axls of thp first i s  3 miles Tram the mast; of the second, 16 mil-; aml 
af f h ~  third, 23 mlles. All these folds are sommhal unsymmetrlml. On the 
norll~ern anticline the dips range from 80* at thr cr& to 3" at  a point 2 d m  
north. the south -of t h i n  fold the dips :are 35' near the crrqr and F o r  
pragresslwty less ~~uttmrlril to 1 h ~  center of thr adlacent sgncllnc. 

Paige, PldnW, and Dthcw op d h  p 38. 
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a $ c  On the central anticline the dips are steeper on the southern flank than on 
the northern and range from 7V near the crest to Q0 a t  the synclinal axis. Qn 
the northem flauk the dlgs are about 47". 

On the sout l~emost  anticline the northern flank carries the steqest dips, 
from 50' near the crest tcr 9" in the syncline to the north. On the 

the dqs range 36" and 284 . .L.:.; 

On the Kokoluk six anticlines and six synclines were recognized 
between camp P May 10 and the northernmost outcrops that cpccur a 
sbeat distance downstream from camp P June l5. In some of these 

Y 
fold% the dip of the rocks is as much as b5", but dips of 16" t o  30" 
are more common There is no systematic relation of the steepness - 

of the dip on the opposite limbs of the folds, as in some places the 
northern limb i s  steeper than the southern, and in the succeeding fold 
the reverse relation is likely to  prevail. Some faults were recognized, 
but they aU indicated only a small amount of displacement, and no- 
where, except p s i b l y  in the vicinity d the contact of these rocks 
with the Lower Cretaceous rocks, was there any suggestion that they 
might be cut by faults af large throw. 

The structure of these rocks near Cowin is desmibed by CollierP' 
as follaws: 
The structure of the C p , n  t$-mation in general consists of several broad 

synclrnes and anticlines. There is no evidence of faulting other than 
minor shearing movements parallel with the bedding planes. 

It has heretofore k e n  suggested. however, that the contact k 
tween these rocks and the lower Cretaceous sandstone and shale may 
possibly be due to faulting, which has resulted in making the western 
rocks appear to lie on top of the eastern ones. 

The thickness of the Upper Cretaceous rocks north of the M 
Range can not yet k stated with any degree of wcision. but when 
all the conditions under which the work has been done are considered, 
there is a surprisingly close agreement in the various estimates that 
have been ma&. The geologists of the expedition of 1323 =* ex- +- in their report the following opinion : 

The bottom of the series was not seen, nor i s  it possible to  estimate from 
the data in hand how many feet of strata have been removed by erosion. By 
direct rnemwement and by estimates from observed dips it iq known that the 
coal-baanng portion of this sedimentary series is not less than 7,Ww feet thi& 
and may be considerably more and that ,n non cod-bearing portion benwth 
the coal is at least Z,NN feet thick and in all probability much moE. An 
estimate of  the entire thickness of these r o c b  can not be made at this time, 
though it may be stated with considerable assurance as mnre than 15,000 feet. 

rC~lUm, A rl. op. dt., p. 28. 
APaipe, Sidney, and others, op. elt, p. 5(1, 

w-16 . I 
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A aronib~hblt similar figure wab 'arrived at by W. R Smith, mha 
stated in an unpublished manuscript that the lower non coal-bearing 
portion in B e  part o f  the country visited by him was perhaps 4,000 
feet thick, so that probably the total thickness o f  the Uppkr Creta- 
oeoas rocks was ~7 much as 15,000 feet. The observations of P. S. 
Smith on the ICokolik, though somewhat less exact than some o f  the 
other measurements, seemed to show a thickness of the non coal- 
bearing portion of the section of at least 5,000. feet, and the coal- < - -  

bearing portion was estimated at 5,000 feet, though, because the upper , 
part o f  the coal-bearing portion was not exposed this estimate 
represents only a part o% the total thickness. 

Probably the most exact measurements o f  these rocks wete t,hcse 
made by Collier in the Lisbume region. The results d these measure- 
ments are graphically shown in  the stratigraphic column given in 
Figure 14. That section represents in detail 9m feet af strata, not 
including two breaks within the section of  4,000 and 1,5M3 feet, in 
which the rocks were evidently poorly exposed, and a thickness esti- 
mated at about 2000 feet that was omitted at the top OF the section. 
Furthermore, in the text that accompanies the section Collier states 
that probabJy the base of the section is not show. Thus, while he 
states that the section is not Iess than l5,oOa feet thick, it is evident 
thd he practically accouqb for 17,000 feet without reaching the actual 
base of the section. 

On the south side of the Brooks Range the Upper Cretaceous rocks 
as a whole dip away from the range, but these rwks have been thrown 
into a numbw of folds, ar that even a few miles south d the Kobuk 
northward dips were observed This deformation was accompanied 
by faulting, but, so far as determined, by none o f  very great move- 
ment. No accurate estimate of the thickness of these rocks has been 
made. Schrader determined that they were at least 2000 feet thick 
md later measurements have shown that they are probably at least 
10,000 feet thick, with neither the top nor the bottom of the section 
 FOXGO! GO! %*-,/a* 

AQE AND OOl&ElaTraX 

As indicated in the section of this report which treats of the ,Turas- 
sic system (pp. l%196), there is still considerable dBermce of opin- 
ion as to the age of certain mks which have here been assigned to the 
Upper Cretaceous. Some of the invertebrate fossils that have been 
collected represent long-living genera which do not afford an ade- 
quate basis for determining the geologic age closely. Others repre- 
sent species that have not been found in other regions and therefore 
are of little value in giving a close check on the time when they 
lived. Among the collections of plants are many types that had a 
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'Lmgmqc range, for some of the old ones are found ia the same 
beds that contain much more recent forms. Under such conditions, 
m in the quotation from howl ton  below, the young- 
est ones ** set the pace,.' but if by chance the collector  as not fortu- 
nak enough to find representatives of the younger forms, the only 
data available rn the older forms. It is perhaps significant to rubs 

2 that; on the whole, the determinations based on the invertebrates .c 
indicate a somewhat younger age than those based on the plants. 
I n spite of the absence of entire accord in the paleontologic evidence, 

c there seems to be no paleontologc evidence that is in direct conflict 
with the views here set forth. Furthermore, all the geologists who 
have had the opportunity of studying these rocks in the field agree 
that-wliatever tJie Xge may turn out to be, the rocks form a &tinct 
stratigraphic unit. Therefore, because unquestioned Upper Cre- 
taceous fossils have been found in widely separated places within 
the group of rocks here mapped as Upper Cretaceous. the entire 
sequcncc is w d e d  as of that age. 

Before the individual reports -on the fossil collections and the 
age determinations put oi them by different paleobotanists are 
presented, the following cxccrpts from letters inay be of assistance 
in clarifying the use of cerhin *terms that otherwise would not be 
fully appreciated. A statement by Knowlton in a letter of May 12, 
p 5 , ,  is as follows : 

Wllcn I found [in somc d thc rwcnl Goulogical Survcy c o l l c d i o ~ ~  l o r n  
northwcstcm Alaska] ccriain cycads that I had formcrly supposd wcre indi- 
cations of J~uassic age associated with dicotyledons, the dicotyledons set the 
pace, and T was brought to t he  rnncl~~qinn that  the age was Cretncmu.. This 
view was further confirmed when T looked over Doctor Hollick's report on the 
Cmtaccous floras d' Alaska and Cound t h t  he had a similar asscmblagc. 1 

*I did not, however, intend that this conclusion should apply equally to thc age 
crf the CoMrin tbrmntiou. 1, of course, admit the possibility that the Corwin 
may, be Gfetaceqm, ,but up to the present time, ns T understand the condi- 
tions, this has not baen dcrnonstrilted. NO dicotyledons have been Cound in 

A the Conviu e m ,  and the areas (Cape 1,ishurne-northern Alaska region) 
arc  eemrat~l by some l~undreds of miles of unknown territory.' Therefore, 
I am conatrained to hold the Gbrwfn formation in  the Jurassic, with the 
possibility that it may be Cretaceous. 

A letter from Arthur Hollick dated February 1,1927. contains this 
statement : 

In  regard to identification of the Alaskan material r ~ a n t l y  sent me, 1 am 
not sure that I made one point quite clew-namely, wllerever I used the 
term "Jurassic" my intention was to identify it with the Cape Lisburne 
Corwin flora, which I see no good reason to regard a s  other than Jurassic in 
age. U, howwer, this florn rsbould be pmved to be of more recent age, then my 

of the term would have to be modified accordingly. 

Written before the restilts of the field work of 1926 and 1928 were amiI.qble. 
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The age of these rocks on the Anaktuvuk is indicated. by the fact 
that they unconforinably overlie Lower Cretaceous rocks, are laes 
de#6r'm~d than the older rocks, and contain Upper Grekoeous fossils. 
Tbb fosm were collected on the north bank of the Anaktuvuk about 
blrhilwr south of the mouth d the Tuluga and were positively identi- 
figd'by Stanton as of Upper Cretaceous age. The forms identified 
%&Ye as follow$ : 5 

r r  " Inoceramus, a rather large species, fragmentary -men5 
4;' I Astarte, small, numerous specllnens I :  J * I  

. : '! I ; i Nucula, numemus specimens. , > 

. Avlcala. 
s 

Pectunculus. several specimens. [The genus is mw called Ql~clrnerls.1, 
Thracia. 

, ' Tellina. 2 m. 
. I 8111qna. . A  . . b .  

.< J .  . 4, 
> I 1  

b , Mod101~. 
, Scaphft~ ,  # ,  8 L rl . . I  ' I  

Rnmioea. h .  

1 # ~ . 3 + <  l l ' : t , , l "  , .  ' <  

Stanton stated that all these species are a p p d y  &ffec~af from 
those with which he was familiar but that several at' them are 
known only in the Upper Cretaceous. I, :Ti> 7 

, The specimens f r m  thts locality were L a b  (reexamined by F. iP. 
Smith, who, in a report dated March ? 1924, g iva  the .fdowbg 
data : 
, 3208, Original numbers [Sehrader] 565, W, 608:1q: Upper Cretaceous, Nanu- 
ahtlk "series," from banks of Anaktuui~k U~er, 5 r d k s  a m  mouth cf Tuluga 
River : , , ,.., , ,  I )  

Nucula, undescribd sp. , , ; I ,  : , ,:' ,.,i ! - t : ' : ~  , . ,: . : , I? ;  

Qlycimeris, undescrihed sp. , , : .  I .  ' , l , . : i i :  ,;; - , J ;: I 

r . Modiolus, undescrihd sp. , . : .  . .  . . : ,  , , , , : ;  , r :v 

, Tellina, two undcscribcd sp. , . , , .  :.I I f :  - ,  J. 
, , ! , .  ,: ' 

Tellina sp. 0 1  , ,  , ' 
, - - : .  , . : ' ,  

. I< A , Thracia, undescribed ap. . a h , :  , ,  . . . , . . , I .  ):,, 
, , 

-Thracia? ~ p .  . I  I : , , ,  , . <  - ' . ' . , '  , -  - ; . ; , :  
1 ,  

\ Astilrte, undescribed ap, , I ' ' : . 3 '  ' i i ' I l l -  !- 
lnoceramus sp. , , '. , ? ~ , ~ ~ ~ . . . : i  b ' - ,  ,: ,,;, , 

, , 

Hamlnea sp. ',',; 
, , - ; / [ , , r  ,, 1; , ,:. . ,. ,, . 

Undetermined gastropod. , , <  $ I S  L ~ m . . m . . ; l  : , ' L ,  , L : '  .,' 
Undetermined pelecypnds, " I  

. . , ' I  1 -.,.',',:'I . , . 
No diagnostic fossils have been found in that part of tE3a sqenm 

of rocks on the Andtuvuk River which Schrader cplled the Col- 
ville series '' and assigned to a Tertiay age b&t,whi& in this report 
has baen correlated nlth the Upper Cretaceous. However, as these 
roaks appear l~thologically, areally, and structurally to be mom 
closely related to the rocks here regarded as Upper Crnceoua, they 
have been so correlated in-this report,-. . -, 

1 I : -  - 8  . -  
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1!3h the 6ezttTaI:and western parts of the basin of the dolvale Ever  
and its tributaries and on the Ikpikpuk and its tributaries both 
invertebrates apd plants have been collected. The follouing col- 
I& of invertebrates were identified by W. R Smith. who 
prepared the accompanying reports : 

I.;: 3 

- 7  3242 (24bMtSS). Southeast bank of Colville River, 18% , m & ~  N. Mu E. 
t from conflwixe of Killik River with main Colville: 

Astarte n, sp: 
' Jr~oceramut) sg. Apparently belongs lo a species collected by Schrader 

c on baMk of halrtuvak River 2 miles k l o w  [hh] camp of Aug~~st 4 
[19013. 

Cretacwds. 
I I2413 (24AMt69): Norlhwest bank of Colville River 4.3\miIea 1. 62" W. 

itgm confluence of Prince Creek with Colville River : 
Tellina sp. 

: Thracia? sp. 
, Ui~delennincd plecypod. 

I J p r  Gretaceous. 
W 4  (24bMtr0).  Fdtbeaat bank of Colville River 2 milcs S. 7g0 E. from 

confluence or Princc Crctck and Colvillc River : 
I , Namla sp. 
; m?uh8,3me& 

'I'luucia'/ larpc spcics. 
Thracia? small species. 
LncLna 8g. 
Undetemincd plccypd. 

Uppcr Crehccous. 
12477 (HASO). Etivluk River', s~cond station abovr: camp El July 6: 

Inoccramus ap., imprint GB small spcimcn. 
Upper Cretaceous. 

17478 (2411864 and a4aSSli). mkpak: t f  Igalikl Rivw 1% miles below camp 
5 Tnly 28: 

WT -,. Unio Numerotls casts of a small species, not mfaclent for age de- 
termrnation hut similar to a sn~nl l  Upper Uretaceoas species from bank 
of Yukon River. 

17479 (2PBSBT and 246E588). Ikpikpuk [glgalik] River three-fourths mile 
, , kdmp camp 8 Jdg $0: 

lnocerarn us sp. 
Dentaliurn sp 

Upper Cretaceous. 
17480 I248868), Tkpikpuk [Kigalik] River 1% miles below camp S July 30: 

Inocernmus q. 
Pelecypod cast, genus not determined. 

.I 3 Specinlens of the Ilaocwamua were collected by Scbrader on bank of 
baktuW4 Rlqer 5 miles ahve  mouth of Tulupa River, where it occurs 
with a rather large and characteristic Upper Cretaceous fauna. Upper 
Cretaceous. 

17481 ( W S 7 2  and W878), Ikpikpuk [KIgalikl River we-half mile Below 
camp S July 31: 

Lncfna? sp. 
Not aaflclent for age determination. 
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17482 (ZMS84). Ikpikpuk River midwav between &hp S August: I' and S 
August ?: I .  . 

I~oceranaue; large species. 
Inoceramus sp., small specimens. Robably young of large epecles, 

Upper Oretaceoua 

Near the head of Disappointment Creek, a tributary of the 
\+ Uhkok, a collection was made by W. R. Smith, which was exam- 

ined and reported on by J. B. Reeside, jr., = follows: 
1-310 (23kSmF%). 2 miles north of Colville River, 8 miles east cf big bend 

from the south. Pelmypod related to AnhwwtWm but probably new species. v This specles was found by Foran in hls collectmn 12178, 43 miles from the 
mouth d tbe Kukpowruk River. 1 can not say from the fossils alone whether 
the age is Jurassic or Cretaceous, though if the stratigraphic and slructural 
relations link thls lot w t h  those contaming Lower Cretaceous fossils that 
assignment would be acceptable. 

W. R. Smith, however, states that the field relations of these rocks 
clearly place them well above thc unconformity he recognized be- 
meen +he Upper3nd Lower Cretaceous,,and, they are therefore * 
garded as of Upper Cretaceous age. 

A number of collections of fossil plants have also been obtained 
in this same gmeral regon, and they were cxarnined and identified 
by E. H. Knowlton, who reported as follows: 

24AMtM. Northcast bank of Killik Kivcr, 9.8 ruilcs S. 08' E. nl' conllucnce of 
this stream with Colville River : 

Ginkgo sp. fragment only. 
Podozamlteg cf. P. lanceolatus or T? I~Upinnls. 
Sequoia c' S smidtii Heer. 
Scquoia cf. S. angusta 11wr. 
Fterospermites sp, probably new. 

& s e w  to dclennine thc ape OF this matcrinl it is necessary to 
throw out all hut the d~cotyledon. According to  our present knowledge 
the dicotyldons did not appear until middlc or later Cretaceous timc. 
Therefore this 1s pres~unably not alder than middle Cretaceous, tl~ou~gh 
it might km later in the Crctilceow. 

24AMt73 (7759). East bank d Ikpikpuk River 10.1 rdm N. 26" W. of m- ? 
fluence of east and west forks of river [Mybc  and Kipalik River]. 
Three small pieces of matrix she* (he Collowinp: 

Taxodium sp.? 
Podozamites lanceolntus eicl~waldii Heer. 
Taenlopteri~l? sp. 

The P-tee has been found in the Cape Lisburne Jurassic, and 
I do not recall that ii has been found in later beds. Practically fhe 
same may be said of the supposed T m f u p t d ,  but the Trrroduvn seeins 
to be yotmger. T hesitate to  pronounce on the age of this lot without 
more coinplete material. 

W s 2 9  (7742) . .Colville River near camp S June 20 : 
Cladophlebis sp.? 
Podoz,mites lanceolatus (Lindley and Hutton) Braun. 
Cephalotauopsis sp. 
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~aq&ia  f~stigiata (Sternberg) I-Ieer. 
Sequoia, cans of 

-832 CTTW . Between camps S June 23 and S June 24 [Colville Blvcrl : 
Cepl~qlotnxopsb SF. 

Tamtan sp. 
Pt&r!'rophgllum? sp. 

-- IffiaS38 and !MAS31 TrJ45)).Ab~ve mmp S July 1 [Colville Biaerl : 
Podozamires lanceolatus (Lindlay and Hutton) Braun. 

-5 Nilssonia sp. 
24AM m47). E m t  station above camp S July 0 iAwnnn River] : 

Nilssonia sp. 
F Podozamites lanceolatus (Lindley arid Hutton) Braah, 

m$BT . Ikpikpuk [Kigdik] River opposite camp S August 1: 
A single large ,leaf of Credneria or possibly one of HollicKs new genera. 

MW78 m&). Ikpikpuk [Qgalik] River a short distance below C- B 
August 2 : 

Sequoia fastigiata (Sternberg) Heer. 
Sequoia q , fragmentary cone. 
Ginkgo Qt k-itnto (Brongniart} Heer. 
Ginkgo sp. 
Podozamites lanceolattis (Lindley and Hutton) BrAnn. 
Three small fragments of dicotyledonous leaves with little or no margin. 
Can not be identified positively, though two genera seem to be 
represented. 

24AWL Ikpikpnk [Kigal~k] River midway between camps S August 3 and 
S August 4: 

A single dicotyledonous Ieaf. A Platam? compmble with P K a t m ~ e  hcrld 
Lesquereux. 

This material (24ASls to 24AS81), although InsuBdent and rather scrappy, 
proves to be very mieresting. As in the case of the material collected by 
1. E l  Mertie, Jr. t24AhIt64 and 7S), from the same general repon, the dicot- 
yledons Ag the pace. There is little doubt that they indicate Upper Cretaceous 
nge-that is, on the basis of present howledge they are not older than this., 

- 

Associated with the dicotyledons, though not on the same nieces of matrix, * are certain cycads and conifers, the most abundant being CfMpo and Podwtw 
mites. There are also several fragruerlts o f  a RiEssmZa. The Udnkgo and 
Podosamfte~ are very abundant in the Jurassic of Cape Lisburne, but the 
genus N$88nnk has not been found there, although it IS well known in the 

!! Jurassic elsewhere and has been found in the Cretaceous, 
Until recently these forms were supposed to indicate a Jurassic age, but 

later it has k n  found that they have a wider vertical range than was sup 
posed. Arthur Holllck has identified no less than nine forms d Gin&@, three 
or four forms of PodwanJtee. and two new forms of NiTb~saoltia in the Upper 
Cretaceous of alr+,uhn. One of the forms of NrEs~miu In the present collections 
is probably the same as one of Hollick's new species, though it is pretty close 
to a Jurassic form. 

Of the true conifers the UepeFRdottr~opsi~ and T~mIotz are probably identical 
with HollicPs speues ; Rcq?ioia fu.ntigrntn was reported by L mquereux from the 
Dakota, and it is also reported by Hollick in Ills Upper Cretaceous volume. 

There is onIy vrie fern in these collections, and it is not V ~ I Y  well greservea. 
It is referred to OEa&opllclsbM, but it is not the same as my known Cape 
Lisburne fom. 
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It appears that I have previously attached tot? much bgortance to the 
Jurassrc Facie3 d these plants, especially lu the llght of FIolllck's adFn~s,  and 
I ern rn convinced that they should be sel'crred at least tentatively to the 
Upper Uretaceous. 

As a result of the surveys conducted in 1926 in the Kokolik, 
Avalik, and Bukroak Valleys several small colle~tions of inverte- 
brate fossils were obtained These have k e n  clcamined by J. 13. I 

Reeside, jr., who has prepared the accompanving report: -* 

U7l7 (28$137), Igloo Mountain 5 miles west of camp B May 7, E m -  
River : 

~leuromya? $. * 
Mactra? sp. 

Cretaceous or Jurassic. 
13718 (2aaS40). 1 mile east d camp P May 7, K u k p o \ d  River : 

PaiIs or fmds ,  andetermined. * 

13719 12869451. 1 mile north d camp P May 16. Kokdk River: 
Inoceramw b ! ~  

Mactra? sp. 
The 1- in this lot impresses me as being an Upper 

-,but I would hesitate ta attach a specme name. 
13720 (aBkS46). 1% miles north of camp P May 15, KokollB River : 

Aslzroid' ~mdeterrmned. 
, l372l (!28A&Lg). 1 mile north of camp P M y  15, Wdik RiW; 

Ostrra, a z s U  &pie spmes. 
Bntolitm? so 
hnornia? mp. 
PIearomse? sp. 
T e l h  SF. 
Mactra? q. 

Cretamns or Jurassic. 
13728 (268949). 2 miles north d camp P M a y  16, KukoKk RIwr : 

F'lemmiya~ spi 
&~rt ra?  sp. 
Cretaceous or Jurassic 

13728 [ SUW). 6 below c a p  P June 6, Kokuli k River : 
Irnpr~ 111 01' part ~f whorl of ammonite, undetemnheble. 

13EP (286581 1. 7 miles belmv c m p  P June 8, Kirkpllk Elvsr : 
Pelt.cyl,ari, ~mdetermi nwl. 

UTM EB.4SrJB). 5 miles below camp P June 13, Kokolik Biws : 
Seryula or Dentdim sp. 

32732 ["ASMI. rJeer camp P August 9, Peard Bay and Kwkroak Biver: 
Pel cqpotls?, ~ ~ r i r l c t e m ~  ned. 

A collection of invertebrates was also made on the Kukpowruk 
River in 1923 by Foran, cmcming which Reeside states : 

12278 C25kF100. ZSdBT02). Thin conplornernle bed 43 rdks above mouth of 
Rtvrr. abolla 1,000 fcet stntipr~lphically below coal scrim: 

Ostrra a. Large s ~ m p l e  Form. - sp- 
Pclrcypod related to Snlsmardfum but probably a new 
Thacra a. 
T e a s  ~ p .  
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I have not been able to identify this fauna with any degree ot certaintv. 
The rre probably all new and might come aplally xvell frw 
the Upper Jurar-;i~, Lower Cretaceous. or Upper Cretaceous. T t  imvesses a14 
as more likely to be Upper Cretaceous than older. 

In the Kokolik region a number of collections of plants were also 
made. and these have been studred and identified b!. Arthur Hollick 
In the folloning reports by Hollicli the term Jurass i~  is used through- 

C 
out in the sense referred to in his letter quoted on page 2 19. 

There are certainly h\-o and a p p a ~ n t l y  three distinct gealo@c horizons 

w rwtlted in these collections. ranging from Jurasstc to Tertiary. Identiflcatlou 
of Ehe Jurassic \vas based upm certain well-defined rempni7ed Jurassic speclm 
of fmid plants. in connection with 11hich no question cc~uld he ral#d. Identi- 
fication of the Tertian- horizon was basedl upon wetl.preserveB mnt!erous r e  
malns that eurficially appear to represent undoubted Tcrttary vcx hut it 
ahwld be recognized that these alone, trithout other supportlnp d,~t .~ ,  may mt 
k abstdutelp conclusi~e OF the geologic ape. inasmuch as certain and 
Tertian; species resemble one another so close!\- that unless m h r  chasactm 
are clearly deflned it  bwxlmes ampossible to Merentlate salis!;~clnr~l? bet- 
tbem. 
78.10 (26A848). Kokolik Ri\.er henteen f d s  ahow camp P May IS. Two 

pIecm of m a h s .  Graysh shal! sandstone rt-ith circular pItlIke markings 
that lead to tubular openings. somepT rthich contain columnar cam. Taess 
markings and casts may represent worm hurro~\s o r  rbiwmorphn. NDthing 
definitely IdenttflabTa 

7842 (!WAMZ). Kokolik River between camp P May 16 n nd camp P Jm 6. 
Three pimcs 01' matrix. Rlack shale flllcd nith t'raglnentn~ rcrnains rhnt 
apparently represent leaves of specics of Ginkgo. Jurassic ( 9 ) .  
7843 (BAgM) ,  Kokolik Rivct blue Ix.lo\\ camp 1' Junc B. Tweatgsne 

pieccs of ~natrix. Black shaly sandstcme: 
Frapmentn? remnins of Thgraopteris? 
Anus nordenakllildli Heer" 
Glnkgo digItata Ileer. 

lurass~c. 
78114 (266B86). Koliolik River, second bluE ah1.e lunch stop June 13. OTE 

piecc of morri\. Rlack shnlc contaming t i~gmcnts of Rniera sp. 7. Jurassic. 
7846 (888883). Koliolik River. flmt hlilll' ahwe lunch stop June 13. Two 

2 pieccs or in;~tsi\. (;rr~! ish iermglnoue shnlc: 
QinLgo (UgItata 1 leer. 
1'0dv~orn1lus Innccolalus I L l n d b y  arjrl Hutton) Rraun. 
I'hnct~icopsis sp. 

Jurassic. . 
7548 (26A3RD), k k o l i k  River, blufT helow lunch stop June U. Four pieces 

of matrix. (;ray shaly snndstt~ne, 
I:rngtncntnrq' minains of Tern. 
Tbgrsogterls sp,? 

.I urass~c ( 1  1, 
7847 (26Lk872). Kokolik River, hetween cnmps P June I3 and P June 14. 

Four p~cccs nf' tnotris. I-lard black shale, containing fragmentary remains of 
and other gYmnosperma, but noth~ng definitely Identlflable. Jurassic ( 7 ) .  

7!49 WSA8743. Kokolik River betlkecn camps P June  13 and P June 14. 
Onc piece t$' matsi\;. Gritv shaly sandstone containing \vell-defined sp?scimen OE 
Q4nkpn dXpftata I leer. Jurassic. 



7860 I26AS75). Kokolik River behvean camps P June 13 and P June 14. - 
Four p1- of matrix. Grayish-brown sandstone containing 'poorly defined 
fmgrnentary remains of a fern IOm~tcItioz~sQ sp.?). Jurassic m possibly 
Cretaceous. 

7%2 (26ASTT). Kakolik River between camps P June 15 and P June 16. 
P h  pieces af matrix Gray sandstone containing welldefined leaves of 
P&o#omtites tnmolatus (Lindley and Hutton) Braun. Tkris species, with its 
numerous forms and varieties, i s  common to both the Jurassic and the 

L 
Uretacmus and hence by itself can not be accepted as an exclusive index fossiI 
for either period. Jurassic or possibly Cretaceous. 

In the Kukpowluk Valley, to the west of the Kokollk, and in the 
1 

U t d d c  Valley, to the northeast, Foran made a number of collections 
which were examined and identified by F. H. Knowltm as foIlow: 

1841 (ZAFl1). Etikpowruk River, 5 miles above mouth, near bottom af c ~ a l  
series. PMm140P8fBt sp. P h o e ~ ~ ~ f O p ~ i 8  is wmmm in the Cape Lisburne 
Jurassic. 

7844 (238314). Shale below 10-foot bed of coal, 5 d e s  up Kukpomk 
Biver, near base of coal series. Three small pieces of matrix. Shows stems, 
some grasslike, and fragments that appear to be a Taeniopteris. No age d e  
termination possible. 

7645 (23AF16). Shale 1 foot bdow coal, 6 miles up Kukpowruk River. 
Fragment.% of what appears t o  be P I L o H ~ ~ w P s ~ B .  

7641 (23AMT). Kukpowruk River, 4% miles abwe month, near bottom of 
coal series. PhvmWpslat sp. Same remark as under 23AFll. 
7649 (23AF19 Q 238F22). Kukpowruk River B miles above mouth, approxi- 

mately 2,MO feet sstrtigraphically above 10-feet coal M. Coniferous wood 
fairly well preserved, but no sections have been cut. 
713~) (23AF2S 3.  Kukpowruk River LO rnlles above mou~h. Syncline axis: 

Ginkgo sp. 
?Clsdopblebis alata Fontaine. 
Fragments of two or three Aic?t~ledonoua leaves 

This is by all means the most p~~r,zHng lot in the whole c o l l d o n .  
The a*, although Iarge ana well enough presesved, is of little value 
in fixing the age, as Oi.t~k,uo has come down to us from the Jurassic to 
the present with very little change. The fragment of a fern seems ro be 
the same as a form from Cape Lisbume, but the well-defineddicotyledons 
absohitely preclude a reference to the Jmssic On the basis of present a 
knowledge it can hardly be older than the middle or upper part of the 
Lowa Cretaceous. I 

7651 (23832 4). Kd~owruk River 17 miles above mouth at junction of 
fmked stream. ~hoenicbpsis7 sp. 
7 W  {23AF%). Kukpowruk River 22 miles above mouth, probably near 

top of coal scrim. A single small fragment. A conifer and apparently a 
Taal t t :~,  but noP sufficient for positive identification. 
7653 (238F28). Kulcpowruk River 18 mi le  above mouth, probably near 

top of coal series: 
Ginkgo sp. 
?CladophlB~is data Pontaine. 

These forms are similar to forms found in the Cape Lisburne ;Turnssic, 
but considering the repost on 7650 (13AF233, 1 hesitate to call i t  luras- 
sic. No dicotyledons present. 
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7668. Station E, Uh~kok River 17 miles above mouth: 
Pbwnlcopsis spmiosa H e r .  
?Cladophlebln alata Fontnine. 

These tbrms also occur In the Jurassic at Cape Lisbrune. 
7MB. Starrtin 2, Utukok River 43 miles above mouth. A single small piece 

d matrix tuth about wu species ot' plants: 
Oleandridiurn ~ p .  
Qn~chiopsis sp. 
C11idr)phlcbis m 
Apparently new fern. 
Somc coniferous leaves. 

The age appears to be Lower Cretaceous, in the approximate position 
of [the Kuotcnai or Wealden. 

7885. Station X. Utukok R~ver: 
Tau~tes 0hiki Hem. 
Stems, etc. 

Age can not be fi~e-ed by this specimen. Ma!. bc Tertiary. 

Collections 7650 (23AF23) and TMd! (station 2, Utukok River) 
~vere. reexamined by Hollick. who has made the follo~ving report : 
7W. The collection in additlon to less ~~11-defined specimens of a fern 

(Clartop%Ms sp.) and n g>mnospem (Gttfkpo sp.) contains rragmcntary 
remains of leaves of an angtospem T % k  precludes the possih~l+ ot' Jurassic 
bge for the rock in ~vhihich (hey occur. "1.11~ age is Loner Crctaccous and 
apparently Ahout the equivalent of the Potomac group. 

7008. This collection, consisting of a s~ngle piece d matris, contains plant 
rcma~ns. mostl!, f~apmcnts of kms ,  ammg nhich are spocirn~ns d Oleandrldtutll 
g. and CtudophTeM 5 ~ .  The age appears to he I,o\ver Cretaceous and equivalent 
ta ihc Koofcnal formation. 

On the coast at a point described as 7 milcs south~vcst of 
Waintvright Inlet Schrader made a small collection in 1901. w.hich 
he statessn was identified by Fontaine and Ward as N~geinl~srs 
hgifoZia Fontainc, Puduaamites clbtan$iwrvis Fontainc (both 

% older Potomac of Virginia; Lower Cretaceous). and Raiera grucilis 
(Bcan) Bunbury (oolite of Yorkshirc. England ; Jurassic). 

Several small collections obtaincd cast of thc Utukok. in thc  all^ 
F - of the Avalik River, were examined by Hollick, w110 reported as 

foll01vs : 
7m. (288879). Avalik River btsmzn camps P July 11 and P July U. 9nc 

piece of matrix, consisting of a piccc cf sLllciiled Iignitc, not idcntificd. 
I@64 ( a 8 8 2 ) .  Avalik River below cninp P Julv 33. Fourleen of 

matrix. Yellowish finegmlned sai~dststnne contnlnlng I)iehon& m o n t a n m 8  
Fontwe (fruiting specimens), f h21~.aogteda or Onwhioprrta sp.. oad l'rapincnts 
of dicotyledonous angiosperm leaves. Uretaceow 

7856 (288583). Avalik River, short distallce ahovc camp P July 93. Sc\m 
pieces OE matrix. Three distinct kinds of mck are included iu this Iot- 
namely, black shale, flnegrnined ferrug~nous sanddone, nnd a snndstnnc-lignitc 
conglo~nmte. The hlnck shale contains frnpments of what i s  npl~~rei~tly o n  

W Schmder, F. C.. A reconnalaannce in 11nrth~1-11 Alnskn : U. S Genl. Sunvy Prof. Papcr 
ao, p. 74, 1m. 
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Er7rcl8tti~n; [he irandgtone contains im~remsslbns of a caniferous leafy twig *t 
may be tentativelyCslentl€M as Ce@bh@~~)Sib  m.; and the conglomerate @a- 
ts:na fragments c t  twigs and leaves and con- of 8-r or Bwubb?. 
cretaceous ( 7).  
1858 (WA1384). Avdik hver,  between wmps P Julg 14  and P July 16. 

Twenty-four p~eces of rnatnx, ata~ and yellowrsh-gray flnemlrltsil sandstone 
{except for one pi- a hard compact femginous m. The odd 
piece of matnx above menfioned contans an mpresslon d a fern more or 
less sntbfactor?ly rdennfled as depiditrm Heer. The other piem can- * 
t d n  numerous leafy -of conifers, amonp which are well-deflned Rw-tmena 
of J f ~ g r f p ~ u s  (J .  t&im-ic Fleerh'\, many d Taxo&ium ( T . p M e  Heer and 
T. ti~afowm Heer), and several d Thwgks Beer. If these are t 

correctly i dentl f i e4  they dl represent Tertiary m, but I denb fi cat~ons of 
certain -coniferous remmns without other supp&ns data can not always be re 
garded as absolutely c@nclusive as to the altematrve of their Oretaceaus or 
Tertiary aga I -strongly inched, however, to deslmats &ix lot as Tet- 
tiary in age. 

7657 (2CBS851. Avalik River, between c a m p  P July 16 and P July 17. Two 
pieces of matrix-ot. brown shaly sandqtclne, the ather a hard compact 
smdqtone. The former contains a fragment of a KqSmb or a T a - p t a .  
Tbe latter contains.remsSns d PPquOla. speclffc I d a - b  are pss~ble. 
Cretaceous. 
75% /XU-). Avalik River, between camp P Jrilp 18 and P July D. Zko 

pieces uf rnatnx. Yellowish-gray Bncgrelned sandstone -*lag ?raFmentarg 
remans of Tazodiuln il'najortt*n Heefl or one of the many var~etal f o m s  of 
9%- duMum (Sternberg) Ear? If these jIdentMrazion~ collld h dd- 
nfteb verified, the aged the lot wnzlld not he questionerl. hut, as In cenuHr!oP 
with lot iM4, the age may be des~pnatad ae pclsably but prohably 
Te~-tirlry. 

Collectionsmack on the Kukmak River. which enters the head of 
Peard Bay t o  the east of Wainwright, have k e n  examined by Rollick, 
who has submitted the following statement : 

7 S S  /28A801). Kukroak River 3 miles above camp P kug~st  9. h e  & , of matnx I-lard femginou~ shale containinp well-defined leaves of Phomtw.,p 
 st.^ A P C ~ ~ S C  Beer, ~urissic.  
7860 (26ASD3). 3iluk.ronk River 6 miles above camp P Anfwt  9. Two 6 

of manx Wegralnrd  hard py rnndrtone confainin a stem ar zhlsome 
d n monocatyledono~a plant, of identllied, Acy doabd11. II 

Three collections of fossil plants obtained by the expedition 
of 192; on the Meade River were examined both by howlton and by 
Hollick. Hhowl tan's statement regarding them is as follows : 

The material is  the name as that from Cape LiYbmc, namely, 
Jura48ic, 

m. 1 0699) .Right bank of Meade River about 27 miles above m; mr 
exposure (IIoatQ) Sterna and coml'erous leaves, the latter probably Flnw. 

No. 2 (7700). Right bank d Meade fiver Z? rmla above mouth; pxr 
exposure : 

P h ~ n I c o p l e  speciosa Heer. 
Podozarn~tes lanceolah~s erchwddi ( Heer) -. 
T~enlopterts ep. 
Tau  tes zamioides? (Leckenby) Seward 
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m. 3 m) . Meade River 67 miles above mouth Horizontal bed in shale, 
sandstone, and coal series: 

Pagiophyllum BP. 
.,. I+,BaierFc ap. 

Hollick's report on the same collections is given below : 
m, Bight bank of Meade River n miles above mouth. Nine piece. d 

gtrl r consisting of gray and brown sandstone and containing leaf fragments 
apparsntly of conifers or  possibly of cycads but not generically identifiable. 
bppyntly not younger than Loiver Cretaceous and probably Jurassic. 

7700. Right hank of Meade River about 33 miIes h v e  mouth. Twenty 
f pi- of matrix consisting of yellowish-brown sandstone containing frag- 

mentary remains of conifers and cycads, rncluding Po$ozm+tes sp. and PhomC 
wdk sp. &#ssic. 
. 7Wrm Kiver-about 67 miles above mouth. Seven pieces, of matrix, 

of yelloxuish-hroxn sandstone containing fragmentary remains of 
V P p e r m s ,  apparently PagdoghyWn sp. and Bwwa sp. Jurassic. 

The age of the IDAS in the vicinity of Convin, as given in this 
rsport, is based on their lithologic sirniIari5 to known Upper Creta- 
ceous racks and their apparent structural continuity with those 
r d a  This interpretation is not supported by any direct paleon- 
tologic e.Pidam. In fact, the fossil plants that have been collected 
Jzi thrt region ue considered to bc: Jurassic. The paleclbotanic data 

tlwmughly s m s r i z e d .  'Dy Knowlton in 1904 m follo~vs: 
Prom thc lime, about 20 years ago, t h n  I handlcd the first collcclion 

4 fossil plants from the GAS L i s b m e  rcpion, 1 havc been poallp htdrested 
In &la Tiha and have rollowed sorncwhat closdv lhc scsulls or its study. 
Tfrs present coIlection is i n  many respects the best thus f n ~  obtained, kmg 
in general ample and especiallv rich in frulting ferns, and thus permits the 
scttlcmcnt d some questions of aff'mity, which was before impossible. Thc 
-bind prcvious material has rcccntlv passed thzouglz Profcssnr 1:ontainc's 
B e  and by die courtesy ol' Prol'cssc~r WWa 1 have been grantcd access 

t 
Qo htfl ninnuscript amd the proof plntes which are soon to be issued in his 
[Ward's] second paper on Che stRtna of the Mesoimic floras of thc United 
States. "I have el& 1md access to the original material, which Sa now thu 
property of the United States National M u s m .  W~thout these collections = and h e  manuscript ;ind platcs abovc mentioned my work on the present 
material would have been greatly mcreased, if not made impossible, although 
I am compellad Lo dissent I'rom some .cd Professor Fontaine's conclusions, a8 

will be set forth. 
There are 19 localities represented m W colTection, all apparently in the 

dtWb of Gorwin Blur, Cape Lishme region. Combined they yield the 
following foebll plants : 

Cladophlebis huttoni (Dunker) E'ontaine. Ahundmt 
D i W n l a  n, sp.? Most abundant d all; finely frulting. 
Dicksonia barelensis 5aleeaks, Single specimen. 
Tadopterla psrvula I3eer. Small fragments. 
Equisetum 8p. Single stem. 
P o d m i t e a  lanceolatus IatifoUus ( khenk} Heer, Many-. 
PodmmitesP sp. A number of Iarge lenfl ets. 
Baiera palmata Heer Tivo or  three specmens 



Phaenicopsis angustifolia H e r .  Several specfmena. 
Phoenicopsis speciasa Weer. Several specimens. 
Pagi~phyllum kurrii (Pamel) Shimper. One or two fine specimens. 
S h c h ~ o t n w s  septeut~'Lona1is ? (Agardh) Nathcrrst. One small example, 
Taxltesq subzarnloi8es? M6l;ILr. Fragments. 
Ginkgo huttoni Yontalne n var. Large number. 

h my opirnon th-e plants indicate a Jurassic age for the beds containing 
them or at least are not younger than the Wealden. elimnating the two r 
forms not ~pecIf)dly  named and the two species not satisfactorily identified we 
have V )  of the 14 forms nnflciently well determined to perm~t their In 
fixing the age. Uf these no less than seven are common to the Jurass~c of 
eastern Sibena, not ta mention other parts of the world. Of the remaning t 

three, one { P a W h # l l u m  lcurrid) is found in the Was of  Bornholm, another 
(CladapAlebbs huitonl) In the Wealden of Hanover, and the last is what ap- 
pears tr? lx a new species d I) l c b n ~ ~ i a .  This is the most abundant form, being 
found at nearly all the localities, and among them are  a number of large, h e  
fruiting specimens which j% definitely i t s  systematic 1- It has not been 
found fruit~ng before, and sterile portions from the upper part of the frond 
were identified by Fontaine as Q~twIttop& #8i2otMes, while lower portions 
were called OiadopMeBL data, 'Rcis Ol%gpcWo&a pRikotoidcs is found in the 
Wealden d England and elsewhere, ant1 the CIad@I&s in the Potomac 
formation, and as both are abundant in  the orifftnal collections, they were 
much relied upon by Fontaine to prove the Jurassic-Cretaceous age of the Cape 
Lisburne be&. Mr. Collier's fortunate specimens by the frntt that it ka 
undoubtedly a mcksonio. and further tha t  the  two forms d foliage occur on 
the same frond. The other D k e k ~ o d u ,  although a mere fragment, is with little 
doubt the same as D. Borejmk, described late in 1904 from Amur. What I 
here called PodommJI:ea t a ~ l ~ t ~  kM??Pls was determined by Professor 
Fontaine as P. dtata&hm&, a well-known Potomc species. However, I have 
compmd the types of t h ~ s  Potornac species with the specimens in  hand and 
can confidently say that they are not the same and moreover that they are not 
separable from P. lancco!mtus tat<fufhs. There are also several other species 
identifled by Rofessor Fontaine with Potomac species that I have carefully 
studied and  compared and can only condude that.he Kaa In error, but as they 
are not present in Mr. Collier's collection, it i s  not necessary to mention them * 
otherwise than to point out that it was undoubtedly upon these and those above 
enumerated that he based his mncIusiw as to the relationship between the 
Potomac of Virginia and the CoMin of Alaska. This relationship does not 
seem to me to exist in fact. The G i n b g o  present in  these collections is a large- 
leaved form that  Fontaine has separated from G. F s u l t ~ d  a new variety, but I 
can a t  the moment see but little warrant for separating them from the widely 
spread G. k l ~ t a t a .  

Again I state that a t  present I can s e  no valid reason for regarding this 
flm as other than Jurassic, or in any event as other than identical with the 
A o r ~  from eastem Siberia, the Jurassic age of which IS, w far as I how, 
universally accepted. 

Although them is no indication in Mr. Collier's notes that mwe than one 
horizon is represented, nor is the thickness of the beds mentioned I have tried 
to see if I could detect any difference i n  position In this1 have not signally 
succeeded. None of the locahties are represented by more than five species, 
and most of them yield but two or three; so the basis for cornpanison i s  slight. 
However, I should think that localities 4AWE and U W 9 ,  and pmsibly 4AW26, 
are probably a t  the base of the section. 
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Later h c t o r  Knowlton 'O reexamined the coFlections made by Col- 
Eer and prepared a report which he stated GL4s the fmt time it {the 
paleobotanic material] has been adequate1 y described and figured." 
In this report, which waq published in 1914, he gives the following 
revised list of species in the collections: 

Cnuiogteris hy'mennpbgIloIdefi (Brongniart) Seward. 
*J Guniopterta burejensis ( Zalesskg) Seward. 

Cladophlebis huttoni (Dunker) Fontaine. 
Cladopkdebis? data Fontaine. 
Equiseturn collieri, n. sp. 

L Podozmtes lanceolatus eichwaldi (Schimper) Heer. 
Podomtes  lanceolatus (Lindley and Hutton) Braun. 
Otbzamitea gigantens, Ttrornos. 
Zaml tes megaphyllus (Phillips) Seward. 
Phoenicops~s speciosa Heer. 
Phoenicopsis angustlfoli a Heer. 
Eiatldea curvifcll~a (Bunker) Nathorst. 
Pagiophyllum kurrii (Pornel) Schirnper. 
Papophyllum steenstrupi Enrtholin. 
Pityophyllurn nardcnskii;ld€ (Heer) Seward. 
Fieldenia nordenakiiildi Nathorst. 
Ginkgo d lg ' h t x  (Brongniart) H e r .  

He sums up his conclusiwns as follows 
From the composition and wide distribution of this flora as outlined above, 

the final conclusion is reached that the Corwin formation of the Cape Lisburne 
region is undoubtedly Jurassic m age, belonging either in the upper part d 
the Middle Jurnsvic or Brown Jura or the extreme lower portion & the Upper 
Jurassic or White Jura-that is  to say, it is probably not older than the 
Bathoni an nor younger than the Ox fordim. 

Although the recent work in the region east of Corwin has raised 
the question as to the correctness of the paIeobotanic correlations, as 

1. was courteousIy recognized by Kn owlton and expressed in his letter, 
on page 214, no additional data have ken obtained from the Corwin 
area itself since the collections of Collier, which were made in 1904. 

C 
There is therefore no tangible basis for altering the paleobotanic 
opinion there set forth. nor can a change reatsonably be expected 
until more complete collectims are available. Under these conditions 
additional weight has been given to the new stratigraphic and struc- 
tural data in arriving at a balanced judgment between data from 
different sources that require reconciliation. ' 

The determination of the age of the rocks south of the Brooks 
h~ffe which have been mapped as Upper Cretaceous is not based 
on direct paleontologic evidence but entire1 y m general stratigraphic 

M m ~ ~ l t o n ,  F. H., The Juradc Elm ol cape Lisbrrrrm, Alaska: U. S. Gml. Sumel 
hot. Paper g5,pp. 3+M, imA. 

aM*m, p. a. 
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brownish color by whrch they may be distingulshed at a distance 
from the other rocks. 

The Tertiary rocks that crop out near the Hunt River are de- 
scribed by Mendenhall as consisting of hard conglomerate made up 
largely of quattz (pebbles and ~l-mt!aini~~nurnerous coal fragments. 
Prospectors state that rock of this same Vpe continues for several 
miles up the  'Hunt River. Neat the mouth of the Kallarichuk there 

a is a succession of conglomerate beds with pebbles of quartz, mica 
schist. and serpentine embedded in a micaceeus matrix. The con- 
glomerate beds am interlaminated with less resistant shale and sand- * 
stone. The individual conglomerate beds range in thickness from 
10 to 200 feet. The softer beds ate described as sandstone, shale,. 
fine clay. and coal. 

B T E V ~  AND TELTcmP,SS 

The Tertiay K&S on the  Colvillc River, as has already been 
stated, are practically unconsolidated. and their structure is asssen- 
W y  horizontal. . Schrader states that the beds here considered 
Tertiary are possibly separated by an unconformity from the under- 
lying beds, but he  believed the amount of discordance to k rather 
slight. No estimate of thc thickness of thesc beds that does not 
include also parts af thc underlying rocks is atrailabtc, but it is inore 
or lcss obvious from the general descriptions that thc formation is 
tlun., perhaps less than 100 fect thick. 

'The Tcttiav rocks in the  Kobuk Vdlcv, according to Mcndcnhall, 
are e v e w h e r e  thrown into folds, some of which show dips a steep 
as 30°, Faylts \Yere not recognized, though the areal distribution 
suggests that some of the blocks may havc been dropped into their 
present position through faulting. The structure is decidedly com- 
plcx, but the folds arc distinctly local in character, and the rathcr 
uniform southward dip that gencraI1y prevails in the adjacent older 
rocks is abstnt. No estimate of the thickness of thmc rocks was 
obtained. as the time available to Mendenhall was not suficient for 
him to determine the detaiJs of the structure. I n  all the localities 

I 

these rocks rest unconformab1~~ on the earEy Paleozoic or older rocks. 
This may be interpreted to mean that the Upper Cretaceous roclis 
had once been laid d o ~ m  there and subsequentl~r removed during a 
period of erosion that intervened between the deposition of the last 
of the older rocks and that of these Tertiary rocks, but it may also 
mean that the Upper Cretaceous rocks were never deposited in the 
area now occupied by the Tertiaq roch. No data are available 
for testing these hw alternatives, and therefore decision as to which 
is correct can not be made. but the writers ate inclined to believe 
that the second expIanation is the more Iikely. 
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AQE AND COBBELATIOW .>.* 3 

The age of the Tertiary rocks on the Colville has been determined 
largely by t11 eir php  ical condition, by their stratigraphic relation to 
other rocks wllose age is more or Ims d&mitely la~own, m d  by 
paleontologic evidence. The fossil collections from these rocks were 
examined by W. H. Dall, who reported as follows: 

e- Fmsus from upper Colville sen- in bluE on west side of Colv~lle River l 
mile north of 70th parallel : 

* Chrysohmus, two species, both undescribed and very interesting; the 
first Tertiary Arctic ahel:# (not Quaternary) I have ever seen. Per- 
haps they are Pliocene. 

Amampsis sp., fragments. 
Tachyrhynchus p l ~ i : ~  r Is e. . 
Mamma frigida Hanleg. 
Mamma in conpux von Martens. 
Astarte semisulcata Leach (possibly Quaternary intrusion) 
Saxicava arctica Linnaeus. 

Later DaE1 reexamined this collection, gave its age unreservedly 
ss Pliocene, and described the nay species Ghryeoc30mw &@y~dZi 
and P p d o f u s w  sch&.ri, which evidently are the same as the 
undescribed species d flh7y80d~mb9 mentioned in the earlier report. 

The age of the Tertiary rocks on the Kobuk was suggested by 
Patl" on the bais of specimens and descriptions furnished by 
Cantwell in 1886 but without any fossils. Later Mendenl~all col- 
Iected fossils near the mouth of the Kallarichuk (Reed) River, 
which wre  reported on by F. H. Knowlton ' 7  as follows : 

'Ibis wllection consists of  fire small specimens, the matrix being grayish 
finegained very hard sandstone. The plant remains are not retained with 
great fidelity, but fortunately all are determinable. Four species are repre- 

+ sented, as follows: Cfinbo sp., probably G .  udinntaides (Unger) Heer, Taxodium 
&tichurn rn<o#w,m Heer, Tarno&u?n tf~zr3jwu~r~ Hem, Pop~1t1-8 arcticm leer. 
With ao few species as a basis for comparison it is not possible to speak very 
dogmatically as to their probable age, but all things considered, I should incline 

* .. to refer to the so-called Arctic Mocene, which is now generally rqarded 
8s h k q m g  really to the upper Eocene. 

Another small collection was made by L. M. Prindle on the Shung- 
nak River about 25 miles north of the Kobuk This collection was 
examined by Arthur Hollick? who stated that it consisted of two 
pieces of gray sandy shale containing fragmentary remains of angio- 
sperms, which, however, could not be specificdly identified 

Wgchrader, F. C, A reconnaissance i n  northern Alaska: U. S. Geol. Survey ProT. 
'Paper 20, p. 83. 1904. 

*Dull, Pi. E., Riocene and Pleirbene Rsrlls from the Arctic coast of Alaska and-the 
~ U F I T P ~ O I I S  baches of NomE Norton Sonnd. Alapka; U. S. Geol. 311rvey Prof. Paper 125. 
p. 26, 1921. 

W D n U ,  W. H., and BarrIs, G. D., Carrelation pspws-Nencene: U. 8. Cml. Surrey 
Bull. 84. pp. 248-248, 1892. 

WMendenhall, W. C, F?emnnalmltnce E m  Fort Hsmh to Kohebue Sound, Alaska : 
V. s G ~ I .  survqv Pco~. Pspr 1% p &, 1902. 



- There isstin considerablequestioYi as to whetlist or not theye was 
a structural break between the Upper Cretaceous and the Tertiary 
i n  the Kobuk region. Mahy bits of evidence suggest that deposition 
was almost uninterrupted from Cretaceous into Tertiay time. 
According to this view, the Tertiary beds mark deposits close to the , 
shore or on land at a late stage in the constantly encroaching marine 
invasion which began in the Upper Cretaceous epoch and ended with 
mountain building in the Tertiary. In  other words, the conglom- 
erate found close to the old land may k an unbroken lithologic unit 
which ranges in age, in different parts of central Alaska, from the 
base of the Upper Cretaceous into the Eocene. 

QUATERNARY SYSTEM 

Naturally the most extensive deposits that are found in north- 
western Alaska are those that are now in process of formation or 
that have b w ~  made in the recent past. They occur eveqwhere 
and have been formed by a great diversity of pmwsm. Because 
of limited space it is impossible to record here in detail all the obser- 
vations that have been made of these deposits, and because of in- 
adequate data it has been impossible to make comprehensive gener- 
alizations that would be thoroughly trustworthy. Furthermore, the 
deposits of different types merge into one another so intricately that 
a pure type is the exception rather than the rule. I n the following 
p e a ,  therefore, it will be practicable only to discuss some d the 
ma1 or types of these deposits and these only in a more or less general 
manner. To do this as systematically as possible under these limi- 
tations has made it desirable to distinguish the different types on the 
basis of the rnain agency involved in their formation. On this bask 
the deposits may be divided into four principal chsm+mrined% 
posih, glacial deposits, river or fluviatile deposits, and wind-made or 
eolian deposits. No attempt has baen made to represent separagly 
these different types on the geologic map, and even in the descriptions 
it is not feasible to enumerate in detail all the places where deposits 
of cerhin types have been r e c o p e d ,  though it d l  lx practicable 
to state the general types of regions in  which certain deposits pre- 
dominate or have been specially noted. 

Deposits of distinctly marine origin are of course in process of for- 
mation everywhere along the coast. These range from sand and 
fm4 material along much of the coast to coarse boulders and blocks 
at those places where rock-- cliffs lie i~nrnediately inland of the 
strand. Some of the material that is being brought to the sea is 
mainly of river origin, and so when laid down in the sea preserves 



somc of tbc characteristics of fluviatile materid. Ip other placa 
tbamwm~~-is bating against cliffs of .unmnsolid~ted deposits of 
k m s  o~igins,  and there the depositsnaw being formed have a mixed 
aspect. Ob~.iously. the present marine deposits are being laid do\m 
pr~tlci pall! undcr water off lthc coast, so that t h ~  can not scadily be 
seen. 1t is significant. howerer. that the sea floor off the entire 

I: coast is under only a slight cover of water. %is may be \\-ell seen 
in Figure 15. which represents by different patterns areas in which 

EXPLANATION 
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the water is less than 30 fathoms dccp, from 31) to 100 fathoms, and 
mom than 100 fathoms. I n  othcr n.ords. almost all the present 
marine deposits ncar northwestcm Alaska are being formed in 
cstrcmcly shallo\v water. 

/kt will readily 'bc scm from Plate 1, much of the northwestern 
coast is fringcd ~ v i t h  narrow sand reefs that lie a longer or shorter 



distance o@+a coast and are similar in general mode of affo~natiom 
to the reefs OH' many parts of the Atlantic coast and other parts of 
the world. They differ from these other reefs, however, in that mi 
of the processes which in northern+Wa has been.largely instru- - 
mental in  eroding material from the sea flm and heaping it up in 
the ridges that form the reefs is the sea ice. Each year the yorrng 
ice that f m s  on the sea to the depth of 5 feet or less becomes x 
attached t o  the material of the sea flm where the water is shallow, 
and the thicker ice of the pack, which may be tens of feet thick, 
is driven against the material rfsting on the sea floor. Thus by t 
floating and rasping they bring shoreward considerable quantities of  
detritus, which serves to renew the seaward faces of the beaches and 
cover many aF them with coarse material entirely dissimilar from 
the smaller material usually handled by the water currents. PI ate 
26, B, shows a view near Kilhantavi of some of this ice-shoved 
g n v &  (at the left), which was im\y.ht in during the winter. of 
1925-26 and laid down m the frne sands of the beach (at the tight). 
The scak of this view is indicated by the notebook, which is about 
8 inches long. Some detritus from the land is also blown or washed 
onto the surface d the ice and then deposited as the ice melts, but 
the quantity of this material ia relatively small and after deposition 
is not readily distinguishable from material derived from other 
Sources. 

Former higher stands of the land as evinced by marine deposits- 
are obviously =cult to recognize, for evidence of them is now hid- 
den by the sea, but evidence of former lower stands which have since 
k n  uplifted is n?w recognizable through the marine deposits then 
formed, which are seen at many places and clearly indicate relatively 
recent uplift. The whole coastal plain province &us appears to have e 

been a t  m e  time under the sea and later to have been uplifted. The 
amount of uplift differed in different places but was certainly as 
much as 300 feet throughout much QF the coastalregion. The material 
originally deposited in the sea and later uplifted has subsequently ? 

been much more modifd by subaerial erosion and fluviatile carving 
and deposition. In no place were very thick deposits of marine 
origin laid down, as is shownby the fact that the underlying h a d  
bedrock is exposed a t  many places where these deposits are trenched 
by the present s t reams .  

An interesting occumnce of these now uplifted beds near Skull 
Cliff, about 35 miles southwest of Barrow, was studied by M a ~ k . ~  
At this place at the base are indurated rocks which elsewhere in this 
report are considered of Upper Cretaceous age. Above these, accord- 
ing to Meek, 

"Meek, C E., Ndes on the strallgraphy and Plelstmne huna fram Peard Bay, arctic 
Alaska : Calliornia Univ. Dept. Geology Sd. Bull., wl. 14 pp. 4 0 9 4 2 2 ,  1923. 
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l a  a aeries approximately 45 feet thick, the lower beds of which msb t  of alter- 
nate layera of friable unconsolidated yellowish sands and black flwllo mud 
ehdw, while the upper portion is composed cd massive beds d yellowish sand 
pwly stratified, with practically no shale. Chwt pebbles are scattered through- 
out & upper sands. Individually the lower beds seldom exceed 3 or 4 inches 
m thickness. but one shalp layer about 8 inches thick was noted. The series 
is undisturbed and in apparent concordance with the lower nlenlbers in the 
section. 

In  tracing the contact of these softer beds with the calcareous sandstone it 
is apparent that the upper series was deposited upon a gently undulating 
surface. The marke8 change in the nature d the beds in the two formations, 

t together with the slight irregularity between the contad, indicates that there 
must be some lapse of time and a shift in the conditions of deposition between 
the two. * * *  

The upper 26 feet cB the overlying formation, hoxvever, contains numerous: 
marine shells, though none are observed in the lower bads of shale and sand. 
The fauna from the upper sands consist of the following species : 

Pelwywda : 
Astarte arctica Gray, new subspecies brownil. 
Astarte cf. Fabula -. 
Astarte bormlis Schnecker. 
Astarte lefhgwellli Dall. 
Cardium ciliaturn Fabricius. 
L e d a  pernula Muller. 
Macoma calcarea Gmelin 
Saxicava pholadis L h l e u s .  
Serripes grod~ndicus Gnlelin. 
Siljqua patllla Dixon. 
YolJia liniitula Say. 

Gastrapoda : 
Buccinium normala Dall. 
Buccinium glaciale Dall. 
Buccinim polare Dall. 
Clu-ysodomus crarla, n sp. 

1 Lora sk;ullcliffensis n. sp. 
d Nntiea clausa Broderip and Sowzrby. 

The following species were collected from the beds southwest Ed Cape S m j h  
by LeBogreell in 1914 : 

15 miles southwest from Cape Smq-th in talus and in place : 
Astarte actis Dall. 
Astarte letImg\velli Dall. 
Balanus rostratus alaskensis Pilsbr~-. 
Chrysodomus fornicatus Dall. 
Macoma sabulosa Spengler. 

* ,Ve*nericardia crebricostata Rrause. 
This fauna is of an, Arctic type  in that most of the forms lire only 

in high latitudes. A number are circumboreal, their presence being noted by 
Sarsm in the Arctic fauna occurring along the coast of Norway. Sweral, how- 
ever, smm to be restricted in their occurrence to the Arctic region of western 
America. 

Owing to the paucity of extinct forms it has been concluded that the upper 
formation in which these fossils occur is of Pleistocene age. It seems likely 
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-that the mn@r&upprTfomatioh belang*, to a single per ld  of deposiwn, marine 
&#Is failing to a m r .  in the Iower beds on4.abwme,wMLtim~v~ere .mlavop 
aWe for their existmce in them, 

Pall, who originally determined collections from both localities, 
stated that the fossils collect& 16 miles southwest of Barrow were 
Pleistocene but that those wllected from the locality 40 miles from 
Barrow might be Pliocene, and therefore the formation in which the a 
fossils occurred might be correlated with the Pliocene exposed mar 
the mouth of the Colville River? " The more detailed vJnrk done by 
Naek and quoted above seems to indicate that that possibility is re- . 8 

mote and that the unconsolidated deposits at both localities are pre- 
sumably Pleistocene. 

I n  the cotme of his surveys of the Tnam and Topagoruk Rivers in 
1923 James GiIluly made five collections of shells, which were exam- 
ined and identified by W. I3 Dall, who determined three of them as 
of Pleistocene age and two of them as probably Pliocene. All the 
collections that were made from deposits in place were determined 
as of Pleistocene age; the two colIections that Dall regarded aa 
probably Pliocene came from material colIected on bars in the 
Topagoruk Valley and therefore may have come from anywhere 
within an extensive area. Furthermore even the Pliocene age of 
these two collections is open to serious doubt, as Dall had suggested 
a Pliocene age for certain fossils that came from a locality which 
Meek has demonstrated contains fossils of Pleistocene age. I n this 
report, therefore, d11 five of the collections made by Mr. Gilluly are 
regarded as having probably come from Pleistocene or Recent 
deposits. The following description of the localities at which these 
collections were made has been abstracted from Mr. Gilluly's field 
no& : * 

Locality SABU, sandy cut banks near the head d the Inaru River, 
in the  wmh from which are found shells so numerous in  nlacea that  they 
aeern Ilk local concentrations made bv some artifitla1 means. Most of the 
shells are broken, and their concenmhon i n  certain localities suggests oorp ? 

siderabl e tmsportation. 
Locality BACfZA, somewhat fnrthar down the Inaru River. a 15-foot 

band of yellow-brown sand with considerable coal float and slabs of subangular 
calcareous yellow-brown sandstone and brown shale. Fossils were intimately 
intermingled with the float and wash from the c& bank, so that thme js no 
question o f  their having been m place in  the deposits. 

Locality aA6136. on bars b the lower part d the Topagmk River, where 
it is impossrhle to determine whether they were washed out of near-by banks 
or have been carried considerable distancm downstream. 

fiocallty 2 3 A m  farthest collectron upstream in the Topagoruk Valley, 
from chrome-yellow or burnt-umber b l o w  mucky shale with indistinct hori- 

# L ? m w d ,  B. 4s K, The Canning Ever regnu, northern M : U. 9. Ged. Survey 
Prof. Paper 10D, m. 14fJ-160, 1919. 
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soam bedding wluch seeins to overlie lh gray-yellow sands thabwke nP most 
d the vld hill remnants of an  earlier erosion cycle. 

Localitv 23AQ5A, intermediate point on the Topagonlk River; not in  place 
but probably washed down kom some poinl hrther upstream. 

Locality 23AaSA, near the mouth of the Inaru River. The banks there 
are of muck, yellow-gray sand. and stiff blue clay like those on Wainwright 
Inlet and are 15 feet above water level. The shales occur about in the middle 

* of t b  section, associaled with h e  gravel, and appear lo mark an elevated 
beach. 

Dootor Dall's identifications of the fossils in these collections and 
s fenbtive age determinations are as follows: 

28AOl.k and 23AG2Ab Inaru River : 
Cluysdoinus solutus Herrman var. heros Gray. 
bra laevigata Dall. 
Astarte nrctica Gray. 
Venericardia crassidens Broderip and Sowerby. 
Saxicam arctica Linnaeus. 
Serripes gronlandicus Gmelin. 

hobably Plcisloc~ne. 
2FUQw Topagoruk River : 

Astarte leflingwelli Dall. 
Astarte actis Dall (young form). 
Venericardia crebrico~ltnta Rrause. 

Probably Plioccnc. 
2 8 A W  Topngonk River : 

Lyinnaen petersi Dall. 
Valvnta lewisi C m e r .  
Pisidiurn idahoense Roper. 

Probably Pleistocene. 
23AQ5A. Topngon~k River : 

Lora lacvigata Ditll. 
Natica ~1) .  (Cragment). 
Cardium ciliaiuru 1:abriciuu. 
Serripes grSnlandicu# Gmclin 
Bstarte leffigwelli Dall. 
Astarte borealis Sehumacher. 
Venericardia crehricostata nKrause. 

Robably Pliocene. 
28AQ68. Inaru River: 

Uuccinum cf. B. tenue Gray (fragment). 
Ruccinum sp. (fragment ). 
Lora lawipata Dall. 
Cardium ciliatum Fabricius. 
Astarte cf. A compressa Linnaeus. 
Astarte arctica Gray (young form). 
M~coma lruncaria Drlll. 
Saxicava arctica Linnaeus. 

All living species. Probably Recent or late Pleistocene. 

In close re1 ati on to some of the marine deposits. though d so show- 
uq characteristics that suggest relations with some other agencies 
of erosion and deposition, are numerous fragments of rocks of ap- 
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pat~en6lyMge orign. At m&ng.phesdmg the beach +fsom. Point 
'WnMh 'ward  to barbow and up sbMe bf -theinlets pieces-of red , 
granite, gray granite, red quartzite, and some gneiss or schist were 
found. Fragments d this sort were part~cularly abundant in Peard 
Bay near camp P August 9. Form notes the presence of large 
angular blocks of red granite and pink quartz as much as 5 feet in 
each dimension and many smaller ones as much as 8 inches in .r: 

diameter at many points dong Wainwright Inlet dl the way to the 
head of the Iluk fiver. Most of the larger ones were found along the 
beach, but a few were found as high as 30 feet above tide level. These e 
rocks are similar to some of the material noted by Lefhgn-ell on 
Flaxman Island, whese boulders 10 feet or less in length, representing 
a great variety of different kinds of rock, form a thin deposit usually 
not inore than 3 feet thick. The peculiarity of these boulders on 
the northwest coast of Alaska is not only their large size and ir- 
regular distribution but also their source, for similar rocb from . 
whlch the b w l e l e r n ~ c o u l d - h ~ v e : b ~ ~ ~ a r ~  not b v n ~ a n y w h e r a  
in northern Alaska The explanation that the boulders may possibly 
have been ice rafted from some remote source seems to fit the hown 
facts more adequately than any other that has been suggested. 

GLACIAL DEPOSITS 

One of the most interesting of the events in the Quaternary history 
of northern Alaska has been the growth and dmost total disappear- 
ance of glaciers. 14s has already baen stated, not more than three 
or four glaciers have been seen in  the course of all the surveys that 
have baen inade in the area covered by this report, and none of these 
was more than 2 or 3 miles long. I n  the past, however, glaciers 
were much more extensive; and even in the areas not actually occu- * 

pied by the glaciers the deposits formed by the streams issuing from 
them Irme had a marked &kt on the adjacent region. I n Figure 16 
an attempt has km made to indicate the area that was inore or less • 
completely occupied by ice during the maximum period of glaciabon. 
This figure in a measure overemphasizes the area covered by ice, 
because it includes all of the mountain region, whereas probably 
many of the ridges were bare and the glaciers principally occupied 
the valleys. In other words, there was not a continuous sheet of ice 
within the area outlined but rather a collecting ground that roughly 
corresponded with the main ridges between the Kobuk and Noatak 
and b a s e n  the Noatak and Colville, from which tongues of ice 
extended outward into the lower country to the north and south of 
both ridges. The figure, however, d m  serve to delimit those areas 
in whch typical glacial deposits are likely to be found from those 
in which there is no evidence of glacial action in the recent past. 
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H i s n o t  always "possible to d e t e m k  the extreme*fm~ttal stand 
of &&ce,.for. in rnw places t h e e  h m e d  deposits hsae .hn  
M e d ' w i t h !  later deposits oF ghwioMatile origin, so that thg. 
are now hidden. Furthemore. deposits of flu\-iatile and of pure 
glac~nl depos~tion are so ~ntermingled at the front of a glacier that in 
ma* places even the same obsen-er at different times might give dif- 

a ferent weight to the same evidence. and at one time he might regard 

as outwash material that which at another time he might regard as 
relatively unmodified glacial deposits. 

The distinctive glacial deposits are made up of material plucked 
and eroded by the ice and deposited in a more or less jumbled. 
unsorted condition as the ice me1 ted. This type of deposit is readily 
recognized in the sheets of d&is found at places in the lower parts 
of the larger valleys, but its most striliing representation is in the 
ridges or moraines that mark the extreme frontal stand of the ice 



or various halts in the recession of.the glaciers 8,s they & d l y  
disappeared. Moraines of this sort are numerous in almost 'ail the 
valleys d the Iarser streams entering the Kobuk, the RoyuM, am3 
the ColvilIe. In all places they have subsequently been cut nerds 
by the present-day streams in rather narrow gorges, whose floors are 
strewn with great blocks of mck that  we^ in the morainic deposits 
md were too large to be swept out of the way by the streams that 
carried OE the finer material. Navigation of these trenches through 
the moraines is therefore difficult and makes these moraines mem- 
orable features to travelers on these rivers. 

Boulder-strewn rapids of this sort were found on the Killik near 
camp M June l&where the summit d the moraine rose severaI 
hundred feet above the present level of the stream. The steep sauth 
face of the moraine marked the contact of the ddbris with the old 
glacier that has nap disappeared, and its relatively smooth north- 
ward slope showed the form produced by the distribution of material 
by the streams and other process= beyond the front of that glacier. 
The moraine mantled the ridges to the east d the Killik, so that only 
their higher bobs rise above it and appear as islands whose lower 
parts are submerged in this glacial dirloris. At  different elevations 
above the present streams are small lakes that occupy depressions in 
the irregularly deposited morainic material formed at a later stand 
a€ the ice. 

Similar conditions were reported by Schrader along the Anak- 
tuvuk kver  as far north as Willow Creek and by the expedition 
of 1925 in the valley of the Uhzkok. In  the western part d the 
region, however, the mountains are not so high and apparently glacia- 
tion was not so extensive. Thus on the Kokolik no distinct morainal 
deposits were recognized along the route traversed, and the topo- 
graphic forms strongly indicate that glaciation there was restricted 
very closely to the higher hills and did not extend more than a few 
miles dawn the valleys draining from them. - 

I n  the Noatak Valley the extent of the former glaciers has not been . 
determined with precision, owing to  the great mantle of outwash 
material at many places. It is believed however, that in that valley 
the glaciers extended mainly southward from the divide north of 
the river or northward from the divide south of it. As a result these 
two sets of glaciers may have coalesced and formed piedmont lobes 
in the main valley, but it is extremely doubtful if this entire valley 
was at any time filled with ice. There is evidence that a glacier 
occupied the upper part d the Noatak Valley a t  least as far west as 
a point beyond the mouth of Mdas Creek ;but there is strong reason 
to doubt that the ice extended as f a r  west as the narrow part uf the 
valley west of the mouth of the Nimiukhik. " here is also conclusive 
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d h , t h a t  a glacier extended southward down the ' a l l e y  of the 
:Eu&m~k and made many of the fcatures now recognixed in the 
PQicinity of the canyon, but there is no evidence that this glacier ex- 
.hnded f a r  down the lowland toward Noatak village. and it seems 
plertain that it did not reach the Igichuk I-Iills. 

In connection with the glnci R tibn in the central part d the Noatak 

& 
*%byf W. R Smith has suggested that the evidence d glaciation in 
&e:Aniuk Vallev and in thc upper part of the Etivluk is sucEi as to 
indicate the posiibi~ity that the Aniuk Valley was occupied by a lobe 

8 qf a glacier apparently originating In the mountains south of the 
'Noat& and perhaps following more or less closely the valley of the 
Cutler River. According to this interpretation the glacier may have 
mmounted the divide at  the head of the h i u k  River. u~hicli stands 
rlt fan elevation of about 2,203 feet, or 500 feet 11 fgher than the moutl~ 
af the Aniuk, and discharged northward into the Et ivluk and Col- 
.ttille;Vafleys. The available data hearing on the problem are too 
.indefinite to warrant final interpretation. The problem is, however, 
mrthg d further investigation in the field, for its solution might 
explain the presence of large numkn of great boulders of granite 
.in the glacial deposits at the head of the Etivluk, in a place where 
no  granite is known in the near-by region, though i t  probably occurs 
in the hills south of the Kobuk. It. is of course. possible that this 
deposit may have &en formed by a glacier following the upper part 
bf the Noatak Valley and terminating near the head of the rlniuk, for 
in' the hills north of Midas Creek Smith " observed outwasll gravel 
deposits which were apparently connected with past glaciation at a 
height of 850 feet above the Noatak, or aver 2,000 feet above the sea, 
and gmni te probahlv occurs at the head af the Noatak in continuation 
of Ihe areas of granite mapped on the Alatna. 

In the Robuk VnlJey a11 the glaciers seem to have originat4 in 
khe mountains to the north d the river. Recessional moraines have 
heen recognized in almost all the large tributary valley-in the 

@ val 1 tys near the Kobuk- Alatna pass and extending down both H e l p  
mejack Creek and the Kobuk, down the valleys of Il'alker Lake, 'the 
Reed. Beaver. Selby, MaunePuk Kogo:uktuL-, and Ambler Rivers, and 
some of the s h a m s  still farther west. Some or all of these glaciers 
on entering the lowland of the Kohuk undoubtedly coaIesced and 
formed a continuous mass of ice in parts of that valley. It is the 
xwiters' general impression, hoxvever, that the ice in the main Kobuk 
liallev was dominantly a stagnant mass, obstructing drainage but 
not a Vigorous moving or eroding agent, and that after the tributay 
glaciers began to mede its supply of ice diminished rapidly. The 

%aim P. S, The soauk-Kobok region, K h # a  I U. 8. *I. Survey Br11l. 636, p 92, 
m. 



nmownees! d the valley belowl k h  Kallarichuk sugg&~~,th& m 
volume of ice flowed through it, and the size of the delta of the 
Kobuk-an unusual feature among the rivers north of the Yukon 
and west of Barrow-suggests that ice did not reach that far. 
On the other hand, Hershey 7a has interpreted the peculiar peninsula 
that separates Hotharn Inlet and Selawik Lake from Kotxebue 
Sound as the moraine of an ancient glacier that extended the entire 
length of the Kobuk, and he reported finding till in  the exposures 
near Cape Blossom 

No signs of glaciation that orignated in the'hills immediately 
south of the Kobuk have h recognized, though only part of the 
Lockood Hills hrts been gone over in my detail. Instead, this high- 
land seems to have stood as a buttress against which the ice from 
the valleys to the north impinged and turned aside downstream. 
The history of the development of the topography here is obscure. 
but apparently some of the water from the melting glaciers in the 
Kobuk Valley found a southward discharge across these hills, using 
from time to time successively lower gaps as they were disclosed 
during the melting back of the ice. 

So far as known, the glaciers did not reach the main valley of the 
Koyukuk within the area described in this report, but the evi- 
dence is not entirely conclusive, because much. of that valley a ~ d  
the lower parts of-the valleys of its tributstry, streams ampbscur$d . 
by later outwash deposits of fluviatile and glaciofluviatile origin. 
I n the. Alatna Valley signs of glaciation are abundant everywhere 
north of camp S March 9, but distinct moraines are relatively rare, 
apparently because of the constriction of the main valley whereby 
the deposits were swept downstream rather than allowd to ac- 
cumulate. The deposits in this valley, however, in many places 
are distinctly of glacial origin. as shown by their composition and 
their knob and kettle topography. Some ice reached the-Alatna 
from the hills at the head of the Kobuk by way of Helpinqiack Creek 

Just hav far south in the valley of the John h v e r  the glaciers 
achually extended, is not entirely clear from Schrader' s descriptim, 
for his use of the tern " till '' covers-outwash deposits that were prob 
ably derived from glaciers but were carried -to the position in which 
they are now found principally by fluviatile action. Therefore, 
although Schrader describes till deposits all the way to the mouth of 
the .John River and even below the mouth of the Alatna, it seems 
certain that glaciers did not extend that far. Distinct morainic 
topography, however, on the John River occurs at least as far south 
as the mouth of Hunt Fork, so that the front must have been some- 

W H e m h q ,  0. A,, The anclent Kobuk ~lnder  of Alaska: Jour. Geology, MI. 17, pp 
83-91, 1909. 
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-wbai.soukh o f  that point. The deposits found near this, moraine 
are descrilxd by Schrader as composed of typical boulder clay carry- 
ing striated pebbles and bouldm, some of which are more than a 
foot in  diameter. 

The Wild River and many of the other northern tributaries of the 
Kagakuk that rise in the higher mountains were also- occupied by 

# more or less extensive valley gtacien in the past, and probably mast ' 

of the mountains we= collecting grounds for the accumulation of 
small bodies of ice. 

I 
FLUWATTLE DEPOSITS 

far the gre&m,,p&, of the umpl~oliciated~ depoRits &Qua*- 
narv age in this region show some features d fluviatile origin. Even 
the characteristic marine deposits merge with those that have been 
formed under fluviatile conditions, and almost all the glacial deposits 
have been more or less modzed at the time of their formation or 
later by rmmbg water, so that it is practically impossible t a recall 
an example where running water has not had some participation in 
the deposition. Under these conditions it is neither practicable nor 
desirable to attempt to describe in detail all the fluviatile deposits., It 
is perhaps sufficient here t o  state that near the sea and in the old 
coastal-plain deposits, formed dominantly under marine conditions, 
the merging b e e n  marine and fluviatile deposits is most pro- 
n u u n d  

The area near the f m e r l y  glaciated region shows many interest- 
ing aspects of the merging 1-tween fluviatile and glacial conditions 
of depsition. This is especially true of the great outwash deposits 

* that are particularly pmminent along the north face of the Brooks 
Range. In that region, for a swre or more OF miles beyond the 

'nortl~emrnost limit at which true glacial deposits have k e n  rec- 
ognized, are deposits d glaciofluviatile origin that have ken spread 

8 
1 uncortfmably over the older formations. These deposits were rec- 

ognized almost continuously in favorable localities along the Kill& 
River, and even near the junction of that stream with the Colville 
a few boulders as much as 6 inches in diameter were found in these 
deposits. Similar deposits were a130 recognized as capping,,the bluffs 
along almost the entire length of the EtivIuk River and in the lower 
parts o f  the Kurupa River. They were seen at many places along 
the headward part of the Colville River and in the section of the 
Utukok that waq visited by the expedition a€ 1925. Apparently 
they did not extend northward far kyond the present course of the 
Colville, for they were not recognized on the divide between the 
Colville and Ikpikpuk Rivers, nor were they recorded by W. R 
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Qmith ornW: T. Foran on the nu~therii slopes of the hills at the 
head of Disappointment Creek, in the Utukok Basin. 

CX1 the soutl~ side of the Bmoh Rage the fluviatile deposits that 
are undoubtedly associated with the waning of the glaciers are wide- 
spread-and form notable features in the Kobuk Valley. There and 
dw in the Noatak Valley they form terraces a t  diff'erent elevations, 
the highest several hunclred feet above the main river. Most of these 

+ 

deposih show gPod stratification and consist of materials ranging in 
size from larger boulders to fmernud These deposits in the Noatak 
and Kobuk Valleys have k e n  described in some detail by Srnith,lz * 
and somewhat similar deposits in the valleys crf the  tributaries mf 
the Koyukuk have been described by S~hrailer, '~ MaddrenYm and 
others. A31 these geologists recog& that  the fluviatile deposits 
'in these valleys represent an intensely complex history of deposition. 
The solution of this his tory is of great theoretical interest, as it re- 
veals the story of the steps in the development d the region. It is 
also of much practical value to the seeker for placer deposits, because 
the accumulaticm of gold in these deposits differs according to the 
different agencim invdved in their formation, so that the pros- 
pector would be much aided in his search if the character, relations, 
and history of the different deposits were thoroughly understood. 

A rather unusual deposit, which presumably is largely of fluviatile 
origin, occurs an the Kokolik River downstream from a point a 
short distance above camp P June 12. Near this camp are Mu& 
that rise about 175 feet to a rather flat-topped bench nearly 
700 feet above the sea. The upper part of the bluE is capped 
by a sheet of gravel 25 feet or more thick The pebbles in 
the gravel are made up d a number of different kinds of rock, 
but those of chert are by far the most numerous. This deposit is 
more nearly horizontal than the grade of the stream, so that it 
appears at a constantly greaterheight above the river as it is traced 
northward. It could not be recognized far to the north, as the height 

I 

of the land diminishes in that direction, so that less than 25 miles 
north of the camp practi~ally all the country lies less than 600 feet 
above the s e a  Possibly the miscellaneous character of the pebbles 
in this &posit may serve as an explanation of an isolated granite 
pebble severaf inches in diameter that was found in the bank of 
a small stream that joins the Kokolik midway between camps P 
June 11 and P June 12. Even so, however, the complete story of 

"Smlth, P. S, The Noatak-Eohk region, Alaska: U. I. M I .  Survey Bull. 533, pp. 
m-lmr m. 

-Scl~radPr, B C, A rewnnaissance in northern d t k s h  : U. S. Gd. Survey R&. 
Pa r a, o,. 94-96,1904. 

rMatldrm, k C., The Kogalmk-Chandalar region, Alaska : U. S. Cwl. Survey WL B88, 
pp 6 M 7 ,  ECl3 .  







IGNEOUS 

Igneous rocks of several types and w' form m essential part of 
the geologc record in the Brooks Range but constitute a relatively 
small part of the regional bedrock. On the north slopes of the 
range and in the bordering countq extend~ng to  the Arctic Ocean 
igneous rocks are almost entirely absent, se that the petrologic data 
given in the following pages may be said to  apply practically to  
the south flanks of the range. This ddciency in igneous rocks in 
northwestern Arctic Alaska is a discouragmg sign with reference to 
the possible occurrence of metalliferous deposits; on the other hand, 
the sedimentay rocks in general should be less fractured than in 
a region of great igneous activity, and thls condition favors the 
possible development of nonmetallic deposits, such as oil and coal. 

On the accompanying geologc map (pl. 2) four general groups 
cf igneous rocks are shown. This fourfold division, as will be seen, 
does not indicate dl the varieties of igneous reks  that are h o w  
to be present, but it represents the best cartographic grouping that 
is permitted by the scattered field observations and the scale of the 
map. The four groups are (1) greenstone and greenstone schist, 
(2) basic extrusive and intrusive rocks, (3) granitic rocks, (4) lavas 
and py roclas tic rocks, mainly of basaltic character. 

UREENSIY3NE AND GREENSTME W m  

The rocks included in the group of grwnstone and greenstone 
schist may be separated broadly into three divisions, which differ 

one another in geographic and geologic distribution and in 
a- petrographic character. These three subgroups and their distribu- 

tion are arp follows: 
1. The undifferentiated greenstone schsts and related rocks of 

r) igneous orign. which form in reality an integral part of the early 
Paleozoic or older metamorphic sequence. These are therefore re- 
stncted to the area occupied by the undifferentiated metamorphic 
rocks and are not separately mapped. 

2. Certain bodies of greenstone and grermstonesch~st, which appear 
to be in part at least of Silurian or later age and have h identi- 
fied both among the undifferentiated metamorphic rocks and in the 
Shjit limestone. The largest area of these rocks consists of a nar- 
row belt that crosses the John River about 25 miles in an air line 
north of Bettles. To the west this belt appears to be represented . by several smaller areas in the Alatna Valley above the mouth of 
Helpmejack Creek: and still farther west by two small areas in 
the Kobuk Valley north of Shungnak. Three other small areas of 



this greenstone haye k e n  recognized and mapped in the Alatna 
Valley k l o l ~ .  the mouth (rf the Takahula Ri\,er. \\-ithin the Ska-ji t 
limestone band. 

3. Ultrabaslc mks. perhaps of early Devonian ar late Silurian 
age which occur in the Ambler-Shungnak district of the Kobuk 
Valley and in the Zaue Hills, south of t h e  upper Kobuk Val lq .  
These rocks- Iike those of the first subgroup. have not been separately 
mapped. 

mURACTEa AND occ- 

The undifferentiated greenstones of pre-Silurian age are in gcn- 
era1 greenish sheared rocks. which from their present texture and 
mineral composition give little indication of their original character, 
Thq. are completely rocpstal!ized. are sheared and schistosc. and are 
composed of \anring proportions of chlorite. quartz, cpidotc. horn- . 
blade. feldspar. and other accaso? minerals. These rocks are more 
typically dc~.eloped in the more highly mctarnorphoscd arcas of schist 
south and sowthwPst of the arca herc consid~rcd. but the\, are mcn- 
tiondl here mainly to place on rccord the fact of igncous activie in 
early Paleozoic or pre-Paleozoic time. The state OF deformation and 
recrystallization of these greenstones and the scllists that contain 
them precludes an! analysis of their originaI mode of occurrence. 

Thc greenstoncs of the John. AIatna and Kobuk Ri~mcrs. which 
have km partly mapped. Ivcrc apparently dcriwd from much thc 
same ppes of igpeous rocks as the older greenstones but differ in 
being somcwhat less metamorphosed. Somc of thcm. a1 though 
schistose and partly recrystallized. still retain enoug-11 of thei t origi- 
nal structure to warrant the determination. tvith some mnfidmcc. 
that they were originally diabase. Others. ho\ve.r.er, differ little from 
the older greenstones and are seen under the microscope to consist 
of var?;ing proportions of chlori tic minerals. sodic plagioclasc near 
albite. quartz. green hornblende. orthorhombic and monoclinic epi- 
dote, iron osidcs and hydrosidcs. and morc or las apatite. calcltc, 
and pyrite. Broadly. all these rocks may be classified as metadia- 
base and chlorite and hornblende schists. 

Although the modc af origin of thcse rocks is not cveqwhcrc 
clear, nevertheless thcir geologc in~csprctation is much morc obvious 
than that of the older %reenstones. At a number of localities they 
have been observed i n  intrusive relations to, ad-joining rocks, and 
evidently a considerable proportion of them arc @bred intrusivcs 
of basic character, which originated as dikes and sills and evcn as 
larger intrusive bodies at some localities. On t l ~ c  othcr hand. the 
continuous band that crosses the John River s u g g d  in its east- , 
west continuity &,at it may represent an original sucfrcid phase of 
these basic m k s .  
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The greenstone found in the region north and northwest of Shung- 
nak and in the Jade Hills is a compact littIe-sheared greenish ruck 
which under the microscope is seen to consist of microcystalline 
serpentine, with inclusions of magnetite and in some specimens 
pyrite. In nearly all the streams draining the Shungnak district 
is found a certain amount d nephrite, which is aqsociated with 

4 'and probably related genetjcalfy to the serpentine above de- 
scribed Same of this nephrite, which is locally called jade, is 
of gem quality, and several attempts t o  mine it have been ma&, 

* but so far unsuccessfully. on account of the high Gost of mining in 
this region and the limited market for gem stones of this character 
and quality. 

AQE 

No exact geologic age can be assigned to the oldest group of p e n .  
stones, fmt because the age d the rwks which contain them has 
not been definitely determined, and second because their paragmetic 
relations to the containing schists art: not known. These highly meta- 
morphosed greenstones are found, however, exclusively with in the 
schistme rocks that underlie the Silu&n (Skaji t) limestone, and 
therefore if they are extrusive they are of pre-middle Silurian age; 
and if they are intrusive they are likely, thbugh somewhat less so, t o  
have originated in pre-middle Silurian time. But another geologic 
fact that bears on the age of these oldest greenstones should be em- 
phasized The older and more metamorphosed rocks of the undiffer- 
entiated schists are probably separated from the less metamorphosed 
schiss and the Skajit limestone by a great structural uncodormity . 
The position of this unconformity in the early geologic columnhas not 
been even approximately determined, and it may be of any geologic 
age frcm early Silurian t o  pre-Cambrian. The principal habitat of 
these highly metamorphosed greenstones is within the more meta- 
morphosed and presumably older group of schistose rocks. T h m  

* fore, these oldest greenstones are probably no  younger than the t~p- 
Y 

proximate age 4 p n e n t  given above, and more detailed work is 
likely to prove that they originated in earliest P Jeozoic time, or 
perhaps in part in the pre-Cambrian. Certainly the designation pre- 
Silurian seems warranted. 

The greenstones that are shown separately on the accompanying 
geologic map are for the most part younger than those above con- 
sidered bur are not found in rocks younger than the Silurian se- 
quence. The Lower Devonian sequence is absent in this region. 
Hence, if these greenstones were exclusively intrusive, they could lx 
as young as Middle Devonian, if the Middle Devonian rocks were 
not deeply enough buried a t  that time to be intruded. But as it 
seems probable that this basic volcanism had both extrusive and in- 
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truaive p b s ,  it is hardly pomible for these penstones to b 
younger than Lower Devonian. As bearing on their m b u m  age,. 
all that may k. midis that they are believed to be later than the 
pmtulstd ancient unconfomity beneath the rocks of middle Silu- 
rian age, and their minimum age is believed to be not yougar than 
the lowest of the hown Devonian fDdC4, 

The aerpentines, which form the third subgroup of greenstones, . a 
may have the s m e  range in geologic age as the greenstortes of the 
s e m d  subgroup, but as they seem t o  be mainly of intrusive char- 
acter, their origin late in this time range -more likely. More a 
over, their different petrographic character indicates that they may 
belong to a different period d igneous activity, which was essentially 
deep-seated. I-Ience it appears h t  to regard them as Lower 
Devonian or late Silurian, although no absolute p o f  of this assign- 
ment can Ix given. 

Igneous rocks af several types and ages are a~sembled under the 
term basic extrusive and intmsive rocks and are shorn on the p 
logicmap by a single cartographic pattern. Neither the petrographic 
variations nor the age differences are sufSiciently weli known to merit 
differentiation in geologic mapping. Several distinguishing char- 
acbrietics are known, however; which though inadequate far carto- 
graphic purposes are well worth recording. For the purpose bf , 

description, therefore, this group of rocks has k e n  separated into 
three subgroups, whme general character and distribution 'are as 
follows. 1 

1. Basic lava flow are typically developed in the valleys of the 
Aniuk and Kivalina Rwen. 1 n the lower part of the h i u k  Valley 
the lava occurs in a belt trending somewhat north of west but + 
narrowing materially toward the west and finally disappearing. The 
eastward extension is not known. Similar lavas crop out in the  
valley of the Xivalina River at the mouth of a large tributary from 
the east near camp P April 16, but on account of the wide alluvial 
filling a t  this point they are not so completely exposed across the 
strike. Apparently a belt of these rocks from 6 to 8 miles wide, 
trending about east, crosses the Kivalina here, but both the eastward 
and westward extensions of this belt are unknown. 

2. In the vicinity af the canyon of the Noatak RNW, a b m  the 
mouth of the Kuprurok River, occurs a group of igneous rocks 
which, though dominantly intrusive, include same of extrusi~e origin, 
These rocks am main1 y of basic character and may Ix younger than 
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&a lavas of the Aniuk and Kivalina Rivers. With these should 
a h  be grouped certain dikes at other localities, a s  for example, a 
dike which lies at the southern border d the Triassic chert on the 
Nrmi&uk River. 

8 In the Zane Hills, a t  the head of the Pah River, the. country 
E& is composed mainly crf Lower Cretaceous rocks, dominantly of 
sedimentary origin and known as the Koyukuk group, Associated 
and apparent1 y very nearly contemporaneous with these sediments 
are volcanic egglomerates, tuffs, and amygdaloids, wgch are laterthan 
the volcanic rocks of the Noatak Canyon. So intimately are these 
volcanic rmks intermingled with the sediments of the Koyukuk 
p u p  that no attempt has been made to show their position on 
{he geologic map. BroadIy, however, it may ke stated that they 
have been seen mainly at the northwest end of the area mapped a. 
Koyukuk group, in such a position geologically as to suggest the p- 
sibility at least that they may lie a t  or near the top of this group. 
With these volcanic rocks are also grouped certain basic dikes that 
c~tthel~owerCretaceous rocks. One d these was seen on the Killik 
River at camp M June 12, about 11% miles in an nir line downstfeam 
from the north edge of the Lisburne limestone. Another was noted 
on Meridian Creek, one of the southm tributaries of the Colville 
River, at a point about halfway between the head and mouth of the 
creek 

CBA3dOTEB EWS) WO3WiN3 

The lavas of the Kivalina River consist essentially of basalt and 
diabase, mare or less altered but not sd3ciently sa to merit the 
designation "greenstone.'" Probably a more complete suite of speci- 

S. mens would show numerous variations in original fabric and crystal- 
linity and in subsequent chemical alteration. Typically these lavas 
are dark greenish-gray rocks, ranging in crystallinity from types in 

m 
which the constituent minerals may be discerned with the naked eye 
to types that are notably glassy. Under the microscope they are seen 
to have the normal basaltic composition, consisting of plagiaclase 
feldspar near labradoritq'augite, and iron oxides, with a small 
amount of accessory apatite. Most of these rocks are chloritized to 
some degree, but this alteration can not be said to have affected 
predominantly either the feldspar or the pyroxene, for some of the 
specimens show unaltered pyroxene and altered feldspar, and others 
show altered pyroxene and little-altered feldspar. Most of these 
m k s ,  though fine grained, are holwrystalline. but in one rock the 
pyroxene appears to be represented by glassy material, which has 
subsequently been chlmitized. Another specimen shows the amygda- 
loidal habit, and stilt another the typical ophitic fabric characteristic 



260 GEOLDGI' A N D  MINERAL RESOLTRCES, NORTHIVESTERN ALASKA 

of the diabasic rocks. Sheared rock was obsend  at only one lo- 
cality. but a s  this is obviously close to a zone of faulting, that &- 
tion can not be regarded as a character is ti"^ of these rmks. 

The lavas of the Aniuk Valley are on the whale essentially the 
same as those of the Kivdina Valley. but one of the specimens col- 
lected from the Aniuk Valley is rather coarse grained and is probably 
best classified as e pyroxene diorite. This is a granular rock, con- a 
sisting of zonally grown plagioclase feldspar ranging in composition 
from andesine to +cidic labradorite, augite, basaltic hornblende de- 
rived apparently from the augite, iron oxides, and apatite. The a 
rock also contains considerable secondary chloritic and sericitic mate- 
rial. The iron oxides exist in skeletal patterns, suggesting that they 
may have originated through the magmatic replacement of earlier- 
formed magmatic minerals. It smns best to regard this rock as a 
deep-seated phase of thc lavas of the Aniuk Valley comparable with 
the pyroxenc diorite that is so intimately associated with thc Car- 
boniferous lavas of the Chitina Valley. south-central Alaska, and 
that constitutes in reality an integral part of thc products of that 
period of volcanism 

The igmms rocks of the Noatak Canyon (see pl. 28) are similar 
chemically to thc lavas of the Aniuk and Kivalina Vallcys but diffcr 
in their genesis and in their resulting texture. These rocks are 
mainly of intrusive character but appear to haw been injcctcd at no 
great distance below the surface in the form of stocklike masses, 
11;ith dikcs and sills radiating outward from them. A fcw of thcsc 
peripheral channcls conncct with thc surface. with thc result that 
sornc lavas were extruded, but this surficial phase a3srs to havc becn 
cxccptional rather than characteristic. 

Petrographically these rocks are of medium fine grain and weather a 
to a rusty brown color on exposcd surfaces. Feldspar and pyroxenc 
are clearly visible in the hand specimens, and under the microscope 
the rocks ape seen to consist of acidic labradorite, augte, a little 
biotite, commonly chloritized, and magnetite. Sulphides also occur ' 
sparingly. Some of these rocks arc loeally fractured, brecciated, 
and filled with secondq minerals. but nothing resembling schistos- 
ity has been developed. In general, they are best classified as h e -  
grained gabbro and &abase. The surficial phases of this magmatic 
material, where observed, are basaltic, and one ellipsoidal basalt 
occurs at the west end of the Noatak Canyon. An amygdaloidal 
phase w-as Seen in  one of the dikes, obviously close to the surface. 

The intrusive rock found on the Nimiuktuk River is also a chlo- 
ritized gabbro, similar to  those seen in the Noatak Canyon; and its 
position with regard to the adjoining Upper Triassic chert suggests 
strongly that it may have intruded the chert. 
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. The vo1canic rocks associated with the K o y h k  group of the Zane 
Hills consist af volcanic agglomerate, subaerial and water-laid tuffs, 
arkwic rocks, and amygdaloiclal lavas of basaltic character. The 
fragmental phases d these rocks also show their basic origin, in their 
content d dark fmmagnesian minerals, which show as glittering 
crystal faces on many freshly broken specimens of these well-in- 

* durated tuffaceow and arkmic rocks. Some fine-grained basic in- 
trusive rocks have also ken recognizedin close assmiation with these * 

pyroclastic rocks and lavas, 
The intrusive rock seen on the Killik River is a dark-gray me- 

dim-grained gabbra which under the miamcape is seen to consist 
of plagioclase feldspar, almost completely chloritized and sericitized, 
little-altered augite, and iron oxides. Sulphides are visible in this 
rock; and an old windlass bucket at this locality indicates that some 
one had noticed this mineralized rock and had attempted to pros- 
pect it. 

The dike rock d Meridian Creek i s  a black little-altered por- 
phyritic basalt, with a fine-grained l~olocrys~ll ine grdundmass. 
The phenmrysts are mainly augite. 

The Iavas of the Aniuk Valley adjoim to the north the rocb of 
the Noatak formation, of Mississippian age, and to the south thc 
undifferentiated Devonian rocks, and they overlie both these groups 
of rocks. In the Kivalina Valley the lavas are bounded on the 
south by the Lisburne limestone and an the northwest by Lower 
Cretaceous sandstone and shale. They dip southwestward, how- 

8 
ever, and appear to lie with seeming conformity below the Lisburne 
limestone, to the south, and are faulted against that part d the 
Lower Cretaceous formation which lies northwest of them. Ths 
apparent stluctire is probably not the true structure, for the re- 
lation of the Lisbume Iimestone to the Triassic m k s  in the near-by 

Y 

parts of the Kivalina Valley distinctly indicates that the rocks have 
been overturned and on the north have terminated ~gcgainst the fault 
that separates these lavas from the Lower Cretaceous rocks. The 
structural relations therefore indicate that the lavas overlie rather 
than underlie the Lisburne limestone. Obviously in an area of 
such defomed structure the relation between successive formations 
is not indisputable. It seems from these facts that these lavas can 
not well be older than Carboniferous and are probably not older 
than late Miss issippian. Their minimum geologic age, however, 
can not be stated with such assurance. I f  they are really codam- 
able with the Lisburne limestone. they can not well 1-e younger 
than Pennsylvanian; but if, as occurs at so many other localities 
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in  Alaska, an unconforrnity without angular discordance separates 
these lavas from the underlying Mississippian 6, they may be 
of Permian or even of Mesozoic age. They are not believed to be 
as young as Jurassic, became in Jurassic time there were great 
crustal movements, which would probably have caused any 1 avas 
extruded a t  that time to rest with a pronounced angular uncon- 
forrnity upon the underlying Paleozoic rocks. 

The intrusive and extrusive rocks of the Noatak Canyon can not be 
so definitely assigned in the geologic column. The intrusive rocks 
invade the Noatak and Lisburne formations and therefore must be 
regarded as post-Mississippian, but the extrusive rocks do not occur 
in relation to other rocks of known age in a manner favorable for 
an age assignment. Therefore, so far as any available structural 
data are concerned, this group of igneous rocks may be Pennsyl- 
vani an, Permi an, or Mesozoic. Their degree of chemical alteration 
inakes it improbable that they could be later than the Mesozoic. They 
have heretoforeBa been assigned tentatively to the Mesozoic and pref- 
erential(~ to the middle rather than the early part of that era-that 
is, probably to the Jurassic: but this age assignment w-as bas4  
mainly on their correlation with similar eruptive rocks in Seward 
Peninsula. The presence of pebble of basic igneous rocks in the 
Lower Cretaceous conglomerates on the Etivluk and Kivalina f ivers  
adds further corroborative evidence in support of this view, though it 
is realized that the identification of these lams as the actual source 
of those pebbles has not yet baen positively established. 

The gabbroic hke of the Nimiuktuk f iver  is believed to have in- 
vaded the Upper Triassic rocks: and therefore a more definite basis 
exists for assignbig this dike to the Jurassic than is available for the 
intrusive rocks af the Noatak Canyon. As a matter of fact, this 
gabbro is believed, from its field occurrence and petrographic char- 
acter, to be correlative with the gabbroic rocks of the Noatak Canyon, 
and if so, the suggestion of a Jurassic age for those rocks is thereby 
correspondingly strengthened. 

Less doubt exists regarding the age of the pyroclastic rocks and 
lavas associated wilh the Koyukuk group. This group of sediments 
is known, from its contained invertebrate fossils, to be of Lower 
Cretaceous age, and the interbedded igneous rocks can not therefore 
well be older than Lower Cretacwus. AS no fossils were found in 
close proximity to the volcanic rocks, however, they may be of 
late Lower Cretaceous age, or may even have orignated during 
a transitional period between the deposition of the typically Lower 
Cretacwus rocks and that of the typically Upper Cretaceous rocks. 

"Smith P. S., The Noatmk-Kobuk region, A m :  U. R. Oeol. Survey Bun. EM, p lll, 
1918. 
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The geographic and geologic position of these volcanic rocks. as 
previously pointed out, favors their assignment to such a late stage 
m the Lower Cretaceous epoch 

umxm ROCKS 

DI!5TRIBUTIOY * 
The main-habitat of the granitic rocks is believed to be the high- 

land area lying between the Noatak and Kobdi Rivers, but similar 
rocks occur ~n the Zane Hills, just south of the area shown on the 
accompanying geologic map. At the east end of the Noatak-Kobuk 
watershed the granitic rocks have been definitely recogrmed, and 

. one large area along the southwest side of the Alatna Vdley opposite 
the mouths of the Unaliserali and Kutuk fivers is shown on the 
geologic map. The general appearance of  these granitic socks and 
their topographic expression is illustrated by Plate 4, B. 

In addition to the granitic boulders found along the Noatak and 
Kobuk Rivers, which are the basis for the presumed occurrence of 
granitic bodies dong the Noatak-Kobuk watershed, boulders of basic 
rocks were also found pn these vall'eys, notably dong the Noatak 
h v e r  below the r n o h  of the Aniuk kver ,  and in some of the 
Kebuk tributaries in the vjcinlty of Shungnak. particularly in Dahl 
Creek. These rocks have k e n  considered to be basic differentiates 
from the gsanito-dioritic m a p a .  

The expression granitic rocks is here used to include all those 
rocks of the granito-dioritic retinue which are likely to occur in 

& connection with the intrusion of granite on a large scale. Many 
such tvpes, derived from the granitic magma, will ctoubtlsss be identi- 
fied in this region when more detailed geoloyc work is done. At the 

w present time only the true granites and certain basic differentiates 
have' been recognized. 

The granite, in the narrower sense of that term, which has been 
seen in the Alatna Valley and the Zane Hills is tvpicaliy a light- 
gray granular rock of medium grain, usually nonporphyritic, and 
the only large body examined shows little effects of the deforrnational 
processes that have taken place since its formation. Under the 
microscope the constituent minerals are seen to be quartz, orthoclase, 
and microcline in vaying amounts, with occaiondly w m ~  micro- 
pedhihte, a small percentage of plagioclase feldspar near nligoclase 
or oligoclase-albite, musco~ite and biotite in. varying pro,p~&ps, 
much of the biotite somewhat chlontized, and in some speoimm. 
graen hornblende. The accessory minerals include magnetite, titanite, 
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apatite, garn+, and epidote. These r a c k  seem ordinarily, there- 
fare, ta be mica granite, 'but probably hornblende granite and still 
other types are also present. Aplitic phases, h e  of grain and almost 
free of mafic minerals. were noted at a number of places. A1 though 
neither shearing nor fracturing is a notable feature of these granitic 
rocks, some of the specimens apparently have a primary gne~ssoid 
texture, suggesting the existence of deformational movements during 5 

their crystallization. 
The basic rocks above referred to indicate considerable differen- 

tiation in the granitic magma, if indeed they are derived from this w 
source. The basic rocks found as float in the Noatak Valley klow 
the mouth of the Anit& are coarsely crystalline hypidiomorphic 
granular rocks, consisting entirely of byhownite and augte, with 
small amounts of olivine, and inay be called olivine gabbro. The 
specimens of float from Dahl Creek represent an ultrabasic rock 
made up mainly of chro~nite; with subordinate amounts of iron sili- 
cates and plagioclase feldspar. 

AQE 

The age of these batholithic granitic Miss has not h closely 
determined but is known within certain limits. In Seward Peninsula, 
where there are similar granitic intrusive rocks, pebbles derived frbm 
the granitic rocks have been found in the conglomerate that forms the 
base of the Upper Cretaceous section; and the same condition is 
definitely recorded in the Alatna and Etivluk V d l q s . .  It seems 
safe, therefore, to state that these intrusive massas were in existence 
before the beginning of Upper Cretaceous time. Their maximum 
age limit is set by the fact that they invade the Devonian and Car- 
boniferous formations of this region. These constitute the sum total rc 

of definite age'data, but they suggest strongly that the granite origi- 
nated during the Mesozoic era, prior to the Upper Cretaceous. 

Elsewhere in Alaska the Jurassic has km proved to be one of the 
great periods of volcanism and part~cularly of granitic intrusion. 

L 

Jurassic sediments are regarded as entirely absent in this region, 
and the presumption is that earth movements of major mpi- 
tude took place in Jurassic time, elevating this regon above sea 
level and defining the preexisting rmkg. It seems reasonable, there- 
fore, in  the absence of any conflictingdata, to believe that the granitic 
intrusions may have been concomitant with these deformation$ proc- 
esses, and their Jurassic age is therefore suggested as a most probable 
interpretation. Evidence exists, however, that similar granitic rocks, 
usually more monzonitic in type, have elsewhere in Alaska been 
intruded during the Tertiav period, as for example iq the  count^ 
between the Yukon and the Kuskokwim and thence southwestward 
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therefore believed that intermittent surficial volcanism has occurred 
in thQ region from the end of the Cretaceous period down to rela- 
tively recent time. 

GEOLOGIC HISTORY 

A11 the significant observations regarding the various rock units 
that havebeen recognized in northwestern Alaska have been given in w- 

some detail in the preceding pages. Certain general deductions have 
been made from the structural data, a well as from the stratigraphic 
relations existing between the several formations, and many others r . 
are, of wme, obvious to the trained geologist. All the statements, 
however, have related principally to the individuaI formations that 
were king specifically described It is therefore desirable to attempt 
to summarize here these more detailed observations, so as to present 
a sequential and c m p i t e ,  outline of the geologic history of the 
region as a whole. Manifestly i t  is impossible to present at this time 
a final analysis of the long and intricate history of the region, because 
the data supplied by the exploratory and reconnaissance surveys are 
inc~mplete and scanty. When, hawever, the conclusions of the many 
geologists whose work has contributed to an understanding of this 
and adjacent parts of Alaska are all assembled,reviewe~ and weighed 
against each other, it is evident that a fair  start' has been made 
to ward a working knowledge d the geologic his tory of northwestern 
Alaska. 

The earliest event recognized was the deposition of the sediments 
which now form the group of metamorphic rocks called in this report 
the early Paleozoic or older mks.  Where was the land mass from ' 
which they were derived? What were the processes that produced 
them? Were they deposited in the acean, in estuaries, or an low- s 

lands? These are questions that can not now be ansmmd, because 
the necessary facts have h obliterated by the subsequent events. 
The time when the oldest of these rack were laid down was very 
long ago, perhaps hundreds af millions of years. A Iong $ h e  was 
involved in the laying down of the sediments represented by these 
rocks, and doubtless there wese many interruptions in deposition 
during which the original unconsolidated sediments may have k e~  
not only compressed into hard rocks, if not actually changedby meta- 
morphism into rocks that had lost many of their original aspects, 
but also folded up into mountain chains or plunged deep below the 
former grade levels. Certain it is that basic igneous rocks now recog- 
nized as sheared greemstones in the midst of the other s&ists in parb 
of the John, Alatna, and Kobuk Valleys we= intruded during part 
d this time, and in other parts of Alayka there were intrusions of 
granitic magma that now form gneisses and related rwks. Although 
not actually recognized in northwestern Alaska, there is little reason 
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. todoubt that there is a strongly marked break between the oldest 
of these rocks and the Paleozoic sediments. This condition ia 
.strongly suggested by the apparent differences in, degree of deforma- 
tion and attendant metamorphism in the schists a short distance south 
of the Skajit limestone on the Alatna and John Rivers and in those 
farther south. Whether during the whole period represented by this 

e break the region was land or whether deposits were formed duringpslrt 
of that period and have been subsequently removed by erosion is not 
known. Elsewhere in Alaska not vey  distant from this rcglon beds 

I have been found whch were laid down during at least two epochs of 
the Cambrian and the three epochs of the Ordovician. The absence 
of recognized lower Si 1 urian rocks eveqwhere in central and north- 
em Alaska suggests that during that epoch there was a break in  the 
continuity of sedimentation in northwestern Alaska also. The 
assumption, therefore, that rocks of some or all of these epochs are 

, represented either in the upper part of the rocks here grouped to- 
gether as early Paleozoic or older or by formations that have sub- 
sequently ka removed by erosion is evidently warranted ap a work 
ing hypothais. 

In the carly part of upper Silurian time, if not beg*mning in thc 
middle Silurian, therc was cxtensivc deposition of cdcarcous mud, 
which gavc risl: to thl: Skalit limestonc and rclatcd mh. T ~ I S  
deposit shows little variation in the character of its material, and as 
it is widespread and contains fossils of marine organisms it doubtless 
\vas laid down in marine waters rather far from shore or off a land 
mass that was not furnishing much sand and gravel to thc sea, 
After scvcral thousand fcct of calcxcous mud had kcen deposited, 

=4 
but without notable movements within the basin occupied by this 
limestone, the character of sedimentation changed, so that the de- 
posits became more argillaceous. alternating with occasional beds of 
limestone. Thebe argillaceous sediments arc now represented by the 

*. group cdled in this report the undifferentiated Silurian(?} rocks. 
Marking the end of the deposition of these rocks was the lirst 
d~$nitely recorded period of regional up1 ift and folding, whereby 
the m k s  were indurated, considerably metamorphosed, and prob- 
ably sub-jected to erosion under presumably terrigenous conditions. 
During this period of deformation some of the oldest greenstones 
were intruded and also subjected to deformation and shearing. The 
occurrence of this diastrophism probably moounts for the absence 
of recognized deposits of Lower Devonian age in M s  part of Alaska. 

This  regond uplift was followed in Middle Devonian time by 
depression of wide extent and the renewal of the deposition d sedi- 
ments in  that part of the sea w-hich covered much of northwestern 
Alaska. This event is indicated by the shale and sandatone of 
Devonian age In the Brooks Range, which in places preserve as fossils 
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some of the forms d life that lived in this old ocean. On the whole, 
these rocks were laid down relatively near the old coast or in a. 
sea that was receiving large amounts d detritus from the old Iand. 
QsciIIations in the shore line doubtless occurred, as is indicated by the 
alternations d sediments of different grain and composition. On the 
whole, however, these oscillations were broad mass movements rather 
than sharply lwdized flexures, and their cmp~s i te  result was the .+ 
development of a geasynclinal basin in which thousands of feet of 
arenaceous and argillaceous sediments were accumulated This 
deposition continued with relatively little intemption from Middle t 

Devonian time until well into the lower part of the Mississippian 
epoch. On the wkok, the dvoaits were characteristically formed 
near shore in marine waters. Here and there. however, as shown by 
certain of the beds in the Noatak formation in the Cape Lisburne 
region and at one locality in the valley of the Killik River, beds o f  
cod or remains d plants that lived in swamps on the land bear . 
evidence to the existence of the land areas d that mote; time. 

Later in Mississippian time the character of the sedimentation 
changed, and instead o f  sand and clayey mud the deposits became 
dominantly calcareous. These calcareous sediments were later con- 
solidated and fom the' rocks called in this report, the Lisbume lime- 
stone. Although a part of these calcareous deposits were laid down 
in the sea as sediments, in many places the limestones were formed 
as great reefs from the skeletons and hard parts of the hordes o f  
corals that flourished in those seas. These ancient coral reefs were 
doubtless analogous to those that are now forming in many of the 
warmer oceans, and their presence in this northern region leads the 
geologist who reconstructs in his mind the conditions that prevailed 
there then to picture them as sirnif ar to those d the genial regions a 

in which similar features are found to-day. 
As no representatives of sedimentary deposits Iaia down in Penn- 

sylvanian, Permian, or Lower and Middle Triassic time are recog. I 

nized in northwestern Alaska, it is impossible to date accurately the 
next events that occurred in this region. Possibly some deposits 
were laid down during these epochs, but if so, they have either not 
k e n  dflerentiated from the adjacent rocks or were subsequently 
removed by erosion. Thus marine sandstone of Permian age has 
been found in the Canning region, to the northeast, and marine 
limeatme of Permim age has been recognized in the Yukon Valley 
new the international boundary. In  spite o f  the uncertainty as im 
the precise age, there is no doubt that at some time in the long pe- 
riod marked by this gap in the sedimentary record there was broad . 
regional uplift ok mucl~ of the region now forming the Brooks Range 
province. During at least part of this period of uplift great floods 
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af basic lava were poured out at many places, not only within the 
area described in this report but also in adjacent parts of Alaska. 
W i W  this nrea these lavas are represented by the igneous rock 
~ a p p e d  in the Kivalina Valley, in the hills and valleys d the Noatak 
mar the upper canyon of that stream, and on the divide between 
the Aniuk and Etivluk Rivers. Outside this area these lavas are 

a epeaially wdl developed in the vicinity of Rampart, in the Yukon 
Valley, and elsewhere in Alaska. Intrusive phases of these same 
igneous rocks. which form dikes and sills within the preexisting 

o sedimentary rocks, have also been noted at many places. 
The uplift that has just baen described seems to have been very 

widespread and to have included almost the entire area occupied by 
Alaska. This uplift, however, resulted in several peculiar ccond~tions 
which are not yet well understood. For example, the fact that 
during part of this long time in t end  much of this area did not re- 
ceive any deposits that are now recognizable is the strongest reason 
for assurmng that the area was above sea level and therefore not 
aa area of deposition. But if it were a land area it should have 
.been subjected to erosion, and yet the next overlying deposits, the 
Upper Triassic beds of marine origin, smn to lie on the Carbonifer- 

GUS rocks with no angular discordance and are fine grained and not 
like deposits formed dl' a hlghland area However these conditions 
are to be correctly explained, i t  seems evident that the broad regional 
upwarp of the land was followed, prior to Upper Triassic time, by 
a similar broad but revers4 process of downwarping, whereby at 
least part d the Brooks Range province m 7 s  again invaded by 
marine waters in which shale and limestone were deposited. 

Another long break in the stratigraphic record occurs, which may 
= represent the whole of Jurassic time, though, as has already been 

described in  detail, some paleobotanic evidence indicates the possi- 
bility that certain beds which in this report are considered much 
younger may have been laid down during that period. Although 
there is uncertainty a s  to whether northwestern Alaska w-as an area 
of deposition during Jurassic time, there is no queshon that during 
part of that period this area, as well as many other parts of Alaska, 
was undergoing most stupendous mountrun-buildmg movements. It 
was during this period that all the preexisting rocks were subjected 
to enormous forces that bent and buckled them into folds, some of 
which were overturned or so sharply appressed that they broke, great 
thrust faults being thus produced. This was the event which really 
first clearly bloclied out the great mountain unit that has progres- 
sively developed into the present Brooks Range. During part of this 
mountain building and perhaps originating some of the movements 
was the intrus~on of deep-seated mass= of acidic igneous rocks, 



which are now exposed at the surface as granite in the hills west of 
the central part d the Alatna Valley and a t  many other places in 
the areas contiguous to that described in this report. I n  fact, this 
batholithic intrusion appears t o  have been of even greater than conti- 
nental extent, as it is correlated with the main granitic intrusions 
d the Alaska Range in south-central Alaska, which in turn are 
correlated with the batholithic intrusions of the Coast Range in 
southeastern Alaska and thence through the Coast Ranges of British 
Columbia, western United States, Mexico, and the cordillera of 
South America. The same general epoch of mountain building has 
also been recognized in eastern Siberia. During the period a€ dias- 
trophism perhaps some crf the basic igneous rocks were poured out 
or intruded. 

The land mass which was originated at that time has persisted 
- 

more or less uninterruptedly throughout the rest af geologic time and 
has k e n  the nucleus from which most of the later sediments were 
derived and around which growth d the present land area has taken 
place. As soon a the growth of the mountains began the 7 
of erosion were quickened and entered upon the ceaseless task of 
reducing all parts of the land that rise above grade level. Vast 
quantities of detritus were thus worn from the growing mountains 
and carried seaward and deposited off the c m ~ t .  This part of the 
history of the region is now represented by the Lower Cretaceous 
sandstone and shale of marine origin, which form deposits many 
thousand feet thick. This great thickness d deposits was not dumped 
into abyssal depths of the ocean, for the character of the sediments 
and the abundant shalIom-water features, such as ripple marks and 
mud cracks, show char they wa-e deposited close to the shore. It 
is necessary, therefore, to conclude that sinking of the sea floor m- 
tinued throughout the accumulation of these sediments, so that, 
within the area which has been examined, at no time were the marine 
waters deep. 

The ~ccumulation of Lower Cretaceous sediments was apparently 
terminated by some folding and mountain building whereby these 
sediments were themselves subjectedto uplift above the sea and were 
eroded. This ~ i s o d e  is indicated by the unconfmi ty  observed on 
the CoIviIle River and illustrated by Figure 13, Possibly this inci- 
dent was also marked by the effusion of basic roch and associated 
pyroclastic rwks that have k e n  recorded in the Zame Hills. Com- 
pared with several of the earlier mountain-building periods this 
one appem to have been relatively unimportant and to have given 
place rather s m  to further depression, during which the older of 
the Upper Cretaceous m k s  were laid down in the sea. Marine 
deposition continued for some time, but after several thousand feet 
of sand and gravel had b m  laid down the conditions changed from 
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' .. marine to terrigenous. During this time extensive coastal swamps 
and estuaries existed in which great quantities of vegetation accumu- 
lated, and these areas are now marked by the extensive and numerous 
coal beds in the Upper Cretaceous sequence. Among the plants 
recognized in these beds are many of the forerunners of such well- 
kn wn existing lmts as equisetum, sequoia, ginkgo, pine, juniper, 
an8 cgpress. P 
X k  these coal beds had been deposited there was some slight de- , 

pression, and the sea again covered part of the region and received 
more sediments. This condition prevailed througl~out most of the 
rest of Upper Cretaceous time and possibly even into the early part 
of the Tertiary, with little interruption of any significance. Near the 
top o€ the sequencel~ere regarded as of Upper Cretacmus age there 
were some falls of volcanic ash that probably came from remote 
volcanw, as the particles are small and had evidently been borne by 
the wind for long distances. These beds are the bentonitic deposits 
that swm to be interbedded with the marine sand and gravcl in the 
nor2hem part of the coastal plain. 

Bringing to an end the deposition of Upper Cretaceous sediments, 
or early in Tertiary time, anothcr great period of mountain building 
ensued. This is an event recognized practically throughout Alaska, 
but in northern Alaska its intmsity stxrns to have ccntcrcd in thc 
old nucleus of the Brooks Range. Its effects on the Cretaceous rocks 
are thcreforc most pronounccd on thc ,flanks of this rangc and are 
p m ~ v e I y  less striking toward the north or south. As a result 
t h e  Cretaceous rocks closest to the range are thrown into great folds 
whose limbs in places stand vertical or even overturned, whereas 
the presumably equivalent rocks morc remote from the center of dis- 
turbatlee lie in gentle arches and still farther away have dips d only 
a few dcgrees. Profound faulting accompanied this mountain build- 

s ing and sliced across many of the preexisting rocks, ao that intricate 
and anomalous relations were produced. Doubtless the pcalts of the 

b Brooks Range at that time stood higher and their ruggedness was 
evqn grander than at present. 

Erosion was revivified by this uplift. so that more material was 
ca~ped from the highland mass and ultimately deposited in the 
sem that then were rather far from the mountains. Some of these 
sediments are recognized as the Tertiary deposits near the extreme 
northern part of the coastal plain province, and others that have 
not h sufficiently identified to be shown on the map undoubtedly 
occur in that same general regon but have not been separated 
from the overlying sediments of similar aspect. Some deposits 
were also formed on the low-lands of that old continent. and rep- 
r w t a t i v e s  of these are now found in the Tertiary areas on t4e 
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Kobuk and elsewhere. The character of the matenal of which 
they are composed and the caral beds associated with them indieah 
that they were formed in a region which topographically resembled 
that in which they are now found but had a much milder climate. 
These rocks are tilted and folded w that they no longer occur 
in the position in which they were laid down, and they therefore 
bear indisputable evidence of having k e n  subject&? to  mountain- t 
buildirig movemenh. 

Near the end of the Tertiary period and also in places extending 
into the Quaternary basic lava flows were poured out and inantled a 
over many of the earlier rocks. No rocks representing this event are 
exposed within the mapped area, but there are extensive exposures 
at many places near it. The nearest exposures to the area here 
called northwestern Alaska are in the lower part of the Buckland 
River and in adjacent parts of Seward Peninsula, in the pass k- 
tween the Pah and Selawik Rivers south of the Kobuk, in the hills 
between the South Fork and the Koyukuk hver.  and in adjacent 
parts of the valley of the Koyukuk and its tributaries. 

The great uplift of the mountains in Tertiary tlme probably carried 
many of the peaks into a zone where inuch of the precipitation that 
fell on them collected as snow; and with the changes in atmospheric 
circulation that may have occurred the ultimate result was an accu- 
mulation of - which gradually coalesced to form glaciers. The 
growth of these glaciers in early Quaternary time gave rise to some 
of the most ~nteresting and readily discernible of the existing features 
of northwestern Alaska I n  general the maximum growth of these 
glaciers was probably contemporaneous with that of the great ice 
sheets in the northern United States, but unlike them the glaciers that 
originated in the Brooks Range were relatively of slight extent and + 

covered only a small part of the adjacent country, as is indicated by 
Figure 16. As time went on the glaciers waned until now they have 
practically disappeared, being represented only by a few shrunken 
tongues of ice a couple of miles long, though the deposits formed by 
them still bear witness, on countless hillsides and valleys, to their 
former presence. 

During the period of glaciation in the area outside that occupied by 
the ice and subsequently evenwhere throughout the region most of 
the same process= have been a t  work that are operative there now. 
Thus, near the shore sand and silt were and are being laid down in 
the ocean, while on the land erosion was and is wearing down the 
outstanding prominences, and streams and wind were and are trans- 
porting the detritus thus produced and laying it down to form new 
deposits. Nor is the land area as a whole standing quiescent. Broad 
move~nents of uplift or depression are probably still going on wherek 



parts ace being camed klow sea level and other parts are being 
elevated. Uplifted benches and other evidence show that these pmc- 
e m s  have long been going on imperceptiblv, except when they have 
proceeded in one direction long enough to leave significant records 
of their activity. ils each of these late movements has undoubtedly 
affected t o  a greater or less extent all the preceding records, it is 
obvious t ha t  many of the minor changes of the past can never lx 
completely determined. The successful unraveling of .the many 
events each of which has had some part in giving northern Alaska the 

6 appearance it has to-day unfolds a story replete wit11 variety, which 
takes on added interest as the sepnmte incidents are correctly fitted 
into their proper places. 

ECONOMIC GEOLOGY 

Minerals of value have long been h o w  to occur in northwestern 
Alaska. Coal was found in the &&in region as eat-ly as 188 1 and 
since that time has been used by some of the old whaling ships and 
othm. In  the rush of gold seekem to interior Alaska that com- 
menced late in the ninetics some of them overran or settled in the 
placer fidh in the more accessible parts of this region also, and some 
o f  the more adventurous even pushed their way across the mountain 
harrier and sought metals of value in the nortliernmosl part of the 
region. In the course of  these placer-mining ventures in the more 
southern parts of the region the prospectors discovered lodes of gold, 
copper. lead. and other minerals. Later came reports of petroleum, 
and after several years a few oil companies sent their representatives 
to look over the countv. pags on the prohahilit ies d finding oil there, 
and, if desirable, take up claims. 'The Government itself took an * interest in the possibilities ot' finding petroleum in this region. and 
it waq that interest expmsed in the I<xecutive order of  February, 
1923, that w a s  principally instrumental in the recent work d tlie 

+ Geological Survey whicl~ forms the basis of tli is report. 
I n the following pages what is nm7 known regarding the different 

tvpes of mineral deposits in this region will k stated I t  will 
probably be evident from these staternent~ that deposit9 of certain 
kinds are rather closely restricted to rock of certain definite a_pe or 
of more or less definite kinds or to areas with certain plrysical son- 
ditions. The descriptions should therefore serve not only to point 
out the specific places rvhere certain minerals have k n  found but 
also should lx of even mare me in suggesting areas in which further 
search or prospecting is most likelv to Ibe warded by success or 
in acting as a deterrent against wasting eflott in a region that seems 
to hold little promise af containing deposits of the kind sought, A 
person using the repod in this manncr should, however, he warned 
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that many of the statements are broad generalizations, some of 
them only surmises, and consequently may not prove to be correct 
in detail. Furthermore, it should be remembered that the prediction 
that an area is unpromising for a certain kind of mineral d m  not , 

at all forecast that none d that mineral will be found there. 
It should also constantly be borne in mind that inany economic 

conditions other than the mere value of the product itself enter kb * 
the successful operation of a mine or oil well. Therefore, although 
many kinds of valuable minerals have been found in the region, 
it should be remembered that ,owingto the general geographic con- 4 
di tions the successful cormnercial development of these resources is 
heavily handicapped by many factors that do not enter into the 
problem of develop~ng a deposit of equal mineral-content situated 
inda more accessibleregion. It is forthis reason that many ,ofthese 
factors which influence mining development have been set forth at 
length in the earlier pages of this report. and while general reference 
to them will again be made in the succeedingpagcs, an operator con- 
templating the development of a deposit in this region should con- 
stantly keep in mind the facts already given regarding climate, vege- 
tation. topography, and geolom in so far iw they apply to the part 
of the region in which he is intcrested. 

P E T R O L r n  

Ioom!mH OF KNOWN OR R m R m  - 
The first published record of the occurrence of petroleum in north- 

western Alaska appears in a report of the Unitcd States Goological 
Surveya6 published in 1909 and WM based on materials collected and 
statements made by E. dc K LeEugwetI rcgarding a s q a g e  near 

+ 
Cape Simpson, I n 1915 reports of an oil seepage in the vicinity of 
Wainwright Inlet wcre noted in the annual progress report of the 
Geological Surveymaa I n 1919 1LBfkgwellL report of hs work in * 
northern Alaska, vvhch he had b x m  carrying on since I%, was pub- 
li&ed?* It contained essentially the same data on petroleum near 
Cape Simpson as had been givm in thc articles refered to but noted 
an additional locality at whch a petroleum seepage had been reported 
bv natives, between Humphrey Point and the Aichillik hirer, near 
the omst of the Arctic Ocean in the extreme northeastern part of 
Alaska, fa r  beyond the area described in the present report.. M 
further data regarding the presence of oil in the region were obtained 
by the Government until 1922, when the report and maps of the 

BrmkU, A. H.. Themhhg  industry in 1908 : U. 8. Oed Survey Ball. 870. P. 61,lm. 
"Broaka, k H. , The Alnsknn minine: industw m 1915: U. 8. CeoL Bum- Bd. 

612, p. 52. 1916. 
, m w n g w e l l ,  E. de K., The Cannlag Rher region, northern blaa'ka IU. 8. Qpol 

ProK Paver 109, 26l pp.. 1919. 
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.geologists who we= sent in 1921 by a private dl. company to examins 
the coastal part of the region were courteously made available for the 
information of the Geoiogical Survey. It was learned from these 
repo~,hawever,thatAMSmithhadvisitedtheseepagesatCape 
8impson in 1917, and it was said to be largely through his oral 
description of them that the oil company became saciently inter- 

a esdsd to send the party of geologists referred to above. 
Such was the state of information regarding the occurrence of 

petroleum in the region now forming Naval Petroleum Resewe No, 
• 4 and the adjacent country described in this report when the Gso- 

logical Survey commenced its more cmprehensive examinations of 
kbe region in 1923. In spite of the fact that these exnminations have 
covered tens of thousands of square miles in an exploratory or recon- 
naissance manner, no additional seepages or bother direct evidences 
.of petroleum have been found, and several reported seepages have 
been determined not to show any signs of petroleum. As a m a l t  
the only seepages that are now actually known are those near Cape 
Simpson, It is rather amusing, however, that as the area has kcme 
better and better sweyed rumors of oil indications in the moE 
remote regions that have not k e n  critically studied constantly crop 
up. Thus, a t  the present time it is reported that petroleum residue 
occurs south of Lake Teshekpuk, and nine permits for prospecting 
for  oil in that region have been granted. Another reported wcur- 
rence is in the so-called White Mountains,.which are rather vaguely 
said to lie east of the ColvilIe River. In view of the proved occur: 
mce of oil a t  C ~ F  Simpson it would be entirely unwarranted to 
discredit these statements on a priori grounds, but the way in which 

- these rumored finds constantly migrate into the unknown regions 
.); induces extreme skepticism as to their occurrence. 

I n  ad&tion to the claims that have been lacated in the vicinity 
of the Gape Simpson seepages, oil claims have been staked on the - , Meade River, and seepages have been reported as occurring at inter- 
vals all the way from the mouth of that stream as f a r  south as 
latitude TO0.  Although the maps that were made by the persons 
who staked these claims were in the pmsessiort of the Geological 
Survey geologists who Iater surveyed the Meade River, none of' the 
reported seepages proved to be really oil seepages or show4 defmite 
indications of petroleum. In all places where seepages had ken  
indicated the sigm that had apparently been mistaken for petroleum 
proved to be Qms of iron oxide on stagnant pols,  for the films when 
stirred did not readily unite again like oil. Such films were seen at 
a great number d places not only in the Meade River Valley but 
also in the valleys of the Colville, Ikpikpuk, Utukok, Avalik, Kokolik, 
and Kukpowruk Rivers. 



Oil claims have abo been staked covering almost all the region 
adjacent to the coast from the vicinity of Cape Smyth to a point 
east of Peard Bay and the portage to the Inaru River. This h c k  
was a h  critically examined by Sidney Paige, of the United States 
Geological Survey, in lm, but the only indications that might have 
k n  mistaken for petroleum in this place were films of iron oxide. 
The rather high ground in this region suggests that it marks a struc- 't 

tural feature which might be favorable for the accumulation of petro- 
leum, and the Geological Survey geologists who have examined it state 
that the rwks there apparently form a low anticline. In spite of this a 
apparently favorable structure, however, no indications d petroleum 
were seen, and the natives who traverse much of that part d the 
region in caring for their herds of reindeer or  in hunting and who 
are especially observant d most natural phenomena do not know 
of any seepages w other indications of petroleum in that whale 
region. 

Applications for oil prospecting permits have been filed ort more 
than 20 claims, embracing about 80 square d e s ,  along the Ruk- 
p o w k  River from a point near its mouth to the forks immediately 
south d the Amatusuk H~lls. All d the region adjacent to the river 
has ken  carehlly gone over by a Geological Survey geologist, but 
no defmite signs of ~ t r o l e u m  were seen. Several anticlines, how- 
ever, that might afford good collecting ground for oil, though they 
were somewhat broken bv, faults, were recognizd 

On tlie Kokolik hver  near its mouth and on the shore af the 
lagoon a short distance south of the mouth of that river llapplica- 
tions for oil prospecting permits have lseen filed. No development - 
work has been done at either af these places, and, so far as reported, * 
no direct indications of petroleum have ken ohserved In fact, that 
part 6f the Kokolik River Valley is so covered with deposits QF Qua- 
ternary sand and gravel that no exposures of bedrock were seen there 
b either cf the Geological Survey parties that have traversed that , l * 
s earn. 

AT CA13E SIME3ON 

The most complete and autl~ori tative statement regarding the 
seepages a t  Cape Simpson is contained in the report bv Paige and 
others:%s follows : 

The two seepages are on the very margin of the Arctic Ocean and hence of 
the reserve. 

A low moss-covered r i d s  of irregular shape stretch- for 2 miles along the 
Arctic Ocean, its southeast terminal allout a mile northwed of Cape Simpson. 
Its highest point is about 50 feet abmw the WB. (See fig. 17.) Seepage Nm 

"Palge, M b y ,  and othem, A r e e a n w n c e  or the Point Barrow region, AWBa: 
U. S. Grol. Survey Bull. 772, p 23. 1928. 

t 



1 occurs near the inland of this ridge. a third of a mile from the ocean and 
23 lkc~  a b v e  t~de~vater. from nhich it is visible. Here in an irregular area 
seven1 hundred t'eet in diameter the moss is soaked nlth petroleum, which 
nlsn mlow1~ secps from the gentle stope. 1 See pl. 29,A B.) 

0 1 2 MILES 
I 

C o n t o u r  i n t c n a l  10 feet 
17.-Map shmingloratlrm of  oil w p a m  at  Cape 

Simpon 
I 

Bewage No. 2 is on the southern top, 40 feet high, d a small double knob 
3 milus almost due south of sccpngc No. 1 and 1% miles west of Smith B+. 
Here the residue rrnm the secpnpc covcrs sez7eral acres ( h p l .  29, C.) 

me marn petroleum Ilotv mos cs s~uthivnd h the slope for 600 or 70a 
feet to a lake. Thls active channcl i s  6 t o  10 I'cct wde, though the arex cavered 



by residue fs several hundred square feet and indicates that a considerable 
flow is coming from this seepage. The ndge at these two seepages is cover@ 
with moaq and muck, and there are no surface indications that it is made up 
of hard rock. m surface form the ridges are not different from others else- 
where that appear to conslst sf Pleistocene alluvium, but shallow excavations 
at these localities reveal an aggregate of angular shale deb~ia and clearly 
prove that hard rock f near the surface and that the ndges are the redi 
of the erosion of bedrock and not of all~~vium. This suggmts that signincant 0 
geologic facts might be obtained by piercing some of the ol her morn& or ridges 
in the comtal plain. LeffingwelI8* has described mounds in the Canning R&x 
region. He does not regard them as being made up of bedrock, but he reporls 
on the authority of natives that pet~olewn occurs at one afthem. e 
. T k  material expwsed in shallow pits is sandy and calcareous shale, whose 
structure can not be definitely determined, but i t  appeare to be practically 
horizontal. 

There is some doubt as do the correctness of the interpretation that. 
the fragments of rock found in the shallow excavations near the 
seepages are really aImmt in place and flat-lying. H. A. Campbell, 
one of the geologists of the oil company that staked claims at this. 
place, says that exposures were so poor that it was practically im- 
possible to determine their structure, but he recorded his observations 
as indicating a dip of 8Q0, though he specifically states that the rock 
may no: be in place. P. S. Smith, who, however, spent only a- little 
time in the Cape Simpson region and did not s the excavation 
referred to, regarded the occurrence of bedrock at the surface as 
extremely doubtful, as all the material he saw appeared to be un- 
consolidated coas tal-plain deposits;. 

There is, however, no difference between any of the geologists who 
have visited this region in their opinion that the bedrock that under- 
lies this part d the coastal plain and may, d mume. be v s e d  
anywhere at the surface if the mantle of overlying coastal-plain + 
sand and p e l  is removed is in generaktl~e same as that describsd 
in this report as d Upper Cretacmus age, which crops out on the 
Meade River 40 miles or more southwest of Cape Simpson; in the # 

cliffs south of Barrow, 60 miles west of Cape Simpson; and, at many 
other points. 

Samples of oil from the Cape Sirrpsm seepages we= collected 
by Paige and submitted to the Bureau of Mines for laboratory tests, 
As the samples were taken from weathered oil at the surface the 
tests can not be regarded u thwoughly indicative of the true char- 
acter of the fresh oil aa i t  occurs underground. The analyses of 
these samples LW as folEow: 

* L- E Be E, The Cannlng River region. northern Alaska: U. I. OpoL Survey 
Prof, Paper 109, pp 260-165, 1919. 
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B e r n  doubt light hydrocarhns have wpd from the m a c e  
though evapomtion in the Arctic climate may not have beea so rapid and may 
not have mken place at so high a temperature as in the better-known regions 
in lower latitudes. It i s  to be remembered, however, that the climate of this 
r@nn is dry. On the whole, therefore, while it i s  cUWt on the hasia of  the 
above t&a to predict the cornpsition of the unweathered oi l  it is pmcticeltv 
certain that the oil contains some d the lighter hydmcnrbons. It will be seen 
that 13.6per cent of the sample wns distIUed off  under 200" C. nt n pressure 
nf 40 mlflimetera 

I-S AS TO l'lWROLEUM IN THE UPPER CRETACEOUS ROCKS 
J 

From the vey  meager data that are available regarding the 
occurrencz of petroleum in the region, it is not justgable to  attempt 
to state general conclusions as to the geologic conditions that prevail 
in the area wherc the oil seepages occur. It is obviously even more 
unwarrantable to attempt pred~ctions as to the extent of possible 
oil-bearing axeas. In spite, however, or the admitted inadequacy 
of the necessary data and the many uncertainties surrounding 
thc interprctation of thc fcw facts that arc available to serve 
as a basis for judgment, it has seemed desirable to make ccr- 
t a i n  suggestions as to the probable extent and developmerit of 
pctroleuin in the region, cven though many or thcsc suggestions 
are littlc better than thoughtful gucsses or surmises. 

It is believed by all the geologists that the bedrock near the 
lrnown sccpages consists of the sandstonc and shalc that arc now 
mapped as Upper Cretaceous. This belief of course d m  not neces- 
sarily indicate that the oil occurs in these rocks. and much lms that 
it originated in tl~cm, but for the sake of siinplifying thc discussion 
it  i s  desirable to analyze lirst the consequences that might 
follow if the local bedrock is actually thc source and the rctainer 
of the oil. On this assumption the area in which oil pools might bc 
sought with .some expectation of success would be limited to the 
arca shown on Plate 2 as occupied by the Upper Cretaceous rocks. 
But not all of that arca would be potential oil territory, became the 
thickness of that scnies of rocks is estimated as probably 10,000 to 
15,000 feet. Therefore, in a large part of the area much of the 
Upper Cretaceous section would probably k below the limits of 
practicable drilling, even though some of that great thickness had 
baen removed: by subsequent erosion. The areas in which any 011- 

bearing beds in these rocks lie a t  depths within practicable reach of 
the drill can not be indicated closely in the absence cf data as to 
the position within the section at whlch the oil mqp occur. 

It may be stated, howeyer, that thp structure of the Upper 6 
taceous on the whole shows folding which, though in many placeg 
irregular aiid trending in different directions, results in giving t he  
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beds a dominant northward dip. In  other words. the base of the 
Upper Cretaceous lies, in general, at progressively greater depths 
toward the north. A t  Cape Simpson. therefore, the first hard rocks 
encountered below the surface are likely to  be high in the formation, 
far above the base, I n fact, there is some question as to whether there 
may not be some Tertiary deposits betm~een the Quaternary surface 
deposits and the Upper Cretaceous. I f ,  therefore, the Cape Simpson 
seepages come from rocks within a few thousand feet of the surface 
at that place, more than half the area mapped as Upper Cretaceous 
could be eliminated from consideration as possible oil territory, 
except where local synclines have brought down the higher rocks 
klow the level ~ v h ~ c h  the dip. if uniform, would have given them. 
But synclinal structure. as is well known. is not favorable for the 
accumulation of petroleum. so that these qncIines would not be 
promising places to prospect. Furthermore, the upper part af the 
Upper Cretaceous section in the areas where the socks are well exposed 
smns to be composed mainly of materials containing relatively little 
organic matter that would be likely to yield petroleum. Therefore, if 
thc pctrolcum originated in this part of the section, it probavg came 
from irregularly distributed masses or organic matter. and i n  that 
case the resulting oil pools are likely to be smdE md sporadically 
distributed, so that  search €ur them would probably be middy 
expensive and uncertain. 

If,  howevcr. thc sourcc of the oiI at the seepagcs near Capc Simp- 
son tvas far dotw~ in thc Upper Cretaccous smtion, the arca in which 
possibly productive pools might be found would be correspondingly 
incrcassd, though subjcct to thc restriction that the oil sands should 

* not lie too far below the surface to bc within reasonable drilling dcpth. 
TIiese conditions obviously mould be fulfil I ed best either toward the 
southern part of the area occupied by these rocks or farther north 
in areas where antidines have brought the lower beds relatively near , the surface. 

An assumption that the oil originated in the lotver part of the 
Upper Cretaceous series is open to some of the same objections that 
have been noted in  discussing the assumption that the oil horizon 
is high in the series. The lo\ves part of the Upper Cretaceous sec- 
tion consists principdly of sandstone and shale, which were laid 
down mainly under shallow-water marine conditions. Nowhere in 
the lower part of the series have any indications of extensive deposits 
of organic material been recognized. Even isolated fossils are rare, 
so that, as a whole, the rocb do not appear to be promising &rces 
of petroleum. Above the manne part of the section are beds that 
appear to have been laid dorm mainly in swamps and quiet water 

W43-3@--18 



on the land or close to it. I n  these beds are large accumulations 
of plants that no\\- form beds of coal. some of which are 20 feet or 
more thick. Deposits af the composition represented In- this part 
of the section, which has a measured thickness on the Iiukpolvruk 
River of ?',Om feet, are usually not regarded as favorable for the  
accumulation of petroleum. On the whole. therefore, acceptance of 
the assumption d a source in the lower part uf the Upper Cretaceous C 

section w-odd lead to the condusion that oi! pools resulting from 
that source would probably be smdl and rather few. Fortunately, 
however, the lower part of the section, or that part near the moun- * 
tains i n  many portions of the area, i s folded into rather pronounced 
anticlines -features which are in general structural lg favorable for 
trapping anv oil that has migrated from the near-by rocks. Areas 
of favorable structure are therefore common and may be found lvith 
Iittle search in almost all parts of the region occupid by the Upper 
Cretaceous rocks but more particularly In the southern part. Some 
of these anticlines are 10 to 30 miles long and have a structural 
closure of several hundred feet. It is strange, however, that if oil 
is present in this part of the region where favorable structure is com- 
mon, no signs of it have been seen near any of these antic1 ines. This 
is a bit of negative evidence that should be taken as a warning td 
investigate fully before entering into any project of oil development 
in this region that will require larger expenditures than can be 
comfortably risked. 

INFERENCES AS TO PETROLEUM IN THE IDWKR CRETACFDITS AND RELATED 

R m  

Because of the apparent great thickness of the Upper Cretaceous r 
rocks it is with some hesitancy that the possibility that the oil near 
Cape Simpson ~~s derived from still older rocks is suggested. The 
next underlying series is the Lower Cretaceous, which is estilnated to 
be itself 10,000 to 15,000 feet thick. The top of this series every- 
where north of its contact wit11 the Upper Cretaceous lies under s 
thick cover, which at Cape Simpson must mount  to many thoustand 
feet, and its base in all areas north of the Colville River is presum- 
ably far beyond the reach of the drill. On the whole. its jithologic 
character is also not such IW to indicate that it is a promising source 
d petroleum, as it, too, appears to be a marine deposit that wm laid 
down-in relatively shallow water, with normally little organic ma- 
terial. However, there are some indications that near the base of 
th~s series or in the underlying formation oil shale occurs that might 
furnish an adequate source for the petroleum. The field data re- 
garding the occurrence of the oil shale are estremely scanty, as 
much of the material was found only as float, so that the exact strati- 
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graphic position o f  the ledges from which it came is unknown. Thw 
only locality where a specimen was obtained from rocks in place 
is in an area of pronounced faulting and folding so that the rela- 
tions are obscure and not clearly determinable. 

One d the float specimens of oil shale was found on the Etivluk 
River on the bar a short distance upstream from Camp S July 8, 

.sr which, as wiIl be noted from the geologicmap (pl. 2) is only a few 
miles downstream from the base of tlie Lower Cretaceous in the 
northern area of those rocks on that river. The structure at this: * place is rather complex, as the beds have been partly overturned: 
and perhaps profoundly faulted, but there seems to be small reason 
to doubt that the oil shale came from strata, near the base of the 
Lower Cretaceous rocks or from sedimentary rocks farther up- 
sb;learq all of which are at least as old as the Lower Cretaceous- 
That there is probably a good deal of material uf this sort near this 
place and consequently that it has not been transported far is in- 
dicated by the fact that W. L. Howard, of the Stoney expedition. 
on his trip,dom the Etivluk in 1886, found near this place materia1. 
which he described as "a substance caned wood ty the natives, 
It was hard, brittle, liglft brown in color, very light in weight, and 
burned readily, giving out guan tities of gaq. This materi a1 was scat- 
tered about in all shapes and sizes and Da91v3 some - 
time ago suggested that the material described by Howard was prob- 
ably a petroleum residue, and this interpretation has 'been acmpted ty 
later writers. However, the close similarity of Howard3 material x 
described to the material coIEe~ted by the Geological Survey, which 
has definitely proved to be an oil shale, seems to make that suggestion 
untenable. 

I A microscopic examination eb the specimen collected in 2Z-4 
(24AS51) was made by David White, who wrote regarding it as- 
follows: 

d ExamLnation of thin sections of this spedmen under the mlmsmpe shows. 
that the rock is made up very largely of the flattened exines of a single type 
of Iarge megaspore. These exines appear as coHapsed or entlrely flatten* 
I E d e  golden-yellow bands. The specimen is so remarkably similar to ta* 
manite Illat no vlolence would IM clone in calllng It by that name, though the 
mrga9porm may have been prodoad by a different plant and the chemicaIt 
con~position may M e r  somewhat horn that of the material from Tasmania 
descrihd under the abave name. Rough test-tube tests fif the material, which. 
is &y co~nbustible, indicate nthcr copious condensation of hydrocarbon 
gases in the form of viscous distillate. 

Stoney, 8. H., Navd explorations In A l a h ,  p. 69,Annspolls, 1900. 
"Martin, 8. C,Prelfmfnary report on petroleum In Alaska: U. IJ. Ged. Sumq ~fl, 

710, pp. BF-70. 1921. & 
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The locality at which oil shale was found in place  as on the 
Kivalina River about 4 41es south of camp P April 19, near the 
east end of the section shown in Figure 10. Here the shale 
(26AS35) is separated from the rest of the exposures of Triassic 
chert by 25 to 30 feet of broken rock and slide, so that the relations 
are not determinable, and there is considerable doubt as to whether 

C the shale is part of the Triassic section or part of the infaulted -a 
Lower Cretaceous rocks that occur in close proxirniiy to the Triassic 
both to the east and to the west. I n  this report, however, the shale 
has been considered pro bablp Lower Cretaceous. e 

Two other pieces of oil-shale float have been received through the 
courtesy of (L D. Brower, of Barrow. One of thae (MAS%) is a 
nearly black he-grained rock of light weight somewhat resembling 
cannel coal that is said to have been picked up by natives near the 
head of the Meade Ftiver. The other (26AS95) is a rounded pebble 
of practically the same appearance that wa5 found on the beach 
near the mouth of the Meade River. The surface of the entire 
mgi& tributary to the M d c  h v c r  is rcgarded as underlain by 
rocks of Upper Cretaceous or younger age. so that. if thcse float 
fragments came from ledges within that valley, they are presumably 
not older than Upper Cretaceous. TI-lere is, however. a possibility 
that they may have ibeen brought into the Meade Valley by out- 
wash from the Lower Cretaceous or older areas lo  the south in 
relatively late geologic time, or t h y  may have bem derived from 
those areas and built into t h e  Uppcr Crctacceus rocks as pebbles, 
which havc subsequently bccn frccd from their matrix by later 
erosion and weathering. Thc possibiIity that one or the othcr of 
these explanations may be correct is indicated by the abundant chert 
and other h a e n t s  of Triassic age recognized both i n  the Upper 1 

Crctaccous rocks and in Ithe unconsolidated deposits. The sourcc 
of this material is therefore extremely indefinite and consequently 
of little significance i n  determining the probable source of the 

# 

petroleum or the extent of these shales, In spite of the absence of 
adequate basis for formulating evm a guess as to the source of 
&his material. P. S. Smith hazards the opinion that, as it is so un- 
like any material k n o ~ w ~  in the Upper Cretaceous sequence, it is 
more likely to have come from some lower formation, and conse- 
quendy it is noted in this section of the report. 

Material that appears similar to the compact oil-shale float from 
&e upper Meade Rirer is by no means unique, as is shown by the 
fact that a few labrets formerly worn by the Eskimos, apparently 
made of  similar rnateAa1, have been seen. and one was collected a t  
Point Hope These labrets had apparently h cherished because 
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d the relative rarity of the material, as well as because of its light- 
neris and the ease with which it cou ldh  shaped. 

I f  oil shale similar to that which has beat found really forms part 
of the Lower Cretaceous sequenoe, it might possibly afford a source 
for oil in the overlying be&. Some o f  the samples indicate an oil 
cantent of over 50 gallons to the ton of rocks, so that as a horizontal 

9 bRd of shale 1 foot thick contains about a million tons of rock 
for each s uare mile of its d e n t .  it is evident that any considerable 
volume af ese rocks would 'be a potential source of much oil. lherc 

I 

9, 
are many dificultiesin the way of accepting this shale as of Lower 
Cretaceous age and considering it the source of t h e  petroleum, es- 
pecially d the petroleum at Cape Simpon. The principal difi- 
culty is that the lower part of the Lower Cretaceouq series is there 
likelv to be 20,000 feet Mow the surface and that petroleum rising 
from that depth would doubtless find many sands in which it kvould 
k trapped before it reached the surface, and consequentlv signs 
of it should k fairlp widespread Therefore, if this shale is the 
5ource of the petroleum, i t  would seem inevitable that  petroleum 
should be apparent as seepages in some of the areas farther south, 
where the structure is favorable and the shale less deeply buried, 
But no such seepages were seen. On the other hand, if there is an 
oil shale near the base of the h w e r  Cretaceous, oil pmls might be 
found in any place where the structure i s  favorable in the area 
to the north, and commercial p o l s  might he Sound where the ac- 
cumulation had taken place near enough to the present surface to 
be within the reach of the drill. I n  t h i s  connection. it will be Em- 
portant to deternine the underground extent of the Lower Cre- 
taceous rocks, for there are indications that near their northern - margin they are unconformsbly overlain by the Upper Cretaceous 
rocks. so that they may not underlie the entire area whose surface 
is made o f  the rocks. There is. gf course, no way in which 
these facts can lx adequately determined except by the use G4" the 

Y . drill. 
Furthermore, data should be obtained to test the assumptian t h a t  

there is oil shale in the stratigraphic position suggested and, if sq 
to det,ermine its thickness and its lateral extent. Thia dest could be 
made by means of relatively shallow drill l~afes or excavations, but 
of muse it would not prove the occurrence of commercial oil pools, 
far tliere are many intervening steps hetwm finding a possible 
sourcc or petrolcum and determining that it yields petraleum and. 
if so, the probable lmation of the pools. It seems probable, howam,, 
that the mountain-building forces, which are known to have affected 
h t h  Upper and Lower Cretaceous rocks, were adequate to have 



formed petroleum if oil shale formed any considerablepart d either 
series. 

The foregoing suggestions apply exclusively to the more or less 
.continuous areas d Upper and Lower Cretaceous rocks north of the 
J3rooks Range. They are not applicable t o  the infolded and infaulted 
areas that may be found within the range, because these areas are 
xelabivsly small and usually represent synclines or grabens, which B 

me structurally not conducive to the collection and storage of oil. 

INFERENCES AS TO pgTflOE;EDrll LT THE MISSESSIPPlAK OR OLDER ROCKS * 
. The oil shales noted hmtofore, either as float or in place, are 

believed t o  be younger than Paleozoic because of their general com- 
position and because of the lesser amount of defamation they have 
undergone. There are. however, many limestones in the Paleozoic 
section in this region, and limestone is believed t o  be a source crf 
;petroleum in many oil-producing regions elsewhere. No signs of 
petroleum seepages. however, have been noticed in the vicinity of any 
of the Paleozaic rocks in northwestern Alaska or elsewhere in Alaska 
where these Mississippian beds are weU exposed. It is true that in 
places the Lisburne limestone has a slightly petroliferous Ddor on 
fresh fracture, but, as is well known, practically every limestone 
that has not been intensely metamorphosed and recqstallized is 
likely to have that odor, which therefore has no special significance. 
I t  is almost inconceivable that  the petroleum in the C a p  Simpson 
region came h m  these rocks, unless there are great structural dis- 
cdrdancw, for they must k~ buried there under tl~ousands and pw- 
sibly tens of thousands of feet of later strata. This same condition 
probably also exists in much of the region south d the seepages - 
nearly to the northern front of the Brooks Range, so that this for- 
mation lies generally far beyond the reach d the drill. The Lisburne 
limestone is itself apparently intensely deformed, broken. and dis- 
located, so that, even if it were the source of the petroleum, its w 

structure is not favorable for retaining any notable amount of the oil. 
In that case any oil that may have originated in the mks before 
$hey were buried under deposits of later sediments would in all 
probability have long since been dissipated or, if i t  were formed afier 
these rocks were buried, the oil would doubtless have escaped into the 
overlying rocks, such as those of the Cretaceous system, and would 
have accumulated in them in places where the structure is favorable. 
I n  distribution and extent oil pools formed under these conditions 
would therefore closely correspond to those that might have been 
formed from a source within the Cretaceous rocks themsehr~s-a 
aondition that has been rather hlEv discussed in the preceding pages. 



Although there are several other limestones in the geologic column 
below the Mississippian, none d them have shown any indications o f  
petroleum, and all of them doubtless f e too deeply buried to be even 
considered as a possible source of the petroleum in the seepages near 
Cape Simpan. Furthermore, all the m h  older than the Mississip 
pian are a s  highly deformed, broken, and metamorphosed as those 

Y 
rocks, or even more highly, so that the chance of their retaining oil 
that may have olginated in them is as bad or worse, and many d 
tl~em are of such lithologic character thaf they could not be regarded 
as promising for the production of oil. It seems, therefore, that 

@ in the absence of any direct evidence to the contrary the conclusion 
is practically justii"1ed that the chances of finding commercial pools 
within the area wcupied solely by Paleozoic or older rocks are 
extremely pow. This conclusion applies not mly to those areas 
where the Paleozoic rocks form the country rock at  the surface but 
equally to the underground extensions of these rocks under the cover 
of M~sozoic socks I n other words, if in test drilling in areas of the 
Cretaceous rock the younger rocks are penetrated and Paleozoic 
rocks are encountered, it would be unwise to continue drilling deeper 
unless definite evidence of petroleum is observed. 

SDMYARP OF ( = W m C  CONCLUSIONS XEELATINO TO OK ACCUMULATION 

The rather indefmite suggestions made in the Poregoing remarks 
may be summed up as follows : 

Sources of oil in the Paleozoic rocks are extremely problematic, 
and the structure of those rocks is such as to make the probability af 
oil pools in them extremeIy doubtful. 

A strongly indicated source of oil is the oil shale, whose position, 
c tiough uncertain, is tentatively placed near the base of the Lower 

Cretaceous series. This shale is likely to be widespread and there- 
fore is likely to have supplied extensive p l s  in widely distributed 
favorable structural features in the overlying rocks, many of which - should k found at depths within reach d the drill. 

No widespread promising sources of oiI are recognized in the 
Upper Cretaceous mks or in most of the Lower Cretaceous rocks, so 
that if oil pools have originated from spomdic deposik within these 
rocks they are likely to lx small and of extremely sparse distribu- 
tion, though structural features favorable for retaining petroleum 
are widespread. 

GEOGRAPHIC FACTOR5 CONCERNED IN OIL DEVELOPMEIT IN REGION 

The consideration of various geographic factors is perhaps d equal 
or even greater importance than that of the geologic factors for any- 
mw investigating the possibility of developing oil pools in this region. 
Certain geographic factors that will have an important berring on 
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any developments undertaken in northwestern Alaska are transporta- 
tion, labor, supplies, and working conditions. 

There are no regular lines of transportation to or from or within 
the regon, wh~ch is accessible nav only by long, arduous overland 
journeys or by occasional trading vessels in  the short open season. 
There are no harbors within several hundred miles for ocean-going 
vessels, and frequent stonm, fog from the ice pack, and the pack 
itself make navigation dangerous a t  all times. The sea is closed to 
navigation for fully ten months a year, and even during the two 
other months there is no certainty that the ice pack may not be 
driven in against the coast. The ocean is so shallow that vessels must 
lie a mile or more off the coast in the open roadstead and send goods 
ashore in mndl  boats that can land directly on the beach, as whan~es 
or loading devices can not k maintained because of the ice. The 
rivers are shallow and swift, so that they can be utilized for trans- 
portation only by small boats. There are no roads or even trails that 
are marked on the ground. Horses can not subsist on local forage, 
cv~m during the summer. The use of wheclcd vehicles or tractors 
across countq in the summer is attended with serious difficulty, 
because of the soft surface of the ground and the spongy mat of 
vegetation. 

Outsidc of wild meat and reindeer the regon produces no food 
suppliw that would bc requircd in oil dcvclopment. No foodstuffs 
can bc grown outdoors in thc arca included within thc naval petro- 
leum rcscrvc. Thc nearest trces that could bc used for construction, 
even of shelters, grow nearly 3C)O miles south of Barrow. Coal could 
probably be obtained at many places of suficimtly good quality to 
meet all demands that might be made for local supplies of fuel or for 
such power as is n d d  in opcrating drill rigs. Even water for thc 
operation of boilers may be difficult to obtain except during the short 
open season or by melting ice. Storcs in Alaska at which machmery, 
tools, and less ordinmy supplies can be obtained or repairs made are 
a long distance from the reserve, and many necessary things could H 

probably be obtained only from the States, tvhlch. in terms of time 
for a round trip, are a year or more distant. Lwge docks of sparc 
parts must therefore be maintained at all times and wants anticipated 
for a year or more, thus adding materially to the cosf d operation. 

There is practically no near-by supply of labor of any kind. Prob- 
ably less than a hundred whites and a few thousand natives live 
within several hundred miles of the area that may be 011 bearing. 
The natives as a rule are not accustomed to regular routine types of 
work. and probably only a few could be counted on to remain 
steadily at work, even if they were induced to start. The inacces- 
sibil~ty and remoteness of the regon, lack of relaxing interests, and 
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the rigorous climate, with its long winter d darkness and cold, would 
deter people from accepting mp1oyment there unless unusuaI attrac- 
tions in the way of pay or accommodations were ofTered as induce- 
ments. and these would doubtless increme operating costs. Doubtless 
some o f  the adverse climatic conditions of the region are werem- 
phasized in the minds of many people, because it is believed that * with proper preparation and precautions much work could be carried 
on effectively and with reasonablecamfort throughout the year except 
during periods of storm; but the climate a t  best is not such as to 

r) attract people, though unquestionably it is far healthier than that 
o f  many regions where people live and work 

RECOMMENDATIQNS REOABD1,IN C) FLTRTHER INVESTIGATIONS 

The foregoing analysis of the data available regarding the p s i -  
bilities of finding and developing petroleum in northwestern Alaska 
is obviously incomplete and inconclusive in many respects. There 
are still large tracts that have not been examined at all, and even in 
those tracts that have been traversed the work was necessarily done 
so hurriedly that mfE~ient time could not be spared to work out in 
detail many d the facts of geologic significance. Obviously further 
information bearing on any of the unsettled problems will k useful, 
and evidence bearing directly on the occurrence c f petroleum in the 
region would be of inestimable value. Some doubt is felt, however, 
whether at this time further general scouting or, reconnaissance 
through the region is the best method of obtaining significant data, 
though later j t would unquestionably be essential. Instead, the 
writers believe that the next move that should k taken in the search 
for oil in this region is to determine certain details d structure and 
other geologic data by means of drill tests in the vicinity d the seep- 
ages near Cape Simpson. Such tests could probably be made rather 
inexpensively with a light drill rig, which could be moved rather 
readily from place to place and drill holes a few hundred feet deep. 
I n  such drilling no idea of bringing in a productive well should k 
entertained; the sole object should k to acquire accurate data on the 
geology d the area adjacent to these seepages. Consequently it 
would be essential that a c o m ~ t e n t  geologist should keep in close 
touch with the drilling operations, careful ty collecting samples at 
frequent intervals, constructing an accurate log of the formations 
penetrated, correlating the logs of  different test holes, determining 
the areas to lx tested, and planning the general campaign. 

After enough data have been obtained from this source to indicate 
the general mode of occurrenm or source of the petroleum further 
scouting in the areas that appear likely to possess simiIar character- 
istics should be prosecuted vigorously by both reconnaissance and 
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ddail surface methods of geologic investigation, anri.where necessary 
it should 23e followed up by drill tests or such other methods as are 
indicated. 

The plan outlined above involves considerable expense. I n  fact 
the estimate originally made for adequate geologic investigatiuns 
alone by the Government in the reserve amounted to %500,000, of 
which less than $IsO,w#, has been made available. It must be borne x 

in mind, however, that the returns from the discovery of a success- 
ful field would be many times these amounts. An oil field in this 
region that would yield only a few million barrels of oil might & 
for all practical purposes be regarded as of no present ecunomic 
importance. Unless, therefm, a very large potential field is indi- 
cated, development is not justified, so that the relativ* large sum 
that will necessarily be required to find out the real situation will 
be only an insignificant part of the investment that will eventually 
be needed, Consequently, a search for oil in this region should 
not be undertaken by any organization that is not able and wqling 
to finance adequately the necessary preliminary work, even t bough 
that work should prove that the field is not capable of cornmenial de- 
velopment Moreover, the handicaps are in general so much greater 
in northern Alaska than in California, Oklahoma, or many of the 
other fields that to be compelled to operate under the laws relating 
to leases of the public lands which may be appropriate to those 
localities would work a hardship on pioneers in t h e  search for petro- 
leum in northern Alaska and would serve moE as a deterrent rather 
than an incentive for unde r t ahg  the necessary financial risks. Pms- 
pecting for oil in this region a t  the present time is wildcatting of 
a most speculative kind. For a person or company that can &ord 
to enter the field with all these conditions clearly in mind and with s 

a very large money backing, it does hold some attractions. Some 
oi) occuls in that region. How much and where it is are questions 
that still challenge the resourcefulness of geologists, petroleum engi- # 

-, and leaders of business enterprise. 

COAL 

The coal resources of the region are very great, and though at 
present they are practically untouched, they constitute an asset whose 
value will be manifest whenever extensive developments of any of 
t l ~ e  resources of near-by areas are undertaken. Three main types of 
coal deposits may k distinguished on the basis d geologic age. 
These are the Mississippian coals, i n  the Lishme region; the Upper 
Cretaceous coals, occurring principally tlmughout 8 broad tract 
north of the Brooks Range; and the Tertiary coals, which are usually 
in more clr less isolated tracts and are h o r n  principally in the valley 



of the Kobuk Each of these types will be described in some detail 
, in the follow~ng pages. 

Before passing to the detailed description of the coals themselves 
it is desirable to note some of the general facts bearing on the possible 
development of coal resources in the regon at the present time, 
According to the latest data available the entire Territory of Alaska? * consuned during 1926 less than 160,QQOtons of coal, of which about, 
87,000 tons was produced from inines located near the Alaska Rail- 
road, and a large part was used in the operation of that railroad; 

e practically all the rest was produced froin inines located outside of 
Alaska. It is not possible to,dt=termine the extent of the market 
that would be open to these northern Alaska coals in competition with 
the high-grade coals along the Alaska Railrod and the imported 
coals from Washington and other Western States and British 
Columbia and other countries bordering on the Pacific. The follow- 
ing figures showing the amount of cod imported to Nome. which 
is the largest town in northwestern Alaska and the port of entry 
that serves most of the region to the north and which is 300 to 500 
miles or more from these coal fields, are significant : 1925,6,760 tom+; 
1926,2399 tons; 1927,3421 tonsawn It is a liberal estimate to place 
the amount of coal consumed in the territory lying within 500 miles 
of these coal fields as measured along the lines of o r d i n a ~  routes of 
transportation at 10,000 tons a year, and because of the dangers and 
difficultics of navigation thcse coals can not advantageously be 
moved far by ships. It is evident that undcr the prcsent conditions, 
with so small a local market, there is little probability of developing 
these fields commercially in the near future. Costs are bound to k 

* high bemuse of the rmnotmcss of thc regon, which involvcs all the 
factors a1 ready discussed in the consideration of the possible develop- 
ment of its oil resources. 

The foregoing statements are not intended to indicate that a large 
a market may not eventually be cleveloped but relate simply to cur- 

. rent conditions. Brookss4 in his analysis of the-possible markct for  
Alaska coal on the Pacific seaboard estimated that under the con- 
dihons that prevailed in 1909 there were inarkets for approximately 
120,000 tons of Alaska cod practically without comp&tion with, 
coals from other fields, for 350,000 tons under competitive conditions 

n but with competition favoring Alaskan coals. ar Tor 1,000.000 tons 
under competitive conditions about even. These conclusions were 
based mainly on analyses of the situation relating to the coals from 
the Matanuska and Bering h v e r  fields, in south-central Alaska. It 
* m d ,  El. IV. J., memorandum COW d reports o f  deputy rollertor, Customs Service, nt 

Nome, Alush .  
YBm% A. H., Alaska cml and i t s  atlll%atlon : U. S. M I .  S u r v q  Bull. 4-42, p. 94, 1910. 



is evident from the small mount of cod now produced in Alaska 
-that these possible markets have by no means been fully preempted 
hy coals from these much more favorably situated fields. The coals 
from the northern fields, however, obviously codd not enter nearly 
so large a market. How large a market is open to  them is not 
determinable from the facts in hand. It would therefore seem that 
the task of finding and proving an available market for a specified x 
tonnage would k the first thing to k done by anyone considering 
the development of coal deposits In this regon. 

The same handicaps regarding transportation, supplies, labor, and @ 
living conditions that were discussed in connection with oil develop- 
ments in the region appIy lvith at leist equal force to coal develop- 
ments. 'In fact, the problem of transportation of the. coal is perhaps 
even more difficult, because the mobility of oil might allow it to 
h piped cvhere cod wouId have to k transported by railroad or 
ship. Furthermore. probably a larger force of workmen would be 
required to mine coal. and the variety and amount of machinery 
and equipment that would be required would dso be greater. 

Coals of Pdcozoic age are known only in the vicinity of Cape 
Lisburne. and these arc considcrcd to bc of Carboniferous agc. 
Several claims have bcen rccordcd on thcsc coats, but no mining is 
in progress and no appreciable amount of cod has been produced. 
T k  coal localities have been rather fully described by Collier O5 as 
follows : 

EXTENT 

The coal-bearing mernher is apparent1 y near the bottom of the series, O\ving .e 
to  the comnlicatcd structure of tlte racks or tlre Lotver Carboniferous series. 
the coal-bearing Cormation outcrops m limitcd areas, whose inland extensions 
and outlincs can be ddermined only by more detailed work than t11c time 
allowed this expedihon. ? 

The coal-hearing nlenlbcr outcrops in several small areas near the coast ~03th 
pf C a p  Lisbume, w gukpnk RiveE about 15 miles from the coast, and on the 
coabt ill Cape Thompson The coal beds were not reported by any of the early 
explorers, and they have not bcen worked t o  any extenl by whalemen. They 
were h t  secognlwd as dlstinct from the Mesomic coals by k G. Maddren, 
who visited one of the localities in 1800." Small amounts af t l ~ e  coal have 

test& in galley stoves, and a fez\ tons have been mined for use at the . 
Point M o p e  whaling hation, but there have been no large amounts mined, nor 
have analyses made previous to 1904. 

Collier, A. 5., M q y  and con1 rwmrres of  the C u p  U~barne region, Alaska : U. S, 
Uml. Survey Bull. 278, pp 43-45, lW6. 

Schmdw, F. C, A reconnmissanrrin no&m b k a  : U. S. GmL Survey Prof. 
PO, p. 113, 1904. 



COAL 

It is said to give a more intense fire than Nanaimo coal, but engineers of 
the revenue cutter Oarwipe regarded it as too hard to burn in furnaces not pe 
vided with forced draft. 

LOCALlTIES IN DETAIL q 

'8 
Four milesm south of Cape Lisbume black coal-bearing shales outcrop fo r  

about half a mile in a cliff about 50 feet high back of a narrow k k  The 
locality, a famous camping place of the n~tives, is called Niak and is mar 
the mouth of a large creek from wllich vessels have occasionally taken water. 

4 On the south. side the sh11es are in contact with the massive Limestones which 
a p  faulted over them. The outcrop of the formation extends inland In at 
southeast direction. but its lunits have not been determind. The shales are 
very much crumpled, and the inclosed coal beds are often sheared so that no 
continuous bxi remains, but the cml occurs in lenticular masses along fault 
planes. Yaddren reports seeing a 4 or 5 foot bed of cod whose outcrop 
extended across from the coast to the creek and uhich dipped north a t  am 
angle d FOo . Small amounts have been mined from the lenses noted almve, and 
Mr. Washb~me reports that he saw a pile of coal which was mined and sacked 
preview to 1904. A sample taken from these sacks was analyzed by W. T- 
Schaller wifh the following result : 

I Per cent 
Fixed  ban---,,,,,--,,,,-------^^^^^^^^^^^^^-+ 77.83 
Volatile hydmrbon -,-,,,-,,--------------+------ 16.64 
Modstme --,,--,--------------r-__----~--h---------- 5.77 
As-,,,-,-,---,,-----------,---,-,,-,,, a04 

100.00 
None. 

Color of ash ,--,,-,-,-,,---,- ,I-,_ --I--------- Llght gray. 
h e 1  ratio ,-----,---,,-------,--- ,-I 4.97 

About lmile south of Cape Lewis, which is a promontoy nearly 1,000 feet 
Y high 11 miles south of Cape Lisbume, there is a second exposure of coal-bear- 

ing shales uhich outcrop for  half a mile in a low cliff back of the beach, 
Them shales c a q  in addition to the coal abundant fossil plants of Paleozde 
+. Beyond the short clifi' no outcrops of coal have k e n  observed, though. 
there are occasional outcrops of black shale for 3 miles to Cape Dyer. T b  
coal-bearing shales are overlain by thinly bedded liinestones and black cherts. 
and slates, which are in turn overlain by the massive lirnestotles of Cape 
Lewis, and they appear to rest c d o m a b l p  an the massive sandstone d which 
C q x ,  Dyer la composed. 

The coal beds at this point have not been developed and have fielded no 
coal. Though only one bed of auBcient thickness to mine has h digcovew 
it is probable that a small amount of development would uncover several beds, 

" T'hls d w r l  tlon la bused on the work o t  C. Washbume. The IocaIIty was not visited 
b~ the writer [Edlierl. 
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some of which may be d sufticient size to work. Since the simch~re drres not 
aeem greatly complicated, the M may be found to contain a considerable 
quantity of workable coal. 

'The outcrops which w e  examined are at a point about 1% miles south of 
Cape Lewis. They are usually covered by t a l ~ ~ s  from the dlft, but the locality 
can be easily mopized, since it i s  the flrst rock exposure south d a creek 
about lmile swth cB" the cap=. 

The upper Id of coal strikes N. 7.6" BI, and dips north at an angle of 40". t 
It is 4 feet thick but is considerably crushed. and only material call be 
obtained fromythe cn~ppings. The seam has one medl Fnslistinct parting war 
tlie middle, It could not be traced back from the coast on account of a heaag- 
covering of chert and limestone dbbris. The roofl d the coal bed is  hard g m y  B 
fire clay, and the wderlsing beds are hard black &e clays or slates containing 
fossil plant remains. Two smaller W s ,  which could not be measured, out  
crop south d thls- at intervals ol' about 50 yards. Their clverlpiilg and under- 
lying M s  are similarto those of the bed described atmve. A sample was taken 
by the writer across the whole face of the 4-t coal bed, which, when analyzed 
by W. T. Schaller, gave the following result : 

Aaolw&a o f  danl from beds 1 miJe south. of Cape M a ,  Alaska 
Per cuni 

E'b& m h n  ,--,,--,,,--I--l----- - - - - - - - -  70.33 
Volatile bydr~arbon,,-,,--,---~-----------~----------- aJ.6 
Mdertn~,,,,,,,,,,---,,,,-,-,-,--,,-------,------- 5.51 

Sulphur ,-,,,,,,,--,-,-,----,--- --- ,98 
Ifokee~--~,,-,,,,-,,-,,--,-,--~-~--ICI-ll--C Nonc. 
Color aE MIL ,,-,,--,,,, A ,,-------- -- Brown. 

A a area d these coal-b-g rocks rcaches Ulc coast muth of Cape 
&yer, and the coal beds are cxposed in a low cliff, which k marly continuo- 
frotn Cape Dyer to the high bluft called "The Ems," a distance of ahout a a ~ l e  
and a half. An abandoned native settlement here b c m  the name 
and thc name f applied by the writer Lo the creek near which the old houses 
staad. 

a p e  is about 18 miles south of Cape Lisbume. Seen from the noah r 
i t  appears as an isolated butte standing out in  the sea, Ihe land hack of it 
Eking much lower. The coal-henring formation probahlv m e  back of the 
high point with the above-mentioned area south of Cape Lewis 

The coal-henring rocks consist it black shales and &tea interbedded With 
limestone or l ~ d ,  light-colored l5re clay. At the norul end of thie expome 
tbey overlie the massive sandstones of Cape Dyer Wih apparent codormity. 
At the south@nd the sandstones overlie the shales, the oonta=t relation being 
a well-defined t h n ~ s t  fault. Where exposed in the cllFI, the shales and inter- 
Bedded l h e s t m e s  are very much crumpled and often faulted. 8, J. Mamh 
reports that tn lsOO a schooiler on which he  wae a passenger obtained about a 
%on -of con1 lhere for use in the galley stove. There has baea. no development, 
m d  there are no indications that the coals have b3aL worked; moreover, 

mdoomdfag to Dr. John B. DrIgga, mimionary at  Poht Hop, CaBaIOa la the nntive 
n m & r  CapeDyer an well as for the old ~ i l l i ~ w ~  



development will he dU3cult and mining expensive on account of the disturbed 
condition or the M.  Coal h d s  outcrop at several places, hut i t  is impossible 
to determine their number, since some of them may be repeated. The largest 
hd rn measured 40 inches and dips to the south a t  an angle of 6Do. The 
coal s more or less crushed, and from the croppings on]! small pieces can be 
crhlnin~xl. Only one or the other beds presented a measurable exposure; this is 
a bcd 1 fool thick and threefourths mile south of Cape Dyer. The coal from 
this kl was pbtained in large pieces. A sample taken hy the writer am- 
tile lnrgc bed gnve the t'nllowinp analysis : 

Araa@iia br Mat collecte& 1 14Ee south or Uape D m ,  A h k i 3  

Prr mt 
PIX& c a r b o n , , , , , , , , , , , , , - - - - - - - , - - , , - - - - - - - -  79.88 
Volatile hydrocarbon ,,--,,,,,,-------------,- - - - - - -  16.62 
M ~ U M  ............................................ 1.71 
Ash ,,,,,,,,,,,-,,,,,,,-,,--,,-,,--,--,-,-,---,--,--, 281 

1m.m 
Coke-,,,------..-----I----t,ee-,e,--,,-,,------,,,,,,---- None. 
Oolar d aah -,,,,,,,,,,,e,-ee----~~~---,--- Wght brown. 
Fuel raflo,,-,,-,,-,,,,,-,,,,------=,,~-----------,, 5.55 

Con1 beds pmhahly d tlliw Sonnation outcrop on Kubpuk River about 16 
miles from its mc~uth. Tl~ese hovt  not hecn cxnin~ncd hv [he Imter, though 
the Occurrence 11ere of the cool-henring firnnntion was ohcwed. Specimens 
01' cannel coal of gtwd quality are Ihtind on thc k c h  at Ilre mouth '3. ~ l i c  
river, which m a v  have baen \vnshed doiln, 2hough alaeir murce in thc bedrock 
has not been' found, and Ilev may have come liom eithcr thc Mcsomic or 
Paleozoic b m a t ~ o n s .  If coal should he dci.cloporl: on this riwr, Marryat 
Inlet c t ~ ~ l d  he wed as a shippmg point for small cnrpocs. 

CAPE THOYP80I  

Similar coals hatre h e m  reported from Cape Thompson, ahout 40 milm south 
a€ Cape Lisbume. The Carhn~ferous rocks nre hnotm to csitnd to Cape 
Thompson, and the cllf'i's when rreen from a disinncc appear lo contsin s h a h  
sinlilm to those of the coal ~'OIIII~I~IMI, hut the l o ~ ? l ~ t y  has not hm cuamincd 
by the writer. 

It is evident fiorn Collier% description that the coals have high 
fuel ratios, .but many of the beds are crushed and broken, and the 
largest beds are about 4 feet thick. According to the empirical 
formula used by Collier he estimated that these coals had an avcrage 
heating value of 7,715 calories. or 13.887 British thermal units. Ap- 
parently these cod beds do not extend over any considerable area, 
and beawe of their complicated structure they will be marc difficult 



and expensive to mine than the Mesozoic coals. Colliereg sum- 
marized his views on these coals as follows: 

It is therefore safe to say that the Paleozoic coals of the Ckburne region 
warrant investigation, and it is not unreasonable to expect that in the f m r e  
their exploitation will contribute an appreciable addition to the value of  the 
mineml output of Ahlarka. 

This conclusion appears to be somewhat stronger than the present t 
writers would be willing to express, if it is considered to apply to the 
relatively near future and if it is regarded as warrant for encourag- 
ing small operatom to enter into the development of that field now. C 

MESOZOIC COAL FIELDS 

The uncertainty as to the age of the rocks in the Vicinity of C& 
and elsewhere and their assignment in this report to the Upper 
Cretaceous is ful ly discussed an pages 194ta 1%. As these rocks con- 
tain numerous coal beds, the szme uncertainty exists and the same 
conclusion and treatment have been adopted in describing the w a b .  
Thus the Corwin formation, which may be Jurassic, and certain 
coal beds in the Colville Valley that were originally descnied by 
Schrader as Tertiary have k e n  grouped together because of their 
general areal and stratigraphic relations. As thus grouped these 
coal beds extend through a large tract of country from the Arctic 
coast at Cowin to the Cdville River. They probably also extend 
farther east, as natives report coal on the Sagevnnirktok and Shavio- 
vik Rivers, and Le5ngw~ll observed in the upper part o f  the Ignek 
formation certain red beds which he interpreted as marlring the 
Iocation of former coal beds that have burned. 1 

Within this area coal beds have ken recognized at many different 
points. Near Cowin the coals have been seen at short intervals 
from the low hill immediately south of the mouth of the Fitrnegea 
River westward to a point 1 mile beyond C m i n  Bluff and inland r 
for 3 to  5 miles from the coast. The area actually occupid by coaI 
beds as mapped by Collier was about 100 square miles. About 10 
miles east of Cape Sabine Collier also noted coal k k ,  and about 
17 miles beyond that point in the  hills back of Cape Beaufort zm 
other b d  that had previously been noted by Collie," Schrader, and 
others. 
On the Kukpowruk River coal beds we= found all the way from 

a point near the mouth to a point about 25 nliles in an air line above 

re Colller, k J., op. cit , p. 50. 
1 leEagwal1, E. de K., The C m n b  RIver region, northern Alaska : U. S. Ueol. Survey 

Prof. Paper 109. p. 178, 1919. 
a Collie, Alex., Zoology of Captdn Beecbey'a voyage, p 173, London, H Q, Bohn, lE19. 



the mouth On the Kokolik River the southeminost beds of cod 
were seen near camp P June 12. Downstrerun from that point 
coal beds were exposed at intends as far north as any hard rocks 
were observed-namely, midway between camps P June 15 and 
P June 16. On the Utukok River these coal seams were mt noted 
about 20 miles in an air line above the mouth, and other beds were 
found at intervals as far upstream as the surveys of 1923 were 
carried, which was about 30 miles in an air line above the m o d  
Above that point for a &stance of about 20 miles the river was not 

3 traversed, so that details of the coal exposures in that part are 
not know- but at the point where the Foran party of the expedi- 
tion of 1924 first came to the Utukok there were similar coal beds. 
and these were found upstream nearly as far as Carbon Creek. 

Along the coast behveen the Utukok and Kuk Rivers coal is ex- 
posed in the bluffs southwest of K~liinmtavi. Numerous coal beds 
were seen at intenrals along the Kuk River and its tributaries. the 
Kaolak and Avalik Rivers. Scveral beds of coal tvcre r e c o p d  
on the Kukroak River and at near-by points on Peard Bay between 
Wainwright and Barrow. Coal beds were also recogtllzsd at a 
number of places on the Meadc River as far upstream as was 
reached by the Paige pasty in 1923. On the Ikpikpuk River cod 
bcds were stxn a t  many placcs upstrcam from thc Pricc fivcr and 
also up its tributary, khe Kigalik River. and coal float was found 
on thc bars on Maybe Crmk in such quantity as to s~ggcst that coal 
beds probably occur in that valley also. 

From Schrader's description of the lower part of the Colville 
River and the Anaktuvuk River i t  appears that coal beds were ex4 
posed at intervals from a point about W miles south of the mouth * the Colville southward to  a point about 5 ~niles above the mouth 
of the Tuluga River-* distance of a t  least 40 miles. Lower down 
the Coldle  cod float occurs abundantly and may have been de- 
rived Iiom near-by beds now poorly exposed or may have bscn 
brought from the beds higher upstream. On the Colville \vest of 
its junction with the Anaktuvuk coal beds were noted at a number 
of places, especiall!* near the mouth of the Killik h v e r  and be- 
tween that point and the Awma Rives. Coal was also seen up the 
Killik River as far south as a point a few miles above the mouth 
of the Chandler River. Although coal beds were seen on the Col- 
ville River near the mouth of the Etivluk River, none was recog- 
nized southward up the Etivluk Valley, nor was their presence on 
the main Colville westward and above the Etivluk recorded in 
the notes of W. R. Smith, so that in that part they are probably 
absent or insignificant. 
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LOCALITIES DETAIL 

The coals in the Comin region we: divided by Collier into two 
more or less distinct p u p s ,  R hich he designated the Convin and 
Thetis groups, These were most completely studied and described by 

9 Collier ~n 19(W. and no late comprehensive data are available regard- 
ing them. The distribution of the coal beds and their relation to the 
structure and topography are s h o ~ ~ m  Figure 18. Collier's dewrip- 

P .tion of those dcpositsg is as follows: 
C w h  pup--Thc coal beds d the Corcvin group outcrop in the s a  EMS 

.east and \vest cA' Convin Bluff, which is n cliff ZM feed high about 28 d w s  

.emt d Cap: Lishume. The hlutT Itself rises sheer from the water, but about 
hall' n mile west of it there are narrow- rocLy beaches along the foot ot' the 
cllCF. sncl a few ht~nclred vsrds e& there is a short sand kach at the mouth 
ol' a m d l  creek. The bedding strikes N. 7B0 W. and dips about 40' m. 

Thc highcst wd sct~ni no t4  in the & outcrops in the sca cliff 1% miles 
Past of CoMrin 131ull: It  i s  esposed by a recent m k  slide from the clkU 
nnd contains 4% I'eet of con1 without partings. The roof and floor are soft 
ahdes or  shaly sandstones. 

A sainplc or this coal taken lw Washburne, n u ~ i b m d  4.4W7, mas assayed 
tbp W. T. Schaller with the l'ollovling m d t  : 

4rpalwsb of ood porn uea uEdr I% mtt of OarPoFll B k f ,  A t a s h  

Pee cent 
F l x d  carbo&,,,,,,,,-,--,,-----,------------------- 40.W) 
VolatUe hydrocarbon ,,,-,-------- - 41.30 
M u * *  13.65 
..................................................... 433 
Snlphur ,,--,-,,-,,,,-,-,,,--,---,-+-m---------- .40 

a - 
200.38 

w e  Nme. 
(Jolor of ash-,,,,,,,----------------------------- Gray. . 

? Foe1 r a t l ~ , - - , - - - ~ - - - ~ - ~ ~ - - - " - ~ - ~ - - - - - - - - - . - ~ - - ~ - - - . . ~ ~  0.96 

d neeond spam which has yielded m e  coal fa aboat &000 feet 1 m  atrat3- 
-mphlally,  the intervening bed- Wng ahalee whlch contain =era1 mal seams 
-either tcm emall or too impure.to be of valne. !lWs bed out- in tbe sea 
.dm thtbree-ionrtha d a mEle weat of 00- B l e  and is developed by iq tunnel 
about 40 feet l o n ~  drlven wkhont tlmbeaa The pbotcrgraph (pl. 30). which Is 

.pmbb1y of tbls bed, la taken imm SchradeF~ report and s h ~ a  the natvre of 
-the development work ( I O n e  in 1903. 

Tbe seam ls 5 feet thick and has two thin thf p&ing$ m e  1 fmt fPom 
the floor, the other a b n t  the mlddIe. The iwr Is shaly middone, whlch 
staada weH dthont  tlmberP. The flnor Is hard clay or clag shde and &ntains a 
maIl~r  seam r~ev~ra l  fwt below the one that baa bxm develq~ed. 

- 

*('nlltcr.A .I.. V. S. Chi. Survey Bull. 278, pp. 31-40, 1904. 



A sample of this c o d  tnken by the writer acmw the bed as esp- in the 
Oace of the tunnel, excluding the two ~artings, wns assayed by W. T. Schaller 
with the follodng r e d t  : 

Aszdysis a7 aoaz from sea cltff three-fowlha mils wsat of Owroln Blufl, A l a e b  

Per cent 
Fixed 42.06 
VoIatiIe hyd.droc~rbon---------------------------------- 37.72 
hIoistn~---------------------------------------, 11.18 

100.00 
Coke ------,--------------------------------- None. 
Color ert ash - - - - - - - - - - - - , , - - - - - - w - ~ + - - - - - - - d - - - - -  Light gray. 
Fuel ratio 1.11 

The coal in the face of the t~u111el is solid and though frozen does ~ i a t  break 
up greatly on exposure to the air. A sample exposed to the air for several 
months in the office is still solid except for some cracks, ~vhich may he due to 
other causes than evaporation, but a sample which had been thoroughly air- 
dried in the office for several months slacked to fine grains when again put 
in  water. When fmely powdered the coal loses inoisture rapidly, so that an 
assay made from a portion of a sample which had been ground in an  agate 
mortar showed only 4 . S  per cent maishue as compared wit11 the U.18 per cent 
obtained from euarsels ground material. The spixific gravitv of a sample of the 
air-dried coal mas rougllly determined to he 1.39. 

The next bed of Zniportance is about 600 feet lo-iier stratigraphically, the 
intervening beds being shales which contain four or  five small unimportant 
coal seams. This is probablv the original Corwin vein and has yielded a 
considerable amount of coal. It has k e n  developed bv a tunnel from the cliff 
face and an  air shaft from the level surfxe  above the cliff, which is about 
75 feet above the sea. I n  the summer of 1904 the entrance to the tunnel was 
closed by a great mass of ice, the remnant d snowdrifts formed the winter 
bfore, and the air shaft was filled with water, so that the workings were k c -  s 
cessible and the coal bed could not be measured. It is reported to have a 
total thickness of 16 feet, of which 7 feet is clear coal with no partings, vhiIe 
the remainder contains several partings and is without value. 

Two samples were taken by the writer from sacks of coal mined the year h 
fore, which were found frozen in  the ice at the foot of the c W  One of these i 

m.4AC4) is a fair sample of the material found in the coal sacks and 
represents the coal as i t  has actually b m  mined and shipped. The other 
sainple was taken from the same sacks but was washed More sampling. I t  
probably represents approximately the quality of coal that could be obtained 
from this bed by careful mining. The analyses by W. T. Schller are as follows : 



COAL 301 
.-isalysis d cool taken from sea cliff W d O w d n  Bkfl, Arllaska 

*.4AC4 Nm4ACJ 
b e e m t  Pmcrnt 

Fixed carbon ------,,,-,,-------+------------- 41.67 47-49 
Volatile h\,drocarbon,- ----------- 37 -49 39.08 
M~isture,,--,--,,,~~------~~--~~---~--~, 9.& 9.49 
A s l ~ ~ ~ ~ ~ ~ , , , ~ ~ - - - ~ ~ , - - - - - , , , ~ , , -  11.39 3.49 
SnIphnr - -  .30 - 

IM1.30 9.E 
Coke------ - - - , , - , , - - - - - - - -h- - - - - - - - - - - -  N m .  Ni?no. 
Color of ash- -----,,, , -,---,,,-,, Gmy. Light gmy. 
Fuel ratio -,,,,-,,-,-,--,--,,,,,-,- 1.15 1.21 

'The coal from this bed ~rhich \%,as examined \\.as m i n d  ahc~ul a year berm 
and since then had k n  sublected to alternate fteezing and thawing. Most d 
it, though not all, was in smaH pieces. The samples nhich ncre hn~tph!hl to thc 
oBce have not broken up perceptibly. A finely pul~crizcxf m~nplc, r\ hun assay~ul, 

FIGCBE 19.-Section of irregular cnal bed underlying conplomer~te  n l  Cornin 
(BY h J .  C'ollicrl 

contained only 4.4Qpcr ccnt moisture, as conlparcd with 9.49 pcr cent in thc 
coarsely ground material. Relnw this M them are shales Cur nhout 1,0001'ecl 

c bdwccn i t  and thc conplomcratc beJ u)hich forms Corwin 131~0.~ I n  this shnlc 
there are eight heds of ctk11, indicated hy croppings, ~vhich ctmlil not h? e~arnincd 
in detail, since their el-os~lres in (he cliffs were iunccessihlu. 'I'l~rce ol' thcse 
bcds sccmcd to be ovcr 4 lkct hick. h. which inl~~~cJia(cly ovcrlics 1110 ~011- 

glnrnerate, appears frotn the sea to hc nhout 30 feet thich and inrpurc coal. 
? Another ahout 12 feet tluck and a third 4 kc1 thick a rc  rcporld to k clcon 

coal nf & qutlitv. Thc conglomcratr: bud a t  Corwin 131ull' i s  lion1 1 0  to 20 
fcet tlick. 

Imrnedtntely helow the cmglomerate, nnd lying hctwcm i t  and a mnsaivc 
sandstonc, there is an irregular coal bod I'rom \%,tlich it is rcportcd g.IXI tons 
of coal were taken in. m e  season. Thls I d  Ilas hwn nfrcclud by shearing 
niovements of the adjacent st rat a ,  and tltc CC~I I  is  brccci~1~d ,and polished, 
though it can hc obtained in large pi~xcs. In othcr pnrts ol' (hc scrics the 
adjacent shales are son beds ahich have yielded cqually lo shearing strains. 
so that thc coal heds have remaincd comparetivcly unnlturcd. Rul in tlus 
case. the conglomerate and sandstonc beds hcing rigid. [he whole cIT& d' such 
forces has h e n  felt by the cck~l Id which lies hctwmn thtm. I n  the lhcc 
of the bltdl' the coal appears in n suries of' isolotad masses, as sli~>\m in the 
sketch @g* 19). zvhich is  paralIel w ~ t l i  thc strike ol' the htrlding. I 
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Since this M ~ v n s  partiall! mind  out the Face of the Muff  has fallen down, 
making thc ctml inacccssihtc. and the samples Ibr nnalvsis were taken fran 
large p k s  nt~lch had Ii~llcn dorln and ma! not be titlly representative. The 
result d' the analysis by Sctmllor is as t'ollo~.r+s: 

,-tnalj& d mat frnm OorwLn B l q ,  Alaska 
Per mt 

Fixed mrbn ~~~~~~,,,~,,,,-~,,,~,,~~~~~,,~~~~-, 57.49 
Volatile hydrocarbon ,,,-,,,-----,---------------- 34.59 
Molstnre ,,-,,,,,,,,,,,,,-,,--- - ---- -,--,-, iL 49 

Coke --,,,,,,,,-,,,-,-,----------------4mh--,,--,- None. 
Color or aeh Gray. 
Fuel ratio- ,-,----,-,,,---------,------------ 1.63 

Spccimcns of this con1 ivlvhich wcru found on t hc  talus a t  thc root of thc  
clitT anti had probnh!~ hccn long csposcd to  the wcnthct secmcd lo lw entirely 
unatTected. 'I hc spccific pzavit!~ nl' n st~mplc which h a d  km csposud to the 
air for several months wsa roughIy detcnuincd tc3 k L.10. While the analvsls 
indicatcs that  this is Ihc hcsl cnul suttlplcd I'roni thc Cnncin fc)mlction, the 
irregular nature of Ihc bed makcs i t  rlouhtful iT i t  can wer bc profilahlv 
worked. 

The nest hed d importance in the series outcrops in the sea cIliP ahout 1,W 
feet cast uf Cunvin 131ull' and is stm!igrnplicl l  400 rcet hion thc ~0nRlOm- 

.@rate bcd, thc intcnrcning strata hcing sa~ldstoncs ziilrl shalcs con2arnine many 
plnnt remains and one s~nall cfirl M hodFcl(vr Ihc irregular ohe noled above The 
section of the cnnl hed liom tlle top J o ~ n  is  as folln~vs: Clean cod. 1 foot; 
black shale, 1 foot; clcan coal. 4 i'cct. 'fhc ccvtl from thc uppcr and lows 
benches is  ahout alike. 

The roof of this hed is black shale 1% feet thick. ahnve nhich is shnly 
sandstone. The floor of the bed is hlnck shnlc 2 lkct thick, helo~t nhich there 
is 1 foot of impurc limestone. r 
Thc bcd has h c n  par~ially ipcned n t thc top of Ihc cliff, which is about 

I 0  feet I~igh, and lu s  yielded for whaling shilw some coal said to k oT 
qualiR. The face of the  cllff up to 76 rect ahovc Zlic sen n n s  c o ~ d  i n  July 
and August. 1904, nith snow and ice. the re~iinnnt of anowdrifta accumula~ed 
the I\ inter hfore. 4 - 

A sample across the bed w a s  laken the n ~ i ~ c r .  c~cluding thc shalc parting 
noid above. The result of i ts  analysis by Schsllcr is  as Iblloi~s: 

AAdvsfs d cod fmm #n dllJ east of UC7wagbr B k f ,  dhwh 
Po* Ppne 

F i ~ e d  rarbon ------------------------------ - - -  48.47 
Volatile hydrocarbon ----------------------- - - - - -  32.40 
Moisture ------,,-,-------,,,,,---- ------------ 12.45 

- 
1m. (KI 

WRe ----,----------------- ------ None. 
Color of a s k  --,-,-, -,-------- Light gmy. 

' 

Fuel ratio-,,,-,,---------------------------------- 1.45 



The sample was taken from the croppings of the bed, where it  was m- 
siderably broken up by w ~ a h r i n g .  

A h t  50 feet below this bed there is an undeveloped bed which appears from 
the croppings to be about 2 feet thick. Below d ~ i s  for about 8,000 feet no 
cml beds above 1 foot i n  thickness were observed by the writer, though thin 
beds have been noted a t  several places. 

TMtfe -.-The coal $eds of the Thetis group outcrop on the ccmt 6 miles * m3t of m n  Bluff and are stratigraphically about 8,000 feet bslm the lotvest 
bed of the CorwIn group. 

The outcrop dong the coast is near a sandstone cliff about a0 feet hig4 
E k  seaward end of a low ridge which extends inland in a southeast direction. 
It is about 4% miles west of Cape Sabine and 2 miles east d the  mouth of 
The* Creek. The coal here is reported to have been worked Brst by a whale 
man who found all the beds accessibIe a t  Convin Bluff ahead? occupied by 
the crews of other ship and was directed to this pIace by natives. The United 
States revenue cutter T h t O  coaled here in 1888. It is reported that when the 
bed was discovered its outcrop extended across the beach, standing a h v e  the 
sand. and a large amount was easilv obtained In 19W extensive snowdrifls 
covered the beaches and the cliff face, so that no outcrop was The 
bedding N. 00' W. and dips southwest at an angle of about 2a0, 

The vein which was worked in 1858 is probabIy one that overlies the massive 
sandstone W forms the cliff M. @romfnp on the level ground a b e  
the bluff indicate two coal beds of considerable thickness with 16 or 20 feet d 
shale bet\wen. Reports of the workings indicate that the vem has a thickness 
not less than 6 feet. In about 700 feet of dark shales underlying the sandstone 
k d  10 coal beds were noted, only 2 of which are d possible mnomic  value. 
Tile f3mt crf these is about 250 feet below the metis bed and outcrops about 
IW feet east d the high sandstone cliff. It mtains 4 feet of clean coal 
without n, and has for roof and floor black shales \v,hich contain several 
small coalsaams, A sample acram this bed where it was q x a M  by the under- 
cutting of the mrf on the cliff was taken by Mr. Washbume and was assayed 
by W. T. Schaller with the follouing result: 

a ~ n r n r ~ i t k  of mar f r m  ~?wtia dm, dzmh 
Per mt - Wed arb= ----------- --. 46.27 

Volatile hydrocartmn 35. 

0. Mobtnre-------------,-------------,-----,--------- 13.81 
4.52 

100.00 
C~ke--,------------------.--------------~------------,, None. 
Color of ash_ Light brown. 
Fuel ratio -,---------------------- - ------*---------- 1.30 

As is noted above, the sample was taken from a natural exposuse which was 
frequentlv drenched by the waves, and the quality of the coal may have been 
slightly affected. The coal in the croppings is broken up into small pieces. 

A second seam which appears to k of workable size is about 200 feet lower 
in the c o l m  and outcrops about SOQ feet farther east. 11 contains 3 feet of 
clean coal without partings, helow the same thickness of bony cod, which is 
probably worthless No analysis was made of the sample from this bed. 

Below the beds of the Thetis group there are about 3,000 feet of shales and 
sandstones, outcropping between Thet~s mine and Cape Sabine, in which several 



coal beds have been noted, but none are of commercial value. East d Cape 
Sablne the structure changes, so that the  outcrops of the be& described above 
are probably repeated but the work has not been sufficiently detailed to identify 
thm. The coal-bearing formation is not exposed in sea cles, and the q- 

in the interior are not well defined. 

w 
The coal beds on the Kukpowruk River were examined by W. T. 

Fnms,' and the fallowing statements regarding them are taken from 
his report : 

1 

The general course of Kukpmak River 1s northward, nearly at right angles 
to the folding of the region. Along the river two major anticlines and the 
corresponding synclinal basins are thus disclosed. In  the two synclinal 
bas~ns much coal f ewosed. and there is e v e n  reason t o  believe that the area 
between the northern k t i c lka l  axis and the sLa also carries much coal. 

A $-foot bed of coal is exposed near the mouth of the river. Thence inland 
for 5 or 8 miles, to the crest of the first anticline, there are no exposures, but 
the general structure of the rocks and the fact that coal is present on the  
southern limb d this anticline support the belief that much coal underlies this 
Iower part of the river and would be. revealed by excavation 

At the crest of the first anticline, on its north side, two k k  of coal crop 
out, the northern one (stratigraphically the higher) 10 feet thick and beneath 
it a &foot b d  h beds are numbered E and 13 in the columnar section 
(see pL 31), on which is shown the stratigraphy cf the southern limb af thla 
adcline. In other -,these beds appear on bath sides d the crest of the 
fold and are the lowest stratigraphically in this sechon. 

Upstream fmn the crest of this anticline 13 minable beds of coal, 3 feet or 
more in thickness, and IS thinner beds are exposed within a distance d about 
1% miles. Their relative stratigraphic position is shown in the coluinnar sec- 
tion o f  the south limb of the northem anticline Cpl. 31). 

The thickest beds are described in the following table: 

Pvtaalpd cod be& on eoglth Itmh of north#% wtWinq K u k m X :  River II 

No. Thick- 
of nesa Strlke Dlp 

bed* (r~et) 
- - - 

3 6 None .................. .... N . W E - - W S  .... 
6 6 d o  ....-................... d0 -...-.. 36' L... 

....... 8 7 -do ........................ do 42' L.. 

9 b 0 n a C i n o h . m W i b  -....--do ...-... M q S  .... 
$3 10 WTEa&WoOdpart- N.BVE.-25*N--. 

Ing  6 hehm tram fkm. 

As shawn in the columnar section @1. 31), there are seven other beas with a 
thickness d 3 to 4 feet and rmmerous?still thinner W. 

4PItl$e, Sidney, Foran. W. T., and Gilluly, James, A reconnaissance d the Point Barrow 
region, Alaska: U. 3. Qed. Survey Rill. 772, pp. 2&B, 1925. 



Much coal is exposed on the south side of the syncline in which occur the 
beda just clescribd. The outcrops $re*fo;nd throughout a distance of 3 to 4 
milea in a n  air line along the river. The esposures are not continuous, 
and there are three breaks in the stratigraphic measurements of 1,100, l,R!O, 
and 420 feet, m order upstream. Twelve beds from 4 to  10 feet thick occur in 
this section and as many more from 1 to 3 feet thick. ISeepl. 32, B.) The 
general strike is nearly east: the dip 12*45' N. It was no1 found possible, 
In such rapid work as was necessay, t o  correlate any of these beds with 

U_ those on the north side of this basin 
The next group o f  coals occupy the southern synckina1 basin, the center of 

which lies inland 24 miles in an air  iine from the sea Beds crop out on both 

a sides o f  the synclinal axis: but no bed has been recognized on both sides of 
fhs batsin. North of the synclinal axis there are four beds more than 6 feet 
in thickness. Three of these, however, 7, 6, and 9 feet thick, contain much 
bone and are not valuable. The fourth bed, which occurs stratigraphicallv 
near the top of the coal group in this syncline, contains 9 feet d clear coal. 
Abqve it, stratigraphicallv, are hvo more beds, each 3 feet thick. (See pl. 31.) 
The 9-foot hed carries a %-inch parting of petrified rtrood near the middle of 
the bed. This parting resembles a similar parting that occurs 6 inches above 
the of bed No. 12, near the crest of the anticline I6 miles to the north. 
Pmiblg the two lwds are  the same. South of' the axis of this southern 
syncltne there are five beds up to 3% feet thick. two 4 feet thick, and one 20 
feet thick. The Z&foot bed is stratigraphically the lo-cvest. Beneath it no 
kds of pure coal were observed. This ld strikes east and dips 18" N. 

Samples of coal collected from two beds on the Kulipowruk at  
places 5 and 25 miles upstream from the mouth were analyzed by 
the Bureau of Mines, u-ith the foIlowing results: 

Analyses of coal samples from the KaL-pomk: cod fssI&, AImka 

w e a t  the Pl~burghIehiWmyofthe Burmu ofMiner: H. M Cooper,chid&m&l 

A. As, I% air dnkk C, mdshwefiee; D, maim and ash fkee 

L a m H m  

WXl-.------.....-_. 

mn -.-..--.----.--- 

KOKOLIK RTVER BWIIIR 

The southernmost definite coal beds on the Kokolik River were 
recognized a short distance downstream from camp P June 12, 
though small amounts of coaly material were seen at a number of 
places farther upstream. From that point as far downstream as 

hmhateana lys i s  I Eeatlngvahe 

~ n ~ ~ o s s  analysis* M,I, Vo,dle Ph& 
units 

8.8 A 9.9 Z.5 553 25 0.4 6 519 U,910 
B 
C 

&8 3 .5  3.1 2.6 - 41  W 12,320 

33 
N Q  623 2.8 . 5 ,  7338 sa,no 

. 33.9 M.1 .-...... ..b 1,666 l&.W 

LO A 39 386 55.5 2.11 
B 2.8 23.6 56.4 2 2  
c . 0 1 23 11 380 1 "" ---, 41.0 s . 0  
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bedrock is exposed-namely, midway between camps P June 15 and 
P June l h o a l  beds were seen a t  short intervals, and coal float 
formed a considerable part of the material on the river bars. The 
character of the exposures is usually not such as to permit detailed 
examination of the beds without considerable excavabon, but at least 
three anticlines with intervening synclines were recognized between 
camps P June 12 and P June 16, so that the same beds are probably 
repeated more than once in that distance. A short distance below 
camp P June U, a 6-foot bed of coal containing very little bone or 
shale is overlain some shde and sandstone and another coal bed 
about 8 feet thick, m7hch in turn is overlain by another cod bed that 
was not completely exposed but appeared to be nearly 3 feet thick. 
Below camp P June 1 4  a coal kd was partly exposed which showed 
a foot of clean coal but may probably be thicker, as neither the top 
nar the bottom was shown. This is underlain farther downstrBam 
by a bed of coal 4 feet thick, and still farther downstream coal dhbris 
codd be found in the river banks for several miles. Still farther 
downstream. a short distance below camp P June 15, a coal bed at 
least 3 feet thick is exposed a short distance north of some old igloos. 
"he coal is underlain and overlain by sandstone, and on top of the 
upper sandstone is more coal. The coal had baen used locally a t  
the igloos by the Eskimos. 

Data are not available for making a close estimate of the total 
thickness of the coal beds that occur along the Eoblik, From what 
has k e n  seen it is known that at least half a dozen beds, each over 
3 feet thick, occur there, and probably at least as many more might 
-be found if excavations were made at suitable places where the 
caved banks conceal the bedrock. The coal is usually of good quality, 
is glossy black, and does not disintegrate badly under the weather 
It has none of the general appearance of lignite, but when pieces are * 
whittled they have a somewl~at brownish color rather than the jet- 
black of typical bituminous coal. The coal is therefore probably 
subbituminous and of approximately the same character as the coals r 
on the Kukpownxk, only 20 to 30 miles &stant, that have been 
analyzed. The coals on the Kokolik are not qmte so advantageously 
situated for c mercial development as those oil the Kukpom~uk 
or in some of 2 t e other areas below, because they are farther up- , 
stream, and the river is s a d  ta be so shallow during much of the 
open season that it is navigable only by small boats with light loads. 
Very likely, however, cods similar to those on the Kukpowruk and 
Utukok may occur in  the lower stretches of the Kokolik, where they 
are now buried under the later coastal-plain deposits. 
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Tha coal beds in the lower part of the Utukok Rwer valley were 
described by Foran as follows : 

The &st outcrop of cod on Utukok f iver  is 20 miles inland in a direct 
line. (SeepL 2.) Here, on the north flank c ~ f  a gentle anticline, a 6-inch 
seam stnkes east and dips 5-  3. About 6 rmles by air llne upstream, oc 

r: the north side of the low anbclme, thin seams of coal, a few inches thick, 
are interbedded with shale, At miles farther upstream, on the north 
flank of a second anticline, a Zl,!l-foot bed of coal containing two 2-inch shale 
partings crops out. W b d  strikes 8. 70" E. and dips 10" NE. A short dis- 
tance farther upscream, 1.000 feet downstream from the crest of the anti- 
dlne, there I s  a %foot bed contaming two thln p a n g s  of shale. Ths bed 
strikes S. 70" E. and dips 10' KE, Nearly 3 m~les farther upstream, m the 
north limb of the anticline, a bed of coal 11 feet 8 inches thick wrthout 
pan-tlng is exposed. 

The coal be& in the Utukok Valley above the portage to the 
ICaolak River were also examined by Foran, but no detailed d s  
scription of them was prepared The following statements have 
ken compiled from his field notes and other records. On the whole 
the coal-bearing section forms a general syncline Whose southem 
limit is between Elusive Creek and camp F August 20. The kds 
are, however, considerably folded, so that subordinate anticlines 
and synclinm, whose axes trend about east, interrupt the major syn- 
clinal structure. Not many thick coal beds were seen, but thin ones 
are common, and the large amount of coal ddbris on the bars Indi- 
cates that there is in the banks considerable coal which is not well 
t~posed. The thickest bed of coal recorded was 3 feet 6 inches 
thick. 

t. 
As a whole, the coal appeared to be of better quality than was seen 

farther south and was believed to be of bituminous rank. In fact, 
some float was found that was said to approach anthracite in quality. 
The higher fuel ratio of these coals was interpreted as due to the 

? greater amount of defmation the rocks have undergone toward the 
front of the mountains. Ths coals are compact, are glossy black, 
and disintegrate little on exposum to the weather. The structure of 
the vegetable material from which the coal was derived is now 
entirely obliterated, so that in the coal it can not k recognized in 
the hand specimens. No samplcs of the coal were collected for 
analysis, but Foran's personal familiarity with coals in general and 
especially with the coal on the Kukpowruk and lower Utukok give 
weight to his judgment that the coals on the upper Utukok are of 
equal or better quality than those he had seen elsewhere in north- 

fi Pnlge, Sidney, Foran, W. T., and Gllluly. James, A reconas$e;l~sance oT the Point Barrow 
redon, Nmka: U. S.  Qml. Survey Bull. 772. p. 28, 1926. 



western Alaska A few sulphur balls wese noted in these coals, but 
they were not abundant enough to xK$ct the sulphur content of the 
coal materially nor to interfere seriously with mining and handling 
the coal. 

mTAIm7UGHT agIfmlP 

Coal beds in the vicinity of Wainwright are said to have been 
known to the whites in 1889, and since that time they have been inined 
in a smdl way and in primitive fashion to supply local needs.' The 

NW. PI m 

FIGURE 20.-St~uctumI crwn section on Wainwright Inlet and Kok Kiv~r. (13~ 
W. T. Foran) 

coal beds are more or less continuous from a locality a short distance 
southeast of Karmuk Point throughout the vdlcys OF the Kuk f iver  
and its tributaries the Avalik and Kaolali Rvcrs. The thickcst and 
most accessible beds sen, however, crop out along the east side of 
the Kuk h v c r  bctwm points 8 milcs and 20 milcs south of Wain- 
wright. The coal lies practically horizontal with very gentle warp- 

FIG- 21.-Columnar mrtiims o r  rod beds on Kllk River. (By W '11. Fnren) 

ings, so that apparently it is eveywhereunder a relatively thin cover. 
Openings to get out the coal have been made at three' places in the 
shore bluffs. The general appearance of the coal beds as exposed at 
mine No. S t h e  southernmost locality -is shortn in Plate 33, A. 
The structure of the beds throughout this part of the Kuk Valley and 

*&port on population m d  rpsourcps o f  Alaskrl : Elwenth Cmmq lBm, p. 133, 
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an attempt to  correlate the partings at the southern localities are 
shown in Figures 20 and 21, respectively, whlch are reproduced froin 
Form's report. It will be seen from Figure 21 that several parbngs 
and thin layers of shale or bone are closely interleaved with the coal, 
so that at most places not more than 3 feet of clean coal can be ob- - tdned. Analyses of cod from the second and third mines were made 
by the Bureau or Mines, with the following results: 

AwQt8ea of coal samples from the W a d p r b t  caul field, Alrtska 

IMads at the Pithburgh laboratory dthe Bureau rf MInas; H. M. Cooper, chief chemist. For kourm of 
samples see fig. ZlJ 

A, As rcccivcd : B, s ir  dricd ; C, muislurc frcc ; D. muis~urc and nah frcc. 

Lsboratory lie. 

988Z -.,.....,.--..-- 

.ggg8a ..,,------_-,- 

The coal is evidently of subbituminous rank and of less heating 
value than the other coals so far described. This lower quality is 
bclicvcd to lx duc to thc laser folding that thc beds havc undergonc 
and not to an original difference in the beds themselves. 

A few hundred tons d coal has been taken from these beds on the 
*. Kuk and used locally. The coal that has been taken is, of course, of 

the poorest qualiiy, as it is more or less weathered and mixed with 
surface d4bris. No real mining has ken practiced. The natives 
simply gopher out from the surface the coal within reach of their 

t picks and shovels, so that nowhere are the excavations more than 
4 or 5 feet underground. The roof is a fairly heavy sandstone, 
which disintegrates rather rapidly on exposed surface but probably 
is firmer underground. No timber is used, and the roar i s  strength- 
ened by leaving a considerable thickness of coal next to the sand- 
stone. The coal is sacked in bags containing 90 to 100 pounds of coal 
and is brought to Wainwright by the natives in their skin boats 
during the summer o r  by dog team in the winter. A general view 
of the way in whch this cod is handled by the natives is shown by 
Plate 33, B, The current price paid by the traders for this coal at 
Wainwright is about 75 cents a sack, but even at that price it does 
not supplant imported coal, which sdls for more than twice as much. 
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Farther south, toward the headwaters d the; tributaries uf the 
Kuk, no thick beds of coal were recognized. On the Kaolak River 
Foran found only thin bed4 exposed. though the presence af con- 
siderable amounts of coal on the bars suggested that there were prob 
ably other beds which were concealed by the slumped banks or moss- 
covered stretches. On the Avalik River three small coal beds were * 
seenashortdistmceahveKungik. Of these thelowertwo were less 
than lfoot thick, but the upper one, which, however, was only poorly 
exposed, was at least 3 feet thick. StiU farther up that stream other 
coal lads were recognizd at a number of placq practically as far 
Bnst ag the stream was traversed, but none of them to be of 
great enough thickness to be mined, p d  it was the geolog~st's im- 
pression that in the eastern part of the valley practically none of the 
beds was more than 1 foot thick. 

In the vicinity of Peard Bay coal beds have bm seen in place only 
along parts of the Kuk~oak River, but a t  s e v d  places along the 
beach coal float is so abundant that it ssms probable that coal beds 
are not far distant and have probably fseen buried under the later 
beach and river deposits. On the south side of the reef near the 
inlet about 5% miles north of Atanik coal float in large pieces was 
especially abundant. The mast northern exposure of coal on the 
Kulcroak River is about lmiile north of camp P August 9. The bed 
at this place was poorly exposed, as the banks had slumped badly, but 
the coal bed was at least 2 feet thick, with neither the top nor the 
bottom exposed. ' 

The coal had disintegrated badly but seemed to k similar in 
general appearance and composition to the coals on the Kuk River, 
which are about 25 miles distant. Southeast of camp P August 9, 
on the east side of the Kukroak, are poor exposures of sandstone 
overlying a coal bed that can be traced upstream more or less con- ?I 
tinuously for more than 2 miles. The exposures are poor, so that 
the coal could not be examined in detail, but it appeared to be at 
l e ~ t  5 feet Wdc, though some bone or shale may be iriclucled in that 
measurement. Half a mile south of the igloos at the head d the 
estuarine portion of the river heavy coal float was seen in the river 
deposits, but the bed from which it came is not exposed, though it 
probably is present and concealed by slide material from the valley 
walls. The beds throughout this tract are practically flat or gently 
warped, so that unless removed by erosion the coal everywhere lies 
near the surface under a relatively thin cover of coastal-plain de- 
posits. Some af the coal has been used locally by the natives, but 
no excavations that are now recagnkable were seen. 



The character of the coal beds on the Meade River was examined 
by Paige7 and described as follows: 

Coal is exposed at a number of places on Meade River, and a s  the strata are 
only gently warped or nearly horizontal it is probable that areas d inany 

w square miles in this region are underlain bl. workable coal Ws. Weathered 
outcrops of coal were Been on the right bank of the river about 30 miles inland 
The exposare was poor but indicated a thin bed lving nearly horizontal, over- 
lam by blue clay shale. 

# In a low bluff on the left bank above Atkasuk weather& outcrops of cool 
were exposed for 600feet or more. The indicafions are that a bed of coal about 
3 feet thick lics nearly horizontal. It is underlatn by clay shale and sandsqne. 
Where the bluff is absent on this portion of the river the coal bd hm been 
rcmo~ed by erosion. &Outcrops d sandstone are fomd from place to place 
upstream froin this Goal for 3 or 4 miles 

Indications d a bed d coal possibly 3 to 4 feet thick are found on the leCt 
bank d the river about 20 miles in an air line above Atkasuk. Here a Muff 
50 feel high borders the ri\ftx. The sandstone. shale. and cwl occupy the 
lower 15 or 20 feet of the bank. Such csposms a s  were s~m sugpcst that 
the bds are nearly horizontal. 

Still higher up the river, on the right bank above Ptsiksngiakvik River, coal 
is eqoscd underlain by sandstone. l'herc is a n  appazcnt d ~ p  of 10" upstream, + 
but this may bu due tu slumping, for coal was o b s ~ l ~ e d  farther upstream 26 
I%& a h v e  the water, though, on the other hand, this mny represent a higher 
b d  

At thc end d the traverse w the lcft bank debris of coal was found in such 
relation as to a near-hv hori7anfal bed. 

The weathered coal debris a t  all these pIaces resembles the weathered out- 
crops of' coal on W~inlnight Inlct that prured on analysis to bc crl subbilunli- 
nous rank. 

I W f W U K  -ON 

m The nor-them part of the Ikpi kpuk Valley is so deeply buried in 
late deposits of coastal-plain or fluviatiIe osign that the under- 
lying bedrocks we not exposed north of the Price River. South of 

t that point, hocvever, coal or indications of coal are found at short 
intervals all the way to thc head of the valley. On the whole, the 
exposures are not good because of the slumping of the bank, so that  
accurate measurements codd be obtained only at a few places. The 
coal beds are relatively Icss resistant to disintegration than the out- 
cropping rocks with which they are associated, so that  they are 
generally masked by the slide rock. I n  spite of this condition scv- 
era1 beds more than 3 feet thick were recognized and between camps 
5 July 30 and S JuIy 31 there were indications of a cod bed possibly 
20 feet thick. Most of the coat beds near the northern limit of 
exposures s m  to show less compact and poorer coat than the beds 

Pdw, Sidney, ~ n d  othern, A reconnaissance of the Polnt R a m  region, Al*slia : U. 8. 
Qml. S u r v e y  Bull. 772, p 80, 1925. 



farther south. and the coal crumbles and checks more under the 
influence of the weather. 

The dip of the rocks is eve~whese  rather sliiht, generally not , 
exceeding lo0 ,  though near camp \I August 7 a sinall anticline was 
noted whose limbs dip 45". There are some gentle flexures, however, 
and the cods are especially m m o n  in the synclinal basins. Weather- 
ing also seems to have caused greater disintegration and softening in P 

all the rocks in the Ikpikpuk Basin than in those farther south. 
Coal float on the bass is extremely common, and the pieces s m n  
harder and more lustrous than the cod in the banks probably because rn 
of the sorting that has been effected by the streams. 

Samples were taken from a thin bed behvem camps M August 
6 and M August 7 and from a thicker bed at camp S August 1. The 
section measured at the northern of these localities (24AMt77) 
s h o z d  shale above 6 inchcs of coal. underlain by 2 feet of shale. 
which in  turn is underlain by 1Ih feet of coal underlain by thin- 
bedded sandstone. Only thc lower coal bed was sampled. At the 
other locality (24A377) the top of the section consists of coal and 
slide materia1 underlain by 2.1 feet d cod, below which is three- 

# fourths inch of bone, 2.1 feet d coal, and Ifoot of shale and inter- 
mixed coaly material. The general conditions at this place are shown 
in Plate 32, A.  The two coal beds and the intervening bone were 
included in the samples analyzed. These specimens mere submitted 
to the Burcau of Mines for analysis with thc following results : 

An&#& of cad samples f rmrIky ikpuk  region, Alaska 

These coals therefore appear to be of lower grade than some of 
the others so far described but are rather closely similar to the coals 
from the Wainwright region. Attention. however, should be called 
to the fact that smpIe A6847 (2L4S77) was collected in the rain 
with unly slight protection, incIuded an obvious bony streak, and was 
taken from a cut only loinches back from the mpossd surface. so 



U. S. CEOLOG~CAI.  SURVEY 

u Y 

B U L I . E T I X  815 PLATE YU 





U S. GWlLOCICAL SURVEY BULLETIN 815 PLATE 32 

. , ,  

. . 
, , 

. ,, -. 
&- --.;4 d. , - - .-, 

-,!- . L* 
,. . 1- -> 

..-. . , -.. 

, -v-. ' -. 

. - - 

. -. , . - 
- .  - 

- -  d .- 

I{. Cnhl. I\l:l) ON IilJKI'CnrRUK RIVER 35 MILES M O V E  MOUTH 



n. NATIVES MINING A ~ - D  S A C K ~ G  COAL OK KUK RIVER IN SEPTEMBER 

Ph-ph by E. C, United Ststpli Office nf Fdurmtion 

' . I %  . a  

! . :-:-;* 5 ..: . , I#? Pfip -u ,.I,* . . . '&**;~-r&q-&~ . - f e  tap V- - -, . 
--- . , \-.+:,.IT .;.>::: :y %.,- .;h, <;:, A , *+!.,. - , 

*&,.. " - -  . . ". 
, .,. -.. - - . - .  

- 



fi. COA1,-RFAKIYC: ROCKS ON COT,Vll.LE R l Y R H  AnOVl? kII.tlIl RIVER 





*that it was not really representative of fresh coal collectedunder more 
advantageous conditions. As these coals lie in a regon of J relnti vely 
l~ttle deformation, it is to be expeded that they would show lower 
heating value than coals which have been subjected to greater 
Jpamic  metsunorphism. 

The samples probably fail to represent as good quality of coal as 
might be obwned from these beds, for they \Irere both considerably 
weathered and seem to have an abnormally high ash content, which 
may represent the mixture of some dirt and mud not tvpical of the 
beds themselves. 

L-w 

B w . . b d h u k R i v e r  --..,-..-..- 
m. CdvUle R I V ~  ,............. ,.. 

*Schmder. F. C.. A rec~nnds- In nomern .4 la~Z a : IJ. S. Teal. Survey ProK Paper 
7 3 ,  pp. 107-lOB. 1904. 

Moig 
ture 

6.85 
11. w 

Vdabilr 
mtter 

35.3 
3 . 3 3  

Fad 
rartm 

43.38 
m.n 

AJJ' 

- - - -  
W.98 n.w 

SaE 
p h  

0.64 
.e2 

'IQ' 'Oh Fuel 
wtjo 

W. None . 1 N o :  
120 
1, MI 



314 GEOLOGY AND MWERAL RESOURCES, NORTHWESTERN ALASKA 

I n  the ColviIIe Valley \vest of the junction of the Anatuvuk to 
a point near the mouth of the Killik Fbver cod was seen at a number 
of localities, but the beds that  were exposed all appeared to be thin, 
the thickest being only about 2 feet thick. Coal float was also abun- 
dant on some of the bars of Prince Creek, but no beds in place were 
seen in that valley. Near the mouth of the Killik and extending for 
some distance up that stream as we11 as up and dowm the Colvillecoal .E 
was especially conspicuous. The southernmost locality at which coal 
float m7a5 remgized on the Killik-River is a few miles upstream 
from the junction of that stream and the  Chandler River. At the 
mouth of the Killik are several beds of coal whose upper part has 
been burned, so that their true thickness could not be measured, but 
to judge from the amount of slumped material they may be at least 
3 feet thick. 

A sample of the coal was coIIected about 10 miles upstream from 
I the mouth of the Killik (24AMt65) and submitted to the Bureau of 

Mincs for analysis. The cod bed from which the sample was taken 
is about 2 fcet thiek and was both underlain and overlain by shalc. 
The results of the analysis were as follows: 

A S - ~  .-....-....,+---+*.--.-.---- 
aiiriea .,...........--.-.-4--------+- 
Rlurrtun.-h -...-.--*-.------------- 
A41 : ~ n r l  nmimturefree ....-.-------+---. 

n e a t l n g  value 

hI& 
turc 

16.4 
7.1 

(4 ..,....- 

tzah-ire, 

4696 
$217 
5,617 
4639 

BrlW 
thnm., 

unit% 

% 4 b  
9,381) 

Ifi.llfl 
PL, 77( 

\'dank 
mnttt l .  

28.4 
33.2 
35.7 
41.6 

Fixd 
rnrbun 

41.9 
46.6 
50.3 
5 . 4  

- -  
11.8 
13.1 
14.1 

+ -  

81% 
Phur 

0 . 3  
.a 
. 3  
.a 



COAL 315 

&tween camps S June 21 and S June 22 a 3%-f0ot lbed of clean 
@ with a small amount of bone above is e?cpwed in the MuKq south 
of the river. Underlying this coal is a fair1 y heavy sandqtone with 
sparsely distributed rather angular pebbles, mostlv of quartz. Over- 
lying the coal is a massive sandstone which forms a g m d  roof and 

,makes a noticeable escarpment on the hillside. In  this sandstone 
e are a few large trunklike stems lying prostrate. West of this point 

indications af coal are rather scanty until a point a short distance 
above camp 8 .Tune 2.4 is reached Here there i s  onJy a small amount 

r;r cf coal, but near camp S June 26, opposite the mouth of Kurupa 
River, there is a 24/2-fwt- coal td lying nearly flat, underlain by 
thinly laminated sandrtone and overlain by a heavy sandstone t.Kta 
'The coal does not disintegrate mliirlly. Many d the fragments 
on the talus piles were 2 to 3 feet in length, weighed la) pounds 
or more, were hard and block, and did not soil the hands. Several 
hundred pounds of this coal was w e d  in the camp stove with ex- 
cqllent results, a9 it daes not clinker or coke and burns to a light 
ash. Farther upstream coal bed? lying nearly flat mere reco&d 
at intervals all the way to camp S duly 1. A t  that camp a 4-foot, 
bed of coal is eqmsed in the bluff. The coal is badlv slumped, and 
there were signs that part of the 6ed had heen hurned This coal 
is underlain hy greenish-gray sandqtone. The cual splits into layers 
rather than in to bJorks, as most or the other coals do, and this gives 
it more of  a li~nitie appearance. but its color is black and there is 
little reason to doubt that it represents the same series of coab, 
espcially as Upper Cretaceous fossils were collected in the under- 
lying sand~tmes. 

Indications of coal are evident at manv places Mwem mps S 
+ .~utv1and8July3,buttheydonotseemtohavecomefrombede 

of any great t l~ ichms  except within a few miles or the latter 
camp. ilt that place a remarkably ~ ~ 1 1  developed svncline ap- 
pears. in the lower part of which are several mat bed5 that reach 

? more than 3 feet in tl~iclmess. Coal float is so abundant on the river 
ham and hanks in this stretch that withour taking swid thought 
one could probablv tread on an egg-sized piece oE' coal float every 
step for more than half a mile. The westemmost coal M seer: 
hy the central party of lW in the Colviltc I3asin was near camp 
S July 4, where a gmd bed of coal is m e d  underneath a fairly 
11eat-y light-grav sandstone and some shalc. all af which dip south- 
ward at a low angle. 

On the Awuna River, the tributary of the Colville that joins the 
stream a short distance below camp S July 1, coal waq found all 
the lvav upstream as far as the river \as traversed by the expedi- 
tion of 1924-that is, to Birthday Creek. The b a t  exposum were 
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seen between camp S July 12 and S July 13. About half a mile 
above the eastern camp is a bed of coal at least 3 feet thick, but it 
had slumped considerably, w, that its true thickness waq not de- 
termined, and it may be considerably thicker. West of this 'M 
and somewhat above it stratigraphically is another bed 3 feet 8 
inches thick overlain by brownis11 sandstones showing some cross- 
bedding, the beds dipping gently northwest. It was in this s b b 3  3 

of river that silicified logs in the sandstone series were especially 
abundant. These logs were considerably flattened, so that in mam~ 
of them me diameter was three times the other. Pieces several feet p 
long and 8 inches or mare in diameter were common. A layer of 
coal a quarter of an inch ar so thick coated the outer surface of 
many of the logs. A short distance east of camp S July 14 there 
is a great deal d coal float, and in a slide on the hillside is a bed 
of coal that appears to k about .3fh feet thick. Farther west, al- 
though coal float is abundant here and there, no beds in place 
were recognized. It was apparent, however, that at many localities, 
as, for instance, near camp S July 16, the float wa9 nearly in place, 
so that a little removal of turf or slide material would undoubtedly 
disclose the bed from which the float came. Throughout this part 
of the region the dips are in general low but in both directions, 
forming gentle anticlinal or synclinal flexures. 

Some coal has been found in the area south of the Brooks Range 
which has k n  mapped as occupied dominantly by Upper Cretaceous 
rocks. The coal bed$, however, do not appear to be nearly as thk 
or as extensive as those on the north side d the range, though pos- 
sibly this is h e  to less extensive surveys, for farther south, in tho 
vicinity of Nulato, where rocks of this age have more carefully 
studied, there are a n u m k  d coal k d s  at different places that have 
h locally developed in the past. Within the area specifically de- r 
scrikd in this report none of the coal beds in rocks of Upper Cre- 
taceous age have ken commerciaIly developed The nearest place a t  
which s m e  coal has k e n  dug for 1ocaI use is at Tramway Bar, on 
the South Fork 05 the Kayukuk about 30 miles northeast of the town 
of Bettles. At this place Schrsder reported a bed of coal nearly 
12 feet thick. The central 9 to 10 feet of this bed is said to be nearly 

pure coal. An analysis d this coal made by George Steiger (labora- 
:tory No. 187) showed the following results: Moisture, 4.41 per cent; 
-volatile matter, 34.32; &xed carbon, 48.26; mh, 12.95; fuel ratio, 

"Schrsder. F: C.. Preliminary report on a reconnaissance along the fiandslsr and 
iKognkuk Rlwrs. Alaska, in 1899: U. S. Gsol. Survey Twentyv-first Ann. Ewe., pt. Z p 
,486, 1800. 
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1.40. The ash content appeam exussively high. but otherwise this 
ma1 resembles fairly closely the coals from the Wainwright wgon. 

dchrader la also noted the occurrence of considerable coal float on 
the lower part of the John River. He says: 
Coal detritw fn mconsMrrahlr quantlty and of a character to the 

pmhabk mrwnce d cal l  d economtc value zomwhcre In the rf%ion * of thig locafie waa seen In the John River g m v ~ l s  mar the base of the End[- 
& --. This ml may apparently with safety be nllrtl n pxl gratle 
of  Mtnminons. It h m k  with a tonchoMal rracturr a d  h : ~  a bri~ht  ~hlnX 

Ob\.iously there is no certainty of the source d this float, but as 
no other mks that are m l  trearing are known on the John Rver 
it seems probable that the float came from the Upper Cretaceous, 
though the possibility that it m e  from unrecognized Mississippian 
beds on that river similar to those that are known to coal bearing 
in the Cape Sisburne region should not Ix dismissed without further 
investigation. 

Some m l  of lipitic appearance was oberved in the sandstone 
ofthe h h w d  lJills near the Pah River, and coal float has a h  
'been reported on fhc lower part o f  the Ambler and on the Kogoluk- 
tuk, The coal in the h h w d  Hills almost certainly m e  from 
the rocks mapped as Upper Cretaceous. The coal float on the h bler 
may have m e  from either the supposed T e r t i a ~  r w h  that are 
mapped in the k~allev af that stream some distance north of the 
liobuk or from the rocks; rnappd ns Upper Cretaceous that crop 
nut south of the Lobuk. No coal-bearing w k s  have heen mapped 

' as occutring on tlre Iiogoluhk, hult pssihlv the Tertiaty 'coal- 
bearing serics may extend eastrvand from the upper locality on the * Ambler along this lowland north of the Cmmm Hills as f a t  as 
the Kogoluktuk. Whate~~er may lx the source of this float it m s  
certain that no eutensixe coal bed$ occur in any of tlrerre placeri. and 

) tl~ougll it is entirely possible that beds of coal may be discovered 
the coal will he of relatively little use except to supply local needs. 

From the foregoing statements it is evident that the rocks that 
are mapped as Upper Cretaceous contain numerow widely dis- 
tributed ml Mq, most of which are of at least suhhituminaus qual- 
ity* Tcm little is yet known ahout the coal M q  in these rocks south 
of the Brooks Range to permit statement? as to their commercial 
pmsibilities. In thc  two regions north of the Brooks Range w11m-e 
these coals have lxen memured most accumtelq' -near Corwin and 
on the K u k p w k - a  tremendous amount of coal is indicated. In 

abScl~radrr. F. r., A rfwnnat~?nnw tn northern A!a%ka : U. S. S , l .  S u r y  Prof. Paper 
20, p. 107,1BO1. 
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the measured sections near Forwin are 34 coal beds that represent 
an aggregate thickness aF rncm than 135 feet of coal, and 15 of these 
beds, each 3 feet or mare thick and the largest 30 feet thick, repre- 
sent 115 feet of mal. I n  the Kukpowruk-Utwkok section 69 beds 
were measured each crf which is at least 3 feet thick and the largest 
20 feet thick. After eliminating duplication these beds represent a 
total d 187 feet of coal. Al,U~ouph not nearly as great thicknesses 'ic 

were recognized in other parts of the field, this w a  probably due in 
large part not to the absenee oF the mals bat rather to the lack & 

good exposures and of time in which to examine carefullv all the * 
nvailabl~ field evidence. There is, therefore, a mare or less rep 
tangular tract of country narth d the Brooks Range, at least 300 
milcs long east and west and having in places a width of as much 
as 120 miles, in which coal can be found almost anywhere a t  or within 
a short distance of the surface. In the northern part of this tract 
the struckure is rather simple, consisting of h a d  gentle warping, 
but farther south the beds are more closely folded and dips as steep 
as 9 0  have hen observed The coals, in the different parts of the 
region have been affected by the different amounts of folding, and 
their quality and heating value seem to bear a more or less close 
relationship to these conditions. Thus, in the slightly folded parts 
of the region the coals secm less compacted, their fuel ratio is lower, 
and their heating value is less than in the more closely folded areas. 

Doubtless in the areas of strong folding the coal beds may show 
squeezing and some breaking. but so fa r  as could be judged from the 
meager surface exposures, the coals as a whole have not been badly 
brokin, and faults d considerable throw appear to be rare. The ' 
physical conditions for mining therefore seem to be favorable, and 
relatively little dflficulty and expense should be incurred in tracing * 
the beds andoplanning the methods uf develqment. The actual 
expense d mining, however, will necessarily be high compared with 
that in more accessible regions with more inviting climates, where 
supplfes and equipment. are more readily at hand. 

Unfortunately, throughout most of northwestern Alaska the higher 
grades of these coals are in the Feast accessible localities, so that they 
will be especially expensive to develop, and whether their quality 
is enough better to &set the extra cost can not be determined until 
more data are available. Fortunately, some of the better coals are 
e w e d  close to the seacoast in the western part of the field, so that 
as relatively inexpensive transportation by vmsel is available to 
them, doubtless they will be among the fmt to k developed. Even 
there, however, as has already been pointed out, cos& will be high, 
and until a suitable market demand exisb sound economic policy 
does not appear to justify any extensive development d these coals in 
the near future except to supply purely local needs. 
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Tertiary coal deposits have been recognized in northwestern Alaska 
only in the Kobuk Valley. though some of the beds that are here 
correlated with the 'Upper Cretaceous have been considered Tertiary 
by others and perhaps if fuller information were available might 
prove to be of that age. The only place where definitely recogruzd 
Tertiarv coal has been mined is on the Kobuk a short distance below 
the ~d lar ichuk hver .  This is apparently the place concerning 
~ h i c h S t o n e y ~ ~ \ v r o t e :  

On my second trip to the Putnam fKobukJ I discovered a vein of bituminous 
coal outcropping on the north sidc of the river about 90 miles Frtm the mouth, 
I tried a lot of it in the furnace of the steam launch, wth very satiscactory 
results, though it  had long been csposcd to thc weather. The vein was between 
2 and 3 feet thick and dipped at a n  angle of 3U' froin the river. 

This samecod was apparently also recognized by Canbvell, but his 
conclusions regarding its use did not confirm Stonq's, as he found 
that it tvas not satisfactory for use on his launch. 

This locality was cxamincd by Mtmd~mhall in 1901. and his descrip- 
tion of the occurrencea8 is as followis: 

The coals occur in low bluffs along the river, interbedded with conglomerates 
and tire claj~s. Those sutXcientlv well exposed for examination are of poor 
quality and burn slowly, yieldmg abundant as11 and tlte disagreeable gascs 
uhich are characteristic d impure lignites. So far as determined none of the 
coala oirtcropping hezc are morc than 2 to 3 Ccct in tbickncss, and the majoritv 
of the seams are much th~nner. H ~ l f  a do7en with n t l~~ckness of 6 to 8 inches 
were exarnincd during tlc reconnaissance. 

A sample of 4 from this locaIity was submitted to thc Burcau 
of Mincs for analysis with thc folIo~ing results : 

w 

It is evident from these anaIyses that this coal compares favorably 
in heating value with certain of the Upper Cretaceous coals above 
described-for instance. those in the vicinity of Wainwright-and is 

U Stoney. G. M., Nmval erplomtiom in Almsku, p. 80, 1906 
b uMenUenball, W. C, R ~ o n ~ i s 9 m n m  fmm Fort H d i  to Kotixbne Sound, : 

U. S Cml. Survey Prof. Paper 10, p. 49, 1902. 



not much inferior to several of the coals from the vicinity of Convin 
that have been analyzed, though it is poorer than some of the better 
beds from the Convin locality or than certain of the beds in the 
Kukpom-ruk region. 

The coal an the Kobuk near the Kallarichuk is rather fortunately 
placed for local use, as it lies aver a low divide and only a short 
distance from some of the placer-min~ng operations that were active * 
in the Squirrel River regon. Consequently, for a time a small 
amount of the coal urn mined and carried to these plants. In  fact, a 
few sadsof it have even been carried up the Kobuk as far as Shung- 5 

nak, m it is said to be especially good for blacksmithing, The extent 
of this field is probably so small and the cost of mining and transport- 
ing the cod EIO great that except for favorable markets in the im- 
mediate neighborhood of the coal beds the coal has little commercial 
value. 

WLD PLACERS 

A the investigations by the recent expeditions of the Geologcal 
Survey in northwestern Alaska have been directed primarily toward 
the study of the oil resourca of that regon. Inasmuch as the areas 
in whch oil is likely to occur are dissimilar from those in  which 
most metallic mineral deposits of value are likely to occw; few nav 
data regarding these deposits \yere obtained. However, in going ton 
and from the region and in the previous expeditions that had trav- 
ersed parts of northwestern Alaska data have baen obtained relating 
to some of the places where other lunds of mineral deposih have been 
mined and the general conditions under which they o c m .  For the 
sake of making this report complete it has seemed desirable to include 
in it notes of the other h o w m  mineral resources, even though little 
new information is available and some of the data are taken from 
reports prepared many years ago and therefore do not adequately + 
represent current conditions of mining. 

Placer gold was the mineral resource of k t  importance in bringing 
about the exploitation md settlement of parts of the Kobuk and 
Koyukuk Valleys, and it is still the only mineral of value that is 
being produced in most of the region described in this report. Even 
before the great gold rush to Alaska began gold had been known in 
the Kobuk Valley, for Stoney la states that on his sexond trip to that 
region in 1885 an old prospector went with him on some of his tmps 
and he invariably found traces of the precious metal, more in some 
places than in others: and would show me the ' color,' as he called it, 
which consisted of specks d fine gold." 

*-, Q.M,op. dt., F 80. 



GO13  PLACERS m, 
' The k t  nrsh of  gold smkers in 1898 brought thousands o C 111cn 

 id^ the Kobuk and Koyukuk Vdltys. Grinncl l notes that in 1898 
12 steamers \\.ere fivlning on the Kobuk. and hc cstimatcs that in 
that year 8131) men ncrc living in various parts of the valley. Ht: 
lists 28 distinct named camps bt*vccn the mouth of the Kobuk and 
the Pah Ri\ et. Man?. of thc placcrs thcn discovered still continue to 

P b~ mined and to y icld gold. I n rcccn t ycars, ho\vcvcr, gold mining 
has decreased so much that. so far as known, the only places where 
any productive mining is bcing carricd on lvithin the area coverd 

14 by this rcport are in tl~c Kobuk Vallq-. though thcrc are extensive 
gold deposits still being mmcd In thc ko?.ukuk Valley both east and 
south of thc acgion hcrc described. \vi th in this region gold has bem 
Pound in many placm in the Kobuk Valley, in the included portions 
of the Koyukuk Vallq. and its tri butarics, and on thc Noatak. 

EQBUX \':\LLE\' 

SEUlFORAE REGION 

I n the Kobuk Valley there are two main areas where gold placers 
have h mined. These are in the general yicinic of Shungnak. in 
the central or eastern part of the r.allp, and in the vicinie of 
Squirrcl Rivcr, in tlic ncstcrn part. No accuratc statistics as to the 
zlinount of gold that has bccn produccd fiom this rcgion arc available. 
but it Seeins likely that the production for the entire period that 

- mining has brxn m progress has not cxceedcd $200,000. 
I n  thc Shungnak rcgion thc principal dcvelopmcnt d has bccn 

donc a few m~lcs north of thc main river in the vnllq.s of somc of 
the tributaries. such as the Shungnak River and Dahl Creek. and 

* on Riley and California Creeks, which are tributaries of thc 
Kogoluktuk River, especially in those parts of their courses ~vherc 
the streams are flowing in or across the Cosmos IJills. 71e placers 
on the streams ncar Shungnak werc described by Smith Is in 191 3 * ag +fllows : 

BHUHONAK 

Placer mining on Shungnak River hns haen cnrricd on far n mile or sn h l o ~ v  
m e  narrow canyon hy which this rtrcam trnvemer thc Cnrmas Hills. Work 
has h in p r n p s s  hcrc during the o p  season nlmast nninterrupteilly srncc 
1838. Only two or three pat-ties af tllrec or four m m  each I ~ a t  c nttcmptcd 
mining during any year, and in 1910onlgr one placcr cnmp of  onc wliitc miln 
and nw or three natives was in operation. The use nT native I n h r  i s  $In intcr- 
~ t l n g  experiment, and, although i t  ie rcprtcd that whitc mcn coil tln mom 
work, the wages paid the natiter (ahout $4 a day and hcltlnl) nrc so mucli 
lower that the difference m emcienq ir ctrmpensnt~d far. 

' ' G r f a d l ,  .Imeph, -18 hunlin~ in ,Ilmakn, 1'1'. 31-32. ('lrlrnpr, X). (: ( I n k  I'uhlCnltlng: 
a. 1931. 

"Sn~ith. P. 5, The V8Ptsk-Whuk reelon, Alnnka: U. 5. Cicnl. Surrey Ihll. 636, pp, 
3- Yz6-E. 1913. 
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Bedrock in the productive part d the river is mainly black slate and schist, 
but other sedimentary and igneous rocks occw at no considerable distaaoe from 
the placers. Liniestones occur near the head or northern end of the canyon 
but are  not closely associated with the deposits of auriferous alluvium. The 
igneous rocks near the placer mines are cornposd mainly of serpentine with 
scattered particles of magnetite and are ot' a dark-green color. Tliese rocks 
have been sometimes mistaken for jade. and it is probably owing to this error 
that the whites have reported the name " Shungnak" to mean "jade" itl 
the native language. 

2 

Most d the mining has been done near the southern race af the Co~mos Hills, 
where small flats pcrmit turning the streail1 aside by wlilg, dams. The gravels 
mined are usually shallow. The upper 2 feet or so is  stripped off. and the e 
l o w  part only is put through the sluice lmxes. The overburden I S  made up 
of typical river gravels with some large boulders irregularly distributed 
tlmughout. It is not known whether the valley of Shungnak River through 
the Cosmos Hills was a t  one time occupied by ice, but it is certain that glacially 
eroded and transported boulders have ken brought in by glaciofluviatile action 
and form part of the reworked material of the unconsolidated deposits. 

Thc pay gravcls are rather irregularly distributed, and milling therefore 
has k e n  in the nature oC pocket hunting in those placcs wherc the water 
could be handled. The gravels are udrwzcn, and in a measure this is n dis- 
advantage, a s  much watcr seeps into thc pits. During high water thc mincrs 
are sotnetinles driven out of the workings.. The gold is found in the lower part 
of the unconsolidated deposits and in the crevices of bedrock, especially where 
it is black slate. 

Most of the gold foumd in the placers of the Shungnak is  in sinall pi- 
worth from one-half cent to 3 cents, hut nuggets worth up to about $40 have 
been round, allhough lhcy arc bv no means numerous. 'l'hc gold is ~ d d i s h ,  
and although not rusty is not bright and shiny but has a dcad lustcr. Its 
assay value is rcported to bc $16.70 an ouncc. The form d Ihc gold is very 
cha~acteristic and is distinct Iron that d the gold Irom any othcr part oi' thc 
Shungnak region. The little pieces Icmk like shot that have h m  flattened 
under the hammer, and this form i s  sometimes spoken of by the prospectors 
as " pumpkin x e d  " gold. 

*. Magnetite is  by far the most abundant mineral among the concentrates 
collcctcd with the gold and is probably dcrived rrom the basic intrusive dikes 
which cut the metnmorphic rocks. Qarnet, ar so<alled "nthy," is almost en- 
tirely absent from the gravels. Small nuggets af copper and also of silver are 
sometimes l'ound in the sluice boxes. Some of Ihe silver nuggets are' ngarlg 
a n  inch in diameter and contain bul very small amounis of other metals as 
impurities. No clue as to the origin of the silver was obtahd,  but the copper 
nuggets were probably derived from the copper sulphide impregnated zone near 
the limestoneschist contact. 

DAHL m K  

Dahl Creek is a stream 8 miles long, the lower 3 miles or so d its course being 
through the Kobuk lowland, the middle 2 to 3 miles in a narrow rocky gorge, 
and the upper mile or hvo in a rather open valley. The placers that have heen 
worked are  located near the southern face of the Cosmos Hills and in the cen- 
tral part d the valley, where the junction of three small streams with Dahl 
Creek has made a small flat. * 

The bedrock under the unconsolid..ted deposits here is bhck slate and schist 
wit11 numerous a veins of quartz and in places some sulphide mineral- 
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hation. The bedrock breaks into rectangular blacks of snlall size, and the 
joint faces are commonly iron-stained. T11e dominant strike is across the creek, 
and thus the rocks make good riftles for catching the gold. The slope of the 
bedmk surface is rather low, so that some difficulty is experienced in disposing 
of the tailings from mining. Near the lower group of claims schistose mil- 
glomerate outcrops but does not form k d r c k  under the productive placers. 
Limestone occurs near the placer ground in the middle part of Dnhl Creek, but 
although float from this rock is found in the gravels it does not come d o ~ n l  as 
far as the creek and does not form any of the surface en which gravel accumu- 
lation took place. Igneous rocks of a dense texture and greenish, glassy color 
were noted upstream from the placers, but though these rocks have furnished 
many of the boulders in the placers, they do not seem to have k e n  connected 
with the mineralization and did not contribute valuable minerals to the placers. 

Only the creek gravels have ken mined on Dahl Creek. These average. 
about 4 feet thick. In some places their thickness is onlv a foot or so, but 
in others it is as n~uch as 8 ieet. I-Ioles sunk on some of the low benches on 
either side c4' the stream have shoiw unconsolidated deposits 15 teet thick. 
Practically none of the stream gravels are pern~anently frozen, but some of 
thc low bcnches that have been prospected are reported to bc in that condition. 

The gravels in the productive placers are of, the normal creek type, con- 
sisting d well-ro~mded pebbles with only a small anlount of muck. Large, 
eomerghat angular hulders, rnost of which are of local derivation, are nutnerous 
la the gravels and m a mod deal of trouble in t l ~ e  mining operations One 
of ihcvc large bouldcm a shorl distance below the placers, near thc southern 
fnce ot' the Cosmos Hills, measured M feet in length. I t  was made of the 
shcarcd conglomcratc and had not bmn transpoded rar. Many smdlcr bouldcrs 
occur directly in the pay gravels, however, and it has been necessary to hlast 
thetn out of the way. 

Tl'c pay gravels dGcr in no csscnlial respect from the overburden. Tbey 
are usually from 1 to 2 feet in th:cknms, and practically d l  the gold lies in and 
on the kdrwk.  The distribution of the auriferous gravels is  very irregular, 
and i t  has bmn impossiblc to successfully lracc any continuous p r y  strcak. The 
gold occurs in pockets, which, when exhausted, give no clue as to their relation 
to other rich spots. Such a distribution seems to indicate that valuable minerals 

9 were uiihcr laid down more or less cvenly and thcn dispwsad by a change in 
the discharge of the c m k  or dsc that the gold was originally deposited by a 
stream having strong variations in transporting ability. 

Wing to the irregular distribuiion of the gold the value per cubic yard is 
d almost no significance. When a rich spot 1s found several hundred dollars * 
may be taken nut in a few days, but a t  olher times only a dollar or  so a day 
can be made. * * . rn 

The gold cmmined from the upstream group of placers was reddish to brass- 
yellow in color. The pieces w b e  small, and some were distinctly spongy and 
had fairly sharp outlines, as though.tbey had not b m  transported far  from 
their place of origin. Some wire gold was also seen but was notably rare. 
Nuggets of considerable size have also been found i n  this part of Dahl Cmk. 
One 01 these was seen that had a gold content worth about $65. It was a 
fairly wwll-worn p k c  an4 had a considerable amount of greasy-looking milky 
quartz attached. In 191 1 a large flat piece of gold worth over $600 was round 
near this place. Assays are reported to have shown the gold to be xvorth 
about $16.20 a n  ounce. 

Among the concentrates from Dahl Creek placers magnetite is the most 
abundant mineral. There is also a small amount of chromite, some of the 
~ie c e s  being a foot or sn in diameter. Garnets are almost entirely absent. The 
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occurrence of native silver in the coilcentrates has been reported, and pi- 
nearly an  inch in diameter have been e~9mined. The silver seem to be par- 
ticularly free from admixture with other metallic minerals, such as copper 
or lead; a small amount d cadmium, however, was recognized by blowpipe 
examimrtion. No evidence was secured as to the source from which the silver 
was derived. 

Mining is carried on by pick-and-sl~ovel methods, and the goLd is 2vn by 
passing the gravels through sluice boxes of whipsawed lumber. * 

Fromtl~ephysicalCeaturesoftl~egoldandlhedistributioi~andotherchar- 
acters of the auriferous alluviun~ it seems probable that the gold has been 
derived from places within the Dahl Creek Basin, especially from the areas 
o c c u p i e d ~ ~ e M a c k s l a t e s a i ~ d s c h i s t s .  It isbel ievedthattheso~~ceofthe E 
mineralization ia the quartz veins, which are so abundant in this formation. 

Some prospect holes have been sunk near Dahl Creek close to the southern 
front of the Cosmos 1-Iills or the northern margin or the Kobuk lowland. Tl= 
returns have, however, been inauflcient to warrant development, and the holes 
lmve been allowed to cave, so that it was impossible to examine a section of 
the gravels. It was reported by p m b r s  that the bedrock surface slopes 
soutlnvard at a high angle below thc lowcr cabins, rn that shaCts even 40 
feet deep failed to reach bedrock. In  this lower part of Dahl Creek the stream 
flows through the unconsolidated deposits d the Kobuk lowland. The absence 
t f  any shallow placers in this part of i t s  course seems t o  indicate that the 
upper part of the gravels of the lowland area does not contain suf'ficient gold 
to form economic deposits where subjected to the sorting of such streams as 
Dahl Creek. 

Sparsely disseminated colors of gold havc h e n  rcported rrom many parts oC 
thc Kogoluktuk 13asin, but thc only stream on ~vhich placcrs lm~lc bmn mincd 
is  Riley Creek. This is  n tributary from the west, heading against the Dnhl 
Crcck divide, and flotving first nor% lhcn cast, to join the Eogoluktnk. 

The placers occur in a region of black slates, limestones, and a few intrusive 
ignaous rocks. Tho bedrock is similar to that of the plabera on Dahl Crcck, 
escept that litnestones are much rnore numerous. Evidences or deformation 

I 
and dislocation are pronounced, and (he stratigraphic wccwian of the IocLa 
has nol been determined. Uuartz veins in thc hhck slatcs Lhai form the bed- 
rock undcr the ground (ha; has hen worked arc particularly numerous and 
are believed to lx closely associated with the formation of the productive placers. 

I n  the placers typical stream gravels are practically W. BMUODB ? 
angular slide and slightly worn unwns~lidnted deposits d' local origin in which 
are imgularly dlshibuted boulders from outside basins. Most of these foreign 
boulders are of large s v ~  and are mainly of igneous mckq belon%ng to  the 
greenstones and associated types. They are  usually well ti7orn and probably 
have been brought into their present position by the combined action of ice 
and water during the closing stages of the glaciation d the lowland north of 
the Cosmos Hills. Although lhese preenstone boulders are found in the placsrs, 
they are in no way connected with the origin d the gold, and their disiribution, 
except as marking former glaciofltnriatile conditions, is  of no economic 
aignflcance. 

The gold occurs mainly in the crevices of the bedrock and UI the angular ~lrr 
consolidatd material lying on top of the bedrock. In the part of the deposit 
that is mind large boulders are less numerous than in the upper 2 or S ieet, 
but there are many boulders even in the pay streak. The wliole character oi 
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the material in which the gold is found is more like that d rwidaal plxer j  
than of ordinary creek platen, 

The sli ht a n b n t  d transportation that the auriferous materid has under- 
gone is g o  indicated by the shape and quality of the gold Practically all 
the piece examined were sharp and angtalar, and many had small particles of 
quaftz attached. No large nuggets have hen  reported from these claims. Pieces 
worth up to 50 cents were seen, and a few worth as much as $2 and $3 mere * reported The gold was bright, and in an average sample the pieces were worth. 
from one-tenth cent to 2 cents each. The rndividual particIes are spongy 
and consequently appear to one used to the usual run of placer gold to be 
worth much more than is  actually the ace. The precise aqsay value of the 

4 gold was not learned, but it 1v.w understood to be about $16= an ounce. 
The Riley Creek placers that have b m  worked seem to derive their gold 

content from the rocks exposed in the immediate vicinity. They are sa 
dtnated that they have no adequate water euppl~ ,  and boulders are so numer- 
nus that the plamr can be developed only at great expense. Farther down- 
stream, where the yater supply might more naarIy meet the demanck, the prm- - of thicket overlyrig deposits and large boulders is to be expected. Tne 
absace of es~c ia l ly  effective sorting in this part of the basin suggests tht 
placers mll be of distinctly local importance. The whole Kogoluktuk. Basin. 

Sar as indicated by the condi!ions on Riley Creek, seems to promise only 
lclcal~zed placers of irregular distribution, workable as pockets rather than @F 
extensive deposits. 

Within the last few yean the only new placer-mining activity of 
significance in the Shungnak region has been the lzgdrnulickieg of 
ground on California Creek, a tributary of the Kogolukhzk. At this 
place a ditch several miles long has been constructed a*nd more than 
1,000 feet aF pipe laid to conduct the water to the &round to be. mined. 
The operatm are considerably hampered by the abundance of large 
boulders, which are found in the deposits all the way from the surface 
to Mmck and are presumably of glacial migin. The character and 
distribution of the gold, however, are such as to encourage continua- 
tion d mining, though the costs are high. 

WmHiB-  

? Mendenhall '* notes that natives re@ a little gold on a small 
stream entering the valley af Lake Selby from the east. As the geol- 
ogy of this region appears to be similar to that in the better-known 
Shungnak region, there is every reason to believe that gold occurs 
there, .as well as in otl~er parts of the valley. 

The placer cEevelopments in the vicinity of the Squirrel River have 
been even less extensivethan those near Shungnak. It is understood, 
however, that within the last few yem a project has ken under way 
to prospect this region thoroughly with a drill in order to determine 
whether more extensive operations would k. profitable. The placers 

NMmdenhall. W. C, manuscript notes. 



in the Squirrel River Valley were not exploited to any notable extent 
until about 1908, and by 191 1 the rush occasioned by their reportcd 
promise had subsided so much that littlc producti\.e work 1\23 in 

progress. A sketch map that has bcm compiled largely from the 
reports of prospectors and rn? bc considerably in error as rcgslrds 
scalc and dctals is shown in Figurc 2 2  

Thc gmeral facts and infcrcnccs regarding &ese placurs were 
!stated bv Smithx7 in 191 3 as follows: 

me dcvcfopmmtsin thc Squirm1 River region h a w  been m a l l ,  n ~ d  althnugh 
,gold pmp- are said to haw: beepl found an eight to ten trihutarirs;, when 

- -- 

I t  Smith. P. S,Op dt, pp. 1-189. 
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the region was visited i n  lglO mining was i n  p r o g r m  on only one of the 
streams, namely, Klery Creek. That this is the only place where productive 
placer exists i s  improbable, for conditions analogous to those on Klery Creek 
are reported at several other places in the Squirrel Rives Basin. With further 
prospecting other valuable placers will undoubtedly he found. * * * 

The most active work [on K l q  Creek] was in progress near the mouth 
of a small tributay, Jack Creek, a E s h o ~  distance above the Discavery claim. 
At this place there is a rockcut gorge with a gravel-cover& floor about 150 
yards wide. on this floor the stream formerly followed the eastern side, but 
in order to allow mining the stream was turned to the obher side by a roughly 
constructed dam. Owing to the exceptionally rainy season of 19U1 the stream 
was abnarmaIIy high, and three times during the summer the dams were 
completely washed away by the floods, some of the sluice boxes with the gold 
in them being recoverad only with difficulty. The, upper 12 to 18 inches cd 
gravel in the k d  where the stream has been turned aside is removed by shovel- 
ing, and the larger boulders are either rolled behind the miners onto worked-out 
ground m are pulled out of the \my by a team of horses. This stripping is 
done rapidly and is carried down to a point where the gravels show wnle 
"sediment" or mud that oaats the well water-rounded pebbles and ms 
the m. None of this surface material is put through the sluice boxes, 
a4 p t e d  experiment has shown that it contains practically no gold. Be- 
tween the upper foot or foot and a half of gravel that is stripped off and 
bedrock is a foot to a Soot and a half of gravel in wvhich gold is obtained. 
These gravels are typical river wash but have been 1 s  recently handled by 
the stream than those above tl~m. The lower gravels, together with the 
upper 6 inches to lfoot of disintegrated bedrock, are put through the sluice 
boxes, and i t  is from them that the gold iswon 

Bedrock on this claim is mostly schist, but on the lower end of the claim 
and cont~nuing downstream on the next adiacent claim is a massive. much 

L, 

fractured, and contorted bluish-white limestone standing at a high angle and 
cutting the creek transversely. The schist shows many different phases on the 
working claim. In  part it is a dark graphitic slaty schist with numerous 
small veins and stringers of quartz. The bands d this schist are not more 
than a few feet in thickness and are interlaminated with somewhat calcareous 
and quartzose schists, some of which are rusty yellow in  color owing to the 
decomposition of some of their constituents. The iron mineral from which 
this limonite had been derived could not be determined, but it was probably 
in part pyrite In at  l a b  one place on the claim a narrow band of lim e 
stone interlaminated with the schist was seen. From this a-ripuon d the 

it is evident that Lithologically the rock are similar to (hose in the 
richer parts of the Nome region, in the Iron Creek Basin, in the Kougarok, on 
Oghir and Melsing Creeks near Council, in the Solomon and Camdepaga 
regions, and near 81uE. This resemblance is further strengthened by the rela- 
tion d the schists to the heaw bluish-white limestones a t  all these places. 

Several hundred ounces of gold from this claim were examined. and the 
L, 

coarseness of the pieces was remarkable. Practically no h e  gold was found, 
and few if any pi- of the gold recovered were worth less than one-half 
cent. Several iIulggets worth $26 to $tX have been found. and ~11ile the 
writer was on the ground one nugget weighing nearly 7 ounces and worth 
about $125 was picked up in the gravel. In  form the gold from this claim is 



chmky or in n u g e t &  but a little wire gold was also sen, though no or 
ecalg gold was oWrved, The gold is dark but almost never black and shows 
few s i p  of recent movement. Although some of the corners have been 
rounded, it does not En general appear to have traveled far. In fact, many 
pieces are sham and angular as though but recently mlmbd from the parent 
ledge. Some of  the nuggets have pieces of the country rock still adhering to 
them. The most abundant mineral attached to the gold is quartz of the same 
physical aspect as the quartz in the strings and lenses in the wW& Black f l  
graphitic slaty schist is also attached to the gold in some of the specimens, 
and the way In which the gold forms blameuts In &is rock showe indisputably 
that some of the placer gold has b n  derived from this h d  of countxy rwk. 
Eletlmatei of the productiveness of this ground are of small value, for the E 

ndggatg character of the gold makes the tenor range wide Umtts. It 
$,a reported that over 190 ounces were c l m e d  up from about sir b x  l e n w  
shortly before the Tia r t  bp the Survey geologist. At the time ofl tUe wrltefs 
visit a clean-up aB 1ZC ounces was made from about 4% box lengths. This 4 
equal to a bedrock surface of about $33 square feet, so theproduction from 
this u& was nearly $4-50 per square foot o f  bedrock. * 

The width of the pay streak is not known, for when the claim was visited 
all the work had been done only m the eastern side, and the western  ma^&^ 
of the productive ground had not been reached. 

Water for sluicing is obtained from Klery Creek by running a hydraulic 
hose, several hundred feet upstream and bringing down the water thus ob- 
tained on as flat a grade as can be maintained. This supply, however, doas 
not furnish an adequate head, so that some other method d l  have to be 
tried But slight dlflculty should be experienced in obtaining a satisfactory 
supply, as the volume is ample for the present demands. No accmzte mea* 
uremeata of the vdlnne of Klery Creek were made, but the fact that a 
crossing, even on a rme, could not be made in less than 2% feet of water. 
in a current of such speed that care had to be taken in keeping me's feet, 
shows that several thousand miner's inches are probabIy available during 
a @ m u  such as D. It sl~ould be noted, however, that that year was ab 
normally wet, and estimates based m observations during that time s k  
undoubtedly above the aver -P 

Pepr assay have been m% of gold from this claim but on a sample sub 
nutted to the asaaser of the Nome Bank 8 Trust Co. a fheneaa of 
was determined, Plis would pve a value of m. 3 an ounce. 

In the concentrates collected with the gold in the sluice boxes magnetite 
is the most abundant mineral. This forms a much larger proportion of the 
concentrates than it does around Nome. Together with the mewetite is 
also s m e  ilmenite and a little pyrite and limonite. These iron minerals are 
probably derived mainly from the greenstones and penstone schlst~,  61- 
though -the pynte and its accompanying limonite may have come from veins 
in the schists or from the vicinity of the lirnastclne~rchist contact, a place 
commonly mineralized in other regions. Garnet or so-called ruby, common 
in the concenlrates from Seward PeninsuIa, is tdativeIy rare and forms but 
a small proportion of the black sand. This mineral Is absent in the adjacent 
whista denved from igneous and sedimentary rockr. None of the rare henvs 
minerals so far have been recognized in the concentrates. 

Abont 1% miles upsweam from this claim is another claim where gold 
similar in phys id  character ha5 been found. Work on this ground has ~ E X I  

carried on by a crew of only four men and consisted mainly m dam build- 
ing and bringing up a bedrock drain, so that only a small production had been 
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made, and the oppmtunity of examining a lwge amount of gold was not 
afforded. It seems certain, however, that the gold from this claim is of the 
same chunky character as on the lower claim, alzhough the proportion of flnc 
gold is larger, and the nuggets, as a rule, weigh less. From the shape of the 
gold it is believed that it has b m  derived from near-by sources and has not 
traveled far. 

Mdmas between these two claims the gold &i of an entirely different charac- 
I ter, although the general geology shows no marked change, except that the 

limestone is more remote, and the canyon character d the valley is more pr* 
nounced. The gold from this claim is practically a11 in 5ne bright scales. 
No nuggets worth mom than a few cents eack have been recovered, though 

d several hundred dollars' worth of gold hm been won. The scales are all more 
or lesmi of the same siae, no flour gold being seen. d the flakes are of a 
bright gold color with no tarnished nor black coating. No pieces with quartz 
or other foragn material attached were seen. a s  gold was  of the type 
i ~ I l g  known t o  the miners as "bar" gold and showed by its physical chmc- 
ters that it has traveled much farther from the ledge from which it was derived 
than that found either upstream or downstream from this place. 

QaId similar to this "bar" gold has also been found downstream from the 
f lmtdes&m claim. It is identical in all essential lespects with the one just 
described and has probably had a similar history. The fact that this gold has 
traveled farther from its parent ledge is indicated by its higher assay value. 
It i s  not possible to give the precise assay value, for the sample that w~ tested 
was mixed wth  nugget gold taken from one of the clams farther upstream. 
W mixed sample, however, showed a higher gold tenor than the nugget gold 
predomlg quoted as worth =.=an ounce, so the difference is probably be 
assigned to the great- fineness of the "bar" gold 

The d i s ~ b u t i m  of the gdd and the difference in the physical characters 
presented by this mineral from the several claims in this stretch of about 2 
miles present problems of m o r m c  importance. It is believed that the coarse 
nuggety gold on the two claims has b m  derived from near-by areas of Bed- 
rock and has not traveled far from its source d formation. Possiblv mncen- 
tration had been e&cid in earlier stagea of the valley developmen< and the 

1 gold was subsequently reconcentrated m the present streams, but the mwe- 
ment by this process mu,& have b m  relatively slight. On the other hand, the 
fine flaky gjld found downstream from the areas of c o m e  gdd  seems to repre- 
sent the-smaller, Ilghter particles whch, because of their s&, have befi carned 
farther from their source. Such an interpretation is analogous to the well- * known distribution of gold in a sluice box, where the larger, heavier particles 
are found toward the head end of the box and the smaller, Fighter pieces near 
the foot or discharge end. Accordmg to this explanation there are several 
localities of mineralization cut by n e r y  Creek, each being more or less close 
to the areas of heavy gold, whereas in the intermediate regions the stream has 
not been so close to regions of as great mmdizat ion and the gold has be& 
derived fim the areas upstream. 

Too little ls known a b u t  the ~ g i o n  to determine beyond quwtim whether 
the mineralization is confined to a smgle zone or whether there are a great 
number of these mineralized mes, but -from the number of places where-gold 
has been reported in the Squirrel River Basin it seems probable that there are 
at least several and possibly many zones of mineralization. Further study of 
this important question is necessary, for it affects the future of the region. Not 
 IF is jE important in determining the probable area in which gold placers 

82TJ.-22 
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may be expected, but the information i w  also valuable in determining the trends 
of the placer ground. From the experience in Seward Peninsula it is believed 
that the contact of the heavy limestone and the graphitic or quartzom schists 
is one d the most favorable localities for searching for placer deposits in this 
group of rocks. T h s  experience seems t o  be borne out in part by the work 
on Sqwnel River, for the richest claim w far discovered has been near this 
contact. That there are other places where mheralleatioo has k n  pro- 
nounced can not be doubted, and the prospector should therefore not place undue 2 
emphasis on the above suggestion. 

So far only the shallow creek gravels in the stream beds have been exploited. 
a 

There are, however, bench and hgh-level gravels in this region, as well a s  the 
broad dllf nga of the main stream valleys, which are possible s o m s  of mi nerd 
wealth. None of these older gravels have been prospected as yet, and i b e r e f m  
suggestions as to their probable value or character are tentative and subject 
to revision when more information i s  obtained. Tbe lower benches already 
noted as cccnrring at several hfferent elevations above the tributary streams, 
such as Ktery Cre* smm to have had essentially the same method of forma- 
tion as the hown auriferous c m k  gravels. It i s  therefore believed that in 
the neighborhood of bedrock mineralizatim these benches will be productive 
of placer gold. Most of the benches of this character an Wery Creek had but 
small length or breadth, so that only discontinuous deposits resulted. Such 
benches, however, may afford nch pockets d auriferous gravel which would 
well repay exploitation. Many d the benches seem to bz covered with muck 
and turf, which fact suggests that the gravels will be frozen and require 
thawing apparatus. 

The higher gravels, which are of wide extent and cover not only the lower 
lopes of the Squirrel River Basin but also extend both up and down the 
stream along the Kobuk, present problems that are much more dif!dcult to 
interpret. The origin d these gravels can be solved only by a general survey 
of a large area in the lower part of the Kobuk ValIey, supplemented by nu- 
merous g o d  sections d the deposits by m e n u  of prospect shafts. The character 
and hslribution of these high-level gravels stronply suggest that they have * 
not k e n  famed by normal fluviable action. There is a possibility that they - 
may mark marine deposition, but it seems more probable that they are the 
outwash deposxts from ancient g l a ~ e r s  whch at one time occupied the more 
eastern part of the Kobuk Valley, I f  this interpretation is correct, there is 0 
small probability that wouomicallg profitable placers will be found in these 
gravels. Although outwash deposits may c m h n  gold, it is believed that nor- 
mally the valuable minerals are so disseminated that, except under conditions 
of subsequent concentxation, the valuable minerals can not be profitably ex- 
kscted. These high-gravel plain deposits consist largely of rolled quartz peb- 
Mes. No sviated fragments or other marks of direct glaciation were oh- 
sewed. The condition of these gravels with respect to frost is not known. As 
a rule, gavel deposits at any considerable elevation above the adjacent streams 
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 axe not frozen. These places, however, aTe not 
conclusive as to the conditions of the gravels i n  the intermediate area between 
twc, streams, where the gravels are not exposed to the light and air and where 
the ground-water level r i m  so that the gravels are not as well drained. From 
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the character of the surface in some d these less well-dmincd areas it seems 
certain that pemanenllv frozen ground will he encnunlcrctl. 

No prosp~t ing of the deeper gravels that lhrm part ot' the I l d  plnin ot' the 
main Squirrel River has k e n  done, so rlrat no dcjinite int't~nnatinn as to the 
presence of placer ground is ava~lahle. Tr is ~mdcrs~~xrd that prospwtcws have 
found colors of gold on inany d' t l ~ e  hars and in shallcnv holes ~vt l~ch  did not 
reach bedrock. 'The g~ouid was frmzcn, and ~ h c  ncccs.;aq machinunp fur es- 
ploring the deposits was not at h~t ld ,  SO that tlie dcep ground w a s  abandoned 
for the more easily workcd shallow crccb rlipgings. From the experience an 
Beward Peninsula ~t seclns qucstionehle nhcthcr ilnporiant placer gold deposits 
will be discovered in these tlats. I t  should Ix rciternted, h o ~ ~ ~ m e r ,  that the data 
for basing a decision arc inaduquntc, sud ~ h c  nhmpu suppcstion is little better 
than n guess, warranted only hy Ihc desire ta prevent the reckless expendikre 
of time and tnoney on ill-considcrcd projects. 

- 
During the gold rush of  1898 some prospectors o v e r f l o ~ d  into 

the headwaters 'of thc Noatak Valley, and others attempted to 
ascend the ri~cr from its mouth. A little gold was obtained, and 
stories of fabulous finds n.hose locations have been mysteriously for- 
gotten art: still occasionally heard. but no mining work has been in 
progrcss in this ~dlc?, for morc than a scare of ycars. In 1911 a 
party of thrcc prospcctors wcrc looking over the headwater region 
in thc hopc of finding suficicntly promising ground to warrant 
furthcr work, but thc rcsutts ~ c r c  apparently unsatisfactory, ror 
no work was undertaken. There are tn-Q principal areas where 
placcr gold Itas bccn reported. Thcsc arc in  the vicinity of Lucky 
Six Creek. near the head or the vall?, and on Midas Creek, fartl~er 
do\\nstream. The general conditions on 'LucIry Six Creek were dc- 
scribed by Smithla in 1913asfollons: 

Gold tws discovered in t h ~ s  stream [luck\ SIX Creek] in ISM. and Lion1 
h i e  to time since then small parties of prospcctors haw visitcd Lllc rcgion 
This placc is so inacccssihlc, l ~ o ~ ~ c ~ + c r ,  (hat thc rnincrs hnvc spunt onlv n k w  
day 5 there. Not onlv is the region ~naccessible, hut ~t is also diilicult 20 pmq?ecF 
k lock of timber. T t  is  reported that the planks used tbr ~ n n b ~ n g  sluice hses 
were wvl~ipsawved by hand on Reed River, d t he  Koh~tk I jasin, ilcarl y 30 lnlles 
away, and were hauled by dogs and inen to I .uck~  Sii. 

The Lucky Six Basin was not sumeyed, but t h e  pt%ernl goolop' !rras learned 
from a study of the stream to the north. crcck, kntlnn as T\wlvernile 
Creek, is not more than 1 I) or 1 2 miles long. For hall' n inile or so a h v e  the 
mouth the stream meanders OD the outwash gravel plnin d' the inain Noatak. 
Farther up the stream enters Ihc hills and [hc rivcr lics in a narrow, p r p  

dpitons gorge incised fh bedrock and enrlv glacial dcposirs. In this part the 
creek is  not more than SC, Ceet wide, cvcn during Ilnws r4' hip11 water, hut it 

. is a roaring torrent w ~ t h  its hed rull d I>ugc boulders that make crossing dim- 

" Smith, P. S, a p  dt., pp. 140-141. 



cult. Still farther up the gradient of the valley decreases, but in the head- 
water regions the slope again increases. 

Geologically the Lucky Six region presents many problems. Various kinds 
of rocks occur in intricate relations. The larger part of the bedrock appears 
to  have originally been a sediment that was subsequentlv metamorphosed. No 
masses uf the granite were = in place, though dikes were reported by pros- 
pectors and may exist in the Inore remote parts of the valley that were not 
explored. Limestones form a considerable part of the divide north of Twelve- * 

'* 

mile Creek and appear to have a gcnernl east-west trend. The direction of the 
structure in the schists, however, ia not constant, though it, too, appeara to 
strike east and west and to dip north. 

Gravel and partly rounded morainic material extend to an elevation of C 
1 , m f e e t  above the creek, or 3,m feet above the sea, but it is not in this 
material that the gold values are reported to have been round. Instead, the 
gold I s  said to occ~u. onlv in the cracks and crevices of the bedrock in the 
creek or in the very shallow present-dav creek gravels. All the gold is said 
to be notable for its - s i x  and the abs~ncc d 1-me flaky pieces. 7t is 
described as shaped likc " ~ m p k i u  seds," has a reddish color, and a-ya 
about $19,20 an ounce.'a 

Near Midas Creek some gold was found by prospectors in 1904. 
The gold was reportcd to have k c n  found in small particles. all of 
whlch were rather well worn. The occurrmcc at this place was 
described by Sinithm as follows: 

It seems that much disseminated gold iu flne particles was fo~md in the creek 
and ancient gravels of thc Noatak, both norlh and south d Lhc river but that 
the grawls d thc tributaries d Midas Creek that are derived entirely from 
the h~l ls  north of the camp of Augu& 2 are  not auriferous. From the geologic 
study oC Ihe rocks lorruing thcse hills it is belicvad that they arc youngcr lhan 
the metamorphic schists and bclong to the group callcd in this rqmt the 
Noatnk sandstone. The older rocks that are more likely to  be mtneralized * 
apparently form the bedrock to the south and underlie those forming the hills 
in whicli Midas Creek rises. It 1s therefore believed that Lhe gold rcported to 
have come from M~das Creek was derived either from the older rocks forming 
the southern part d the hnsin or else that i t  may have come from the outwa~la 
gravels which have been transported for long distances. These ancient gravels 

C 

have heen mmgm7pd up to an elevation. of E% feet above the mouth of 
Midas Creek. nnil they are believed to have been mninlv d glaciofiu\riatile 
origm. . 

Some prospectmg has also k e n  done soutli of the Noatak opposite Midas 
Creek. Although it 4 reported that small colors ni' gold were found at many 
places, the abundance of large boulders in the streams makes prospecting 
diacult without numerous appliances not easily procurable in this remote 
region. The bedrock south of the Noatak a t  this place appears to be similar to 
that generally present in the better-known placer regions of the Seward Penin- 
sula. Where the undifferentiated limestones form the hills, however, the 
probability of fmding productive placers sama; slight. 

W Lloyd, L, rmpmbltshed letter. 
' h t t h ,  P. S, o p  dt., p 142. 
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The principal placer region in the Koyukuk River Basin, from 
which between $WX,,I)(30 and $3,000Q00 in gold has been produced, 
lies east of the area described In this report. but many of the same 
geologic conditions which prevail there seem to continue into the 

f mapped area. Gold has indeed been found on several of the tributary 
streams of the Koyukuk within this region, but no ~nining has been 
in progess recently on any of them except on the Wild and John 

4 Rivers. I n  the past some gold was also recovered frein placers on 
the Alatna River and from some of the bars on the Koyukuk itself, 
and a little gold has been produced in the Hogatza m, a short 
distance south of the mapped area. 

The occurrence of placer gold on the Wild River was described by 
Maddren " as follows : 

wild Elver enters the Koyukuk from the north uboul U milas below the 
mouth of North Fork Its vnlley lies between that cf North Fork on thc egst 
and John Rivcr on Ihc wcsl, but it is nut so long or large as  cilher d thcsc 
strcarns. I f  is probably not o\w 50 rnilcs long in a direct north-soull~ direction, 
hut the main stream is very winding. The upper part d the valley c r w  
the gold-baring sclust bell Crom 30 lo 40 milcs nnrlh or K- River, and 
sinall amounts d gold have hecn nlincd from thcc creeks lying in thc schist 
belt The flrst onc cB these creeks in upstream order is  Rirch Creek, an east- 
side tributary frnrn which about $10,00Oworth of gold waa rnined during 1806-6. 

About l0 miles n h v e  Birch Creek the river flows from a lake, and on two 
small creeks that flow into Ulis lake frotn the east some gold has heen mine& 
The southern of these streams is  called Lake Creek. I n  1- gcild Lo the 
amount of e000 was taken from a claim on one of the headwater p lc l~es .  
The gold was conrse, some of the nuggets ranging in value from $!M tn $150. 

Spring Creek is the next stream above on Lhc same side of thc lake. The 
h claim that has been mined is located about 1 mile Crom Ihc lakc. It yieldcd 

ahout W in 1801, but the summer of 1W8 was su dry that there was not 
enough water available for advantageous work. 

Some mining has been carricd on in later years on this stream, and 
later chscovmes on J Creek and elsewhere have been reported, but 
no late data of general significance have been obtained. It may be 
of interest, however, to note that samples of the concentrates from 
Ide Creek showed considerable scheelite among the more common 
rn~neral constituents, such as hematite, pyrite, and a little magnetite. 
It seems fairly certain that the gold in these placers was derived from 
quartz veins in  the near-by sch~sts, but, no proof of the origin of the 
q m r b  veins has been obtained, and it is understood that no areas of 
igneous rock of the granitic @pe have been recogmed in the vicinity 
of this valley. Considerable difficulty is reported in handling the 
large boulders that occur in or above the gold-bearing gravel. 

h "Mnddlpn, A. G., The K o ~ O s n d a ~ r  wglon, Ahskn : IT. S. G d .  Sumy Bull. 632. 
pp. 109-110, m. 
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JOHN WVCR 

On the John Rver very little prospecting has k n  done, though 
it is currently reported that in 1924 there was renewed activity in 
prospecting on that stream, and a considerable hydraulic oufit was 
taken to daims in the lower part. Schrnder ** noted that "colors 
were obtained from gravels in the mouth of a small creek near the 
northern edge of the Totsen series:' (the undifferentiated early 2 

Paleozoic or older rmh of this report), and MarMren Q states that 
no gold-bearin deposits have been found north of that belt of 
rock$. He ~ u r k e r  states: Q 

Crevice Creek which lies in these ro* on the east side OF the river, and 
Fool Crmk and its tributaries, on the west side, are the only streams on which 
encouraging prospects have been found up Ea this time (1913). About $1,800 - worth of gold was mincd on Crevice Cmk in 1W, and good prospech wrrc 
found on Riidas Crefk, a tributary of Fool Creek. in 1905, but these dimweries 
have not led to further development. 

There is little reason to doubt that gold occurs in the central part 
of the valley of the John River. The physiographic history of the 
development a€ the valley and the physical conditions of its uncon- 
solidated deposits, howeverJ suggest that the gold is probably dis- 
tinctly localizd or spotted and rather =cult to develop econorn- 
icdl  y without a consicEerabFe outlay d work and money. 

The greatest activity in prospecting for placers a the Alatna 
River was shown during 1898 and shortly after that year, when the 
country-wide gold rush was at its height. Small amounts d gold 
werefoundinmanyp~aces,andseveralbaomcmp,theIargestof * 
which were Beaver and Rapid City, sprang up, but they were soon 
abandoned, and by 1901 only a few prospectors remained in the 
valley. This condition prevailed in 1911, ~ 7 R e n  Smith traversed the 
region, and in 1924110 miners were living in the valley. It is under- E 
stood that now the valley is practically deserted except f i r  a few 
natives. The area in which the mosh promising indications of gold 
were found Ties ktwm the mouth of Helpmejack Creek and a 
point 8 to 10 miles south of the Takahula River. In this tract the 
b h k  consists principally of schist cut by numerous quartz 
stringers. On Meclklenbmg Creek, a small tributary of the Mala- 
mute River, which in turn is a tributary of the Alatna River, a 
prospector reported having found fine colors in the creek gravel 
lying on a schist bedrock. The prospect was not visited, and little 

' Schrader, F. C., A remnnalssance in northern AIaska : U. S. -1. S ~ ~ l r v e y  Prof. Paper 
20, p l I U ,  1904. 

*lhIadaren. A. Q., The Wukuk-Chandalac region. Alaska: U. 9. Gml. Surwy Bull. 
882,  p. 110, 1913. 
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except the general character of the occurrence was learned, but it 
was evident that no deposit of a size or richness to warrant any 
considerable expenditure for development had k e n  found, The 
gold from this place is in very small pieces of reddish cobr, some of 
which are flaky. No black or rusty gold was found. Magnetite is 
everywhere, common in the, concentrates, but garnet or mby ?' is 

3 almost entirely absent. 
A little prospecting had also been done farther up the Alatna near 

the mouth d the Kutuk in the belt here mapped as unddferentiated 
4 Silurian { % I  rocks. ?Vork there had been desultory and had at- 

tempted to test only the shallow creek gravel. Some gold was found, 
but so little that it did not offer much inducement to continue 
development It is believd that the gold that occurs here in the 
gravel originated in the quartz veins which are fairly numerous in 
the slate. Magnetite is a common mineral in the concentrates, but 
none of the other heavy minerals wcx recognized. 

MISCELLANEOUS LOCALITIES 

No indications OF any placers that appear at all promising for their 
gold content have been recognized in any of the streams flowing 
northward from the Brooks Range, and the general character df the 
bedrock is not such as to hold any inducement to prospect in those 
areas formed dominantly of sedimentary rocks of Mesozoic age. A 
few small calm of gold were found in pans taken by the Geological 
Survey party on a bar near camp F May 28, in the upper Colville 
Valley, but these were insignificant in amount and probably had 
been derived from the Paleozoic rocks to the south. Repeated tests 
elsewhere dong the upper part d the Colville failed to show gold 

b and several pans taken on the tributary of the Etivluk that enters 
that stream near camp F July 25 also failed to show any gold 
SchraderS4 notes that a party af prospectors who apparently tmv- 
emd ,part of the Killik and adjacent portions of the Calville re- 
ported to him that they failed to fmd any trace of gold in the sand- 
stone and shale that are the dominant formations in that region. 

Afhough it  is possible that some gold-bearing mcks may crop out 
in the areas formed dominantly af Paleozoic rocks, in the head- 
waters d the Colville and other northward-flowing streams, the 
physical conditions that prevail in those regions are such as to indi- 
cate small likelihood of any extensive productive placer concentra- 
tions having taken place there. On the whole, therefore, except where 
special conditions prevail, such as in the neighborhood uf intrusive 
igneous rocks, which may occur there but none of which ape now 

YScbrader, F- C.. k reconnaissance in northern Alaska : U. S. Gml: Suwq Rof. Paper 
*r 20, p. 31,190A 



h o w n  in the basin o f  the Colville River, the probability of fmding ' 
gold placers that can be profitably waked north of the B& Range 
is so slight that prospectors are not justified in spending time in 
seeking for them there while so many more promising arew in more - 
accessible districts still remain. 

The Quaternary deposits of the northern coastal plain have not 
bees extensively tested to determine their gold content, but as they 
were probably derived mainly frotn the Ml;saeoic rocks to the south, 5 
which presumably contain no gold, there seems to be small likelihood 
that the later deposits are gold-bearing either. Schrader panned Borne 

Q 

of the material at Pi t t  Point, between Smith Bay and Harrison Bay, 
on the Arctic coast, and although he reports that  he found consider- 
able black sand, gold was absent 

GOLD LODES 

Indications of gold mineralization are d i n e d  almost entirely to 
the areas occupied by the rocks older than the Devonian or t o  the 
vicinity of the igneous intrusive rocks. Even in those areas, how- 
ever, no lode mining is in progress, and what prospecting has been 
done was carried on more in cdormi ly  with the nominal require- 
menk of the land laws than in a real effort to investigate the geologic 

. conditions and the nature d the veins. Practically the only pbce 
where an attempt has been made to prospect the veins was in the 
Cosmos Hills, north of Shungnak. In these hills near the divide 
Mween Dahl and Riley Creeks numerous veins intricately intenect 
the black slate and schist. Most of these veins are small, but some 
lenses 18 to 24 inches wide  we^ seen. A prospect pit had k e n  dug 
on one of these veins, and the broken quartz had been panned and 
yielded numerous small particles of gold. On the north slope of 
this ridge and extending as f a r  down the hillside as the p1ace1.s 
on Riley Creek heavy quartz goat covers the surface. In mnny 
of the pieces of quark= gold was readily recognized by the unaided 
eye, and in some pieces several dollars' w d  o f  gold is reported to * 
have k e n  found. The gold-beating quartz a t  this place has a dense 
texture and a greasy white color. Sulphides are practically absent. 
I n  places the quartz is stained with iron, but the amount of discolora- 
tion from this source differs greatly in different places and seems to 
have no relation to the gold tenor. Some of the quartz shows indi- 
cations of comb structure and c I c m  not seem to Rave been badly 
smashed. For this reason it appears probable that the veins were 
farmed later than the great period d dynamic metamorphism, and 
this conclusion seems to be supported by the greater continuity of 
these veins as compared with those in the oldest schists. Apparently 
the local placers on Riley Creek are intimately connected with these 
quartz veins and owe their gold content largely to them. 



GOLD LODES 

Conditions similar to those a t  the head of Dahl Creek, described 
above, are believed to be likeIy to occur at other points within the 
Kobuk Basin, but the general inaccessibility of the region and the 
probable need for extensive plants and equipment make search for 
them at t h s  time scarcely worth while. From what has been EETI 

I 
of the mode of occurrence oF these veins it seems probable that to 

e recover the gold would necessitate handling and milling a large 
d 

amount of the counhy rock in addition to the vein material, and 
this would necessarily reduce the goId tenor. The question, there- 

.# fme, whether thee veins can be worked at a profj t can be answered 
only by careful and extensive sampling of all the material that 
must be mined and milled on a commerciai scale. It is evident 
that picked specimens are of absolutely no value and that even 
well-taken samples of the vein filling are misleadmg unless the 
vein is so wide that it can be mined without necessitating removal 
of countly rock with it. 

Gold qubrtz veins have been reported at several places in the 
valley of the Alatna River. A number of claims are said to have 
beePl staked in the central part of the valley, but w-hen that region 
was visited in 191 1 practicalIy all trace of work had disappeared+ 
and only a few small iron-stained stringers of quartz were recog- 
nized. Schrader 35 noted that a number of quartz veins had beerr 
found in tbe divide between the Alatna and the Noatak. but their 
location  as so indefinite that it could not be r e c o w e d  by the 
Geoloycal Survey geologists ~Yhm the region was v~sited in 1911 
The fact that the highest gold content of the samples from 
place examined by the Geologrcal Survey chemists was less than 
$2 a b indicates that the value of these veins as lodes is practically 

e negligble. Schrader's description is as follo~vs 
- The country rock is described as quartzite, slate, and schist. * * * 

Alatna ore deposits are repaaed to consist of six or more veins, or ledges, k n o w  
a as the Oopper King, Oopper Queen, Lucky Slx, =th, Iowaf Gray Eagle, 

Silver King, and around Hog. They are on an average about 1 mile apart 
and are accordingly included in a belt about 8 or 7 miles in width. They lie 
nearly parallel and trend in a nortl~east-scruthivesterly direction and, so far a s  
prospected, are in general nearly vertical or dip about 76" NW. About half 
of the veins are reported to have a width of approximately 75 feet, wrhile the 
minimum Width of the smallest is given as 10 feet. Some of t l ~ e  veins have been 
traced by croppings for distances varying from several thousand feet to 2 miles. 

Through the courtesy of Mr. Prindle the m~iter has recelved far study six of 
these U t n a  ore specimens, b r o u t  out by the miners in  the fall d m. 
In these specimens the me consists essentially of iron pyrites and quartz, with 
also chalcopyrite (copper pvrites), which is conspicuous i n  two specimens. 
TV:th the chalcopyrite IS amociated a little bomite and a Pace of malachite. 

" Hdmder, F. C.. A recmaiwance in northern M a s h  : TJ. S G e ~ l .  Survey Prof. Paper 
m. m. 1OZI01. 1m. 
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Another specimen is cornposed essentially of stibnite, or sulphide of antimony, 
and epldote One specmen contains feldspar as a gangue mineral in ad&han 
to quartz and is locally staned reddish brown by hemattte or iron oxide, which 
is seemingly an alterati~n prohct of the pyntes. 

The quartz is largely of the finely granuI ar sugary type and often remains as 
u porous honeycombed or cordlinelike mass where the metallic contents of the 
ore have been-leached out of the more exposed croppings This skeletonized " 
mass i occas~onally traversed by small discontinuous stringers of firmer, 
greasy-Iustered, and evidently younger quartz, producing a semibanded ap- 

3 
peamce, which. considered In connection wrth slickensiding and planes of 
weakness exhibited by other specimens, shows that ore deposr:tion was followed 
by rock movement and consequent crushing, which produced fractures, into fi 
which the barren. stringers were subsequently deposited by silica-charged 
solr~tions. 

The specimens at hand contain bath white and yellow iron pyrites, which is 
mostly fine grained and nomadly occurs massive with the quartz, but in a 
few cases an imperfect parallelism, or banding, apparently representing deposi- 
tional layers of quartz and pyrites in varying amounts, is perceptible. 

The value of the ore rests in its auriferous content. At least three of  the 
larger veins are reported, from assays made for the owners in San Francisco, 
to cany from $40 to $90 par ton in gold. The Survey has just completed the 
assay of four of the abovedescribed ore specimens, with the following results, 

'+in ounces per ton: Specimen B, gold, 0.05; i; lver, none. Specimens c and D, 
dkotd, trace: silver, trace. Specimen F, gold 0.1 o, silver. 0.m These results 
are not promising The goId seems to be contained very finely dissemhated 
in the pyrites, for so far ns hown no free gold is vislble. None was seen 
in  the spec mew examined by the writer. 

In his earlier report on the Noatak region Smith noted that gold 
had been reported to have k e n  found in the vicinity of ''Mount 
Kelley." ~t that time this mountain w a  supposed to be somewhere 
on the Noatak. divide and was indicated on mma early maps as 
about 40 miles north of the mouth d what Smith called the Kelley 
River. Subsequent surveys, however, have cast considerable doubt g 

on this position d this mountain, and i t  is now believed to lie en- 
tirely outside the Noatak Basin. A prominent hill that makes a 
striking landmark and stands on the itiGifids between the Kukpownrk 
Kukpuk, and Pitmegea Rivers seems to be the most likely point 

r 
to which the name shouId be given, and this position has bear 
adopted on the accompanying map. The location is of special geo 
logic interest, b e m e  if it is accepted it indicates that the countrj 
rock there belongs to the cretaceous unless there has ken local 
intrusion or faufiing, and these Cretaceous rocks nowhere else in 
this region have shown any indications of being cut by veins c o a  
taining valuable minerals. Whether or not the comect identification 
of thi point, originally called Mount Kelley has been made, the 
report by the prospector Kelley, as given by Stockton? leaves no 

'Stocktun, C. H. Arct ic  cruise a l  the U. S. 9. FXctts 3n the mmmm and autumn of 
1889 : Nat. Gwg. Map.. vgl. 2, p. IgC, 1900. 
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mom to  doubt that the area prospected by Kelly was in the Pitme- 
gea Valley. This report is as follows: 

Gold has been found near the Pitrnepea a t  the head of the same creek 
<~k& Creek, a southerly tributary of the Pitmegeal and tributary, it being 
eoafained in sulphurets of iron which exist in large quantities in that vicinity, 
there being from $3.60 to BOO worth of gold in EI tan. The country is all hut 
impassable, however, and tliis, together with the shortness oi' the season, would 
prevent any mining with prom. 

Another occurrence of vein quartz whose precise location is ex- 
tremely indefinite was recorded by Smith on the report of a pros- 
pector who went into the hills a t  the head of the Squirrel k v e r  
that form the divide ktween the Kobuk and Noatak. No details 
ef this trip were obtained. but the prospector is said to have returncd 
with numuous specimcns of quartz which showed considerable free 
gold that he had evidently found in that region. I 

Some metallic sulphides were noted in the sandstone near camp + 
- 

M June 13 on the Killik River, a t  a point not far from the dike of 
gabbro already described. The character of this deposit, however, 
was not such as to indicate that it was of ccmarnic significance, even 
if i t  occurrcd in a much more accessible rcgion. Disseminated sul- 
phides were noted in the igneous rocks on the Kivalina River near 
camp P April 10, but their amount was insignificant and not such 
as to suggest that thcy might g v c  risc to ore bodics or commercial 
deposits. 

COIrpEK 

Copper minerals have k e n  recognized in the Kobuk, Noatak, 
Alatna, and John Valleys. Of these the only one on which any con- 
siderable amount of prospecting has ken done is in the Kobuk Val- 
1 y neaf Shungnak. These were described by Smith "? as follows: 

At two places attempts have been made to pmspect copper lodes, but at 
neither have the explorations been sulllcient to determine the extent or tlie 
geologic relations of the ore. One of these prospects is locnted on the west 
side d Ruby Creek about 5 miles from the junction of that stream with 
S l ~ q n a k  Kiver. The other'lies west of  the left fork of Ruby Creek, near the 
head of Cosmos Greek. A low limestone hillf locally known as Aurora Mom- 
tain, is the center around which the claims a t  the latter locality are grouped, 
and thls name will therefore be used to designate that  locnlily. 

Copper-bewing leads on Ruby Creek have k e n  known for many years and 
were critically examined in 1906 by experts in  private employ lo determine 
their cornmercinl vali~e. Conditions at that time preventd the purchase of 
the properties, and only a small amount of work has been done recently. Owing 
to the length of time that has elapsed since active work was in progress, many 
of the Pita and open cuts have caved and Mled to such an  extent that they 

"Smith. P. S.. The NcmtakKohnk region, Alaska: U. S. Tall. Sulvey BuLI. -96, pp. 
147-IM. 1913. 
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afford pax opportantty for examining the deposits and adjacent rocks, Jn 
this part of the Ruby Creek Valley on the lower slopes there is a heavy 
covenng .of talus and vegetation, so that without pits and othcr sections mmp 
i~nportnnt facts are indeterminable. 

Mineralization m Ruby Creek appears to be confined to a brecciated mm 
or 70nes m the limestones. Sulphides have ken deposited in the ope11 spaclas 
thus fonned, and the orehearing solutions have penetrated the limestone dwg 
many cracks and crevices and have in part replaced it. There is mine brcc- 
cfated dolomite at the mine, and this also has been replaced and intersected G 

sulphidcs. The anlphides of economic importance are malnly bornite and 
chnlcopyrile, b ~ d  galcnii and iron pyrite were also noted. In tllu sunIda1 part 
d' tho deposit both the blue a n d  the green copper carbonates arc c o w o n r  4 
I.itnonitc, dcrived rroni the weathering of the pyrite, in several plaza I'ilrms 
R gossnn, or " iron hat'heveral fcet thick over the sulphide-irnprcgna~ed l l m e  
stnnc. I t  is reported that the weathered material uhen panned yelds colors af 
gold Average pans d the gossan from an o p  cut ahove the maln worklnga 
:ire snid to give thin 1 to 3 cents m gold. Assaysare reported to have ~ l e l d e d  
RS niucll as 11 pcr c c d  d coppcr, but no details were obtained as to Ihc manncr 
in which the s;~iiiples were taken. 

The innin dcvclnprnents on the northernmost property consM of an adit and 
two ~ p ~ m  cuts. Thc mouth rd' theadi t  is cnly a few i&t above h e  high-water 
level ol' thc crcek. Thc tunnel hns been d r i ~ e n  about 40 fket through a much 
slickunsidud nnrl fracturcd limestone, in ploccs show+ng mincralizatton. ?SWb 
sl~orl  clril'ls, totnling only ahnut 30 recl in Icngth, ft?llowa2 e s w c i n l l ~  ptsoug 
indicnlions (11" iiiincri~lizn~inn hut cvidenily m n  pas& out of & om. The 
walls stntid Ihirly rvcll. but cnviilp of the  surfhce has so blwked the mouth of 
'thu adit lhnl 12to 18incl1cs wstcr stands on thc zrach A hoilcr ivas brolyrhl 
in from ~ h c  Koh~ik hy nu! r f  thc lo\\ pass at thc hcad nT Wc~lcy Creck by a 
tcam o f  70 dogs. N%cn wvork w a s  srortcd, a homcmadc minc car  as w%l 
to trail1 t h c  hrl~kcn n)ck n\\:ty l'rtvn the working Tacc. but a new automatic 
dnmping car  has  smcc h a m  ii1stal8etl. Wmden rmIs are, ho\\.ever, still in use. 
Nntivus ha\.c bemr cmplov~xl ulns muckcrs nnd for t lic simplcr mining operatlone 
arc sa ld  lo hnvc gi\.cn sa~tsfr~cl~on. 
on thehill at an elmation 01' about feet ahove the adit an open cut e! 

rT 
3U feet long and 10 6ecl o r  more \r idc hod stripped lthe surface and had cut Into 
the bedrock to a depth of 5 to 7 feet. Most d t liis l ~ i t  was covered with caved 
eurfldal material, ec tlral I~ll lc muldbs  seen. 'I^hcmfmdhtlon sccnlcd to be 
essent~all! the same as that aped in tlic adit. Although the bedrock in the 
open cut is limcslonc 11 dit't'crs I 11 wmc xsspects frotn [ha i expad in thc tun- $ 

ncl, for none ot' Ihc dolo~nll~c phnsc \\as rccognr~d, nntl In places it seemed to 
be darker and suggested correIalion with n higher h t m ~ m .  1 lorvever, there has  
been so much dislocstlon lhnl tIlc strlrcturc \!as not dutcrn~inahlc, and in the 
absenw of fmtlb the ithove suggest~on is to tw regarded as little better than L 

go- 
A t  about the aame elevation ahove Ruby Oreek as the ndit alreedy descrihd, 

and 200 b #K, yards southeast of the o p n  cut on the I ~ i l l .  nnother oFn cut 
a m  30 feet long has uncovered a 8we ol' mlnerallzatlon. Thc mndc oC occur- 
mce is esmtiallv the same as that ;I ( the tivo otlicr plnces, hut only tlie upper 
weathered portion has been exposed. Copper minerale arc less ~hundnnt here, 
hut there is more Iitnonite. Sulphides tr'cre but sperlngly seen; the iron 
occurred mainly as oxide and the copper mainly as cnrhonii(c. I I is reporkd 
that samples of the ore from this cut have a higher a w v  gold contenl Shan 
that from either d the other two p l a w ,  



At a localiv in Aumra Mountain. about 3 miles \vest d the Ruby Creek 
copper l e a k  the geologic structure is essentially s!nclinal: hreociated and 
deformed limestone forming the top d the hill lies above a -wries of dark alates 
and dkk. that form the lower Near the contact between the ti\0 

but occnrrfng almost imrariabl!- within the hestone, are  indications of 
m i d e  mineralization. The surface of the hill 1s so COY& with frost-riven 
ta!w of limestone that except in artificial cuts the rocb are not esposed in 
mhca Here and there copper carbonate float is found in cons~demhle abundance 

Dwelopmenta m Aurora Mountain consist mainl!. of holm dug through the 
rn erl!.ing mantle of detritus in places \\here the copper float is part~cularly 
abundant. The only prospecting of this sort that has been carried to any 
andderable evtent IS on the northeastem slope of the hill ahout #)[I feet a h v e  
the contact of the limestone and schists. Esplnration a t  this place at first , 
cons~sted in sinking a shaft on the uphill side of a particuIarly conspicuous area 
of carbonate float At the time this place was visited in 1910 the shaft was 
partly filled nith water and its walls uere so covered nith ice that the! could 
not be ewmined. It ras reported that the shaft was about 22 feet deep and 
intersected a fairly promising cwper lead ahaut midwav hetrveen the surface 
and the hottom. The bottom of the shaft 1s also said to have & o m  some gomi 

Samples from the lo\ver part of the shaft show hornite and chaleopvnte 
a s  wdl  aa carbonates. 

Owing t o  the dimctzlty of mining the shaft \-as abandoned and a crosscu2 
at about 250 feet lower elevation was commenced to connecr with the deepened 
shaft. This adit was about 30 feet long, and it ~ 1 1 1  be neceasaq to extend t t  

over 26a feet bo reach a point directly underneath the shaft. Throughout its 
length the adit is in barren brecciated limestone, in few places shnn~ng any 
dneralhatlon. Bllckenaldlng is e~ident at many places, hut althougl~ Ihe 
amount of throw was not determined it pmbabIy \\.as not 1let-y great. s s differen! - 
rocks were not brought into juxtaposition. In spite of the brecciat~on and fault- 
ing the rock &nds well, and it has been necessq to timber only the entrance 
to  the adit, where it passes through the surface detritus. 

AnalysPa by Thomas Price & 0~~ of picked specimens d the bornite are  
reported to show 0.04 ounce of gold per ton, worth about %2 cents, and L4 ounces 

4 of silver Per ton, worth about Ql cents, in addrtion to the copper cnntent. 
Assays by the Same analvsts af chalcopyrite from Aurora Mountain yleIded 
4,OI ounce of gold per Itm, ivorth about 2u cents, and a trace of s i l ~ ~ e r  in nddi- 
h to the copper. Neither at Ruby Creek nor a t Aurora Mounta~n, I~o~vever, 

-1 does the sulphide mineralization seem to have produced auriferous placers. 
Tn Ruby Creek colors gold have heen found. but at Aurora Mountain no placer . gold has been rewned in the stream gravels. 

Although the Ruby Creek and Aurora Mournin localities are the only ones 
where has been carrial q there is probshlv silnflax minerabza- 
tion at many &places. In Tact, mineralization near the cantat* of certain 
c€ the limestones and schists has been recnmiwd all the way from Reward 
Pemsula to this region. Se far  ~prosprct in~ has failed to S ~ Q I Y  that any of 
these depaslta ejtherild Selvard Peninsula or in the Koh& region are workable. 

Until the mode of orialn and the general characters of ore hor l l p~  of this 
type are fully understood I t  seems unwise to do much dwd work, such A S  

running IOW croancnta to intersect a possible ore lm+ in depth. P l ~ ~ t l  after 
a coneiderable bodv of ore has been d tsrlmed a carefill scmtinv of tlie r - l l ~ t s  nt' 
ruinlnk in this r e i n &  and rather inaccessible region should 'hr r u r r r l ~  before 

a,: W L I u y U ,  Xs. t t ~ p a b h h t l  kffer. 
'+ 



expensive permanent mining  machine^ is installed. Although these facts ~hou:& 
not discourage intelligent prospecting, they should Serve a s  a warning that the 
search is likely to be expensive, a s  the cost of preliminary investigation will 
be high. 

Cvper and silver-bearing veins have been reported on the Noatak 
side of the divide h e n  that stream and the Kobuk The follow- 
ing statements were abstracted from the description furnished by 
the prospector who d i s c o v d  the vcinwzm 

The silver ore is said to occur on the north side of the Kabuk Nmtak 11 v i l t ~ ,  
between the Reed and Mauneluk River portages. No description of the gmlogy 
IIOY mode of occurrence was learned. The same prospectora qmck that farther 
west, on the Noatak side of the pass from Kogoluktuk River, there is a con- 
siderable deposit of - ore, and float of native wpper i s  found in some of 
the streams. This place is probably in the headwaters of X?~nilulk River, a 
tributary d 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 samples, 
however, were not representative but selected specheris. This ore is ~ n i d  to 
carry also some gold and silver. An assay of ore from what is supposed to be 
a ccntit~until~n of this same vein an the Kobuk side of the divide is reported 
to have yielded gold and silver to the value of Sl.24 a ton. No work has been " 
dane at this place, and in fact i t  was only discovered and a few samples taken 
during a hurried trip from the Kobuk to Lucky Six Grwk 

The gold-bearing veins at the head of the Alatna, which have al- 
ready k e n  described, are reported to contain some copper minerals 
also. The extent of h e  mineralization is so slight, however, that 
these deposits do not appear to have value even for their cornbind 
content of gold and capper and certainly are of no present importance 
for either alone. 

The only known indications of copper in the John River Valley 
were those reported by Schr~der:~ who states th at 
the pr'ndpnl specimens [of copper-bearing rock] seen by the writer during 
the recent work consisted of waterworn fragments found in the John River 
gravels and derived apparently from the quartz veins. They contained copper 
pyrites and a little bornite. * What is supposed t a  be a vein of con- 
siderable size contairung Iron and amk;lrent;g copper pyrites was observed in 
a steep limestone cliff of the Skaj it formation overlooking the rirrtb, where no 
examination or collection could lx made. 

LEAD 

As already noted, lead occurs in close association with some of 
the sulphide ores whose principal metallic content is copper. Thus 
small quantities cd lead have been found in association with the 
copper sulphides on Aurora Mountain and on Ruby Creek near 

Smith. P. S. The Noatak-Kob~~kregion, Alaska : U. R. awl Surrey Bull. 535, p. 150. 
1913. 

Uoyd. L.. unpuldished letter. 
PIT;~bmd~r, F. C, cp. dt., p. Dl. 



IRON 343 

Shungnak, and considerable lead was found associatd with the 
copper ore at the head of the Kogoluktuk. A small amount of vein 
quartz and some brecciated and recnrstallized dolomite, which car- 
rled small ainounts of galena, was recognized on the high hill west 
of Wesley Cree$ in the Shungnak regon. A prospect pit had baa? 
sunk on this stringer to a shallow depth, but the exposures in it 
were not encouraging enough to tempt further exploration. 

Schrader also reported the occurrence of galena on the Wild River 
and stated that there it is associated with or partly incloses quartz 
crystals five-eighths of an inch in diameter and an inch or more in 
length but that in another place the associatd quartz seems to be 
chalcdonic. The ledge is reported to crop out on Michlgan Crsek, 
whose exact location is uncertain but which joins the Wild River 
from the east a t  about latitude 67" 20'. The bedrock of the part 
of the valley where the galena is found is said to  be the Skajit lime- 
stone. The ledge is said to be of considerable size and to carry gold 
and silver in addition t o  the lead. 

IRON 

I n the hills north of Shungnali masses of magnetite, some of whch 
weigh as much as 100 pounds, are found at a number of places as 
surface float, especially near the contacts of the limestone and schist. 
These were examined by Smitha2 in 1911, and the opinions then 
expressed, which do not require modification from any later data, 
are as follows: 

Float of this sort is particularly abundant m the slopes of the sharp conical 
hill locally known as Iron Mountah, east of the pass between h m o s  Creek 
and the left fork of Ruby Creek. Specimens tioin this place show a nearly 
pure magnetite with here and there drusg cavities lined with small octahedral 
crystals of this mineral. As the magnetite ha5 not been seen in place, specu- 
lation a s  to i~ origin is hardly warranted. There are no nem-by igneous rocks, 
so it seems improbable that these bodies are due to contact-metamorphic effects. 
Owing to the occurrence of limonite and hematite bodies in similar limestones 
in the Solomon region of Sward Peninsula, a tentative suggestion is that the 
magnetite of the Sliungnak region may have been formed by the metamorphism 
of similar iron oxides whicl~ were laid down either contemporan&usly with 
the inclosing lhllestones or earlier than the great period of dynamic meta- 
morphism. The magnetite shows no signs of having lmm sheared, so it must 
have been either entirely recrystallized or deposited subsequent to the period 
of regional defom~ation. 

Whatever theory of origin of these ores proves to be the true explanation 
probably matters little, for the deposits so fa r  as known have but slight 
economic value. The high operating cost% coupled with the absence of large 
ore ldk, will necessarily deter capital from undertaking their da~lopment. 

Smith, P. S., The Noah&-Kobuk ~.eglon, Alaska: U. S. Geol. Survey Bull. 536, pp. 
-Ed, 1m. 
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A. C)-& gray, splintery, lamellar in structure. This sample a s  ~ e e n  in 
,the alide and by ordinary light presents a uniformly colorless field of a 

I homogeneous nongleochrolc mineral and is travwsed by h e  wavy rifts mnlpg 
dl i n  the same direction. The inclosuses are rery minute: some are mere 

particles; others are distinctly recognizable as limonite. Between 
cmsd nicols the entire fleld is covered with very indeflnltelg ontDa& areas, 
~ 1 1 1 c h  are altemate4y light and dark as the stage is revolved. Wsth a power 
of diameters h areas are wan ta be corn- of wavy and uneven 
wales and hundIes of  fibers 8o interwo~ea and confused that no trustworthy 
measurements d extinction angles are obtainable. Many of the bundles seem 
Va extinguish in direztiys approximately paralIel with their length; but others 
*ow wide angles. B 

., B. Like A, hut more granular. Thfe specimen in thin section and by orddnary 
Zlght is also srlmost colorless, or very faintly greenish and without pleochroism. 
I t  shows only a few yellowish and opaque inclusions, which are evidently of 

- - a femginous nature. Between crossed nicols itmexhibits the well-knoim 
nephritic structure-a dense aggregate of short fibers and scales, the fibms 
arranged in clusters, or radiating trrftIlke bundles wlthout definite boundaries, 
wluch merge into one another as thc stage is revolved. In cases where these 
bundles a r e ~ o m p s d  of d b s s  lying approxirnatelv pnrallel, angles of extlnc. 
tionhwere measuoed varying from 0" to IFi', 

C. Paler, ncarly white, closer gramed. 
D. Brownish, highly Cohatc. 

The Jade 'Mills have not been examined in detail by any of the 
X3~&gical Survey parties. but almost a11 thc streams north of 
4Bhungnak contaki pebbles and boulders of hard green, slightly trans- 
,Iucant rock that might well be described as jade if that term i s  used 
sin its general and not its restrickd rnineralogic sense. These speci- 
mens cans& of various rocks, somc of whch are serpentine. others 
-green quartzite, and still others nephntc. Nonc of the pieces exurn; 
3nd seemed to  be of gem quality. The imperfections are due to 
cleavage, which causcs the rock to split into layers, and lo inclusions 
if ather minerals, most commonlv magnetite, ~Yhlch spoil the trans- 
lucency m d  give the specimens a spotted appearance. Several Bes- 
ultory attempts to develop jade in this region have h unsuccessful, 
and there is little probability that in thc ncar future any great 
quantity mi11 be produced. . Th'e raw materia! is of- relatively low 
value, so that the inaccessibility of the region, the great preponder- 
a m  of material of inferior qualitv, and the small and relatively 
well -controlled markct for j ade serve as deterrents to commercial ex- 
ploitation of this resusuroe. 
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Asteractinella sp ........................................................................ 

-- ---- - - - -  - - - -  ---- ---- 
Corals small indeterminate ............................................................ 

-- ---- ---- ---- ---- ---- . , 
Stromatoporoid coral (7) ................................................................ 
Zaphrcntis sp ........................................................................... 
Triplophyllum sp .a ..................................................................... 
C ~ p o p h y l l u m  sp ...................................................................... 
eyathoph!;lluin sp.. ................................................................... 
Fystophyllum sp ....................................................................... 
Endophyllum sp ....................................................................... 
~ i p h )  phyllum cf. D. simcoense- ....................................................... 
Diphyphyllum cf. D. stranineum --.-.- ..-- ---- --.- ..-- --- -  .-.- --.- ---- .-.. --- -  .-.. --- -  
Diphyphyll- sp ...................................................................... 
Lithostrotio~ cf. L. basaltiforme ......................................................... 
Lithmtrotiou irregulare ................................................................. 
Litll&rotion irregulare? ................................................................ 
Lithostrotion junceum .................................................................. 
Lithostrotion portlocki ..............................................-.-................. 
Lithatrotion portlocki var -..-.-.-..--. --.- --- -  ---- ----  ----  ----  ---- ---- ---- ----  ----  ---- 
Lithostrotion portlocki?-- .---.-..----. ---- - - - -  ---- - - - -  ----  ---- ---- ---- ---- - - - -  ---- - - - -  
Lithostrotion cf L. whitueyi ........................................................... 
~ithostrotionsd ............................-........... X ............................ 
Lonsdaleia sp ........................................................................... 
Acervulariasp .......................................................................... 
Favosites sp ............................................................................ 
Leptoporasp- .......................................................................... 
Cladoporasp .........................................................................-.- 
Byringopora cf. S. multatteuuata ............................... X ...-................ 
Syriugopor~ cf. S. porelegans ............................................................ 
Syringopora cf. S tabdata-.  ............................................................ 
Byringoporasp..: ...................................................................... 
Pentremites sp ......................................................................... 
Crinoidcolumns ........................ X X X X ............ X ...-. X X .... 
Melonits sp ........................................................................... 
spirorbis cf. S.annulata ................................................................ 
Echinocrinus sp ........................................................................ 
Cyclotrypa cf C. barheri b ............................................................. 
~ ~ t o s t o m e i l a  sp.. ...................................................................... 
Leioclema sp ........................................................................... 
Stenopora sp-. ......................................................................... 
Fenestglla cf. F. cestriensis ............................................................. 
Yenestella sp.- ................................................................. X .... 
Hemitrypa sp ................................................................ 
Polypora sp.. .......................................................................... 
Pinnatopora sp ......................................................................... 
Rhombopora sp.-. ..................................................................... 
strehlotrypa cf. S. uicklesi ............................................................... 
strehlotrypa sp ......................................................................... 
Cystodi:tyacf. C. liueata .............................................................. 
Cystodictya sp. ................................................................ ? .... 
Bryozoan ................................................................................ 
Lingula sp .............................................................................. 
Rhipidomelln cf. R. pulchella ........................................................... 
Rhipidomella cf. R. thiemei ............................................................ 
Rhipidomc?lla sp ........................................................................ 

............................................................. Sehizophoria cf. S. swallowi 
Bchizophoria sp ......................................................................... 
Leptaena rhomhoidalis.. ............................................................... 
Orthotetrs sp ........................................................................... 
Derbya sp .............................................................................. 
Schuchertella cf. S. minuta ............................................. ....I ............ 
Schuchertella sp.. ...................................................................... 
Chonrtes cf. C. burlingtonensis ......................................................... 
Chonetes cf. C. choctawensis ........................................................... 

............................................................. Chonetes cf. C. illinoisensis 
Chouetes sp ............................................................................. 
Productella hirsutiformis? ............................................................... 
Productella sp .......................................................................... 
Productus cf. P. altouensis .............................................................. 
Productus cf. P. burlingtonensis ........................................................ 
Produc~us cf. P. concentricus ........................................................... 
Productus glgauteus? ................................................................... 
Productus cf. P. longispinus ............................................................ 
Productus cf. P. ovatus ............................................................... 
Produetus semireticulatus .......................................................... X 
Productus cf. P. semireticulatus ........................................................ 

................................................................. Productus cf. P. setiger 
............................................................... Productus cf. P. undatus 

........................................................................... Productus sp 
............................................................. Pustula cf. P. indiauensis * 

................................................................ Pustula cf. P. puuctata a 
Pustula scabricula f. ........................................ X ........ X ............ 

.................................................................. Pustula ef. P. vittata a 
Pustula sp .............................................................................. 

........................................................... Diaphragmus cf. D. elegans A 
Pugnax sp .......................................................................... 

........................................................................ Rhyuchopora sp 

........................................................................ Rhynchonella sp 
............................................................ Camarotqechia cf. C. mutata 

....................................................................... Cnmarotoechia sp 
.............................................................. Didasma cf. 1). forxuosum 

Dielasma sp ............................ ................................................ 
Gktyelln cf. 0 .  indianeusis .............................................................. 
Oirtyella turgida? i ..................................................................... 
Spirifer cf. S. apelaius ................................................................... 
Ggirifer cf. S. centronatus ............................................................... 
Bpbiier martiniiformis? ................................................................. 
spirifer cf. f j .  mortonauus ............................................................... 
Spirifer cf. S. mosquensis. .............................................................. 
spirifer cf. S. paucicostatus ............................................................. 
Spirifcr cf. S. rockymontauus ........................................................... 
spirifer cf. S. rostrllatm. ............................................................... 
spirifer cf. S. striatiformis ............................................................... 
Bpirifer striatus .............................................. X ........................ 
Spirifer cf. S. striatus ................................................................... 
spirifer cf. S. suboardiiformis. .......................................................... 
spirifer cf. S. tenuicostntus. ............................................................ 
Bpirifer cf. S. tenuimarginatus. ......................................................... 
Spirifer sp.. .. .......................... ................................................ 
spiriferella cf. S. neglecta 1 .................................. X ........................ 
Brachythyris cf. B. chouteauensis- ..................................................... 
Reticularia cf. R. lineata ................................................................ 
Reticularia cl. R. setigera ............................................................... 
R&icrllaria sp ........ .................................................................. 
Ambocoefia uf. A. Ievlcula .......................................... -...I ................ 
Ambocoelis. sp .......................................................................... 
Martinis cf. M. glabra .................................................................. 
Martinis sp ............................................................................. 
Bpiriferina cristata ...................................................................... 
spiriferiua cf. S, solidirost~is ............................................................ 
Spiriferina cf. S. suhelllptlca ............................................................ 
Bpiriferinacf. S. transversa ............................................................. 
E-etria rnarcyi? ...................................................................... 
Eumetria sp ............................................................................ 
Hustedia cf. H. multicostata ............................................................ 
Hustedia sp ............................................................................ 
Athyris sp ........................................................................ 
Cleiothyridina hirsuta?................. ..-- .-.. ---. .--- --.. ---. -.-- ---- .-.- -..- ..-- ---- 
Cleiothyridina cf. C. hirsuta ........................................................... 
Cbiothyr~dina of. C. incrassatak ........................................................ 
Cleiothyridina roissyi ................................................................... 
Cleiothyridina cf. C. roissyi ............................................................ 
Cleioth)~idina cf. C., sublamellosa ...................................................... 
Composita cf. C. levls .................................................................. 
Compaqita cf. 0. lewisensis ............................................................. 
Composita cf. C. suhtilita .............................................................. 
Composita sp ........................................................................... 
Sauguinolites sp ........................................................................ 
sphenotus cf. 8. contractus ............................................................. 
~phenotus cf. S. unioniformis ........................................................... 
sphenotus sp ........................................................................... 
Edmondia sp ------.-.------------------ ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 
Nucula sp  .............................................................................. 
paeoneilo cf. P. sera .................................................................... 
Led8 sp ................................................................................ 
Leptod@ma cf. L. spergeuense ........ .. ................................................ 
Conooard'um sp ........................................................................ 
Schizodus sp ............................................................................ 
Aviculipecteu sp ....................................................................... 
Cypricmdinia sp. ...................................................................... 
Dentaliurn sp .......................................................................... 
plagioglypta sp ......................................................................... 
Bellerophon cf. B. sublevis ............................................................. 
Bellerophon sp ......................................................................... 
Bucanopsis cf. a. c m l l a t a  ............................................................. 
pleurotomaria sp ....................................................................... 
phanerotre~na sp ....................................................................... 
Bembexia sp ............................................................................ 
Murchisonia sp ......................................................................... 
Solenospira sp ......... .......,.... ...................................................... 
Euomphalus ~ f .  E. spergeuensis ........................................................ 
Euomphalus sp ......................................................................... 
Trochus sp ............................................................................. 
Naticopsis cf. N. carleyana-- ........................................................... 
Naticopsis sp.......... ................................................................ 
Loxonema sp ........................................................................... 
Bulimorpha ~ f ,  B. elougata ............................................................. 
Bulimorphs sp......................................................................... Zygopleura sp .......................................................................... 
Aclisina sp-- ........................................................................... 
platyceras sp..... .., ................................................................... 
gphaerodoma el, S. llttonana- .......................................................... 
sphaerodoma sp ........................................................................ 
Orthoceras sp ........................................................................... 
Eumorp~oceras p--- ................................................................... Ctouiatits sp ........................................................................... 
Phillipsia sp....... ..................................................................... 
Oriffithides sp .......................................................................... 
Proetus sp .............................................................................. 
Ostracode- ............................................................................. 
paraparchites .......................................................... ................ 
Primitis ............................. .................................................. 
Bairdia sp .............................................................................. 
Cythere,*a sp................ ........................................................... 
Qlyptoplenra sp............ ............................................................ 

- ______-- - - -. .- - - - - - - - . 

previously tabulated as Meno hyllum sp. (U. 8. Geol. Survey Bull. 536 p. 73, 1913). Previous:y tabulated as ProdWus  cf. P. punctatw (U. 8. Qeol. Survey Bull. 278, pp. M,24,1906). i Previously tabulated as Diclasma turgidum? (Am. Jour. Sci., 4th ser., vol. 28, p. 525, 1909). 
s Previously tabulated as E'istuf~ora c t  8. barberi (U. S. Geol. Survey ~ h l l .  278, p. 24, 1906). I Previously tabulated as Productudncobrteulur (U. S. Qeol. Surqey Prof Paper 20 p. 70 1904) i Previously tabulated as SpiriJer cf. S.  neglectud (U. S. Qeol. Survey Prof. Paper 20, p. 70,1904; Am. Tour. 
c previously tabulated as Produetw, cf. P .  pileiJormw (Am. Jour. Sci., 4th ser., vol. 28, p. 525,1900). r Previously tabulated as Productw cf. P .  ui t talv  (Am. Jour. Scl., 4th sir., vol. 28: p. 52'5, 1909j.( Sci. 4th ser vol. 28, p. 525 1909). 
d Previously tabulated as Produdud cf. P. ~ndianensts (U. S.  Geol. Survey Bull. 536, pp. 73,78,1913). h Previously tabulated as Produetus cf. P. eedtnenats (Am. Jour. Scl., 4th ser., vol. 28, p. 525, 1909). k kreviouiiy tabulated a s ' ~ t h ~ r i . 4  cf. A .  ineraasata (Am. Jour. Sci., 4th ser., vol. 28, P. 25, 1909). 

8274330 .  (Face p. 182.) 


	B08150000001.tif
	B08150000002.tif
	B08150000003.tif
	B08150000004.tif
	B08150000005.tif
	B08150000006.tif
	B08150000007.tif
	B08150000008.tif
	B08150000009.tif
	B08150000010.tif
	B08150000011.tif
	B08150000012.tif
	B08150000013.tif
	B08150000014.tif
	B08150000015.tif
	B08150000016.tif
	B08150000017.tif
	B08150000018.tif
	B08150000019.tif
	B08150000020.tif
	B08150000021.tif
	B08150000022.tif
	B08150000023.tif
	B08150000024.tif
	B08150000025.tif
	B08150000026.tif
	B08150000027.tif
	B08150000028.tif
	B08150000029.tif
	B08150000030.tif
	B08150000031.tif
	B08150000032.tif
	B08150000033.tif
	B08150000034.tif
	B08150000035.tif
	B08150000036.tif
	B08150000037.tif
	B08150000038.tif
	B08150000039.tif
	B08150000040.tif
	B08150000041.tif
	B08150000042.tif
	B08150000043.tif
	B08150000044.tif
	B08150000045.tif
	B08150000046.tif
	B08150000047.tif
	B08150000048.tif
	B08150000049.tif
	B08150000050.tif
	B08150000051.tif
	B08150000052.tif
	B08150000053.tif
	B08150000054.tif
	B08150000055.tif
	B08150000056.tif
	B08150000057.tif
	B08150000058.tif
	B08150000059.tif
	B08150000060.tif
	B08150000061.tif
	B08150000062.tif
	B08150000063.tif
	B08150000064.tif
	B08150000065.tif
	B08150000066.tif
	B08150000067.tif
	B08150000068.tif
	B08150000069.tif
	B08150000070.tif
	B08150000071.tif
	B08150000072.tif
	B08150000073.tif
	B08150000074.tif
	B08150000075.tif
	B08150000076.tif
	B08150000077.tif
	B08150000078.tif
	B08150000079.tif
	B08150000080.tif
	B08150000081.tif
	B08150000082.tif
	B08150000083.tif
	B08150000084.tif
	B08150000085.tif
	B08150000086.tif
	B08150000087.tif
	B08150000088.tif
	B08150000089.tif
	B08150000090.tif
	B08150000091.tif
	B08150000092.tif
	B08150000093.tif
	B08150000094.tif
	B08150000095.tif
	B08150000096.tif
	B08150000097.tif
	B08150000098.tif
	B08150000099.tif
	B08150000100.tif
	B08150000101.tif
	B08150000102.tif
	B08150000103.tif
	B08150000104.tif
	B08150000105.tif
	B08150000106.tif
	B08150000107.tif
	B08150000108.tif
	B08150000109.tif
	B08150000110.tif
	B08150000111.tif
	B08150000112.tif
	B08150000113.tif
	B08150000114.tif
	B08150000115.tif
	B08150000116.tif
	B08150000117.tif
	B08150000118.tif
	B08150000119.tif
	B08150000120.tif
	B08150000121.tif
	B08150000122.tif
	B08150000123.tif
	B08150000124.tif
	B08150000125.tif
	B08150000126.tif
	B08150000127.tif
	B08150000128.tif
	B08150000129.tif
	B08150000130.tif
	B08150000131.tif
	B08150000132.tif
	B08150000133.tif
	B08150000134.tif
	B08150000135.tif
	B08150000136.tif
	B08150000137.tif
	B08150000138.tif
	B08150000139.tif
	B08150000140.tif
	B08150000141.tif
	B08150000142.tif
	B08150000143.tif
	B08150000144.tif
	B08150000145.tif
	B08150000146.tif
	B08150000147.tif
	B08150000148.tif
	B08150000149.tif
	B08150000150.tif
	B08150000151.tif
	B08150000152.tif
	B08150000153.tif
	B08150000154.tif
	B08150000155.tif
	B08150000156.tif
	B08150000157.tif
	B08150000158.tif
	B08150000159.tif
	B08150000160.tif
	B08150000161.tif
	B08150000162.tif
	B08150000163.tif
	B08150000164.tif
	B08150000165.tif
	B08150000166.tif
	B08150000167.tif
	B08150000168.tif
	B08150000169.tif
	B08150000170.tif
	B08150000171.tif
	B08150000172.tif
	B08150000173.tif
	B08150000174.tif
	B08150000175.tif
	B08150000176.tif
	B08150000177.tif
	B08150000178.tif
	B08150000179.tif
	B08150000180.tif
	B08150000181.tif
	B08150000182.tif
	B08150000183.tif
	B08150000184.tif
	B08150000185.tif
	B08150000186.tif
	B08150000187.tif
	B08150000188.tif
	B08150000189.tif
	B08150000190.tif
	B08150000191.tif
	B08150000192.tif
	B08150000193.tif
	B08150000194.tif
	B08150000195.tif
	B08150000196.tif
	B08150000197.tif
	B08150000198.tif
	B08150000199.tif
	B08150000200.tif
	B08150000201.tif
	B08150000202.tif
	B08150000203.tif
	B08150000204.tif
	B08150000205.tif
	B08150000206.tif
	B08150000207.tif
	B08150000208.tif
	B08150000209.tif
	B08150000210.tif
	B08150000211.tif
	B08150000212.tif
	B08150000213.tif
	B08150000214.tif
	B08150000215.tif
	B08150000216.tif
	B08150000217.tif
	B08150000218.tif
	B08150000219.tif
	B08150000220.tif
	B08150000221.tif
	B08150000222.tif
	B08150000223.tif
	B08150000224.tif
	B08150000225.tif
	B08150000226.tif
	B08150000227.tif
	B08150000228.tif
	B08150000229.tif
	B08150000230.tif
	B08150000231.tif
	B08150000232.tif
	B08150000233.tif
	B08150000234.tif
	B08150000235.tif
	B08150000236.tif
	B08150000237.tif
	B08150000238.tif
	B08150000239.tif
	B08150000240.tif
	B08150000241.tif
	B08150000242.tif
	B08150000243.tif
	B08150000244.tif
	B08150000245.tif
	B08150000246.tif
	B08150000247.tif
	B08150000248.tif
	B08150000249.tif
	B08150000250.tif
	B08150000251.tif
	B08150000252.tif
	B08150000253.tif
	B08150000254.tif
	B08150000255.tif
	B08150000256.tif
	B08150000257.tif
	B08150000258.tif
	B08150000259.tif
	B08150000260.tif
	B08150000261.tif
	B08150000262.tif
	B08150000263.tif
	B08150000264.tif
	B08150000265.tif
	B08150000266.tif
	B08150000267.tif
	B08150000268.tif
	B08150000269.tif
	B08150000270.tif
	B08150000271.tif
	B08150000272.tif
	B08150000273.tif
	B08150000274.tif
	B08150000275.tif
	B08150000276.tif
	B08150000277.tif
	B08150000278.tif
	B08150000279.tif
	B08150000280.tif
	B08150000281.tif
	B08150000282.tif
	B08150000283.tif
	B08150000284.tif
	B08150000285.tif
	B08150000286.tif
	B08150000287.tif
	B08150000288.tif
	B08150000289.tif
	B08150000290.tif
	B08150000291.tif
	B08150000292.tif
	B08150000293.tif
	B08150000294.tif
	B08150000295.tif
	B08150000296.tif
	B08150000297.tif
	B08150000298.tif
	B08150000299.tif
	B08150000300.tif
	B08150000301.tif
	B08150000302.tif
	B08150000303.tif
	B08150000304.tif
	B08150000305.tif
	B08150000306.tif
	B08150000307.tif
	B08150000308.tif
	B08150000309.tif
	B08150000310.tif
	B08150000311.tif
	B08150000312.tif
	B08150000313.tif
	B08150000314.tif
	B08150000315.tif
	B08150000316.tif
	B08150000317.tif
	B08150000318.tif
	B08150000319.tif
	B08150000320.tif
	B08150000321.tif
	B08150000322.tif
	B08150000323.tif
	B08150000324.tif
	B08150000325.tif
	B08150000326.tif
	B08150000327.tif
	B08150000328.tif
	B08150000329.tif
	B08150000330.tif
	B08150000331.tif
	B08150000332.tif
	B08150000333.tif
	B08150000334.tif
	B08150000335.tif
	B08150000336.tif
	B08150000337.tif
	B08150000338.tif
	B08150000339.tif
	B08150000340.tif
	B08150000341.tif
	B08150000342.tif
	B08150000343.tif
	B08150000344.tif
	B08150000345.tif
	B08150000346.tif
	B08150000347.tif
	B08150000348.tif
	B08150000349.tif
	B08150000350.tif
	B08150000351.tif
	B08150000352.tif
	B08150000353.tif
	B08150000354.tif
	B08150000355.tif
	B08150000356.tif
	B08150000357.tif
	B08150000358.tif
	B08150000359.tif
	B08150000360.tif
	B08150000361.tif
	B08150000362.tif
	B08150000363.tif
	B08150000364.tif
	B08150000365.tif
	B08150000366.tif
	B08150000367.tif
	B08150000368.tif
	B08150000369.tif

