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PREFACE. 

For  several . . yenrs after t11c orgi~nizntion of f h~ rlfnsk~n R ~ I F V B ~ S  En 
1898 most of the appropriu t iou wns d~roterl to cxp1:)ratfon. Thew 
exploratory surveys, nlthongli they 1111~1 no high c'lc~ree of nccllrncy, 
wzrved to block out the larger- fentnres of the topogrnphy anti fiedogv, 
and the resulting reports and lnr~ps prot'erl of .grPmt vnl~le to the 
pioneer prospector nnr! miner. W i t h  the advsnw of the mining in- 
dustry cnme a constantly increasitig demand for maps wllicl~ were 
bawd on a higher degree of refir~emctht h t l l  with reference to  PO- 
logic observntion nnd to metsaratioi~. Tr, meet this denlnntl nwal 
survegfi were h ~ g n n  fiwt on n scale of 4 mil= lo tEte inch and l o t ~ r .  
where the rnirliug intcw+tn n-arrnnt~tl it, on a scal~ of 1 mile to thr 
incli. The rttpid inrlnsfrinl ndra~~renlent in many parts of rlLl~~lcn lad 
to the expansion of s o r v q a  of this character almost to the exclrlsiot~ 
of the ~>~rwlp explomtory wwk. 

Thc 1)1vgrws n~ndlr in rcronnaiswnce and detailed surveys has 
seemed to ~vnrrant n p i n  diverting $1 port of the funds to exploring 
some o f  the little kr1oa.n wgions. One of the Isrpst of the un- 
surveyed nrcns in the mow ncwsnihle parts nf Alnslmn is ror~ghlg 
blacked out by lower I*i~kon nnrl lomr ICaynkuk Rivers on the east 
nnd Sorton Ljny and Stlwnrrl Peninsula rm the west. This field was 
selectctl for srlrvey lwcnt~st it ma9 t l ~ o n ~ h t  that the metamorphic 
rocks of the Sen-err1 I'rnillmiln migl~t ac(:nr within it, which manld 
give gresurnpt ioii of tlw p.rience of n i~r i fer (~ i~n  clelmsi t ~ .  The results 
of the in~estimtiot~ ti€ t h i s  R PCR  re ~>rtvel~tcll in this rcp~rt. 

In addition to esptn~'itlp thb region e n ~ t  nf  Sorton Bay the party 
also extended tht. tal~optl  l~llic nnt l peologir ~ n ~ p p i n g  into the wuth- 
enstern pnrt of the Stward J'CII~ IISIIIII,  tli tis rxiending- the surveys of 
Peters and &fenden)lIill, rnnde in 1!)M. In this pnrt of the field tire 
~ 5 u l t s  were sl~ficientlp rlrfi~li tr to wnrrtl~lt thrir. publication in a mrtp 
on a scah of 4 miles to the inclr. 'I'he rrrnsintl~r of the snrvpp, based 
as it was on foot t r a v ~ r w ,  which nfforr?ed lit t Fe opportunity f ilr areal 
mapping, semed hnrdly s i~ f ic i~ i l t l y  arrumlc to ~ ~ - a ~ m ~ n t  t l l ~  pt~blim- 
tion of maps on a lurpr  scalr ~ I I : I I I  1Ei ~nilr.; to thp inch. 
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8 PREFACE. 

M m .  Smith md Eakin deserve great credit for the lnrge amount 
of information gleaned during their wry hasty exploration. The m- 
alts form a notable contribution to the geology and geography of a 
region that was previously almost unknown. Though the economic 
results so far as most of the region is concerned are largely negative, 
they are, nevertheless, of no inconsiderable value. The p l o g i c  maps 
mill indicate large areas which do not *em worthy of attention on the 
part of the prospector. 

Besides covering the Pu'ortun Bay and lower Yukon region .in an 
explorntnq wny-, t11c report md its maps frlrnish the details about t.he 
southeastern part of the Seward Peninsula newwary to complete the 
reconnnisance work in that province. The publication df this  repwt 
marks the close of the reconnaiss~.nce work in the Seward Peninsula 
which was begun a decnde ago. 



A GEOLOGIC: RECOIWATSSANCE IN SOUTHEASTERN 
SEWARD PE5IKSULA AND THE NORTON 

BAY-WULATO REGIOT, ALASKA. 

INTRODUCTION. 

West of Koyukuk and Yukon rirers a l n r p  nwa has lnng remaind 
geologically unexpIarerl. In n portion of this region nn rrpl~ra~tion 
party from the United States Geological Survey worked during the 
sewon of 1909, and the results of the studies there carried: on and ex- 
tended as far as Coandl, in Seward Palinsuln, are set forth in this - 

report. The party consisted of the writers, A. G. TVjnqprden, - 
packer, and a cook. Sttpplips for a month were shipped to Nulato, 
the point from which the expedition set out, and t h ~  cmmp equip- 
ment and alpplies sere transported in the field by , pack train of 
four horses. Other supplim, sufficient t o  last tb- rest of the senson, 

to await the arrival of the party. 

/i 
were sent to Yome and then trtlnsported, t h d h  the con- of the 
Wild Goose Company, to the moutll of the Kovnk and there cached 

After many delays the pady arri\wl: in Nulsto on the afternoon 
of June 24 and immediately began to get the outfit into condition for 
the trail. On the ti~orning of June 2G active field work was begun. 
The route, as indimted by the location of the camps on the maps 
(Pk I and V, in pocket): was west\vnrd to UngnFik,River, thence 
northward to the Koyuk: which was reached on July 16. Here a 
halt was made until supplies h m  the cacIle could be obtained and the 
outfit put inta shape for the next trip. O n  July 19 the party started 
norttletlstward along the divide between the Ingletalik and the 
Koytzkuk drainage basins. This suwey mas carried eastward to the 
divide between Knteel 11nd hglutal ik rive- Retltrn to the Koyuk 
was made along the divide bet ween the drainage basins of the Ruck- 
land and the Etast Fork of the liu?-nk, and a tie was made on the 
previous pofogica'l work of Moffit in nofieastern Sewarcl Penin- 
sula. At the clme of the trip the lCoyvk was crosc;ed near the mouth 
of East Fork, and the p ~ r t y  arrived at the Ro-p~k cache on August 8. 
A severe storm and the work of replet~ishing supplies and making 
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necemry repaim delayed setting out a e i n  until August 12, when 
the pnrlg got under !rvq and made a mearldering t r a v m  of the 
areas between Koyuk River and h'art6n Sound ahat had not been 
visited by Mendenhall in his expedition of 1900. Moving along the 
divide between the Koyuk and ~ I I P  Xorton Sormd drainage baeins, 
the party swung around the henti of the Trthtulik, thence crmaed 
the divide into the Fish River drainage basin, and, following along 
the foothills, came to the Omiluk mine. From the mine the course 
was south&wad to t,he Kwini~ik and thence along: the Mast b 
VTalb Wallx. Supplies had been sent to this point from the mouth 
of the Koyulr, so tha t  the horses had been able to travel light. From 
Walla WalIa, meandering t.ra~~erws were made westward to Cheenik, 
which was renched September 17. By this time the top of the r i d p  
were snow corered, 3 r d  a start was made the next day for Cwncil by 
way of the Knchni~ik-Fish River divide. Council was renched and 
the fieIdworlz for the :enson was stoppecl on September 21. 

Locations were Irept by continuous foot traverses run by each of 
the pIog i s t s  independently and elev~tions were frequently noted by 
aneroid bnmmetem. The barometric observations, however, were un- 
chwkd snd served principally to give relative elevations. The foot 
t r n v ~ m  were paced, directions being obtained b_r means of Brun- 
ton campasses The results of the different travems mere plakted 
in the office 'by making adjustments between known points which had 
been determind instrnmentally either by the Coast and Geodetic 
Silrvey or b~ Peters on the rcconnais.;nnce trip of &fendenball in 1900. 
So closely did the varint~s traversm; check on known points thnt it i. 
Zwlieved that, after the nd justrnents were made and the map prepared, 
few, if any, were more than a mile out of their correct p i -  
tions. That this apparently rough method of pacing is cnpable of 
giving good rmult~ ie shown by the fact thnt the difference between 
the position of Camp A15, nenr the Bonnnxn mine, on the TJngalik, 
as determined by the two geologists, after having made a linear tray- 
e m  of orcr 130 miles, was less than 5 miles. mis result mas ob- 
tained on the e m n w ~ ~ s  premise that both were pacing 2,000 paces to 
the  mile. 17rllen, however, an individual rating had h e n  obtained by 
cnmpnring the scnled and paced distance to the mouth of the Koyuk 
and this correction had b e e m  applied to the location of Camp 1115, it 
was found thnt the difference b l w e c n  the two traverses was cnnsider- 
ably less than 1 mile. 

IIearty achowledgnlents are due to Mr. A. G. Winegarden, of 
Gardiner, Mont., who acted as packer throughout the vario~~s trips, 
for his mceasing activity in furthering the aims of the expedition 
and his willingness to perform more than his share of the cfirnp work 
in the face of rather discouraging conditions. Thnnks are also ex- 
p d  for the friendly assistanoe of Mr. C. H. Munro, of the Wild 



Goose Company, and to h2exs1a. Thomas Moon and John Lindburg, 
pmspectum, in distrib~tting s~~pplies at  ~ppointed places and thus 
facilitating the movements of the party. 

The writem desire also to expwxs their appreciation of the work 
of the earlier p l o g i s t s  and ~aginwrs who h n m  vi~itF?d portions of the 
region or contiguous arms, and from whose published reports and 
n~anuscripts they hnve horrowrd to su pplemrn t their own obwrva - 
tions. Amng  t h m  to whom the m r i t ~ r s  ti* rnmt ind~hted for scien- 
tific information are Mephsm. ,7. 1,. McPherwn, W. C. Mendenhall, 
F. C. ,Schrader, F. H. Irfofit, nncl A. H. Rronks: for the determina- 
tion of the fossils collected thcg arc inclebtrd to the paleontologists 
of the United States Geologi~nl A~rveg. 

LOCATION OF AREA 

The area in which new geographic and geologic information hhns 
been obtained may be inferrd from the description of the itinerary 
of the experlition of 19O!E, It has seemed feasible, I~owever. to sn 
oxtend the arca actunlly visited as to includc contiguo~~s regions 
whicll throw light upon parts of the region visited in 1909 or in 
which the m n l t s  af 1909 serve to confirm or explain problems raiwd 
by other investipatom. The area treatd in tErb rcport is thl~r~fore 
in the main rectnnmllar and -may h rot1g11Iy described as bounded 
by parellds 64" nnd 66" north Iatitltde and by meridians 15fi" 
and lMO west Iongitade. Described in terms of places  nil nxtumI 
objects, the sot~th~rn rnnrgin is near the settlernenl of Unnlnlrlik, on 
the east coost af Sorton S o ~ ~ n d ,  ~ n d  tho east~rn cnnd of the northern 
margin is a dlort distanw north of the big bend of Koynlmk nnd 
Fateel riven and the mcst~rn end is n short distance north of tho 
town of Candle on Kiwnlik River in the northeastern corner of 
S w a r d  Peninsuln. On the enst the region is b ~ i n d e d  by a north and 
muth line passing a little enst o f  the junction of the Meloxitnn and 
I'lrkon rivers ; on the wwt the E ~ s t  knnwn point to mBich to refer the 
margin is the tom of Co~~ncil  on Si~~klulr Kiver. The area can b 
best comprehended by wfrrencc to the pneral map of northwestern 
Alaska (fig. 1 ) .  and to thc more detailed mnpr, Plates I and 17. 
For several reasons it hns been rlccitletl to show the eastern part of 
tbis region separately from the western. This hns been done mainly 
because better information hns permitted rnnpping of the western 
portion on a scale of approxirn~lelp 4 m i l e  to the inch, whems the 
eastern portion is shown on Plate IT on n mFe of appmximably 16 
milm to the inch. A divis!on of thia sort wpnmtes the greatsnncl- 
stone shale area of the ea&from the more highly metamorphic areas 
of the west. Ih this report the eadern arm, the one represented by 



Plate V, will bs referred to as the Nulato-Norton Bay region, md t h e  
western part (PEs. I, VI) mill be cclled southeastern Seward 
Peninst~la. 

HISTOBY OF EEPXIOR&TXOF. 

Prospectors and ir~ppers have without doubt wandered over the 
region described in this report, but there is little or no record of their 
journeys and tho fa.cts that they learned h m  been I& Other 
classes of travelers seldom ventured far from the ,main avenues af 
inhrcommnnication; consequently, u~ttil within the last 10 or 16 
years there have Leen few published referenm to m y  part of the 

F I G ~ R E  1.-Sk~tch map ot aorthwes.tern Alaska, ~ b n w l n ~  Iamtlon of reglnn ~ ~ ~ n l d e t e d  

region exeept the m s t  line, the Yukon and Ibyuknk rivers, and the 
Jh1ta.g portage. It is not intended at this place to gire an account 
of all the exploring expeditions that have visited the waters wlr- 
~ounding Seu~ard Peninsula, Norton Sound, and nering Sea, m d  the 
wader who desires a more complete historical sketch is wfarred to 

' 

the papers of Brfloksa and Dall." 
The oldest settlement in thin part of Alaska was a t  St. Michael. 

where, according to DaII,a Michael Tebenkofl, an o f im in the Rus- - - 
SBrooka, A. FI.. Gwgraphy and p o l o ~ g  of AlnRRn: P m t  Paper U. 1. ( 3 ~ 1 .  Rurvry 

So. 45, 1906. 
*I)all. W. IT., Alaaga and Its nraclurcea, Romtos, 1870, A27  pp. and map. 
= Idem. p. 8. 
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sian-American Tmdiag Company, established a post in 1&?3. Fmm 
this point trading was carried on with the surrounding country. 
Soon other pmts were established. Thus in 18385 Malakoff, rt c?reol,e, 
explored the Yukon as far north as the p m n t  town of Sulato and 
&bIished a small settlement a t  the mouth of Nulato River. He left 
this post undefended during the winter of 1838-39 rlnd it was de- 
stroyed by Indians. Soon a f t  rsnrd.  in 1840, a trading post ~ n d  forb 
were established on Norton h p  nenr the mouth of Unalaklik River 
and called by the name of the st; tre~rn. This town, amording to the 
1900 census, had a population of 241. 
In spite of the dastruction of the first settlement at  the mouth of 

Nulato River the Russian-,lmerican Trading Company, appreciating 
the importance of this place as a point @ping wndy access to the 
Koyukuk basin, sent Dgrabin in 1841 to rebuild the fort, This mas 
done, and in 1842 Lieutenant Zagwkin of the Russian navy visited 
the place. His visit is of interest because he made several short 
j aurneys into ad jamnt areas and published the m u l l s  of his observa- 
tionaa Although his amounts are fragmentary and imperfect, they 
show that he visited portions of Yukon River as far upstream as the 
mouth of the Melozitna, explored Koyukuk River as far as the mouth 
of the Rateel, nnd made a dda trip up the Rateel to nssure himself 

b that the n~tive reports of an Pasy route into the Bucklnnd drainap 
basin were correct. TJnfortunately the maps published with his re- 
port a m  not b a d  so rnrlch upon his direct personal observations as 
upon reports heard by him, ~ n d  conseguently many of the feat~rres 
are Indicated only in a mwt pianera1 manner. 

In 1851 the trading post ~ n d  fort n t  Nulnto were burned and some 
of the-inhabitants were rnassncred by Indians fmm the Koyuhk. 
When the town was rebuilt it was moved rr mile or more up the river 
to its present location on a low gravel bench between Xulato Slough 
and Nulato River. 

Abut IR50 the p a t  activity among many of the different nations, 
notably the English, in sparcbinp for the Franklin expedition w- 
sulM in mvcral ships wintering in  the waters of Kotzebne Sound. 
From these ships ser~ral exploring parties visited neighboring areas 
~ n d  added geographical data. Of these expeditions few prepared 
m a p  of sufficiently large scale to portray any but the most genera1 
featurn of the region explored. Among the overland trips were 
the exploration of Selawik keke and vicinity by Sur-n Simpsun 
of H. M. S. Plover, the trip from Chamimo Yslrnd by msy sf Buck- 
land and Koyuk rivers to St. Michael Lieutenant Pim of the =me 

*Dull, W. FI.. Alaaka and lta rmonrccn. 1870. p. 48. 
1 Zago#kln, t. A., Travels ou foot and deacriptlon of the Rmlnn pmtmlonm In Amdm 

from 1842 to 1844 : Ermana Archlv iOr wlasenscbdtl. Kmde voa Ruaelaud, aola. 6 and 7, 



ship, and the exploration of Buckland River by Captain Kellett and 
officers of H. M. S. H e ~ f l M .  Accounts of the voyages of the RemIda 
show that the last-named expedition went up the Duckland for 30 
miles (probably measured along the circuitous co~~rse of the river) 
in a whalehat and then about 30 miles farther in lighter beak. The 
Pim journey is also descrihd in the samo p~tblication, bitt the narra- 
tive is more a. recital of hardships than of geogxfiphic or geologic 
data and is not ~ccompanied bp s rnap.a 

A later impetus to sxplomtion was given when in 1803 the Western 
Union Telegraph Company undertook to  build a telegraph line 
through AIaska to connect the settled parts of hmerica and Europe. 
In 18ti5 Kennicott, who was in chnrge of the scientific work of this 
company, cruwed the Kaltag portnge and snrveyed the rotite to 
Nulato. During the samo pear 3. T. Dyer and R. D. Potter, accord- 
ing t o  DaIl: made 8 v e q  hnzardous and successful exploration of 
the country between Norton nay and the mouth of the KO-vukuk 
River on the Yukon. ~ n f o r t n n i t e l ~  na map of this trip wtts pub- 
lished, and the data collected, although undoubtedly used by Dallp 
hare nerer been nvailable. In 1865, also, enother party under the 
leadership of Raron \.on BentEelebPn explored the route for the line 
fmm Sorton Ray to Port Clarence, but the results like those of the 
other parties have never been published. 

The death of Kennicott in 1866 caused the leadership of the sci- 
entific corps to p m  l o  11'. XI. DulL It was the work sccompli&ed 
whilein charge of the telegraph exploration and during the year 
mrcceedinp the ahndonrnent of t>lle enterprise that enabled Mr. Dall 
to write tha most anthoritative general book on Alaska that had 
appe~rpd up to thc time of the d îwovery of valu~ble gold deposits. 
All b r a n c h  of grography and geology received some attention from 
this investigator anti many of his abwrvations wi41 b quoted in more 
detrril in sllbsequent portions of this report. 

A period of ten or fifteen years elapsed during which few noim 
of value wcro collected ~ n c l  published concerning the h'ulato-Guncil 
region, In 1885 Lieutenant Allen made his famous trip, during 
which a portion of the Koyukuk was map* and also the portage 
from ICaPtng to Unalaklik. Abut this time explorations by the 
Reventie-Cutter Servioe were @n. The explorations of this 
branch o f  the pvernment service which dimtly concerned the 
Nulato-Co~~lncil region were by Pumll in the vicinity of Selawik 
Lake and by Zana dong the Koyukuk to Yulato. 

-- - 
RPcrnnn, RerthoId, Nmvlgntiw of 8. M. S. HwaM aaslng the gear@- 1615-1861, wl, 2, 

tandon. iIl53, pP. 119-120. 
bOp, clt., PP. 130-148. 
* I)nl l ,  R', I l . ,  Alaska and f i n  rmourceH, g, 357. 
4 Op. clt., map. 
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Trt 1889 Prof. I. 6. Rnssdl a ascendocl the Yul~on, nnd his report 
of this trip furnished mnny facts, both of fiologie find ~eograpl~ic 
significance, 

With the diwovery of gold in the Rln~idike an influx of pros- 
pectors and others into Alaslra follotved, and soon ttfknvnrds the 
tfni ted States Chlogical Snrvey rvns n b l ~  actively to undertake p- 
~ n p h i c  and e l a g i c  investigations of the district. One of the 
etcrIiest of these wirveys wus cond~ictcd by Spmr," mainly in the 
bnsin of the Kuskolmim. The geologic and t u p o p ~ ~ p h i c  mnp pub- 
lished wit,h his  report covers the area bctuwm tlie lioyukuk and tho 
ICoy~ik and from tho mouth of the ThteeI southward. ~ n d  is con- 
sqnently the first geologic rnRp of the eastern half  of the awn st~lrli~tl 
in 1009. Mwt of the infornlfltion concerning the Snlato-ConnciE 
region was compiled or gnthrrrd from reports of p~ospectom, nnd 
wry little geographic sjgnificanm, o~rtside of the distribution of the 
different geologic groups, was added. 

Schrader in 1R!W cartic down the Kopuktzk and the mnps pnhIished 
in the report of his trip, vl~ich were nta& by T. 6. Gerdine, afford 
a much more detnilecl reprcamtaticm of the region than had hitherto 
been available. KO I t r n ~ r m ~ s  of the country :!'NTay from the river 
wem made, so that dctails rcgarrlinp the wgion &ween the Yt~lron 
and Norton Bay were not ncqar i r ~ d .  - i t  the close of the field work in 
the Koyukuk r~gion Sclirarl~r went to Nornc snd  wit11 Rmoks made 
the fink examination by Srrrv~v geoIogist.9 of Sewnrd 1Jeninsnln. 
Tn 1900 two main partim wcre d i s p a t d ~ ~ d  to Sewnrd Poninstlla. 

One in charge of A. I T .  nmoks inr~stigntcd the region RS far P L S ~  

as Council; the other in clznrge of ItT. .T, II'rtcrs, with W. C.  Menden- 
hall as geologist, investigntcd the aout l~sr~~ p ~ r t  of tthe peninsula 
as far east as the Koyltk. The field studies of the Prt~ss party 
cover the western part. of the area visited by the expedition of 1909 
and will be referred t o  in detail in ~usucceeclinp p n p  of this report. 
In the main, however, the results may be >c~;mrnnrizcd a s  follows: 
A delineation of the major features of tho topagmphg by mrrps, the 
publication of data on various gcogrnphic sunbjwts such as climate, 
vegetation, and fauna, and the statement both vcrb~l ~ n d  graphic 
of the areal, historical, and economic p l o g y . *  The studies of Jlt-n- 
denhall were carried on mainly horn the streams; the three I a r p r  
ones, the Fish, the Tabutulik, nnd the Tinyl~k, hc nscrnded in canops. 

a Rurwll, I. C., Notea on the aurface w l o g y  of Alaaka: Bulk. M I .  IJDC. Amcrlca, 
wl. I,  pp. 9%-162, 

*XSgnrr, ,I. E., A reconnabsance in no~~thwmtern Alaska In I R R R :  Twmttcth Ann. 
Rept. U. S. Oeol. S u ~ e g ,  pt. 7, 1909, pp. 21-284. 

P Rctrmder, F. C., Prelimlnacg. rpport on a roeoaaalmnce along Chandlmr nnA Koyukuk 
r lver~ .  Alwka, In 1898:  Twenty-Rmt A n a  RPpt Y, fi, Gml .  S r l m y ,  pt. 2. lfl00, pp. 
441-480. 

d Mendenhall, W. C., A reconnniasance in the Xorton Bag Regtom. Aluska. La 1000, a 
mpwfal publication of the W. S. OeoI. Survey, 1191. pp 183-222. 



with the mountains, but Fish River and its Inrge~ tributaries-flow at 
right angles to the Bendeleben Range. 

Almost all the valleys show signs of having been emded entirely 
by stream nction. In  the headwaters of the. rivers rising in, the 
Bendeleben and the Da&y Ranges, however, t.here are glacial cirques 
nnd valle~s.  Here the present streams form irregular thre~ds on the 
brondIy open floors of valleys with very steep sides. At the mouths 
of the streams flowing into Norton Bay many of the streams, instead 
of showing emion features, h a ~ e  filled the former valleys, which 
have been depressed, with sand artd -mavel. Examples of this kind 
of topography are found at the mouth of the Kwik, the Ttlbutulik, 
and the Krriniuk Rivem, where nnmerous lakes and sloughs form an 
untravermbIe network during the summer. 

The mast line *presents numerous examples of diflemnt types of 
shore topography. From the Reindeer XJiIls to the Koyuk a coastal 
plain, recently emerged, affords a relatively straight shore with such 
slight depths of water off the mast that npproach for large v e l s  
is impossible. Of course, under such conditions, harbora do not exist. 
On the western side of Norton Bay the sinking of the land and the 
attack of the waves have resulted in a r u b e  emst with cliffs and 
harbors. Z'his part of the coast is formed by the Darby Range, 
which rises in abrupt slopes from the *a and forms a long southward 
pointing peninsula. TYest; of this mnge the deep reentrant of Go- 
lofnin Sound and Bay, mhich protsably represents the submerged 
portion of an old valley similar to t h a t  of Fish River, affords R goad 
harbor. Still farther west rocky headlands with intervening be~ches 
produce a tliversity of forms. On the Iclepmsed portions of the coast 
there are sand spits, such as the long point extending east from near 
the mouth of the Kwiniuk. 

All the streams flowing through the Nulato-Council region may 
be considered as belonging to one of three main basins, namely, the 
Yukon, the Norton sound, and the Kotzebue Sound. Of these the 
first t ~ ~ o  include by far the greater number of streams. Roughly 
compnted a h u t  50 per wnt of the area shown on the maps, PIate I 
and V, is drained hy the Yukon and its tributaries, 45 per cent by 
tributatie to Nortrm Sound, and 5 per cent by steams flowing jnto 
Kohchue Sound. In the description of these different basins no 
sttempt will be made to enumerate aU the streams belonging to each, 
for that mrk of infomation may be better gathered from the maps 
(Pls. I and V) , but rather to present the particular features not &ly 
legible on topographic; maps of such scales as those adopted for 
publication. 
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The portion of the Yukon considered in this repork extends from 
slightly east of the mor~th of the Jf~lmitnlr on the northc~st to near 
the mouth of Raiyuh Slough nn the w~~thrcest. In this distance the 
main tributaries n r e  the ICoyukuk, the Salnto, the KaPhg, and the 
Khotol. Regarding thew stmms.  wit11 the exception of 
the first two, no new dnta of p o p ~ p h i c  interest were received during 
1909, and as the facts already known u h a t  the KaEtag and the 
Khotol are indicated on thc map accompanying these rcports, no 
fnrther description of them Gill he ~ttempted 

Kate1 and Gisaga riverr; formed the port ion( of the Koyuhk drain- 
age that were viGted and mapped, br~t only It e upper 30 to 60 miles 
of each stream were mn in m y  detail. ~ c ~ h e r s o n ,  who crossed 
the Gisasa near latitude fi5" Sorth, descr ik  the valley as follows: a 
The 6ls~m Itlver tu n l~trenm from 70 to FTiO fwt wide, afth pmt-eTly bottom. 

Along the river banks on t b ~  north Slap of the leallpy is R hrn- m w t h  of 
~ m @ .  d l o n ~  the south dtle of the vnl1r.v tinther ~ W R  tn a~atteml banchea, 
the fntemening ground being to n consIrler~ble cxteimt mnrahg and nimrhead 
tnndrn. 

From the mnmy of 1900 i t  m n  found that the Gisasa Bnsin wus a 
pwuliar, narrow one, lying betrsecil the X u l ~  to on the southeast and 
the Gtwl on the northwest. The river fi-om rnni~th to llead new 
Camp A9 must bo newly f O  miles in a direct line. In this distance 
few or no tribuhrits much mow than 10 miles in length a m  received. 
The hsin is dms ptwhbly lcss than a. score of miles wide in its 
widest pnrt, and in the ha-idmnrtl 50 m i l a  it is genemlly much less. 

As will lm shown in a Inter portion of this report the dimction 
knd tlm general phys id  featuws of the Gisasa ITnlley are dne to the 
geologic stn~ctllrc of tllo region, T V ~ I ~ C ~ I  tre~lds n~~heBSt-south~es'~. 
Although in podions of its roum the river flo.'~vs on a f6~t p w l  
plain cmntially a$ tho level of the s2msrn, in other prts i t  11.s rock 
walls thm11gl.1 whidr tlla s-trmrn llns cut nnrrom canyons These 
ca,nyons nre not continuous, brtt Appeal- a t  irregular intervals along 
the valley. None of the  canyons are deep, only a, few of the rock 
wslls, if nny of them, reaching n height of 50 feet. Above the steeply 
incii~ed walls a more open ~nl ley  is usually found, which indicate 
rather recent minor defonnnt iou of nn anterior topography. 

The Kateel Jhs in  WRR wen in lms det~~ i l  by the writers, but ib 
general features am eswnt,irdly similar to tIiose of the Gimsa, except 
that, its valIey is wider oncl it has longer tribuhries. From the 
sumy of M c P h m n  it wns d~terminecl that Arvesta. and Caribou 
creeks nm tributaries of the Jhteel. The fonner, where it was 
crowd, near latitude 65' nol-th, is from 50 to 70 feet wide md from 
1 to 3 feet deep. The latter is much smnlIer and runs at an elevation 

McPheraon, I. L., op. cit., p 17. 
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about 500 feet higher. ~ h r s  who c d  the region somewhat 
north of McPherson7's mute state that the volume of the K L M  is 
much smaller than that of the Gisam 
k genwril idea of the Kateel Basin was afforded by a view from 

Traverse Peak, though the weather wa8 unfavorable for a thoroughly 
s a t i s f b y  chewvation of the topopphy. From this- pint it was 
evident that the northeasterly trend observed in the Giww Valley 
was still dmbn t .  The divide dong the western margin of h e  
basin m nearly north and south, so t . 1 ~ ~  is a considerable area 
tributary to this river. Low passes lead £mm the KaMl into the 
Ungalik, or into the Inglutalik, and probably into the Buckland. The 
pass $rout the Kateel to the Buckland was not actually wen; but 
enough of the dminage arrangement was evident to show that some 
of the w&rn tributaries joining t.he Kateel below its junction with 
Arvesta C m k  head in the Iow hills east of the Buckland, so that an 
sasy mute undoubtedly existe betwen the two rive= 

The Nulato River Basin is long and narrow, being formed by two 
large streams occupying strike valleys that coalesce a few miles from 
the Yukon and hIow this pint  are transverse to the structure. The 
main branch is about 50 miles long in a straight line. Its valley has 
a braad pvel-filled floor on which the stream meanders in irrquler 
pattern. It wilI he seen from the map of this valley that, although 
lying p ~ ~ l l e l  with the Yulcon and not more than 20 or at most 25 
milm away from that stream, it drains northeastward, whereas the 
Yukon in that part of its course flows southwestward. This results 
in tt more than rightrangled turn near the mouth of the Nulato, and 
suggests that the physiographic demlopment of the streams has baen 
mmpkx. Smooth slopes rise steeply from the valley floor to the 
relatively even uplands. On the southeastern side high hills soorwl 
by narrow gulches preserve the snowfa11 late in the summer. The 
volume of water carried by the main branch is therefore more con- 
stant throughout the season than is the case of those streams depend- 
ent upon the rainfall. Passes easily traversable by horses Isad from 
the Nulato Basin to that of the Giszsa, of the Shektolik, and prob- 
ably also of the Unalaklik. 

TBIgUTABIES OF BOIPrOE HOUND &sT.OF K O W K  RITE& 

East of Koyuk River the main streams belonging to the Norton 
Sound drainage from south to north are the Unalaklik, the Shaktolik, 
the Ungahk, and the Inglutalik. A11 of these rivers show pro- 
nounced angular bends on rt l ~ r g e  scale, most of which are to be 
amounted for by the geologic structure of the region. This mndi- 
tian is best illustrated by the three northern streams, whose basins 
are almost completely mapped. It will be seen from the map that 



for the first 5 ox 10 d e s  in a straight line from the mast the  rive^ 
flow in winding o o m s  at a right angle to the shore. Upstream 
fmrn $his point the course abruptly changes, and for the next 10 b 
30 miles the rivers have a nearly north-south trend. Still farther up- 
atream the direction w i n  changes, and the streams flow from the 
northeast or even fmm the mstmmtheast. 

Taken as a whole, the three rivers have n m w ,  mther contracted 
bshs in the middle or north-south prt of their courses, bemuse few 
tributaries enter from the east and west; in the upper garb however, 
because the main streams are ff owing mare or less across the geologic 
structure, the side strsluns are long and the area tributary to the 
main streams is therefom more extenqive. Rock-walled canyons, 
mpamted from each other by gravel-filled basins, bear witness to 
recent crusfal movernent~ throughout the a m ;  

Unalaklik River was not Tisited by the survey party in 1909, bat 
portions of it are well known, because the podage from the Yukon to 
St. Michael folIowa the lower part of this stream. A long branch 
joining from the north heads against the Shaktolik River, and it is 
probabIe that nn easy pass across the hills to Nulttto River exists. The 
n o r t h e a s t - m u w  trend af the drainage and the intricacy of stream 
arrangements make it difficult, to  interpret the topogmphy a t  long 
range. It ?a possible, therefore, that the Shaktdik may extend far- 
ther around the head of Nulato River than was evident at a distance, 
so that there may be more than me divide between Nulato and 
Unalaklik rivers. 

North of the UnaIakTik is a rather small stream, the Iguik, which 
drains the triangular a m  hbetw~a the Undaklik and the Shaktolik. 
Its drainage bnsin is at  most only rt few hundred square miles in a m .  

Although previously mapped as a rather unimportant river, the 
Shaktolik drains a considerable territory between the Unplik on the 
nmth and the Unalaklik on the south. Its course is so irregular that 
it can with difficulty be recognized a t  any considerable distance. The 
Shaktdik was fie seen in detail near camp A10. At this place its 
course; was nearly due north, giving the impression that i t  flawed 
northward into the Ungalik. Near camp AU, however, it. joined 
with a bmch from the south and formed a @-sized stream. From 
the small increase in the size of the northern branch htween camp 
A10 and its junction east of camp A13 it seems certain that only a 
few tributaries enter between these two places. 

Near camp A I O  the Piver is incised in n n a m w  rock-walled canyon 
about 30 feet deep. Above the canyo91 walls the topography opens 
out into a broad older valley which had Ached maturity before the 
uplift took place by which the present cycle was started. The floor 

*The tlgure~ given repre8eut InmmmMC In an air-line and not an$ the c l r c a l h  
COurBeB nf the etmallw. 



of this older valley is in Iarge measure rock cut with a relatively 
m a l l  amount of gravel covering. Well-rounded rnatmiaI, however, 
is pmctically univemlly present and nflords indisputable proof of 
the presence of &ream e m i n  at this higher level. Near camp A13 
the canyon-like chamcter is wnnting. Four or 5 miles M o w  camp 
A14 incised meanders, with radii of from one-half mile t o  1 mile, 
occur. Rere the waIls are, for the most part, gravel, with the bed- 
m k  net exposed. It is believed that the differences in the amount 
af filling and incision noted along this stream are due to  the unduItc 
hry character of the most recent uplift. 
KO accurnte determinations were made of the val~~rne of the Shak- 

toIik, but from AmC menwrements near camp A12 it was found that 
the discharge was between 150 ~ n d  200 mond-feet. The tributary 
from the north joining east of camp A13 mas of about equal vol- 
ume, and below camp A14 the amount of water hnd incrertsed to 
such an extent that the stream could bo crossed only with diac~dty. 
In this connection it should be noted that 1909 'was an exceptionally 
dry season, so that a greater volume is to  be expected durhng a year 
of normal predpitntion. 

Ungalik River shows the same characters as the other streams 
tributary to Norton Bay from the east. Its basin shows the three 
distinct parts previously referred to, namely, m open enst and west 
course through the coastal plain province, rt namm north and math 
portion parallel to the geological structure of the region, and n 
northeast and &-northeast course in the headwad portion. Zn 
this upper part the basin shows the same feature previously noted on 
the Shaktolik, namely9 that the tributaries from the south are longr 
than those from the north, so that the basin, if the main stream 
be considered as its axis, is decidedly unsynmetrica1. This Iack of 
symmet.~ seems to be due to three causes, namely, structural con- 
trol, climatic conditions, and tilting. Asymmetrical valleys nre 
common in Alaska, and have previously been described by different 
authors. An epitome of the various cauas with reference t o  a spe- 
cific region has been published lhy Goodrich.0 It, mas pointed out 
by this gmlogisL that the effect of insolation differs according to the 
condition of the stream as to load; thus, if the stream is overloaded, 
the tendency will be for the waste to push the stream toward the 
side receiving the least sun, whereas, if the stream is not carrying all 
the material it cnn the revem tendency .will dominate,, and the 
stream will migrate toward the side receiving the most run. Plate 
11, d, shows one of the tributaries of the Shaktolik below camp A12, 
which i s  migrating toward the north bectluse the stream is under- 
loaded and the south-fmcing slope receives more warmth than tho 

*Qoodrleh, H. B., Cause of swymmetry 01 streams: W t e w t b  Ana Bspt. U. 8. -1. 
Bufvey, pt. 8, 1898, pp. 285-289. 
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other. In a eonsidpration of the dewlopment of the drainage it 
should be borne in mind thnt types due to one eanm alone are pmc- 
tically absent and that cotnpl~sity of origin, rather than simplicity, 
is normal. 

From Ungalik River passe5 may be fot~nd into the lngfutdik to 
the north or to the ICateel on the enst, or into the Shaktalik on the 
south. None of thew p~asws nre owr 3,000 feet nbove the sea, and 
many conld be fount1 n t  elevt~tiolls lwlow 2,500 feet. The saddle by 
which McPl-iemon croseil frotn the Kateel to the UngaIik was only 
a little over 2,000 fcet. 

As regnrda size, the Unplik  is not .w Inrp as the Shaktolik. Two 
miles b low camp AlG t l ~ s  stream co~lld h crowd in less than 2 
feet of water, and fnrther apstnanm it m t t ~  still shnlhwer except for 
occasional deep boles, fion*cr do~vnstrenm, however, in the masts1 
p l ~ i n  portion of its course, it becomes deeper and sluggish, nnd in- 
stead of n hard grnv- 
elIy bottom it hns n soft 
mnd bottom thnt mnkes 
crossing difficult mith- 
out a bmt. 

Inglutalik River de- 
rives its name from tlze 
EEllrimo  word^ msnning 

river of bones," in rcf- Fl emnco to the number of . .. ///..#/ 
, '..: . ... &/#$' mastodon and o t h e r  Xrds ' m  Rastskant rock* 

Imnes found in the 
F ~ ~ I ~ Y R E  2.-brmnpmmt of  grafnage ~ I I P  to ~edogrc 

race of gravels dong its structurr. 

co~~ree. It is at least 00 nlilcs lrlllg nnd appeara to have n w a t e r  
volume of water thnn citllcr tllc S1;jlnktoliIc or tl~c UngaIik. Uelow 
c m p  A18, in tllc constnl plilin provincp, thc river can'lrot be forded; 
at  cnmp 1118 is the first rime, nlirl an it good crossing in about 2 feet 
of wnter is ~ffordcd. I'oli11g Imnts hnre been taIte~l as f ~ r  ns camp 
Bg7 and during seasons of nnrmnl precipjt n i  ion co~lld undoubtedly be 
worked still further upstrcnm. 

f n the upper part of the Inplutalik Rasin tha drninap. iis very corn- . 

plex, and many readjuststlnerlts ]lave taken place, so thnt at a distance 
of 5 or G miles it is inlpassiblc to tell whether the river drains toward 
the north or the sontll. l3ackBand nr barbed drainage is common. 
It should be noted, however, thnt this f e a t ~ ~ r e  is not always to be nc- 
counted for by capturing, b11r in mnny instances is due to the geo- 
l d c a l  structure. F ~ ~ I I ' P  2 indic111~s in diaprnrnntic manner how 
a norm&llg developed s u h q l ~ e n t  strmm (-1) may haw a barbed 
junction with the main strcarn without captaring having taken 
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place. In this same figure stream I3 is also a normally developed 
subsequent stream, but as the soft bed on which it has developed 
forms an acute angle with the course of the main stream the tribu- 
tary enenters without tho barbed junction. 
Low passes easily t r a v e d  by horses lead from the Inglutalik 

- into the KateeI basin to the northeast; into the 'Gngalik on the muth; 
into the ZCopuk on the west; and into the Buckland on the north, It 
is reported, although it was not confirmed by personal observation, 
that part of the ~ i n w i k  drainage also hends against the Xnglntalik. 
There are no known fncts which would make such a condition 
unlikely, but the region in question is so entirely unexplored that 
conjectures as to the drainage are hardly warranted The only 
information on this subject is Zapk in ' s  trip up the &tee1 to near 
the big bend, in 6 5 O  30' north latitude. According to this traveler 
a low pass leads from near this point northwest to the Buckland. It 
sliould be realized, however, t h a t  X e p k i n  did not attempt the pas- 
sage; that there may have been a misunde~tanding as to the river 
on the western sido of the divide, and thnt it is possible his inform- 
ant8 were not correct in their ppograpl~y. Prom the present stntlls 
of knowledge it seems more likely thnt a p ~ s s  northwest of the big 
bend of the Hateel mould lead into n north-flowing branch of the 
Selawik than to il west-flowing branch of the Backlnnd, 

Kopk River enters the northern reentrant of Morton Bay and 
is n river over 80 miles long. For the first 15 mils3 from the mouth 
it has rr nearly southerly course, but above this point it flows more or 
lm directly from the west toward the east. For 60 miles or so its 
torluou.; meanders make measurements along t,he river many times 
the nir-line distance. Mendenhall and Peters in 1900 traversed the 
river RCI fnr west as the head of canoe navigation a few milea nhre 
Knowl~s Crwk, and the details of their map have been taken for 
the courw of this stream. In 1903 Moffit nnd Witherspoon, map- 
ping the northeastern part of Seward Peninsida, added many facts 
concerning the Kogt~Ic basin north of the main stre~m and con- 
cerning the river itself beyond the point reached by MendenElall 
and P~ters in 1800. 

From the observations of the eorlier geolests and topographers, 
supplemented by the field work of 1909, it appears that. the Koyuk 
basin is unsymmetrjcnl. Of the various tributaries, East Fork un- 
doubtedly drains the largest territory. Its basin is about 30 miles 
Iong, heading against portions of .Buckland and Inglutalik river 
basins, Many low passer; lend from the East Fork basin into the 

- Woftlt, F. R.. The Fnlrhaven p l d  platera, Beward Penlnaula : Bull. U. I. Geol. Survey 
NO. 247, IWS, pla 11 and 111. 
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Bndmd. PmbabIy the lowest pass is by way of the branch on 
which camp B12 wtts located. The elevation of this camp was rtp- 
proximately 300 feet a b v e  the junction of East Fork and the 
Koyuk, and as there is a strong upstream current, due to the tides, 
ns far as the mouth of Peace River, it is safe to assume that the 
mouth of East Fork is practially at sen l e d .  North of camp B12 
there is a .broad abandoned valley in which tllere are several lakes. 
Some of these drain northward and some southward. The elevation 
of these lakes is not more than 100 feet n b o ~ e  the camp, so it is 
certain that there is rt mute acrks Seward Peninsula from Norton 
Sonnd to Kotzebue Sound, nowhere more than 400 feet above sea 
level. 

m A B I M  OF ROBTON S O m D  WEST OP KOTUK BIVXX. 

West of Koyuk River the main tributnrjes of Norton Sound from 
east b west are XCwik, Tubutulik, ICwiniuk, nnd Fish rivers. All 
of these streams are mainly within the area occupied by metamorphic 
rocks of complex structure nnd consequently da not show by their 
courses the striking structural control noted in the rivers farther 
east. Because of the greater a m o ~ ~ n t  of information available con- 
cerning the region west of the lioyulr, the map of mutheastern Sew- 
ard Peninsula (PI. I) shows the distribution and character of these 
risers in greater detail than mas possible on the smaller scale map 
adopted for the Nulato-Norton Bay region (Pl. V). 

Kwik River is a, small stream about 20 miles long flowing in the 
main on a very flat slope in a circuitous course in a gravel-filled basin. 
It heads in the divide between Worton Bay and the essbwest portion 
of the Koyuk. P a s ~ s  lend across this divide at low elevations. The 
low& pass is by way of the branch on which camp C4 was located. 
At this point a broad, open saddle n t  an elevation of only a little more 
than 600 feet affords an easy route from one basin to the other. T h e  
most characteristic feature of this basin is the flat lowland through 
the lower three-quarters of the area and the short, rather steep gr~- 
dients of the streams above the point where they enter the flat~l. 

Tubutulik River had previously been traversed by Mendenhall and 
Peters, so that few notes concerning the stream arrangements were 
collected in 1909. In the main this basin is parallel with the igneous 
intrusions of the Darby Range, but above Lost Creek, where the gran- 
ites disappear, the mum for several m i h  is more ne~rly east md west. 
Above this point its general direction is north and south. In this 
part of its course iq a lowland. locally knomrn as  Death ValIey, which 
is elliptical in outline and about 7 miles long by 5 miles wide. 
North of Death Valley the hetldwater streams rise in the high eastern 
extension of the Bendeleben Mountains and flow on steep gradients 
into the Death Valley Basin. The lower 6 to 10 miles of the Tubutulik 



basin is formed by swampy lowlands similar to those ak the mouth of 
the Kwik. In fact, the area btween the Iower portions of these 
streams is pmctically nndivded, and it would be al&& impassible 
to determine just what partion of the fiat was tributary to one stream 
and what to the other. 

M~ssured in  a straight line from its head to its mouth, the 'hbu- 
taIik i s  about 40 miles long, but its numerous meanders make the dis- 
tance along the river much greater. Several lorn passes lie between 
the Ta~hutalik and the Kwik on the east, the ICoyulr on the north, and 
the tributaries of the Fish on the west. The ridge between the Tubu- 
tulik and the Kwik nowhere exceeds 1,000 feet, so thnt at the hails of 
tlls tributnries m e  many places where passages at  elevations of 000 to 
800 fwt may be fal~nd, Between the Tubuttilik nnd the Koyulr there 
are two low saddles where the elevation does not exceed 1,000 feet. 
The most important of these saddIes is the one east of Death Volley, 
wherc the trail from Nome to  Candle crosses the divide. At this place 
the elevation is anIy a little more than 800 feet above sert level. The 
Jow snddIe is north of the north fork of the Tubutulik and leads into 
Timber Creek, a tributary of the Koyuk. This pass is broadly open 
and has several smaII 1 ~ k m  s c a t t e d  on the f lnt  divide. Between Tu- 
butulilr nnd Fish rivers there are two or three low passes, but the one 
tnlr~n advantage of by the telephone Iines is perhaps the lowest. 
North af this one, however, near camp C8, there is a snddle at  an de- 
vation of about 1,000 feet, by which horses can easily cross from the 
Tubutulilt into the Fish X i ~ e r  basin. 

So~ithwest of the Tubutulik the Kwininlr River dmins an nrea, of 
approximately 100 squam miles. It has an e x t ~ m e l y  imgular 
course, its bends in the main being dominated by the general north- 
south p l o g i c  st:nlcture. It has many side streams joining it in back- 
hand manner. This is especially true in the *ion around camp 
C14. About 2 miles south of this point there is a long tributary 
coming in f m  the west which makes a sharp bend and cuts across 
the prevailing structure to join the Kwiniuk; 2 miles north of camp 
CL4 also there is a stream %owing a h d  due south nntil it enters the 
northeastward-flowing Kwiniuk. It is believed that m e  of these 
abnannal f eatnws may be explained by the &midi on of the drain- 
age by deposits formed by vaIlep glaciers from the Darby Range, 
which have prevented a former direct m11m tO the sea 

The Kwiniuk basin is ahout. 30 miles long and is an the wbde 
mt.hpr narrow. In places rock walls m d c t  the river, but in other 
plam thpm are gm~el-filled bssins of small extent in which the river 
splits into many separate channels. At the mouth, the river flows an 
the brond p v ~ l  deposits (which pruhhIy represent basin filIing) 
that merge with the flats at the mouths of Tubutnlik and Kvik 
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r i v a  h this part of its course the h s i n  is characterized by a n  
intricate network of sloughs and channels impossible to traverse . 
in summer. 

Fish River is the largest stream west of the Koyuk. Between it 
and the Kwinink many streams heading in the north-south Darby 
Range flow in short courses eastward into Norton Sound or westward 
into Golofiiin Sound. Fish River, like the Koyuk, was ascended by 
Mendenhall and Peters in 1900, and the form of the main river htls 
been hlren directly from their map. It is an extremely tortnons 
stream in its Iawer and middle course, but in its headward p a ~ t  and 
fur a short distance in the so-called 1l"sh River gorge it is an actively 
degrading stream. In the lower part the river spliB into numerous 
distribuhries on the delta, and its flow is so sluggisli that it is difi- 
cult to distinguish the, main channel from blind sloughs. Steam 
river boats ascend the river as far as White Mountain, but above this 
point as far as Council, on the Wiukluk, or 3s far as M q u i t o  Creelr, 
w the main river, horn b ~ t s  are used. 

Above the junction of n'iukluk and Fish rivers the valley of the 
main stream is constricted and the river flows through a g o r p  with 
rather steeply sloping walls for x distance of about 10 miles. Up- 
stream from the gorge the valley opens out and the floor is n flat 
gravel-covered plain 16 miles wide paraIlel with the direction of the 
stream and 30 miles long transverse to this air-tion. This part of 
the basin is an unexplainecl physiographic feature. The pla,in is 
dotted with lakes and sloughs slightly sunk below the general level 
of tho surface. Were and there, irregularly distributed, are low 
gravel mounds from 10 to 50 feet in height, that seem to mark former 
doposits so dissected that perhaps not one-hundredth of their o~iginal 
extent is preserved. 

The main tributaries from the west are Niaklulc rind Parffon rivers. 
The former rises in the Bendelebcn Mountains and the hills to tho 
south about 20 miles west of the rnnpped area. Tho Paraan, mme- 
timas incorrectly called the Parantnlik, siws in the high -st-west 
range which forms the eastern extension of the Rendelcben Moun- 
tttins. 1t %ws along the southern mnrgin of the Fish River basin 
for nearly 20 miles before entering the main stream. From the east 
the main tributaries of Fish River are, from muth to north, EtchepuB 
and Rrtthlatulik rivers and Mosquito Creek. All of these rise in t,he 
high Darby Range that forms the eastern border of the Fish River 
basin. In their headward portinns they all flow in rnther youthfit1 
valleys with fairly steep gradients, but as t h y  cross the flats their 
slopes decrease, and they flow in sinuous courses slightly incised ' 

below the level of the plain. 



The only portion of the Ruckland or other Kotzebtze Bund drain- 
age. seen was betwwn a m p  B5 and B13. In this region only the 
headward part of some of the strenms hlonging to the Buckland 
were o h r r e d  near nt  hand, and therefore few additional data as to 
the larger fe~tures of the b s i n  es a whole were obtained. It, seems, 
however, that tho area of this basin has h e n  in large measure ex- 
aggerated. From the mouth of the Ruckland to the divide between 
that river nnd the Enst Fork of the R w ~ k  in rs straight line the dis- 
tance is b e t w ~ m  50 and 130 miles, nnd from the month ta the divide 
near cnmp I35 is only a little over GO miles. 

Like mnny of the other basins wllicll hare h n  car!-d mainly on 
bedded sediments of M-ic m g e  in this part of dlaskn, the basin 
of thc B~lckland frib~~tary ~ t r e a m ~  s h ~ v s  pronounced stn~cturnl 
control. This mults in an irregular distribution of narrow vnlleps 
p~rallel to the plogical structure of the region, with t r a n s r e  
gorges. In this kind of topgmphy the recognition of the true dimc- 
tion of the drainage from a clistnrice is nlmost impossible. Tlre web- 
ern brnnch of the Ik~ckland, visible from Benr Creelr (north of camp 
RL3) flows in a broad, flat mlI~y, the arerap  p d i e n t  ef the stream 
from mouth to head prohblp not exceding 8 to 8 feet R mile. I n  
the descriptions of &usckenbusha ancl of the e~rlicr surveys by 
C.aptain IGllett ant1 othcr officers of R M. S. Berdd and Plower, it 
is stated thnt the I3wlzland is navipbIe in light 'boats for nbout GO 
miles ns menflured along the river's course: that is, ns far ns the forks 
of the stream about 20 miles north of the Koynk-Ruckland divide. 

Tlra low pass from Buckland to the east fork of Koyuk River 
has nlrenrlg Leen described. A pass from the Bucklnnd into the 
Kiwalik hnsin by may of Bear Creek hns been i~tilized by a mad from 
the mining cnmp on Bear Creek to C ~ n d l ~ .  The clivide between the 
Ruckland and the Tnglutalik is low, and, ultho~igh usually coverrcl 
with dense brush, i t  offers no considerable obstruction to crossing 
from one drainage basin into the other. 

As has already heen stated, the relief in the Nul~bCb~inciI region 
is relatively low. Fcw hills Rrc more than 3,000 feet high, and the 
larger part of the 11pl~nd is probably not more than 2,600 feet above 
sea lerel. There .am, themfore, but smdl difl~mnces in elevation be- 
tween the r~plands nnd the lowlands and still less between different 
portions of the upland. b his m l t s  in producing a sky line unintes- 
rupted by any considerable inequalities. 

Qunckrnhmh. L R.. Soten on Atmkan mammoth ex@ltlona of 1907-8: Bull. Am. Mum. 
Nat. Alst., vnl. 28, 1909. 
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Smooth, mlling uplands are particularly characteristic of the 
East Fmk-lnglntalik divide. In this part. of the field the feat~ires 
are slightly dissected, rounded domes, with gentle slopes merging with 
the present valley walls by a series of benches. Plate TI, B (p. 22) , 
shows a typical portion of this aplnnd and is characteristic in a broad 
wny of the divides between most of the minor drainage basink On 
E U C ~  uplands traveling is &, es the sarface is well drained and the 
frost-disintegrated fragments afford good footing. Kot only are up- 
lands of this type found in the egions where t~nmetarnorphoscd sedi- 
mentary rocks form t.he bed m k ,  but they are also characteristic of 
parts of the whisk region--as, for instance, a t  the head of Kwik 
River. 

Even the higher and more rugged divides here rind there show 
a samewhat flat-topped character. Thug on both sides of the Koyuk- 
Buckland Imvland there are numerous flnt-topped llillq some a mile 
or m in width, carved on materials very different both in composition 
and in apparent mistance to weathering. This feature is aim seen 
in the hills north of Death Valley on the Tubntulik. On one of these 
hills north of camp C7 a profile similar to figure 8 mas observed which 

1'lnc.a 3--Profile of hlll  morth of camp 127, at head of Tubi~ttlllk Rlver. 

showed a t  least fire flats from R quarter to half a mile wide. These 
have been produced on a complex structun! of schists, thin limeshones, 
and granites. 

Tha two main rnountain~~s regions are (1) the divide between the 
Yukon and the K d o n  Bag drainsps, called by McPhemn the 
Brooks divide, and (2) the Darby and I3enddeben rnountaius, In tho 
former the general twnd is north and south, with the highest points 
only little more than 3,000 feet in elevation nnd the average much 
lesn Conical peaks rising 300 t o  800 feet ~ b o v c  their neighbors afford 
e d y  recognizable landmarks, visible for long distnnces A few steep, 
roc% crags were seen, but a11 are easily scalahIe. In the Dsrby and 
the Bendeleben moilntains the trend of the former is pdominantly 
north and south and of the lntter east and west, so that together they 

' form a crescentic Rigliland area. The c& line of this range is 
ragged and irregular, king in pla- cl- to the north and west side 
of the range and a t  others claw to the sor1t.h or east side. Here and 
there the crest line is so narrow that passnge even on fmt ishazardous, 
and blocks of waste: disturbd in passing roll hundreds of feet down 
the slope before finding Idgment. This is true particularly of t.he 
Bendeleben Mountains, where glacial action of the alpine type has 
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been effective in the past. In wrtain parts of the Dnrbg. Range also 
this mme agency has produced similar uplands. Plate 111, A, shows 
a port ion of the Darby Range much djsserted by glaciation and illus- 
t r a b  the narrow pinnrtcled character of the upland that resulh. 
Such dividm are not due to v~lley glaciers having mered the upland, 
but are the m d t  of headward ~rosion on opposite sides of the ridge. 

Regnrding the origin of tho uplands, there has been no clew sv i -  
dcnce found to indicate the effective causes. As mill he explained in 
detail later, it is known that the deformation which tmk place after 
the deposition of tho Cretaceous sediments was so great that any 
topography formed prior to  this event must have been so cl~anged as 
to have little or no effect on the present topography. The surfaw 
therefore has been formed Ixtmeen the Eocene and the present time. 
It is known that none of the mountains indjcfited loy the dips of the 
strata formd by the folding are preserved nt the present hime in this 
region. The upland surface hss therefore h e n  produded by erosion, 
and the present hills owe their height rnther to grenter resistance to 
erosion than to original wnstrlictional uplift. Whether this erosion 
resulted in a nearly plain surface approxim~tely at sea level, which 
~ R S  sltbaequentIy been uplifted and again dissected, or whether the 
erosion took place at considernble elovations above =a level and 
lcveled without ba* leveling the topa of the hills, is a qnestion that  
must await m~tch fuller invmtiption. There are the following ob- 
jections to the interpretation thnt the present upland surface repre- 
sents R formerly nearly base-leveled surface subsequent.ly uplifted- 
the absence of any water formed deposits on tho suxfm of khc up- 
land; the lack of deep-rock m~athering; the number of flats %pa- 
rated from each ather by sharp mrps similar in all characters to  the 
uppermost one, which require similar explanations; the abwnce of 
drainage amngnrn~mt Hint would correspond to the hypotheticd 
earlier wrf ace ; the indicat.ions that present-day p m c e s s ~  are respon- 
sible for l~veling without base leveling. O n  the other hand, the 
main objection to the idea that the upland does not mark an old 
e i o n  surface nearly a t  base level is tht: lack of known proces~ses 
capable nf producing A nearIy plain surfnm on imocks of differsnt 
resistanccs to erosion. It seems wise therefore to suspend judgment 
as t o  tha origin of the uplands, as further information is required 
befvro their genetic classification can bo effected. 

Soundings made by the Coast and Geodetic Surveya* and others 
have shown that nowhere in Norton Bay and Sound within the areas 
represented on Plates 1 and V is there a depth of water exceeding 

See chart 9380 ot the Coaut and Geodetic Bnr~eg. MItIon of 1908, 
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100 feet, and ovcr much of this water a m  the depth averages nbout 
50 feet. In general the 5-fathom line lies ~ v e r a l  miles from the 
coast, so that vessels find no harbors and have to dimharp cargoes 
on lighters. A few exceptions to this ruIe occur, most notably along 
the east aide of the Darbp Peninsula and a t  Golofnin Sound. At the 
former locdity the cmst is rocky and lnnding places for vessels of 
sea-going sim &re wanting, Plnte 111, B ,  shows a typical portion of 
the eastern mast with tile wal-a? hat ing  directly on tha cliffs a,nd 
with a beach so dightly drtvelnped thnt it is impossible for n mRn to 
walk around the shore. IT'l'lth such topograplly it is evident that 
shelter for vessels is wanting. 

Golofnin Bay, on tho othcr hand, presents a fairly good hnrhr for 
vesseIs drawing less than 'LO feet, as it is sheltered by high hills from 
the strong winds. The channel, howcrcr, is crooked arid the bag is 
constantly filling up with the detrit~~s brought down by Fish River. 
Ocean-going ~essels from Seattle c ~ 1 1  nt this plnm iirregularEy during 
the seaRon nnd discharge c a r p s  near tIre mission an lighters. With- 
out rcmurm 380 dredging, however, this harbor would be of slight value 
in the general mnomic  der-elnpment of the region. It is, moreover, 
some distance from the pmdnctive gold awns and so is not much used, 
although during the boom days of the Council region it gave prom- 
ise of being important and even now it i s  the gntewny by wbich most 
of the supplies for Council and vicinity ~nter  tho co~~ntrlp. 

Kotzebue S o ~ ~ n d  on the northern shores of Scward Peninsl~Fu is  
also rt relatively shaIlsm sea, fern if nny places hnving rt depth of 
200 feet. One af the lntest incidents in tho geolo~;v of the region 
was a slight depression of the land, so that the srtbmergttf lower 
c a u m  of some of tho lnrpr streams afiord sheIter for lirht-dmft 
vessels. Tha shallowness of tho b ~ s i n  as a whole and the crooked and 
mn~tmtly changing channels leading to these harbors make nnviga- 
tion difficult. 

Tides in Norton So~ind are relatively slight in their range hut in- 
crease townrd the bay heads. No arcltrate measurements of tIw tidos 
have been made in this pnst of the region, and as the wind has R con- 
siderable effect on the change of water mrfnce it is imposible to make 
any short-period obwations of vnlue. Tt is probable, however, from 
determinations made a t  Some, that the t irlea seldonl have a range of 
more than 2 feet aIong the east. side af Zlnrby Peninsula. Judged 
by the way in which the Koyuk was backed up by the tide near camp 
A20 the tidal range near the head of Norton Bay probably exceeds 
3 feet. 

As has h e n  already noted, lagoons are found along portions of 
Rorton Sound. Them owe their formation mainly to shore cumnts 
blocking the mouths of streams. Sand reefs, such as occur near Sol- 
omon and at many other places in mestern Seward Peninsula, are 



absent in the area studied, Many of the lagmns are filled with drift 
timkr, a g o d  deal of which has doubtless h e n  brought dawn by 
the Yukon and cast upon the shore by the currents. 

The currents a m  complex and haw been determined mainly by 
the effect t ? q  have ex- on the land forms. Near the mouths of 
the Kwiniuk and the Tnbutulik the long spits with their free ends 
pointing e ~ s t  give clear evidence that tho currents there ane flawing 
from west toward the east, but, south of camp C17 for 4 or 5 miles 
the apparent dimtion is southwest. At Carson Creek, however, the 
pried dimtion seems to b >eorth~a& On the e a t  d d ~  of Norton 
Ray, near the month of the IngIutdik, ths shore forms sewn to hrtve 
been made by cumnts flowing toward the north, wher~as near Island 
Point the dominant curmnt seems to divide, the mnthern park flow- 
ing m~thward and the northern part, northertstw~rd. Frwn the 
m t h  end of the Reindeer Rills the lwg mth-pointing smd spit 
seems to show that the dimtiw of currents them is in pneml 
southwrtd. 

Aa the m ~ i n  object of the expedition of 1909 was to nquim infor- 
mtion concerning the p l o ~  of the region traversed, little atten- 
tion was paid to extraneous mattem A few notes on the general 
ctiimwter of the vegetation and game may, however, be included. 
Of the evergmen trees spruce is the only one .of sufficient impor- 

. tmce to be considered. The trees seen probably average 10 to 12 
inches in diameter. Spruce extends as far west as Council. but beyond 
this point is practicnlly wanting. In the asi%rn part of the axa, 
near the Yukon, it gruu-s at elevations close to 2,000 feet, but far- 
ther weat, tomad Norton Bay, at lower elevations, so that west of 
the Bmks divide it is aldom found a b r e  1,W feet. West of 
the Kopltk it m d y  is found h v &  800 feet, and only in the wlIaya 
along the streams. In t.he western part of the Fish River drain- 
age basin, spruce dms not grow on any af the streams north of 
hToquito Cmk. Spruce is found dong the eastern coast of Drtrby 
Peninsuln up to ele\fntiona of a b ~ l t  POO feet, but west of the range it 
seldom p w s  at more than 500 feet above the *a. Plate IV shows 
t.he geneml distribution of timber in the region. 

Birch, u ~ d  by the natives for sled h m e s  and similar gwr, is 
found in many pieces in the Yukon brtsin, but i t  gradrlslly d i ~ p p a m  
farther west until the 1 ~ s t  bimh s ~ n  on the Kopk  was near I Z e n w d  
Creek and the ltlgt sizable trew in the Darby Peninsula were on the 
eastern slopes of Mwnt Kwiniuk and on the lower slopes of Mount 
ICwiktalik or Haystack Mountain. White b i d  is found in the Yrrkon 
bairn, but does not occur nohbly to the west of this a r a  The Seward 
Peninsula birches are tke yellow and the black birch. The low pms- 
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trate birch, which has t i t t l ~  or no fuel r a l ~ ~ e ,  is rnrlch more widely 
distributed and can be forind tI1rougI:11~1t Scward Peninsula. 

IVillows are common along almost 1111 the Seward Peninsula 
streams. The lrillorrs are  of .wteral different kinds, from prdmte  
varieties to trees R or 10 fwt in height, the l a t t~r  h i n g  the main 
source of fuel throughout the wmtern port ion of w~~ltheast~rn Seward 
Peninsula. Aldem arp most n~trnerorls nlong the pas ten  dmre of the 
Darby peninsula, where they form n d ~ n s e  u n d e t p w t h  of half re- 
cumbent interlocking branches, t hrouglr which pswnp can be effected 
only by chopping a trnil, 

No statement of the veg~t  n tion w\.onld hp characteristic without 
mention of the abundant brries, which p w  mainly n h v e  the tree 
zone. Blueberries art! particularly the lorn bushes forming 
in  laces a mat of veptntion. Snlmon hcrrics, much prized by na- 
tives and pmspcctors, ~mrn nnder essentially the same conditions as 
hlaeberries and nrc espwinlly n bondnrlt on rolling low liplands, such 
as those between the n~lckland nnd East Fork of Koyuk River. Cur- 
rants are found, hut nre not nbnndrint. 

Scvernl kinds of grn~ses nnd forage for horses are found and am 
generally siifki~ntly rdentifnl, so tlinl they do not have to be speciaIly 
sought until Inte in tile wieuson. The pack horses used by the Survey 
pasty were particularIy fond of the so-crtIled " p s e  grass," a kind 
of equisetum that grows on well-cirained areas near the banks of the 
stre~ms where trees do not form a thick shade. By the first of Sep- 
tember fmts so impair the vitnlity of the grasses that forage must 
Iw s011ght with care in the pmtccted valley heads facing south, and 
it bem& necessary to placre camp with considerable thought as to 
the feed supply. 

Flowers are abundant nnd gire brilliancy to the landscape in the 
spring and summer. Some fifty varieties were noted, but no collec- 
tions wcre madc, and therefore no specific d~t~rminations were pm- 
sible. The general irnpmsion. hon-ever, was that flowers were 
abundant, but that they sere limited to ~lat ive ' ly  few genera and 
f arnilies. 

Rirds and animals are fairly abundant th mnghou t the region, 
although they are not LW plcntiflll that game can be relied on for 
food. Jn the higher hills betn-wn the 'E'nkon and Norton Sound 
numerous caribou signs SIIO'RCCE f hat  the rno-quitoes had driven these 
animals into the highlands daring .the enrly part of the summcr. 
Farther west caribori a re  almost cntirelp wnntinp, a1 though probably 
a few may still be found in the nnfrcqnented region north of lths 
Kayak. Domesticated reindeer, held either by govcrmrnent or pri- 
vate ownership, are herded near the mouth of the Shaktolik and south 
of Cheenik. Thew lierrls nre movwl from place to place, and some.. 
times the animals stray nwny nild l~ccorne wild. 

71488'-BuII, 449-114 
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Bears are compar~tivelv numerous in the less frequented parts of 
the region. Well-trodden bear trails run along the Shaktolik for 
many miles, where the nnirnals fish during the salmon season. Along 
the ridge between Kwik and Tubutulik rivers, also, bear signs are 
abundant, sspecirtlly while the blueberries are ripe. In the upper 
part of the Kwiniuk basin near camp C14 the sand bars nre covered 
with bear trails. From the reports of prmpectors and trappers it 
is said that most of the bears are rather large and brown, few black 
bars being found. The only bear that was seen by the Suwq party 
was a, very light brown. 

Caribou and bexr nre the only two large animals in the region but 
there a re  several small animals t h ~ t  are caught either for their fur 
or as food. A few rabbits are found in Seward Peninsula, but none 
were seen in the Nulato-Norton Bay region. Red foxes were seen, 
nnd cross foxes are reported. Some marten, muslrrat, and other 
small &ins are taken by trappers in the Yukon basin contiguous to 
Nultlto, but the number of slcirins is yenrly decreasing. Porcupine 
were seen in the Jnglutalilt find Tnbutnlik river ba~ins. Ground 
squirrels common in the less-forested regions of Seward Peninsula 
are almost entirely absent throughout the greater part of the area 
east of the Koyuk River. 

Of the birds, ptarmigan are perhaps the most rrbundant throughout 
the region as a whole, hut they are seldom found near the coast and 
are yearly becoming fewer and fewer. Early.in the mason these 
birds am found hiding in the brush with their young, but l ~ t e r  in 
the summer flocks of fifteen or so mng be flushed in many of the 
blueberry patches. After the berries begin to  fail and cold weather 
approaches, the p$armigan move from the higher land and mp- 
gate on the sand bars of the breams. A little later they begin to 
gather into the large coveys so often seen after the snow has begun 
t o  falI. 

Along the coast where ponds and lagoons occur ducks, geese, and 
other water fowl are plentiful. The southward migration of the 
geese in 1909 took place the last of August and the fimt of September, 
and during this time thousands of birds p ~ s e d  over Sortcln Bay. 
Cranes were seen, some living on the low marnpy mnntry of the 
coastal plsh province and otherr; apparently making their homes on 
the d r y  rolling nplands. Robins, crows, and'many other birds living 
in more southern regions were also observed but not minntely noted. 
Owls, both barred and snowy, are common, and their regwgihtions 
may be found on almost every knob t h ~ t  gives a lmkoat over the 
surrounding country. A few eagles and hawks were seen. Sprrrce 
or '' fool " hens were especially noted in the D~rby peninsula country 
south of the mouth of the Kwiniuk, but they are aIso found in many 
other parts of the region, 
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Fish are almost always plentiful, and can be relied on by trave1ers - 

for food. Grayling are the most common of the fish and are found 
in all streams of sufficient sine. In length they range from a few 
inches to about 20 inches. They will taka s fly hook at almost all 
tines during the summer. Trout of wveral varieties live in the dear 
swift waters of the mountain st.reams and may he caught with a fly 
hoolr. Sahon usually run up the larger streams and are much used 
for food by trappers, prospectors, mnrl natives for themselves and 
their dogs. Salmon were seen on the Inglutalik as far upstream as 
camp B9, on the Koyuk above East Fork, on the Kwinink above 
a m p  C14, and on the Niukluk far above Council. The season of 
1909, however, was a parti~~llnrly poor srtlmon season, nnd only a 
few fish were caught in any of the Norton Bag streams considered in 
this report. 

Salt water farms of life are abundant in h'arton Bay and are nsed 
for fobd and clothing.' The tomcd,  a small, bony fish, and the her- 
ring am caught by nat,iires and whites. From the fur of the hair 
~ e a l  much of the clothing of the natives is made, and the skin of the 
oopuk, a thick-skinned sen], furnishes almost all of the homemade 
footwear (the mukluk) of the inhabitants. Walrus is snm'etimes 
caught near the edge of the ice pack in the spring, and its flesh is uPRd 
for food. 

CLIHATE. 

Gonti~luous records of the various elements of climate have not 
been made in any part of the region for sufficient lenflh of time to 
afford accurate data for describing the prevailing conditions. The 
nearest observation stations, at Some and at St. Michael, are both 
situated on the coast and give but Iittle information conccrninp the 
interior. At present, therefore, there are few m r d s  auailnbl~, for 
the Nulato-Council region except scanty obervat.ions astending over 
onIy short perids. 

At Nome the highest temperature recorded dnring 1909 mrts i O o  F., 
but it is probable that in the interior, where t h ~  ternpmture is not so 
much affected by the sea, higher records would ha\-r b ~ ~ n  abtained. 
The work of the Survey party was carried on in the higher bilIs dur- 
ing the hottest part of the summer, so t b a t  the temperatures mere 
much lower than they would hsve been nenr sea level. Ice one-qnrrrter 
of an inch thick formed on water in R pail dnring the night of Jnly 
24 at  an elevation of about 1,500 feet  et cRmp B5. OR A I I ~ E I ~  5 ice 
remained on the small pools of wnter along l'cace River at  an elevn-. 
tion mnsiderablp less than 1:0M f ed  ilnfil after 10 a. rn. The hills 
north of Mosquito Creek and the head of the IGsh River palley were 
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heavily coveFed by snow on September 1, ~ n d  on Septernhr 16 snow 
covered the ground down t~ 800 or 900 feet on the southem end of the 
Uarby I b n p  a ~ i d  remained on hills abo17e 1,000 feet for the rest of 
the season. 

The mean annual temperature at Rome for 1907 was 24O F., and 
for 1908 it was 25' F. As it seems fully aa warm at Norne as in the 
region to the east at  the same time, it is probable thut the mean an- 
nual temperature is not far different for the two lmsljties. The sum- 
mer temperatures are higher in Nulato-Council region because of the 
absence of sea control, which would alm make the winter tempera- 
tures h e r ,  so that these two frtctms would tend to balance earh 
other. Further clata on the temperatures are afforded by a few ob- 
servations made at N~llato and at the Omilak silver mine, and 
published kip Abbe.= 

E#trenae mngea in Isnbpawture "F.)  at Nulato and 0.C Omitah. mtw, Atasku. 

The observations at Nulato from which this table was compiled 
were carried on for 12 montha, from Octohr, 1894, to May, 1895, 
nnd from January to April, 1896; those a t  Omilnk mine were also 
carried on for 12 months, from January 2 to May, 1884, from Oc- 
tohr 18 to December, 1884, and from January to April 16; 1885. In 
the report it is noted that in the fall of 1894 the Yukon wag closed at  
Nulato on October 16, and optncd in the spring of 1895 on 3iny 22. 
Near Omilsk mine, Fish River opened on May 21, and was closed 
by ire on September 25,1884 ; in 1885 this river opned on May 9. 

Dall: who spent a winter at Nulato, has published the following 
table of temperatures for the different seasons a t  that place : 

. During the summer of 1909 the precipitation in the westem part 
of -ard Peninsula was abnormally low, and it seems probnble that 

-Abbe, Clewlaad. jr.. hoi. Papr  TI, A. Gml. SU~T@F No. 46, 1808, pp. 139-200. 
'Dall, W. El.. i l l ash  and I t s  reswrceu, p 488. 
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tha amount of rain rewired by the lialat~-Xorton Bay region was 
also less than usual. Thew were less than a dozen really rainy days 
from the latte~ pad of June to the end September, but in this period 
there were 38 days on which it showered. 

'Fhe following table gires the resl~lts of previous instrumental 
observations r t  Nulato end a t  the Omilak silver mine.a 

Mean preclpitot4mt1, Inrludi~~g nl~ItPd n m  and mmn number ot  la#% with drays 
with 0.01 inch or ittnrr p w i p i t c r l l r ~ n  at 3-ulnto and Omiiak mine, AFwko. 

The record for Nulato wns for 10 months, from October, 1894, to 
May, 1896, and from Janziary 3 to March, 1896; the mard for 
Ornilal; milie 'was far 9$ months from February to May and from 
October 18 to December, 18P4, and from January to March, 18%. 

From what is known of neer-by areas, it mRy be stated that the 
mmt of precipitation during the R winter months is roughly be- 
tween one-half and one-third of the total for the year. If a factor 
of this value IM applied to the tables so ns to correct the total for . the year on the basis of the entire 12 month, it follows that the 
annual precipitation at Kulato is between 15 and 20 inches and from 
10 to 12 inches at Omilak mine. This waulrl make the Fish River 
region about equivalent in moisturn to the region near Nome and 
the region around Knlato much more moist. The region as R whole, 
however, would be classed as semiarid and similar to a large part 
of the States of Montana. Tdaho, Wyoming; and Colomdo. As the 
Iarger pad of the precipitation comes from dune to September, the 
impression p ined  by a srnnnrer traveler is of a region of much 
greater rainfall than is actlrslly the case. 

. b . Apr. %r. 1 *EL I NO;. DE 

Throtlghout the region tne northerly winds are the fair weather 
winds, whereas those from the solit11 urnally bring rain. During 
1909 the predominant wind direction was f r m  the north, and the 
weather n7as ~ccordingly dry for the greater part of the time. Owing 
to the absence o f  a heavy cover of vegetation over most of the upland 
area, the force of the winds is strong and the effects are marked. On 
the bare limestone hills pieces of detritus are moved by the wind, and 
the mal l  sand grains are &ickly removed fmm the places where 

0 Abk, Cleveland. jr., op. clt., pp. 182-165. 
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they are formed by disintegmtion. Zn many places the foliage on the 
lower lands is covered with the wind transported dust, 

T)nst whirls cnns~d by convectinnal rllrrents of air induced by 
overheating the Iower layem were seen several times along river bars. 
One such whirl started on the Shaktolik River with such explosive 
violence that  it throw up sun-baked pieces of mud seveml inches in 
diameter zlnd scdoped out a shallow depremion. Several dust whirls 
were noted on the Iower part of East Fork and Koyuk rivers -and 

, could be traced for several miles across country. 

SET!PLE?EBMT& AND POPULATION. 

The only village9 in the Nulato-Council region am Nulato, RaEhg: 
Cheenik, Bluff, and Council. Bond houws are, however, numerous 
along the coast and form a complete line from eagt to west. During 
the summer there is but little travel, but during the winter the mail 
and travelers furnish patronage to road houses along the coast at 
Carson Creek, Walla TValla, Kuiukttllj k, Miniatulik, Mows Point, 
Isaacs Point, Unplik River, and Shaktol ik River. Along Fish 
River there nre wad houses between Cheenik nnd Council, art the 
mouth of Fox River, and at  the m o t ~ t l ~  of the Niukluk. On the 
Yukon River are numemns road houses from Kaltag eastward. 

A few scattered cabins are the only other habitations in the region, 
and these are occupied but a short time each year, mainly by trap- 
pers, On tho lower part 'of the Inglntalik, 6 or 8 miles from the 
roast and on this same stream near camp B7, are cnbins of this sort. 

The mining and prospecting centers of s~ttlcments m r e  principally 
in the vicinity of Bluff and Council on Ophir, MeIsing, Mystery, 
and Goldbottom creeks. There are several cabins, how eve^, on 
Bonanza Creek mupied by placer miners who hold p ~ i n d  on thia 
stream. At the O~niEak silver mine an Omilalr Creek, a tributary of 
Fish River, a mining camp has been established since the: enrly 
eighties and, altho~igh now practically abandoned, at different times 
has hnd more than n score of inhabitants. On Bear Creek, a tribu- 
tnry of the Buckland from the west, there haa been n small settle- 
ment of placer miners since 1902. Two cabins near Alameda Creek, 
a tributary of Koyuk River from the west, mark a small plaeer set- 
tlement. Ditch camps with one or two men each have been estab- 
lisherl along the Candle ditch line on Kiwalik River, but are vacant 
during the winter. 

Native encampments are found principn1ly along the coast and 
belong almost entirely to Eskimos. Along the Yuhn ere Indian 
villages, generally established on the outskirts of the white men's 
villages. The Indians, as a rule, have a more or less permanent 
abode, but the Eskimos migrate along the coast and are seldom found 
several wrsons in the =me place. Thew is an exception, however, 
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in the cam of t hw .  owning reindeer. These people llsually summer 
in nearly the same place, but during the fall and winter they are con- 
stantly moving their herds from one pasture p u n d  to another. The 
largest winder settlements am near Shrtktolik and Cheenik, where 
the Government herds am located. T h e  herds are mainly tended 
by nntives. 

hro attempt was made to obtain a count of tha population, but, from 
the k t  estimates it has been possible to make, it is probable that  
there are between. 1,000 and 1.500 whites and natives in the Sulato- 
Council region. 

ln the Nalato-Council there are two major pologjc prov- 
inces, namely, the Cretnceoua basin and its inclosing rim. In 
the mapped area only portion* of the western borders of the bnsin 
were studied, and neither the northern nor the southern boundaries 
were determined. In the Cretnceous areas only exploratory surwys 
were made, and the eastern rim was not visited by the party of 1909. 
Ry resson, therefore, of the rclntiveIy slight amount of geologic in- 
formation, this field is shomn on the cornp~ratively small scale map, 
Plate V (in pocket). o f  the Nalato-Norton Rag region. Farther 
west, however, the previous morlr of 12~nctenhal1, Noffit, Collier, 
Brooks, and Richardson, supplemented by the surveys of 1900, has 
warranted publication on the larger scale of Plate VI (in pocket), 
the geologic map of ~or~thenstern Seward Peninsula. I should be 

out that neither msp presents the details of the pologF, for 
them are many probl~ms which must nwnit much more searching 
investigation than the hasty trip of 1901) would permit. 

The rocks br deposits of the region map be assigned to six main 
moup-tho undi f f ~ ~ n t i r t e c l  rnetnrn&pllic rocks mainlp of pre- 
Sgurian age, the Psleomic mcks, the Cretaceons sedimentary rocks, 
the igneous rock  mainlp pw-Cretaceous but in part later than 
thst period, the veins, nnd the unconsolidated deposits mainly of 
Q u a t e r n a ~  age. Earh p u p  sllsrrs indi13dual chnrwcters which are 
described in the following p a w  nnd the  meal distribution is indi- 
cated on the geologic maps, Plates V and VI. Plate VI is the more 
serviceable for show in^ the clistrikution of the metamorphic and 
igneous rocks, and Plate V for showing the nonmetarnorphic consoli- 
dated wdirnenta, but both mnps are necpssary for a complete idea of 
the areal extent of the different po10~ic: members. 

The greater pnrt of southe~stcrn Sewnrd Peninstrla and the south- 
eastern part of the Nulnto-Norton nag region are formed of a series 
of metamorphic rocks, muclt folded, sheared, and so changed that 
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in but few places are their original characters preserved. This com- 
plex consists of e variety of different rocks grouped on the basis of 
structure or lithologg as schists, limestones, and quartzites. 

The eastern area of metamorphic raclts hns not been studied in de- 
tail, hut the following quotation from Mrtddren will serve to describe 
the general litholom : 

Ttte oldest grollp of Mimentary rocks conslks of the quartzite and mIm-qnnrtz 
whlma, with anaoclated crystalline Hmestones, mmet schists, aud flne+textumd 
slgty ~chlstR or phgllites that form R T a r ~ e  ppr~rt of thr Iialyuh blounlaiiia s11d ex- 
tend northeaBtward acrom the Pulrnn to the busin of Tozlhtna Rirer and p~wlblg 
~uuthu?e~twnrd t~ ihr Hnidltnrod. Succeeding this belt of ~cl~ is tose  wdiments 
is an exten~lve group of ancient dhbnsic effusive racks tbnt'agp~ar to be 
sttatigraphlctllly associated with thc! achfstose rocks. T b ~ a  diahslc m c k ~  
l~nre  not Real deform& nmrlg so Intensely as the whlstose grgronp. In place8 
they   how greenstone whist phaaea, but for the mout part they have not been 
gwatlp alterid. Their contact relations to the mhista are not lrnown in this 
rmon. They apmflr ta flank both the northweat and the muthmRt sides of the 
=bid h ~ l t  111 the Kalyuh Mountains, whew tlkY extend muthrvrwlwnrri to the 
Innolro, nncl thpy bare extenstve rlPveloprnent townrd the northeast north of the 
Yukou aa far ae Gold Nountdu rind beyond; No gtAtement $a to tbe thickneets 
of t b i ~  diabaslc gm11p can be made nt prmwt. 

SOITTHEASTERM REWARD PENINBUT&. 

The xhists form the greater part of the metamorphic complex and 
may be described nccoriling to the mineral or minerals characteristic 
of them. The schists most commonly f011nd are quartxase, graphitic 
or c:arbonnceous, biotitic, feltlspathic, and crtlcamous. Gradations 
biwecn different typeshare f r e q ~ ~ c ~ i t  and the diff~rentiation is by no 
means certain. Tt appears, however, that the, present lithalogic dif- 
ferences are in considerable meawlre: due to originnl charactem, so 
that in a broad way identity of lithdogy may be taken as  indicating 
depasits formed ~t essentially the same time. This is generally true 
of the graphitic schists, is sometimes true of the calcareous schists, 
arid is seldom true of the biotite schists. 

Owing to the complexity of structure and the insuffcient examina- 
tions of parts af the ficld, it has not been possible to indicnte on the 
map consistently the areas occupied by the va.rious types of schist. 
It. has been foirnd neoesary to show awns which, for want of B better 
name, have been cnlled " nndifferentinted metamorphic rmks." These 
undoubtedly contnin representatives of some of the rocks that have 

"Yaddren, .4. G., Innoko gold placer dlstrlct, Alaska : Boll. U. 8. Geol. R u m  NO. 410, 
1910, p. 48. 
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been diffpwntiated ns well ss others. but, as stated above, either the 
scnle of the map or the absence of definite data has precluded ~ c c u r a t e  
mapping. In n masure the lumping together of diverse units has 
&cured geologic relntions, and on the map it frequently happens 
that the llndjffecentintcd metamorpl~ic rock symbol terminat- some 
other saptbol in an abnormal manmr. A s  n specific instance of this 
1;inrl may be cited the reg io~~  for 10 miles north and west of Bluff. 
Detailed krarersea alsng the n-estern margin of this area showed the 
p m n c e  of the: feldspnthic scl~ists of igneous oriffin, but no other 
dnta are available mutt1 of Fox C~rek, except in the immediate 
vicinity of Bluff. Therefore. nltho~~gh i t  is probable that much of 
the region is of the fcldsputhic scliist type, it seems unsafe to map 
the dis?ribution in this 100 or marc. sqi~are miles on wch slight 
evidence. Thus at the risk of obscuring the important fact that the 
feldspathic schists dong t h ~  ~ ~ c s t c r n  m:~rgin of the mnp are continn- 
ous with the feldspathic schists of the Muf f  and Fox Creek regions 
it has seemed best to. adopt the mow noncornmitt~l course of shoring 
that the rocks have not been adequately dffftlrentinted. 

As shown in Plate TT1F thew arc f irp mnin areas of undifferentiated 
metamorphic roclrs-( 1) around Kwik Rivcr, ('3) bct\\*een the two 
lava flows north af the Koyuk, (3)  the Bendeleben R a n g  from the 
head of Death Valley n~estwnrrl, (4)  the western part of the mappccl 
area south of the SiukF~rk, and ( 5 )  along 'the western f l~nks  of the 
Dnrby Range extencling southwnrtl acrws the head nf Kachnuili 
River to the coast of Xurton Bny east of H111fl. 

KWIK El\!% A m .  

The schist area a t  the head of Rwik River shows fern exposurag in 
place, and practically ~ ~ o t h i n g  ~vns learned regarding the structrlre 
rtnd re'lrrtionship of the rocks of tile region except that they are 
rltlnrtriow zeliists. Tow~ml  the east or near the limt?stonr! nrea nt  the 
hend of 1Cenwood and Makl nktulilr c~eelrs the scllists nre predomi- 
nantly very dark and somewhat graphittic, and Ule r& may be the 
~quivafent of some of the bblrlr dates and quartzites found in places 
int irnately connected w i t11 dark lirner*tones. Farther west, however. 
the similarity to the cnrl~nt~ncco~~s schists is not so marked, and it is 
pomible t h ~ t  one of the other types of schist is represented. 

This schist is lrighly qltalZzosc in d l  places, vwtains m e  chlorite, 
prndically 110 gprn~t  or felclspnr, ancl fcw specimens of it effervewe 
with ncicl. Pu'umcrons cubicnl cnoities s h o \ ~  tbnt it contained pyrite 
in considerable fimounts, It finds topogmphir expmion in a series 
of massive, slightly dissected llills wit,ll gcntle slopes covered with 
waste nnd devoid of outcrops. Owing t o  the nb~ence of stmctural de- 
terminations no sta temerlt can he m ~ d e  of the thickness or relations of 
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the member. Looked at in detail, however, the minor structures show 
that the; rocks have been so deformed that schistosity has been pro- 
duced throughout. OR the flat-topped, massive hill east of camp C4 
lthe float shows in almost all instances clearly marked evidence of 
two stractures-that is lo  say, the plicatian of tt previously developed 
cleavage and color banding. As this structure was not seen in place, 
;lornever, the relntion of lthe two structures in age could not be deter- 
mined. The only fact bearing on this point is the occurrence of a 
shattered ~nticline west of cnn~p C3, the axis of which strikes north- 
m&southeast and pitches strongly to the northwest. 

ABFA IOBTIt OF TAE EOP1DK. 

The area of undifferentiated metamorphic rocks north of the Koyulr 
was not visited by the party of 100!). From the manuscript notes 
of Mofit, who studied the region in 1903, it is evident that. a namhr 
of different types of schist were foand. Enst of ICiwalik ;?aount.ain 
Mack slates and carbonaceous schists are closely associated with tfie 
limestone Rwa. As the granite contact sf Kmalik Mol~ntain is ap- 
proached biotite forms an important constit~~ent, aIthough it is of 
no stratigmphic sipificancse, as it is undoubtedly due to the; intrusion 
of the @finite. West of Kiwalik Momltain the schists, acoording to 
Mendenhnll's fidd notes, are mainly cnlcareous, with some greenish 
schists which map correspond to the feldspathic schists to be de- 
wr ib~d  later. Quarta-chlorite schists are nbundnnt in places, but 
their stratipphic position, with respect to the others, hils not h e n  
determined. 

BEEID!m,EBeR M o m A I n  AREA. 

According to the geologists who studied contigqims areas in 1900, 
the metamorphic schists of the Bendeleben Mountnins acre cana ided  
distinct from the: other schists of the region and w ~ r e  themfore given R 

name and assigned to a more or less definite stmtigraphic position. 
In 1908 the senior writer of this report made a cros sction of the 
range nlong the western margin of the area, and in 1909 the party had 
the opp~rt~uniky of studying the section north and west of Dent11 
Valley, whcm rocks previously considered as belonging to the Xig-  
luaik group are exposed. These studies have caused considerable 
doubt tis to the desirability of retaining the stratigraphy as outlined 
formerly, ancl these rocks mill therefore be treated as "undifferentiated 
~netnmorphic rocks." 

Mendenhall lr mapped the Rendeleben Range as two large areas of 
massive intrusives, mostly granite, with a metamorphic series sep 

aMe~denbnll,  W. C., h r~coomlssanfe ID the Korton Bar W o n ,  &laah, In 1000. a 
special publication at  tbe C. 8. Wl. Buweg, 1901. 
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arating the two. In the text the following statement a of this schist; 
area is made : 

Abont the head of Flsh Rirer the  mountains nre chiefly granitic, but along 
their flanks and sometimes extendirlg through them in belts of wrying bMdth 
which mark the msws nre aiws of schlstose sediments. 

About a mile above the camp 0 4  Jnly 20 nlong tbe cmli is an o~~tcrop of 
a ruaty antI very gmpbitlc whist a ~ i a t e d  with more mlcareous p h a e  
Five miles farther along tbe right bank of this same binanch of Fish River 
I s  an outcrop of bluE slates with very IittIe efilcareous matter, whlle 2 
milea farther northwest In n gap between two Branches of Fish River tbe 
scrim is repr-ted br a white, coarsely eryshlllne marble. This narrow belt 
of the crystalline series between tn-o great intrusive granitic masses expands 
to the northwest. 

Collier "tat- in a report published in 1906, the field work for 
which was completed in 1903 : 

The only section across the Bendelebeu Range which has been examined by 
the writer is along Ptirantullk (Pnrgan) River and Ella Creek, between the 
heads of whicl~ there fs a low paw. The structure here appears to be antl- 
clinal and the prevailing rock@ nre darlicolored qnarte-biotite schists and 
gneisses similar to those of the RigIuaik Range. SiUs an8 dikes of mrsa 
grnined gmnlte or pegmatite are alm present. White crystallhe limeatones 
containing scattered gralns of graphite m r  In bed3 20 feet or more in thick- 
nem interbedded with the schists along Parantullk =ver from a point near Its 
h w d  to the edge of the Fish Rlrer bwlalld. 

Smith, in 1908 studid a smtion along the upper Niukluk w m  the 
range to Ule northern margin. The examination showed that the 
section was composed of quartzose schists, a few much dislocated lime- 
stones, a complex and very numerous series of grani,tic intrusive% 
and black carbonaceous slates nnd schists. All of the rocks were 
highly biotitic. North of Birch Creek black slates rtnd calcareous 
schists predominated. ,411 the rocks mere much sheared and original " 

structures were not discoverable, but the diversity of trends of the 
cleavage noted were such as to lend but slight suppod to the idea 
that the struoture is in general east and west. 
The observations of the party in 1909 in the Bendeleben Range 

were mnfmed to the exhreme eastern part, and consisted of a study of 
the 2,200-foot hill northwest of camp CT, and of the 3,000-foot hill 
n o d  of camp C8. On the first traverse were found biotitic schists 
with some thin limestone members and p n s t o n e  schists, all thor- 
oughly cut up by granitic intrusions of later date. On the mend 
traverse the same lrinds of schists were also found, but in addition 
there were some carbonaceo~ls schistsr and greenstones were more 
abundant. 

Op. cit,. pp. 200-901. 
bCollIer. A, J., and otl~ers, The gold plreera of parts of Seward Peninsula, Alnska: 

Bull. U. 8. Geol. Survey No. 328, 1808, pp. 67-48. 



Southwest from camp C8 to C9,3 or 4 miles &om camp C$, the 
schisks are not much intruded by granites and belong a h &  entirely 
to the group of feldspathic whish with hew and there a few lime- 
stones and a little black slate. These schists appear to be h U y  as 
metamorphosed ns those to the north and strongly suggest s trend 
more nearly north and south than east and west. 

On ntcount, however, of the small amount of investigation in the 
larger part of 'the Bendaleben Mountains it w m s  unsafe to differ- 
entiate the schists on the map. They are characterbed as a whole 
by the presence of biotite, but this i s  of late origin and is not strati- ' 

gapl~ically signific~nt. Otherwise all the various kinds of schists 
~ n d  other metamorphic rocks have been reCognizedl, and ,the series 
threfom can not be regarded as u unit. 

APFA BOUTH OF THF: nItJKCtlg. 

The undifferentiated metamorphic rocks along the w a r n  margin 
of the mapped area south of the Niukluk hst-e been studied in 
detail whew h e y  cnter the Solomon and Casadepnga quadrnngles. 
From this study it was determined that the schists mere mainly of 
Ithe qunrtz clllorite t y p  and that they underlay the limestone near the 
head of Fox Creek. North of the Xinkluk, however, palmer shisls, 
called in tho region to the west the Puchnummie whist? consisting 
mainly of black slates and thin limmtones, probably overlie the lime- 
stone. These mks,seem to merge with the black slates that form the 
southern f l~nks  a£ 3forrnt Bendelebn and would indieate enomlor19 
deformation nat recognizable by surfam featuses. 

West of the be1 t of ,penstone schists the rocks show many di ffemnt 
lithologic types, but Mack quartzitic xhista, quartz chlorite schists, 
and c~ lcareo~~s  sclkis$s predominate in such complex relations that no 
separation of them has been rnnde. Undoubtedly some of the 
quartzose schists correspond to the older schists to the west, bnt some 
are the sheared equivalents of the heavy limestone and athers rnsp 
helong to the black elate series, which will be dwribed later. In 
the southern part of this western area a large part of the undiffm- 
enti~ted metamorphic wries is the equivalent of the greenstone and 
feldspnthic schist series, but this part hs not h e n  d m l p  examined. 

The fifth large area of undifferentiated metamorphic m b  is dong 
the western flank of the Darby Range and extends southward dong 
the head of Iiachauik Creek to the coast west ef Rwkp Point. In 
thifi arm schists of a p a t  variety of IithoIogic types are found in 
such intricate interrel~tions that considerable generalization is re- 
p-. - 

'Bmlth, P. S,. f lpolo~g and m t n m l  resources of the Solomw Camdepagm quad- 
tangles : Bull. 11. S Geol. Survey No. 433, 1910, pp. 62-46. 
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quiredinmappingthem. PlateTII*sl~ow~~f partof thisregionsouth 
of the Q m i l ~ k  mine on a. scale of 9 miles to the inch and indicates 
thc geology in some detail. For the prc.esent the main interest in this 
map centers in the arrangement of the various schist and limestone 
bands. Even on this larger =lo map, bowever, it is impossible to 
show the actual complexity of the gcoloby. Schists of many differ- 
ent lithologic characters arc found in thc 9rea covered by this map, 
but practically all of them are more or less biotitic. Some car- 
bonsmus schists and qlaartzites sugpst the presence of younger 
members .of the whisk *rim, whereas the relations of others show 
that t , h g  are older than tho limestones which are believed to be 
higher in the series. 
In the undifferentiaked schist area a t  the head of Machlruik Creek 

the schists are biotitiq chloritic, and sometimes calcareous, and dis- 
crimination of the various t g p s  is impwjble with the poor ex- 
posures. Southward, ho\\.cver, schists lying below the limestone at  
White Mountain have been recognized by JlendenhalI and Collier on 
Fish River. Similar schids extend sout.hwarrE and probably form 
most of the hills in the low divide between Korton Sonnd and the 
Golofnin Ray drainage. l;nfortunately, however, t,his are% has not 
been studied in detail nnd the differentiation of the rocks must await 
further investigtion, 

BU313IARY. 

me undiffmentiated metamorphic rocks are highly sheared and 
cleavage is thr dominant. strnctuse observed. In many parts of the 
field the cleavage is at n In\v angle, Tn many outcrops ~vhere an 
earlier struct.une is recognizable the two structures do not coincide, 

it is believed that this is t l l e p e r a l  mle, Faulting is alsocorn- 
man in the schists, bnt the amount of dislocation is generally not, 
determinable on account of the absence of clearIy defined horizon 
markem. 
In the typical schist areas where igneorl~ intrusions have not 

atlorded more resistance to erosion, the top~~raphic  forms p d a d  
are smooth and rolling. Characteristic whist topography is dom- 
inant in khe eastern part of the ICmik Rivt-r Basin nnd is typical of 
a cnnsiderable part of southaastern Seward Peninsula. Here and 
there on the mmmits of the r i d p s  mckp knobs of irregular form rise 
10 to 30 feet shove the wrrroundin~ ~~plantls. In the mountainous 
regions the schists form rngpd hills with step slopes. As a whole, 
however, the schists nre less mistant to erosion than the limestone 
or igneous rocks and are therefore found in the lower land and 
pams. 

htrusjve activity of several perids has affected t.he undiffewnti- 
ated metamorphic rocks, Greenstones, granites, diorites, and other 
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igneous rocks cut these schists and have each had a share in the 
meta~norphisrn and obliteration of the original charactam and distri- 
bution of the whish. 
As the undifferentiated schists as mapped include severrtl strati- 

graphic units of different origin, form, and a@, no enera1 state- 
ment can be made of the relation of these rocks to the others of the 
region. It is clear, however, that some of these schists are older than 
the limestones and other rocks which will be described later, for they 
underlie them. The question of a,ge and relationship wiU be dis- 
cussed more fully in the section on historical geology.. For the 
present, however, it seems jlzstifiable to stah that, taken as a whole, 
the area of undifferentiated metamorphiorocks is composed of rocks 
older than any of the other nreus indicated on the map and is chiefly 
pre-Silurian. 

PALEOZOIC BOCKS. 

There are five main areas of rocks which are presumably of Pale- 
ozoic age, and, although more detailed investigation will undoubt- 
edly show that parts of the undifferentisted metamorphic rocks are, 
of similar nge, the Iack of information and tIie complexity of thc 
structure forbid clmer corralation at this timc. Characteristically 
rsIl the known Paleozoic rocks are metamorphosed and lithologieally 
oonsist of limestones and schists complexly folded and faulted. As 
indicated on the map (PI. VI} , thew live areas are as follows : The 
ridges east of the Darby range extending from the coast of Norton 
Soun'd on the muth to beyond the Kopk on the north; the hills e a d  
and west of the Fish Rivcr gorge from the head of Kachauik Creek 
to Ophir Creek, including the l i m d n e  hilIs on Fish River near White 
Monntain; the region south and east. of tho Omilak mine; the area 
exposed on the seamast from Bluff to Topkok Raad extending inland 
an undoiermined distance; and the hills at tho head of the Mukluk- 
tulik. In addition to these larger areas them are smaller areas, some 
shown on the map and others included in the undiflerenti~td meta- 
morphic rocks. 

AREA EB8T OF TFDl D A W N  BANCIE. 

Along the eastern flank of the Drtrby Ran@ a group of rdrs. 
consisting mainly of limestones with some schistose hrtnds and closely 
associmted with black slates and quartzites, was noted by Mendenhall 
in 1900, and studied in some detail by the survey party in 1909. 
This belt extends from the seacoast with a general northerly trend 
across Kwiniuk River and along the Tubutulik, foms the eastern 
divide of Death Valley, and is exposed north of the Kopk in the 
hills east of Kwalik Mountain. Although it probably extends still 
farther north, its obvious continuation ceases at this place. In this 
distance the average width of the belt is from 4 to 6 miles. Capital 
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cxpomrw are sfforded along the seacoast from the mouth of the 
Miniatulik southeast nearly to  Carson Creek. Studied in detail, tho 
exposures show a p a t  thickness of limestones, considerable dola- 
mite, black crtrhnaceous slates, and schists, all cut by greenatonecr, 
granites, nnd diorites. 

The, limestones nre in pIam grayish blue but in ot8her plwm 
nenr l~  black. Asswiated with them in such intimate and complex 
relations that they can be separated only b ; ~  relined investigation are 
dolomitss usunIIy of n light-gray. slightly pinkish color. Tight. 
colored dolomites have been recognized in the sea cliff exposnws, in 
the hills between the IEwininlc and the Miniatulik east of camp C15, 
and in the hills near camp C:?, and east of Death Valley. Mo meas- 
nrement of the thickness llns Imn made, but it. seems certain that not 
less than 1,000 feet nre rquirerl to account for the field distribution. 

Although highly met nrnorphogd, poorly preserved fossils were 
found in the light-colored (lolomite 24 miles east of a m p  C15 on 
Kwhiuk River. According lo Kindle, who exambed the collection- 

Lot gAS130, lomllty OASlPO. KwInluk dSrid~. IR repremtd  by a singe 
speclmen. T h l a  iu the  now wt-11-known though ltndetscrlbed tbick-8heZ1ed lamelli- 
branch nhlch has genernlly Iwen cnrnpnrt-4 with IUcgolnmw cra*aden.&. Tbia 
fos~i l  indicates R lnte Bilurlnn nm for ttre from which it comes It is 
Interesting to note that it  mttm here n s  nt Mountah (and a t  the 
Rampar& of tbe Yukon) In n hEphlf rnnmeslnn Ilmewtone. The indexical 
value of thia fossil resta nmn our I ~ I ~ O I V F ~ ~ ~ E C  of Its fai~nal nssoclntions in  
w u t h ~ s t  Alaska, where I t  occum in nfswiatton wlth" varloua Irite Sllurlan 
f omlla. 

At tkis place the areal relations are indeterminate. There is some 
very dark-colored limestone which seems to be  ith her a thin bmd 
between two dolomitic Imnda or eIse unconformnbly overlies the 
dolanita h'orthward, however, near cnmp C5, a t  the head of Lost 
Creek, the dolomite Iies to the enst; thnt is, apparently on top of 
the dark limestone. This map be due to intense folding or faulting, 
or it may he normal depositional sequencR 

The limestenes associated with the Sil~~rirtn dolomite range in 
&lor from light bluish gray, nearly white, to dark p a y ,  almost 
black. They are exposed a t  a number of placm in t h ~  mapped belt, 
bat lthe most significant outcrops are those found in the divide be- 
tween the Kwiniuk and the Tubutulilr nnd slolig the coast. from 
camp C16 to camp Cl9. In nll places the limestone is folded and con- 
torted with many faults and with calcite and m e ,  quartz veins. It 
has been intruded by preenstones, granites, and diorites. Plate VITI, 
A and R, show exxpm,sures of these hmeshnes in the neighborhood of 
the intrusions and afford a fnirly . g d  idex of the general chnrac- 
tors. Plate VIII, A, esseciallp shows the well-marked hdcling 
of the Jimestone, ~rnpl~as iz~d  by the arternation of bands of light ant1 
dark colored lhestone. Plnte VIII, BB, shows a more schistose phase, 
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with the hriding nrarked by the color knding particularly evident 
in the right-hand portion. 

At many places dong the w a  cliffs poorly preserved f m i l ~  mere 
found, and, although none of them was sufficiently perfwt or distinct 
to permit specific cieterrnination, there secrns to IM no qlrmtion that 
they reprewnt a higher horizon thnn that of the dolomite ~ I m r l y  
dmribecl. Awarding to Kindle, who cxarnined the cnllectir>ns, a 
Devonian or Carboniferous horizon i s  represented, and in his opinion 
the higher rather thnn the lower portion is more probable. UErich, 
who examined the fossils hnstilp, also agreed with the probable 
Devonian or Carboniferous determination, bat ~ p p n r p d  to think the 
lower rather than tho higher position was tho mom prohhle. Them 
does not seem, however, to have bmn any rnarked difference between 
the amount of metamorphism or deformetion undergone by the 
Silurian and the Devonian-Carhnifem~is rocks. 
In t h ~  limwhne hills south of tho Kwiniuk River conrli tions simi- 

lar to those noted on the coast were observed, and it is evident that 
the same grwp of rocks is represented. The higher hills are IIMI J l y  
farmed of limwtona, but the saddles art, here and them formed of 
feldapathic schists presumably of Inter origin. Owing to thc scalo 
of the map it has not been prrlcticable to indicate thew Inter whish 
except in a most gencrnl way, but it should be stated thnt thew schists 
and greenstones are  principally of ipbota origin ; they nre not in- 
ch~ded in this group nf sedirnenhry rocks, but will be daqcribed lnter 
under the igneous rocks. 

I n  thc region between the coast and Hwinink Rivor there nw, how- 
ever, slates nnd schists of sedimentary origin which at  the pmwnt 
time are not to be separated fro111 the Palcrrzoic limestones already 
described. The precise relation has not h e n  satisf~~torily deter- 

. m i n d  and fosrils have not been fo l~nd  in thcm. There ja  small mascon, 
however, to donbt that they are closely relatd to the Yevonisn-Cnr- 
bunifemus grotlp. 

Thcse schists and quartzitic slates are perhaps most ~xtensively 
expo& in the upper part of M o ~ ~ n t  Kwiniuk, but their atructt~rt. 
and other chamters tlrr most clearly seen in the coast section. Usu- 
a119 t h w  rocks are of a blnclc color due to the presence of finely 
divided arhonaceotis matter which, in some plnm at last, is graphite. 
The rock arp very qnr t r lzw and a re  Iow in other minerals. Cleav- 
age is commonly developed, hnt whistmit~ is not MI ppmnounwd 
i n  the older schists, Apparently achistosity is more common in the IESS 
qurtrt~mse p~r t s  of the rock. In the normnl qllartxow phnm the rock 
has fract,tlred and has hnd jointing develnpd, which cn~rses the rock 
to disintegrnte into a ts111s of small mtrtnguPar Mocks, Ncl measure- 
ments of the thickness nf the slats-whist member were obtaindl, but 
it must be at l& sevtml hundred feet. 
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From the foregoing description, it is evident that a large mass 
of Paleozoic sediments which have undergone more or less fully the 
same general history lies east of the Darhy Bange. These rocks, which 
am mmpledy folded: faulted, and metamorphosed, consist mainly 
of dark-colored limestones with subordinate thicknesw of dolo- 
mite, black slates, and schists. They are cut by intrusives of green- 
stone, granite, and diorite and in age include members ranging from 
Silurian fA7 Devonian or Carbonifero~s, with neither the overlying 
nor the underlying rocks exposed in close relationship. They have 
a thickness of at  least 2,580 feet and, if considerable duplication 
has not occurred, their thicknes possibly exceeds this amount many 
times. They form b l d  prominent hills with scanty vegetation, cov- 
ered with an angular frost-riven talus of float, and are widely devel- 
o p d  throughout Seward Peninsula. 

FISH RIVER AREA WEST OF KXGHACLK CREEK TO OPHIR CREEK. 

In the hiUs east and west of the Fish River gorge from tlre herad 
of Kachauik Creek to Ophir Creek, incIuding the limestone hills on 
Fish River near White Mountain, is an area of Paleozoic rocks t~ 
'be correlated with the ~.ocks of the Kwiniuk region. The most 
definite data regarding the geology of this field are afforded by the 
exposures near White Mountain. Fassiliferous beds were found here 
by Mendenhall in 1900 and have been further studied by Collier, 
Hess, Kindle, md Smith, hit were not visited by the party in 1009. 
In the description of the exposures on the lower Fish River it wiJl 
not be possible except a t  great  srlcrifice of brevity to credit the par- 
ticular contributions of each of the different geologists, but it may 
be remarked that the present writers are acting more in the r6le of 
compilers than contributors. 

Three mileg wuthmst of Illite Mountain rnicaceous, Highly met- 
amorphic schists dipping north underlie, probably unconformably, 
the rocks farther up the river. There is R considerable area of river 
flood plain in which exposures are lacking, ~ n d  den come white 
dolomite hills from wIr6icl1 the settlement of White Mountain. is 
named. me dolomite is IithoIogically identical with the dolomite 
of the K ~ i n i u k  wgion, and furthermore contains the same thick. 
shelled lamellibranch (.VegaZomus canadem&) together with cer- 
tain other Silurian forms; the correlation seems therefore well 
founded. Less schistosity has been developed in the dolomite thm 
in the rocks to the southeast, and for that reason there is believed 
to bs an unconformity between the two. 

Farther upstream and-if the apparent structure of the rocks k 
the true s t r u c t u ~ v e ~ l y i n g  the dolomite is a series of schists. 
Consider~ble doubt is felt as to the relation of these schists, and it 
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bas been deemed eveclient in this report to p l ~ e e  them among the 
undifferentiated schists rather than to express their possible cornla- 
tion with the Pdeomic black slate of the ICwiniuk region, though the 
latter is by no means impossible. Still farther upstream near the 
point where Fish River makes an east-west bend south of Steam- 
boat Slough fossil c m l s  have bsen found in a nearly black lirne- 
stone. This Limestme is lithol~gicrrll~ identical with the black lime- 
&one of the Kwiniuk Zoeality, r~ncl the fossils haw been determined 
to  be analogous. As a whole the mclrs on lower Fish R i m  are less 
metamorphosed than in the Kwiniuk region. Nmr the black De- 
vonian or Carbonifero~~s limestone nre black graphitic slates t.he 
relation of which is anat determinable, but they seem to be litbo- 
Jogically gimilar to the slates on Mount Kwiniuk in the more eastern 
lwali ty. 

Along the divide between the Fish River lowland and Golofnin 
.Sound from c ~ m p  C83 west to  the head of Mysteq Creek limestones 
with black slates form the country &km None of the bad$ how- 
ever, were recognized as dolomitic, As a whole tho rocks from 
camp C23 to Fish River 81% more schistose than their Guivalents at 
White and a t  BInck mountains, but the dominant north-south trend 
mrns to be strong reason for connecting the rock8 at  the two places. 
Apparently, the dip of these beds east of Fish River is to the west 
nt rnther high mglq ht original M d i n g  is seldom m p i z a b l e ,  
and the occurrence of diverse dip nt places where the two stmeturea 
have been determined points strongly to the conclusion that the 
p a t  thickness r e p r ~ n k d  by the aurfaee exposum is due to re- 
duplication through folding. 

tlTest of Figh River gorge the whistm character of the lime- 
stones is Ims pronounced, the rock becorn= mmore rn~ssivs and, al- 
though shattered and deformed, shows not much cleavae and but f& 
secondary minerals. Immediately beneath the limestone a t  the head 
of hfystery Cmk lies n considerable thicknes~ of Mack quartzitic and 
gmphitic slates. Them have not been adeqtlately differentiated in 
the field, and it is probahle that part af the undifferentiated schists 
on Melsing Creek may belong to  the same schist series as those in the 
Kwiniuk region, for black graphitin slates closely associated with 
lim&nes are known to m u r  ah many plams in the basin of this 
stream. 

Whether the Paleomic mcka extend northward across the Fish 
River flats and am repreriented by the limestone-slate grot~p at the 
head of Fish River and Boston Creek has not been definitely proved. 
It is assumed, however, in the abrrence of conflicting evidence, that 
the two areas are the sarnt?, and i t  is on this basis that they have been 
represented by the same pattern on the geologic map (PI. VI). 
According to MendenhaU's field notes fie easkm part of this area 



1). h. T.EOLWIC4L GUWE? e U L L E r l n  4 4 9  PLATC IX 

I 1 



consists mainly of white cq~ts l l iw limestone associated with p a -  
phitic and rusty whists. So far as his records show, the predomi- 
nant dip is to the w& and the strike northwest. 
In IPU9 F. F. Henshaw traversed the lower slopes of tha bills 

north-of the Fish River lowland from Pargon River as far east 
as noston Creek and the geo1og-y for that part of the mnge is repre- 
sented according Itx, his observations and is only approximate. 
Whether this belt of Iimmtanes may not continue still farther north 
across the range is not known h a u s e  of the a k n c e  of any field 
investigation. Although suclt an interpretation is probzble, it has 
been deemed expedient to truncate abnormally the Paleozoic patterr, 
by repmnting tho northern pnrt of the range as formed of mdifler- 
entiated rocks. 
In the vicinity of the rnol~ntains the Paleozoic rocks are cut by 

granite dikes and a re  Iocnlly ns ~ v d l  as dynamically metamorphosed. 
South of the Fish River lowland the Paleoaoic rmks are aIso mcrrt. by 
granites and in addition arm jntn~dpd by penstones. The latter A 

undoubtedly would 1m found jn tho northern, area also if more of the 
region had been exmmined. Tt sho~~ld be noted that where mica-like 
minerals occur in the Paleozoic rocks nmr tho granitic intrusiva the 
mineral is usually biotite, whereas in the parts remote from the in- 
fluence of the granite the mineral is chlorite, and biotite is a b n t .  

East of the area of Paleozoic rocks just described there are lime- 
stones which resemble in many feattlm those of the ICwiniuk region, 
snd although the correlation is by no means conclusive, it is the closest 
that cm be made with the data now nvailable. No fmils have been 
Sound in these rocks and their stnicture is SQ complex that any relation 
hetween the various units may be postulated. The correlntio~l h- 
tween the limestones east and south of the Omilak mine has been 
based nlmost entirely on lithologic evidence. The geologic mnp of 
the Qrnilnk region (PI. VII, p. 451 shows the distribution of the 
rocks in greater detail than the general geologic map (Pl. VI). 
Even this scale, however, fails to express the complex character of 
s tn~durs  ~ n d  areal distribution of the rocks. Plate IX, B, shows a 
view northward fmm a point on the divide between the two branches 
of the Rathlatulik about 3 miles east of camp C 11. The white areafl 
in the ciew narc limestones nnd the darker pnrts are schist. Some of 
the ~ h i s t s  are undoubtedly derived from1 rocks of igneous origin, btlt 
others were unquestionably deposited as sediments. Mmt of the 
limestones are ordinary calcareons m k s ,  but some are dolomitic. In 
the view above referred to at several places in the eastern or right- 
hand belt of white wcks light-colored dolomites have bean found. This 

I 
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fact points strongly to the conclusion that these beds repmnt  the 
dolomitic portion of the Paleozoic mks of the Kwiniuk e o n .  

With thew limestones black graphitic qu~rtzites have bwn fomd 
here and tliercl similar te those m Mount Kwiniuk, This type of 
rock is not so abundant as st. the other places. Its apparently mal l  
extent is believed to Im due in part to the greater amount of defor- 
mation and contact metamorphism whereby it has been transformed 
into a biotite schist or into a nearly white quarkzite. 

The westernmmt rnnpped area of mfrs correlated with the Palm- 
zeie rocks of the Kwiniuk region occtlr near Bluff and appear at  
severaJ points along the western border of the area. Unfortunately, 
this part of the field has not k n  thoroughly surveyed, and consider- 
able areas which, if more fully knawn, might belong to this series 
have Imn placed in the undifferentiated metamorphic rocks. 

The Bluff region was not visited in 1909 and the account here @an 
is taken from u summary ~eport by Brooks a in 1806. 

Richardson, who through his acquaintance with adjacent arena had a broader 
bowledge of the Elliff roglon t h ~ n  the writer, divided the bedrock terranes 
into three g r o ~ ~ p a - ( I  ) f i  mnwive gr11~  cr;vstsllIne Ilmwtwe, ( 2 )  a mica whist 
with mule lnte~bedded ar~phltlc IIrne~tom, ,and (3) a formation of masslve 
llmwtonea and mlta schi~t .  The wrlter'u nhwnatlnns hard@ bear out the cord 
rectnem ef thiu R I I W ~ R P I ~ O I I  of beds, ins It RpWnTR to htm that there is only one 
nlassive whlte 1lmeertc)ne which IA ~umeedPCI: [I$ U. mica whi~lt and grapfiitfc lime- 
stone formstton, Some fncls are DwwntNl b ~ l o w  whlch wnuld indicate that the 
mim 8chlsta are, in pnrt at  lemL ~ltereB Tntsusives and benee do not mark any 
deflntte stratigmphlc positinn. 

The larger &nlctnres of the Rluff -on appear to be ~lrnple, bnt there are 
many minor corn]>llcntions. The hcavy llmentone baa been ltplffted into a low 
dome, whom? longer axla Btrefchesl approximately N. 70' F* About 3 milea north- 
=st of Blafl t h i ~  stmctum ca~rlea a llmeatone underneath the gonnger mica 

It is evident from this dedpt ion  that lith~logically the same rocks 
are represented here as in the Rwinink region, nnmeIy, limestones, 
some of which are dark-colored, suggesting the Devonian-Carbonif - 
emus limestwe and black graphitic sl r t t a  - The fact that these mcks 
are cut by intrusivw of greenstone is also indicative of 'a similarity 
between the two regions. Although Rroolrs correlated these m k s  
with the Port Qawnce limestone, the fact that Devonian-Carbonif- 
erons mcks, ns well ns Silurinn and pmqibly older on- map be rep- 
e n t e d  makes it rl~ldesir~hle to cantinzre that carrelstion, and the& 
rocks are therefore mapped as Paleozoic. 

CbtlEec and othera, The gold plRc~t8 ot pnrrg nt ImtIrll Peolnnnlu, Alaeka : Bull. U. 8. 
Gml. Survey No, 328, 190Wl'he BluU rcgloa, yy. 286-286. 
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ARF4i -T TILE 11EID OF THE IIUKLTJKTLZIK. 

The fifth and last large srs:b represented on the sotttheaalcrn Sew- 
R P ~  Peninsit111 map as hlongi~lp to tbe Pnleoxoic rocks is the eastern 
area in the Muklt~ktulik divide. This belt trcnds north and sot~th. 
On the south it forms Bald J l ~ a d  or Isaxcs I'nint where it i!: cut off 
bv the sm. To lthe north a prominent hill locally called IIaystack 
Mountain, on the north side of the Kuynk Valley, marks the farthest 
~xient in that direction ; I ~ y o t d  thnt  point more recent igneous rucks 
hnve cnt or coverpd the formntion. 

At the eastern margin of the area is n belt of white quartzite a mile 
or so in widih. This is cut oft' by basic laras that fonn the hills 
east of AIameda Creek. Id is bclieretl that the quartzite is eqnil-alent 
t o  the b l ~ c k  quartzitic and griphitic slntes of  Mount Rwiniuk, RO 
metamorphosed lomlly by tllc igneous rocks thn t the carbon has been 
dest.ro+md. 'IFTest of the qlulrtxi te ridge there i s  a considernble thick- 
ness of caIcamous schist with some white limestone bands, LuC on the 
divide at the head of Cod C w k  a white, mrnpletely racrystallized 
limestone forms knobs trending n little east of north. Sink holes 500 
to 600 fect nbovo the sen are common, and somo of them sllom ledges 
of limestone. This limestone IMIR n stmng f ~ t i d  odor when freshly 
broken, and shows no original berlcling or signs of organic remains. 
Parther west, about 7 miles from camp R17, at the mouth of the 
Roynk, elternations of black gapllit ic quartzitic wlnh or schists and 
limestone beds form an intricnte romplex nbout 2& ~ n i l ~ s  wide trend- 
ing northeast. The dips, so fnr as obsrvetl, were all to the east, but 
tho arrangement of the different litholopic units is such as to suggest 
extensive faulting or overturned and cnrrnpled folds. 

Sorthwest of this belt of nltcrnations of black slates and limestones 
for 4 miles i~ a series of d ~ r k  limestones and calcarmrls whist9 dip- 
ping mutheaat and striking nortf~east-south west. Expomrrs in this 
field are rare nnd ~msatisfuctory. The western pnrt of this nren is 
formed of a belt 2 miles wide of black carbnaceaas slates and schists. 
KO outcrops in plnm mere observed. but the unmixed character of 
the float points ta  the conrlu~ion thnt this is the cor~ntry rock. Tt is 
in all ~ssentials lithologically identic~l with the slat- in the belt 
farther enst already (E~~cr ikd .  rind slight hesitalion is fclt in ascrib- 
ing i t  to the mrne series. Jlore rlettttljlrd work would undoubtedly 
permit further differentiation of thew two distinct lit11ollo~ic phases. 
For the present it may Ilr: stater1 that whereas if, on t h ~ ,  one hand, 
the dip is considered to 1~ dominantly to the east the smtion shows; 
a black slate and quartzite a t  the base, snccwded by a thick limdone 
and limestone-schist memher, succeeded by nn alternating series of 
limestone and bfeck slates, s~rcc t~d~c l  by nnothcr thick series of lime- 
stones with some ~histose  phases, and this in turn followed by u mas- 
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sire quartaitic horizon. On the other hand, there are strong reasons 
for believing that reduplication through faulting and folding may 
occur, hence there may be only one limestone and one black slate 
member. No dolomite was observed in this section. 

Menbenhall, who saw the section of these rocks near Bald Head, 
says : a 

Along the wmt eide of Bald Head gray and white marblw occur infolaed 
wIth tab-bedded limestonee and whlsts, nnd blocks of theae m k s  cover tbe 
beach. The point of the promontory is a mana of heavy black graphitic beds, 
nnd the eastern fice exhlbita a nlaty and whistow pbaw, the rocks being 
generally dark. Dip and strlkea are varhble and tbe relatIona are obscure, but 
e~ldwtly complex. 

From the foregoing description it is evident that there is a group 
of limestones, doIomites, and quartz= graphitic schists which, from 
the' few fossils found, is known to include Silurian and Devonian- 
Carbonifemua horizons. These rocks are an the whole less: metamor- 
phosed than certain quartz-chlorite schists on which they are sup- 
posed to rest. In general, the trend of the formation is north-south, 
with complex folding and faulting. No signs of a conglomerate were 
noted in any part of the section, and it is presumed that the Palwaic  
rocks were laid dawn at 60mi3 distance from the shore line. This 
conclusion is further. suggested by the wide distribution of litholog- 
ically identical rocks over the southeastern pact of %ward Peninsula 
where the metamorphic rocks outcrop. Further investigation might 
lmd to a more precise diflerentiation of the rariaus Xithologic units, 
but mch subdivision wouId probably not add greatly to the under- 
standing of the economic prbblems connected with this group of 
rocks. 

CRETACEOU8 SEDIXEHTARY BOCK& 

In the eastern part of the Nulato-Council region a large area, ex- 
tending from Norton Bay and Koyuk: Riwr on the west to beyond 
the Yukon on the east, is ornupied by a series of sedimentary rocks, 
including conglomerates, grits, sandstones, shales, and thin lignite 
beds. These deposits extend north and south beyond the field in- 
vestigated. T ~ B  only other rmks within this area Ere a few dikes 
near Bonanza Cmk, the intrusive massif of Christmas Mountain, 
and relatively small meas of Tertiary eflusives on the ICoyuIr and 
near the morrth of the Koyukuk. 

Beds similar to certain of those found in the mdn sedimentary 
area are exposed at the mouth ?f Koyuk River and on its north 
bank a t  a point abont 4 miles west of the mouth of East Fork, also 

 mende en hall, W. C. A reconnalrrsance in the Nodon Bay reglon, Almka. la 1900, 
a rrpeclal publication of the U. 8. Uml. Survey, 1901, p. 202. 
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in the long ridge which forms the Kwik-Tnbutulik divide. Thee 
outlying areas of sedimentary rucks comprise ody s few square 
mil* 

The n n m e t a m o ~ h d ,  consolidated sedimentary rocks of the 
region apparent.1~ mmpriss a single conformable series of great 
thickness. Two distinct types of deposits are recognized and will 
be described in their order of occtrrrenm as follows: First, a basal 
conglomerate died in this report the Ungalik conglomerate ; second, 
an averlying group of sandstones and shales called the Shalrtolik 
group. The ShaktoFik p u p  is separated into two divisions, the 
lower distinguished by a preponderance of sandstones over shale, and 
the upper in whiclz shales nre in excess 

The low& member of the Cretaceous sedimentary series, a basal 
conglomerata of marine origin, is called the Ung.alik conglomerate, 
after the river of that name, along whose lower coum it was first 
notad. This formation occurs along East Fork of the Royuk River 
and on the Kwik-Tubutulik divide. (See P1. V, in pocket.) 

The Ungalik conglomerate is exposed in s teep-fad cliffs along 
Ungalik River and farms most of the prominent ranp of hills h- 
tween the river and the coastnl plain from Bonanza Creek north ta 
a point about a mile below a m p  A17. Here the strilre changes and 
the conglomerate appears in the hills east of the river. Its eastern 
limit was not determined, but its characteristic pinnacled topography 
does not extend far beyond this point. 
In this locality the conglomemte ranges in texture within moderate 

limits, the coarsest phases carving ImwlrE~w up to 3 feet in diramehr. 
Assortment and bedding are poor. The most characteristic ma- 
hriirtls are a variety of porphyritic mcks and nhundant angular feld- 
spar crystals in the sandy matrix. A strong red coIoraltion on 
weathering indic~tes an abrrndance of iron. The bedding is so in- 
definite and obscure that no conclusive evidence as to the attitude 
or thickness of the formation could be obtained. However, a thick- 
ness of at least several hnndred feet ia certain. 

That deformation has been intense is indicated by the abundant 
slickensides developed both in the ennglnmerate and at  its contact 
with other mernbrs. On the Unplilr e ~ s t  of camp A16 it is halted 
against black slates which rcprosent a much higher horizon in the 
series ' At this point the sIaies nre approximately vertical. Tn the 
blnff on the Ungdik south of camp A10 are several dikes intruded 
in the conglomemt~. They am mmtich faulted and indicate the 
amount of deformation which has occured throughout the vicinity, 
The conglomerata arela is characterized by a rather rugged topog- 
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raphy. Where there is considerable 'relief the hilltop and sharp 
ridges are often marked by bare, n~gged pinnacles. 

The conglomerate is the basal formation of the d imenta ry  s e r i ~ .  
It is mnde up of rounded debris derived from the older formations, 
on which it rests unmnfmably. It chronicles a period of more or 
Jew gr~dllal  advancement of shore conditions. 

Qn E ~ s t  Fork the conglomerate mupies a belt about 8 miles wide, 
trending north and south. It is similar to that in the Ungalik 
Valley in texture and in the lack of aswrtment and bedding. The 
materials include o. variety of igneous rock types in the o~~tcrops 
near camp B11. Farther west, aenr camp B12, it consists of n 
~ariety of granitic rocks of local derivation. No conclusive evidenm 
ns to the attitude or ttlickness of the conglomerate in the Ead Fork 
region was available, but the relief developed in the formation indi- 
cates a thick;le*o of a t  least several hundred feet. 

Along the ~?%k-~ubutulik divide the TJng~lik conglomerate h l t  
has a width of from 3 to 5 miles. The main ridge forming this 
divide and its nortk~ard extension into the Koyuk d r ~ i n n g e  basin is 
comp& almost erkrrelY of Iirnestone. The bowldew nn! smaller 
as n rule than those ?6 the Unpl ik and tho East Fork localities. 
There is also greater ~a~ ia t ion  in texture, the deposits including 
grits and Iimy sandstone layers. Some of the Inttw furnished fossil 
plants of Cretaceous age.'"Fossil corals taken from a limestone 
bowlder in the oongIumehte on the Kwik-Tubutulik divide about 
5 miles south of the camp C.i were of Paleozoic age. 

Along the col at the head of h t  creek the congl!lomernte ia rela- 
tively fm of limestone and scM3C material, being made up mainly 
of igneous mks and quartz. Vertical dips were ohrtred at a 
number of places and probably reprent  tlre pncral attitude of t h ~  
beds in m& of this area. The high dips and the fa& that the con- 
glomerate nrea is surro~lnded by Paleozoic mcks shorn t h ~ t  the 
younger beds have been folded or faulted downward from their 
former relative position, and indicate thc extensive removal of Cre- 
taceous sediments from a m s  which they formerly omnpied. As in 
the other occurrences, the conglomerate rnarlrw A p r i d  of littoral ero- 
sion and deposition, nnd hinp rleriv~d from the rocks upon which 
it rests, its relation to them is that of unconformity. 

Mendenha11 notes a the occurrence of unultered wdiments at two 
points along Tubutlulik River. TTe says: 

Eleven or twelve miles above tbe mouth of the T~rbutnlik some b l u l h  and 
ahaly sandatones and fine quartz conglommteR, entirely unnltered, but dipping 
50" or llOo NE., ontcrnpe along the rlrr?r h n k .  l \ ~ u  or t h i ~ e  mlles above t h l ~  
exposure in another of we, brown sandatone and dne conglmerntc! with blue clay 
BBftlea. 

aMwdenball. W. C., Reconnalaaanm la the Notton Bay reglw, Alaska, in 19110. B 
qmlal prrbllcatim 01 the U. 8. Geol. Sumy,  1801, p. 206. 
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Being immediately adjacent to the conglomernte awn and having 
sugared similar deformation, these sediments probably belong with 
the conglomemte in the snme p n e ~ l  series. 

About 70 miles east of Srrlnto, below the mouth of Melmihn River, 
R series of conglomerates, grits, and shnles i s  exposed along the 
Yukon. According to 3purra these beds overlie Palmimic rocks and 
are made up of materials derived from them. Farther down the 
Yukon the conglamerntic beds are less important and the series con- 
sists mainly of grits, sandstones, nnd shales. 

The determination of fossils collected by Atwood in 1!M7 from rt 
number of horizons of this series refers them all to the Upper 
Cretaceous. The MeIozitna locnlity may be regarded as having been 
at one time the eastern margin of the nrea of Mesozoic deposition, as 
the conglomerate areas near Norton Bay indicate the one time western 
margin. 
An exact correlation of the conglomerates of Melozitna River and 

of the Norton Bay localities is not aclvocnted, though by no means 
irnpossihle. The similnrity of deposits means that the same condi- 
tions which prevailed at one time st one of the localities prevailed at 
some tine during the snme general period a t  the others, littoral con- 
dition necesarily existing throughout the life of the Mesozoic Basin. 

BRAKTOtXIE G R O W .  

The Shaktolik group, so called after the river of that name, which 
affords n good wtion of tlie beds, includes a. thick series of sand- 
stones, shales, and grits. This name is used to designate a11 the beds 
between the Ungalik conglomerata and the tap of the sedimentag 
series. Beds of this group are widely distributed in the sedimentary 
m a  and mupy  most of its space. 

For convenience of description a separation into two divisions is 
made, the lower chamckriseti by nbundance of sandstones, the upper 
by the predominance of shales. E ~ c h  will be treated sepmtaly in 
the order of ~t~mtigraphic position snd localities. 

Shal%t.oEk Rkee and we~tward.-~~lang Shaktolik River and west- 
malrl the Shaktolik group is made up of alternating beds of sand- 
stone and shale, the latter aggregating only a small part o f  the total 
thickness. (See PI. X, A , )  The sandstones are usually fine grained, 
dense, and compact, and in some places mwmble fine-gained igneous 
racks so closely in apeamnce and in constituent minerals that their 

4 Spurn, J. E.. Geology af the Yukon golola dietrict, A h t a :  Eighteenth Ann, Rept. lT. 8. 
Geol. Survey, pt. 3, 189& pp. 189. 
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true character was determinable only with the aid of the micmope. 
Near camp A10 some of the beds exhibit a peculiar cdncretionary 
structure, Lrge spherical ma= breaking down in concenhic shells 
under the blows of a light hammer. (See PI. X, B , )  Another 
unusual structure shows in the form of weathered surfaces seen at a 
number of places in the sandstone ama, especially near camps A12 
and BB. The surfitws mentioned were marked by linear driations 
and flutings and by lobah forms suggesting surfme flow. (See. 
P1. XI, A . )  Whether these structures are original or have been 
developed by postdepositional movements between bds is not known: 
Ordinary ripple marks are absent in the same localities. 

Microscopically, the sandstones show a very even texture. The 
sand grains nre seldom well rounded and are especially .sharp in the 
finer-grained beds. In composition they include feldspars, quartz, 
calcite, pyroxenes, amphiboles, micas, and fragments of dense igneous 
rocks. Mmt .of the mahrial of tho sandstones could be derived from 
the rock types that are found in the Ungalik mnglmerate. Some of 
the lower sandstone beds xemmble the matrix of the conglornemte 
closely, pointing to continued sedimentation from the same source. 
Other beds approach limestone in composition, the sand pins being 
mainly cdcite derived from older limestones. Calcitn deposited from 
solution is the principal cement. Locally, s e m n d q  minerals of a 
serpenthaus character, due to the post-depositional alteration of 
femic minerals, forms the cement, giving the rock a speckled or 
mottled sppearance. Such dkration, however, is not general, the 
sandstones being remarkable for the unaltered condition of the 
minerals they contain. The rocks are not highly colored as a rule, 
shades of gray king  most common in fmh specimens. Many of 
the finer deposits aro colored black by csrhnaceous matter which 
they contain. Others hrave reddish and reddish-brown tone, due to 
iron oxides. Iron staining is common on weathered surfaces. 

The beds have been extensively deformed, *close folding along 
northeasterly and southwesterly axes having occurred. The dips 
are very high over most of the a m ,  varying within a few deg~ees , 
on either side of 90' along the Shaktolik. The stronger beds often 
find topographic expression in prominent ridges, but much of the 
topography has smooth rounded forms in which both lithology and 
structure are obscured. 

Where good exposures were observed much faulting was noted. In 
other pIaces, where the structure was obscure in detail, the relation 
of beds indicated extensive displacement. It is safe to assume that 
faulting on both a large and 'a small scale has been an important 
part of the deformation of the group. Schistosity has been developed 
Imlly in places near the structural axes, especially in the fine- 
pained carbonaceous members. 
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The actual thickness of the Shaktolik p u p  at any point is not 
known. A partial section exposed on the headwaters of the Inglu- 
talik River gives an apparent thickness of tens of thousands of feet. 
Due allowance far the repetition of beds by faulting bdng made, 
the group is still of very great thickness. 

The lower or sandy division of the Shaktolik goup overlies the 
Ungalik conglomerate in apparent ronfomity , and probably grades 
upward withmit a break into the upper division of the group, which 
consists mainly of black shales, and though recognimd as distinct in 
type, could not be differentinted from the lower beds in mapping 
without more detailed surrey. 

$ear K&to.-A group of sandstones, shalw, nand gr i ts  with minor 
lignitic U s  outcrops along sukon River near XaEato. These beds 
have been known as the Kulato sandstone since f i r s t  visited by Dall 
in 1866. They are only a part of a great wries of- similar deposits 
which are included in tha Shaktolik group. The work in this re8on 
Bas not been sufficiently detailed to determine whether i t  will 'he pm- 
sible to retain the name Sulato for one of the formations of th ip  
group- 
The early writers, DaIl and Spurn: consided these beds of Ter- 

tiary age, but sukquent visits of CoIlier (1002), Rollick (1903), 
and Atmood (1907) and the study of their collection by Stnnton 
and Knowlton have shown them to be of Upper Cretaceous age. The 
investigation of 1909 indicates that not only nrc thew of Cmta- 
mous age, hit that a thicknes of wrernl thoirsnnds of feet of beds of 
undoubtedly Cretaceo~is age overlies them. 
In the Nulato section sandstones pr~rlominate over the ~ l~a lw,  grits, 

and lignite h d s  that make up the wst of the group. Notes feirnished 
hy Atr~md s h o ~ ~  thnt tliflewnt t,yrws of bctls nlternn t~ in close srrr- 
cession. Fossil plants, lignite tlepsits, cmw-bedding, and ripple 
marks indicatc sbaltow m a t ~ r  conditions daring purt. of the periorl 
of deposition, bnt alternating mjtlr rllese nre t~ t l s  beasng marine 
shells and worm borings. Somc of the snnclstoncs nre of the even- 
grained, dense type common in the Shnktoljlc region find also noted 
pear camp A2. On the w h d ~ ,  the sedimentary rocks near Nalato 
show R greater variation in type ~ n r l  indicatu more changeable con- 
ditions of deposition than the rocks of the lwalities frrrtller mmt. 

The st.ructure near h'ulnto is rnthcr simple, the h d s  dipping in 
' 

genera1 to the nortllmest nt angles ap to 40° or 5Q0, h c a l l y  the 
beds are much faulted nnrl cruslietl along the nxes of minor foIds. 
No definite rneaw~fement of the section wns ~ttemptad, but it mast, be 
many thousand feet in thickness. The relations uf these beds to tlre 

*Dan, W. n., Bull. U. R. Gmt. Elarmy Na. 84, 1892, pp. 247-248. Spnrr, J. E., 
kl#hteentb Ann. H ~ p t  T7. S. apnl. Aarvey, DL pt.,.389R, p. 196. 

a Unpubllahed Inform8tlon ; report in preparatton. 



underlying formations are not evident a t  this locality. They occupy 
the am% wrst of the Yukon to the locality of camp A5, where they are 
overlain, probably conforrnnbIy, by the black &ales which form the 
lrpper division of the 3haktolilc group. 

Bishvp IZocX.,-Bishop Rorlt is n low, rwky knob on the Yukon 
about 10 miles above tho mouth of t.he Koguknk. It is compomd of 
compact 1 imy and shalg sandstnnc~. Fossils collected hem by Atmoor1 
in 1007 wcre determined na Ilpprr Crotaceo~~n 

hrear ,IfeEoza'tnu River.-Overlying the basal coriglomerate corre- 
I n k 1  with the Ungalik conglomerate near the mouth of the JIeImitna 
River and downstream for 00 miles or more a mies of sanddone~, 
grits, and shales outcrops dong the Yukon. In lithology, fossils, and 
relation to the b a d  conglamer~tes these beds are similar to the Shak- 
hl ik  group farther west and nre r c p d e d  as bPEonp.ing to thnt group. 

The upper division of the Shaktolik group occupies the central 
part of the sedimentary area along tho Knlat~(;isssa divide nnd mest- 
ward to the head of ShaMik Riwr. It consists predominantly 
of black shales, but contains szlbordinste b d s  of calcareous sandstone. 
Some of tha latter 5 miles west and 2 miles south of camp A5 furnish 
invertebrate f 0 4 1 s  of U p p r  Cretaceous age. 

n i s  group of beds probably represents a vertical gradation into 
finer sediments upw~rd  in the wries, though lateml gradation is not 
impossible. The shales are very mrhnaceou~, indnrated, and on 
~veathering in places break down into pencil-like fragments. Schis- 
tositp has been developed locally near structural axes in some of the 
more carbonamns members. The more mistant members stand out 
in strong ridges; the slop- are stwp, coverad with fine talus, and 
almost barren of vegetation. StrnctnralEy the shales agree with the 
underlying standstones, with which they am conformable. Blnck 
shales accompany the sandstons throughout the Shaktolik group, but 
the part of the group in which they predominate strongly enough to 
be distiqrished as a s~parnte division probably does not include more 
than a few thousand feet. 

From the foregoing dwription of the sedimentary m k s  it is seen 
thnt the Cr~tawous deposits give a good horizon t o  which to refer 
different geological activities. The pebbles in the conglomerate rtt 
the base of  t h ~  Cretaceol~s show what m k s  were in existence when 
the M a  were deposited, and all igneous rocks cutting the Cretaceous 
must be later t h ~ n  the h r l s  they cut. For this reason the igneous 
racks of the region have been divided into pm-Cretaceous and post- 
Cretaceous, Each of thest: main suUivisions contains rocks of differ- 
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enent mineralogic composition and field relations nnd waR formed under 
different conditions; both show intrusjvc nnd eff~laive rocks and 
~ f f  ord much material for detailed petrographic stlrdieq which, how- 
ever, have not been attempted in t h ~ ;  preparation of this report. 

The larger areas of pre-Crcherai~s ign~otis rocks are the flanks of 
the Kaiy u h Hills, the T31tcklnnd-Hi\v~lilr divide, tho Rendeleben and 
Darby rnnges, the region around Blufl, and numerous small amas 
in the motnmorpl~ic complex. The lnrger area% of post-Cmt~mo~~s 
igneous rocks in the Yukon Vtllley arc at the mouth of the Ihyukuk 
and south of Kaltag; in Sewarrl Peninsula thcy am in the Koyuk 
H i ~ e r  Basin, especially in the central portion, extending to  the head of 
I i i ~ a l i k  River ; at the very head of tlie Koyuk, exterlding to Noxe- 
paga River ; and at tlm lower part of East Fork, oxtending inta the 
Buckland River hasi n. 

Tn the long t h e .  r~presenteil by thc prp-Cretnmus hietory of the 
region there are two dist.inctlp marked periods of much poIq$c~I  
significance. One of t h m  preceded the dynamic metamorphism of 
the region and the other dolllowed it. Rocks formed in the m r l i ~ r  
period show structur~s due to this deformatian, whereas those formed 
afterwards have not been much metrmorphmed. A division of the 
pre-Cretaceous igneous rocks into two groups, metamorphic and non- 
metamorphic, may be made, and this grorlping will be followed in 
this report. 

ICETUOBPHIC I ~ ~ O U S  m a  

Rocks of igneous origin earlier than t,hhe period of metamorphism 
have been recognized in many parts of the wgion. The four l~rger 
areas mapped are in the Kaiyull Hills, cast of the Darby Range, in 
the belt extending northward fmm Bluff in the western p ~ r t  of thm 
area, and north of Ornilak Creek. A11 o f  these: areas have featt~res 
more or less in common, but it. is by no means wrtain that all of them 
have k n  formed at, the -me time or are rninemlogimllp identical. 
Furthermore, there is  but little doubt that other metamorphic i p e -  
ous rocks might b recognized if investigations had been carried on 
in greater detail, and doubtless mrne of the area mapped as undiffer- 
entiated metamorphic mk4 is firmed of igneous m k s .  

Reference hns dread!: been made on page 40 to the belts of r n ~ t ~ -  
morjshic ipeons rocks marring on both flanks of the Raipuh Hills. 
These were described bp Bladdren as consisting of diabasic rocks of 
probably eflusitte character. They are less metamorphosed than the 
nldcr serlimentary rocks which form the IG~ij+tth Hills on which these 
ancient larrs probably lie unconformably. 
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In Seward Peninsula the metamorphic igneous mks are usually 
p n i s h  in color, and differ much in degree of foliation; in the cen- 
tral part of the peninsuIa they are high in soda and low in quartz. 
Usually, where schistose, the rocks have had secondary albite de- 
veloped and become greenish feldspat hic schist% A1 though the feld- 
~pathic character may be produced in other ways, as, for  instnnm, by 
the contact effect of ipmus rocks, it is believed that in a large wwby 
the presence in this field of highly feldspathic schists is strongly 
suggestive of the igneous origin of the rocks in question, and .this is 
assumed to be trne if contradictory evidence was not &~rved.  

The clear& evidence concerning the greenstonas end amocinted 
feldspathic schish is afforded by the cliff exposures along the east 
mast of the Ilarby Peninsula. Along this part of h e  mask are 
numerous dikes and sills of brtsic composition cutting the Paleozoic 
mks .  A particularIy clear example uf a grecn~t,tane intrusion of this 
sort is shown in Plate VIII, A (p. 46). At thia place, which is between 

o to t a  F e e  

fFloo~8 4.-Relntlon of greenstoop, Ilmeatone, and almteg, c u t  comt Darbg P~llfn8ula 
a, 8011 and waste ; I ,  limestone ; c, Rmnotone ; d,  black 11atM; e, talus. 

the Kuiuktulik end TValla Walla, light and dark banded Pdemoic 
limestones have an unusnally Iaw dip. T h w  have !en intersected 
by nearly vertical cleavage, and parallel to this cleav- the green- 
stones have been intruded. Tho larpa white masws shown in t.he 
picture are calcite veins of lahr formation, probably contemporaneous 
with the succeeding period of mountain building. 

The structural relations of the peenstones aro in places complex 
and show that these rocks have been subjected to considerable dis- 
turbance. Figure 4 ilIustrates an exposure of s l a k ,  limestmes, rtnd 
,peenstones on the eastern coast of the Darby Peninsula about mid- 
l v ~ y  between the month of the Miniat~~lilc nnd the KuiuMnlik. The 
greenstone intruded d;lahs and limestone~l nnd has subseqliently been 
folded into a number of a p p r e d  folds. Thrust faulting then took 
place along the plane indicated so that the south-dipping limestone 
was wperposed on the greenstone ~ n c l  the slates giving a section as 
indicated in tlie figure. The axis of folding at this place is about 
hf. 70° E, and the folds pitch toward the west, . 
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In mmy places the deformation and accompanying me tamorphisrn 
of the gremstrmes has gone so far that the original characters of the 
rocks are obliterated and it is not certain what origin is to h as- 
signed. Brooks, in a stl~cly of the Bluff region, found schist- mcks 
which ~eerned to show kip their arcnl relntions igneous &her than 
mdimenta~  characters. Concerning these whids he says : 

Mica whfut13 CICCllr a13 Irr~gllIftr mRwes d t b l n  the IimeEtQne 'belts md 
although they do not differ IItl~nln~mIFg ln nny rery errrpentlal war from the 
wista believed to be of d l m c n h r y  odgln, their mode of occurrence strongly 
# u r n s  thnt they are nlteml intrusions. The mmt strlking example of this 
is ~pcn In the rlllf pxpoulirm ~ I I R ~  ~ n ~ t  nP thp mouth of Danlele Creek (flg. 5 ) .  
Here an Ir~vgular mapa of mica scb l~ t  la Lnelowl In limwtone walls. Linm of 
ftlllltlng haye o h c o r d  t11c nri~lnnl  relations of the two m k q  but the outline 
of the schist mass IB very ah la r~ t ive  nf nn Intrusion. Further eridence of the 
iu?miml\+e character of Borne of thew schiaia 1s found In the fact that at wrlons 
lmllt lm the llmc8tonr walls near the contact with the whlst~ are more or 
1-a nretamorphmed. Thew facie, together mfth the irregular dhtrlbutlon OF 
the 8chl#ts. lndlcate nn Immus orkin, though I t  ma& be conf@swd that the  
erldenm I s  by no means conclusive. 

F I ~ ~ E E  5.--CIiE e x m u m  near mouth of Dmiela Creek, Bluff region. 

At seven1 p l a w  the actual gmdation from an unquestionnbly 
igneous rock into a green feldapathic schist has been observed. 
llere and there in the hills ~ 1 1 t h  of camp C15 are examples of this 
sort, and althongh it is not. intended to assert that a11 the feldspathic 
schists are of this origin, i t  is certain that many if not most of them 
'are formed in this way. 
An exposure of metamophmed igneous m k  js afforded near the 

Omilak mine. Figure 6 shows the general gmSoep in tho neighbor- 
hood of the mine, with the intrusive cutting acmss the western limb 
of the limestone. Plate IX, d (p. 501, stlpplements this map by 
showing the general appenrnnce of the ~ q m c  hill from the south. In 
this vie- the dark uren in the center of the ~ i c m  is the igneous m k ,  
and an apophysis is represented by the dark band n-bich cuts ticrow 
the right-hand limestone nren. From R study of this rock nncler the 

*Collier and otbern, The gold placem of  part^ of Beward Penln~ala, Alaskn: BuIL 
U. L1 Qeol. 8uhey No. 328, 180%-The Blull Region, pp. 286-288. 



micr0scc)pe it has been determined that it consists of olivine, a light- 
coIord nmphihole probably trernolite, very abundant light-green 
garnet and muscovite, with some -wry ilmentite and apatite and 
secondary serpentine. This is an unusual p h a ~  of the greenatone 
series and has not been recognized e l ~ w h e r e .  

IOITMXTAMOBPfBO IctaEbffS B O W B .  

Thaw rrm thm large arens of pro-Cretaceous nonmetamorphic 
igneous roeks to which attention ~lhouId he called. These are the 
Ilarhy Hanp, the Kiwalik-Buckland divide, and the Benddeben 
M o a n t n h  In addition, several smaner areas, such as liiwulik 
Mountain, am found in the region, but as they show the same featilres 

0 54 M l l t  
6 I 

FIGUB~ 6.-Sketch map of the vlclnltp of the OmUak mine. 

wq tho i peons  mch in the l~rgcr fireas t,hey wiEE not be d w m i M  
separately. 

Mendenhall, who studied portions of the Darby Range in some 
detail, saym : a 

Cnpe Darby and a brond b l t  of COWttry extPndlng 55 mlles northwnrd from 
It with a maxirnt~m wldXh of about 12 rnEleF3 is occupied by n grefit intrlrsire 
body of granite end mnitlmfl  rock which exhibits considerable vtlrlation In 
texture and mlneraloglca~, composition, but is regard& na belongia~ Po one 
geological hoag. 

A ~ P W  mtIes belaw ChmIk,  along the emtern shore of Qololnln Bny, the m k  
Is diorlte porphyry with large tabular phenoerpsts of nildeslne or nndeslne 
oligoclaae, some co lor l e~  Iqroxene, and abundant hornblende in pnrt at leaat 
mndar3.. Qilnrta IR 11twx~nt but often In rery lnsnnflfrtcrnblc amounts, and 

Mendenhall, .W. C., op. tit, p. 204, 
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tltanite 1m an inmuspicnons accemry- Thfa phase or  a ~I lghtg  more acld one 
is rather largely reprwnted in this portion of the ma- extending a t  Imst 
5 to B mlles east from I t a  w&rn border. 

Near the eastern edge of the northern part of' the I I ~  In the Tubutullk 
faIley the m k  a p m r s  as w cmmlf crptnlllne a m t e  of wle brownish 
orthoclase and emoky qnartz with a little biotite. A mpnel~~ald pbam of the 
mme m k  m t ~ m  along tbe western side of its westem Ilrnit. 

Djrtlnct contact phenomena h the scblPts and ~ l a t e s  shlle metimes prersent 
RW not ao nbtrndant n s  one w u l d  expect. The Inference Is that the Intraulon 
WRR alow and d e e p m t d  n n d  aff- the intruded rock genem11~; nther  than 
locally. Thls Infetence Rnds support in the mrse texture and prphyrltlc 
character of tbq dIorIte el-en at its bordem. 

In 1909 it was the intention of the party to avoid revisiting thc 
areas already studied by Mendenhall, so that in but few instltnceq 
does the work overlap. From this later study jt was f o ~ ~ n d  that the 
areal dist ribntfon as already given b;p Mendenh~ll required but slight 
modification, but that the number o f  different kinds of rock was more 
complex than his report indicated. There are a t  least two djrrtinct 
types of panite, one with marked porphyritic de~elopment and the 
other of even grain. 

The largest area of the porphyritic granite is in the Rwiniuk basin 
extending from a little east of camp C14 to ztt l e ~ s t  4 miles north of 
camp C15. In addition, the same rock was found on the seamast nt  
the mouth of Camon Creek nnd is probably the same as the granite 
with brownish feldspar described in the northern end of the belt. 
'il~is rock is characterized by R coarse-grained mass of quartz, ortho- 
claw, and a little biotite, the various p i n s  averaging about 0.2 
inch in diameter, with larp  orthoclaw crystals averaging nbot~t I+ 
inches in Iength s c a t t e d  abundantly through the rock. A few in- 
clusions af diorite were bound in the porphyritic granite, one of 
which s h d e d  calcite-filled ca1-i ties, probably ampgdaloidal in origin. 
Typically the porphpritir p n i t e  wegfh~rs into fantastic knobs nnd 
pinnacles similnr to those uhown in Plate XI, R (p. 68). This 
feature is also &own mow extensively ilereIopd in Plate 111, A 
(p. 30), the pirinaclw shown being probably of panite of this type. 
The even-pined p n i t ~  map he of the snme age ns the porphy- 

ritic granite. If this is the case the two may hare consolidated under 
diffemnt conditions. It dm.s not seem evident from the field rela- 
tions, however, that the porphyritic rock cooled under esentially 
different conditions except that  the porphyritic p n i t e  forms Impr 
masses than the finer-pained t y p .  hIinemlogicaIly the even-tex- 
tured granite consists of quartz, both orthoclase nnd plqioclase feld- 
spar and biotite. Dark-color~d silirntm, althongh present, form but 
a relat,ively small amount of the rock. It occurs usually in rather 
narrow dike$ and no Inrge area of this type is known in the Darby 
Ran@. Dikes of this granite have dready been n&ed in pm~i0115 

71469"-Ball. 449-11-5 
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pages as cutting the Paleoxoic rocks at many places. Plate VIII, B 
(p, 461, ~hows tl nearly vertical granite dike, the light-colored rock 
(on which the hammer rests) cutting across the structure of the meta- 
morphic limestone and sending apophyses into it: 

Diorite also occupies large areas in the Darb~  Range. In compo- 
sition it ranges from a normal amphibole plagiwlase rock to one con- 
taining quartz and orthoclase in addition to the usual constituents. 
The plagioclase is apparently andcsine-oligmlrlse; that. is, about mid- 
way in the soda-lime series. Accessory apatite, titmite, muscovite, 
and metallic. minernls in small amo~mts were noted in several ex- 
umples of this rock studied rnicr~opically. 

From the fact t h ~ t  inclusions of diorite are found in the porphy- 
ritic granite, it is assumed that the latter is younger than same of the 
rliorite. Plnb XII, A, however, shows that there is more than one 
diorite represented in the region. Tn this view the lrrrge light- 
rolored area on which the hammer rests is porphyritic granite with 
numerous inclusions of diorite, Unfortunately in this picture the 
further fact that the porphyritic granite itself is an incl~tsion in 
the dark igneous rock which fosms the lower left-hand portion 
of the view is not shown, although this fact is clearly proved by the 
expmre in the field. It should farther be noted that in this later 
diorite intrusian are inclusions of the older diorite. Although the 
similar color makes the two diorites difficult to distinguish in this 
view, several of the older diorite incIusions may be mgnized at. 
the extreme left below the porphyritic pnnite-diorite contact. 
In addition to the granites and diorites there are several other 

types of rocks, the distribution and reIations of which are not suffi- 
rientIy clear to allom their differentiation. One of these roclzs is a 
~ U R I % Z  porphyry with double terminated quartz crystals and plugio- 
clase as phenwqshjn n ground muss of quartz mid orthocIas in a 
micropegmatitic. intergrowth. Accessory .green hornblende, apatite, 
nnd magnetite with s e c o n d e ~  kaolin, muscovite and chlorite were 
also present. This type of rock mas found particularly in the hills 
wuth of camp C13 in the divide between the Kwjniuk ~ n t l  the 
Etchepuk. 

Another unudual type of rock forms s large area in the Iiwiniuk 
divide south of camp C13, extending westward an undetermined 
distance and souhhward to beyond cnnlp C14. Tt is dark colored, with 
lath-shaped phenmysts an inch or more in length of orthoclaw feld- 
spar. The groundmass is compowd of orthmlttse, albite, digoclw, 
green hornblende, aegirine augite, and biotite, with accessory titanite 
in great abundance, and mme apatite. 4TJsuallp the .pyroxene forms 
corw around which amphibole has been developed, probably by the 
tslteratiml o! the pyroxene. The absence of quartz and the high soda 
content distinguish fiis & from the others already described. 
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Another unusual type of igneous roeks was found on the hill a h u t  
three-fourths of a mile north of camp C22 on a branch of Bachauik 
Creek It is rather closely associated with rocks of the he-graincd 
granite type, but the precise relations are not known. It is a light- 
colored fine-pined rock with a few scattered ghenocrysts of nephe-- 
line and sanidine. In the pound mass, which is very he-grained, 
are albite, nepheline, sanidine, wgirine augite, fluorite, eudidgte, 
riebekite, and biotite. The high content svggest~ correltltion 
with the other soda-rich rock previously described. which was also 
wanting in quartz. 

Rocks similar to the Darbp range intrasires, with the exception 
of the last three phases, have bee11 found in the pebbles of t8he Cre- 
taceous conglomerate, and no hesitation is felt in ascribing them to 
an age prior to the Cretaceous. It is also evident from the studiw 
in the field that all of these rocks cut the PlrIeoaoic seriw and have 
not been dynamically metmorphosed to any marked extent. That 
there have been several periods of intrusive activity is shown by the 
relations of the d~orites and porphyritic granites described on page 
66. Whether, however, these periods were separated by any cfm- 
siderable timo interval or whethcr they really mark only one major 
period of intrusive activity h a s  not been determined. 

Few new facts of importance have been ndded to those dready pub- 
lished by M&t concerning the igneous rocks of the Kiwalik-Buckland 
divide. According to this geologist a- 

Much the h ~ r  part of the undlsswted Inam which forma the dlvlde ktwm 
the drainaw o f  the Kiwallk and the Buckland R l v ~ m ,  and contalm the highest 
clcvationu o i  the northeastern pert. of the ~WninsnIn, le mndt! up of llght-colored 
grnnular rocks and andesites ssm?laterl e s ~ w i ~ l l y  toward the outer portion8 
of the area with basalt5 and diabasefs. 

In cmasing the main part of t h ~  mass Prom the westward after le~lving the 
hfghly metamorphic rocks of the Iilwalik Valley one meets fimt with basic 
mcks of the hamltic and dlttbnai~ ts-pe, followed by and~sltes whlch are well 
de\-eloped and iorm a large part of the ridge; finally, in the c e n h l  portion of 
the complex, nnd forming a core for the whole, are discontinuous areas of more 
d1icm11s rocks, including a number of dlffcrent varieties of g r a n i t ~ ,  monmnites, 
and qua& aiorltehc lIornblende is the prevalllng dark miwral of the manitm. 
but at timm blotite takes Its plmce. Ry n decrease in the nrnount, ot quartz 
the granites approach ~yenites In composition, such p h a ~  being charncterizcd 
by the abundance and larger slze of orthoclase c r y ~ l a ,  which u~uulIy show 
CarIsbad twinning and hare a rotrgh parallel arrangement with the small Inter- 
vening spceg R l l d  with hornblende, h io t l t~  and R small amount of quartz. 
Titanite i s  abundant. 

An unu~ual and highly fnkmtlng tgpe was observed In the most rsoutherly 
f~m of the manular m k s .  The band ~ i w i m e n s  show a dark-gray rock, com- 
posed of abundant large tnbnlar feldspar CvRtalS with $1 snlall amount of dnrk- 

a MoWt. F. H., The Falrhaven gold plncers, Semrd Penbaula, A b h :  Bull. II. L 
Qeol. Burvey No. 247, 1905, pp. 27-31. 
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rreenl~h flnnpmlnecl dlllng. 113 thin W l o n  t t ~  rock is  pen to ~ ~ ~ 1 s t  of l a m  
crystals of orthocla* ieldsp~r with n mlcrmmplc I r ~ t e r m t h  ot parallel pla~lo-  
rlsm platen ~mbedded In a groundma- of feglrln+anplte, melelanite, and snlr~ll 
scattered plaptoclnse. The three h s t - m m d  minerals AIF spaem between the 
l a m  orthoclr~ne crjatala which are very subordlriate in ~ o l u m e  to the ~pncea 
occupied by t11c cryetala themwlelres. Titanltp and npatlte are present, and a 
cloudy zeolltlc dwornw*IPlon product a p m m  at  tltnea. The rwk correqmndn 
Tern closely .In apperrc1nce and composition with the g~rnet-p-roxene malig- 
nlk$ which hwmn hns dmrlbwl, from Malime Elver 111 Cmtario. 

The dlorites pFeYcnr rio unusual features. They ure netlrlg elwaya of a Tighb 
grlly color and are ~ ~ n l ~ t l n ~ p ~  mrphyrltic. The flrerallln~ f~ldtrpar b plaglo- 
claw wtth wnal structure. Borne quartz Is alwayw grmllt and the dark 
nilneral 1s usually hon ib l s~d~ ,  1)nt at times biotite. Jn one or two InRtnnces a 
w e l l B e ~ e l o p l  flow strliclllra was Reen In large blocks of the  diorlte which 
were cut by xmaill gmnltlc ur n]blttlc dlkw Inrgelp feldqmr. 

Alonznnites intermdate 111 vnmposition between gmnltes md quartz diorltea 
n re freqrrent. Orthoclase and pla~locl nge predom1n:l te ah1 Se hornblende. bio- 
tite, nnd quartz are pment : alsu t l t a r ~ i t ~ ,  rnnmetite, apatite, and occnelonallg 
zlrcnn. 1111 the granular rocks of th ls  region are abundantly r~upplled wlth 
t lt~nlte which may oftm be eaelly seen in the hapd specimen and is very 
notlceabl~ under the mScroacope. 

AndeRIt~a are abundant In tlte Kleallk-Buckland divide nnd are probabIg 
the surfltce representative nf an ignen~ia magma corresponding In mmposltlon 
to the dcepeated diorltes and monzonltm. As n l m d y  sta~tad. they ~ m ~ p y ,  
where n h ~ r v e d  bg the writer, a position Interuwdi~te betwen the hslc m k a  
of the rr'wtern aide of the ridge nud the central acid ones and form a l a r ~ e  
part of the watemhd. They are of n dnrk-mny or grwmlsh color and on un 
expxxd 8nrPnce have a swtted appmmncp due to the alteration 6f the feld- 
sflur phenocrystn Both hornblende and pyroxerie rartettes were seen. the latter 
~vfitainlihg m ~ i d e r a b l ~  olivine in zddltion to pyroxene ~ n d  showing the wc- 
undary nlinsrnl iddlnysit~. Alteration of pyrrlxenr to hornblende was nlm 
observed. The fel ( l~1~1r ta a bnsfc vnrlety, lnbradosltr! or somettmes anorthite, 
giving as alter~~tlon I I I ' I H ~ I I C ~ A  rhlorite and @pidote, 

Andmite b m l a e  were fonnd n t  rarlons localltles, 

Little can be artdetl fmrn the work of 1909 to these descriptions 
nnd, although it has k n  possible in a measure to extend the map- 
ping of these rocks, the additional data are so clearly evident on 
tllr map that further description is not reqrrired, except to note 
that -the extension south of the Koyuk is formed mainly of mks of 
the effusi\-e .ether than of the intrusil-e type. It should also be 
pointed out that whereas 'the intrusive rocks, which form the core 
of the Kiwalik-Buckland divide, are in all respects similar ta the 
igneous rwks in the Darby Rangc, the effusive rocIra which occur 
nlong the flanks have no recognip& representative in the latter 
mountains. 

The igneous rwks of the Bendelebcn Mountains so far studied 
belong mainly to the p u p  of granites, and, although here snd the're 
t h w  rock.; show gneissic phases, it is believed that, as a group, they 
are -ntially contemporaneous and are ln t~r  than the post-Paleozoic 
deformation. Lithologically the granites are indistinguishable from 



the granites of the Darby or Buckland-Kiwalik ranges, and it is as- 
~ ~ r m e d  thnt mch close si~nilnsity rould not have occurred unl&- all 
these rocks had been deriv~d fkom mentially the same magma nt 
nearly the same time. It. is on the basis of this assumption that the 
pre-Cretaceous age of tIte granite masses in the BcndeIeh Mottn- 
tnins is postulated. 
Tn the Bendeleben hfountnins the geologic mapping is extremely 

convention~1iz.d and tlie reader should regard tbis part of the map 
as suggesting the kind of geology probably to k expected rather 
than as a faithfuI portrayal of the actunl nreai distribution of the 
different types of rock. As mapped, however, tbis area serve9 to 
bring out the fact thnt there are nnmemus large bodies of ignwus 
rwk,  in places many miles in diameter, and nlsa that them is a 
most complex network of small dikes and siIls, many of which are 
from a few inches to a few feet wide. The lithology nnd mineralogy 
of .the two types, however, do not materially differ. Some of the 
small sills and dikes have as coarse texture as the more central parts 
of the Inrger masses, Both modes of occurrence are typically quartz- 
feldspnr granites with some dark silimtes and vnrious accessory 
minernls. Even in thc gneissic ~ I I R S C S ,  Collier stntes t , l ~ ~  struct~~re 
must either be original or else the whole rock has secrystaIlized, for the 
micmopic  examination shon~s little, if any, evidence of dihr t ion or 
dpnnmic movement. In c ~ t l ~ ~ r  plnws it is evid~nt that the apparent 
gneissic structure is dne to the replacement of ndjacent schists, some 
of which a re  so tl~aroughly mtumted by the ignms rock that much of 
lhe originnl charsrler I ~ n s  h e n  destroyed. 

The contacts htlveen the g r n n i t ~  and the scl~ists, however, are 
not sl\ra-p vnple  nnd ill tlefined, bnt in places nre sharp and clear- 
cut. These diffemnces nm probably to be explained by the vsria- 
tions in cornpo.sition of the mall rocks and also by the different depths 
of burial of the whists when the intrasions took place. 

Asqociated with the normal panitas  a re  FL fen. rmks of pegmatitic . 
nnrl nplitic phases which swm to have marked the later or closing 
stagw of the intrltsiw period. In the pegmatities tot~rmaline is in 
places an important nwesiov rninerxf. One such pegmatite in pnr- 
hicular was noted on Bimh Crwk near the ppss to the head of Ki~lklnk 
River. Mica in plates sometimes 6 inches or more in diameter is 
bound in thp pcgmatites. -4 locality where particularly large mica 
platm have bcen reported is near Oregon Cwk,  n tributary of Fish 
K i ~ e r  heading on the south slopes of the Bendeleben Mountains, and 
mme attempts have been made to develop a commercial deposit. 

At s few places dark basic dikes hare been reported cutting the 
p n i t e s .  Whether hlong to the pm-Cretaceous igneous rocks 

- -  - -  - - -  - . - 

Collier. A. I.. and otherrr, The pold placers o l  part# of SewaM Penhula, m s k a :  
Bull. U. 8. Otol. Inrvey So. 328, IgOtr, p. 104. 
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similar to the latest dioritic intrusion noted in the Derby range or 
whether they are post-Cr&aceous is not known. They form rela- 
tively narrow dikes nnd occupy such small areas in the Bendelehn 
Mountains arid HI little js known about them that they. will not be 
treated further in this repopt. 

later than the d~pmition of Cretaceous sediments, intrusive and 
extrusive igneous rocks hare been formed. As has already been 
noted, the main areas of the latter are in the Yukon nnd Koyuk basins 
and the only area of the intrusive mks studied is in the lower part 
of the Ungalik Valley. 

IHTBUBIVE SOCgS, 

Christmas Mountain, east of the Tower part of Ungalik River, is 
the only center of post-Cretaceous intrusion noted. This prominent 
landmark is fomed of an igneous complex, the relations of the vdri- 
om members being uncertain. The xriw of rocks grade according 
to texture from argile andesite to augite diorite. The main m a s  of 
the mountain is of the mare granuIa~ type, in the COB& phases hav- 
ing crystals up to 3 millimeters in diameter. This coarse phase con- 
tains ~bundant pl!lagioclflse, which hnn been determined ta be albite, 
nndesjne, nnd la brad or it^. Angite, biotite, and olivine are  also 
present as important mnstituents. Among the accemry minerals 
are magnetite nncl apatite, the latter k i n g  notably pleochroic. 
Secondary biotite, chlorite, micite, and serpentine have also been 
recognized in this section. 

Associateil with the diorites in the western par t  of the area, prob- 
ably in the form of a dike, is a porphyritic rock composed of orth* 
clrts, pltlgimlasa, biotite, and augite fls the essential constituents, and 
with pyrite and calcite as accessory or secondary minerals. The 
phenocrysts in this rock are mainIy feldspar, but a few are of light- 
green pyroxene. 

The clearest evidence concerning the age. of t h e  rocks is afforded 
by exposurm along the Ungalik, near camp Al6, where dikes of 
essentially similar composition am found cutting the Urigalik eon- 
glomerate. Subsequent faulting has dislocated the dilres, but the 
amount of displacement indicated ,is not more than n few yards. 
Thin sections of specimens from these dikes show a light-colored 
porphyritic rock w ith phenacrysts of oligoclase and a monoclinic 
amphibole. In the main the p u n d  mass has a tmchytic texture rand 
is composed largely of o l i p l a ~  and albite, with a-ry apatite. 
Calcite, quartz, magnetite, kaolin, muscovite, and limonite, all prob- 
ably secondary, were remgnized. The limonite is in more or less 
rectangular patches, which p ints  t o  its having been derived from 
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the Jteration of femmnpesifin m i n r n ~ l ~  oripinnlly in this rock. At 
Bonanza C m k  an intnision of similar charncter cutting the black 
slate was found. 

On t.he Shaktolik. a t  camp AIO, a fine-gained qumtz'porphgry 
was recognized in the floo t. bnt the fragnen t s  were well rounded, rts 

though they had k n  carried far, and there is no clue as to where the 
m k  o-t~tcrops. The presence of this float, however, strongly ~oints  
to the conclusion that it is from nn intrusive later than the (jretac~ous 
sediments. It is probable that n more eutmsire ~xploration of this 
region would show intmsire centers like t h ~ i t  of Christmns Monnbin 
in other parts aP the Xt1111to-Sorton Brtp region. 

EFFUBIVE: BOCKS. 

Eff~lsive rocks of lnte geo1og-i~ nge are found a t  many plnws. All 
of t1ler.e flows nre probably not contempomneous, but when they are 
considered in a broad wap it is believed thnt they mark essentially 
on,ne period of volcanism. Thus, thcn~gb many p a r s  may have d a p d  
&ween sllccessivs flo\\-s, even in the same district, them seems to be 
~tmng reason for c o r r ~ l a t i n ~  tthem together as one p u p  and wprd- 
ing them all in R geologic sense ~s s?-nchronoua Altliough the m k s  
deucrihed in this -&ion sre e~sentially lavas or snrfnce flows, them 
nm, of conm? here and there clikm by which thew rocks were broilght 
to  the ~urfrlce, All of  the^ rocks a re  chnmcteristicaIlp olivine 
baaalts with R vesicular stn~rtur~.  

Tho enstrm localit?. of t l~e  pmt-Cretaceous eflusives, the one near 
the rnoi~tll of the Koy~lkr~k.  was fint cnrefully described by Spurr~  
from whow account the foIIowinp quotation is taken: 

Megapcg,lcnllp (the m k )  Is dnrk pm and arnggdaloidal. the amyaulea 
be in^ ~ ~ n r t l y  qa~rta  nzld ca lr l t~ .  1 -nd~r  the r s ~ l c m w n ~ ~ ~  a large veaiside whme 
walls nw Ilnd with xcrp?ntll!r Is fitlpd with barite 111 interlocking platw. 
Many m~all  ortlldt~! vwtrblrn nrr H r i ~ t l  with irprtwntlne a n d  filled wlth chlorite. 
Thew arp comparntll-ply Inrge ~~lkrrlrlrrysts whlrh are now psmdomorphed by 
cttlelte and wmntlne. Ewt worn prr~llnllly rrrigir~nlly nlivi~ie. The ~tructure of  
the gmnndtimm le n n  E l  nrfalt~rtl[g mnllmRR1 of hnlorrystr~lline pIRgIoc1zlse ttnd 
auglte. The nttgLte I R  ahl~rrtlrknt allrl tlnt grmtlp clpc11mpowd but the plagloclase 
r w t a I s  bar-e bpen Wplncerl hg I*willl~nl~rlllll 01 rwme ntlwr rninerni In part, nt 
Ien~t .  i g ~ t r o p i ~ .  The rock Is ~vldeutly I! t r l l ~  olivine hasalt conPlaerably altered 
and decamp&. 

Although the lavas representecl in the Yukon Vnlley to  the south of 
this place have not been dewrihd in detnil they probably belong: to 
the same period of volcsnic activity. S i m i l ~ r  lavns have k n  re- 
ported by Collier along the river ,wt~th of K ~ l t a ~ ,  but their extent 
has not hen determined and them are no published d~r ip t ions  of 

Bpnrr, a. E.. Geolo~g ot the Yukon ~ o l d  'dlfltrlct, A m  : Wgbtemtb Ann, RepL IT. R 
Cteol. Burve~,  pt. 3. 189s. pp. 24G248. 



the occurrences It seems probable, however, from the wide-spread 
distribution throughout the lower part of the Yukon basin of rocks 
of this same litkdogic charactar that they must have formed ezttensive 
sheets. 

Along the eastern border of Norton Bay volcanic racks of a rela- 
tively recent age have been reported at  many places. Within the 
region covered by this report two areas of vesicular Ittvas have been 
oraliy reported to the writers by Mr. J. T. Tlratkins, of the Coati+ and 
Geodetic Survey. These two wens are the Reindeer Hills and Bes- 
born Island. No collections were made, but the description of the 
rocks clearly points to the conclusion that they are both td be included 
within this group. They probably mark a connecting link between 
the well-known volcanic flows of St. Michael on the south and 
of the Koyuk Valley on the north. 

Concerning the lams along the Koyuk, Mendenhall says: 0 

The lava I s  a green, gray, or. black rock, the color dependlug in part upon 
Its freshness. It is compact or vesiculnr and uaually porphyritic, olivine being 
the most conspicuous of the phmocryFJts, ~Ithough plagioclase 18 recognizable 
megawopicallg in some instance% S o m e t l m ~  the vesicles aiv fllled with opal ; 
more frpquently they am without filling. The rock rxrlea in texture. baring 
m m e t l m ~  n ~ e r y  glasq grai~ndmaw asrnd in otl~er cfises showing a coarse, 
well-defined, lnterstitlal arrmgement with almost no glaflar. * * * The 
basalt beds have not been disturbed aince they were panred out. They are 
horlsontal wherever their attitude i s  determinable and overlie all the other 
rock% * * * 

Mo%t, who studied portions of the large lava sheet occupying the 
northwestern corner of the mapped urea? as well as nnmerous other 
flows in conti~ous areas to the n o d ,  writes as follows c o n m i n g  
these basslts : " 
In color the I a m ~  RPB a r k  gray, green, or near4 black. !l!hey are usually 

rrerg cdlulrrr or even spngy In appearonce, but at times mmmct and wltbout 
the amygdnloidal carities. Outcrops of  the older lavas In place are not plentf- 
ful, find the edges of the sheets where cut through by atreams are marked 
by tumbld heam of blocks r&uldg from the jointed columnar structure of 
the lava. In a few places they form flat-topped hills or m m a  from 20 to W 
feet high, ~ e r y  conspicnons when vlewed from a dlgtance, ana evidently the 
remafns aP partIy eroded sheets. Agglomerate breceIas were obmved at 
several points. A astdy of the numemtia speclmena mllected shows them to 
be made up of &abase and basalt& both rich In olivine. In the basalts, wpe 
clally, ollvlne phenocryster are nbundnnt and very noticeable eval in the hand 
spwirnens. Tddinglte is not Infrequent aa an alteration product of the olivine. 

That a successlon of outbreaks of lava h s  taken place Is @horn In a number 
of places, but probably most ~)lainly la the  redon about the head of Rnzitrln 
River, where ponitive evidence is afforded in the terraced condltlon of the 
different ffowa, three distinct bnchea occurring In ane locality. 

aYendenhalI, W. C., op. clt., p. 206. 
byof i t ,  F. Hnq The Fairhaven gold placers, Beward Penlnaula, Alaska : Bull. U. 8. Gaol. 

Survej No. 247, 11806, pp, $1, 32-39. 
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Obemations mnde by Collier o ~ t  Sosn[mpa KIrPr ~ha*.ed these more recwt 
lmvns overlying gr;rsveIs wllich nm cemented near the contact by indurated clays 
and conMIn pebbles of an older flow--condr~sire erldence that considerable 
time must have elapsed betmeen tbe fir~lt ontbrmii find the solidIflcatfon of the 
flowa just dewribed. The source fmm wblcb the recent bnmlts of Noxapagn 
rtna Kazitrin rivers were dlsclcllnrged lfes to the Bonthwest of Lake Imurnk, t h W  
being shorn by the mattered l a r :~  cones na well ns by the dlremm of movement 
of the flaws themMelrres. 

On the n m r  part of Koynli River a similar relntton of basalt$ and gt~tvels 
wne observed by 3rendmhall. H e  fonnd on the tmncattrl edbrstr of the whl& 
6 feet of g ~ v e l  mede rill of whl~t. vein qnl~rtx. and granite; tlris i l l  turn was 
cot7er@d by an undfnturbPd borixontal ~ l l e e t  of oQiene basalt, which ba8 been 
but little affected h~ the erosive netion of the stream since it mme to r& and 
waq therefore, beliered by him to be of Flelstocene n g e  

During the fieid wason of 1909 little detailed study of the lams 
was made, and although the areal distribntion of this group of rocks 
has been extebded in cert~in places the additions are mainly concern- 
ing details rather than essentials It seems &dent that in the main 
they occupy the lowlands of t.he period in which they were formed, 
so tba t  a thorough undemtanding of the distribution of the Iavas 
would indicate the former topography. I t  is probable that  more 
extensive investiptions might show thfit t h w  bnsalts occupy a 
greater ama thsn is shown on the mnps. F n r  instanc% the lava area 
at the herid o f  the MukIllkCnIik probrtbly connected a t  one time with 
the lava areas represented to the north of the Koyulr west, of Pme 
R i ~ e r ,  and if the exposllre mere better in the pntly  sloping spurs 
west of Kenwad Creelr it is higldy probable that remnant.? of this 
shmt might stilI be fonnrl ol-erblping the undifferentiated schist? and 
the Paleozoic mcks. Tllis patdl of larn is pmb[tbIp older than those 
very late eff wives that. o~~erlie grn~el deps ih  of recent date, but, as 
befom stated, it is belie~*ed that t l ~ g  both belong t o  the same general 
geologic p u p  and mew pollred out on the deformed and eroded 
surface of the Cretaceous and older r.ocks. 

Another small area of recent eff nsire rofkrr was report~d by Men- 
denhall in the hills near Grouse C m k .  a tlib11tar-y of the TubutlrIik. 
It covers the contact of the p n i t e s  ant1 Paleozoic sediments. This 
fact strongly suggests that the contact, k ing  a. zone of m&es% 
had k n  topogmphicalIy a lowlancl, in consequence of which the 
lava, flowed into the depresim md being thickest tIwre had rem~tlind, 
whereas the thinn~r parts h ~ c l  been entirely erded away. There is 
no direct evidence RS to the diwct.ion from which this Ixra. mme, h t  
as na near-by arms of similar rocks a re  known except to the north 
it is assumed that this is tbe diredion from which thny Bowed, 
dthough it is realized ththat this is little more than a workiw 
hypothesis 

On Bear River west of Council o small area of recent Iava has been 
reported and specimens of the rwk h a w  been exrtmined. It is a 
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vesicular basalt similar in lithologic character to  those from the 
Koyuk. There is  probably only a small amount of the rock present, 
but little is known of the manner of occurrence or the areal relations. 

VEINS. 

Veins of different mineralogical character formed at  different 
times and under different conditions have been noted a t  many places. 
They are abundant in the areas of metamorphic rocks, but are practi- 
cally absent in the greater part of the area occupied by the Cretaceous 
sediments. Based on mineralogical composition there are two main 
types of vein filling; in one quartz predominates, in the other calcite. 
The former are of widespread distribution and are found in all the 
\.arious kinds of rocks; the latter class, however, is almost entirely 
limited to the immediate vicinity of the limestone areas. 

The veins in which calcite is the main filling are seldom extensive 
either horizontally or vertically. They appear to be formed usually 
as the result of shearing and infiltration of the calcite derived from 
the adjacent limestones. Plate XII, B (p. 66), shows a portion of the 
Paleo~oic limestones on the east coast of Darby peninsula, where an 
intricate network of calcite veins forms a stockwork through the 
hrecciated limestones. Although the veins are slightly more nu- 
merous in this view than in the majority of exposures, the arrange- 
ment and general characters are quite typical. Plate VIII ,  d 
(p. 46), already referred to, shows other calcite veins of the same 
general mode of occurrence near a greenstone intrusive. Some of 
Ihese reins are uncloubtedly younger than the intrusion of the green- 
stones, as they cut them or occupy joint planes in them, and it is 
believed that most of the veins were produced either during or subse- 
quent to the deforination of the Paleozoic rocks. 

Calcite is practically the only mineral found in the calcite veins. 
KO sulphides or other metallic minerals have been noted in them, and 
they are consequently, in this region, of no economic importance. 

At  least two distinct series of quartz veins have been recognized in 
the region; in one the veins are much contorted and sheared, in the 
other crystalline quartz with characteristic comb structure is found. 
This difference in structure is to be explained by the difference in age 
of the two types. I t  seems evident that to have been crushed, sheared, 
and otherwise deformed the veins must have been in existence at  the 
time of the post-Paleozoic deformation, whereas on the other hand 
the slightly sheared, relatively undisturbed character of the'other 
group of quartz veins points to the fact that they were formed subse- 
quent to that period. Although these two main groups have been 
recognized, i t  is almost certain that the older ones include veins 
of at  least two different ages, one earlier than the Silurian and one 
later than the Carboniferous, but this point has not been definitely 



&tled and will be rliffic~rlt to pmw nwing to t h ~  ,mat amount of 
post -PaIeozoic deformat ion. 

So far as can be determined the conhnt of 'both classes of quartz 
veins are nearly identical. Sulphide mineralization is usually absent 
and, sltho~~gh a few copper or iron stnins nre found a t  placq the 
larger part is formed of white quartz seldom even iron stained. 
Both clrtses in places carry small quantities of gold. This has h e n  
determined mainly by ct~emical memns, for the gold is in the native 
shte and is IIsllflllp in too small particles to k ~ecognized by the eye. 
Pieces of quartz from both the older and the yotrnger quartz veina, 
however, have bepn sepn in which gold was risible. r h p s  from 
different anriferot~s q~tartz veins l~nve  yielded widely varying values, 
but there is no evirl~nt difference M w w n  the quantity of gold car- 
ried in the two groups. .llthough the @Id content of the older 
and the younger reins does not **em to Iw materiallf di#emnt, the 
fact that the olrler ones art! more shihnttered and discontinuous renders 
them an tho whole less adaptable to economic dex-elopment than the 
younger veins. 
Few of the contorted and d~emrecl veins are more than n few inches 

in width and am muallp I~ns-shrrpd. Here and thew, however, much 
thicket lenses have been notetl, ~ n d  Mendenhall calls attention a to a 
canspicuous example r few miles nnrth of Cheenilr, n-Ihich i~ 30 f w t  
by 10 feet by 15 feet. It is dtwcrilwd ns compact and harrcn, and 
exhibiting n brilliant fmct~rrp. Otller large lenses were seen in the 
Darbp R ~ n g e  and in the Rcnd~leben Motirltains, but they seem to 
hold no promise of economically valuabIe rninemls. Mendenha11 also 
nates a vein t; feet wide striking north find so~tth in the sea diff 4 or 5 
miles from Rocky Point. h ~ t  in this rein the quartz was rusty, as 
though aulphides mere originally p m n t  but had been dccompmd, 

The yoanpr qunrtz veins am Icqq sheeared and shattered than the 
rblder veins nlwndy d w r i l ~ ? .  Tt  9h011ld not he concluded, however, 
from this ~tatement that thrp have not k n  ~ulbjerted to  deformation, 
for they are fmrltd ant1 discontinuo~~s. Frnhal)ly Iikc the older reins 
they may hlong tn more than one period rrf fnrmntion, but widence 
concerning this p i n t  is not mnclorri\-P. Thr terms &' pounpr " and 

older '"quertz veins are therefore to  IN regarded as purelp relative, 
though in a broad way the f ~ r m e r  are pre-Palmzoic, whereas the l a m  
a re  post-Paleozoic. Some of the younger quartz veins cut. t h ~  pw- 
Cretaceous granites so t h ~ t  a clne to their age is r Rorded. h'o q~lartz 
veins have been found in the more mmit olivine Ibaselt.4, and thns the 
upper limit of their nge is det~mined.  
Like the older veins the more recent qnartz veins are n~ually nar- 

row and seldom can he Zrnced for long distance. They are particu- 
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larly numerous in the black qu~rtzites and slates of the PaIecimic 
rocks end in that relamtion form an htricate network of veinlets, many 
01 which are only a fraction of an in& in width. Sulphides, although 
on the whole relat.ively unimportant even in the later veins, are more 
abundant than in the older group. They are usuaIIy iron and copper 
pyrite, but plena, amnopyrite, and stibnite are found. The latter 
minerals, however, where found in mnsiderahle quantities, as 
Ornilak and Bluff, are not amdated with quartz veins but seem to fill 
fractures in the country rock. 

Considering the metamorphic area as a whole, it may be shted  
that the mineralization is wid~pread, but that the veins are seldom 
individually continuous. The mineralization is more in the form of 
a stockwork or mineralized zone t h ~ n  in sharply defined single veins. 
Owing to this disseminated character of mineralization the loc~liza- 
tion of ore bodies is not pronounced, and it is believed that, if com- 
mercially valuable deposits are found, they will be more or less simi- 
lar to- the Juneau type of deposits. 

Further consideration of the veins which have k n  p151~pected will 
be given in 8 later part of this report dealing with the economic 
geology of the region (pp. 127-1.36). 

VBCONSOI;[DATED DEPOSITIJ. 

Unconsolidated deposits occur throughout hhe Nulato-Council 
region and are important because some of them contain economically 
valuable minerals. In the folloming section the distribution and 
general charncters of the different types will be described, t h e  eco- 
nomic features being left for separate treatment in the hter chapter 
on the economic geology of the region. For this reason s p i i i c  
description of the different creek gravel% will be omitted here and 
the rnttin attention will be directed to the more general features of 
these deposits. 

Broadly considered, the unconsalidated deposits may be divided 
into two classes; in one cIws the material is practimny unsorted, 
wherens in t8he other the material has k e n  transported, mainly by 
water, nnd deposit4 nt some distance from the place where the waste 
originated. To the first class belong the talus of frost-rivm material 
and kilI~ide waste covering the surface of most of the upland region; 
to the second class beIong the gaveIs of various origins and also, 
for the purposa of this paper, the glacial depasiM, There are p d a -  
tional p h ~ ~ e s  between the two clrlsses, but the main difference on 
which emphasis is placed is that the latter are in the main water 
sorted, whereas the former are not. 

As has already h e n  stated, the main characteristic of this p u p  
of deposits is that they have been little, if at all, affected by running 



water. Some sorting has, of mum, been eRecM by the p~vitat ive ,  
downhill creep of the material, but this is relatively unimportant. 
These deposits are, therefore, normally made up a£ angular materiel 
depved h m  the ledges directly up the slope from the place where 
they are formed, or they are the frost-shattered fragments of the 
country rock immediately beneath the surface. 

Deposits of this sort are particularlf chartlcteristic of the uplands, 
where the strong ternpernture changes sllaw rapid disinteption nf 
the underlying rock. PInbe XI, B (p. 581, shows n typical view of 
this sort af deposit in the granite area north of tha Kminiuk, and 
might IN dr~plicated by pichres from nll pnrts of the field. Of coupe 
the wnste is  not always as coarse ns is shown in this view, for the size 
of the fragments d ~ p n d s  tlpan the physical feahirps of the rmks 
from which the material wns derived. Therefore, in the sandtone 
shale rekons t h ~  f l o ~ t  is in smaller pieces than in the places where 
the bedrock is granite. 

When the di~int~egration takes place on a hillside, ns  sl~own in the 
plate (XI, B )  . instead of on b p  of a hill, t.he waste as it is formed 
spreads down the slope nnd forms a mantle of rack fragments similar 
to that shown on the. hillsides ncrm the valley in Plate IIT, A (p. 223. 
The foreground of this r i ~ w  shnws thc pneral character of this 
wasto sheet on the near side of the VRIIP;V. Ur~ste sheets of this sort 
are um~ally coamr nnd thinner toward the r i d p  and become grad- 
ually finer and thicker towan1 the vnlley floor. 
. The depmits nf r~nsorted rwk wnste are so rlniveml that if they 

were shown on the palofic mnp they wonld obscure rill the 0 t h ~  
patterns: hence they h a w  not bwn rel~resenkd. Th is  coum is fur- 
ther justified by the fact thnt thcy hltw nn economic value and are 
therefore unirnportrtnt. ta the pwqnl study. If.  then, the r c ~ d ~ r  
desires to mproduce the surfnce fratr~res of the Nulato-Council region 
preciwly it would be n-sasy to im~gine  practicnlly all of the ylrpa 

not occupied hp gravels as coverer1 hv the nnmrted deposits, exc~pt  
here and there whcw bedrock o~~tcrops. S~lcll l e d p ,  howeper, prob- 
ably do not form one per cent of the entire nrea. 

DEPOSITS OF TRANBiWRTED BIATERIAG. 

The deposits of transported mnteriiil mey be tlividcd into marine 
deposits? nonmarine, water-l:~ii! deposits, nnrl g l ~ ~ i a l  (Iepnsit~k Typ- 
icaI examples of each of these three dnsws hnve hecn rccngniz~d 
in the fidrl, but tlie pndations between the different claws m d  
thc absence of d~tailed investigations prevent the sep~mtion of 
the three goupc; on the map. The mnrino and the nonmrrrin~ 
water-laid depmits show ~aarnples of depwits formed at  more than 
one time, so h i t  thew two are further divisible into older and 
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younger gravels. The glacial deposits have not bsen so thoroughly 
studied as the others and only one division has been recognized. It 
is by no means improbable that with furthe+ investigation these de- 
posits also might be subdivided. It should be noted that the terms 
" older '' and "younger " refer to the relative age within the p u p  
and that it by no means follows that one of the oIder marine deposits 
is equivalent in time of famation to a particular example of an alder 
deposit of nonmarine water-laid gravels. Such mhed  cornlatiom 
must await fpture investigation. Brnadly speaking, however, the 
p u p  of olcler marine sediments are equivalent in age to the p p  
of older nonmarina water-laid deposits. 

Lithologically the y o ~ ~ n p r  marine g a ~ e l s  present gre~t divemity 
depending in large measure upon the material of which the shore 
line is composed. The topography also exerciws a considerable in- 
fluence on the physical characters, for in the bights between head- 
lands the mnterialzls are fine-grained, whereas near the p&montoriee 
bowIders and cmm gravels predominate. Near the mouths of the 
larger streams the mixtnm of fluviatile and marine deposits is so com- 
plex t h ~ t  it  is  jrnpossible to separate the two. On the present'shore 
line from the mouth of the Koyuk to Cheenik the marine gravels 
present a p a t  diversity, ranging from fine muds to bowlders 10 f e t  
or more in diamehr. Hem and there sea stscks interrupt the con- 
tinuity of the gavels so that the floor on wbich the. present deposition ' 

is taking place is irregular. In the sheltered stretches of the coast 
enormolls qtxantities of drift, wmd, probably brought down by the 
Yukon, are aocurnulating and sre being hrrierl as part of the marine 
deposits. Marine shdla, except near the mouth of tha larger streams: 
are, not abundant in tho deposits being formed at the present time. 
Garnet nnd magnetite sand so common along the beach from Topkok 
westward is alm& entirely absent in the eastern part of the coast line. 

Marine deposits now somewhat, elevated abov~ the position in which 
they wera laid down and consequently helonging to the class of older 
gravels have been found at many places. These depmits are perhaps 
kt shown by the coastal phin east of Norton Hay north of the 
Reindeer Hills. Few sections of these gravels have been made, so 
that their depth and character are nof we11 known. A prospect hole 
near the mouth of the Ungalik was sunk nearly 100 feet without 
reaching bed rock. The fact, however, that bed , m k  outcrops at 
Island Point only a few miles may shows that the floor on which 
thwe sediments have been depmited is uneven. 

On the east coast of Darby Peninsula old sea haves 20 to 30 feet 
above present sea level were recognized ~t R number of places and are 
shown in Plates III, B (p, 221, and XIII, B (p. 66), already described. 
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Mendenhall also observed evidence of former higher stands of tho 
sea, for he says? " On the west shore of Gdofnin Bay r a i d  gravels 
were -med capping the schistose bluffs at Rocky Pdnt, From 
this point westward evidence of uplift is increasingly ~b11ndant and 
consists 'of terraces, high p v e I s ,  and superposed clttrenms3' From 
this evidence it follorrs that at a time not m~note geologically the s m  
s t d  places at  least 25 feet above its prese~it position, so that con- 
riderable areas now dry larid were formerly covemd by the sea. There- 
fore marine-gravels are to be expected inland from the present shorn 
and have been recognixed at mnny plaws Some of them dqposits 
'have, however, been subsequently rc~-orked by the streams, so t h ~ t  
their rnnrine charactem 11av~ h e n  obliterated. There is but little . 
question that pnrts of the p11vel deposits at the head of Crolofnin 
Hay and in tht! biglit bet\\+wn the 3Iirljat11lik and Tmacs Point are of 
marine origin, but the trnnci t ion b~t~v\-ppn the evident marine material 
and the equally evidentnt fl~lvintile p ~ v e l s  is so p d n a l  that no line 
of separation can be drawn witllont numerous &ions not now 

' 

available. 
Not only are there evidencrg of former higher levels of the Fea, but 

n t  Huff  a beach line is tlcveloped wreml f t ~ t  below the present sea 
level so that at  an earlier time the rnnrine gravels did not extend in- 
I:tnd so far as they now (lo. 'I'his emphasims the point that the 
1-arious members of Ithe unmnsoIidnt~r1 marine deposits are not of the 
sa1-11~ age, but that the wa level hns oscillated considerably during a 
long period. 

m B  OBAPELE. 

EF- stream in the region is fomling grnvel depmits and examples 
of *is dass are abundantly representetl. Owing to the scale of the 
map, however, only the larpt- deposits hare bein shown, m that in 
reading the map this fact should l ~ e  constnntly hornc in mind and it 
should also be remembered that even in the bcnrtwater branches of 
the smnllest streams water-transported grnvels nrc found. As has 
filmady been pointed out the creek g r a ~ ~ e l s  may be divided into an 
older and a younger group. These two may so grade into each other 
Ohat no .sharp line of demarcation can be drawn. fn this report, 
however, the lower bench p r ~ l s  up to 10 or20 feet ~bove  thc stream 
are considernd as belonging to the yoanger group. 

The lithologic character of the stream gravels depends w r y  largely 
on the kind of rocks expowd in the \-alley in which they occur. Thus 
in the case of a small stream flowing in a valley earned in only one 
kind of mck the pebbles are entirely of this kind of rock, whereas in 
the case of the 1arp;er streams. slrvh. for instanm, as the Yukon. fl~e - 

eMendenhnll, T4'. C., og. cft, p. 210. 



gravels have been derived from a great variety of different rocks 
outcropping within the basin and show a great diversity of lithologic 
character. So far as has been determined almost all of the younger 
stream gravels are of 1-1 origin; that is, have been formed in the 
valleys in which they now occur. This point, however, requires con- 
~iderabIe additional study, for similarity of rock ttypm and the large 
area covered are likely to give an appearanm of simplicity not justi- 
fied by more searching examination. An exception to this rule is 
afforded by the gsnvtls of Melsing Creek, where grwite bowlders 
derived &om the Rclldelebn Mo~zntains am intimately  dated 
with p v e l s  of distinctly Inca1 origin. 
On the smaller streams the thicknem of the gravel is only few 

feet, but on the larger streemq aspecinlly those that have undergone 
a complex xgeologic history, the grnoels may be mom than 100 feet 
thick. These deeper p v e l s  undoubtedly belong, in part, to tho 
older ones, hut as they p d e  directly into the p=t creek gravels 
differentiation can not be made here, and they wiU be described a t  
this plam. On Mysterp Creek, midway htween its junction with the 
Niukluk and the point where it leaves the hills, a shaft penetrated 
gravels to a depth of 102 feet. T l ~ e  p v e l s  were but slightly water- 
worn and contained small shells in n perfect date  of presen~ation. 
Bearing on this same qtrestion is the fact that in 1906 a hole was sunk 
midway between Rear and I'ox Creeks west of Council in a bench 
d e p i t  n h n t  50 feet above the river. This drill: hole reached a 
depth of 250 fwt, a11 this distance being in p v e l .  Such a depth 
would make the bottom of the hole at  least 50 feet blow w level. As 
Mrmk outcrops within 2 to 3 miles of this place, this thick deposit 
of gravels strongly suggests the probabi1it.y of having k n  formed 
by an earlier stream which carved its channel when the land s t d  
relatively higher with respect to the sm than it does now. 

Another deep gravel deposit has h n  located in the hills west of 
the Hoyuk near camp R l k  At this place a ahaft 192 feet dwp was 
sunk all the way through well-rounded gravels. !I'he bottom of the' 
deposit is a considemblc distance helow sea level and points to a 
c h a n ~  in respect to sea level since the channel was carved. This 
channel mas probably due to the effusion nf  some of the post-Cmta- 
emas I n n s  which obstructed R former stre~m course, but the fact 
that the bottom of the channel is fnr below sea level can t~ explained 
only by amuming that since it wns formed the region has been rela- 
tively depressed. A further description of this deposit is given on 
pages '11&113. 

Although practicnlly nothing is known of the depth of bedrock 
in the bottom of the Yukon Valley, there are many things which 
lead to the conclusion t h a t  the p v e l  filling may in places be very 
thick. This is alm t n ~ e  of the Kopnkuk and of the lower parts of the 
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The geologic significance of the finding of bench deposits at differ- 
ent elevakiions widely distributed throughout the entire Nulnto- 
Council region is that there have been frequent oseilhtions of the 
streams with respect to wa level. Them oscillations may have been 
due in part t o  climatic changes, but in part they are to be accounied 
for only by nssurning movements of the land with respect to the sea. 
Although the presence of benches above the streams at the present 
tima sho11-s that there has h e n  an uplift of the land, the fact that 
some of the larger streams have their rock-cut doors below sea level 
sholrs that the sum of the recent upward mo~ements indicated is not 
at present equal to the sum of the downward movements in the 
recent past. 
A peculiar type of gravel deposit, in part fluviatile in origin, but 

probably nlso produced by other agencies, is found in the basln low- 
lands, such as Death Valley and the Fish River lowland north of 
the gorge. Sections in these basins have not k n  made; and little 
can be Atermined from the examination of their surficial rtspwts. 
Mendenhall states that the Fish River lowland is filled with deposits, 
LL coarse near the borders and fine near the center of the bnsin. The 
depth of this fiIIiilg is purely conjecttlral, but presumably is not great. 
No idfinds of bedrock exist within it, as far as known, but sand and 
gravel prorninences, rising in some instances SO or 40 feet above the 
general ler~el, mre abundant over it, and nre interpreted as remnants 
of R slightly higher level generally &stmyed by the meandering9 of 
the stream." Broolt~ attilout-d the origin of these basins to warp- 
ings nf the cmst, whereby depmssioas were formed, which have been 
subsequently filled. So long as the topography of the floor on which 
the gr?.a~-els rest has not been determined, it seems unsafe to attempt 
an explanation of their origin. The fact, however, that the uplands 
are so abruptly cut off by the lowland suggests that the basin is 
mainly due to erosion rather than to deformation. The question of 
the (]rigin of the bnsin is not important in this discussion, for under 
either view the flats are believed to ha-re been formed by the filling 
of a depression either by fluviatile or lacustrine deposits. 

ONinp to the high northern latitude, many of the deposits are 
permanently frozen, and as the presence or absence of frost in the 
ground has an important effect upon mining enterprises a general 
statement of the distribution of the ground ice may be made. Gen- 
erally the older gravels are permanently frozen and some of the 
bench deposits contain beds of clear ice in places a score or more feet 
thiulr. So far as is lcnown, the presence or absence of trees on the 
gravels is no sure indication that the ground is thawed, for many 

uMendenhall, op cit., p. 207. 
8 l3rnolrs. A. H.. The geography and geology of Alaska : h i .  Paper U. B. Gwl. Survey 

No. 45,1900, p. 282. 
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instrsnm are known of t t w s  of large size growing on frozen ground. 
For instance, at  Xltilnto. ns R t i . ~ c l l  states, a well 2; feet deep went 
through day  and sand herla, wl~icll were froze11 solid with the excep- 
tion of certe in tlry snnrly Inycrs, n ~ t d  yet spruce wns abundant in the 
neightmrhomi beforc it W:IR cnt olP. Al thoilgl~ most of the older gra~rel 
deposits are f ~ O Z P I I .  tl14nr rlmr the presrllt strenms are usually 
thawed. Whether this rondit ion i s  clue to the brtter clminage of the 
present stream arar~lti ~vl~i(nl~ prc \ .~ l~fs  tlw formntion of ice is not 
known. There is n strong si~gpst ion, IIOITCYC~,  f hilt the frozen mnrii- 
tion is due to pnst clirnntic co~~trolc; and is in n wny rin inheritance 
rather than a process now i n  progl*css. This possibility rrceivs  snme 
alpport from the distriht~tion af ground ice in  the ~ n ~ r i n e  gravels. 
In the present beach deposits p ~ r r l l ~ ~ ~ ~ r n t  fraqt is rit~lrrlown, whereas 
in the older ones it is almost ~~niversally present. 

Q l ~ c i a l  deposits 4 r ~  limited tn t h ~  1no11nt~in rqions, nnr? thcm is 
strong reason for b ~ l i ~ r i n g  Illat tile Sulnto-C:oluluiF repinn has not 
been covered by u lusm ice sheet i n  snffiricnt ly r~cent  time to Ilnl-e 
had any effect on the p.cner~1 topogrnplijt nr nn thr anconsolidnt~d 
deposits. W e ~ r  the Bendclrben nnd D ~ r b y  higl~lnntls, how.cvcr, them 
are indisputable evidcnccf; of f o r ~ ~ e r  valley glac.ii*rs of the nlplnc 
type. Deposits formed by kltis n p n r v  nre of t I l r~e  kinds-in one 
the materials are unwrted ilnrl n r e  rlu~npcd in irrcgulnr llcnps cseen- 
tially as they were rlepnsitctl when tht! icc m e l t ~ l  nmay : in nnotller 
the glnciers oktnrctwl the normal tlrainnp, snrl i1111s formed l n l r ~ s  
on which icc-rafted bon-ldrrs 15-ere trnnsportml nnd rlepositecl ; in tho 
third the morainic material wns tri~nsportetl nwr-sy fmnt the melting 
ice by water end so, althollgh originating t l ~ r n u g l ~  dncinl nction, the 
present form of the deposits is rharncterid.2ic of stream deposit inn.. 

A particularly ctenr example of the unsorted morainic material 
has Imn  rcporterl It?. Hrr~i;ltn~r i l l  the Pargon Ri~-er. valley. At 
the edge of the rnountnilts where the dwntn d e t ~ o ~ ~ c l ~ e s  into tho Fish 
River lo\vlnnrI n long spur nlm the east sicle of the ~ n l l e y  marks the 
margin of a fernier glncicr. \\Test of this stream, nenr the same place, 
the Iom dividt! twtn-wta thr Pnrgon z~nrl CJphir Creek is also formed 
of morainic rnwterial, with small kettle holes or depressions irregu- 
larly Ristributsrl over its surfl~cr. Farther np Pnrgan River a 
rnornine fmrn 3icICelvie C~~ccl; cstpllrls out into the main valley nnd 
shows chnrncterist ic: rnarninic topngrnphy. This snme conditiorl is 
also true of Helen, Dccntur, n i ~ t l  1nxrl-y of tha other tributary creeks. 
The nhencc of f rontnl m o r n i n ~ s  marking the. recesional stages of 
Ithe main gtcier is probnblp l o  be esplninerl bv ass~tming that, the 

-- -- 

ntlaeell, I. c., op, ~st., p. 119. 
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material was washed away by the .water from the melting ice and not 
allowed to accumulate. According to this interpretntion, part of the 
g r ~ v e l s  of the Fish River lowland and of I'argon River are of 
glncio-flavistile origin. The presence of grnnitc bowlders in the 
grnvcls of MeIsing Cmek is probably dne to this period of glacis- 
flrrviatilr, activity when the ice stood sufficiently far south to ~ l l o w  
a d i sc l~~rge  from its front across the low divide at the head of McI- 
sing and Ready Bullion creeks. 

I n  tho uppPr Nirtlcluk Valley, near Mwnt Bendeleben, glacial de- 
p i t s  mere abserverl, in 1908, on both the north and the ~ 1 1 t h  sides 
of the: range. Mornines tire also reported on Baker Creek and Oregon 
Creek, so tl~rtt glncinl phenomena are okrvable throughout the 
Bendeleben Mourrtnins; bnt the oonsensus of opinion by all obrvers 
is that these glaciew wcre never very extensive. 

Aronnd the higher p n h  of the Darby Range there are also st'rong 
evidences of local glaciation in the pad. Marginal moraines, however, 
have not been recognized hcyantl the front of the Bills ~ n d  it is prob- 
able tllxt they mere not de~>ositecl. Whether their absence means that 
they were not aIlowcd to nccurnnEnte l)ccausc of the rapid removal of 
ddbris by the water flowing from tho front of the glaciers or whether 
thc ~ C P  did not extend hyond the front of thu moinltuins has not been 
determined. 

Near camp C13, where the branch of the Etchepuk makes an abrupt 
angulnr tun1 from a soutliwest to R northwest cuum, there is sbnn- 
darlt evidence of a morainic. ridge which is probably rwponsible in 
port for the sharp bend in the stream. Although thew is no clear 
proof of the conclnsion, it is bclieved that nt one time there may have 
h e n  n rliscb~rge o f  this hrnnch by way .of tho 1Cwiniuk basin. Al- 
though the cvic!ence is conflicting, there is a posibility that the Fish 
Rivcr 10wI~xld A ~ S O  may IH: due to glaciation, but this intcrl~rethtion 
requires much mom detailed investigation md is advanced with many 
mserva tions. 

That glnciation has considerably modified the topography within 
parts of the Durby I ianp  by tlthe deposits of glacio-fluviatile mate- 
rial is well shown by the ridges south of camp Cll, which form part 
of the Etchepuk divide. TIIPR ridges are mainly due to the work 
of glaciers that brcupied thr valleys on eeihcr side, but the presence 
of water-worn oohbl~s intimately amisocinted with angular ice-trans- 
ported d6bris shom*s thnt bolth ngcncics wcre operative in the deposi- 
tion of the material. From t h ~  topography it seems probable that 
this morainic d e p ~ i t  accumulated, as is indicated in fig. 7, where 
the tongues of Ice are represented by CC, with nunataks, or idmds 
of the underIping rocks (AA) , wpnra ted by 10nr  saddles now filled 
with mamines (BB). The elevation of the top of the morainic 
mnteriaI above the floor of the present stream is about 400 feet.. Kast 
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of this point and farther up  the ridge there is no evidence of glacial 
deposits, and bare rock ledges outcmp. 

of these examples of glaciation have been taken from the west 
side of the range, the one to  which the main attention of the party 
of 1909 was paid. Apparently glaciation is more notable on this 
side than on the eastern, for Mendenhall says: a " Many of the higher 
areas have not been examined in detail and i t  is possible that small 
local glaciers may have existed in the heads of some of the valleys, 
but no evidence of their existence was gathered during the summer, 
and views into the mountains from 
levels but little below their highest 
points revealed no forms suggestive of 
ice work." 

AGE 03' UNCONSOLIDATED DEPOSITS. 

A consideration of the unconsolidated 
deposits as a whole indicates a great 
diversity of age, represented by the dif- 
ferent types. It is not possible as  yet 
to correlate these various deposits defi- 
nitely, but in a broad way they are more 
o r  less closely related; the larger part - - 

are ~ u a t e r n a i ~ ,  .but probably none are F'pz': 7 b ; D ~ ~ ~ ~ ~  sz':",l 
older than the upper Tertiary. From Etche~uk divide. (A,  ROCBY 

A 

that as the maximum age they grade i::kxBC: gf,":"~;8.,"iF$1 de- 
down to the present day as the mini- 
mum. ~ s s u m i n ~  that the period of maximum glaciation was practi- - 
tally contemporaneous in the northern hemisphere, the glacial 
deposits already noted may be regarded as Pleistocene. Certain 
bench deposits contain mastodon and ~nanimoth bones, which show 
that they, too, may have been deposited during Pleistocene time. 
Gravels containing bones of this age have been reported in the Buck- 
land Valley, near Candle, on Ophir Creek, and along the Inglutalilr, 
where they are numerous. 

From the accounts of Henshaw, the well-recognized moraine, a t  the 
point where the Pargon River leaves the hills, has been deposited on 
top of the gravels of the Fish River lowland. Whether this means 
that all these gravels are older than the glaciation or whether the 
recognized moraine may only be one of the recessional stands of the 
ice ~ f t e r  a much farther southward advance has not been determined, 
so that no statement of the age of the two types of gravel can be 
made. From the meager evidence, however, i t  seems probable that 
these gravel-plain deposits are in part contemporaneous with the 

a Mendenhall, W. C., op. cit., p. 208. 
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glacial deposits and in part older than the period when the ice stood 
nt the point where Pargon River leaves the hills. 

Concerning the age of the marine gravels there is considerable un- 
certainty. Direct observations in this actual area reveal no evidence, 
but from analogy with better-known parts of the peninsula there 
are grounds for regarding them in part, at l e d ,  as late Tertiary. 
The evidence bearing on this point is as follows: In the coastal plain 
near Nome, which topographically resembles the coastal plain east 
of Norton Bay, fossils mhich, according to Dall, are of Tertiary age 
have been found; fwthermorc, glacially striated mcks at Nome in 
the upper pnst of ihe deposit indicate that this part was contem- 
poraneous with the period of glaciation. In  other words: the lower 
part of the coastaI-plain deposits may be Tertiary and the upper part 
Pleistocene: and perhaps still more recent gavels  rest en top, depos- 
ited as the furmer sea bottom emerged from the water and took on 
its present relation to sen level. As hns h e n  alrendy pointed out, 
however, a long time is requireti for the various oscillations of the 
coast, so that the murine deposits have a considerable range in ago. 

From the foregoing descriptiou of the various rocks in the Nulato- 
Council region it is cvidcnt that the structures they present are cem- 
plex, Already the fxcta have been brought out that there are a group 
af metamorphic rocks mhich were dynamically deformed before the 
laying down of thc Cretaceous sediments, that the Cretnccous rocIrs 
have themselves bcen folded and deformed, and that, labst of all, 
there have been undcfomed lava flows and gravel deposits. It is 
thus evidtmt that at least two periods of mountain building and 
deformntion have affected the older roclrs, and that their present 
distribution and characters are the resultants of these perhaps op- 
posed actions. These actions have produced enormous dislwation 
and folding, which can only be vaguely renlizecl and which can not 
be represented in section except so diagrammaiictllly as to obscure 
the facts. Furthermore, precise details of complox structure can not 
be gained on an exploratory survey. It has seemed best, therefore, 
not to draw cross ;setions with the appearance of finality, but rather 
to call attention to the geologic maps (Pls. V and TI, in pocket), 
from mhich sections may be constructed. In this way the hypothet- 
ical condition will be more clearly discriminat4 from the actual facts. 

The large scale structural features of the region are folds and 
faults. Many examples of each were observed in the field, and many 
others must be ~ s s ~ ~ m e d  in order to explain the areal distribution of 
the various rock groups. In the areas of metamorphic rocks the 
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structure seemed to be sirnpIe in places where orltcrops were scarce, 
but was found to be very complex in places wbcrc outcrops were fre- 
quent or continuons, as, for esample, along (be wnconst of the Darby 
peninsula ; profound disturbance alone cot~lrl explnin the facts there 
revealed. In the nrcns trf post-metamorphic roclts, on the otherhand, 
the structures, nlthougl~ deformed, showed I:~rger scaIe nnd conse- 
quently less complex wlntions. For this wason the two nwns mny be 
treated more or Icss independently. 

The folds and fwllts proclnced by the post-C~.etaceons deforma- 
tion are most strollgly mnrlierl in the Sulato-Sorton I3ny region. 
T-lere t,he predominant stnlct r ~ r e  trends northeast-so~~thwe and is 
v e v  pronounced. This F ~ P I I C ~ I I P  has I~acl a r i l sr lr~r l  cffrct tlpon the 

Fmoet 8.-Dlncrammntif nrbcilon w ~ u t  of Trnvrrrc l'cak. 

distribution of the topographic f c n t u l . ~ ~ ,  stlch ns ridges and valleys, 
which arc dominfintly parallel to this direct ioo. Although the trend 
of the ridgm is undoubtedly due to the stri~cture, ihe surfacc in no 
way corresponds to the surface of the old folcted structrrre; for, 
although Rome a€ the ridges nre anticlinnl, nlnny nre synclinal. Sllch 
n conditioa, of course, would not be proclncnl n n l m  long-coo tinued 
erosion hnd dissected the hills. In the pnrt of the iliride between the 
Yukon and the Sorton Bay dr~innge nenr Trnrersc lrexlc the stme- 
tuw is distinctly antirlinal, bt~t. the present sorfi~ce of the hi1 Is must 
lm many thouwnd fwt below the former surfnrc. Fiplre 8 shows 
in diagrammatic fashion the observations made enstwnrtl from near 
the forks of the Jnpl~~tnlik, 2 miles below cnmp T38, to the top of 
Traverse Peak. The ohservetl dips are indicated by tho heavy lines, 
whereas the implied consequences a1.e shown by dotted lines. In  this 



figurn the vertical height of the structure is ~~ndoubtedly somewhat 
too p a t ,  for faults of greater or less disphcement are to be expected. 
While, therefere, the dingram is not to be tnken too l i te~aI1~,  it indi- 
cates that nn enormous cover has been removed; hence the divide is 
an erosionnl rather than a constlr~ctiond fcntur~ .  In illis connection, 
it sho~tld be pointed out that the thicknr~q of the Shaktolik p u p ,  
indicated in this diagram, can not bc tulren as ilidicating the total 
thickness of the cover, for  the top a€ the poitp is not e x p d  near 
the forks of the creek in the bowl of the syndine, and there is no 
evidence as to the distance to the upper surface of the group that bas 
been mmoved by erosion. 

Considered in a brond way the region from the Duckland-Kimalik 
divjde enstmrrrd to the Raiyuh Hills is p-~cl inal ,  the foIding hsring 
n general northeasksouthwest trend. It is complicnled bp numm1ls 
folds and faults, so that when extimined in detail i t s  larger features 
become obscr~red, and in genera1 i t  shows n rim of the oldest Creta- 
ceous racks near the margins, with younger rocks toward the center of 
the spnclinorium. In the central part of the area the post-Cmtaceous 
deformntion has h e n  expressed mainly by folding, but t o w ~ d  the 
western part of the region. a t  least, faults of enormous throw e r n  to 
have resultwl. This f ~ c t  is clearIy shown by the relation of the Un- 
p l i k  conglomerate new the Tubutulik This block, isdated from the 
r e ~ t  of the Cretaceous ares hp a belt of schistose m k s  of Paleomie age 
or older, nppesrs ns R. down-faulted remnant of the former extension 
of the TJnplilr con~Iomemte of the E& Fork of Hopk River. Sa 
nlw the Cretacmus area west of the mouth of the Koynk seems to 
be an inwt block of sandstone dropped down so f ~ l :  that the con- 
glornernto which shn~~ld  underlie it is not -sea. The nbsence of 
the conglomerate nt this place shows conclusively that the beds 
cmld  not have been folded into th6ir present condition, but must 
hare been insot by f n u l t i n ~ .  No edirnnte of the displacement repre- 
sented by thia fault wns obtained, but it wns at least rnrtny hlmdred 
feet and was possil>lp ~ w e r n l  t11011,lrsmnd feet. 

As m e t e d  in the precedin~ paragraph, it is believed that many 
if not most of the Inrger Pa~zlts in  the ares dominantly occupied by 
the Cretaceous rwks were prodnced m t  the same gmeral perid as 
the folding in the central part of the region. Folds passing into 
faults are well-known phenomenn, nnd it w m s  reasonable that where 
the defamation wns p e n k s t  the Eada worrld be more apt to rupture 
and produce faults. Thnt the reg-ions otitsiside of the p a t  Cretaceous 
area mere the most uplifted is indimted by the fact that sediments 
of this age hbave been removed by erosion more extensively than in 
the Nulairno-Norton Ray region. It is not beliered t h ~ t  the abFsence of 
Cretaceous rocks ovtr mucll of the area of met~morphic m k s  which 
form the rim of the present basin is owing to their not ha\-ing been 
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originally deposited there. The reamn for this hlief rests on the 
inset blwks on the Tubt~tulik and at the Ramparts of tho y ~ ~ k o n  ns 
well as at many of the less n-ell known lwalities. It wpms thnt t h m  
blocks point conclusi~-e1y to a former madl greater extpnsion nf this 
m k  system, which hns been p d a a l l p  d e c ~ . e n d  ns erosion removed 
the Itiger parts snd esposecl the 1leder1pin.g n~cks. As to the posi- 
tion of the former sllore line of the milximum extent of the Cretn- 
cmus sea there is no known 01-i-idence, and it is dol~btf ul whether proof 
can bs obtnined, as ercsiwl Iins so estensi-r-ely removetl the traces. 
To retnrn to the faults i n  the Cretaceous area-it ]Ins been wg- 

gested thnt many of the larger faults Elare been the res111t of the pmt- 
Cretaceous deformntion, and the reasons for this belief hnva been 
stated. AlthougI~ the validit!. of this arprment mny be qnestioned, 
RS it rests so much on hypothesis, there can be no doubt thnt certain 
faults belong to this period. Kurnerous examples were observed 
along Shalrtolilt River where closely nppressed folds have been 
broken nnd faults have b p ~ n  prodncecl by the deforming forces. It. Is 
a notable fact well drown I y  tbe excellent exposures along the canyon 
walls of tho Sl~aktolik ibnt, n-here the deformation is most inten=, 
as indicated by iflc clo~c folding, faults are mod. numerow. Of 
course, it is only at  intrrvals t ha t  the age of these fnults with respect 
to the folding m n  bn dcterlnined by direct ohmation. T h e  inti- 
mate relation, howev~s, of fi~ultinp to srens of close foIding snd the 
observed passage of folds into f n ~ r l t s  mnke it nlmost certain f l a t  much 
of the folding nntl f ~ t r l t  ing were contempornneo~rs 

That there h11s been faulting in the Cr~taceaus area subsequent to 
the main period of tlefomntioi is clearly shown by the fact that 
fanlts hnve Seen okrretl otttinp fht! post-Cretnmns dikes which 
form apophyses of t h ~  Chrisf mris nlot~ntain intrusion. - Faults of this 
age were observed near camp Alfi, nn t h ~  T7ngnlilr, and there was 
erjdence that larger rno~.emcnts I~sd tnken plnce elsewhere. It is 
to be borne in rni~ lr l ,  hon-evrr, tlmt tllc opportunities for obtaining 
data on the age of the fnults are infrequent, nnd i t  is by no means 
improbable that fnnlts IR ter thnn the po~t-Cretaceous deformation 
may be more conlrnan and witlcspr~atl t llnn tlio single faulted area 
noted indicat'es. So far ns Irnown, hon*evcr, it is ccrtain that none 
of the later faults exercise n clired effect on the pcrsent topography. 

As has already been painted out, the ptario(1 of post-Cretaceous 
deformation was one of monntain building, nnd its effects mere not 
confined to the Cretaceous area between t ho  Yukon nnd the K o y ~ k ,  
but were extended to the already greatly deformed rockfi of Seward 
Peninsula. Traces of this folding may still 110 recognirkd in the 
dominant north-south treud of many of the structnres. An illnstr- 
tion af this trend is seen in t h ~  band of Paleozoic m,Ics along the 
east side of the Darby Range and also in the various limestone bands 
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west of this range. Althongh this direction is also the trend of the 
Darby Range and of the highland of the Buckland-Kiwalilr divide, 
the roclrs in Both of whicli nre older than the Cretaceous, it seems 
probable that this form is a post-Cretaceous feature, so t ha t  the 
intrusions were not controlled by this structnre. According ta this 
explanation the Darbg and the KiwaIik hills Are due to the post- 
Cretaceous deformation, and the fact that. the igneous rocks of the 
two areas are not continuons or aligned gives support to this inter- 
pretation. It is not intended, however, to assert that these hills 
necessariIy nlnrk the axes of the deformation, for it is believed that 
these areas are highlands mainly because the rocks of which they are 
formed hnve been strengthened and made resistant by the intrusives 
which characterize them. 

A dificnlt~ in the way of the acceptance of this interpretstion is 
the undeformed character of the granites and other igneous rocks 
of these areas. Although on the face this is a vital objection, the in- 
controvertibIe fact that these rocks form the bowlders in the Ungalik 
conglomernte makes them certainly older than the post-Cretaceous 
deformation. Either, then, these rocks were unafleected during this 
period of mountain building or else they passed through it without, 
marked folding and shearing. That a belt of rocks, averaging in 
width only about 6 miIes and nowhere over 12 or 14 miles wide, 
ehould have withstood pressirres great enough to fold perhaps 
tl miles of Cretaceous sediments into great waves as one mould fold 
the le~ves of a magazine is almost inconceirable. It seems far more 
probnble that the cleformation that occnrxed in this pnrt of the field 
was characterized by faults rather than by folds. According to this 
explanation great blocks practicaIIy undeformed may have hen  up- 
lifted and oriented in rt north-wuth direction without having been 
folded or without having had prono~rnced shearing induced. 

With such pronounced post-Cretaceo~rs deformation noted so widely 
throughout the region, it is evident that the untangling of earlier 
structures is possible only by the most detailed invstigntion. Inas- 
much as sncll studies have not yet been made, it follomw that interpre- 
tations arc to be regarded as tentative and as indicating the kind of 
structures to be especterl rather than aF: stating the prkcise structure 
a t  any 10c~lity. In order to emp11asize the complex char- 
acter of some of the pre-Cretnceous deforrnntion a few examples of 
field observation may not be out of place. 

Plate XIII, A,  shows one of the closely rtppressed folds in the 
immediate neighborhood of the Ornilak mine hnd very clearly illus- 
trates the point in band. This illustration is, of c o ~ ~ m ,  only one of 
the smaller folds, for, as is  indicated 1 1 ~  the hammer, which is about 
18 inches long, the outcrop is only aborit 10 to 12 fket lligh. It should 
also be noted in this view that although the folded character of the 





beds is very dearly shown in the central and left-hand portion of the 
picture, the beds on the opposite sides of the axis in the right-hand 
portion are so nearly pamIlel that except under favorable conditions 
-of exposure the divergence might be tlttrjbl~ted to minor faults or 
might even pass undetected. 

Where the beds are so closely folded it is evident that it is very 
difficult, if not impossible, to distinguish betn-een the two or rnore 
periods of cleforn~ntion I;no~rn to have affected the region. Fw 
instance, the fold shown in Plnte SIII, * I ,  has n strong pitch to the 
west-thrat is, away from t!lc point of view. TT'hcther this is 
due to the same deformation whick o~erthren~ the fold toward the 
north (to the right) or whether the or-erturned fold has itself subse- 
qnently bePn folded paralleI to a north-south axis is not Imown. Figure 
9 shows in diagrammatic mnnner the conditions probably existing at 
this place, the right-hand part of the diagram representing the part 
of the area shown in Plate SIII ,  A .  As thenortl-r-so~~tl~iolrlsof the 
post-Cretaceous deformation are the latest mountain building in t1.0 
region, it folloms thnt the 
east-west trend noted in the --A 
vicinity af the Omilnk mine 
preceded that period and 
was later deformed by the 
forces proc?ucing the north- 
south trend. On the other 
hand, jt is ,,-,tir.IS lrithi,, FIGCUE L-Diagram showing folding in  two dlrec- 

tlons. 
the bounds of reason to sup- 
p s e  that in n perid uf deformation such as that which folIotved the 
Inying damn of the Creteceuus deposits the dynamic forces would not 
lx equd over the entire awn;  hence the sag shomn in the diagram 
might occur at a place marking inequality of the deforming force. 

If7hntever the f ind  determination may be as to the origin of this 
strlrcture, the fact remains tllnt it is by no rnenns uncommon in the 
region. The irregtrIar distribution of the different formations seems 
to suggest a structure of this kind. For instance, if the present 
erosion surfom be indicated b!- n plane passing through thp dotted 
line AA in figure 9, it is evident that the limestone bed BE would 
be exposed in the field bp two isolated o~~tcmps in which the fold, 
if it was as closely n p p m d  as the one shon-n in Plnte XIII, 4, 
wonFd probably escape tletedion, owing to the close parnllelism of the 
two limbs 
The reverse of the condition & o m  in fipre 9 might also mur 

where the field relations w ~ n l d  be RS thot~gh the dingram were looked 
at upside down ant1 the erosion snrface were dill represented by the 
dotted line AX. Under this contlition only the synclinal bowls where 
the racks had beell folded down Iowest in t h ~  Iatest period of defurma- 



tion would be preserved. This condition might, of course, expm 
either anti'clines or synclines of the earlier period of deformation, 
so thnt n. single observation would afford no condusive idea of the 
relations. 

With ench subseqtlent folding some of the e~rIier ferttures arre 
obliterated and stn~ctares formed in the previous period of deforma- 
tion become contortecl. Plnte XTIT, R, shows a limestone outcrop 
about a qrlarter of a milt, nbove Dntch Creek on Ophir Creek in the 
Council region that ht~s very evidently been folded RO t h t  now the 
dominant structure is stnnding verticnl. When. this exposure is 
studied in rletttil it is evident tI i t t t  the thing which has h e n  folded is 
a, preriot~s cleeawge and not the bedding. In plrtces, of course, the 
bedding. corsespolirls to the clcavnge, but in this picture it is evident 
that it is a c l a r ~ g e  thrrt has been folded. This indicates that two 
periods of foltlink havo trken place; in one the cleavage was pr* 
duced, and in anoi hcr it mns folded. 

Extlmplcs of this twofold structure w e  to be seen in, all parts of 
tho field nnd are not limited to nnr particular kind of m k ,  except 
that two ~t~ruclurcs are never seen in the later igneous rwks nor in 
the Cretaceous -sediments. Evidences of two structures are particu- 
larly notnble in the schlsts and limestones, but the black quartziw 
of  ihn Pfilaazoic rocks seem to have fracturd rather than folded in 
t,he pad-Cret~ceous period of deformation. Usually in the schists 
the lnter folding is recognized by minor transverse plications. The 
mrrll ltnnd specimens are the miniatures of the larger features, and 
the renson for the difficulty in recognizing the larger ones is the 
complexity of the structure and the abence*of clearly distinguish- 
able horizons in the schist complex. On the 1,200-foot hill east of 
camp C4 almost every piece of float gives striking illustration of 
this double plication. 

Of the existence of the two periods described there can bo na doubt, 
for they have been recognized not only in this field but in many other 
prts of Sewad Peninsula. Moffit, who studied the region t~ the 
north where the m k s  atre similar in many respects to those found 
in the southeastern part of the peninsula, says: a 

Thls complex Itbe metamorphic granp), both sedimentary nnd lgneaur In 
orinin, was nffecterl by the two movement9 mentioned, which ncted In very 
dlfTemt directlona. One produced a structure la which the nxen of the folds 
exteed in an east-wet directton, and i s  most plnlnly m p m W  in the uplift 
const!tntlng the Kiglnlak and Rendeleb~u mountolna. * Thls sagt-west 
atrncture correqmnds in the direction of its fold8 wlth the main Nructural line8 
of the whole of wetern .Ilaskn, and Is ht?licrerl to hare k e n  pFDBnced before the 
deposition of the enax M s ;  that is. hefore CrPtncPonR or lower Tertiary time. 

The second movement rwnlted In the prodnctlon of doIda whose axes have 
a general north-south dtrection nnd are the dominant 8tructoml feal~~re of the 
northern portion of the peninanla. 

.Moat, F. H.. The Falrhavea $old placer& Seward .Pralnauln, Alnnlra: Ball. U. 
Geol. Survey KO. 24'7. 114b3. p. 86. 



RORWN BAY-KUWTO REGIOB, ALASKA. 93 

It has already been suggested that t l ~ c  schists which underlie the 
Paleozoic m k s  were probably deformed prior to the deposition of 
that member of the stratigmphic sequence and that the later rocks 
lie unconformably upon them. This is a difficult thing to prove and 
is a d v a n d  tentativdy, There is no place 11-here the underlying and 
the overlying rocks ncctr so intimately associaterl t h ~ t  the possibility 
of faulting is precluded, nncl. although the underlying roclrs ore 
much more schistose nnd apparently more deformed, there is nacw- 
sarilg the rrnwrhinty as to the weight, that shonld be given to this 
evidence when applied to lithologicnlly different roclrs. In spite of 
these objections it is believprl that there --as n period of profound 
pre-Silurian deformntion. Definite proofs of th is  event have been, 
in the main, rernavcd by t h ~  two sribsequent of mountain 
building, but the const ant greater metnrnorphism of the supposedly 
older schists, the field rel~lions nf thp, two groups, and the presence 
of certain structures in the older schists not  folir~I in the Paleozoic 
rocks lead to the conclnsion t h n t  tllcrc \YRS n period of prs-Silurian 
deformation. 

If this hypothesis proves to bc corrttut, i t  follows that an ex&- 
ingly complex nrranprnent nf the litholnpic membem of the older 
scbists is to be expected, and t halt the f i n ~ l  determillation of the suc- 
cession in that group mill h nccornpli~h~d with the utmost difficulty. 
For the purposes of this p~per. howcr~r, it will be sufficient to  p i n t  
out that the effect of esch period of deformation has been to make 
the distribrltion of the elder rwks more nnd more irregular, and, if 
the term may be applied to distribution, smnller " textured." As 
to the trend of the deformation of the oIdest folding, there are no 
data available on which to h s e  even an npproxirnntion. 

HISTORICAL GEOLOGY. 

To one who has folIowed the preceding c1wription:ns wit11 geologic 
insight the successive events which occurred in the recfion h ~ v e  
already been given. As the facts for making a relative chronology, 
however, hnve been scattered khrnugl~ many pnges, it. seems desirable 
to collect these details into sequentiaI order which shall give an 
epitome of the geologic h i s t q  of the Nula €0-Coancil region. 

T h e  oldest recorded event from which a stai-t cnn be made mas the 
laying down of qattrtzow ancl cnlcareons sediments over much of 
what is now weshrn Lilaslzn under presumably marine conditions, 
No de6nite age for this el-ent can be given. It mas, hnwerer, un- 
doubtedly earlier than the Silurian, From the evidence secured by 
Kindle in the Pork repion of meFitern S e w a d  Peninsula, vhem the 
Ordovician and Upper Carnljrian seem to form a continuous rela- 
tively unintenuphd wquence otdying  similar rocks, there is same 



warrant for considering the old&. rocks ns pmibly pre-Cambrian. 
This suggestion as to the age is to be regarded only as a working 
hypdhesis and is by no means definitely prored. 

iifter the deposition of these sediments there were probably some 
veins formed which am now reprewnted by the knotted md contorted 
quartz strings found in the older schists. Either coincidmt mi th this 
 ena at ion or following it, probably the latter, a period of motrntain 
building enwed in which the quitrltzose and mlcareoua sedimerlts 
prerionslp d e p i t e d  mere canmlids ted and deformed and cleavage 
was probably de~eloped. Erosion fo1lowed and sediments from this 
old land were carried out and deposited in the sea. This proce.~ 
must haw continued for such a long time that the highlands were 
reduced by erwion nnd the region s~~bsquentlp became depressed 
b~Fow the marine rmters, for the mks formed of the waste thus 
w a & d  from the land were apparently deposited unconformabIy 
on the underlying rocks. I f  the tentative assumption of the pre- 
Cambrian age of the oldest sediments is correct, this period of mwn- 
k i n  building m y  mark the gap betwem the Paleozoic nnd the pre- 
Paleozoic. in this period undoubtedly many oscillations and minor 
defomntions may h a ~ e  occurred which are now unrecognizab1e. 

After the period of mountain building the material eroded from 
the land mass wns deposited in the marine waters off the coast. 
The land from whiclz this waste was derived was remote from 
the area under consideration, for the sediment derived from it that 
now covers part of Seward Peninsula was laid down ~s limestone. 
In the Nulat~Council region this deposition corresponds with the 
laying down of the Paleozoic rmks. In the western part of the penin- 
sula, kowerer, as has already been pointed clout, there are limestones 
containing Cambrian and Ordovician fdssils, and as there is no known 
brealr between these limestones and the Siluri~n-Devonian-Carbonif- 
erous ( 1 )  rocks of this region it is nssumed that the period of d ~ p -  
osition may have continued practically aninterruptedly from the 
Carnbrinn t o  the De-conian or Carboniferous. During most of this 
time limestanes were being laid down, but the intercaJation of highly 
quartzose carbonaceous sediments, such as those now found near 
Monnt ICwiniuk, indicate movements of the sea floor and changes 
in relation to the source of waste supply. 

After the deposition of the PaIeoaoic rocks there wag probably an 
uplift, for the next event recorded was the intrusion of greenstones, 
same of which formed surface flows. Such flows could hardly have 
taken place while the limestones were being laid down, and it is 
therefore necessary to believe that a part of Semard Peninsula was 
at that time dry land. This period of greenstone intrusion was well 
marked tl~rwgh many parts of Alnska and has, been recognized not 
only in Seward Peninsula, but also in the northern part of the 
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Koyuhk, in the basin of t l ~ c  JIeLlzitn~. and in  the Kaiyuh hills. If 
the extrusions of greenstorle nlnterials took plnce on Iarid they m~rst 
ham unconfomnbly overlain the older rocks. In the Nulato-Norton 
Brty region none of the effu4m t y w  were recognized, but fadher 
west effusive cl~nracter 11-as stro11pl;r s a g x ~ t e t t  hy tlre expnsurm in 
t,he SoInnlon-Ciwadepa qantfranples. 111 tile central Y~tkon region 
the age of the g-reenstone iutrusion is Devoninn. For this reason it 
is possible that in the determination of the fossils from the scdi- 
mentay rocks ns either D~voninn or CCnrbonifcm~~~, preference shol~ld 
be given to the older rather thnn the ? - o n n ~ r  q s t ~ m .  Tn the Copper 
River region and in sotztheasten~ ,llnsk:~, 011 the other Ilnnd, n p ~ r i d  
of greenstone efltlsion h a s  ~ P I I  cle~crit~tr? YIS Cnrlmni forous or Inter, so 
that correlation by nnnlog is incnncltisi~-P. 

With the intrusion of the ' ~ P I J P ~ O I I P S  tthcr~ ITRS some locnl or con- 
tact metamorphism of the 1-0~1;s I hc?* pcn~t  rated, but the ~ f f c c l s  were 
slight. There wns alsn tl~r fnr~nnlinn of wmr wins. htat many of t h ~  
older veins wem nlrentJy in t 1 1 ~  P~~leozoic sorl;~ lwfom the intn~sion 
by the greenstone, for in plr~rrx the wins  tlm r ~ b ~ ~ i p t  lp cut off hy the 
later mlt. IF'ith tho g~rmlstonr prollnbly 11 Ijtt la anincralizntian WRS . 
introduced, but its effvcts llpo~l the mcl nl l j  lcrous ~.esources of tlls 
region were sligl~t. 

After the formotion of i l r  ~rrmstoncs n pcriod of mountain build- 
ing ensued in wliicl~ LIw pt%vioaslp fonnetl rocks mew ~netsmor- 
p h m d  clynarnicnlly nnd profolmdly fnnltrd nnd folded. W h e n  this 
occurred cnn not h t d r l  wit11 tlcfiniteri~ss on-ing to ille uncertainty 
of tho ages of the Pnlcozoir: ~.orlrs ~ n c l  the pwnstoncs. From the 
evidcncc, nffordrd by othrr pnrtfi of Alnsl~n thew are two dates to 
which the deformation mny rcnso~lmblp lx wgigned--one i s  in the l a t e  
Devonian, and the ot her is in the enrly pnrt of the Mesozoic. If the 
Dcvoninn instent1 of tlie Cnrboni fclmiis ngc, of the rcdirnentsry rdrs  
is ammcrl,  it foTIo~cs tbnt either of tllesc periods will f ~ l f i l l  the 
~ q t ~ i r e m e n i ~ ,  of the field critlenrc. If, on the ather hand, however, 
the upper pnrt of t11c rleposits i s  Cnrboniforo~is it is evident that the 
period of n~orltllnin build i~tg fnllowing the deposition and consolida- 
tion of tha Palmzoic scdimer~ts and their intrusion by ihe p e n -  
s tone  m~rst llnre hen  the m e  occurring in the M~sozoic. No con- 
clusive evidenm on this point has been obtainecl, and the question 
must, still remnin nn open one. 
As a resltlt of the rlcfomation, the rocks mere clenved and fnlrled 

and probably high mountains mere formed. A s  soon as they wepe 
formd, emisifin Iwpn to wenr them down nnd to transpod, the mate- 
rial bward the sea. S n  rlenr idm is possible of how long this pmc- 
w contin~~ed uninterruptedly, for the only p ~ r t  of the Mesozoic 
represented by stratified r ~ l i ~  in this field is C.retnccous. An intclr- 
ruption occurred some time rrfter tlls rliounbin bu i ld i~~g  and prior 
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to the deposition whereby igneous activity became dominant. Thwo 
ia no evidence as t,o whether during the early p ~ r t  of this vulcanic 
cycle the region mas land or was beneath the sea, bat for the purp-oses 
of the present report this is not of great importance. 

The first recorded intrusion of this perid was the formation of 
diorites, which were subsequently intruded by granites, and these in 
turn mere intruded by other diorites. Although these various phases 
could not hnre been formed within a short time of each other (for 
each nf them had cooled and consolidated mfbciently before the next 
s~~cceeding intrusion so f hat  they broke into angular fragments), 
from R geo1ogical atnndpoint they were closely associated in age and 
may Im consid~red as a unit. Evidence as to the age of these rocks is 
afford~d only by analogy with other parts of Alaska. In the Mut- 
nnuskfi-Talkeetnrt, re@on of south centril Alaska, ICnopf and Paigc 
cleterminecl the n g e  of the p a t  pnodiorite-diorite intnwiona as 
Iater than the Middle Jurassic and earlier than the deposition of the 
late Jrrrasic ~ t r a t n . ~  The Wrights in southeastern AInska stated 
that, although the date of the major period of intrusive nctivity (the 
time of the Const Range intrusion) was in doubt, it continued at lcast 
until In te Middle Jurassic tirne.b 

Although long-rnnge correlntions of this snrt art- cIearly liable to 
gross ~ r r o r ~ ,  the absence of other data is srificient justification for 
tentatively accepting the only av~ilable facts a t  hand. C)n this 
assumption the most reasonable nge det~rrnination of the intrusives 
of the Dmby and BendeIehn mountains is that they are Middle 
Mesozoic. 
In the section dealing with the descriptive g e n l o ~  nf the pm-Cre- 

taceous igneous rocks it was stated that in the Kiwalik-Buckland 
divide there were ancient effusi-r-es along the flanks of that highland. 
It is prnctically inconceivable 'that: effusive rocks of geologically the 
same age as gran~tlar intrnsives shoulrl occur in contact with those 
intrusives. The prannlnr roclrs by their texture require rclntively 
slow cooling under considernble rov,vrr. It' follnws, thcrefow, that 
u~hen the intmsives of the Kiwnlik-Buckl+~nd highland were injected 
there had been R considerable tliiclrn~sn of strnta over the region, 
which wns removed before the effusion of t h ~  older llavn~. No pre- 
cise measure of the time r g u i r ~ d  for eroding the superincumbent 
mks cnn he made, but it mast have taken R long time. After erosion 
had e x p d  the plutonic rocks of the mid-Mew~~ic ,  andenitic lnvas 
were extruded. 

During. the latter part of this period this portion of &ward Penin- 
sula, at  least, must have been lantl. Grndual submergence occurred 

881dnw. and Kngrl Adolph, GmIoglc recoaanlesan'ce In Mataaumkn nnd Tal- 
Ireetna basins. Alaska: Bull. C. S. GeoE. Surrrr ?to. 327, 1907, p. 20. 

eTTrIcht, E B. a d  C. IT., Kctchlknn snd tVrang~l1 rnlnlng distdcts, hlaaka: Ball. 
U. 8. Geol. B a w e j  KO. 347, 1908, p. 76. 
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' md rna~ine waters beat against. the shore forming a heavy conglom- 
emb which, a s  time n-ent on and the shore line pdaall_v e n c m l ~ e d  
farther and frirtlber on the lnnd, was buried in the deeper parts of 
the basin by finw d i m c n t a  -it no time, howe~er, was the water in 
the b~sin very deep. for rnttd-ff at rnnrkings and cross bedding nra ob- 
servable a t  many plnces Probably 177 s h p  more or less eqnal with 
the filling of the lmsin with rletritus the bottom sank untiI a p a t  
thicknw of ~ d i r n m t  -as deposited. Where the farthest encroach- 
ment of the sea on the lnncl mrnrred is not known, but marine waters 
must have corered tllo Iarpr part if not the whole of what is now 
&ward Peninsuln. Xn this =a the deposits accumulated and covered 
the preexisting topography t h a t  hnd not been effnced by the beat of 
the sea upon it. 
The geoIogic np of the scdirn~nts deposited during this period 

is Cretncmus. As hns tllr~atly been stnted, on, page 56, the Ungdik 
mng4omerate at the base rnny be Lower Cretaceou~, but. the upper 
part, or Shaktolik group9 cnntnins no fosils other Lhan of Upper 
Cretaceous age In othcr pi\rts of hlnslcn there has been reported a 
pronounced bmnk between the Fpper and t.he h w e r  Cretaceous and 
the two are in uncomfomnble rel~tions. I n  this province no bre~k 
was noted. I f ,  however, suhequent stl~rlies should sham a period 
of dia~t~ropl~isn between the 17pper find the T ~ w e r  Cretaceous i t  
would seem rather concl l~~ive ~r ir  lence that t IIP Ungsllik conglomerate 
is of Upper Cretaceous n-gc, for the fossil evidence which seemed to 
indicate a Lower Cretnceom age is r e v  wenk. Under such conditions 
tho Lower Cretaceous would be represented in Sewad Pdnsula by 
the erosion intern1 s t  the base of the r n p l i k  cnndomerate. 

Succeeding the period of Crelnceoas deposition wss the lnst epoch 
of mountain building. Dp this deforrnntiot~ enormolls folds and 
faults were p~oducd mhicll must hare mnde mountain ranges of 
great height, There is no Jitvct evidence ns to the time when this 
folding mcnrred. From nnnlogy wit11 othor pnrts of Alaska, hom- 
mer, it is horn  that there are t mc possible n p s  to which the epeiro- 
genic movements may be referl~d.  In son tllwestern Alaska the Kenai 
or upper Emne is ~~nconfornlnble on the I;pper Cr~tncwus.~  This 
~~nconformity is marker1 by n break in fnunns rn th~r  thnn by mountain 
building, but the fact that in plnces t i l e  licnni is known to rest di- 
rectly upon the Jurxsic indicatm n Iolig period of changes. The 
other period to which the p e x t  orfigcnic r n f i v ~ m ~ n t s  nf tile post- 
Cretaceous may be referred i s  later than the tIefnrmation of the 
Kenai. There is but little t o  sllow mhicli of tllrse is tlic cormt cor- 
relatian, for there is no Kenni in the rcgirion a t a d i ~ l .  lvith fu l l  

aBtsnton. T. W., and MarHn, G .  r., The N ~ ~ z o i c  s~cttnn on Cook Inlrt and htsaka 
Penluaula : Bull. Cwl. Soc. Auericn, wl. 16, 1905, l r .  410. 

71469'-Bull. 448-11-7 
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recognition of this uncertainty it is beIieved that a pre-Kenai age for 
the period of orogenic movement, which cZwed the Cretaceous deporsi- 
tion, fits more of the known f& than any other interpretation. 
According to this hypothesis the larger outlines of the geology of 
western Alaska were marked out More the Kenai and the sediments 
of the htter period were deposited mainly on the eroded rmrface of 
the earlier rocks md m o d y  as fresh water deposits. 

After the greet post-Cretamns deformation, intrusion of granular 
radcs, such as those of Christmas Mountain, oceumd. It is unaafe 
to assign a more specific age for this p r i d  of volcanigm than the 
middle Tertiary. Whether the mountain building wns closed before 
the intrusion is not definitely proved. The fact that mme of khe dikes 
from the Christmas Mountain mass are fatilted shows either that the 
deformation h d  not entirely ceased or that the dikes were formed 
at a later time. 

With the conclusion of the period of granular intrusions and of 
the great post-Cretaceous deformation, the region as a whole has k n  
a land area subjected to erosion which bas continued down to the 
present time. An enormous arno~~nt of erosion is Indicated lbefore 
the next recorded cvcnt in the history of this complex region. As a 
result of this erosion velleys were cut rand the region was r e d n d  
from s mo~~ntainous country to  one having something like the present 
topography. Then volcnnic ndivity began and continued spasmodi- 
cally from tho later pnrt of the Tertiary almost down to the present. 
The recent basaltic lavas of the Yukon and of the Koyuk and its 
environs benr witness to this period. As has already been pointed 
out some of these l a m s  are so recent that they averlie the gravels of ' 

the h'osapngn basin, whereas others are so much older that they stand 
nt 1cnst a litindred feet nbove tho present streams, which have carved 
their vrllleys through them. 

Mnny of the laws flow clown the lowIand areas of the preexisting 
topogr:lphy. In thesr! depressions they were mnsequentIy thicksr and 
have  lier ref om h n  less thorougldy mrneved by erosion. Fivm the 
distribution of the residual patches*it is therefore possible to recon- 
struct in a mcasure the former topography, and it is from this recon- 
struction t h ~ t  one is able to state that much erosion must have affected 
the stn~cture produced by the post-Cretaceous deformation before the 
effusion of the lnvns. 

TVhilc the volcanism was in progress, erosion stiU continued over 
much of the area and the highlands me= degraded and deposits were 
formed off the coasts. The erosion, however, did not proceed uni- 
formly, for there were undoubtedIy movements of the earth's crust 
whereby certain parts were uplifted and others d e p r e d .  On the 
wlrole, however, these mol-ements were gentle., brond, regional uplift? 
and were not acute mountain-building deformations, Bemuse of 
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uplift movements the streams were a t  times forced to cut their chan- 
nels deeper into the bed rock of their rnlleys, but at other times, 
hcause of depmion, they found the mlt floors h a  deep and were 
forced to lay down some of the waste they wem transporting, nnd 
thus aggrado their coumes. C h a n g ~  of this ar t ,  however, did not 
exercise any considerable effect on the form of the region except to 
mluce the relief consistently. 

After erosion and deposition had been in p r o p s  for a long time 
a change in the climatic conditions resulted whereby glaciation of 
the valley type was developed in the highland nrens. Apparently 
thik event took place mhm the sun1 of the preglacial movcmerih~ had 
malted in the region standing relatively lower than it does now 
with respect to sen level nnd grade level. The main result of tho 
perid was to Smur out the mountain valleys arul distribute the w a ~ t a  
thua formod beyond the nm;l occupied by the ice. From fmils asso- 
ciated with the deposits for~lled at  this time it seems prohablo tllat 
this occurred in the Pleistocene, vhicli mas also the period of maxi- 
mum gIacintion ~ I I  other parts of the northern bemispfrcrc, 

As the vigor of glnci~tl conditions abated, the glaciers rewded into 
the hills nnd firi~Ily disappeared. A long tirnc, homcvcr, is required: 
for this process, ns is shown by the various rnorizines in the I'nrgon 
Valley and olscwhere in the mauntain region. All this time deposits 
of glacio-fluvintilc, fluviat ile, ond marine origin were being fornierl 
in the areas not occupied by the ice where the conditions mere fnror- 
able. Lava flows mny also' have occurred at this same time in the * 

arms not occupicd by the ice, 
With the clom of glncial conditions oscillations of the crust similar 

to those preceding thc pesiorl of glacintion again become evident. 
It is not intendcrl to inlplp thnt ll~ese oscililations ceased during 
glacial time, but the evidpncc is sn okcnred thnt the movements mere 
not mgnized .  The geriernl res111t of t h a  postglacial uplifts has 
been to raise the region sclrnemlrnt nbovc thc r~lat ive position it occu- 
pied during the Pleistocene. .Ipparently, Ilomever, the sum of the 
recent upwerd movements 1111s not yet equnlecl the sum of the earlier 
downward movements, so that the floors of many of the larger streams 
are, still b low sea level. The pnernl  recent uplift is shown in the 
sock-wall& shallow canyons it1 which mnny of tho strenms flow. 

Although the late Tertinry to Recent movements have been dde- 
scribed as remrlting in certnin general conditions, it should be dis- 
tinctly understood t hnt theso movcr~~cnt~a were such that whiIe depres- 
sion was taking plam in one part of Ihn region uplift may have taken 
place in another. I-Tence it Hppenrs that deposits a t  the same eleva- 
tion above or below sea level are by no means syncl~ronons and may 
be entirely unrelated in origin. Contempor~neit~ of the various 
deposits can only be deternlirlcd by careful and detailed investiga- 
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tions of the region. Inasmuch as many of the problems of econo~nic 
importance are connected with the c o m t  correlation of the different 
deposits, it is necessary that such correlations should be searchingly 
investigated and not be based on superjicial examination or upon 
apparent similarity of factors known to be variables. 
In order to summarize the history of the region as debrniined 

the table shown in figure 10 hns been prepared. It is at best but a 
graphic representation of the facts already given, and has the disttd- 

M r n b r i m F :  - - - F a l e o ~ l i e  dimentation 
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,#/' /-- .- * 

,lur&c&:- -- -- Granite and diorite intrusions v;:-- 
,..,'-.F,rosion 

1 .  
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hmne,  e- -:------ M~mttt iOn -.---_ 
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_/-- - Miome--:----- -_ .'&ulting 

-* 
- - - W i n  

_/-- ~ l i ~ ~ ~ = ; - - - - - b d t  effusion -- - 
'- h i I l a i o n s  

<I- 

Froonlo 10.-Dlagrarnmatic aummarg of ~ w l o g l c  hlbtorg-of Nulato-Council rcgiou. 

vantage of giving an appearance of finality to the correlations, mme 
of which the text has shown to bo founded on insufficient data; for 
these reasons it should be regarded as a summary and should not bs 
used independently of the text. 

ECONOMIC GXOLOGT. 

In the preceding description of the areal geology of the region it 
has been sllown that east of Koyuk River the country is formed of 
late sedimentary rocks that are little if any metamorphosed, whereas 
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t.he region to the w e t  of this s t m m  is predominantly one of schists, 
Iimestones, and igneous rocka. So far as has been indicated by 
mining in contigrows nrcna the metnmorphic rocks ulw those in which 
deposik of gold may tw sought. with some prornim of succ-, wherms 
the unrnetarnorpltosed sedirn~ntnry rocks fire the ones in which, de- 
posits af eoul may be found. 

PLACERS. 

GOLD IN AnEhl OF UNMEl'AMO~I'I~ORWT) RFInThlENTB.. 

C03PDfTfOXS W PLaOEE FORHATIOFT, ' 

In the unmetamorphwd wdimentnry d~posits the chances of find- 
ing economically importnnt gold depmits nrc mle~tivelp slight, except 
under local conditions. The Cretaceous nnd Tertinry deposib, the 
unmetamorphosed sediments, mere formed nf rn~terinl eroded from 
tho earlier roclts and deposited on the era floor nnd in estuaries nnd 
marshes in essentially the same may tlmt sediments nre being de- 
p i k d  at the present day oiT the coast. Some of the presnt-day 
sediments, however, are auriferons, and it might Iwl asked why simi- 
lar placers should not IN found in the older sdimerrtary deposits. 
Gold placers-should occur in the h'ulato-Korton Bay region under 
conditions similar to t h e  prerniling in the coastnl plain at  Nome, 
but them nre fern places where similnr conditions exist. 
'In order to make clear tlze different. conditions in tho two regio~ls 

i t  is necPMarJr to p i n t  out the salient facts concerning the prodllctiv~ 
placers nf the m s t a l  plain-for instance, those at Nome. A diacus- 
sion of the character of the surface of the hed rocks is omitted as 
not important in bringing out the point. of the  following pnragrnph. 

The known placers are not more than 3 or 4 miles from the old lnnd 
from which the sediments were derived ; the depth of gravel covering 
the bed rock is wldom over 100 feet; t.he gravel is as n wholo fairly 
coalse; the rich potand occurs in ancient beaches, which mark concen- 
tration by the m ; nnd the country immdintely adjacent to the rich 
placer is heavily min~mlixetl. Cansidcr the physics1 and gengraphie 
conditions which t h ~ s e  Iricts entail. Fimt, the short distance from 
the ancient short! lino su~gcsts thnt  the gold did not travel far m- 
ward from the plnce whvrt! i t  might lrnve been formed. This is, of 
eoume, a conclusion mhicli would have been reached by anyone awns- 
torned to tile nction of gold in a sluice box. It might be safely asumed 
that in general the fnrthcr from the source the less gold there mouId 
be, other conditions I ~ i n g  equnl. Evidence of the proximity of 
the placer deposits to the old land is shown by the second criterion, 
namely, that the depth of gave l  is  geldom over 100 feet. This con- 
dition, like the preceding, is valuable in &abIishing the nearness of 
the gold to its source. The third fact also i s  of value in further 



establi~hing this conclusion, but it is also important as showing that.' 
the agencics by which this material was transprtd were of suficient 
&ren@h to prmirt considerable sorting of the gravel and thus to allow 
concentration of the particles of gold. As the coastal plain placers 
are found along old strand lines it foIlows that in order to make a 
de-pmit of e c ~ n ~ r n i c  importance it is necessary to  have a marked con- 
centration of once dikseminnted particles. It is, of course, unneces- 
sary to hnve this concentration efiected by the wa, for stmrns would 

' 
do it equally meII, as is shown by the numerous creek placers. Per- 
haps tlre most import ant condition which must be fulfilled in order ta 
mnke rt rich placer is the presence of a highIy mineralized a p t  in'the 
more or less immediate vicinity. TCJithout this, the other conditiohs 
are ineffective. 

It has also been pointed out by others that certain physiopphic 
conditions are essential for the production of placers, such as long 
m t i n u d  subaerial erosion foIlowd by rapid sweeping off of de- 
tr i tns by revived dminage. As the physiographic history of north- 
western Alnska has not yet, been worked out in sufficient detail to 
permit the applimtion of this criterion it can not be critimlly applied 
in this dim~sion.  

If now the Nulato-Korton Bay region is consided in the light of 
the pwmiw enuniernted above i t  at once becomes evident that few 
af its conditions are andogous to those enumerated. It is two that 
I here are places where: the Cretaceous basin is in immediate contact 
with the old land. This has been proved by the extension of the Lrisnr 
conglomerate from near - the Tnbntulik northward along the end . , 

side of the Buckland-Kiwalik divide. The conglomerate was noted 
nlso by Mendenhall" &I the Kobuk, from which plma i t  swings south- 
eastward. It was recognized, although not correctly correlated, by 
Schmder on'the Koprllnlk and by Dxll, and Spurt- on the 
Yukon, and was correctly comlnted by Maddren on the near 
the Meloxitna. 
In the belt mupied by the heavy conglomerate ths deposits were 

certainly near enough the shore to permit the formation of plltcers, 
but the physical conditions under which this conglmorate was de- 
posited do not seem to have been well suited to tho nnlmking of gold 
from bed rock. Instead, tbe bowldew wcre riven from sea cliffs 
and were strbjected to trituration rnthcr than to  decomposition or dis- 
integration, and whatever gold may h ~ v e  bean in the m k s  was sa 
abraded before it was deposited that it undoubtedly formed flour 
gold, which would be much more widely disseminated than flske or 
shot e l d .  Furthemore, over n consideraMo part of the region - where the basal conglomerate mas secri by the survey party the 

*MmdenknIl, W. C., Reconnalsoaam from Fort Aamlln to Kotzebue Bound, AlWkU: 
Prof. Paper U. -1. Eurvef 30. 10, 1902, gp. 8641.  
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country m k  forming the old land shore line against which the sedi- 
ments were deposited consisted of limestones and igneous rocks. So 
far as i8 known from a careful study of the known placer camps 
farther west, practically no gold is foulld in the limestones and none 
is known assmiated with the ,asnnitea or otllcr i p o u s  roclra. It will 
he seen therefore that in the shorewnrd portion of the metamorphic 
area the impomnt condition of near-by highly minernlized co~rntry 
m k  from which the sediments were derived is wanting. It is be- 
lieved, therefore, that search for commercial placera, althongh not 
entirely out of the question in the conglomernte nrea, is to bc dis- 
COWL@, unless the, field evidence shows the existence of conditions 
othor than those generally encountered in the basal mernhr* 

Over the greater part of the Nr~lato-Norton Ray area it has been 
shown that the lower member marking proximity to the old sllora 
line is not cxposed. It seems probnble that through this. port of the 
region tho deposits are rn~~ch  higher geoEogicaIly. From the physical 
character of the wdiments nnd from the strtletures obwrved, such 
as cross kdding ,  it seems certain that the higher geological members 

FIODRE 13.-M&gmmrnatlc cma. ~pcl lan of thrr Nulato-Norton Bey regton dnrlns C w h -  
m t r n  { l ~ r n l t i o n .  

were deposited in relatively sl~nllom wnt~r .  This fact, however, d m  
not mean that the deposits rwrc nenr the old land of metamorphic 
rocks. Figare 11 shows in dingmmmntic mnnner the conditions 
believed to have prevailed in the Nnlnto-Norton Bay region. The 
metamorphic rocks to the left in the figl~ro lnny be taken to represent 
the schists of Seward Peninsula, nncl those to the right the r ~ ~ l z s  nem 
the Melozitna; the intervening nren i s  the Nulnto-h'ortan Bay region 
at the beginning of Cretaceous deposition, with sen level indicated by 
the line AA. At this ~ t n g a  conglomerntes nTcre laid down close to 
the shore of the old land and snndstones find shale toward the center 
of the basin. Gradually depression toolc place and continued at  mch 
a rate that the surface of the deposits wns always within a short dig- 
tnnm of ma level. It is evident, therefore, that if this depression 
continued until the surface of the deposits nnd the sen level stood at 
the line BB, no part east of C as far as D had ever h n  close enough 
to the metamorphic area, which is assumed to have &err the source 
of mineralization, to have rweived any notable amount of gold. Con- 
sequentIy, in this part of the region, unless subsequent folding ex- 
posed rocks at  the surface outside of the part included within the 



line GI), the prohnbility of finding auriferous depwits is slight, a d  
then only i f  the old land area from which the sediments were derived 
was suffici~ntly mineralized to nflord placer gold. 

It has been the object in the preceding prtrttgraphs to point ont 
that on tho whole the chances of iinding gold in the area of unmeta- 
morphoscd rocks are slight. From the fact that only under exmp 
tionnl conditibns nre valuable deposits likely to be found it seems that 
the ordinary prospector for gold sllould be warned against spending 
much time in the region cmal of ICoynk River. Xot only does this 
condnsion *em sound from a theoreticnl stnndpoint, brrt it was 
learned from prospectors on tho Jnglulalik that they had been from 
that river eastward to beyond the Gisnsa and hrul not bwn able to 
rnise n ~inglc  color of gold, 

It is not ille purpose of this warning, however, to n m r t  that no 
gold will be found in I l ~ c  region, for there aro three conditions under 
which tlcposils mny bc f o ~ ~ n d .  The fimt of these conditions, already 
descrjb~l , is that the unmetamnrphosetf pcdimmts con~iderwl any 
llava been orifiinnlly deposited a t  no p e n t  distnnce from the shore of 
n rnineralix~l nren of metrlrnclrphic rocks. Such deposits might be 
found nt several pluces, eren in the rnidtllc psrts of t l ~ c  basin, if sub- 
sequent deformatinn broeigl~t the, underlying mcks ap to the l e d  of 
erosion. As R n  exnmple of this condition map be cited the area of 
rnctxrnorphic mcks which appear between Kn~ik und Koyz~lr rivers. 

The second condition which mi$ t permit the formntion of valuable 
gold plncers in thc Nuhto-h'orton Bmy region is long continued con- 
c~ntrntian of the mntcrinl. either by qtwnms or bv the wmn. Con- 
centratinn of this sort mny Ilavc bwn effecter1 eitlwr during t h ~  time 
the sediments were k i n g  cleposited or at a much later time. Through- 
out the p~r iod  occ~~pierl hp the deposition of the srr~lds and p v e h  
the region mas apparently undel-going nlrnost uninterrupted depres- 
sion, so thnt, althotrgh there was sorting by water, it wns nowhere m 
effective as i t  would have been if the region 11nd been one of aIternnto 
erogion and deposition, as the consla1 plain nt Noma has been. Tn 
other worrls, tlre ancient placers at  Some seem to havc! been sub- 
jerted to a t  least two periods of concentration, wherens the doposih 
of tile other region seem to have undergone but one. Since cond id*  
tion, the sandstones and shales of the Cretaceous have been eroded 
by the streams and n prexnt day concentrntion is being effected. 
Some of the reported goId placers in the Yulton basin are probably 
due to this sorting, but they may have been formed by original sorting 
before the consolidation of the sediments, for little is known about the 
deposits. 

The third type of locality where search for gold plmers or lodes 
in the area of nonrnetamorpbic rocks mould be warranted is at  thoae 
places where mineralization has occurred since Cretaceous times. 
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Such places are, ~ ; o  far as known, cIoselp associated with the areas of 
intrusive. igneo~ls meks. The effusive rocks or 1a1.as of Tertiary- 
&cent age do not seem t o  h n v ~  bro~~ght  an7 valuable min~mls, and 
therefore placers or lodes due tn  post-Cret:~ceaus mineralization are 
not to be stxiglit in thane nrms mlwrc only these rocks occur. 
Intrusive rocks later thnn the Cretxceolls hare been noted a t  but 

two places, although a mare detailed investigation of the urea tin- 
doubtedly might rcstdt in discovering others. The two places where 
these later granitic rocks hnve been examined by the Survey pnrt;v 
are at  Christmas Mountain. enst of Kngalik River and at Ronnnzh 
C e k .  From reports of prospectors it seems thnt the plncer-b~aring 
gravels of Anvik River mag have h e n  derived from n sinrilar area 
of intnlsire granitic rock. althong1:h too little i s  lcrlown of tire geology 
of the connt1-g to ndvance this interpretniioi~ mnrc thnn tent.ativ~lp. 
Spurra in his summary of the occurrence of gold in wuthwcstcrn 
Alaska says : 

The &d In tbla region is by no m a n s  so nbnndnat n R  It Is along the b d t  
of the Yukon mnticline, w h ~ r e  the  ancient ~11 i s ta  bvStli thetr lnclo~ed qnnrtx 
~ e l n s  are found. The mmlocpnTiz~tion of so;outl~mmtern Alrtalcrl i~ uP a Inter dilte 
and not so intense or wIdespmd. Wlthitb the  nrpn ~xntul t~er l  hp the wrlter's 
party I a e  summer (1SnS) the Tnnlrlllo JFonntn ltm law ur~rlouhtedly the chtet 
s&t of mheralizatlon, and this nppenra to he d l w t l y  llp[~erhd~nt tlpon the fnct 
that thewe rnouutnins hnre AIM been the chief sent of Intrunlot~ of lmeolrs rockaa 

Bonanza Crwk is the only strewn kwtwcm t h ~  Kopuk and the 
Yukon where placer mining hns k n  sacmafi~l lp carried an. This 
cre& is only about n mile long, hilt rnli~es Ilnfrc b ~ n  found almost 
the entire length of its coam,  and, from tl~c? chnrscter of the gold, 
they seem to Ix of distinctly local origin. Cfolcl \vns originally dis- 
covered end staked on this cwelr in 1399 by Tllon~ns IIioon ~ n d  his 
part,ner. The absence of writer and the bonlti t hn t the Semard Pen- 
imlrt placelr; were having pr~v~nicd nny considernblc dcv~lopmant 
for the first fern yenrrs on Bounnzn Crwk. After the lower claims 
had changed hnnds several timw they mcrp bougl~t by the Yelsons, 
who have since h e n  the most intlastrious n t i n ~ r s  there. O t h ~ r  rnineri; 
have held grotrnd on No, I and So. 3 ub0-r.e Ille Discovery dnim, and 
some work has hecn done for tlln lnst two or three pears. I t  is hard 
to reslim that during the bmm dnps of this camp nenrly a hundred 
men rushed to the creek, and several road houses and three or four 
saloons were in oprntion, for now the creek is practically dewrted, 
and only four or f ive  white men are living there. 

 purr, 3. E-, Rccoanalssnace In ~~~~~~~tern Alaska in 1898 : Twentieth Ann. Rept. 
U. FI. Om?. 8nPrey. pt. 7, 1 A 0 0 ,  p. 201. 

* I f  I s  eftrpmrlf doubtful If tbr iatrnafvm of the Tordrlllo Mountains are ~ t - C r e -  
tacwua. .s tbr sedlmrntsry mka they cat are Jurassic or older. 
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At fimt the creek claims were the ones from which the values wem 
obtained. On tbe lower claim the pay streak was 400 feet wide, brlt 
it narrowed upstream and at the northern line of No. 1 above Discov- 
ery the width was only about 75 feet. The gravels are typically 
river wash in form m d  consist of material. from near-by rmks, 
although some of the pebbles were undoubtedly derived from higher 
level gravels which were not of local origin. Bed rock is rt much shat- 
tered black slate or shale, on the whole rather thinly laminas and 
not so quartzose as the blacIr quadzitic dates of the Paleozoic sec- 
tion. Tllc slates are cut lrrg igneous kml~s of the grranite family. 
An exposure of one of Ihe intrusive d i k ~  m u r s  a short distance north 
of the cabins at the junction of Bonanza C d  and the Ungalik. 
Herr! the dike i~ npparcntly a b u t  10 feet wide and shaws by its 
undeforrned character that it was injectad subsequent to the period 
of folding and fnulting of the slates. It trends obliquely to the 
sletea, hnring n sirilre of K. 5" E. nnd stnnds verticnl, It is heavily 
iron stained in places. This iron is probably derived from the decom- 
position of wlphides, some of the unaltered material showing pyrite 
in microscopic sections. 

Above thc stream on the northeast side of the valley is n bench on 
mhich gravels have been found that are highIy auriferous. After 
the exhnwtion of the creek p v e l s  attention was turned to  this high- 
level grolmd, and satisfactory returns hnve been obtained from it.. 
Aneroid rcadingr; give the elevation of the bench as about 80 feet 
above Honanzn Cmk at the cabins, but some gravels have k n  found 
t ~ p  to nn dentinn of 150 feet abovc the strenm. The gold on the 
bnches is medium ma- and of a dark rsddish color. None of it is 
black gold. Several nnggets mere seen thnt had mill pieces of 
quartz nthchecl. From the owners it was learned th& the larffest 
nugget tnkrn f i n 1  this creek was worth nhont $21. The value of 
the gold is high-that from the lower claim k i n g  rcported as worth 
ahoilt $19.25 an ounm, nnd some fmm higher up on the creek and not 
from bench ground assaying from $19.05 to $19.15 nn ounce. 

Concentrntes from the l ~ n c h  ground show a @ deal of mapetite  
or black mnd. Some of the fmgments nf this mineral mere as much 
as one-fourth of an inch in length. Together with the magnetite i s  
also ilrnenite or the oxide of titnnium and iron, which is nonmagnetic. 
Onmet or the s+calId " mhy " mnd is prsct.ically absent in 411 
parts of the creek. This was to l~ expected, for none of the rocks in 
the neig1:hhrhd show any such development of this  mineral as is 
the caw in the Seward Peninsula p1acp.m Some float pieces of anti- 
rnonyare~~~~SionallyfoundinthegravelsofBonsnz~Creek. . 

Bonanza Cmk has sr~ch a small supply of water that the e*c- 
tion of the gold from the gravels has been a serious problm. In 
the early days the sepntion was ammpliched by the use of rockers, 
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nnd even dt~ring the summer of 2309 this method was still in nsg 

on some of the creek gravels hnlf a mile or so n h v e  the mouth of 
the &msm. The dimvery of gold in the high benches called for a 
supply of wnter at consi(1crnI)lo olevation. Ilitclles except of such 
length as to lm prohibitivr ia cost were not fc'r,nsiMe, and the experi- 
ment of pumping wnter from TJngtllik River mns r~sorted to. T I T o d  
cut in the neighborhod af  tho mine3 wna used for fr~el. Althoirgh 
no figures are available ns to tlla cost of the ~vntcr deliverer1 on the 
ground, it seems that the fnct thnt this method was p ~ ~ ~ ~ i l l ~ l d  l~nt i l  the 
claims were worked out is suficient proof tbnt the owners were satis- 
fied with tho projsct. 
T%Q method of work was to m n k ~  cuts nt intervnls nt right angles 

to the trend of the old channel. In them trenrh~s sh~im 1)me.s Irere 
p l a d  in such manner that their lower end dischnrgrd townrd 
Bonanza Creek, 711e nbrupt cliff flmt OCPIIPS nt the edge of the 
loench deposit offered pnrticulnrly fnvornble topopnphy for the dis- 
rharp of tailings on the lowcr p ~ r n d  so thnt the  1n1.y~ wortld not 
h w ~ m e  choked, nnd this wns tnken ~dvnntnge of. The wnter pttrnpcrl 
in two lifts was delivered to the nozzl~s on the Iwnch ground and tho 
gravels and overburden werc mashed lhmtrgh the slnirt! holes. ~ l f t ~ r  

, the gravels had thus h e n  sluiced off, thc kc1 rock was tnken up by 
hand and cleaned. Tn places ihrea fmt of the ra tlwr nngulnr blocky 
slate had to be picked up to reC0vc.r the pay va lnes, b11t over much of the 
bench ground it mas  nticessnF to tnke np only from 12 to 18 inchcg. 

Dt~ring 19W tho last of the bench nnd creek grorlnd ncrlwst the 
mouth of the c m k  was exI~anetcc1, nnd thc boiler nnd p~~rnp were dis- 
mantled and put inta condition to be shipped amny ; the lower claims 
may now be 'repded ns worked out. Good bench placer p u n c l ,  
however, continued from the end lint! of the claim, and the next 
upstream claim ~mdoubt~dlp con2 ains valnublt! deposits. During the 
enrly part of 1909 the owner of this mns cngnged in building 
a small ditch from the upper p3rt of Bonanza Crept to bring water 
to this bench. The mal t  mrno~~nt of wnter available, however, makes 
it probable thnt the operntions mill be much hnmpered. The bench 
p n n d  is frozcn, and either a drong head of water will be required 
to brcnk down the gravels or else the owners will be forced to resort 
to thawing. 
On the fourth claim nbove the month of Bonanza Creek little 

work was accomplished during 1909 nnd that mainly of a prospecting 
cheraeter. The rrntlstrallp dry season made this part of the stream 
practically dry by the middle of Jnly, and the only gold taken out 
rnm by means of rockers. At this place specimens of gold in a black 
grnphitic slate were seen. This occurrence suggests that the ckrbon, 
which is abundant in the slates, may have been effective in causing the 
deposition of the gdd. 



At the mouth of Bonanza Greek some gold has been found in the 
gravels of Ungalik River. Several rather shallow holes have been 
put down in the river flats, a few scare yards nartb of the mouth of 
Bonanzx Creek, and good prospects have been reported. On the 
whole, however, the tenor of the graveIs of Unplik River is low, and, 
although occasion~l 5-cent pans have been found, the average indi- 
cated is so low that the ground could not be worked without labor- 
saving devioes capable of handling large qurtntities of gravel at a 
low cost. The gold is reported to be irregularly distributed; rich 
pw1iets separated by intervals of barren ground are to be expected, 
which condition is not one calculated to encourage the development of 
large undertakings. 

The other placer where post-Cretaceous mineralization ~pparently 
dssociated mith'igneous intrusions has been reported is at Chrigtms 
Monntain. Scorm of lode cIaims have been staked on this mountain, 
but, with t,he exception of a little sulphido mineralization, few indi- 
cations of profitable veins have been disclosed. Ln spite of the ap- 
parent absence of lodes that would warr~nt  extensive development 
it is believed that tIlcre is n. disseminated rninernlization in t.he 
vicinity of this mountain thnt might justify searcl~ for placess in the 
neighborhood. From the reports of prospectors it was learned that 
colors of gold had been fwnd in hhe gravels of many of the streams 
hending in this mountain and draining either into the Ungalik or 
the Shaktolik. Several placer claims have been &itked on C h r ' i a s  
Creek, which e n h s  tlw Unplik 3 to 4 mile? north of camp AlG, but 
no mining hns bwn done. - It wern probable that the inaccmsibility 
of the region would malce i t  unprofitable to warlr any: .but a rather 
high grado placer at the pr~sent time at this place. 

It is further reported lhat  stibnite (antimony sulphido) float has 
been foimd on the divide between thb Shakhlik and,,the UngaliIr, 
about 4 miles northeast of Bonanza Creek, an the slopes.of Christmas 
Mountain. This mineral mas not found at this place by tho Survey 
party. Its presence would indicate that there has been a good deal 
of mineralization and would show thnt the sulphide mineralization 
already noted may hhnre introduced many different minerals. 
In the same genernl region, but not definitely associated with in- 

trusive ipeous  rocks, are streams that are said to have some aurifer- 
ous gravels; the geology of these places is too indeterminate at the 
present time, however, to warrant even a suggestion of the origin of 
I he .valuable minerals contained. Garrgowen Creek, a hibutary of 
the Inglutnlik beading in the Ungalik di~ide ,  is reported to yield.mIors 
of gold. Negromoon Creek, which joins the Inglutalik from the west 
upstrmm from Garryowen, also shows gold-bearing gravels. The 
values, however, on both these streams rare so low that they are of 
no conlmercial significance at  the present time and can not be worked 
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under existing conditions Yo ndequnto prospecting has been done 
an any of these streams, and it is therefore impossible to  make eve11 
an approximation of tho tenor of the grnvels. 

GOLD PLACERS IN AREAS OF BIETAltORl'IIIC W C M .  

As the metamorphic rocks nre alder thtu~ thc nonrnetamorphic rocks 
they have been subjected, brondly spcnlting, to at lenst the Fame num- 
b r  of periods of nlineralimtion as tlic lnt ter p 1 1 ~  whntcver number 

-occumd before the Iq ing  dowti sf the Cretnceous wdirnenta It 
is, of course, realized that mineralizution mny be tlistinctly Fmnl and 
may &fie& one region and not. another, nnd it is not in t~nt l~c l  to assert 
that the richness of a region i n  ~iecessiirily r l~pend~~rt  upon the nrrm- 
ber of periods of mineralization it bas i l n d ~ r p n ~ ,  i11l bough, ~mording 
to the law of chances, such n ~nert~lization is .wrtntl. This view 
receives corroborative support from the fislrl t*vidcnre, for in m d  
of the Seward Peninsula placer regions then: were n6 lcnst t lvo periods 
of vein formation, during ~ n c h  of ~vhicll  gold lodes were made, mhcrcns 
in the Rrea of unmetamorphosed secliaents onIy onc period has been 
mcognixed. 

Valuable gold deposits have k n  mind most ~xt~nsively in Sewnrd 
Peninsuln where the metnrnorpllic roclrs nre mnst nhunrlant, nnd it 
is belieked that regions underlain by thcm nre the mod promising 
arem in which to prospect for new placers. In pnernl, thc! riclle~t 
plncer areas are near the contacts between the, heavy overIping older 
limcstnnes nnd the under l~ ing  qrrasfz chlorite zhists. So f n r  as 
known; the intrt~sive igneous rocks older t h n n  tha.Cretnccous am not 
aurj fe~ta ,  end neither nre tlre more r~cent lava flows. Therefore, 
areas deriving their srlrficinl deposits from such rocks nre not likely 
to afford valuable placers. 

Several of the various pllrcer camps located within the area covered 
by the map of southeastern ,Sernnrrl Peninsula mere nut visited during 
1909. It has been tllought desirable, however, to summnriza the 
invstigations mndo during pre~ious years in orcler to gain a mom 
comprehensive iden of the m i n ~ r n l  industty ns a whnle, rather t11an 
to omit districts sa irnportnnt na Council ond Bluff simply because 
they have been already dcscrihd. Conseqilent Iy, t o  complete this 
part of the report i t  is ne-lry tn refer to the pnhlislrerl reports of 
Brooks, Moffit, Colli~r, rind otl.thcrk In the trentment of the gpld 
placers of the arens of rnet~~morpl~ic rocks ri gmgrapllic order Trill 
be adopted. The placer clepasi t~ of n single river b l~dn 11-ill E>e treated 
from the mouth townrd tllu hentl of the strmm. The 1-nrimrs T.irer 
basins tributary to Norton Sountl \\#ill tc described from east to w e t ,  



beginning with the Koyuk, and then will foIlow descriptions of 
the various basins emptying into Kotzebue Sound from Buckland 
ltirer westward. 

KOTUIK BIVEa BABINn 

In the Hoyuk Basin no gold plnccm are now being mined and com- 
mercial niining h s  been done in but fcw plaaes in the past. Colors 
of gold have been found on many of the streams and many attempts 
at  mining have hen made in h ~ e  region, but so far without sufficiently 
enco~traging returns to keep n pennaneat force on any of the streams. 

About a mile west of camp T317, at the mouth, of the Royult,  there* 
is a blnck limy schist and limestone that occurs east of a lighter-colored 

schist, the dip of bdh be- 
ing practically vertical. 
On the beach at this place 

. and extending for a con- 
siderable djst~nce both 
esst and west are many 
l a r p  angular pieces of 
q ~ ~ a r t r :  float that suggest 
vein material. Pans of 
broken-up material from 
the achists near this plaoe 
show a number of very 
srnall colors of worn placer 
gold. From rt prospector 
living near the pluce it 

o - H  I MI1" was learned, that 1-cent 
Ftnnm 12.-Sketch map of dlameda h k .  

, 
P n B  hfld found, but 
the small returns were not 

sufici~n tly encouraging to m a m n  t any considerable e~penditnrcs of 
either time or money. 

Alameda Cmk, n m a l l  t r i b u h ~ y  to the K o p k  from the west, 
joining the river shod distmcc below the mouth of East Fork, was 
visitd in the early pnrt of AuflisL Although no active work was 
in p r n p s s  the problems thnt hnvo been m i d  by earlier prospecting 
are such ns  to attract thc nttcntion of the geologist, Figure 12 shows 
the headwnrd portion of t h i s  stmarn with the location of the dif- 
ferent pmspeet Irolw tllnt have been sank The elevations are onIy 
approxirnnte, aw the wenther was so changeable that an anemid.was 
of no assistance. 

At locality 9AS109 ~011th of Alameda Creek a shaft 192 feet deep 
was sunk all the way through well-rounded, predomina,ntly quartz 
gmvel. Tlle upper pnrt of the gravel is whitish, with bImk quartz- 
ite pebbles and some glassy lava; not many pebbles of the latter 
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material were found. Midway in the shnft the gravels are more yel- 
lowish and more iron stained than in the uppcr part. In the lower 
part of the hole the fine materinl is of n greenish-white color but is 
otherwim similar to that above. On reaching n depth of 192 feet 
the miners were forced to abandon the shaft, as they enco~mtered o 
p t  deal of water. This condition sngssts that they were ap- 
proaching bed m k .  This conclusion receives some support from the 
fact that in the bottom of the shrift pieces of ancient lava, probably 
the country rock here, k n m e  more nnmerous. 

It is re$orted thnt in tllc pncrnl grnvel section mt by the shaft a 
few ,thin s&limentary lagers ~ ~ c r e  fot~nd that gave fairly p o d  pros- 
pe&. A pan of tlio grnvcl from the dlunp .rvliich was said to hsvs 
come from near the top of the shaft gave two small colors. Sarnplw 
from the gravels snid to be neilr the bottom of the shaft showed nlso 
minute specks of gold. In the concentrates from the same part of 
the &ion there was a g o d  den1 of black sand, but garnet was prnc- 
tially a h n L  h &otI mnny pieces of undecompsed snlphides were 
also recognized in the concentrates. IITitIlin 100 feet of the shaft 
a pan from tho surfam grnrels directly under the grnss roots ~lhowed 
several bright colors of gold, some nlngnetite sand, and ilmenito. 

Nearly duo east of the last locality mid nt  an el~vation about 100 
feet higher another shaft llns k e n  sank (locality OhS112). The 
depth of the shaft is some\\-hat over 70 feet ant1 i t  hns not reached 
bed rock. The material an the dump consistecl mainly of well- 
washed white qunrtz grnvel: with some pebbles of black quartzite 
and red lnvn. Twenty-fi~e feet cast. of this hole nnd at  a slightly 
higher elevation a shaft had been sunk 45 fwL without reaching bed 
rock. The Material on the dump at this shaft \rns more sandy nnd 
the pebbles were smalIer than at  the shaft a t  IocaIity 9AS112. 

Northwarrl clown' the slapc : ~ t  locality 0,1S113 nnotller shallow 
shaft has h e n  put down. It IT;IS only about 15 to 20 feet deep, and 
in it no gravel at all was reported. 
On a low bench on the south sido of Alamcdn Crcek, at an eleva- 

tion af less than 10 feet above the ITII ter, there is n cnved shn ft (locality 
9hS110). This was originally 32 feet deep !palla reached bed m k ,  
which belonged to the g r o ~ ~ p  of ancient igneous rocks. There was 
a great deal of well-rounded quartz gravel, but ns R whole the ma& 
ria1 on the dump was mudl dark~r  thnn IIC loctllity 9AS109, and 
there wns n mudl ,pnter proportion nf lnvn f r spent s .  The pros- 
pectors who sunk this shaft. reported thnt the values were f w d  
entirely or! bed rock and that the lower p v e l  went about 1 cent to 
the pan. Upstresm from this shaft the present p v e l s  of Mamda 
Creek are repdrted te carry no gold, whereas northeast, or down- 
stream, the creek g r a ~ e l s  yield almtlt 7 cents to the 10-pan bucket. 
A mile and ti half downstsenm, Ihowever, even this amount of gold 
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disappears and the gravels are barren. From these facts it mould 
appefir that the present creek may derive its gold from the earlier 
channel. It should be remembered, however, that if the values occur 
mainly on bed rock in this channel the bottom is still below the level 
o f  Alameda Creek, and therefore the reconcentration has not affeded 
the richest portion of the old channel. 

Directly across the creek and at the snme elevation above the stream 
as locality 9AS110 a shaft 12 feet deep hns been sunk to bed roclr. 
The bed rock at this place also was dark, much fractured, fine-grained 
lava. d pan of gravel from the dump at this pIace showed an 
abundance of green lava sand with numerous hornblende crystals. 
Several well-rounded garnets mere also noted. 

A mile and a half west of this shaft and on one of the small tribu- 
taries of Kenwood Creek some further prospeetirlg has been done to 
try to locate the northwest continuation of the old channel. At, 
locality 9ASlll  there is a, shaft 24 feet deep, now badly caved. The 
lnaterikl on the dnrnp is nearly all angular, almost mmpletely rle- 
composed rock, which seems to contain some rounded blaclr p e b b l ~ ~ .  
The material is so badly changed thrct it is impossible to as%rt defi- 
niteIy whether it represents a recent slightly consolidated gravel or 
R more ancient sandstone or fine grit. It was claimed by the pros- 
pectors that bed rock was reached in this shaft and samples of the 
material nlpposd to be from the battorn of the hole showed thin 
quartz and calcite veins with decomposed material between. Some of 
the quartz was much slickensided. 

Forty-five and sixty-five paces west of Iocality 9ASll l  were two 
other prospect pits at a slightly lower alev~tion than the one last 
described. The western one showed undoubted gavel on the dump, 
some of the pebbles being 3 to 4 inches in dirtmeter. There were 
very few white quartz pebbles, the greater number being of black 
quartzite. There seems to be little room to doubt that this is a por- 
tion of the same deposit enconntered in the deep shsft at Iocality 
DASlO9. It is unfort~inate that the depth to bed rock has not  been 
deter~nined at the two places, for it might afford information either 
as to the direction of the old drainage or as to the amount of de- 
formation since the cutting of tho channel. 
On the broadly open saddle, I+ miles southwest of locality 9AS109, 

quartz gravel is reported to be abundant, and it is believed that this 
low pass may marl< the southern continuation of this channel. On 
this assumption a party of three or four men was engaged in p m -  
pecking during the minter of 1909-10. From rt recent letter it seems 
that little whs accomplished at this place during the winter, and 
although seven holes from 18 t o  24 feet deep were 'sunk their location 
is not sufficientIy explicit to show the relation to the surrounding 
topography. It was stated, lmwever, that they found but little of 
the well-rounded wash noted at locaIity DAS109. In several of these 
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holes colors of gold mere found, but apparently not enough to wat- 
rant f u d e r  prmpecting. It should be pointed out, however, that 

if this be the old course of the valley it does not follow that the 
gravels will b commercially valuable, for, as has atready been noted, 
so far as pmpec t . 4  the gravels in the d e p  hole on illameda Creek 
are not stificiently gold bearing to be mined a t  the present time. 

Not enough fncts are yet available for more than a tentative inter- 
pretation of the conditions under which the old channel was formed. 
It is evident from the presence of lava in the gravels of the channel 
filling thnt. the channel was carved and occupied by a strerim later 
than the effusion of the recent lava. Tt seems probable thnt n rmr- 
rangemcnt of drninage may have resulted from the extrusion of the 
tongue of lavn which occupied the low country htween  Koyuk and 
Bueklt~ntl rivers nnd flowetl down the present Koguk Valley below 
Eest Fork. This may have resulted in turning the lower part of the 
Koyuk out of its former coum and allowing it to cut its gorgc. 
After the gorge had tmerl eroded, either by change in the reltltion 
of the land with respect to sea level or by capturing, the oId valley 
was filled nnd the stream ~ ~ \ . n s  so diverted that it took up a course 
parallel with tho tongue of lnva thnt flowed down the Koynk Valley. 
It eroded the lava, thus etching out and uncovering its former valley, 
in which it now flows. 
In regard to the origin of the gold found in the old valley grnvels 

there k somc question. Aloliledn Creek is near the area of meta- 
morphic rocks, and the prewnw of a great number of pebbles of vein 
Q U I ~ T ~ X  in the ~ R V ~ I S  stigpsts that they ~t least have k r i  derived 
from the quartz stringe* in this series. If this vein quartz has k n  
derived from this Pource tllere is a strong presumption that the gold 
has alsa come fmm the same place. On the other hand, it should 
be noted that there me i~ lct icnt  ions that some of the ancient Ixvx 
is mineralized. A shallom prospect pit has been sunk on a, ledge of 
amyplaloidal trap outcropping on the divide between the Hnpk and 
Alamda Creek a t  A, on 6 p r e  12, A~says made at Nome of m a t e l  
from this pit are reported to have given us' high as $3.72 in gold per 
ton. The rock shoms no macroscopic mineralization, and considerable; 
doubt is felt of the accurncy of this determin a t' lon. 

Kenwoud Creek, which enters the Koyuk from the south abem 
East Fork, has h e n  prospected near the head, 8s already noted, md 
a little work has k e n  done nlso on the lower part. TWO prospectors, 
who were reported to have found g o d  prospects ah this place several 
years ago, went ta the lower pt~rt of Henwond Crek during the 
summer of 1909. The low wnter prevsntd their getting upstream 
far enough with their boat and they returned. It is probable, how- 
ever, that bed rock through the lower part of tho creek is deep and 
difficulty with water will be experienced. 

71.469°-B~ll. 4 4 9 - - 1 1 4  
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On Willow Cmek, which enters the Kopk  from the south above- 
Kenwood Creek, there are signs of former prospecting, but the stream 
is now deserted. McPherson says that at  the time of his visit (1007) 
location notices were seen, which showed that the prospecting had 
been done about five years before. 

Peace River is one of the northern tributaries of the Koyuk west 
of East Fork. About 12 miles nbove the mouth it forks, and near 
this place some prospecting wapl done during the winter of 1908. Two 
shafts were put down on the east b ~ n k  of the river, but they were so 
badly mved that only the upper 3 feet or ga was visibla This part 
of the section shows brown, irregularly M d e d  sands of even texture, 
having in general a dip toward the wtst-thnt is, toward the stream. 
The material on the dump is fnirly well-rounded river wash, eonsist- 
ing almost entirely of igneous m k s  with some red, iron-dained gravel 
of the same nature. The eastern of the two holm was probably not 
more than 15 f e d  deep, but the other may have been 25 feet deep. 
Some material put &ide as though it were the pay p v e l  was 8 

greenish-brow n sand. 
About 100 yards east of this pIare and on n sligl~tly higher h n c l ~  

there is another shaft now filled with water, This pit was probably 
not more than 5 or 10 feet deep. From the material on the dump it 
apprwred that the pnvel  is not a, we11 mundd and there is much 
more mud mixed with the sand. The upper 2 or 3 feet, which 
was the only prt l-isible, inmad of consisting of sands as in the 
western holes, was entirely formed of muck. From prospectom it 
was Iearn~d later in the =son that some gold hnd berm found in 
t h w  hoIes, but not enough to warrant further exploitation. It was 
cnmntlp reportd that. one piece of gold found there was wofth 
4 cents, but this was the largest pime. The presence of gold at  this 
place suggests the possibility of same of the ancient lavas having 
been more or less mineraIized, but the evidence is not ~l~ficiently 
definite to preclude other sources of origin. 

Mendenhrrlt notm that in 1900 Big Bar Cwek h d  keen pmapected 
and e mining district established there. He was unable to learn the 
mccesq of the operations, but the fact that in 1003, when this region 
was visitecl by Mofit! no work was in prqgms nnd tb creek was 
deserted shows that the gold tenor of the p v e l s  must have been too 
low to make mining profitable. 

A t.ributary creelr farther up &earn and heading in the hills near 
the low pass into Denth Valley and tho upper part of the K o p k  
baain is mentioned by Mendenha11 RS follows : 

Jus t  above tbe mmp of fiepternb~r f5 another trlbutar~ enters froxu the ewnth 
carrying only i3chl8t-e pbhlm. Tbw, hnwever, ace very ~~~lcareons. Most 
of the streams whicll enter the upper CDUFR~ of the river from the north lie 

--- -- 
Mendenhnll, W. C,, op. ctt., p. 213. 
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wlthmt the lava belt, but the mbi& here hare not the n s m t  of the gold- 
$easing members. A t  Cbeeuik In tbe Bll me met gmsp&~tom who had been up 
the river and w r t e d  findln~ colors a12 along Its course. 

MoEt in 1903 reprted no mining in this part of the rivar basin, 
and no s i p s  of mwnt work were wen by the  party in 1909. 

No mining was in progress during 1809 on any of the streams in the 
Kwik River kminjrtnrl sr, far as c n ~ ~ l d  be lmrnerl little or no pro~pect- 
ing has bean donc in the past. in this n m .  On the hmd of Quartz 
Creek, about 3 or 4 miles east of cump C3, there were some old claim 
stakes and m e  slrlicing hnd k n  donc w\-ern1 yeam ago. McPber- 
mn, who vis i td  this region in 1907, noted that he found location 
notices of h u t  five yours pra!ious date on this cmk.  

During the time that the s~~n.ey party of 1999 mas in the vicinity 
of the Tubutulik no pBpectom mcre w n  and no ~virfence of any 
r e n t  mining was o b ~ r v d .  Prncticnllv the only thing thak is 
known about t110 mining in the hasin Is  furnished by the report of 
Mendenhall: in which the following statements arc made : 

This stream, while fnrther iron1 the known prod~lt-tEre dtatricts thnn the 
Fish, was the object of cocon~ld~rahle ~ t t e n t i w  dllrlug the rreaaon of 1900. The 
mrface gravels o f  the river bare gr~ve mlom qulte ma I~envy aa t h m  on Fish 
River, wherever a p i 1 1  was ~vnahPd out-nt lensb :IFE far up HR the panite 
area. W e  had no reprts iron1 the bend of thEn ltmal nnd dld not have an 
opmrtunfty to examine it o 1 1 ~ 1 c ~  Zmt the a m 1  drollled by I t  ia uot pnr- 
tlcularly promlslng. Mr. C. C. Alexandpr nnd ni~t i ibrr~  01 his  ~lnrty, who had 
been p r m p z t i n ~  on Chukajak and tulcnn creek# durIng the fa11 of and 
the mmmer of lm, rewrt tlw fillding of m~we @Id enrly in tlielr worlr 011 the 
former stwrn, bat  more tMmugh der-elogment dld tint I I I I R I I  tlin 13rurnlw of 
tbla fimt flnd. Rrnrts  of fal-ornhle prospects herr had, how~ver, reticbed 
Golofnin B ~ F  and h"onre, nud fl ~innll  Rtflnlwde fowtlr~l the Tuhi~t l l ) ik  rcanltcd. 
ll'ben we left the  river. Inte in August, many outfltrr were ren'chlng the flclcl. 
Heprta towewl the  end of September did not tend to conflrnl tba r~r l ler  nc- 
couota of rich strikes there. 

T t  was reported that some mining was dorlc ssrernl ycars ago on the 
next stream above Lost Creek. According to Ifendenl~nlI t I I C  name ... 
of this creek was Admiral, but the claims w r e  rlemilwtl as on Camp 
Creek. It seems probable that the two names are applied to the 
same stream, but which is correct couId not be dete&~ined. From 
the character of the bed rock near this stream it would appear that . 
the geology is complex and tha t  the older schists form the lower part 
of the valleys, so that it is praqumed the gold was derived from them. 
Placer mining on Camp Creek was carried on by means of horse 

M~ndeahnll,  W: C., op. clt., p. 2E. 
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scrapem, but the ablbsence of nny recent work in the vicinity-seemed to 
show that the returns were not satisfactory. From the strong evi- 
dence of glaciation of the valley type in many of the streams head- 
ing in the Darby Range and entering the Tubutulik from the west 
it seems unlikely t l ~ n t  any rich placers will be found in that part of 
the basin. The eastern boundary of the basin in the swthern past 
is formed of the Ungalik donglomerate m thttt strong mineralization 
is not ta be expected from it. Farther north the eastern part of the 
Tubutulik divide is fnmd of the Paleozoic lirnestoneq, and these are 
not promising rmks from which to derive placers. It b felt., there- 
fore, that a large paft of this drnina* basin is not particularly 
favorable for commercially important placers, 

Practicnlly the mliole of Kwiniuk River and its tributariei flow in 
vaIleys carved in the ipmus rocks that mnke up the Darby Range. 
k$O far as is h d w n  these m B s  are but slightly minerali&d. Conse- 
quently them is but little chnnce that the detritus worn from these 
rocks would form vatuabla placer cIeposits. Tn the lower part of 
the courso, where the bed rock is heavily covered by unconsolidak? 
deposits, the clraracter of the country rock is not evident, lrnd the 
more mineralized schists may occur. If this i s  the case, there is some 
possibility, where concentration has been effective, that plncers may 
be discovered. The depths of covering and the question of handling 
wakr would make the development of such placers dificalt. 

The main Fish Riwr bnsin hns not bscn important as a plncer dis- 
trict, although the tributaries of the Siuklulr, its longest me&rn 
branch, have p r d u d  mom gold than those of aH the r~qt  of tlie 
region. T h e  riame of the principal town,'Council, will bo wed to 
designate this placer region in order to distinguish it fmm the mt 
of t11e Fish River hasin. According to Mendenhall a Fish River 
c a r r i s  gold from its mouth to the northern end of the gorge. 
Tlirotrghont. the lo~rer paart of the river the colors are very light, 
bnt they b m m e  lieavicr in the coastricted part of the valley, where 
the stream crows the klt  of limestones and %hi&. Opposite the 
mouth of Anaoonda Creek, as the lower part of P a p  River is 
milled, pans taken from the bmken rim rock yielded Prom one-half a 
cant to I cent each. ~lcmrding to the same author prospectars found 
nothing in the upper flats of Fhh River, and so far as reported .the 
streams flowing out of the rna~intains to the no* do not yield colors. 

*Mendenhall, W. CC,, op. dt., p. 212. 



From the geologic description of the northern and eastern part of 
the Fish River basin it is seen that the rocks a re  schists md lime- 
stones, which appear to be the same as the rocks in some of the placer 
regions, except that the schists contain much greater quantities of . 
biotite. Veins are qunlly abundant in both types, and it is believed 
that the absence of placers may be explained in part by the valley 
glaciation that has scoured out the ~ater~sorted deposits from most 
of the valleys heading in the BendeIeben and Darby mountain% 
This process has scattered the depsita, which may haw existed in the 
valleys prior to this erosion. Information on the subject is still tao 
meagre So allow la final judgment us to the reason for the a k n c e  of 
plamra in this part of the hash, but it  is believed that the physical 
history rather than the lithologic character is responsible for the 
apparent absence of plamm. 

Placer gold has long been known in the region around Cauncil, for 
it was reported by members of the Western Union Telegraph Expedi- 
tion in 18A6, and in 1892 John Dexter is said to have notified mem- 
hers of the silver-lend mining company that he had found gold there. 
It was not until 1896-97, however, that the discovery of Ophir Creek, 
the richest one in the Council district, was made by Mordant, Mel- 
sing, Libby, and Nelson. Although, apparently, gold was found at 
that time, it was not until the spring of 1898 that the district was 
organized and active placer mining begun. So valuable have the 
plnpers tnrned out that in 1903 Collier estimated that the gold output 
up to that year was between $5,000,000 and $6,000,000.a Since that 
tima $2,000,000 to $3,000,000 Inore 119s hen  taken out, so that t h i ~  
camp has been second in prod~lctio~l to that of Nome. 

The productive creeks in this so-called Cot~ncil region from mnth- 
wt ta west ace Fox, Mystery, Melsing, Ophir, Goldbottom, Camp, and 
Elkhorn creeks, All except Fox Creek are tributariesof the Eiukluk, 
and Fox Creek joim Fish River less than 4 miles below tha Niukluk. 

Fox Creek has never been a rich creek. The only valuable ground 
was on rt small tributary kliomn as I. X. L. Gulch, and on the main 
talley nt  the mouth of this stream. At this place, according to 
Collier,b aboi~t 2 ounces of gold were taken frorn about 4 cubic yards 
of pay dirt. A little prospecting has been done here in every year 
since 1906, but the production is practically negligible. 

Collie;" reported that 01-1. Mystery Creek, 1 mile frorn i ts  mouth, 
$6 to $8 nuggets hare been found. Part of the gold was bright and 

*Collier, LL J., mad others, The gold placers of park ot &ward Penlnsuh, dlaaka: 
Bull. U. S. Geol. Survey No. 828, 1908, p. 23@. 

Idem, pp. 287-238, 
' Idem, p. 240. 



part was rusty, but all is mugh and anpIar as though derived from 
near-by sources. On Mud Creek, n ma11 aide stream from the west, 
one claim was operahd in 1903. The gold here, amding toCollier, 
is found both in the gravel and to a depth of 3 or 4 feet in cmvim 
of the bed r&. It i s  very rough, spongv, and somewhat rusty, and 
is maw and easily saved. Near the mouth of Mystev Creek a hole 
102 feet deep was sunk, but no values were found. In 1907 and for 
the succeeding two ycsw there haa been mining on this creek, but 
the production was smn11 though the returns were commensurate with 
the. amount of time spent. 

Melsing Creek was one of the first creeks on which gold was dis- 
covered, and it has k e n  a constank though xnall producer ever since. 
According to tho 1900 report, 40 men were engaged on the creek. 
Collier estimates that up to 1904 about $50,000 hnd k e n  taken from 
#his stream. Tha nuriferous gravels wrn to occur only blow the 
mouth of Bnain Creek. From this part of the creek the small pieces 
of gold are reported to be nearly all smooth and bright, whereas the 
Inrgvr onps are rusty. Richest concentration occz~rs on n clay layer. 
At the mouth of Basin Creek the gold is found t.hroughont the 
gravel, but is most abundant on and in bed rwk. Collier states that 
the average yield per man per day in 1903 was about $50 .~  One of 
the nuggets examined by him from this claim showed a small, square 
llnle filled with hydrous iron oxide, probably the mould of a pyrite 
cqstal a ~ c i a t d  with t.he gold. 
In 1906 there F~ncl been four parties of 8 to 10 men each on Melsing 

Creelr below Basin Creek. In 1907 a steam.scraper was h i I t  nt 
the mouth of Melsing Creek, but delays in building prevented its 
running full time. Work still continued near the mouth of Raain 
Creek and n aharb distance down stream. During 1908 and 1909 
work was mntinued on nbuut the same smle nnri a t  the same places 
as in the pd, nnd, in addition, during the last-mentioned pear, some 
mining was done an the lower part of Basin Creek. The operations 
were, howerer, on H .mall scale and the production was slight, 

Ophir Crwk is the most important p l c l  prdacer in the Comcil 
region. By 1803, according to Collier, the entire creek had h e n  
pmpectetl, nnd during that year 1,000 men wem at  work on the main 
stresm and i ts  tributaries. Gradually the number of men employed 
has decrenspd, but this has been due in part to the replacement of.  
litlnd lahor by mining machinery. Some mining was done in 1903 
nt the mout,h of this stream in the Kiukluk River flats. Th- gravels 
are estin~ated to crsrrp from 60 cents to $1 a yard in bright, nearly 
flo~~r, gold Concentrates show much magnetite md garnet, with 
~rnaller quantities of pyrite and ilmenite. This deposit was developed 

a Idem, pm 242. 
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by a steam dredge with an estimated capacity of about 3,000 cubic 
ya& per day. Bed rock is rather tlecp and the diaicult,y of handling 
the water makes mining expensive. Acmzding to Collier, the gold 
has h n  derived not only f ram Ophir Creek, but also from the other 
streams. 

Farther up Ophir Creek the gold becomes mnrser and the mlues 
per cubic yard are higher. After a short experiment nn the p n n d  
near the mouth of Ophir Creek nlreudy described the dredge mas 
moved upstream and has been in successfnl operntion ever since. In 
an account of this dredge recently pubtisllcd by Rickard a it is 
shown that the average cos t  is 32 cents R yard and the nvernge gold 
tenor of the gravels worked is E 3  cmts a yard, The low vnlue per 
yard is in pnrt due to the fact that some of the ground had been 
worked before by more primitive methods. 
Next upstream on Ophir Creek from the dredge, hydraulic mining 

has been tried and some p d  placer has been uncovered. The 
ground mined is now mnjnly on a low b~nch, but in the past the 
creek gravels have h e n  worked by pirk-and-shovel methods with 
satisfactory results. Still farther upstream and only a short dis- 
tance below Sweetcnke Cmk is the Discovery claim. It hau been 
worked for seveml years but mas finally exhausted by the use of 
hydraulic elevators. The vnlnes were in fnixly cmm gold of a 
bright color. This clnim was probably the second richest on the 
entire c m k  and it  is ~ p o r t c d  thnt 81 ,0001000 was taken frorn it. 

Sweetcake Creek was s t a k ~ t l  in 1898 and was the scene of probably 
the first successfuP placer mining in the precinct, it being reported b 

that $36,000 mere teken from one claim that ycar. The only produc- 
tive cIaims are on the lower pjlrt of this strcam; they were notable 
contributors in the early days of the camp, nlthougll since 1903 little 
gold has hen won frorn them. Some of the gold was angulsr and 
ehowed quartz attached. 

Little of value has been found on the main stream for nearly I 
mile above Sweetmke Creek. At this placc, however, them is creek 
and bench ground that has been very rich. Pick-and-shovel methods 
were used even in the early days and in 1807 an unsuccessful attempt 
was made to use a dry-land dredg;p, which wns followccl hy the suc- 
cessful use of a derrick and horse scrapers. TIle pay streak in the 
creek was from 100 to 200 feet wide. The bnch gravel near 
place, according to Collier, was not wcll sorted.' The gny streak 
is said to run 10 to 15 cents a pan. One nugget worth $3.75 is re- 
ported by Collier to have been found here, but nearly a l l  the gold is 
fine and flaky. 

- 
Rlckard, T. ,L. D n d ~ l n p  on Beward F'enfueala: BICn and Scl. Press, vol. 97, 1808, 

pp. 234-240. 
 collier. A. J., aml othem, g,. dt.. pv. 25S251. 

Tdem, p. 245. 



E1rorn this pIwe nearly to the mouth of Dutch Creek the Ophir 
C c d  gravels and bench= hava yielded probably nearly $750,000 in 
gold. In the central portion of this part of the valley the p r e n c e  
of limestone bedrock allows a large portion of the water to flow in 
subterranean channels and it is notable that the quantity of goId in 
the gravels dgcreases also. At the mouth of Dutch Creek the richest 
elaim in the whole Ophir Greek h s i n  was located, and, although now 
exhausted, this cI~im and the claim next Mow probably produced 
nearly a quarter of the gold won in the ent.ire Council region. Much 
of the gold wems ta have been of lmal origin, as with quartz 
attached mere by no means uncommon. On Dutch Cmlz little has 
hen  done and then only on the lower claims adjacent to Ophir 
Creek. Values are reported both in the creek and bench gavels, 

Above Dutch Creek the values in Ophir Creek suddenly decrease 
and then gradually increase toward the northwest to within a mile 
or so of Cmoked Creek. All of the claims between these two side 
streams have been mined to some extent. A mile and rt half above 
Dutch Creek, according to Collier: excavations show from 5 ta 14 
feet of gold-bearing gravel resting upon broken limestone bedrock, 
and three-fourths of a mile to the north 8 f& of wnd and muck rest 
upon about 12 feet of gravel of which the upper 2 or 3 feet cawy very 
little gold. 
In 1903 the only other work done an Ophir Greek was near the 

mouth of Crooked Creek. "Hem terrace gravels on the left b d  
were being exploited. The bedrock of the deposit is probably little 
above the present creek. A section showed 2 or 3 feet of muck over- 
lying 5 or 6 feet of grave1 which rested on calcareous schist."a No 
work was in pmgres during 1906, but near this place during 1908 
and I909 a small dredge was installed and according to local reports 
was giving satisfaction in handling creek gravels. 

. Crooked Creek has been one of the richest tributaries of Ophir 
Creek, Collier noted that in 1903 more mun were employed there 
than on any one of Ule other side dreams. Near the junction of this 
stream wit11 Ophir Creek the; pay streak is about 260 feet wide, but 
it narrows rapidly upstream. According to Collier; the pay streak 
is reporixd to have been about 6 feet thick. The goId tenor of the 
gravels mined 'is estimated at $4.50 to the cubic yard. The gold is 
comparatively coarse and the pieces well rounded. Some nra bright 
and othem are iron shined. In the sluice boxes are found heavy eon- 
centrates consisting principally of garnet and magnetite, but includ- 
ing some topaz. Above the lower claim the pay streak is, in the main, 
not more thnn 20 feet wide and the &dm& is a schistose limestone. 

Idem, p. 249. 
bColller. A. J., and others, op. eit., p. 2110. 
= Idem, p. 252. 



Balm of Gilead Gulch, which enters Crooked Greek from the south- 
weat, had gold " from the surface down, but is richest in the crevim 
of the limestons. The gold is rough and angular, with sharp COT- 

ners,"a and is undoubtedly of local origin. Albion Gulch contains 
auriferous p v e l s  throughout its course. In 180'1 two amps were 
established on this stream, and EI rich hillside plecer was mined by 
hydra.aulicking. The diffrclrltg of obtaining an adequate cowant s ~ p -  
ply of water has much hampered developments on both of the* 
gulches. 

Above Crookid C m k  the valley of Ophir Creek has b n  pros- 
pected, but little wtnai mining has ken dona Near the upper end 
of the canyon of Ophir Creek there ic n little bunch gravel, which 
was being deveIoped nt the time Brooks visited the region in 1003. 
Although this work may have yielded wages, it. was not highly remu- 
nerative and was soon abandoned. Further prospecting was under- 
takm here in 1907, but was not successful in lncntirlg placer. 

From the general distribution of- the values in the Ophir Creek 
gravels it seems evident that man!. of tlle rich placers of the stream 
are formed by the reconcentration of former bench deposik At 
other places, however, it seems clear that the richnew is due to prox- 
imity to Imal mineralization. Collier notm t h ~ t  a sample taken from 
the schists adjacent to mme quartz stringem near the moat11 of Ophir 
Crsek contained some gold and that snml~lcs rrushed in n. I E R I I ~  mortar 
and panned yielded free gold. On Crooked Creek there " is n min- 
eralized belt 12 feet wide, which strikes northwest, In this impreg- 
nated zoile vein quartz is asmciated witlr pyrite. 1t is reported to 
assay as high as $8 to the ton." Nenr this plnre on thc divide, b- 
tween Gold Bottom mnd C m k e d  creelts, thcre is a lode which seems 
to be similar to the one previnrlsly noted ; it is ~ i ~ i f i c n n t  as p i n t  ing 
ta the origin of some, a t  lenst, of tlia Crooked Creek gold, which iw 
very sharp and angular and in mnny instances has quartz attached, 
None of these mi~leral izd veins h n ~ c  b c ~ n  mined,' and it is doubt- 
fu l  whether the diffused character of the mineralization would permit 
economic trentmcnt. The nbscnce nf m11rnt)le pl~c-er in the upper 
p ~ r t  of Ophir Creek, beyond the canyon, strongly suggests thnt the 
gold was not derived from the biotite scllists thnt nccur in the Rende- 
leben Mountains. 

Farth~r up the h'iukluk in  Cnmp Cnck. Mining on this stream 
mas descrikd by Collier as follows: 

Camp Creek flows Into the  h'trlkluk iron1 tile m ~ t h  nhout n n ~ l l ~  below Gold 
Rottom Creek. Serernl c ln l l l i~  were worked on l b l ~  crwk In lm. The narlfer- 
one pnre l  11s from 50 to 100 f ~ e t  w31e nnd nbout 3 f*t thlrlr, with an orer- 

" Idem, p. 154. 
*Collier, .%. J., nnd olhrm. op. clt., p. 262. 
a ldem. p. 260. 
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burden of about 3 feet, and i s  mid to carry from 75 cents to $1 a cublc yard. 
MOW of the mining was done by the shoveling-in process, but one claim was 
hydmulicked. - 

On1 y rt little desultory work has been done on this stream within 
the last two or three years. 

The next gold-producing tributary of the Niuklulr from the north 
above Ophir Creek is Goldhttom Creek; with its tributary, Warm 
Creek. Mining began on Warm Creek in 1900 and up to 1803 the 
basin is estimated b have produced about $100,000. '4Mmt of the 
gold is rough and iron stained, and some of it is almost black. One 
nugget, worth $4510, at $16 an ounce, was found in 1902: and one 
worth $12.33 in 1903. Tile concentmtes conbin ilmenite, scheelite, 
magnetite, garnet, and some hematite and rutiIe." a Mining has been 
confiried to the portion of the stream near the junction of Warm and 
Goldbottom C d s ,  but colors of gold have been reported f m  many 
parts of the basin. During 1906 there was a Little mining, but since 
then practically nothing was done until 1909, when two dredges were 
erected in the lower part of the, valley. It wae so late before the 
dredges were completed that their production for 1909 was slight. 
Mineralization on a mall m l e  is recognized at many places, rtna a 
short distance upstream a vein on which some development work has 
been done was found at the contact of schist and limestone. " Near 
the mouth of the creek are two quartz veins, one abot~ t  3 feet wide and 
the other about I foot wide, striking N. aOO E. and standing nearly 
vertical." a As the pebbles in tho placers all seem to be of local origin, 
it is probable that the gold is also derived f m  veins within the basin. 
On Elkhorn Creek mining began in 1900 and was reported upon by 

Richardson as follows: 
Near the mouth of the c m k  23 feet of gravel overlie 8 inches of clay and 

disintegrated bed rock. It ig reported by mlnera that the pay e t m k  £E in 
patches and tbat the nverage yield of pans is 5 centa. !l%e bench near the 
month gives colors, but has not been developed. The bed m k  is mica schbt, 
interbedded with limeatone, and the strlke is at right angles to the course of  the 
&twm, with almost ver tfml dip& g i ~ i n g  favorable conditions for the concen- 
trntlon of gold. The gold is medium coarse and bright yellow in color. Some 
very coarse @Id has been found ~tained with iron. The average asmy shows 
its vaIue to be $19.12 an ounce. Quartz is often found attached to the placer 
gold, and one n u m t  wae attached t o  a piece of mica achlk  ThT gee to show 
that It is of I w l  origln. One nugget worth $55 has been found, and several 
worth from $12 to $16. 
... 

* Idem, p. 25%. 
b Idem, p. 256. 

Brooke, A. H., and others, Reconunismncea In the Cape Nome and Norton Bey regions, 
Alarh ,  in 1900, a aapeial publicatiou o t  the U. & Beol. Survey, 1801. 



In 1903 this stream was visited by Collierp who reported as fol lo~~s 
concerning mining developments: 

EHnce 1900 the placers fop nhorrt half n mlle bare km mtirely exhaorrted. but 
f fwthc up the creek work fs utill I1903) 111 ~~WCreRs hoth In the c m k  Iwd nnd 
on the h p n c h ~ .  It  Is estlmnted thnt the t0,tnl pr~luctlon af the creek op to 
date (IWK3) hns hem1 i n n 1  $llfl.W tc) %l%J+m. 

A f t e ~  1903 very little work was done on this s t m m ,  and when it 
was visited in LDM it was practically abandoned and since that time 
mining operations have not k n  m- 
surned. 

The wgion around R111ff I l a ~  not 
been visited by Ssrvcy geologists 
since 1000, nnd the f o l l o m i n ~  rlpwri p- 
tions artl taken from IEmlis'~ rrport 
of his visit at that time."n order 
to cond~nsr? t l ~ c  nccor~nt eertnin p~rts  
have been left. oltt snd the nmnnp- 
ment has hcen rhnngerl. To cnn~tert 
tho rcltaincd portions words. phrsws, 
and wntences have been introil n cccl. 
So many changes h s v ~  b n  znnde thn t 
quotation marks have bwn omitted. 
Gold is wid to have been for~nd n t  
nnniols Cmlr in Scptsmber? 1899, by 
WiIliam J-Tunter and F r ~ n k  1Vnlker. 
Bench placer wns ~ o o n  n f i w  locnted 
mnd within less t h ~ n  six months 
$ti00,000 had k n  ttlken from A strip 
of land less than 1,001) feet long. 
Mennwhile, the two IO~YPS~ clnims nn rz mile 

Ilnnielr Creek were o p ~ n ~ d  n11d in F,ou:E lS.-BLeteh m.p wLtlon 
1900 yielded probably $200,000 in o;l DanWm creek placers. 

1 .  Mmt of the prodnction of 1001-2 came from Discovery Claim, 
nt the mouth of Daniels Creek. Mennwhile gold had been found on 
EIdorado nnd Rynn creeks and on Swede Gulcl~. In 1902 n strong 
company was orpnized lind llns ever since been in practical control 
of the import~nt placer ground. Figure 13 shows graphically many 
of %he more import~nt features of the Daniels Creek placers, 

The plncers are of two types, bench placers and creek placers, the 
former conaiding of ~ncient and ~ecent beaches. The allu~isl mate- 

4 Colller, A. J., and othera, ap. clt., p. 257. 
RCMBII, A. R.. The Rlud r~nton (In The mid placpr~ oC parts of Ssward P%nlmula, 

Alaska) : Bail, U. 1. 8 ~ 1 .  Sarvrp NO. 3 l R ,  1908, pp. 283-293. 



rial of the creeks is of two general types, that in which clay pre- 
dominates and that which is chiefly sand. In many places no struc- 
ture can be made out  in the clays; the bdding of the sands and p v -  
ds is of the greatest irregularity, locally changing i t s  character every 
few feet. The indications are  ve.y strong that. the layers of clay, 
which jn general lie nenr the bottom of the deposit, are formed ralmmt 
in place, whereas the snnds and gravels appear to have been lrid down 
in swiftly running water. Nmr the head of the cmk the surficial 
deposits consist chiefly of day, but near its mouth sands and gravelo 
~)wdominn ta 

can be said of the distribution of pay gravels. Tha mmn- 
of the hydraulic mine report t h ~ t  in general the clay cemiw 

higher ralt~es than the and arrd gravel. This is very significant. 
for it nppars to be established tlrnt the sand and gravel have been 
fnr more concentrated than the clay. It would indicate a large gold 
tenor for the rock from which the  clay^ hns k e n  derived. In any 
event there can be no question that the gold is very near its bd-rock 
sonrce, which appears to be at the contact of mica schist and 
limestone. 

Fmm an examination of the hn ie l s  Creek placers several facts 
arc evident-first, tlre s o u m  of the gold is entirely local; second, 
where it is  richest, RS in the red-clag rl~poslts, there appears to have - 
been little sorting action by water; tl~ird, the gold is so intimately 
nssoci~ted with mica schist d6bris that mast probably the schist has 
n close connection with its origin. It is evident that the stream gradi- 
ents mt~st have been low during the period of the formation of the 
clay. The nrea wns probably exposed for a long t i r~w to the agencies 
nf weathering and nn frwguIarly pitted land surfnw was produced. 
An nplift followed, ns R rcsnlt of which the carrying power of the 
%imams WRS increa.sed nnd the deposits .of sand ant1 gravel mere laid 
down. At Daniels Creek this rrplift, gave the former level a sli&t 
tilt to the west, RS is shown by the bedding of the grnvel~. The ele- 
vated beach depoait nppears to have k n  formed prior to this uplift: 
but it -\~ould require a vcrg detailed survey to  establish this fact. 
Thc presence of gold at rr depth of 60 feet neur the mout.11 of Daniels 
Crwk reported in IQOi map indicate ei thr  a deep zone of weather- 
ing or a buried an~ient  beach line. A subsequent uplift, which pmb- 
ably did not exeeerl 8 f e t  at the mast, expofied this older bench in 
part to wave action and this led to reconcentration of the gold in the  
p a ~ e l s  of the present bench. 

The other creeks of the district besides Dnniels C m k  have heen 
htlt little developed, for none of them carry a sluice bead of water ex- 
cept ear17 in the spring or during heavy rains, EventualIg, how- 



evea; they will al l  b hpdranlicked with water from the Topkok ditch. 
Sluicing has 'been done on about half a dozen claims on Eldorado 
Cmk,  and same work has been done on Ryan and Little Anvil cmks. 
So far es the m n t y  expostzm show, tlne mode of occurrence of the 
gold on these streams is himilar to thnt of Daniels Creek, but khe 
deposits are probably not so rich lrnd the aurifemus gravels not so 
extensive. 

BOOKtkaD glVEB BABTa, 

me only stream tributary to 13uckland River, on which gold placer 
bas been found, is Renr CPPP~,  which heads in the ancient lava hills 
that form the western m~rgin  of tho hsin.  The first claims recorded 
on this stream were locnted by R. S. Hoxie, L, Tendness, and A. Bsrr, 
in Arrgust, 1901. 1)uring 190:1., nc- 
cording to Moffit: u h n t  40 men were 
at work on B e ~ r  Creek and iis tribu- 
taries, Sheridan ~ n t l  Cuh crwks, I)l1tr 

as only a b u t  $10,000 in gold wns won 
from this basin during that y a r  it is 
evident thnt the work wns not very 
profitable. Figure 14 shows the loca- 
tion of the principal places where au- 
riferous gravels have been faund on 
this creek. 

Mica schlst irr mld not tn he found in 
thia creek, ~ l t h o u y l ~  mlm floes alrlnwr In 
the muds and garcln, which are compwd 
Iarmly of e~u[rtlve m ~ ~ t c r l s l ,  ikud oil mnle 
of the bench clnima m~ch  11 thlck~lean n l  
20 feet, with aereral f e t  of mock over- 
lying. I n  places ou thc crwk a conuitl- 

FIGURE 14.-Map ahowlng locatiod ai erahle gttantIty of a hmv$ re1 cherty rock placer ramps on Rear Creek. 
reti~ltlna iu the  Itc~.ues with l h r  gnltl t~nd IH 
8 aourcp of cwme annoyance to the miner. T h t ~  la eamlalIy true on Cub Creek 
On Sherldalm ~ n d  near crwks t l~e  gold 16 mostly on bed rwk, differing In thin 
respect fmm thst mn Ctllr ( ' r e .  where it I s  foaod tbrorlghotit the whole thick- 
nem of the 2 fwt of strealm gravel: on the other hand, gold from Bear and Cub 
c m k a  \e lI~ht nnrl flaky. a l r f l ~  tlinl *ow Sherida~r Is bea\-g. All the gold la 
hrfgbt yellow In color. w m y i t ~ g  $lam to the oonce. A lfttle "wbite Imn" 
pgrtte is p m t  and also an ahunduncp of black nand, which Ss wtlrely m o v e d  
by the mamet.b 

From 1903 to 1907 a little dmultory prospecting and mining was 
done, but during the latter year the building of a ditch along the 
WE& slope of the valley revived interest in the region. The small 
precipitation of 1908, however, prevented any extensive use of the new 

*Irromt. F. H, Tbe Palrbaven gold ptaoers. Sewsrd ,PeubnEa. hlnnh : Bull. U- & 
OsDL 8-T No, 247, 1805, p, 64. 

'Yornt, F. LI., OP, tit., p. 04. 
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ditch, and in 1909 there was no evidence that productive mining was 
in propem. 

In spite of the small production of gold, this region is of interest 
as indictaing that the placer has been derived from the ancient lavas 
that fork11 the Buckland and liewali k divide. It will be remembemd 
that this source of origin was suggested es a possibility for thc placers 
on Alameda Cmk in the Koyuk basin, which is on the southern extan- 
sion of this lava series. It should be pointed out, however, that 
although a little local minealizatim may have affected this p 1 1 p  

of rocks here and there, so far as can be foretold by present indica- 
tions, there is slight chance of finding any eonsider:tble extent of 
rich plecer on tho% streams where the ancient l a ~ a s  form the counhy 
rock. In other words, it is believed that only " one man camps" 
will be established on streams deriving their gravels from areas of 
ancient Iavas. 

MwdLIE a m  BABfa. 

The main production of Kiwalik River corn- from Candle Creek 
snd its tributaries. As the larger part of this stream lies outside 
of the area represented on the map accompanying this report and as 
the region was not visited in 1909 by the goolt~gists of the Survey 
party it is desirable to mit any dehiled dwription of the placers. 
As complete descriptions as the facts in huncl warranted have already 
been pubIished by the Snrvey.8 From these repofts it will be learned 
that the production from Candle Creek, on which gold was dis- 
covered in 1801, has amounted to about $2,500,000 in gold. During 
the first years of the camp most of the values came from the creek 
gravels, but afterward high-led deposits were *found yhich seem to 
be of a type intermediate petween bench and hillside placers. As 
these deposits are in places deep, mining has k n  carried on in winter 
ss* well as in mmmer. According to hloflt :b 

The gold 1~ usually flattened and hlack so thnt when cleaning out the .boxes 
mlnera are eften wen biting a nuggct to mnke sure that it Is gold and not 
one of the iron stones. Quartz Is at  tlmes @mlMd& In tbe l n r ~ r  nogget~ and 
gold Is observe3 now and then in the form of fine veinlets tbrongh the iron 
stonea One nugget welghlng W2.10 and a m u d  weighhe: $33 have been 
taken from the creek. I 

Black aand 18 anknown in the clean ups; ~ ~ d k  and zt few small pl- of 
rutile which ocmsioually have been mistaken by the minem for tm ore are 
the heavy minerale r~awclatcd wlth the gold: it is not considered a favorable 
sign when the iron atones fail. 

So far 8s is known all of the materinl in the Candle Creek placers 
is of local origin, although the murce of the gold in bed rock has 
nat been determined. 
- - 

-Momt, F. H., The FairbavPn gold placcm, Reward Pednaula Alaeka: BulL U. S. 
Geol Snrvej lo. 247,1905. 

Hashaw, F. F.. MlnIng: In tbe Patrhaven precinct: Bull U. I. Gml. Snevey No. 879, 
1909. p p  364-3fX3. 

*!dot%& F. B., op. dt., p. 82 
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During the early development of this region considerable dificdty 
was experienced owing to the lack of a sufficient supply of ma;ter 
for mining. This deficiency was met in part by the construction of 
short ditches within the Candle Creek basin, but as the supply was 
still inadequate a ditch over 33 miles in lengkh was built in 1907 
along the west band of Kiwalik River from the mouth of GIacier 
Creek to the mouth of Candle Creek. This ditch has a capacity of 
20 to 30 second-feet and the height of the lower end above Kiwalik 
River ttt that point is about 250 feet. Henshaw a in the report already 
mentioned suggests that the most pmtieal method of obtaining a 
larger water supply is by pumping from Kiwalik River. Power for 
such an enterpriw might be deri~ed either by using Chicago Creek 
coal as fuel or by tha transformation of water power below Imuruk 
Lake into electricity. 

SUaf.MAR1'. 

From the distribution af the areas where placers of economic im- 
portance have been mined ccrtain facts of value in ~ d s t i n g  f h h e r  
prospecting may be learned. Some of the more evident conclusions 
,are as follows: The Cretaceous areas are not promising placer regions 
and neither are those  laces ~rornising thst derive their deposits 
mainly from Cretaceous rocks, as, for instance, the marine deposits 
on the east shore of Norton Bay ; no placers of other than distinctly 
local importance occur in regions deriving their gravels fmm the pre- 
Crutaceous igneous rocks; no placers a t  a l l  have been found in the 
gravels derived solely from the recent effusive rocks; no gravel 
deposits derived entirely from the limestones of Paleozoic age contain 
gold in workable quantities; Imal placers may occur near the post- 
Cretaceous intrusions; the most extensive placers occur in the areas 
of metamorphic sedirnentav schists, especially near their contact 
with the heavy limestones ; gold placers are usnally Pound where con- 
centration of gravel derived from the Paleozoic black quarhito has 
occurred. These general conditions are modified by local conditions ; 
thus in places where concentration has been strong richer deposits are 
to be expected than in places where less sorting has occurred. From 
this fact it folIows that the gInciafed areas hold less promise of placer 
deposits than the ~mglaciated areas. 

LODE PROSPECTS. 

Although, as has besn shown, placer gold has bmn found on many 
af the strertms in the ares of metamorphic roclrs, no veins sufficiently 
rich to allow Iode mining have been discovered. This i~1 probably 
in part due to the absence, of adequate prospecting. Quartz veins 

a H d a w ,  F, F,, op. &d+, p 308. 
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expIoited in the future the mining problems involved will fa11 within 
commercial rather than geologic boundaries. 

Within the area of metamorphic rocks of southeastern Sewad 
Peninsula one deposit of nrgentifemus galena has been of same em- 
nomic value. This lode, staked in 1881, was probably the 8econd 
one discovered in the entire territory of Ma&. Although the claims 
were not recorded until July, 1851, galma had been known for a year 
or more before, and Petrof, in the census report for 1880, mentions 
that silver-lead ore had been found in the vicinity of Golofnin Bay. 
The de~~elopments at  this place hare been carried on ah a single group 
of claims located on a low limestone-schist hill on the western flanks 
o-f the Darby Range. As has already h e n  stated, the claims were 
located in 1881. In 1882 a company was formed which in 1883 was 
ttlmorbed by the Omilak Gold nnd Silver Mining Comp~ny, which 
cnntinued to hold the ground until 1808, when the Russian-hnerican 
Mining Explorat.ion Company took the properties. This trnnsfer 
was one of name rather than of personnel. The claims were patented 
in 1894. 

The gology in the vicinity of the mine is so complex that with& 
more det:iilcri study than was made in 1909 the stratigraphy is not 
Beterminahle, East of the mine, toward the head of Omilak Creek, 
is a large area of white crystalline limwtone, which, in the main, 
appears to dip w d r r a r d  at high angles. This is sl~cceeiled farther 
west by schistose roclcs containing much biotih and quartz and some 
graphite. Still farther west, in the immediate neighborhood of the 
minr?, the distribution of the vrlrious rocks is ae shown in figure 6 
(p. 64). , Altbo~igh from thiq mnp it appears that the dip is in general 
to the west, the evidence on the ground shows that the m k s  am much 
defornled, and eppressed folds, such as ere shown in Plate XII ,  A 
(p. go), have bwn recognized. This fold, which pitches &ply 
toward the west, is shown at  A on figure 6 (p. 90). It is evident that 
with such an amount of folding this structure is by no mema SO simple 
ns appears at first sight, rind even the determination of bedding is 
often impossible. It is believed, though it has not been definitely 
proved, that the schists reprewnt younger or overlying rocks. 
In addition I% the dark biotite schist and the limestones there is 

an area of slightly sheared igneous rock similar to the greendona 
of the mom western part of Seward Peninsula. Although the ex- 
posures were not sufficiently clear to ~reduda other interpretations, 
it seems probable that these greenstones intrude the limestones. 
Owing to the amount of deformation end consequent metamorphism 
it is probable that some of the greenstones are included in the areas 



mapped as schist. The fact that the greenstone is more easily recog- 
nizable in the midst of the limestone may be due to the prowtion 
given it by that w k ,  which is more easily deformed than tha schist, 
who% resistance to dynamic metamorphism is more nearly equal to 
that of the igneous mcka. 

Acoording to Mendenhall the ore occurs near the mnbct nf this 
intmsive and the limestone,* From the st~ldy of the regon in 1909 
this conclusion coulrl not be verified a0 the shaft was inaccessible and 
the only mineralization seen was in the midst of the limestone. I n  
the ~ h n c e .  however, of ore-bearing minernls in the peenstone i t  
seems doubtful whether the galena could have k n  introduced at 
the time of the intrusion. Furthermore, the n*ell crystallized ckarac- 
ter of the ore suggests that its deposition wns hter than the deforms- 
tion of the region, whemas the penstone  was enrIier. 

Two kinds of ore minerals are. found in this depositargentiferoui 
galena and stibnite. So far no interrelation between the two has 
been shown, but it  is belie~ed that both mere intmluced at essentially 
the same time. It should lm noted that the deposits containing the 
galena seem to be topographically above those with stibnite. 

From the reports of others-ns it was not possible ta see the under- 
grol~nd workings personally-it wns learned that "no mntintioua 
vein of gaIena ore existed, the ore being found only in irregular 
and disconnecfd pmlrets." Sonc of the pockets mere of large sim 
and the better ones mcr~rred entirely within the limestone. Some of 
the ore was thickly m ~ e x d  with products of oxidation, mostly lead 
carbonate. 

About 400 paces muth of the p l e n a  shaft there a w  a shaft ctnd an 
incline which were used to explore the stibnite leads. The limestone 
ia much h c t u ~ d  nnd the om mculs in thin drealrs in the sl~n~ttcrecl 
zone. None of the veins seen by the miters are of sufficient siee to 
w a m n t  mining. The: stibnite is well c r y ~ l i 7 , d ,  the thiclwr 
stringers appa~nt ly  occupyiap fn~llf  planes and sending small off- 
shoots into the limwbne, which, near the om, is abnormally granular 
and sugary. 

Considerinff the number of yeam the p u n d  hns been held and the 
l a r p  expend i turn i n c u d ,  the amount of ddev~loprnent work is 
astonishingly small. A shaft 180 feet deep has h e n  wink near the 
eastem mrrrgin of the limestone on top of the hill, an3 two 
drif b haw been turned ofl in the mmh for om pmltets. The npper 
part of the shaft is in limeshue, but, the lower is in &ifit, as the con- 
tact dips t o w a d  the west-. The shaft is well timbemd and is fairly 
d q .  Hoisting is done by power, a bucket not running on guides 

- - .  .- - 

*SZendenn~l1. IT. C., op. rl?.. p. 214. 
bIdem, pp. 21S214. 
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bing used. Electric lights am used around the shaft house and 
underground. Two outfits for drilling have been u d ,  one an air 
compresmr and air drills and tha other an electric drill plant. Elec- 
tricity for these uses is furnished by a coal-oil engine located nem 
Ule main bunk house on Ornilak Cmk. 

At 2OO.b 300 feet, v~rtically, nbove OmiIak Creek an adiE has been 
started to intemct the shaft in deptl~ and thus o'briate the necesity 
of hoisting the m k  to the top of the hill and then taking it down 
w i n  for shipment. Theleq$h of the adit is 187 pacas,or, approxi- 
mately, 500 feet; this distance was in massive white l i m e s h ~ ~ ~  some- 
what ghattered, but nowhre showing mineralizatioa, 
In addition to the equipment directly n t  the mine them are bunk 

and store houses at  C'eenilc, on Fish River, and also half a mile or so 
below the mine on Omilnk Cmk. At the latter place are a repair 
shop, electric plant, nssny laborutory, electric mwmilI, stable, and 
the other equipment usually fonnd only at large producing mines. 
?'ha compnny also owns a large river stmmer originally built for 
freighting the mine s ~ ~ p p l i e ~  np the river, but it has never been used. 

The production of the mine is not definitely known, but it bas prob- 
ably not been more than 400 nor less than 300 tons. A p ~ r t  of 
this was obtain4 from the various pocltetq below ground, but a con- 
Biderable amount is iinderstood to hnve come from hand picking the 
float found on tho hillside. The following tables show the returns 
from assayg of the om as shipped. It should be noted that owing to  
the high transportntion eharg~s the ore wns carefully hand picked 
and in soma cases wa~hed before shipping. 

-. 
Retarma from a s a s ~ s  of ore ad a h w e d  from OmlIak mine. 

I to 8 inclunlvs, eo1lA ore from Omllak mlne, t o m  of 2,000 lbr. ; 7 to 14, lncluelve, car* 
bonete o m  rrom OmIlak mine : 15, crrbonato ore concentrated by lsaablng in sluice boxen. 

' 
Unfortunately, in these assays the data am not sufflcient to deter- 

mine the percentage of any of the constituents except' the lead, and 
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therefore the following assays, less complete in certain other ways, 
are given also : 

Silver m d  lead in ore from Omilak mine. 

(ounces 

Assays 1-2 by Herford Copper Works, Swansea, England; 3 by Pennsylvania Lead 
Company, Pittsburg, Pa . ;  4-6 by IT, P. llillcr, San Francisco; 7 by T. Price, San Fran- 
cisco; 8-9 reported by W. C. Mendenhall, op. cit., p. 214 ; 8 yellow carbonate ore ; 9 
red carbonate ore. 

Assays and relative weights of part of the different ores shipped 
by the Omilak mine in 1889, with the price paid in open market for 
the same are given in the following table: 

Assays and weights of ore shipped by O?nilak mine in 1889. 

It is evident that the ore is high in silver and also usually carries 
a small quantity of gold. I t s  metallurgical treatment is simple and 
the ore is especially valuable to mix with other more refractory ores. 
The absence of fuel at a reasonable price prevents treatment near the 
mine and the high charges for transportation restrict shipments to 
ores of the higher grade. 

From the foregoing descripkions certain facts are evident, which 
may be summarized as follows: The claims have been inadequately 
prospected and large expenditures have been made, apparently with- 
out disclosing a workable vein ; the ore found is of excellent quality, 
but the quantity, so far as could be determined by the writers, is not 
sufficient to warrant extensive developments. The most promising 
area to prospect is in the limestone near its contact with the schists, 
but the deposits likely to be found will probably be pockets not 
easily adaptable to cheap mining methods and not capable of afford- 
ing a large, constant amount of ore. 

Lead 
(per 

cent). 

48.3 
49.0 
44.5 
74.7 

1 

Commercial name. ITeight (punds). 
Price 

received 
per ton. 

$93.00 
81.00 
57.00 

154.00 

Gold 
ounces 

ier ton). 

0.1 
.1 
.1 

.......... 

...................................... Red carbonate 
Grav carbonate ..................................... 
~ e l f ~ ~  carbonate.. .................................. 

............................... Argentiferous galena.. 

Silver 
(ounces 

per ton). 

92.9 
76.1 
49.7 
142.2 

380 
595 

6.569 
82,100 
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Attempts have been made to develop cnpper leads at three places 
within the NuIato-Council e o n ,  but so far the results have not been 
encouraging, and the genemi1 a h n c e  of snlphide mineralization 
throughout Seward Penin.uIa leads one to doubt whether c o m e r -  * 
c i d y  important deposits of copper will be found. Furthermore, the 
nemmry treatment nncl d i n i n g  that copper m~tst undergo Gefore 
manufacture makes this metal d iflcnlt to handle in a country where 
high me- high cost of mlppliw, nnd absence of transportation facil- 
ities exist; It m s  likely, therefore, that until one or all of these 
factors are crtnceled or reduced, copper mining can be suocessfully 
carried on only where the deposit is exceptionally rich. KO sudl 
places are at p m n t  known in Sewawl P~ninsulw. 

Several shallow prospect pits were sunk in 1 9 W 7  in the hills near 
Timber Creek in the Tubutulik divide, on copper-&ained p n s t o n e s ,  
near their contact with limestone. A large outfit was shipped in and 
exten~ivc plnn~ formulated, but the mineralization was not sufficient 
to wnrrnnt development, and after a little deauEhry prospecting the 
ground mas abandoned. Specimens of the ore from this claim were 
aaqayed R I I ~ ,  ~ccnrding to the owners, yielded from 17 to TO ounces 
of' silver to the ton and fmrn a few cents to $1 a ton in gold as well 
as  copper. From the high copper content scportcd in these assays, 
it is evident that the sample for assay was carwfnlly hand-picked. 
From a pemouaI ex~minntion of specimens from this p u n d  it 
appeared to the writers that the copper occurred almost exclusir-ely 
in the form of rnnlnchite, the green carbonate of copper, and suI- 
phides or other originnl minerals mere pmcticaIlg absent. On account 
of the secondary character of the ore, it is difficult to a.scertain the 
time or mode of origin of tho mppr mineralization. The observed 
facts show that t.he arbonate occupies fractures and joints in the 
greenstone, but this does not prscl~ide its having bee11 derived from 
the leaching of copper minerals originalIy present in the greenstone. 
So far ns could be determined, the copper mineralization at this place 
is distinctly local and in such insignificant quantity as to discourage 
further invpstigation. 
On the east coast of the Darby Peninsula, about 3 miles north of 

Camin Creek, a little copper mineralization was o h d .  A small 
amount of explomtion by means of a short, open cut had been made, 
but no work was in progress at  the tinis of the visit in 1909. The 
copper occurs mainly in the form of lths carbonate, but there is also 
a littte chalcacite present. Thii ore does not occur in s vein, but 
m m s  to be a replacement of parts of the schist, so that its distribution 
is irreguIar and discontinuous, Some is also found in the joint planes, 
as though it had been introduced later than the deformntion of the 
.country rock. There is a large amount of slickensiding on the rocks, 
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nbowing that faulting has occurred, and it is by no means improbable 
fh~t  the shattering effected by these mavement~ may have prduced 
a more or less pervious zone, which allowed aasy penetration for 
mhemlizing sol~~tions. The arnount of mineralization is, however, 
slight, and there s m s  to be no reason for believing that a commm- 
cially workable doposit will be found at this place, 

A short distance farther south is an outcrop of a nearly pure white 
limestone, which, though slightly shead, is in plnccs much brec- 
cinted. h short t~lnncl h n ~  bccn driven in on this brecciated band. 
Appamnt ly some surface stains had tempted exploitetion, bat as the 
work progressed and no vein w other mineralization was found the 
search u-as abandoned. From the present condition of tho tunncl and 
the sumunding country rock one fails to understand why mining was- 
ever mntemplnted a t  l h i ~  plnce. 
The only other place mhem copper prospecting has been under- 

taken within the Nulato-Council region is in the Bendeleben bfo~in- 
taim on the divide between Kingsland and Sugget creeks, Tbem 
streams are tributaries of tho Kiukluk from the east about 4 miles 
south of the Birch Crcek-Ni~ikluk d ividc. Pmpecting in this rcgion 
has been carried on for five to eight years, but no shipment of ore 
has been made and no consitlerable b d p  has been exposed. Ths 
ore occurs near the eontact of a lintcstone and schist in a region mttcll 
faulted and intruded by small panite dikes. The ore is low p d e  
and consists mainly of chalcopyrite, with few aIteration products. 
No distinct vein was found, the ore oca~rring mainly as a replace- 
ment of the country m k  in disseminated lenses and strings. 12 little 
gold is reported to be assoeinted mith the copper, but neither its 
value nor its relation to the capper mineralization mas learned. 

Although of lrcl commercinl value, the occurrenca of copper 
snlphides in a pink granit~, with rather large feldspar crystals, on 
the upper part of Peace River 2 or 3 milca above carnp B13, is noted. 
as giving a suggestion of the time of introduction of gome of tho 
copper mineralization. At this place there is only a little copper, 
but it seems to have been brought in conternporaneousIp mith the 
granite, As there is no eridence at  the other places already de- 
scribed of the age of the mineralization, this occurrence becomes 
significant. 

From the preceding amounts of the meager amount of development 
work on copper I d e s  it  is evident that no deposita of vaIue am 
known. TR p ~ r t  this may be due to lack of thorough jn~esti~tion,  
but it is lselieved to be due in the mnin to the nbsence of arpriferor~s 
veins. Therefow, although valuabIe copper mny be discovered in 
the future, the present conditions do not warrant march unless the 



enterprise is undertaken with the knowledge that &the chances are 
against rather than in favor of sutxesa 

Wherever the Cretaceous sediments Bra extensively developed 
throughout Alaska there are indications of coal. of these crop- 
pings in the area under didiscussion have been prospected and clairnsl 
staked. Field examinations .of some of the Alaskan coal deposits 
along Yukon River bave been recently completed by Atwood, but 
the results hnve not yet been made available, Manuscript notes of 
the facts gathered by him concerning the Nulato region have, how- 
ever, been furnished and have been of service in preparing the 
followir~g paragraphs. 

Fossils have not been ,found at  mmy of the coal prwpects and it ia 
impossible to refer the various beds definitely to their proper geologic 
horizons. Closer corrrelations therefore than that the coals belong 
to the Upper Cretaceous wiIl not be attempted, although it is hlieved 
that most of the deposits belong to the lower rather than the higher 
part of this series. O n e  exception, in which the material is a very 
moody lignite, seems to  be of much more recent age and is pmvision- 
ally called post-Tertiary, mainly on actlaunt of its physical chmactsr. 

For convenience of dewription a geographic order will be adopted. 
According to this pIan, the deposits have been divided int+ 
those occurring in the River drainage basin, and, second, those 
either in regions draining inta Norton Bay or in Seward Peninsula. 

YUKON BABIN. 

The most eastern l o d t y  where cwtl bas been prmpected in this 
part of the Ynkon basin is at n'ahoclstilten or Louden, we& of the 
mouth of the Melozitxut. A description of t h w  coals by Collier is 
as folloma : 

Two b&n of coal were seen by the writer at thia place. and two mom are 
reparted to have been uncortt-red In pro-g. The largeat okemed Beam ham 
.a thickneshl of 1 XmL Below t h l ~  seam there are abut 5 feet of bony m1 or 
coaly  hale with atringers of co~I. There are reported to be 3 sjmallw beds in 
the foot wall, each havIng a thickneaa of 10 inche~l. M n g  to tbe appmnt 
rather intense foldhg of these bed& it is impo~1bla to place much rellance on 
them? Rt€ltemats. 

The con1 in the l-foot mrn is l  not crmhed, dthough the be& are much W 
turbed In posItlon. The following anaIysis a h o m  it to be a bltumlnons coal of 
good qualib. It ia reported to have glven satiisfactory reaultn In a b l a c k d t h ' ~  
forge. 

- - .. 

a ColUer, A. J., The coal remrCWT of  the P u k w  Alaslta: Bull. U. 19. WI. hrpea No. 
21% lQ03, gp. 47-48. 
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i ina l~~d8  of ma3 (?ro. $41) from t-I~ot seam 5 mUea above Na7wcktillen. 

[ A - I ~ .  E. T. AIIM. a. a. cmt. ~nwey . l  
Per cePt. 

~ r ~ ~ r l - - , - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - -  6.88 
Ynlntlle mmbmtihle matter -,---..---,-,,---~--+---,-----,- 41.82 
F l ~ p d c a ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ ~  48.03 

Snlphur----+------,,,--,,-------------------,----,,,,--,- .fXS 
Fuelmti~,,------------------------------.---------------,,----- 1.17 ' 

Pmke slightly coherent. 

These coal beds have h e n  known Snr aerernl Tenrs. and rarlons attempb 
have treen made to opw here con1 beds of commsrdal lmrmrtnnce, but thus f r  
no -ma thicker than 12 inchea hare been found. 

No other coal prospects have been noted lomcr down en the Yukon 
until abut midway between the mouth of the Koyukuk and Nulato. 
A mine, called from its owner the Pickart mine, was noted by 
Schrader in 1899; it is therefore one of the oldest coal mines in 
Alaska. According to Collier : a 

At the Plcktlrt mine one coal senm haa hen exploftd which strlkm N. 78' El. 
and dlpe 36" N- 5.0 rolls, or hordacks ,  are remrtM to occur In the floor 
of the coal bed. Whether these are In the nature of friulta due to movement 
of ~trata along the -1 bed or Irregularftl~ In demaltlon of the Wlments 
conatitutlng the floor the writer was unable to dctermiac. Kenr theae mlts 
the coal & o m  considecable crubing which s u m  tbnt the roll is formed 
by deformation. The Pickart coal be8 han a tl~lckness of 30 Incbm at  n dls- 
tance of 300 feet from the entranre to the mine, but near one of the rolla sbre 
referred to the seem measured only 1s inch= Mr. W. E Willisma, m a n m r  
of the Pickart mhe,  reports tbat la mlnfng this coal a roll wnrr ericountered 
In the  workings abore the coaI mine ganawng in whkh the flmr of the  bed 
WB mim3 up, pinching the eoal down to a lmffeedge thkkneaa. The roIl ex- 
tended In a nearly straight line and appronchd the gangwap a t  a rate of 
about 3. i#t fn m. On cnttingthmghthismll good coal was fomd. 

h a 1  JESS of the cosl from near this mine published by Collier are 
as fo1lowe:b 

[Ha 1 h n ~  S.2 miles above Nulato, QU the Yakon; nnalld. O e e m  fltelgtr. 1P. 8. BmI. 
B m y .  Nm. 2 and 3 horn Pickart mine. on tbe l'nbon; analyst. E. T. Allen, a. 8. 
CkiL t3nrPey.l 

Collier, A. J., m. tit., p. SO. Idem, p. 02. 
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In 1907 this mine was visited by Atwmd, who reports that no 
work had heen in p r o m  fur mvem1 p a n .  - According to him 
there am at I& four thin seams of -1 stmtipphiCaUy higher 
than the one the. mine was opened on. These upper beds are only 
from 6 to 8 inches in thickness, and am associntecl with carbonaceous 
shales, which slrow frequent signs of cross-hedding and ripple m a r k  

About a miIe a b ~ e  Nulato, ColIiec noted s, pmsped hole mink 
h the san&tmes called Nulata andstone by Dall. The eection ex- 
posed showed 23 feet of bony coal with seveml bands of clay. One 
6-inch Id of clean con1 was uncovered ~ n d ,  it is reported, was u d  
to some extent for blacksmithing at Nulato. There has been no 
recent work at  this prospect, and it is evident that the seam is too 
thin to  invite further investigation. 

Four miles below Nulato, in the name sandstone in which the other 
prospects already described occur, is a c o d  bed that hn;s been opened 
ta a small extent. This mino is locally known as the B u d  mine. 
No mining has been done here for wveml years. Atwmd, when he 
visited tho prospect in 1907, reported that the slope had caved so as 
to mnke the minb inaccessible. According to Collier, at the time of 
his visit in 1903: 

In the tunnel, which extenda nbmt 40 feet, large hodle~  of m s h d  mal 4 
ta 5 feet in thickness arc! exwRdl. The coal is rmrdd  as bitnmlnons, having 
a he1 ratio of 1.76 and n water content of 21.17 p r  m C  The h1ph pefieotage 
of water Is probably due to decm~mdt!on of the coal 111 the cropplnge. No 
coal has been produce8.a 

[Annlymt. 1. T. Allm, U, El. Oeol. Rurmy,] 
N o i ~ t u r e - - - - , - - - - - - - - - - - - - - - - - ~ - - - ~ - ~ ~ ~ ~  U 3 7  
Tolatlle mnttcr--+-----------------------------.--------+---,,,------ a.48 
Flred mrbon------------,-------------,---------,,-,,,,--------,-,, 62.02 

About 5 mires b low the Busch prospect is the Blatchfomi mine, 
which is a h  abandoned. Collier reports: ' 
One workable -1 bed has been operid a t  tllh plnce, . Tbb beB b a ~  been 

crushed and sheared b~ the movements of the indoslng strata, making I t  very 
irregular. Lam ma- % f'eet tn dlameter have bwn ionnd and m i n d  on& 
showing that b e f m  it was dtstnrbed the coal lbed pro8nbly bad mnsldernble 
thickn- Tbe -1 has a teodency to break QD Into 8ne ptecm, tboulph i t  I s  
- -- 

I collier, A. J., Bull. lJ. S. 3.4. Sarveg No. 213, 1808, p. 281, 
*Collier. A J, The W resomceicl of the  Y u ~ u :  Ball. U. 8. 0001. B ~ I  NO. 218, 

1805, p. 53: 
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a bituminous coal having a fuel ratio of 3.30. the highest of any coal on the 
Yukon, and a water content of 1.36 per cent. The ash  is only 2.22 per cent, 
making it, by approximate analysis, the best coal seen by the writer on the  
Yukon River. 

This mine h a s  no visible development or permanent equipment. The workings 
lie below the level of the river and the entrance i s  covered with water during 
t h e  summer months, so tha t  i t  can be worked only in the winter af ter ' the 
freezing of the river, where the ice filling the upper workings must be mined 
out  before the coal can be reached. The mine has probably produced about 300 
tons of coal. 

The Williams coal mine is located on the west side of the Yukon just 
south of the mapped area. It has been more extensively developed 
than any of the mines already described, but as i t  does not come 
within the area covered by this report, description will be omitted 
except to state that in a broad way conditions are the same there as 
in  the other prospects. 

NORTQN B A T  BASIN AXD SOCTHEASTERN SEWARD PENINSULA. 

Coal has been reported at a number of places along the eastern 
shore of Norton Bay, but so far  as known no beds of a, sufficient size 
to allow profitable mining have been discovered. Dall mentions a 
%-foot bed of shale and lignite, possibly Kenai in age, on Ulukuk 
River, a tributary of the Unalaklik from the north.a It was reported 
to have no commercial value. Brooks states: 

Capt. D. H. Jarvis informed the writer that  some very good-looking coal 
had been found near Unalaklik Cape near the eastern shore of Norton Sound. 
These [beds] probably belong to the same series described by Dall. 

Several openings have been made near the mouth of the Hoyuk on 
the western side close to camp B17. Unfortunately the shafts were 
not in condition to be examined, and the only information gained was 
fiom a study of the material on the dump, as there are no exposures 
of the coal-bearing rocks in the neighborhood. Although lignitic 
material was found a t  this plabe, several years of desultory prospect- 
lng have failed to disclose a workable bed. The shafts show a series 
of sandstones and clays which have weathered badly on the dump 
and appear much less consolidated than the average sandstones near 
Nulato. It is understood that during 1909 the company formerly 
interested in this claim abandoned the enterprise. 

I n  this same region ml float has been found on Coal Creek and 
claims have been recorded, but none of them was being prospected in 
1909. Probably little of value was found as the series is without 
doubt similar to that near camp B1'7. 

~ D a l l ,  W. H., Correlation papers, Neocene: Bull. U. 9. Geol. Survey No. 84, 1892, 
p. 246. 

aBrooks, A. H., Coal resources of Alaska: Twenty-second Ann. Rept. U. S. Geol. Sur- 
vey, 1902, pt. 3, p. 580. 



Mendenhall a says eon- his investigation in mutheastern 
Sewsrd Peninsula : 

The only poeka eacottntered In the reconnalaaetn& li&&y ta Eaal are the 
nedlments sn- to be ot Tertlnry em outcropptng on the Tnbutullk and 
Koyuk rivers In n t l m  belta No direct evidence of the prewnce of thla 
mln,eral wnR wured on tbe Koyak, but along the river bank amdated with 
the mndstone o a t c m ~  on the Tnbutallk are numbers of small p i e  of bright 
compact coal seemingly of quality. 

'She ppesenca of this ma1 float hns long been h o r n  to prospectors 
but so far no M s  that would wamtnt invlestigation have been di5  
mvema. 

As previously stated one locality was visited in 1909 where there 
is a woody lignite of relatively recent age and differing from thcm 
previ011sIy described. This exposure is on the RatMrttulik, a tribu- 
tmy of Fish River,  bout 10 miles above tha junction af the streams. 

A shallow pit has been sunk: here and slightly carbonized fragments 
of w o d  found. Underneath this Iayer of woody material is a black- 
i a h - p n  calcareous muck which is nearly flat or haa a slight slope 
toward the mst. A cross M i o n  of the valley a t  this point shows a 

. low bonch  bout 3 feet above the water, succeeded on the east by 
another bench 15 feet higher 100 paces beyond the s t m m  and sepn- 
ratd from the lmerbench by a, stsep cliff. All the material from 
the stream to the top of the U-foot cliff is well-rounded p v a l .  
Several abmdcined river beds are found on the lower bench. 

The coal i s  not over 18 inches thick m d  is of poor quality, having 
advanced little beyond the wood stage. Resin is abundant in many 
of the szsrnples of this material. No tests of the coal were made, 
but from its physical chaxacter it does not seem possible that it could 
be u d  for fuel except Very lacally. h'o accuseb estimate, of the 
amount of material available m l d  h made witbout further exploita- 
tion, but it is believed to be of very slight extent and not of suficierlt 
value to warrant, further development 

<X1NGtmIONB BEObBDXNQ TEIE COAL IUEBOOACEB. 

In the forego* paragraphs the p h w  where the -1-bring 
m c h  have beebeen prwpected to some extent have been dacribed with - - 
the object of showing the p e m l  character of the h o r n  coal depw 
it& Indications of c o d  have been noted at many othe~  places, but 
the types are essentially similar and do not merit specific description. 
There are certain conclusions that may be d r a m  from the facta that 
may mve prospectors from spending-their time nnprdhbly in the 
search of coal. Coal wiI1 be found on17 in the areas of Cretmeo~ls 
d imeink No m o m i c d l y  important beds are t~ be expechd in 

*Yendenhall, W. C,, A rewnnal-ce In the No- W nglon, Ahow in 1806, 
qmia! publhtioa af the U. 61. Geol, Rnr~eg,  IBM, p. 214. 
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the nnconsolidated aIIuviums such as those in the Fish River basin 
on the RaWatulik. From the fact that so far there is no productive 
mining on any of the coal-bearing rocks outcropping along the Yukon 
within the mapped area, it seems improbable that workable beds 
in the same series of rocks will be developed in the immediate future 
in the more remote regions where transportation facilities and mar- 
kets are wanting. Although thicker beds may be. found here and 
*.here, the additional mst of transportation for each mile that the 
deposit lies back from the river or from some other cheap avenue of 
mmmunication increases much mure rapidly than the thickness of the 
bed could be xqmnably assnmed to increase. I t  is improbable, them- 
fore, that vorkable cod, where it. is not now known, will be found in 
the Nulato-Council area. 
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