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PREFACE. 

Thh mlnme is' the eighteenth of a aeriea of mnud bulletha "sum- 

mslieing the ~ u l Q  achieved during the year En the investigation of 
the mineral m u m a  of Almka and treating of the mining idwhy 
of the Territory, especially of the statistics of m i n d  production, 
with &e cdectim of which the Geological S m y  i8 chrmrged by 
law. 

The mpwte included in this valmne are primmily intended to 
give prompt pnbliention of the mom imprhrit economic mults of 
the h r k  of the year. The time svailuble for their preparation doas 
mtpermitfdIofficestndyofthefieldno~sndspecimena,mdsome , 

of the statamenta made hem may require modification when the study 
hss been mple.tsd. T h w  who are inktested in any p&icdar 
district should therefore pmure ti copy of the complete raport on 
that district as soon m- it is available. 

Again, BS for many psrs in the past, the Geological Slwey is 
mdm .gma6 obligation to residente of the Territory for valuabte 
data. Thclsa who have thus aided include the many h a  operstora 
w h  hm mbde repork on production as well as developments. 
The& $ra Btin sum AlwrEFAn mined producere, though a constantly 
decreudq n m k ,  who fail to =pond to the requaat far in fa ma^ 
tion. Theredom, it is still necesgary to supplement the SgUrm o b  
tained from mine operatore by estimates from other reliable saur*es. 
In tbis work the mitar hw received invaluable aid from m a y  prm- 
pectors and miners, Federal and Territorial officidfl, engineere, and 

* officam of b& and transportation and mpunercid m p h e s .  

r T b o ~ m l t - m f m U . a t s s ~ U . 8 .  aaDtSm6yBnb.2W,a81,814,~879,44a,4-W,61a, 
Wao2.~ayWaeqna,~+,.Mi7aa. 
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work, but it &odd be a h t d  that fRithcrut the ss%istance oi these 
publbfited eitkam th0 prepm~on of tl& mprt would haw b n  
impoeeible. Spmal acknowEedgmenta ahodd lm made tio B, D. "-2 Tarritoripl mine inspector, mik @.- Fm3 Dyerf Ppd?+he 
bspk r ; the h t o r  and other officem of the Bweu of the Bbint ; 
the Dirsctor and other &m af the Bureau of Mkm; &am of the 
Almks htom %mice; the offieem of the AlwW E n g h m b g  Corn 
Mion; the Am&can Railway Express Go.; Stephen Bhh, Keme- 
cutt Copper Corpdmtion; Surmier S. Smith, resident engin- of the 
A h k e n  Naval Coal Conmhio~;  Gemp Parks, of the General Land 
Wm; E. E. Barth~lf~ of Hyder; R. L. Cline, of tbe United States 
F o r d  Service, Kekhikan; Thom-Vqpl, of Porcupine; 0. H o w d  
Bmh, of Nigiea; M. J. Knowlm, of McCMy; 6. M. Elmer, of Chietu- 
ohina; Charlag A. Spongh, of VaIdez; F. E. .Yo-, of Sewad; 
Sidnsg Andamn, N. 0. Andeman, and A. G. Tbompn, of An- 
chomge; Edw, ~~~U snd $0~. _Kmme&, $- T&&na; 
Z. T. Edferhy,' of Kodi&; Red fldhps, of IIliamm; Paul BWe;p, 
of Udaska; W. F. Gmn, Peter McMuUen, and Tbamas Aitkea, of 
MeCirath; D. E. Stubh and Jwph l awis ,  of $aiak; G. A. S t e c k ,  
JoZyl~~m~dson;'d Gabrihn, and 4 L. Jean, of Kwinak; E. Ltturren 
and Charles Zieb,  of Nmma; A. W, Amrm and James Funchion, of 
C m ;  Wi l l iq  .Kgnsrt, of Purgatory4 D. P. mmtoa, of Chisma; 
J. J .  Billiard, d<'X&e; K T. ~&b, pf tge B-u of Minss, Luthw 
C. Em, ~ i r a c  Nation4 Bank, and T. H. Deal, of Faitbmb; Ja F. 
2%mmmnm, &,?ox; E. Chemorth and J. H. Elden, of Sted #dt; . 
Chdm M. GhI,of Jack Wade; Ronald Campbll, of Bot Springa; 
B. B: .Smith, h& Spel jack, and J. B. Nollet, of whir; A. TI. Thomi 
of T"- tna; Barry Mhdiaon, of Tohtoi; B. C,. B u n ,  d I&-, 
Daniel Wehhr snd H. S. Wanmdm, of Nolan; A. 6. GdEn and 
Paul-Solka, of Jtidmbn; George M. Pileher, of afsrshall; Rav. 
Johq Chap- p ~ d  Charlea D. Wulf, of Anvik; George W, Le@rl 
of Rsmparf; J a b  Minook, of Tnnnna; T. A. Pmw,  of Rubjrg 

- B. 3. h w m ,  of hng; Hemy Willeke, of P-; k X Bhbridge 
md:E. J. P a w n ,  of Livengood; B. W. J. IEsed # jRam,B. 
-11, of NO-; WiHiam N. MWX, of T d k i  8. k@&,d % 
i q j  @. A. fi?zfiof Candle; Lewis Lloyd and Ja2nes C. b, of Shung, 
n&; and Char& L. Shdeyl of &a. - 

t ~ m h m W d p t c s l J & ~ ~ . e ~ ~ S h - t ~ ~ ~ ~ ~  



GENERA% ~ ~ B .  

% 1pdw of the totd mineral pduction af Alaska in 1820 was 
$!B,803,757; the vslue in 1921 waa $1 7,004,124. Pat in spite of thia 
tmemdum f a h g  off, the mining industq w a whole can be said to  
have been more pmpemas in 1981 than in l0N. The deerewe in 
value ia due ta the low prim of copper, and no dmce of %he Mash 
mpper-midq induam wm be expected until there is a better market 
for the metal. + Cod mining shows some growth, th012gh it remains i% 
be p v e d  that A l d a  highede coal 4 in the naar future ?M mined 
for export. The seamh for Ataka oil fields was oigorously continued . 
in 1921, thoughexcept et Katda, there bas yet been no drilling. As 
will be &own, &e p f ~ ~  industrg in 1821 bad a pmperoua 
&;sow-&, compared with that of previous pars. Tbe mmt important 
event af the yerar to the future of tbe mining induetq wm the prats 
tical mnpletion of the Alaska Railroad (the Goverament line). 
T h 6  only r e m k  to  be built the bridge - Tmana River- 
The building of rods in Ahaka waa expedited during the par,  so 
far a the funds avdable permitted. There is g d  reason to believe 
that the ocean tramportation service to Alaska is soon to be improved- 
Them bettemanh of means of ~omunication are the most saluable 
local factors in promoting the r e v i d  of Aleska mining. 

The dominant features of the year's mining are ( 3 )  the dmaaa of 
both mppr-production and development, owing to the low prim of 
the mhl; (2) t b  cIming of &the Peeverance mine, one of the three 
laqp surifemns lode mines at Juneth~; (3) continuation of activity 
in auriferous quartz development in khe Sitka, Juneau, S b o n  River, 
d Wilow,Cre& districts; (4) a revival of p1w.m mbhg; (5) con- 
tinu#oe d sptemstic proapwting for ma1 in the Mabush fidd 
by- the N a d  a d  Commkion ; (6) the numy maminstiona made in 
Alaska palmlam fields by oil wmpanim, with ths pwpoae of ddliing. 
The cbmvery of a new locality of galena and other ~ulphide deposits 
in the. 33antishna district is &o worthy of specid note. 

THe number of msn engaged each year in productive mining @m 
a rough measure of the prosperity of the industry, but unfortunately 
complete atathtica are not available. A ctmdul~tudy of dl the facB 
at hand appears to jutify the following estimates, which include only 
the men employd at mines that made gome ~~ ouiput during 
the percr. 

a 
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In cioneiderh@ the above tnble 7 t should lie m t u & W  & ~ t  the 
mmshr placer nbtnea are operated for ars a v q  perid of 1- than 

Y 
I00 dagg in a 'year. A mmpariqon of &a first two columns &om 
that only a. 4 percentage of the men en&gd in summer plmr 
miming can h d  M a r  employment in the win-. As the winter 
place? mjning is all done tbrodgh ah& a d  &Xta it is c l d y  d a t e d  
to I d 6  k i n g .  Some of the dmp @war miaw am operated for 
nebrlx h e  enWbear and .bmh axb includd hi the total snmmer 
minw -also. Ths'qodo mini ihclude &pper and goid and a few other 
rneW.binas, and 'the fi&& for these include o d y  the atrerage nun- 
ber emjployed durih& the year. The fourth m l m  shows the number 
d men engaged $all otlier f o m  of mining and quarrying, including 
.the eQloitation bf coal, pet~leum, marble, tin, ~ u m ,  and o'ther 

r " products. 
x i  kpi 0 j ~ h b ; , 3 9 e e  d a H 1 .  



~ A L P E O m m O 1 Q .  . 

The htal pductidn of gold and silver since the begimkg bi"W- 
h g  in 1880 is given in ,the foIlawing table. For the earlier yeam the 
-88, mpeoidly those for silver, are probably far from correct,-but 
they are based on the best information now available. 

&id and d m  praduasd in Ahka, 1880-1921. 



~ ~ & ~ o I  lead- 

Ninehen gold~and sil~err lode mines aad thirteen pmpcta were 
opemkl in 'i@f ,md plodtl&d gold, silver, md< a m  ' h d  anr 
capper h a totd d u e  of $4,W2,741; in 1920 m#nteen gold and silvw 
lode &ee m d  five praswta were opemud and produced metah to a, 
total value of 54,886,547. %b demmae in metallic output of the 
Alaska lode mines is due to the dosing in June of the Pmever&nm 
mine,.l.u the Junm &trict, In w e r d  the lodemining induetry 
d 1921 show4 pmpm during the year, but devstopments af ore 
bodie~ am not yet sufRci.ent:to give any amnsnoe thst output of 
@Id from We source will hmme in the immdata h b .  At the 
and of the ymr them were only tbXBB 1-0 prodnct;lve mbms in 
~outheashm Alas%8, md for &e present the mainbnmce of Alaska's 
gold-lode produ&b depends an them three mines. On the other 
h d ,  m e  pmgma waa m& during Is21 iri lode nainjnP in the 
Willow fleck dist,tjwt, w h k  tbeygold meput wm n d y  slaubh tbr& 
of 1920. f t mu& b noted, howewer, that na noteworthy reserves 
of gold ore have yet bwn developed in the Wirrow Creek d b h t ,  
t;bwgh the outlook for fmding &ern iu enmumging. The a i l v e s I d  
d e p i t a  of tbs g a t l t h  region are promising. M e  mining at 
Fairbanks h h d  in a amall way, and the paent  mibElity 
of the district by mil will andoubtRdIy stimulate further wwch for 
GamrnerciaI om bdhs. 



~ ~ ~ ~ l d ~ m ~  inAl&ateman, tha 
b e r y . a f  *g amifemu lodm in m mmy dddy qamted  
Wthrr.md the- h m  w i d m w  faoomble geologrc 4 t h  
fw the borclrock oommmce of gold are auspicious for s 1- 1 6  gold- 
mining d~v~lopmant.  Silver-bearing galena ores are also w i h p r e d  
in Alaska. Thna far mining of such deposite bus h rwnfmed to 
tba axtmtion of smalf but ve1.g rich ore &oota, T h m  ia goad hope, 
b h m g h  8a yet no positive evidence, that larger galena om bodiea will 
ks frsund and .that the exploitation of such bodies may become $ 
mom prmssant feature of Mash  metd mininp' than at present. 
Mmtts;le the midl ghipments of gdena om &h in silver have 
g~gatly swelled tha silver output derived from Alaska lode deQasits, 
as ehmn in the fobwing table: 

..,h the, above table we included the silver-led ores, as well w 
d e m u e  qu&. The ore hoisted from the auriferous quartz mines 
yielded on the average $1.39 worth of gold and silver to the ton. In 
1920 the average recovery was $1.39, and in 1919 it was $1.38. It is 
needme to state thtst this low recovery ia caused by the I q e  per- 
centage af the total, tannage mind that is to be c d M  Ito the mines 
"of the Jmeau district. 

&ring 42 pew of mining Alaska has produced gold to the wlue 
bf.t328,504,093, and of this amount $226,112,000 is to be credited 
to hw plw &M, Because of the high cost of all mining opera- 
tions,& the relatively low purchasing value of gold h t  have exisbd - 
ainm the war gold placer mining has bean on the d&e. During 
tlk period of stagnation Alaska placer mieing has h n  maintained 
chiefly by those who bad large plants, such as dredges and hydraulic 
mines, and could not afford to  let them reat idle. A very 1-e per- 
centsge of tbe mines ware operakd by the ownem, who hsd no other 
means of livelihood and were loath to leave the mmhy and take up 
a n e ~ ~ v w t i o n .  Xn 1921 there was s marked improveunmt in the 
plamr-mbbg indtmtry* which was exp- not only by an inc- 
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'i&r?aout 9,4-iatq*.lpld o*utbu&.lacih $b, -w of 
h g a .  p- pmjBGbitbt -,dm, m&pi Thk,~aPid b due 
ta&g€mwdbePr~ of ix&kin tha mom wmmible di%triets, though 
thepsh 8x0 very hi&.- A: mrkidwde mamber of 4 e  d e r  
pl&r mine8 sre baing. o m t d  at e lm, Cosb sffill ~ 1 1 h b t d y  
.be l o w e d  in &he region. sewed by kbtbe Ahdm Bajlsokd, and wbed 
w* trampwktion .on Yukon Rivm ia djusted ta tbe mew c o d -  
.tiom produwdhy the r & d  to Faid+&, operating aaets w i l l  %keo 
decline in some sf the mom iaolatpd-Yakon camp. The tramportat 
tion .fumbhd by the Alaska R M  c m  not, bowem, be bemade 
available to theidand mining hdmtq  unlees a very 1ibd paLGy of 
wagm-mad cadmetian iirt .adopted. The conhtnction of mads md 
trails is tcday tha greatgst need of the Alaska, mining industq. T h  
Aids Road Clommisaion is fully aware of t h i  need m d  hm ~coom- 
plishgd much with the fUds at ih dispmal. 
Ths quantit-jr of incoming freight required for p l m  mhhg varh 

& d y  tuxofding to methods of mining and sources of fuel and lum- 
ber, but precise figuF&s on ~ subject are not avdabie. It i% evi- 
dent that in districts where placer mining is the only ind- all the 
incoming fraight is hrgeable  to thk indushy. The facts at hrrnd 
indicate r more: or less constant relation betmeen the mount of 
annual ina.mh@ltreight and the m d  gold ofltpat, thoagh ma& 
featly the richer %he g r m d  the mom gdd will be pdulced to the 
ton d incomingnAfreight. At Fairbanks the avsrage of eight pap9 
 hod that a b ~ t  $350 worth of placer gold wae p r o d u d  for m h  
.tan of incoming freight. This freight included, howeoex; practically 
no fuel or lumbar, The average of the Ynkon camps wira about $530 
'worth 6f plader gold for each tan of f might. fa the m d e r  districh 
like Xoyukuk, X&arod, and Hot Springs, where very rich placer 
deposits were b h g  exploited, from $500 to t1,OM worth of gnld was 
produd for each tan of freight. The mining of the lov&gmde - 
placers of Sewad f eninsuls, ,where it is 3ecessarg to import all fuel 
and lumber, in the two yeam 1910 and 1920 pmducd ody 5130 
worth%f gold ft e v q  ton of freight brought in. The Qma given 
above, though only qpmximately mkate, c l ~ l y  ~hdw how the 

of ..trm~portetion is the hmine?h& f8et.m in pl&'&W~g~ 
. - A h h b r  of eew h d a  of placer gold wmm made d w  1921, bnt 

&hey kero all in Irnown fields of anrifamus alluvium. Une of t h e  
dis'caveriea WM m d e  on Wilbur Creek, a tributary of Tolo~ana River, 
"$tibut 7 miles dnd esst of Livengood h k .  The finding of coarse 
gold on this creek indicates that the- m y  be 8 mxmd belt dminerali- 
ktioa in the Talo~ana &a. Anather deposit of phcm goM WM 

foundsibn Kobmo Creek, 8 southerly tributary of C h a t d s  River, 
10 mila emt of &by. This dimovarg i~ s @ ~ l ~ ~ t  chidy bwaua8 
it indihtea m' d o n  62 the auri fmt~ Zn 1921 



pkmmiah~g-t~ui begrm m gold proep~cts that had baen found itt 1918 
on Sbuprrbok CFeeg, a trih tatg of h d a  River, which flm in to 
the Yukon 10 milee blow bpi& Fmp~~ting in the Chandalw 
dishkt hea given speeislly encouregi;ng multa, and the output fmm 
this oomp will probob1 y increme. In general the outlook is f rvorebls 
for an in- of plmr-goId output in 1922. 

of d hb p h  minty in 1990 and 1921. 
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,@d and dw p h d j r o m  p h w  * k d h h  in 1921, by tagirms. 

H e n l i c  mining is becanting d aonstaatly increasing importanm 
in tb . ,Ahka  placw industry, and this mminb in part for the lower- 
ing of & everage d u e  of the gold m v e r y  to the oubic yard from 
tbe p v d  sluiced annually. As yet there ere but f& 1- hydra@ 
pluuta in operation. Conditiom fevomble for hydra&tminhg on s 
hqp ;d, mch BS proper stream, gradients, water ~upply mdm 
d3cimG had, md k-ge bodiea of  buri if emus gravel, are found in the' 
mountainous belk &bat hlordem the P R C ~ C  Owm and exhnde idmd 
for ~W+tiu 2 W  miles. The Porcupine, Wuina, Chistochina; Valde~ 
Chek,.YmW, Kmtishzla, Bonni6eM, &nd Chisna placer diatrict.9 lie 
witbum at &e Ewrder ~f t h i ~  mouatainoaa belt, Ah yet no con- 



.&bk tesrs~ik the M a  d--M~rrdt I* within 
this belt hag& ~ I T I  made .t&deta& th& $old mfant. Some of 
t h d  deposiVlta well d thomgh prospecting. ds 
Tbe foHowbg table is b d  in p& on mturna made byq%brah OF >+ 

minea and in p& on h o r n  facts or wumptions concerning 
the richnees of the gravel in the several diefricta. Although the ;- ; 
tsble is thus in prrrt Bn estimate it is probably newly mrm&. w 

The decline in the average gold content of the gravda mlnd from . 
1908 to 1914 mRmta the gradual exhaustion of bonanza placers, the 
improvement of methods of placer fnining, and the incxewd use of 
-. 

Be &we in tbs aubjoieed list, 24 &gee warn opmmtd ie;Almka 
ip 1922, ~le m m p d  with 22 in 1920. Three of thw ~~ wem 

t- - 
opprrahd law dm a rnontb 4 therebbm ~ h d d  not be h e d  with 
th6 nqmal pwiwers. The S e w d  Peninsula dredgm were in corn- 
e q n  BO to 12$~ drrye, a~emghg abut 1.oO dtbp of prodactid 
mining. The drdges of ahe Yukon and K u s k ~  i q b n  w d e d  

' f m  90 to 1W dsya The aver- gold recovery for all Alaska 
dredgee was 57 ant9 a mbic ymd; for the Yukon end K d d c w h  
d d g m ,  (H, cem* and for. %ward Penhula, 39 aanta. There is ' 

good reason to b&we that. two or three additional d d p  wiil be in 
operation in 1922, 

: .  
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&Id &w&u opcmtsdfm A h b  in IMI.  
#mmdPdqula: 

Cbmreil distti& 
Orooked CtesL Drede (Jo., C m k d  Orwk. 

.t..Gwd,L Rde, Warm h k  (?). ,:* . 
Northem Light Mining Cu., @hit Grsek. . .  
Wild Gome Mining 6, 66. (2 d-1, Opblr- 

, 1Ioogamk district: 
Behriag lXPldging Cqmmtion, Koug.mk Rivrr. 
K o u m  Mining Ga., R o u p k :  R~YM (3). 

Fama district: 
Amm dk Quinon, GI*eier Gnrek. 
Center C m k  Dredging Co., Bmte River. 
Jlextur fleelt D r e d ~ n g  PO., Dexter Creek. 

' 
Dry Creek W 8 ; n g  Ca,, Dry Creek. 
JuLien Dredging Co , Omborn C m k .  

Port Clmmce district: 
C. F. L F. L. Rice, Bwmmn M k .  

Bdomoll dkfxict: ' 

Esgimo Gold I)red& Co., BOW m. 
Zvenron & J o h n ,  Big H d  Creek* 
EhoveP Creek lhedging Co., Bhnvel Cm&. 

Y& baain: 
m e  diatriet: 

Berry I)hedglqgCm., Mastodon mk. 
mbdm dinixict: 

Fairhuh  Gold Dd@g Co, (2 dredges), Fairb*ale cmk 
I d i M  district: 

B e a b  & hmelly, Ckmk. 
J. E. W e y  Invdmmit Co., Onef Cmikm 

Inwhdiatrict: 
Flume Co., Y e  M 

Ktmbhim region: 
M m t  McKinley district 

Kuskokwim Dredging Co,, Cud* Cxleet 
Owt Inlet and Susitna *on: 

Yentnm dih- ic t :  
Cache Creek bmjgimg Go., rJ& h k -  

G& p d t d  M g s  mining in dl*, fNSIHI. 
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. . ?bstot l looppero~tptd~ie lgt lras5?,0211a7~poonda,  -. 
v d u d  st $7,3M,4W; ie 19201 it :?0,485-$43 prmdq valued at -3- 
$E2,960,10&. This d m  in ontptlt was the mu& of curtail- 
ntent of production, at thp four 1-e Alaska copper mizres-the - 
KomecottrBoneaza, Jumbo, and Mother hde ,  in . tbe Chikina 
bssin, and the BeetsomBonsnss~s~ .on Prince William Sound-and 
wm but a refleetion of the world-wide depression in- the copper- 
minine; industry. The Rush & Bmwn mine, in the ~e~~ & 
trict, is the only other Madm capper mine that was operatad on a 
productive basm throughout the year, Them was, hwemr, a 
small copper output fmm half a dozen othex l d t i e a  in Alaska 
during 1921. 

nesides the copper the 477,121 tpm of ore from the :mppm minm 
yielded 1,328.91 fine ounces of gold, d a d  at $27,471, thnd 545,229 
h e  ounce, of dver, vrrluad,sf $MB,2!W. 
The average mppr content of the m hked 41 IWl was 6.8 

per cent; in 1920 it wm 4.6 per cent. The gofa and. saver content 
of the Alaska mpper ores varies so greatly that the average is not 
~ignificmt. + M the total capper am mined 448,236 tom wm mn- 
centratsd, yielding 47,571 tom of conmntrates, whiab e& 85 
per cent of co$pr. Mo$t of the copper con6entmtes ~rad m d e  ore 
were hipped to Lhe smelter at T m s ,  Wasb. 



Though rmdqpnmd explomltioe of copper Idea mntinud in a 
gmd way in d the Al& copper dktricta no important advsncee 
can be mdd. At no tima in its htorg hae the Alaska capper- 
.mining lndlretrg b so stagnant = it was in 1921. Must of the 
copper proparties are in the hands of those who haw not suf6ciant 
mpitd to permit systematic underground ~rcplomtion, Their activi- 
ties am mually Iimited to the required twessment work or to the 
ma& for and development of rich are shoob that can be- expIoiCed 
at a profit, even bg those of mall financial mumes .  Such small 
activities cm not lasd to profihble mining unlem the ore body irr 
cloee to rsihada or ocem transportation. 

The &d that them wme only six productive copper mhw in 
d Alaska in 1921, on ih faw, would certainly lead to dismay, yet 
aome other facts in regard to the occurrence of capper are encouraging. 
The wide distribution of ceppgr ores in Alaska baa alrendg. been fully 
described.' Them are in Alaska some 28 mines which have in the 
. past p d u d  copper on s comemial s d e .  The suspemion of oper- 
ations at some of thme mines is due to the apparent exhamtion of the 
ope bodies, but in much the larger number it is due to other factam. 
The reopaning of many of theae mines is dependent on &a svdability 
of capital, notably for conclentmting plants, on cheap trmprtatl'm, 
and, above dl, on a higher price of mpper. 

Copper minerahstion h a  occwed at  hundreds of aflocalitiea, and 
the location of claims on very small showings is a common prmtice. 
!be  n u m k  of copper claim that have h n  gtaked therefom 
aff orda no measare of the number of commercial deposits. A careful 
weighing of tha information at  hand indimtee that them are in 
dlaslrs within 25 rniles of s railroad or of tidewater at bsat 65 loopper 
pmpmtalthat give hope of mtiniag commercial om bcdiee. Them 
iore, alhough tbe e~dmca in hand i far from k g  mnclasi.ve, it 
a p p m  that, hdudmg minea and m i b I e  pmpecta, there am 
abut  100 l d t i e a  where them are coppar om bodies that have some 
pmmbe of being of commercial size. Theso do not include the de- 
poeite of mpper at localities now too remote to permit development 
witbut 1- invmtments in railroad con~truction. 

I;EAD* 

The lead produd in h k n  in 1921 eame from the g~1d o m  of 
the JU&XI district sncE from galena owe mined for thek lvgh eilver 
content, chiefly in the Kantiaha and Ruby Mete of the,Yukon 
and the Feirba~en dietrict of Sewsrd PeniusnIa. A t&d of 727 tone 
of these silver-led or- wae shipped in 1921 md yielded on the 
average 129 ounces of silver to the ton md 35 per cent of lead, In- 



&- the d content d gold :ad copper, &e avemge d u e  of 
them advep.~& ores was Sf 84 a tonl* 

All thk minirp. wae limited ta the .extraation of rich ote &oota, fur 
thbe mt of tramportation baa tbua fmr prohibitmi the exploitation of 
om eT 1- m d d i c  mnhnt. The esarch for gneh valuable silver- 
I d  d+ta hpe bmqht ndditionnt widen- of t?m widespread 
occurrence of plena ores in Alaaka. In the Kimhhns dirrtrict some 
indidationa hew been found of the pmxmm of larger om M a e  than 
bave thas far been exploited. 

On muat of the low price of tin, operations in the York dietrict 
d b a r d  Pmhmla, the only region in Alaeka where conimmid 
deposits of thb metd have bean found, were suspded  in 1920, 
The only pduced daring the yew waa a. f ew ton8 won from gold 
pl-mbbg operatiom ht the Hat Springe djatrict of the Yukon 
b&, NO tin was shipped from Amka in 1881. 



' ', - 4  m PLATINUM ~~. 
The mtput d.platinnm miner& in A l h  in 1921 &d a large 

. fslling off, owing to the mqension of opeastiom at the Salt Chuck 
mine, which in the past has been the principd producer bf palladium 
in Alaska. T h e  pletinpm produced in 1921 was won entirely ae a 
by-product of gold p l w  miniap. The prducem include one mine 
on Slate Creek, in the ChPstochina district of the Copper River basin; 
thrae on Dime Creek and one on Sweepstab Creek, both in the 
Koyuk district of Seward Peninsula; and one on Bear Creak, in the 

. Fairhsvm district of Seward Peninsula. This record ,shows that the 
mining of placer platinum is not yet an established indu~try in 

I 

Alaska, for its continuance is dependent on tho recovery of placer 
gold. Tha htal production of platinum metals in Alaska since they 
m e  &st saved jn 19 16 is ahown in the following table: 

I .  

QUICKSILVER. 

Pleainretn &k p d u d  h Ah&, 1918-1921. 

The only q u i d d ~ e r  deposita thus far developed in AJaska o m  
in the lowei. Kuskokwim region and in the sdj aceat part of the basin 
of I d i t d  River, which flows into the Yukon. For many yeam 
the Parla mine, an the banks of KuakoA-wim River, was the ody 
prducer of quicksilver in. Alaska. This mine wm not prdtuctively 
operated in 1921, but some underground work w a ~  done. Develop 
rnenta ware also continued on the adjacent Willis & Fder's quick- ' 

dver claim. More important operations were conducted by tha 
Thrift Mining Co. on cinnabar-bearing lodes on Montma Creek, a 
tributary of the upper Iditsrod. This property has not been visited 
by the Geologic@ Sumey. The company reports that the vein on 

. w h a 4 , ~ 0 t k  is being done is 3 feet 8 inches wide and that other 
promising cinnabar veins occur on the property. The cinnabar is 
now &g t r e e d  in sfour-tube retort, but alargerrduction plant 
iis planned. This is the only property in Alaska on which quick- 
silver was p w d u d  din 1921. 
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MIBCEIiUKEOU8 METALS. 

. htimony, tungsten, and chmmite deposits in Alaska were mined 
during tha World War, but this work ceased with the coming of 
peace. Only wessment work ie. now being done on lodm carrying 
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OI the oat@$ of coal in Alaska during 1921,53,088 tons erune from 
the threa Qo~ebnent  mines in the Matanwka field. Tbe total pro- -k 

duction of bituminous coal. in 1921 was 58,078 tons; of l ip i t in  d, 
18,739 tons. As ahom by the subjoined table, Alaska cod mhm 
do not yet supply the looal comumption. 
In 1921 there were 15 lacalities in A l d a  whm some coal was 

produced, but at only 7 of them did the total output ex& 1,000 
tons, and of thme 3 were Governat  lainee. Of the 4 private mines 
producing more &an 1,000 tons, 3 p&ud &pitic coal and 1, the 
Evan Jonm, in the Matanuska field, subbituminous coal. Tho 15 
mines, large md small, employed 401 men for a ~ q  of 231 daya 
of the yew. Of these men, about 150 were employed by the Naval 
Cod Commbion, and a 1-0 part of these were e u g a p d  in develop- 
ment work amd not in productive mining. 

The most important eventa in the Alaska wd-mining induatq in 
1921 ware th? building of a Government coal wmhery and lthe open- 
ing of the Coal C m k  h e ,  in tbe M a h u s k s  field, by tbe Naval C d  
Commission, and the systematic &velopmmt of the Evan Jones 
mine, in the e r n e  field, and of the Healy mine, in the Nenana lignitia 
field. The last two, though operated only on a ' 4 I  d e ,  are the 
first private entPlrprises that have reached the stage of sy&ematic 
prduction of Alaska coal. Their s u m m  brings the k d  p m f  thaf 
the Illlaaks &od can be utilized to supply the nagds of the Territory. 
As Alaaka is still using some 58,000 tons of imporkd,cod, them h 

, mom for mp~dtaion on the bmis of &e preaenf local n8:kket.l M o m  
over, the lower cost of the l o d  coal will undoubtedly lead b indm- 
tfid devdopml~~lts that wilI produce a still larger demand. It 
should be noted, however, that in supplying ~uch regions rn Nme 
and h a r d  Peninsula the Alaska fields thus far opened up have no 

+- 

advantage in transportation over those that furnih- the imported 
coals. In 1921, about 19,000 tons of cod was shipped to ?%me. 

M 



Ths Matan& cod field is now the cmhr of intemt for the 
de~slopmmt of a cod-mining industry, bec~use it is acceseibls td 
the A d a  Railroad. IB highpade cuds are of the eame quality 
as those of Bering River, which is not yet served by a railroad. In 
their m d e  of occurreme, with reference to foldiw and fail@, the 

be& of the two fields are, ao far as now known, very similar. 
The lowm .part of the Mahnaka field, however, aleo conhim 

mbbituinous +s of about the same quality as the coals of Van- 
comer Island, British Columbia. It i s  these gubbituminous coals 
that have now been develoaed on a mmmercid scale. Thev are far 

d - less dkfi-urbad than the hiih-grade coals of the upper haif of the 
&Id and on this socount are far cheaper to mine. These high-grade 
d s  have not ye t  been mined commercially, but they have been 

_- extensively explored by the Naval Coal Cornmisaian. The local 
market for the subbitminous coah is constantly increrrsing, but it 
is yet to be determined how far they can at pressnt compete, in 
southensterm AItaska, with the Vancouver Island mala, which Ije 
close to tidewater trnd are cheaper tn mine than those in the 
Matmu& field. 

Though the actual coal merve af V a u m r  Idand is estimated 
b be over 1,000,000,000 tons,' the record of mining w t s  that 

I . G h p m C . H , O a d ~ o i Y ~ ~ W ~ d ~ W a r l d , ~ % ~ . M l S , ~  
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was &o done on other prikta laasing mite, but no 4 was 
*-d. 

At, the Es%n h e  productive mbhg waa cuntinud by the Aleskan 
Ehgineering Comnkion until October. During thjs time 44,630 
tans of d waa mined and 3,260 feet of development work wita 
completed. 'She mine was closed in accordance with a policy of 
Iesoiag to private initiative the production of GoaI for the mihod 
se well aafor pripate usa. 

The E m  Jones Coal Co., working under s lme ,  started pm- 
ductive mining in Octoh ,  wbm a railroad ~pur waa complekd to 
the mine, in large part st it63 own expenae. &er 3,Om feet oi u n d e ~  
grwnd work was done. 
The Naval Coal &&ion completed some 9,605 feet of under- 

ground work at the Chickdoon mine end. 1,967 feet of underground 
work and 3,659 feet of diamond drilling at the Cod Creek mine, 
IncidentaUy 1.0 t2lis work 7,121 tans of high-grade bituminous coal 
was produced st Chickdoon and 1,337 tons at Cad Creek. The me1 
washery was completed in 1921 and wilI be of very matmid dd to 
the cod operstors of the field. A 5,000-ton sample of cod is to be 
wrushed and given a naval test. 

The, Bsxta mine, in the lower, imbbituminoue part of the field, 
~ ~ a e  reopened late in 1921 and promisee to be a mal prodecer in 1922. 
Work was s- on 1- unit No. 4 by Murphy & Ramon, who 
drove an entry about 100 feet long md 8 crosscut about 80 feet long. 

No productive mhiug was done in &e Bering River field. The 
Bering River Coal Go. mtinued its development work until April, 
1921, and later wes g m t d  a permit for the suspension of work far 
ono yasr. A sample of ma1 is to be faken fmm this mine for a naval 
test. Two oBer hisses were gnmbd in tba Bmhg River field during 
1921, but no developments were stsrbd. 

Some 2,SOO tons of W t i c  c o d  wes mined m the Chulitna-Bmd 
Btw field at t h e  different minee;. The facts st hand indicate that 
there is in this field a Isrge area of cod land adjacent to the railroad. 
Some high-gde bituminoue &mt mal waa found on Riley Creek, 
but so far as b o w n  its source wag not discovered. 

The Real River Coal Nnmg Co. operated its hgdte minm in the 19 Nenana fie d throughout the year. Rere s cod bed 8 feet thick 
without partings is mined from an entry at river level. The ooal is 
hoistd to n tipple on the top of the bluff, which is on t h e  milroqj. 
The Broad Pass Developmaat Go. mined some ma1 from a shallow 
openmg on Lgnib Creek during the winter of 192&21. 

The McNttlly & Maitland lignite mine, at  Bldf Point, Cook Inlet, 
was operated ss usual during the mmmer. A little Wte wm also 
obtained fmm the beach near Seldovia. Some hgmite waa o b h e d  
from &a Kugmk mine, on Sewad Peninda, imm the Bure~u of 
Edumtaon mine, at Wlrinwnght Inlet, md from other localities.. 



No driEling ha pet b dme on the lbnde gwnW bjt.the oil 
leasing mt of 1920, md thefefta the Chilliat Oil Co., in the Gtdl~ 
field, mtinuw to% the only pnducbg oil m m y y - i n  &eh. 
??hk&pany driUdd one well in iP21. Its d d b g  has dl bra on one 
trset of 151 wm,"to which patent had been earned before the oil- 
land withdrawal d 1910. In all 32 holm hiwe been drilled in the 
KaWa field, of which about 14 found oil and 12 b v o  been made 
pductive, The we139 are d smll, the meximum daily output, d 
gained by pumping, be iq  about 25 barrels. On the ofher hand, 
aoms of the wells have produced some oil for nearly 20 yearn. So far 
as a n  be judged from p r m t  information, the future d the field 
d l  &t on an output fmm many rather cZmely spaced shallow 
wells each with a mZative1y emdl pmduction. The facta in hsnd 
~uggwt that a long life for the field is probable. Though no d d h g  
was dons in my othar field, a number of oil companies had mami- 
nationis d e ,  md so far aa can be learned the re* axe satis- 
fslctorg. Tjke kIogiCa1 Sumey coMpletad the mapping of the 
Jniskh Bay Wd and made a reconnaissance of B part of the Cold 
Bay field. Z"ha mporta of this work are atwmnarizd in B Iatbr 
chaptar of thi% poltune, but the concluaiom may be s u m m i m d  se 
fdowa: 

P. H. MoEt f W d  that the Z n h b  Bay *agio11 indn&m a nnmber 
of long, rime anticlines which are joined on the seewsni side by a 
grest monocline. Thh monoclinal structure dordn rr considemble 

wea md m y  have resultad in the accumdation of pool8 
of oil. S. R. Oapp reporta that in the Cold Bay district and probably 
in 0th pmts sf tbe A l m b  Peninaula there are ~tmcbud featurm- 
fevmb1a ta tha'mumulation of oil and that these are worth drilling 
m d  their dimemions sugg~~t the possibility that ther may contain 

.large oil pols. In a later section of this mprt  the 'ariter briefly 
summarize the geologic infornurtibn about the possible o m e n c e  
of oil pools near Anchorage, whem s mall -age wa~,  found in 1920. 

Dmhg 1921 & oil mepage was fomd on Anidchak Rtver, ahout 
leto miles muthmt of tbe Cold Bay field. Petroleum ie alslo m p o d  
to mur near GhqnikI 70 miles southweat of Anj&ebak. These 
rPi4coverim or reported discoveries open up the hdpe of a much larger 
area of p-ve oil land. The oil seepage at Doqlss River, at 
the bme of the Alaska Peninsula, where, so fsr tls known, the geolwc 
conditions we favorable, iadicam another possible oil field. The 
arm between Lhe Dough River md Chld 3387 seepages is but little 
m. Oil -page8 have h repow to o m  in tbie nnexplo*d 
area, which measures about 100 mtlm from northeast ta southweat, 
but these mprh have not been verified. If oil pool8 ma developed 
at Cold Bay by d d h g  i t  is fair ta classify much of tba @on lying 



betwen (Xignik and Dough River tu at leaat p r o w  wildcat 
tsrritory. This region is a b u t  250 milw long end 5 to 25 mila 
wide and k unsurveyed. Thedom, it ia not hown in *st per- - centage ,& this vast m s  the structure is favorable. Them is no a 
prlori mason for believing that the stnrcturd f e a t m  found in Cold 
Bay region should not b duplicated in other parts of the peninsula. 

- CIewIy, however, the oil reson- of this region are entirely unproved 
and mugt await drilling. The volcanic region lying near Mount 
K a h a i  can not be c l m d  as a favofable field for the oil prospector. 
The O O G ~ C B  of oil in the extreme northern part of Nmkg, no tab1 y 
near Smith Bay, was further v d e d  in 192 1 by exsmin~ tions made 
by privab individuals. The k h  wet of sumeying this inaccessible 
wgim m ~ k m  it impossible for the Geological Sumy to undertake 
awh work under present rtppropriations. The region is ao remote 
that it  h not likely ta be developed by prioate capital undor the 
limitations as to meximmn srea set by the present leasing law. 
Many oil claims were staked end applicetions for prospecting 

permits filed in Alaska during the year. A tatd of 372 permih, 
wegat ing  854,969 acres of land, have been granted. This large 
acreage includes a very considerable amount of land of which there 
is no geologic evidence that it is 03 baring-indeed, a part of it 
win not even be o l w d  as legitimate wildcat territory. 
ClTaogmpliia*brWof b d a i n  A h h l o ~ d p m e p e a h p e a h n g ~ ~ ~  

H- - 
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T b s q o ~ o f - b b ' & d ' ~ d g g p n u n ~ t i n o e d i n  1821 
on &out the s d e  as in 1920. The Bgaska Sulphur 4%. corn- w 

pleM the building of ita reduction plant on A b n  faland, in the 
Aleutian chain, md expected to begin to p d u c e  dphur in 1922, 

The following raview, in which the general mmqpnent is 
graphic frum south to north, ~~m the principal mining de~el- 
opmmta in all th districts, eo far as the facts about them are a ~ d -  
able. With the pment reduced technicd form of ,  the h k m  
branch of the h l o g i c d  Survey but few of the distrieta could be 
visiwby ageohgktduringtheyear 1821. T h i s f a c t d  tbefdm 
of some of the mine operabra to mske reports leavee a dearth of 
information shut  some of the districte, especidly thm of the 
Kmkohim regim. The s p w  bere devoted to any district ia &em 
fore not necesearily r measure of ih relative importance. 

 am Aml? l l a .  

The m i n d  oitput of southasstem Ahaka 1921 nss d * d  
fmm 10 gold and ailver lode minee, 1 wppr mine, s few 4 pi- 
operations, 8 gypsum mine, and n p u p  of 1- w b l e  quarries. 
The total value of the h m d  output decreessd fram $5,120,163?in 
1920 to $3,865, f 50 in 192 1. Thia dmase is doe to the decline in 
output from the large gold mines at Juneau and the swpmion of 
opemtibns at the Salt Chuok palladium mine, in the Ketelikm db- 
trict. , h spite of .the decline of output, them waa a mnrkd advance 
in the developmatt of gold and silver baring lodes, notably in the 
P d m d  Gand and Sitka diatrich. . 

The R d  & Brown copper mine waa operabd in 1921, as it has 
been far many yew.  Underground developmeah on the ore M y  < 
are reportad to have now rsached a depth of 500 feet, and six levels 
hare bsen opened: Operations st the Salt.Chuck mina ware sus- 
pended at the end d 1920. Productive mining wsa w n t M  d* 

+ 

1921 at the Julia h e ,  owned by the h a m  Gold Minjng Co. ma 
Chomlsy Mming 4%. did some underground work at the Moonshine 
silver-led prospect, on Princa of Walea Idsnd. Except for awms- 
mmt work, no other important mining development work was done 
in the district immediste~~ tributary tb ~etchikrm. 

More nohble adrmca were made in lode mining in tha region 
tributaq to Hyder, at the head of Portland Canal.' Tbe eontinud 

~ W n l g ~ L . Q , O n ~ o r ~ U B l s d b t r i e * , S ~ W ~ ~  U.8.- 
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mcm~ of tha h m i e r  mine, lying on the C a d a n  eide but close to 
the intamationd bo*, has stimulated lode-mhhg deve10pmmt 
in the Alaska part cd the dietrict. In 1921 the Premier prodnced + 4,350 ,tans of ore, '(yielding 35,000 om- of gold and 1,200,000 
oun~es of a i l~er ,  v d u d  at $1,40O,MH)!' 

The principal developments near Hyder were thaw made on, the 
k property of the Fish Creek Mining Co., from which some silver-led 

om carrging both gold m d  copper wm @hipped. This mine haa bean 
dep~1upd by d t s  and croswuts, the work of some 10 to. 15 men fmm 
Jane ta the end of the year. Considerable undergrad work was 
aEBo done in the game district on the New Alaska group, on the 
Havelend pmperky, and the Riverside and Lucky Bay group, and a 
h v e r y  was &made on the Fihgerald claim.' 

Nothing but development work was dona on the molybdenite 
depita near Sbhm, near the north end of Prince of Wales Island. 
New by the qumries of the Vemont Marble Co. were &B usud operahd 
for abut Lline montbs in the year snd employed f m  40 to 50 men. 

In 1020 the Northem Copper Ca. purchmed the copper aIaims of 
the Kupraanof Mining &., on Kupreanof Island, in the Wrangell 
&&iot., Devdopmmt work, which bqan in 1920, was continued 
in 1921 and ~lnsiated of th;e opening of B 100-foot di t  and 500- 
fooi open cut, baeidm comiderable stripping and tha Qging of 
numerous pita. Assessment work only was done on other properties 
in the Wrangell district. 

The Beedg Bullion md Almh Junesu minee were opmted 
throughout the year. The Petmvemce, owned by Alaska Gas- 
tinaau Phhg &., waa ope~ated only until July 1, when the plant 
was h a n d e d  and the mine abimdoned, because, aa the w a g e -  

*': ment reports, the '"re is entirely too low grade to mine at a pmiit." 
The value of the total metal contanta of om mined on thia property 
in 1421 a-ed 80 cenb ta the tan. Productive work WB& mn- 
tintled on a andl acde at the Peterson mino, north of Juneau, and ir 
st the Daisy Bell, on Snettisham Inlet. Derelopments wars con- 
thued at the A& Peerless mina, on Windham Bay, and the 
owners report thalt the mine wi l l  be on a productive b& in 1822. 
B. D. Stewart reports the $iscovery in 1921, of a silv13p.laad ore body 
c m q b g  zim on H o d  Bay, on the west side of Lynn Canal, on 
which masiderable da~elopment work wm done. 



!I& A l h  JWh~tt  Mini3ng & MillEng Co. cmtinndwark on its 
property near William Hemy Bay. A h t  1,800 f@ of d e r -  
gmund woTk hm bwn done, and t8he hatdation of a mill a M .  .. 

1J 
A %foot shdt and 15&foot adi t w m  excrrvatd and mmidmbIe 

open-cut work wtw done at the Pekovich mine, on Fbnter Bay, Ad- 
midB Island. Pmgrm was also made in the instalktion of * 
f m  equipment. 'Soma ore ww mined and Ereated at the 10Stmup w- 

mill. The Alwkk Dano Mines Co. (Nowe11 Ot-n) cmtinued de- 
velopment work on i t s  claim~ on Funkt Bay. 

m MsTmCr. 

The Chichagof is st21 the only producing mine m the Sith d k  
trict and js one of the four largest gold mines in &ash. In 1921 
the main inclined &aft was m k  142 fe.et, pi* a total depth of 
1,250 feet. horizonbd m r w  of the mine now &ggrepte 
26,650 feet in hgth. Five stamps were d d d  to be d l  in 1921, 
mdking 25 in dl. Mine rrnd mill w m  opemted b u g b o u t  the year. 

The Himt Chidmgof property, near by, has been developed by an + 

1,SD~footdtanda2Oo-footraise. A I b e ~ p d l i s b e i n g e r e c t d  
on the proparty. A little work was a h  done at the Jumbo claim, 
owned.by Louie, & SmiB. Hem a little ore was mn through a hdf- 
~II Wt mill, which is on the prop*. .The undargmund work con- 
shte of a 6Q-fwt shaft, a %foot drift, and a 45-foot adit. ThaEl 
Nido gmnp of daima, near Lisilsnski Inlet: bas been developed by 
an d i t  593 feet long and by crowcute. A part of this work was 
done in 1921. Work was dao continued on a pasallel vein of gold 
quartz in the Apex group. I3. D. Stewart reports that m e  develop 
menta were also msde on the B m  Benr group of gold claims, near 
Deep and Diedrickson b a p  of Portlock Harbor, on the wmt %ide of 
Chichagof IsIand. According to ShwaFt, the quartz vein .h 12 ta 
40 inchea wide, aaeragea about 2 feet in width on the outamp, and 
haa been opened for several h& feet on the-surface. Stewart 
a l s ~  reporb a pfrrrhotita d e p i t ,  said to carry nickel, on Yakobi 

I) - 
Islend. Assessment work wirs done on s number of other gold 
quartz veins in the district, 
The Paoific Coast Gyp-  Co. 0p-G its -bm &e near G 

Iyoukeen Cove, on Chichagof Island. me workings now reach a 
depth of 300 f e t .  About 25 men are employed. 

No gold plaoetr mining was done i n - h  Porcupine district dnring 
1921. Same copper or; wm shipped through the district from 
the R h e y  Hollow region, an djwant pmt of Canada. Asmess- 
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manf work w l ~ 9  done on plmr claims in the Lituya Bay district, 
- - lrnd foer or five men did aome b h  mining at Lituya Bay and 

Ydmht. 
UOPPEE B-ZC B A a .  

Tha umtinuoua oprrrtion of the t h m  large copper of tbe 
- Keulneoott p u p  and the summer placer mining in the Nizina aPd 

' ~~a &trick constitute all the productive work done in the 
Copper River basin in 1921, The only other Ids operations were 
asmsamnt work on copper and gold claims. 
The foUorPing statements on mining and milfhg at tbe Kemecott 

grwp of mines during 3921 are taken .from the amud report af the 

Kennecott ores d e d  totaled 212,7!23 tam, myhg 6-62 per cent v. Fmm 
dhfb tonrrage there mdW 18,571.4 tons of conmtratee, 49.01 psr cent 
cnpm, The mmwry inthe dl -77.82 percent, aa compred ta 82.29 per cent 
ia l9a0. This- d- in recovery IW largely due t o  a mom cmful p r e b i m r y  

of high grade h m  milling ores and to the generally lower grade of ore treated 
dnring the y m ,  Thie applied particulsrly to the orea fmm the Glacier &a, it 
bP;lnR thought dViaab1e to treat s larger tonnage from this source while the copper 
market did not m n t  the wual c o p p  production. The cmt of mUhg wm 71.9 
mnta p ~ r  ton, cornpad to 76 cents in 1920. 

?%a leaching pbat at khmwott waa opereted but eleven moathe durirrg the yew, 
ahutdom l i n g  nwemiE8ted by a remodeling of the pipfag system. There were 

tredtd W,661 tane of mill Whp, wsmying 0.95 per cent cerbomta copper, with 
mmmy of 2,808,000 pwn& copper in the RItm of precipitates m y b g  74.83 per 
cent. The leaching reeoverg m 76.66 per cent, c u m p ~ d  to 74.5 per rent in 1920. 

The tact tbt the leaching plant did not operate continuody, added b the lowee 
millug recovery above mentioned, reduced the Ctal extmction on m i l b  era to 
Bf1.07 per cent, M @mt 90.10 per cent in 1920. 

A total of 17,847 feet of development WIU done, U,483 feet of this Mng st the 
Kennecott propertia and 6,164 feet at Labtiche. la addition, BPS# feet of dismond 

. drilling ma done, all at Xennecott. 
Even of mme impoltancs than the wry hrmrable dsvelopmant ot the Bmwm- 

Mootbar Lrwle vein in Bonanza ground wss the. b v e r y  of a new m W g  to the 
muthe& of h main m-orkinga on the 100 lwei at the 3umh mine. 

Aside- from the operations recordad above and those at the Mother *-- I d a  mine, t he  were no important developmenh of copper p r o p  
ti- in. the C b i k  district. It is reported that a rich ore shoot WM 

tl 
a a w d  on the Oren. v p  of claims on McCarty Creek. 

Hydraulic mining continued on a Iarge scale in the Nhha placer 
district. Thrae hydraulic mines were operated for &out 10Q days 
daring the summer, and some drift mhhg wgs done on bench plecerrr. 
About 100 men ware employed in thb work. Frmticallg: the only 
placer mining in the Chistochina district was that of a hydradio 
plant on Slab Greek, employing about 25 men. The value of the 
totd placer gold outpus of the Copper fiver basin in 1921 wm 
$220,000. 

Y - ~ ~ m - t h b n a . w . . i a m . 9 . 4 * Y a =  



In 1921 the bnly impartsnt mining on Prince Willism Somd ras 
dona st the Beateon copper mine, on Latouche Idand. Here opera- 
tiws were conkinwed throughouh the yew, but, on accuunt of the 
low prim of copper, on B redr~ced mala compared with previotw years. 
A total of 6,164 feet of underground development work waa done 
at Latoucha. Tho following statement is taken fmm the report 
of the Kennwtt Copper Corporation : 
The Latouche pmpepty wan operstod at 50 p r  cent capacity until Aprll I and rt 

qqmxhstely one-fourth capscity d~ying tbe remainder of the p. A boCF of 
18&,108 tom of are, n y i n g  1.83 per cent ctrppcrr, m e  milled, Kith s e t  pw 
duction of 17,207 tons concentrake myinff 16.33 par cent copper. The 
waa 85.82 per cent, as compnred to 82.RR per cent for tbs previous pe~r. 
At Rua Cove, on Knight Island, W. A. Diokey cmtinud. driving 

a drift, now 60 fgat in length, with several rrosgcuta at a depth of 
800 feet belaw the higheat outmop of the ore body. Nw work was 
done at Girdwood, on Latauche Island; at the Fidalgo, os Fidalgo 
Bay; at the Bid& mine, near Valdez; or at the Threemlin mine, on 
ladlocked Bay. 

A little gold ore wm milIed from three smnU min- la the Vddw 
di~tric.tthat of & Valdea &Id Co., ahme 400 feet d r m d q p m d  . 
work done; fhe Tuscarom, about f 10 feet .was done ; 
snd the Big Fm, where about 450 fest was done. The m a y  gold 
and copper claims of Prinm William Sound on which rr little mess- 
ment *work wss done during 1921 are too numerous fa Iiat here. 

d b d t  eight mines were oparatd on Kenai lpeain~ula and 
in the adjacent region in 1921. These employed about 30 men and . 
p d u d  gold b s total value of abod $25,080. The hrgwt opera- 
tions "Atme on &ow Creek, north of Turnagain Ann, where a hgdraulio 
plant was opemkd. Some advance was made on several other hy- 

. draulic inetdlatiam on Kenai Peninsula. I - 
At the Lucky 8-B mine, in the Hope &trict, about 300 feet of 

ndit wae driven. On a c c d t  of an accident, the mill w6s op&&ted 
ody for about sia' we&. Work was continued at the SWng riiii& v 
at MileT89, and m e  ore waa shipped. These were the only two 
lode d e s  in the region that were productive in 1921. Work at 
the Jmel mine, ia:Crow Creek Pass, m i s t e d  of the b t d s t i o n  of 
n lk t -p  mill, water power, and tram. Though no large Jde 
developments waw mede in the Eenai P&a region d- 192 t, 
there w w  much pmpecting of auriferous quwtz v e h .  The only 
other mining on the p e h u l s  was the operation of t h ~  McNdy & 
Maitland ligaitic d mine, on Kachgmnk Bay (p. 17), 



Muct ive  mining in the SmitnsrMatanuka region mcluded gold 
p h  mhhg in the Yentne district and at a few scsttered lwalities, 
pld-lode mining in tJle Willow Creek district, bitumino-el 
miaing in the Matanuska field, and 8 little bph mining at a number 

k of scattered locditiee in the Susitna basin. (&e p. 17.) The value 
of the totd mineral production from this nagion was $324,810 in 1920 
and $677,025 in 1921. The completion of the Naska Railroad bm 
made this region m.elativeIy accessible, and hence the march for minerd 
dsposite has been greetly stimdakd. The k d _ m g  of a small oil 
-page mar Anchorage (p. 18) hm raised the hope that petrolawn 
mley ocmr iu tho lower Matanuska and Susitna regions. 

M u c t i v e  gdd ww dona on ~ V B P  lade &BB in the Willow 
%k district. The largest output came from the Gold Bullion m d  
Lucky Shot mines, mntmUed by the Willow Creek M m q  Co. Con- 
aidmble development work was also done at the Kelly Gold Mint 
lrnd Mabel mines, m well as on s number of pmpscta that have 
not yet been prodncti~e. The qtemetil: underground exploration 
of Idea in the W111ow b k  district seems now mured, ae 

s m d  propdm have Geen consolidated. 
In the past the gold has mme fmm s d  mines, many of which 

ara quipped with mills mom remarkable for their novelty than for 
. th~ir efficiency. The lodes of &the district occur in w e k l e ~ e e d  

h u r w  traveming dioritic mks. Most of them are mnwkably 
persistent, though some are faulted. Within them Id= are rich 
ore shoote, and mining haa been limited to the march for and extr- 
tion of the ore from theere ahmta. Zn general the I d e s  hava not 
been a y s ~ t i ~ y  developed to block out an ore bnnage, owing 
to lack of khnicaP knowledge and of sufficient cupital. As n mnse- 
quenoe most of the minw are Kmg worked on s hand-to-mouth basis. 
PI- been formulated for largsr-ecb opmtioas and above 
for- mom. spkumtic exploration of ore bodies. The aurfm in- 
di~ta"ona &om than w-mt the careful underground exploration of 

' the lodes J c b u v m d  



. - 
4 - Odd.' 8npa. 

' 'moat i m w n t  event of the yew in the Fenha district was 
the raenmptioh of operations by the dFedge on Cecbe h e k ,  which 
had been cloaed down pending the insMlntion of a hyddectrio 
pomf plant. plant was completed in 1920, a d  the dredge 
had e successftil meson in 1921. Tbmty-four placar mines, employ- 
ing 85 men, were operated in the YenCna district in 1921 and N u m d  

. $120,000 worth of gold. Tbm is a aotable increase in the use of 
hydraulic meth& in the district, 12 hydraulic plants being opmEed 
in 1921. As a comequence of tbe ul3e of hydraulic and ddgmg 
methods, about 270,000 cubic yards of gravel waa m i n d  in the 
district during the year, with an averege gold recovery of 44 centa 
to the cubic yard. 

Sim the chpletion of the mihad though Bmad Pam &em has 
been renewed 'wtivity in the prospating of copper m d  gold lode 

- 
d e p i t s  in the tr ibutq  regiom, but detaile are l d q .  A little 5 

plamr mining bps &LSO beazl dme in this region. ConsidwabI~ 
evidence hse been found that'thbre i a 1- ligni&'bearing area - 

$ the upper C%i&ha basin. Much bf && cod 'ls COT& by Wch' 
gravals, but in many places th cover@ is not so &ibk ss to p m  
clude the ~conomic exploitation of the underlying ood. 

Vddm Cmek ia an each la5bntmy d the upper Sdtna River, 
n h t  60 miles by t rd  from the Alasktr R&d. Pl- gold wwi 
d imred  on thia cneek in 1903, and since &en mme mining has 
bean done on it each year. The r i c h &  gravels cwxar ns bench 
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depmb, which are well located for hydraulic mining. A hydmdic 
p h x d  h a  bemi iashlld and is engaged in Bxploitimg the88 high 
gfah%h. Se far m born,  ody one other placerr mina WBB opefhhd 
in t w w h m t i n  1921. . c ... 

SQm61'ZIFBl? AIAmsL 

Th important event of the year in ~0uthwtwt8rn Alaska, 
ineImding the Jliamna region, was the staking of oil claims,. dready 
n o d  (p. 18). Zn the Lake Iliatuna region the pmpecting of copper 
Pnd ,gold basring lodes was oontinued. At the Duryea coppm d& 
-mme developmat work was d m ,  and plans irrs under way to send 
0uh *$ shipmerit of lore. .I . 
b: few men were engaged in lmd placer min'i at the south end 

of KO&& Idmd, and & Etae work f rn done on auriferous ~e ina  on 
the islsnd. Fmgms at the sulphur mine on akun I&d has 
&tidy beem nded ,(p. 20). 

., 

The vdue of the total minerd output of the Aaska Yukon region 
WM $2,093,088 in 1923, its compared with $2,329,286 in 1920. T h i ~  
b&gs the total Palw of the mind products of the A l ~ k a  Yukon 
d* 36 JWUS of &&g to 1135,276,8431 

- .  
db&~prd&km oJthe Yuhm b i n ,  Akh, in 1921. 



+ b t h e  -.of IWI, & O U ~ , , ~ S @ ~ € W ! # @ C ~  l,J30 
. k , . w m  0psnSfsd in th;r ?'&*, . a d  rdwulg &a .p& 
w i n ~ d m t 1 t 8 0 , ~ c a , a m p b y b g 3 8 5 m r m  .Theonlyotharpm w m  

dnctib mining ib this +on in 1921 was doneest a i g h $ ~ ~  h w ,  
emplosing abut 40 ma, and two coal mines, employing about 25 
men. None of -a nzinaar were opemted throughout the year. 

+ 'C - Rdh&i m%ar~efgvEd wj+m @d@ plams of F*'* 2k: IWI. 

and lode mining m a  eonin~e;l at '~s*b& .ptd~boyt. thb 
eamb d e  as in 1920. The value of the Zohl mined  output of 
the district during 19 yeam of mining is $73,283,401. Same -ti- 
mony, tungsten, and lead have been produced in the Fairbanlae 
diatritt, but, w:bbown in the following table, the mineral output 
has come chiefly f mm the ,plmr mina. 

P 

- + 
% p k  oobpnt of 1921 came fmm 48 placer mines, empb~iag 

MO nmn, in the w e t  and 14 minm, employing 107 men, during 
&ha plavious +%tar. Durrng 1920 work wna done at 45 summer 
mines, employiq 345 men, and 9 winter mines, ~mpZoyhg 54 men. 
About 425,MH) cubic ym& of gravel was sluioed in 1921, baing an 
sverage gold matant of about $1.34 to the cubk y d  The placer 



~ , a o m ~ : 2 8  dritt &BB, of *ah 18 wem opereted in 
w k h . ~ w e U ~ L t l t h ~ a z u n m ~ t a n d  I only inwintar, 2 dre8ges,9 

'sr 
o w t  xnine~ wing steam s m p e m ,  4 hydraulic mines, d 6 d 
opmwat..mina without my special mechanical equipmat. The ' 

drift mines aluiced abut 52,000 cubic ymb of gravel mmying $4.75 
worth of gold .to the cubic yard. Some 372,000 cabic yards of gravel 

Y - ware s l u i d  fmm the open-ut mines and the was. The gold 
~ f m m & h i s g r a v e 1 w a s a b a u t 8 5  cenhto thecubiayd. The 
dujchg season sveragd about 130 days. 

TharLsrgast ~ m g l e  d r i f b d g  operation was on Do- Creek, and 
a0 Guffla drdgw on Fairbanks Creek were the largmt open-cut plants. 

* .On Cheek, formerly the 1-t producm of placer gold, only 
h&.a.rlozen mines, most of them d, were in operation in 1921. 
* P h  for dredgmg on Cleary Creek, long under mn~ideratim, appear 

have\-aot yet talrm dehite  form. Seventeen p l w r  mines, large 
and &, w m  operated in the G o l d s t m  Creek hasin in 1821. 
'She extensive dredging ground on Clearg md Goldstream ereeke is 
well worth. careful examination. The only new p l m r  dimvery near 
FsirbaPka in 1921 was made on Kokomo h k ,  a southerly tributary 
of tihe Chat&. This find seems in itself to  be of no very p a t  
hprtlmee, but it i n d i o t r h  that the aurif~rous belt extmds 10 miles 
fasthw a s h  than had previously been known. The lowering of 
mining costa near Fairbanks which will be brought abut  by the 
AImka hilmad irnd the making available of the W t i o  coal from 

5 
the Kenme field wiU undoubtedly soon lead to a renewal of pla*sr 
mining in the Fairbanks district. 

A- diaMt&m of phcer gold p d u d  in F a i r h b  &st%, lB(h7-i Wl.  

............................ Creak and tributaries. 142, 
&&- C r d  and hibutark.. ........................ 14,836,000 
F e - d  M ~ B o B ~ G  &. ................................ U, 394,000 . - 

and h i r b a n b  meeke.. .................. : .......... 16,236, Do0 
Vault Creek and td~dariea.. ............................ 2,673,000 

................................. . * Little Sldorado Creek.. %=$m 
All other creeb .......................................... 897,000 

. i a  . 
i<:< ., '11,280,000 

i, The $&&did the adabil i ty of the Nenana mal will alao 
w F  stimulate' M e  mining at Fairbanks. No I- auridemua 
lodes have hen. develaped in the district, but the fact that a a u k  
of gma3l ones have been profitably exploihd in spi ta of the high mst 
of suppEm and fuel is an indication of the latmt possibiliti~ of the 
~ldqtrartz veina d the district. The average recovery from the 
goldram mined during the last 12 years is $35 a ton, and at mimy 
of %es little or no pmfit wm made. Under p m t  mnditions 



mtd l*-&e am no d o a t  l m : ~ i I t u ~  dtd Neady dl 
the M e  d e p d b  of the 'FWrb& &trick am m d p  nactmible to 
g d w ~ ~ , a n d ~ y ) & a r e d y a - f e w & b m r n t b e ~ .  

l k i n g  kW1 w i d q m m d  work was conthud J m nambr of ; 
d quartz .miners in tbe Fairbanh fitriot. At the Bay M a y  
the prhcipd dedqmenta were drifting on the 12CLfmtbe1,  topb bag, 
Imd the sinking of s new shaft to  a depth of fmt. The ore WM 

* 
treated at a mill on a pmperty 11m by. At the Cr ib  & FFeidmm 
Hi Yu mina the principal m k  waa tbe mtinnstkm d m dt. 
The om WM tmted  in tr mill on the prop*. On the Wyomiag ' 
the maiu adit, feet long, extended, and a 6tbfaot wkm was , 
imfinlied. T h h m  wrra treated at the near-by Rho& & Hall d, 
Some om wasmined by open-cut at the D M  minq on &dm& 
Creek, and o~ ib tributaries. War ore aIso was treated at the 
Rhoda & Ha mill The abovacnamed four wem the d y  producing ' 
quartz mines in the diskrkt, but dmdoprneot was continued at wm 
other lode propmhea. 

L& gold md m?ncr $wdwd in P&bmkr W ~ ,  IP1&fBX1. 

by tb subjoined table, gdd plsmr mining hss for s a v e d  w 
pars bean m the decline in the Hot Springs district. Thme stre 
still 1 m p . m e a  of placer gold in the district1 but the high mt 
of operation hy of late not enooaragsd work. Eighhen p l w r  L. 
mines, e m p l w  40 men, were operetad in the &trict during the 
Bummer of 1921~ gnd five, employing eight man, during the pmvi- 
ow winter. &t the mining wa~l  done only on a s d l  mde b 
s b m  bbth by the number of men .employed and by the fact that 

- 'tidy ~k of theee mines produced niom, t h n  $1,000 worth of gold 
&a& Most of , h e  gold produd  in the dhtrict hae c a m  from 
driftimining, HE this form of openition has very much ddbd. 
The ihallower phmm exploited by open cuts, with gome hydrsu- - 

licking, am now incmmbg. 

1mo. ..-........----.-..................... - .  loll. ...................................... 
1-212.. ............................... .....- . 
i91a ....... ; ............................... 
1914. .  ..................................... ....................................... 1~1.i 
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.m ~ A I A S K A W  m m o  3XDUSTBp. B i  
9- sold mi &tr p d u d  in tAe Rot S* M, 1-1991. 

Xa the Tolovsna district 32 summer mines, employing about 120 
m q .  md 15 winter mines, employing 70 men, were operated in 
1921. ,The ontput of gold, m shown in the subjoined table, w w  
ltvgeP than in 2920, but this statement is eomewhat d e a d m g ,  for 
th gold wari in part derived from the ~luicing of gravels resulting 
from dsep mining during the previous two years, when them had 
not been watm enough to clean up the winter dumps. During the 
later half of the amber of 1921 there was a considerable rainfall, 
md .a a oonsequaoae s number of hydranlic plants were operatA 
on the small mk~ of the district. The reports from six of the 
larger of these planh &ow gold recoveries excgedmg $1 to the cubic 
yard. The drift minm, principdy those on Iivengood h k ,  are 
by far the chief a o m  of the Tolovana gold; their gold output in 
1921, including that derived fmm the sluicing of gravels mined in 
previou years, had a value of about $235,000. The returns from 
seven of these drift mines were complete enough to determine that 
an the average they rec~vered about $6.50 worth of gold to the cubic 
yard of @trvd duiced. 

.  LA^ & khe aummex of 1921 a discovery of placer gold was made 
m Waur Creek, a tributary to Tolovma River from the south, 
about 7 miles from the mouth of Livengood Creek. As yet t b  
plaeerr b proved of no great aim, but it may be important by in- 
dicating a m n d  zone of m b d i a t i o n  south of the Tdovana sirni- 
lwta the one north of the river from which the Livengood and asso- 
ciated plmrs derive their gold. 



h m h g  1921 d n b g  was oontieued in a emdl way in the  rut^- 
part district. A total of nine aummer p l m  minea, emp1qhg 
Xi man, and one winter mine, employing t h  men, m m  wmked, 
The Iqest pFodiaction came fmm Hunter and Little Minook creek 
Amording to tbe return made, the average gola r e c o w  wss sbod 
$2.15 to the cubic yard. It is reported thst a dredge is to be in- 
8tdlab on W k  Creek. 

In $he Circle dietriot 2l.summer minw, emplqing 41 men, a$d 7 . 

wintar minea, employing 12 men,, were operatad ,in 1921. The 
dredge on Mastoden Creek was the lqewf single plant in operakioi, 
It ran for 80 dap. Most of the other operations were wry  mall, 
exoept for a hydraulic pIa& on. Eagle Creek. The average gold 
recovery from the open-cut mines.af the d m c t  was n h t  45 ce ih  
to the cubic yard. 

t 
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, ,  r : : > t  , . ;  
, Hamkmsire glstwr,gmund has yet been opened in the -Richard= 

district, a4 most of the gold pduced is obtained hidentalIg in 
p p e c ~ g .  . hi 1921 mporta of production were rmived from only 
four mbm in this dietrict, on Caribou, Democrat, and Tenderloot 
creeks and Chena River, but there were probably ether small pro- 
durn, B, E. Shdt has done some openeut work on tha Democrat 
lode, .on Damomat Creek, and repod  it to be of high tenor in gold. 

h ths Eagle district 12 opencut minm, employing Zd men, w m  
olwlgted in 1921. The largest operations were thma of hydfaulio 
plante on Mder and Crooked creeks. 1 

FQE,lTMlLE XIIBTRTCT. 

In the Fortpib dietrict 52 s u . r  mines, large and d, e m  
ploying 100 men, and 12 winter mines, employing 15 men, were 
worked during 1921. This large number of minw is misl~ading, for 
mat  of t h ~ m  were very s d .  Indeed, there were only 11 mines 



<L.,> 
> w - ,  immw B m m m  A u B q  Ha. 

w h  individad gold wtip~+.axqde& M , W .  ?¶me. 11 employed 
40 man and pror&ced $30,000. The avenge d u e  of the gold wn- 
tsnt d the glaiel~sluioed by these mines was about $1.10, They were 

J 
ope&& from 180 to 180 d a p  during the mmmer. Thb mwk gut- 

a d d  mining .was done OR Dome Creek, whme a l a w  hydrsdic 
plan+im opmte l .  Thie plmt i~ owned by the 136me Creek Eald 
Ccrrpbation, which reporh that it ia planning ibr still h e r  oporw 
-tion% T b  ia the h t  attempt b mine bench placers on a large 
s d e .  AEJ deposita of tbia type m eommon in the Fortymile dia- 
trict, the sucmw of the Dome Creek plant will undoubtedly lead to 
further development of the bench gravela. It is worthy of note 
that this and w r a l  other smaller hydralllic @ante were opmted 
s u d u l l y  in, 1&2 I ,  in apite of the f acE that the m i d d l  s p p m  to 
have been below normal. 

Except for tha plants noted above, tha reet of the mining con- 
siated chiefly of p b s t a k e  work. hdmd, about 20 of the "mines" 
repreeent nothing more &an individuab working on the barn of 
Foctymib River, most of them for not over a month of the 8nmnter. 

mw&A mmm. 
)L 

. In the Chbana district aix minm, employing 18 men, arem operated 
during the ~ummec  of 1921. The average gold ~ r e e o v ~ w m  about 
$1.45 to the cubio y d .  The mining consioB .chiefly 6 WlDow , , 
the omburden by booming-chat is, by the urn of auWnatic dams. 
Later the gold-bahg gravels are shoveled into sluice boxes. Min- 
ing starts with tbs ~ p r h g  break-up in May and is geenerdy uninter-. 
ruptd until July, dter which &em are likely to be periodic short- 
*of water. s 



m ~ m  DXBrnCT.  

TBe B o d e 1 d  placer ditrict ia in @nerd cbnxtenai~e with the 
Nmaas rwd field. No rich placem have been fomd in thia district, 
but plscer mining in a 4 way haa been going on for the laat IB 
yeam. Some aurifemue lodes have also been found in the district. 
The 4 - m b h g  operations in the regian have been deg(:riM on 
paga 17. There ma in the diatrict some very extensive sheets of p v d  
tbat c a w  gold prospects, but they have not been tested sufficiently 
to determine whether they f o m  c o m e m i d  gold placere. In gensd  
the phpical conditions favor hydraulic mining, and now t h ~ t  the 
@n is ~ c d b l e  by r d  a careful e d a t i o n  of ita low-gmle p l w  
em bjwtified. In 1921 eight open-cut mines, employing 16 men, were 
operaw in the Bonnifteld dietrict. Tha largest operations were on 
Grubstake, Mooee, Eva, and Dtmiels creeks. The mining Reason i 
n q m h d  to be fmm 1 15 to 180 days in length, and the grev-vels t ~ l u i d  
m i a d  less than $1 to the cubic yard. 

kd. 
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' The Kantiahne dktrict," just north of Mount McKinley, has long 
Eewi the scene of a little placer mining, ss well ae of mall develop 
menk of gold gnd silver-baring lodes. Two years ago a galena 

l a m  
12'tm.X 
( T a u )  
r m . m  
1:w.m 

7p.m 

v... 
- - - -  

sam 
 dm 
YqMO 
m,am 
~0 r m  
1s;m 

as 
&or0 

I,% 
4x1 
1 

Y-. 

1mg ...... .... 19.20.. 
1821 ...... 

v.1.. 

ras 
1,FOB 

M941 
m 
3& 
rm 

%?$ 
l , l l Z F 2  

qtjaa 

V&m. 

t41m 
a0:000 
sl,W 

e~qooo 

a14 
1Sf 

$m 

V h  

-- 
t&50 
1XI 
164 

~ 8 1 1  



deposit wad # up, w.h08 th+d hbmt $,ibO: b~ 
h e n  shippad. The district is shut  50 to 70 rnilea mt of the Alaska 
Rajlroad, but i.t has no r o d  wnnection with that line and the om r 
had b be tramported by home sleds to Kantishna River and thenm 
by d l  s h m m  to the Tanans. ThiR method of transportation 
was so expensive that only the richest ore w d  ~tgad shipment. 
Tfimfom the galena ore was b n d  picked, tb gade of ahipmentg 
being thus brought to an-average of about 140 om- of silver and 
$3.25'5n gogold fo the ton, in addition to the lead and some copper. 

The Mes from which this ore came and othem at near-by localitiae ' are at or near Ehmka Creek. Tke depitm lie in weU4dned hureg  

travmiug scbFPeoae mcks and are associated with gradtia i n t d v a  
m c b  %me of I the ore bodies are 8 to 15 feet wide, bat the rich 
&mm is in &oote from d inchm to 24 feet in width. Gold-haring 
qu& v e b  of BimiIer type are found in tbZa part of the district, 
as well as some deposite of mtiraomy (etibnite) . Ti14 few opminga 
made indicate that the lodes are fairly pmiatont along the strike. 
. Work was continued st Quigley '8 Red Top claim in 1921. The 

derpdoprnent mmiste of a drift which follom the ore for over 200 
feet snd at ita $scs is 60 feet below the outcrop, T h e  entire lode is 
from 3 to 10 feet wide, and the ~dtmble om mmm in A& fram 
6 k h  to 3 i-t wide. Thm ahoote are eomew'hkt irreghlp - 
distributed dang the lde,  and d a c e  pit9 indicah that the lode 
may be t d  fw 1,000 feat or maL Tbe om shoots contain much 
d v w  and c o e b l e  gold; The ore GI mantially an argentifemus 
gdene but carrim some copper and zinc. 

The Alice mine is the ody other pmperty in the dirrtrict where 
any cansider%ble underground work was done. Unfortnnatdy, when 
it mu v i s i t d  in August, 1921, thh mine was entirely iaaooaseible on 
account of mvkg. The ore body haa h a  dsscribed by Stewart."' 
LZsseesment work is being done on m y  o h r  gold and galena 
deposits in the district. 
In 1921 dphide-bearing lodes w m  h v d  in fhe f 0 ~ t . U ~  of .s 

the Amka Range, 20 miles sou&wt of Emka h k ,  in what is 
stmetimes called the Copper Mountain district, These d@ta were 
found in July by 0. M. Grant and F. B. Jb, bth- experiend 
pmqectors, staked 22 c l a h .  They lie some 14 milas fmm 

- hk, but l e t e  beds are elme at  hand. They am readily mes- 
sible to pack horn. The -traction of about W miles of wagon 
road would connect the locality with the Alaska Railrod at Riley 
h e k .  Gtan6diorite is the  mailing: country mck of the region 
and ja found bobh in large maa and as dies. Banded and m i v e  
quartzitss with mme limestanm and date, cut by graadorite dikae, 

- 

~~Btsraart,B.f).,~Mm~ilnn.~.falBPO,pp.&l4,J~IPn. 



oomtibte the formations in which ltha ores have baiem found. The 
aedh~ntttry b d s  rn much deformed and tremd a little n& of weat. 

The ore bodies am distributd through.a mne that trends a little 
n o d .  of, east and thus appmatly cuts aoroas the bedding of the 
s e c h m t ~ .  lIhis mne hss been traced about 2 d w  and is r e p o d  
to be longer, As determined by p m p t  di~~veries ,  its width is 
from me-fourth to 1 mile. Thia mne is characterized by an abun- 
dmca of aulphide m i n d s ,  concentrated in more or I- well-de6nd - 
om bodies. Some of these bdim have d e h i b  walk; in &hem the 
ore gradea into the country rock. They occur chiefly in the quartz- 
ites, but some are in the granodiorita m d  others at the contact 
between t h e  two. AB no excavation has been done it ia diflicult to 
give exact shtemenb as to width. At some places there is evidence 
of sulphide h d i z a l t i o n  over a width of about 100 feet, but in 
these plsces the rich ~ulphidea appear to be limited to certain shoots. 
Most of the lodes m much smaller and mnsis t of aboota in mnes 10 
to 25 feet wide. The ore cbnsisb chiefly of gal-, ch8luoppite, 
r;inc blmde, pyrite, and bornite. h o n g  these minerals galen8 
a p p m  to predominate. A granular intergrowth of gelena with 
chalcopyrits appears to form the typical ore, but larger nmsms of 
pure galena are a h  found. The gangue consis& of quartz and of 
t h o  mmtrg rock, chiefly qn&zite. In the absence of sampling or 
even of cute e x p i n g  the ore, a dekite shtement of metallic can- 
tent ia not JcnstSed. The grab samples taken by awnem of claims 
have: yielded from 0.20 to 270 ounces of silver and fmm a trace ta 
$8 in'gold ta the ton. Three slrmples m m i d  from 1 to 8.8 per cent 
of copper. 
No work h d  been done on the Qrant & &lea claim when &BY 

were d d  in August, 1922, nor on the other pmp& report4 
in the w e  region. Their value can thedore not be prediM,  but 
the surf808 8 x ~ ~  fully justify careful prospecting. 

Fourteen md gold placer mines, employing about 24 men, were 
opesetad in the Kantiahna district in 1921. The largest openrtiona 
were on Little M m e  Creek. This mining was dl done by pick and 
&oGd,,md,the recovery of gold wae about $1 to the cubic y d .  . 

The 'mod important development of the y e a  mnsisbd of the 
plans of two brnpmim to operate hydraulic plante on a large a d e .  - 
The'-Eantishna Hyhul io  f i n g  Co. hm built a dit& and flame 
from Wonder Lake and wi l l  mine a group of claims on Moose Gwk 
nt the mouth of Eureka Creek. The Mount McKinley Gold Placer 
Co. (Inc.) is developing a projsct to hydraulic placer komd on 
Caribou md Glacier creaks. Caribou Creek and tribubries are to 
be the immediate source of water for this project, but it is reported 
h t  matar is also to be bkan from Wander Lab. 



Tbe Ruby dietrict hae maintsined its m u d  gold output fm the Laaf 
thm yew. Most of ite gold has coma fmm deep p m d  of rather 
highttrenor. h 1921 the gravd sluiced weraged $450 in gold to th 
mblc y d .  !lL'h~rn were 21 mbw- operated in summer, ernployjaig 
67 am, snd 5 h the winter, employing 56 men. According b 
reports r e m i d  all but four of these mines were .op~lgted in deep 
p a d .  The largest prodtrction came from hng,  Flat, Poorman, 
end Solomon cteeh. 

P h  &i and ailw pr&cd 4 h Ruby S(, 1907-Wl. 

(3aEerm v h  cutting the sd th ta  of the K8;yuh Mmntaina were "i 

dkmverd in Sapternbar, 1918, st a looall@ near the headwa- of 
. Bishop Creek, about 20 milea south of Yukon .Ttivm at Louden and 

about 27 milis south of the new settlement of Qalene, wbieh is on r 
the h o d  bmk of the Y& opposite the lower elid of Louden 
Slough, or abotft 15 milss below Louden. This locality was visited 
in JyEy, 1921, by Q. C. M-attin, who has submittad tine following 
deacfiptim: 

% g s l e n s ~ l i e n e e r , t b e n M t h e n d d t b e g j ~ ~ o n t h e h e o d -  
w n t w  of BishDp Creak, which Bows ~-~ for abut 10 m i h  fmm Sbe ptm 
p A a ,  then takes m udmmm meandwing c o r n  aavlar the hb, and enten the 
Yukm n%ar B h p  Mountah  This &an ia a h  a e d  by g.lihket W k ,  - 
which en- the u p p  end ad h d e a  Slough. A sammer hil lauden 



Blm@ 2ar 3 a i k b E d a r i b  w e n d  s d  folIowhgbbewwtemdapa d t h a  ridge 
~ B ~ r r n d ~ d l e P d a t o t h e p m a p e c t a  'Chedistrictisofmod- 
mte relief, m a t  of the hills bing 1,000 to 1,500 feet high and the higher peakn an th6 

w b&* cd Bbhop and m e t  qwk~ m d b ~  2,000 ar 2,500 feet. %'hem in a 
tbin W g m d ~  of spmce and birch throughout the region. 

Near the prwpda the ~ ~ u n t t y  m b  are q-m, micacews, and chldac &bh 
.nd l k t o n e a .  The enpanves at the pmpecta are =hi&, the gchi&miity ot Wding 

Y of wbich &ib nortberst. A belt of Ernatone crorreaa Bkhop Creek abmt half r 
mils ahve the gmgpeeta ~ n d  ia well expoeed on the weet t6de-bf the alley. I t  is r 
6nPsJmed li-ne, nnt much muytstslhed, mmnbling the limestDne et Ruby. 
lta relatiom to the achlata and ite ags are not known. The rmkn of the Baiyuh Moun- 
taim were deecribed by Muddran l4 aa quartzite and quatta-mice mlsh, with - 
ciared myntallina limeatone, garnet PC&&, and finetexhmd daty BC- or phyl- 
likn wcceedd by ancient FLiatxdc effusive rocb. 

Qm ia expoeed only in the excavation, where it WM d i m w e d  by Btripping st 4 

J d i t y  indicated by flwt. The workings, which had mostly mved in at the time of 
the vSt, are mid ta show an h@ar ore bwly up to 2 or 3 feet thick, broken up in 
placee bg bantls and - of rock that ie b m m  or cwtaina only mttswd ow. The 
mt rppmntly aomtaitaina no valuable minerals except ailvet-baring galena. A blue 
at& oummbttheweiupbably a n w e e h  not dueto any f+snbst*ncea 
Teats for copw and molybdenum e v e  negative &tan 

A amall mine on the P m v m c e  claim m opemted in the mttmm and win* 
ailW2&21undarlas~e. Attheeeme.timetbeedjacentValleyWnasworkedina 
ahall way by the ownem. The ore rn aleddetl to the Yukon. In zhe wmmer d 
1921 the Pemveratlce claim aea plwpacten by the ownew but nu ore w w  
mined. 

In the fnnoko district 23 summer mings, employing 85 ma, and 
5 minter mines, employing 10 men, were operatad Ira 1921. 9719 
completion m d  operation for 50 dwya of a dredge on Yankee Creek 
wasthemostsi@canteventof theyasr, Twootherdredgmwere 

'"? 

idso ok fie way to the district--one to be installed on Y gnkee Creek 
snd the other on Gain- Creek. Mmt of the mining in the dis*ct 
is done by open mts, m d  four s t e m  wnrpem are re@ to have 

. beao operated in 1921. An average of about $1.05 worth d gold 
Eo the cubic yard was r8covered fmm the gravel alrriced. %me rich 

F deep placer gmund waa discovered and developed in the summer on 
Victor Creek, near the wagon road a b u t  four rmlea swth of Ophir. 
Thehgest gold production m e  from Little, Ophir, Yankee, and 

w Gajnes creeks, 
The value of the goId output fmm the T o h i  region waa about 

$€i,g,000. This WM takm from five mines employing eight men. 



Thm we& 22 pmductive placer mines, employing 120 men, in the 
Iditarod diatriet during the summer of 1921. The two b d p  on 
Otkw Creek worked for 140.deye md were thelaegwtflanta operating 
in the district. .Mmt of the gold output m e  from OtW, Rat, 
Chicken, and Willow mb. Five steam scrapers and &x hydraulic 
p'lanta are m'@rted to ham been oparabd. The average gold 
rwovery for the entire district was a b u t  70 ca t s  to the cubic yard. 
The .operation of a quicksilver mine in the headw4ter region of 
Iditarod Riper is dmribed on page 13. 

Abut niaiblmhss, employing W men, were operated in tha Mamba 
dfshqct of thelower Yukon during 1921. In the paab mwt of tha 
gold mined in thie district has corns from WdIow Creek; where, how- Y 

ever; the rich& deposits have now been mined ot15. In I921 there 
were only three productive minas in the older part of the dhtriet 
immediately tributary to .Mmball (Fortuna Ledge post office}. 
There was, however, cmsiderabls mining activity in the Stuyahok 
region, about 40 milas eartheagt of Marahall' but only about 10 
miles from the Ynkon at  Tuckers Leading. In the summer of 1921 
&ere m a h  t 50 prrwpectors in thia region. Information about - 

t h e  [)(XUTBIICB of the gold is lacking, 



m I Q  BTVER AND QOLD EUX IlfBRaW. 

Nothing new waa developed in the Indian River nnd Gold 
dbtricte in 1921. So far as known only four or five amall mines 
were operatd in thia region during the summer. 

Plam gold a d  ailam @wead in the In& R i w  and &ld Hill dirkicfs, 191 1-i92J. 

Amding to mporta received t h e  deep minea and m e  open-c:ut 
h e  were operated in the Chandalm district in 1921 and mnployed 
14 men in summer end 12 in winter. A number of other deep mines 
were under development but did not reach a productive stage. 

- The fichest placere thua far found are on Squaw Creek, where two of 
the operating minee were located. The two other anin- were on 
Big Creek. Three men were engaged in mining on Bear Creek, a . 
trSbbtq d Hoptza River. There were probably some other small 
p l m r  mines in the Chsndslar district, from which no reports have 
bemi received. The region is so diffioult of acc.ass aa to diswmuge 
the sptema;tio proepecting which the discoveim made fully justify, 
The p v d  sluimd in 1921 carried an average of $5.20 to  the cubic 
98d. 

PhW gnld rmd &W -4 b h? dh-, 190619fI .  
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In the KoyuEnrk distriot 29 m m e F  pl- mines, employing 60 
meni md 8 &tar h, employing? 20 men, wem pducth1y  
opersted in 1821. An av-e of $1.85 in gold to the mbic yBfd was 
m d ,  The r e t m  from 14 drift mines show an avemp gold 
movarg of 86.90 to the cubic y d ,  and those from 18 open-eut 
mine, inciuhg 3 hydmulie, show ~v0mge uf $1.20 to the cubic -' 

yard, The lergest output o m e  from Nolm h k .  In the pmt 
mmbof the Koyttkuk gold baa been won from deep placess ; the ~ n t  

is tu develop the more exhnsive shallow p l m .  
There are no productive lode mines in tha Koyukuk district, but 

&me galena om has been found in the W11d River b i n ,  20 mil- 
west of ~ o ~ d f o o i  Soma developmerit work has been done on B lode 
an Michigan Creek, R tr ibutq  of Wild River. These o m  are said 
to occur in a limestune bedrock. 

PrOaa gold a d  d a m  p r o d u d  in h Kopkt& M, 1-1921. 

add. Ww. 
Pw. 

xtBQ.IOFr. 
' ~ b a  returns-fiam the ~usko-  region plsoer~opsmtors me 

v m  incomplet8, so that a full statement of mining in 1921 h not 
p d b l o .  A b o ~  30 mines were operated, md t h ~ y  produced about 
SS20,00Q worth of gold. The largest single operation waa that of the 
drdge on Cm&e Creek near M b t h .  Plans am under wag far 
the installation of other dredgea in the Kuskokwim bask A b u t  - 

- " 1M) men wem hp1oye.d In productive mining in the Kuskohim in 
the summer, but there' was almost no winter placm mining. The 

_ platar miming in the Georgetown and Tuluhsk-hiak districts wm 
of abwt q n d  extent, and a lesser amount waa done mound Good- 
n m  Bay. 'ihe search for gold glacem on llolitna Rwer haa been 
cunthued, with reported encouraging resulb. 

w- Developments were continued at the Alaska Treadwell claims, near 
Nixon Fork, in the McEinley The company reports 2,297 
linear feet of updqromd work during the gear. A m e u m  depth 
of 290 feet has been reached in one of the shafts. The erection of a 
lO+tsmp amalgamating and csncentrakg mill was completed at 
a h t  the end of 1921. %me ore was taken from m open cut and a 

. 12-foot shaft on the Gold Butte lode claims, new Akiag. Them aie 
reporta of other gold-lode developments in. the Kusko* +on, 
buU nothing *erg defmite. The work on quickail~er &@ta of fhe 
lorn  ~ d o h h n  i n o d  elaewhme (p. 13). 
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'%-+ah of the tutu1 mineral produntion of Seward Peninsula in 
1CUl -wlrs $1,465,297, of which $1,455,085, as &own in the subjoined 
hble, -was in gold, end the rest in silver, platinum, 4 a little coal 
,d lead. There was no mining in Seward Peninsula in 1921. 
The&atlnum m e  c W y  from the Koyuk district. A d l  output 
of d csme fmm the Fairhaven district. The Independence 
mine, in. the Pairhaven district, was developed, and come galena one 
was-shippad. The owners of the property report that, the undsrc 
pundwork  includes a 13Bfoot shaft and 250 feet of drifb on two 
lsy&. This was the only producing lode mine an the peninsula. A 
d l  lot of rich auriferous quartz, taken from a hydraulic,, pit,neer 
Name, was shipped. The only other lode developmat wmishd 

' p e y  of lwaemnmt work. 

A totid of 120 pIamr mines, employing about 822 men, w m  operc 
a- on Seward Peniasula in the summer of 1921, snd 14 minm, 
emplo* 64 men, the previous winMr. In 1920 there were about 
112 mmmer minee, employing MO men, m d  8 winter minm, employ- 
ing 60 men. The average output for each summer mine was about 
$10,000 in 1921 and about $1 1,000 in 1920, For each man employed 
in the summer mines the value of gold m e r e d  was about $2,340 in 
-1421 snd $2,220 in 1920. 
In 1921 there were 45 mines, mp1oying 76 men, each of which pro- 

duced $1,200 or less in gold. The production per man employed WBS 

only shut $400, and the grave1 that was sluicad had an average gold 
content of only $1.30 to the cubic yard. Evee if due allowance is 
nude for the fact that many of these d l  mines were operatad odp 
for a short time, i t  is neverthe1es.s clear that they are operakd at a 
I-. The only exception is where the productive mining is only inci- 
dentd ts the development of deposits that are later to be q l o i t e d  
on a huger scale. 



- , .. - _ 5.' - 1- - ,- -.* -. i:. :.-. %!!+.- --*. -. 1 -- _ 
- . . . . . .  -- . .<_ ..:. . . - =--HA, m 

Th 16 -opemte;d 'em h a r d  ~ e ~ d a  in 192 1 dag aborit, 
1,68QjaX) cubic- yards, as mhpared *th" 1 ? gold drerdw wd about 
93O,(W30 cubic 3 s t d s  in 1920. The gold m v e r y  to the cubic yard 
wae 42 cents b 1921 and 5l.centa in 1820. The &edges ware loper- 
atad fmm 10 b ' l 2 0  days. Those that were fully prepared st the 
kgiming of the operating seeson worked from 40 to 120 days. The 
h-ulic min~~:hsnded about 162,000 cubic yards m d  msde an 
average gold reowery of about 71 cenh. About 40,000 cubic ysrdrr 
was mined by drifting and hoisting, with a gold recovery of about $5 
to the cubic $. Mast of the deep mining was done in tha Koynk 
diatriot. . . . .  . . 

~9pelsilw pduc#l m t h d  Pmi* Irn-1961. .;. , 

~1nc.m mifiiml;'a6ntirmed daFing 1921 in a sm@+vby &'%e ~ ~ u i & l  r 
River and Shungnak districts of the Kobuk River bafdn. About a 
damn placer r n h  w m  operated during the year, mast of them for 
only a part of the season. About 12 men w m  employed at mining 
during tke atunmer and 10' during the previous winter. The largest 
production came from. Elerg  Creek, but the valne of khe total output 
w a  only &out $7,000. The gravela mined c h e d  from $1 to $5 a 
cubic y d  in gold, but the marage wm only about $I.& .,;- - 
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m m m m  REPORT* 

During 1$21 nine parties were engaged in mrvejra and invastigs- - 
tiom in Alaskti. These perties included 9 gmlogista, 3 Eopopphsre, 
1 topgraphiu assistant, and 20 packers, cookn, and other auxiliaries. 
Six partiw W ~ P B  engaged in geologic work, two in topograpl~c sur- 
vey, and one was a combined geelogic and topographic party. 

The fmds aveilable for field and office work for tha season of 1921 
indudd an appropriation of $75,000, an unexpended balance of 
$13,800 fmra the appropriation of the previous year, and aa allotment 
of $12,000 from the appropriation of 1921 for the dwifi~ation of the 

. public lands. The subjoined tabla show the dotmenta of these 
fudla jpgmphidy by typee of work and by salarim and field 
expemws. A balance of $5,430 will be used for the field workof 1922. 
In thsse tablea the money devoted purely to office work h a  not been 
d o c a m  to the several projects. 

. . 
. . 

B d m ~ s ~  ........ k ...................................................... 
M d q m U ! m  ..... * . A :  ......................................................... 
MJmlhu%oas ex- hohnhng c l er ld  ml*i lw, no,. ......................... 
OmM of Director 
To tm allotted to fWd wwk, IWB... ......................................... 

. , 
L 
.p. 

, x . :  .- 
!Pb.qllokmmte ~ h o r n  in tho subjoinsd tebles = made to difEemt 

L kinds of .wcifk- .and to Marent regions are only oppmxhrrtions. 
To detarmine the true @me9 would require an elaborate eost-keeping 

. s m m  tao expensive to justify tho read& to be achiewd. Many 
' parti- and individuals divido, their time between two ar mare proj- 

ects. The following two tables will show in a general way, however, 
on what projecd the funds have been spent. The geologic s m e p  
iPclude work that is used in the classification of public lands. 
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dpp&mak e i h m t a  to d i f d  khib of- and- 
19.21. . 

,JbW-ol 

htlmwamttDc,i l lsb.~ ,.--. ......................................................... 
, - Q ~ a l l n v s a  U o n , m l n  ... L ........ i..i...iii..i....ii~~.. 

. - aath-rnY- .......................................................... 
C m h  Inlet . .  .................................................................... 
A l m h  Harlrosd. ......... ...., ... .... .................................................. 
Al&s Peninda.. ................ ,..... ..................................... 
Yukon k i n . .  ......................~...................................... 
M.B ~~rnp~lat im ...... ;..". ......-.r.r.r..r.: . .........'....................... cafrnihg mlnsra1- ................................................................. .......................... ~mbetus ~UCIWUK w, sbc. 
Otaee at Direor.. .......................................................................... 
T o b e ~ r o W w r t , 1 8 2 2  ............................................................ 

. . . .  

The follombg tabla shows the pmgmss of inveatigationa in A b k a  
and the annual grants of funds since aptematio sumeys were begun, 
in 1898.' It should be noted that a v e n g  amount is  pent esch 
yaer on spmisl investigatiana that yield mults which cbn not be 
exprassed in b m  of ares. In 1917, whon the United StaW anterod 
the World War, newly sll, the Masks funds were nUotted to the 
investigation of minerala such as platinum, sulphur, and antimony, 

'ij which wem then of specid importance, and few wed surveys were 
mde .  Since 1918 the reduction of the annuirE appropriation and h e  
immid cost ofdl field work had not permitted extamhe geoldgic 
and wographio surveys. little progrega has thenefom bean made in 

*_ 

exteading the t q m p p h i o  and g d @ c  mapping which is essential 
ta obtain an ldequste knowledge of minnral rem- of the T&- 
WY. 

8Tha &om ~ ~ m d s m w ~ U a m o t t b s @ d a n d E a l ~ o f t t P s h d h ~  
~ f p . m s d o r ~ P l t l m ~ D 1 ~ .  
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r The and G d e M e  Intmsattrml R m d s r g  Commblm .ad W L.od hva 
dm- phicaum$%. ~ h % - t o r m d b y t b % r e a & ~ u e o f - ~ - d a l  
h-ta- 

* ~ ~ r n r S P r ~ ~ f p a ~ ~  

Bg d a e  of the lhwtor, dated A p d  I,  1922, the di~ion of 
Al& m h d  mwcm was changed b the A l m h  mineral 

w r e s o w  branch, and ita mecutive chief made the chid Alwkan 
geolagbt. - 

Thewritg~-&in 00ie wbrk until A-t 3 and-- 
ia A&~ka until mtaber 10. He isited Anchorage, Ken- 

+ tishns, mtf md, in ampmy With B. W. Dger, h d e r d  mine 
hp&or, the WiHm Craek district. A etstement of rasule in the 
K m W  and W&ow h k  districts and on the petroleum seepep 
at Anchorage is published elsawhere in tb volume. Pn addition to 
tb time devotd  k~ field work, inoludiag that of June, 1922, the 
writer daring the hcd year divided hia time about as follow: Gem- 
logic studim, 10 days; progress report, 20; annuall press bdetia, 4; 
W plsrts, 7; %he prepara%ion arid delivery of lmtmw, 14; proof 
medin&, 7; statistics, 13; critical re- and revision of mmwcripts 



oto&w,  7; W- (I; &,the ppamtim of 
an article m 46% mientigist in the ErsdearaI kimb,'' a dap. The 
rest. of his o 0 b  .time w m  .devoted to dmbbtmti~e and rwtine 

tF mat-. 2%. . 
R. H. ~argeat  on ~ q h  from M& 18,' 1d20, to I ,  

1931; In Septmmber, 1921, he made a trip to southegstern Alaska 
to investigate mas and methoda of topographia s w a p .  'PPhile in - 
the 6 c e  he waa occupied chidy in the admi9istration of Uaaks 
topographic mep and map compilation. 

A. F. Buddingtan spent from June 10 to Septemh 16 in con- 
tinuing the ga&& mapping ma in~eatigation of m i n d  - 
of the WmquU district, A s u m m m y  of I& d t e  b published - 
h w h e r e  in this volume. 

H, M. Eakin , pologist, wan employed under emtract to wmplete 
_. the raport on the geology and minerd P ~ B O U ~ A M  of Juneau and vicinity. 

He devoted me month t . ~  field work nnd about four montha to offi 
work. 

A detailed gsologic &d hpgmphia surrey of the Inia3dn oil field, 
w h k  Inlet wae made, under the direction of F. H. Moffit. A. A. 
Baker wisted in the geologic work, m d  the topographic mmqn 
wlere made by C. P. McKinley, kaasisted by G e d d  Fib W d .  The 
topqpphic mapping waa done from June 4 to August 30. On see- 
munt of tha mnrine strike, which delayed Wportation, the main. 
party did not begin field work antd 'Jdy 0. A pdiminsry edition 
of the bpgtaphic map of the Iniskin-Chinitna Peninsula baa been 
ipsnd. Mr. Moffit'a d t e  have been summarized in a b d e .  
bin, &d in May, and am given at p a t a r  length ehwhere 'm t h i ~  
volume. 

Richard K. Lynt was detded to n d m  tapugraphio rmmmkscmab 
m y s  in tbs Gld Bay district, On namunt of tbe very stom? 
weather'of th.mrmmer, i t  WEM impoesiMe to map mom thaa EO per 
mnk.of the mmt important parh of the dhtrkt. Tbe field wmun 
e x h d d  h. June 8 to Septeglber 4. - 

S. R. Cs;pps, sssiskd by W. R. Smith, wm mpI@ in geol@ - 

mm&&mm-mrveys in .the same di&cL ,,, The. geel@ck mmqx 
w e r & g m v @ y W d w i t h  by the bsd m * r  bnbwmred h u t  
4 &kd of tbe most impsrSaat psrt of thk dietrick. .;:Both part,& t 

were also greatiky hampered by the mamenls strike,. for as a c o n e  
queme the sterrmar landing their homes did not d v e  nrisil duly1 
2. prehmmy wmmaty of hb. Cqps 'a ,  resdte wm published. 
in~May, and a more campleta statement is contained in t h i e  vol- 
ume. Mr. Cspps d e ~ o h d  about one month to the continuation of 
his mprt on the gmlagy and mineral r e s o w  of the region tribu-: 
t i q  to theAbdm RailrDsd* Oa April 16, 1922, ham- fur10ugbd. 



.;\ I;, 
.*' 
4 ; -  . 
k 

--.- I 
- . > .U,Ibfmmum m B F *  49 

tor i w q r ) , + , b t  eakge in ~0mmerCi.l oil wmk: for am :hk 
mmpaiy ia.cfomip country. 

Thq geologic ma& and a f d y  of the mined -' o€.thd 
F&*-e was continued by 6, B. Y d ,  jr., who , d e  
v o ~ : f m . w e  30 t;a September 10 to tba fiald work. Mr. Medie's 

work.wss chiefly given to the shdy of geologic note4 and speci- 
lam fmm. tbs Yukon-Tanme region, but he atso eomplatsd the 
longdelayed , report on the Ru by-Kuskokwim region. 

&rge C: Martin wm engaged from July 5 to August 31 in stndy- 
ing the geolom and mined m m  of the lower Y&n d Kop-  
h k  region. Most of his &ca time has been devoted to geologic 
atn&w of the Alaska Mmzoic formations. 

C. Arthur HolIick wm employed from February 16 to Jrme 30 m 
aoghming : his studias of the Alaska Tertiarg fossil plante. Ricc 
4 6  fr; w d  . h ~ ~ e ,  an important bearing on 'the correlation of ' 8 e  
A h h t  md4marimg  formation^. 
- Jaboes McGormick was emplayed far five months in the r e & h  of 
&e;pgrap,bic dictionary of Alaska, J o b  H. Renshawe + d e ~ o t d  
&out a month to the completion of the relief map of Alaska, now 
naarlg ready for publication. John B. Torbert has been engaged in 

-Alaska mrbgmphie work throughout the yew. About hdf of R. K. 
Lynt's o5ce time has also been devoted ta map compilation. 

The lack of funds bas prevented the continuation of stream gsghg 
in  outh he astern Alaska. This work is essential to the determination 
of'watm pow~rs  available for mining, pulpwood, and other indus- 
trim. In woperation with the Forest Service, s h a m  gaging waa 
&ed on from 1915 to 1920, and the results obtained each year 
have been published annually. A summary of thase annual mporta 
h isnew being prepared. 

Mbs Lucy M. Gravm, chief clerk, has continued to carry much of 
the burden of the administration of the Alaska branch and has actsd 
as chief during the absence of the chief Alas k ~ n  geologist and of the 
senior geologist, G. C. b t i n .  The details of collecting the statistics 
-,of the minerd pmiuction of A l d a  have been in the hmds of T. R. 
Buxch. 

During 1921 the Surwy b e d  two complete bdetine relating to 
Ahka-Bdetin 714, "Mineral resources of Aleaka, 1919," by Alfred 
H. Brooks anand others, and Enlletin '719, " Proliminarg report on p4 
troleum in Alaska," by George C. Martin-also the separate chapters 
from Bulletin 722, "Mineral xesowces of Alaska, 1920," by AZfred H, - 
Bmks and others. A report, including tapogmphic map, "The 
geology of the York tin doposita, Alaska," by Edward Steidtmann 
and S. H. Cathcart, is in press aa Bulletin 733, and mother, "The ' 
Kohina-Kmkulma district, Alaska," by F. H. Moffit and J. B. 
&die, jr., ie nearly reedy for the printer- The-mrnucripts of two 



& - ~ % e  I t&d j '-"* dw :a. ' B. 
Mertib, jr., and G. L. Harringt4n, and " % J m i ~ u  &&id, h k i , ' '  
by Bu M. E w h a v e  btm aampktsd. TBe mad m v k  of the 

indnskrywfc Alssks. w m  imed acr awd m- 31, ,192i. 
May, 1922, hem wse k m o d  a press bulletin entitle&," Pehlmm 

i+i Aidq" whiah summariaad the d t s  of m m e p  made in 1921. 
During tbe Gaud year 1922 the foUmvhg Alnaka m a p  w m  kd: 
K a t d ~ - g u e h h u  dhixkt, d a  1:H,ti00 (1 idle k the in&), by D. 6. W1tb~m 

w n .  
The:5Jppe Vdeg rpg5an; sCJ6.1:mW (1 milea to & a W X  by D. Q 

Withegpoon and J. 1. Bagley (--edition). 
Iniatin-CbiniQm Pdmula; m d e  1: 62,508 (1 mile to* Incb); by 0. F. MeKMq 

md G e d d  Fitt O+d (preliminary edition). 

' .,The aompih&m' of the bpgmphic ,map ( s d e  1:250,000) of khe sop, tr&utq,p the lUlah is app- mmpbtim. 
7%~ wiU be publi~hed in th .ehmta,  of .which the a&t.berrl. nheet 
f Seqrd-Matsnuska) waa aent to tbe engraver in June, 1922. A new 
map, of Alaaka (male 1 :2,500,060) has hen compiled and i e - r n  in 
p m .  The &awing for a relief map on the same d~i is almost 
tsamphd. ~ 



This &rt iEt based on a reconnaimnce by the writer in the m t b -  
e m  pa~4 of the Wrangell mining district during three months in 
1 I?. E..and C. W. Wright "made a geologic reconnsimnm of t h ~  
Iletddma md W m q d  districts in 1905, and the accompanying map. 
(Pl. 1) is in p ~ r t  based on ttxeir work. Further details of mining de- 
vdopmenta_l~nd economic resources of this district m y  b found in 
tbe annual Bummary reports on the mined resources of klaska for 
1% and later ysara 

I & d w e  mh.-The Cost Rsnge hthoE&, which c o d e  w- 
&tially sf quartz dioritg, is the pdominant rock of the mainland 
amapt near tha maat, w h m  belts of &id are included. The batho- 
lith thtt formrr the colw of Etolin Island is made up of diorite cut by 
e mgss of granite. 3hms and stacks of quartz diorita, dlorita, and 
granite am fomd on the islands, and quartz dioriia and:gxanite dikm 
rn common in their vicinity, Mamm of gabbm and hornblendite, a 
dark m k  consisting ementidy of hornblende, occur on the west side 
of Zimovir Straits, on some of &a adjacent islandg, snd in Ci& Bay 
on Womrtkof &i Idand ( 1'1. I). 

%eta-& cmp2m.-The metamorphic complex oornp- in 
order of increasing metsmorphism, phyllih and phylliticq~mrteib and 
g n s ~ w d e  with thin dark hornblendic layers ; ban i  tic, staurolitic, 
and garm-tiferoos qnarta-mica schists interbeddcd with micaceou9 
quarts =hi&; local beds of mnrble ; a little garnet-sillimanite schist; 
hornblende-plagioclase schist ; and, where most intensively meha- 
mo~phoaed, aplitic injection gneiss. On the mainland the qua& 
diorita nesr the bodem of the schist belts may &ow relia of dip 
intagrated and shsedded blocks of schist. The rocks of this complex 
am of sedimentary origin and may include beds of both Paleozoic 

1- Zstcaikum and WmgaU m4&g Ufutrlctm, blrba : U. 8. -1. Rnmey Ball. 817, 
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and .Memaoic age which have been m r y s t a l h d  an& conditions 
of cantact-ragiond m e ~ r ~ ~  ahndant npon the intrusion of 
the Coast R a w  bstholith a 

u7bdifferedi&ed rcrcb.-Tbe p u p  of u n d i i f ~ d h t 4  mcb 
d a t 8 - f o r  the most part of rehtirely dhiah -4 gmyfa);gmn- 
ish-grny roc& which are di~tinctly p i n e d  but in which the beund- 
aries of the individual grains are indistingnkhttble with the naked 
g& lrrtercalated and m i & d  with thernksre beds OF thin layem . 
of 'black slate. The predominant rock is a graywaclm or qnsrtzitic 
andstone having a cleavage which ranges from that dna e n t i a l l y  
to original bedding ta that due to i n t w  shearing, mashing, snd 
mmptaUimtio+ In the latter variety the rock splits readily inb 
thin. leaves, t h ~ '  resembling phyllite, and weathem a ehamcbrbtic 
%hLgrsy color. The graywacke cmiists lergely of quitd.ts or of 
altered fmgmedte of plagioclase feldspar in an urghceous, do- 
ritic, or sericltic *pundmssa Quartz may h absenIt ~rr itmay cdn- 
stitnh relativbJy pure qharhite ot phylitic ql~srtzita, ' Fraganenta 
of slate end ot%& roch are common !in the miywncka, 'md in p law . 
'&he 6&1e varieties weather with s pseudoporphyritic "br thff a m a s  
m w t .  h l l y  calcareous W s  me intercalatd. aMlitic slate, 
homblendic quartzite, and phgllite,am found in the sms.of p a t a r  
metamorphism, ,as in M c H q  Inlet, on Etolin Zatmd. 

The age of t h e  beds ia doubtful, land it is pmbblebth8t fief'  in- 
& d e  formatiens of two9or mom a*, At Wrangell, dong Eestem 
Pagsaga, and on the west side of Frederick h u n d  the slab lagers 
shok traces oi'organic m a i n 8  whikh Edwin Kirk sthim wamble 
t h w  aawcieed with graptblitea f a d  by him at  Wrangell. 1% 
kibs d SiMan or older a p  to this mries. On the other hand, 
the belt an ~toh, Zaremb, and Kupr-of islands appmm bb mndm- 

'fio;&a pmMbh breccia :Pormatloa pmvisionally' &pBd t o  th ' : 

%hM!sdc. "rtt%:~would indi~tte thnt these beds were possibly-the' 
equi~alent of tha M~sazofc rwks having similar mlatims rtlld ch~r-  
ircter that mt in the Hptchikan and Juneau districts. The data at 
hand do not permit a, po%iti~e decision. 

D m m h  m6ka.-The %voniaa &b comprk (1) dark ar@a- 
oeow slate with thin layers of black or dark chert ; (2)  d m  1he- 
stone inte*dW with g a y  mlmreons or drtrkdateai with which are w 

intemalaited thiek beds of h d d  slaty black, green, and whifa eh& 
and chlrri tiE; @iceow dolomitic, and green hornblende whistw;.rtnd 
(8) rt series of 'volcanic sock 

The chloritic imd hornblende schhlstg internlatea with tha lime$t~ne 
~1%'5n p ~ d  Ubhd tuffs and in pad sheirred and altered -mde&ic 
lavia contain5ag nmygdules of cslcite. On-the C d e  Idandq in 
Duncan Canal, the %om are more mwive,  ahow B well-deveIqmd 



pilloat hdCllre, md -are inhrbdded with l m e ,  dab, and a 
IittJe: diceoua dolomite end -chert. L 

The -wolcanic a a ~ k  comprim &&me .andesitic t d ~ ,  bwilbs, 
aml*+ha with i n t e d h d  beds of slab and rusty-weathering im-. 
pure, silicmm; impalpably finegmbecf d o l h t e ,  Calcareous tuffs 
are foundrin Knh Sheah Bay. The volesnic rmks are mostly dense, 
felaitic, gad pale g r s y - p n ;  in the porphyritic ~arhties plagioclose 
feldspars usually conskituta the phenwrgsk Some W o r n  hom- 
blende porphyry, however, b prasent. 

Silksf much altased he-graind diorite or penstone are common 
throughout the sedimentary formations, and masses of medium- 
p i n e d  a~~ gabbro or diorite intrude the volcanic mks on the 
west side of Woewodski Island, 

StmcturaUy, the sIah and chert series appears t.a underlie the h e -  
stom and d a t e  formation, a d  the volcanic rocks occupy & tmgh  
of a. pcliaorium in the hestone and slate. . Fwils were obtainad 
only f mm the limestone beds, which are best exposed along tha two 
arms at the had of Dunan Canal, on K u p m o f  Island, and in bho 
arm northwest of E d y  Islsnd, in the same canaL Fossils obtained 
from wveral localities were identified by Edwin Kirk as of Middle 
Devonian a s .  Upper Dovonian volcanic rocks are h o w n  at sev- 
eral- Jomlitiea in southearstern AIaaka, and the volcanic series .that 
overlies the limestone may be in park of this age. They present a 
mntraljrt to the prevalent charecter of the greenstone formation 
mapped as Jurassic, in which the rock are predominantly coarse 
parphfitic aggIomemtes with phenmrysts of altered augite; 

Ca~b&feous  d T&& pocks.-Thick-bedded lirneatona wid - 
wnglornerate, in a highly disturbed condition, form the Sereen 
Islands, off the west coast of Etdin Island, in Clmnm Stmiks, 
These bds ore reported by G, C. Martin to compriere two l i p l h n e  
formations separated by a thiclr and massive ~nglmmhj the 
uppr-limestone is probably of Memzoic ago, rand the lower,lime- 
stone ,is probably Carboniferous. On the northernmost island there 
are,eapmed I d a  about 900 feet thick, comprising limestone with 
intercalated beds of coarse cong1omerate and conglornaratie and 

Zimeshne8 abut  UM fet thick, The coq1omerate md war- 
lyhg. limestone are p d a b l y  of Triassic age. The cobbles and 
p b b b - i n  Lhe cmglomrata are pmhminant-ly chert and limestow 
with some .rhyolite porphyl.v and greenstone. F& obtained by 
the writsr frwn a ~~B cobble in a conglomerate bed ob the 
largest island were identified by T. W. st ant on.^ of Carboniferous 
w9, which indicates that at themglomerat probably a overlies the 
CarbQaaiferovs lirnegtane unconformably. .. , I . %  

- ihwid&-f P) - ~ w & T h e  rocks assigned tentatively b the Jnrbc  
&&itti mWht @redmfmantly ' of -schist= snd , altered porphyritic 



~ : v a l & . ~ ~ ~ ,  with a &-mom&, sf inh&dded tui?, 
dah,-md pywacke ,  and 1a;wa Tbm mmt coqiimkm felctnm of the 
rolcbdonsists of the abmdmt. b k k  hmbbndu erpstals t h t  ooeur 
88 p$snocryds in the h g n d b  of tse brtmias. In i k r  mmmss- 
~ v e  phaees phgmc13se feldqmm, in dl Btagcs of .Itemtion ta epidote, 
chlorite, sericite, and other gec0ndary prodnch, form the groand- 
.rn-. In the more shed phaees: aetinolita iir an abundant con- 
d h e n t  and the feldspars may b entidy nltend to aeoondary prod- 
ucts. h other districts less altered p h m  of wh& is possibly the 
glune formation have bee= debmimed as a e t e  m e l a p h p  and 
nndeaite porphyry. The m c b  sre similar to the gmawbnes of the 
Juneru gold W . m d  of Gravima Islsnd, in the Ketchdun dhtrict. 
For those in thaQravina area a Jude qp ha beon s u e  by 
Chapin: and th g r e e h n e  or ~histose. melapbp agglomerste of 
thig district may be of similar age, though w fossils were found 
to carrohrste t& conjecture, and the structuml evidence is jade- 

- ,  
' brminate. -. 
. U p p e p  Jummk oil Lmm Cmtatlem m&.-Neither the top nor 

bottom of the n e d  serieseof m k s  is shah. The lower porkion of 
tha wries is essentially a black argillaceous slate formation, wry 

' 
thin bedded, with layem and partinp of pywaclre, Thin inbrce- 
lated layers of ruaty-weathering limestone are mmmon, and many of 
the beds contein conqicuous nodules of blue-blmk chert and of ofma 
stone. Ramly B thin bed of fine conghmernte is present. The upper 
prtion of the mriea comprises p.raywncke with intercalated beds of 
slate; the &aymacke is in part thick bedded and in part thin bedded 
ligathe date. 'Fails c o l l W  from this formation were identified by 
T. W. Stan-* A w Z h  mmdcoli!b Koyserling? and an imprint of 
B u h t t e s  He further dated that tha AwelJa: occurs in the form 
of disto~ted -ens of the type crae&olZi~t~ which indicates Lower 
C n t w o a s  -age i f  the identification is correct, and that the 
fomt ion  is nat dder than Upper Jurassic. The m h  of this serries 
am t he  least matamorphod of nll the Mmzoic formrtiona of this 
district. 'Fheg are overlain- unconformably by Tertiary volcanic 
rocks on the notth. 

Tsrt.iary m b . - T b e  Tertiary iorrnntim con& pradominantv.. 
- sf a mries of tilted and di@l y folded or faruM volcanic lava %mw, 

with asociatd ~bnmiae, tnirs, and mime lava conglombpates En the 
lower portion md gorna interbedded .sandstom and ntltmal quartz 
and &te congbmemtea very near the basa The lsvas comprise oli- 

" vlne-'basalt, feldspar lmmh porphyry, W t ,  and mdesits, with 
htha la ted  rhplita dows near the barn* Dikes of feldspar b@. 

. . porphyry, angite-feldspar basalt iparpkyrg, b d t ,  and and&.are' 

D C M *  ThcDdOrL Tbs &mEmm md -Phr @.-.la* - 
~ a t u l ~ : u . a ~ a o t ~ ~ ~ r o t ~ . p r r ~ m , p p ~ , ~ n t &  



mry mhdant t h ~ ~ g h o u t  the b a d  portions of the formation. 
B d i c  d b  and dikes sm abundant in the adjoining older conntrg 
mzkq.4 d i k  md pilb of rhyolite povh yry are prese3lt bnt -much 
lm~cammon.. Bmygdules with fillihgs of chalcedony, chlorite, eal- 
ci@ and Iomlly epidote are abundant in w y  of the basaltic rrnd 

1 
aadesitic Ism Felsite conglomerate In beds as much as 1,006 k t  
thick occurs in places, as northwe  of Point Nesbitt, on Zwrembo 
Island. 

The% overlie the older formations unconfa&sbly. Plant 
jmp&ons, fragments of gilicified wwd, and rare thin d e b  af 
tval are found in the shales intercalated in aandstane muthewst of 
McNomam Point on Zarembo Island. The plant remains colledd 
here were identified by F. H. Knowlten as SepoE& kqsdqfli Heier, 
coniferous wood, frsgments of  dicotyledon^, and gtans, probably of 

and s e d p ,  indicating the probable age as Eocena 
> -3 

ECONOMIC aEOWC3Y. 
. . 

Only h o  mineral deposits in the Wmqell district barn p d  
bqmd the prqwting or development stage. The Helen S. mine, 
on Woewodski Isbnd, ia reported to have produced a h t  $35,000 
worth of ore, rnoskly in gold, but this mine has been abandoned for 
=vend years. The pmet Pline north of 'FVmngelI, on the main- 
land, has 6eea worhd intermittently for many years and is a pro- 
ducer at the present time. Promising mineral deposits are found, 
h m r ,  both dong r belt within the metamorphic complex on the 
nuinland and along a belt of mcb in the vicinity of Duncan Canal 
on Kupreanof Island. (See PI. I.) 

BEGaTIOR 08 DEPOmS T O  BOCK FOE-TIORIS, 

The greet mnsses of igaeoua rocks, particularly the Coast Range 
bsthotith itself, are in general regarded by prospecbra as nnfavor- 

C 
able sites for the finding of ore deposits. This belief may possibly 
be relaltively true for the main batholithic mass of the mainland, 
but the gold win reported in a shear mne in the qua* diorita at  
the head of Thomas Bay, the gold veins in granitic rocla in the 

4 Ketchikan djstrict, and the gold veina in the diorite of the Fhmers 
B y  a- indimte that the outlying i n h i v e  masses not barrea 

Wlthin t h e  metamorphic complex on the mainlaid them is a dis- 
tinct b l t  of mineralization that includes the veins at. Be& Basin, 
Glacier Basin, and Groundhog Basin and ak the  Lake group, 1% 
milea east of Wrangehl. (See fig. 1.3 The ores here are miate$  
with intrusive sheets and dikas of acidic and basic porphfies and 
felsih, The veins include both high-temperature replacement d e  
p i t +  and. fissurs veins. Veins of zinc ores, of galena with a 



&te ~l~l-iid silver, and- of go1 G I -  orera# f d ,  As indi- 
csted by dsat naw the mouth afAn&wa Crd.the porphyries as- 
m&W .with the m i n e d  m b s f  4&h bak .m also found -.in .the 
mmmbhs on the east side of #b mdkh-ibrah~h of h h w s  C k k ,  
and this exten~on.of the M b  lm hot, W Qnhe mi-" bawledge ,  been 
thoroughly pmq&d.  Gold veins have been found in the %hi& 
beltson Tho- and h, Conk bys. 

N; pi0qect.s rartf'known to the writer *thin the rireai mapped 
aa mdtEerentiated6mks, thou& in the Juneau and R6tchhn dis- 
tricks gold veins h & ~  been found in aimffar mka 
In tha KetchUian district many p r o s p a  bave beerr opened o ~ $  

veins in the Devdfiibn rack. Similarly, in the Wrangd! distGiC't i 
belt of lkeralizatibn is found in the areas of Demakn 'rbcks i ldng 
and & ithe head df Duncan Cabal and Portap Bay: This belt 
incldea' the copper depositk oh Hupreanof bland at the head of 
D k n  Canal ; capper veins with a little goM and silver on Portage 
Mountain; veins with galena, sphalerite, pyrite, and cbalcoppite 
in lheston~ on Taylor Crcek ; a pyrite hdy  in Castle 1 d b d s  Bay ; , 
the-baritk deposit of the C d e  Islmhds ; on Woewod~lki 1~1ari'd.Y 
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the .& lode worked by the Eelen S. mine, the Maid of Mexim 
gold .mip, and the gold prospects on the west side of Wrangd 
Straibiiad a pyrite h d y  near the head of St+ J o b  ,Harbor on 
Zammh Tslanb 
Za the Kekhikan and Juneau aietricc~ goldqmrte veins and Iodm 

have. h n  found in the Jarsssic ( 1 )  greemtae lavllw and inter- 
u W e d  slates. No progpects wem seen by the, writer in the mka 

of this formation so far mapped in the WrangeU district, though 
tw may be expected to occur here Jao. 
. . o&. veins are not known to occur in the mka mspped as Lamer 
~'r&tcmus or Upper Jurassic in the Ketchikan district! Many 
quad veins are found in shear zones within these rocks in the 
Wrangell district, but hers too none have yet bean proved to be 
m i n e m l ~  

The main ore-baaring ~olutions that formed the veins of this dis- 
trict nre believed to have been directly or indirectly due to the in- 
t w o n  of ,the Coast Rmge batholith and its outlying r n m .  The 
Tertiary r& were formed after the period of intrusion of this 
bathdith$ and therefore minerd veins connected in origin with the 

. int;fllsion will not be found in T s r t i q  rocks. The fact that no 
om veins are.hown in the Tertiary rock in the Ketchikan and 
WrangeU districts is in line with this reasoning. Thin seams and 
beds of l i e t i e  cod are locally intercalated with sandstone and 
~ h a k  of the Terthry formations, but none of commercial value have 

. been fomd in the WrangelE district. Fluorite occurs as a filEing in 
brecciated zones in tho voIcanic mks on the southwesh side af 
Zarembo Island, 

zmc* 
I . .  ' OEmRAL OCCURRENCE. 

A minmaLid Mt of metamorphic rock m r s  on the mainland 
nboat 14 miles east of Wrangell. This belt is I to la miles wide land 
lies betwmn two masses of quartz diorite intruded parallel to the . 
foliation planes of the metamorphic mh. These rocks are pre- 
do~inantly finetgraincd gneisses and crystalline schists, with sheets 
and dikes of quartz porphyry, rhyolite, and diabtase porphyry. 

* Narrow aplite voins, injected parallel to the foliation planes am 
IwUy abundant, especially toward the eastern mass of qaartz diorite. 
Tti6 8-gneima camprise interbedded dark hornblende-pZa9;ocIase 
@ei& and purplish-brown gneiss consisting af layers of plagiaclw 
feldspar and quartz. Thin layers of green pyroxene granulite or of 
a diopsidic hornstone are fotmd. locally along some of the ore veins. 
In the rnoentain nhve Berg's Basin are hornblende-feldspar schist 
and thick bed? of garnetiicrous k g ~ n i t b  quartz-mica schist inti- 
mtdg penetrate'd parallel to the schistmiq by quartz veinlets, A 
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fmt~khin in&ated beds of c q d d l h e  Zimbnd am W found 
bm: The whola group of r&s mphmts a mries of sedimentary 
sC- such as c s l m u a  Me-nd:impute mndsbne with mme - 
1apw of slats and bumtime which have b n  m&&&rphol$ed to 
gn* and schist by tha 'r;i& 6f tmrprature md p&re am3 tha 
widely wandering highly heated aolutiom accompanyng the in- 

& 

t d o n  of the qusrts ciiorite, aplite veim, and porphyry sheets and 
dikes. 

The portion of the belt of gneiss rand schist in which ore veins 
have -been rem is the only partimi in which s h b  of quartz 
porphyry, rbflte, and diabwe porphyry have so far 'been faaad. 
If may themfore be surmised that the oms and ,thw intnrsive mS 
may have had a common origin. 

Bmds of rock with d h i n a t e d  pyrite and p~rrbotite of t h e  
" hhlband " type am found throughout the g n s k  and 8[:W 
They are mnspi~ous on weathering kame of the --brown or 
red belts to which they give rise. T h e  om veins are found in r 
minemlhd tone at least ?'+ miles long. T h e  main Mi& (Grannd- 
hog p u p )  are tabular replacement veins of pyrrhotih and sphaler- 
i~ in tha p e i s ,  ht at (31wier Basin there am replacement veim 
consbting of spblerite mnd galma, and at  Glacier Basin and Berg!@ 
Basin sphderite, galem, and pyrite me found in ~ain1ab and 
pockets in sbests of fraeturad rhyolite ttnd in m t i n g  qwtrtn 
veins having a 'aomb structure. Tha zinc replacement veins of 
Cfmdhog I B d  and the -zinc-lmd-silver replacemeat veins in 
Glacier Basin t ~ p p ~ 1  to be older than the quark2 gorph'yq and 
rhyo!ite dikes and sheets, but the minerdized qua& vejm are 
younger. This indicates two periods of vein formation. here, the 
depOaita of the. -older period being high-temperature replacement dei 
posih a d  those of the younger period comprising h r e  fillings ac- 
companied by some ~ e p l m c m t  de@B formed under intermectiate 
conditions of tsnrpsrature a d  p-PB. The replacemeat d ~ p ~ t a  
of Groundhog m d  Glacier baains am in their m i n e d  twmsistions 9 

allied to ore deposits of the o o n ~ b m ~ o r p h i c  type, bot in- 
turs t h y  ramble  high-temperature replmement vein& 1. , 

The Groundhag Basin group of claim H on the mainland about 
13 miles east by wrtheast of WrangeU. (See fig. 1.) The cclaim 
are reached by a trail that starts from the mouth of Mill Creek, on 
Eastern Paasage, and follows the le€t b a d  of Mill C d  for t b  
quarters of a mite to the mouth af h k a  Virginia, at an dtihde of 
about 100 feet above high-tide mark; thence by h t  aemm tba like 
for about 24 d m  to the head; and thence by trail &ant 6 miles 
up P&8d C& t~ an altitude of about 800 feet, The main 





war- aro'at, lm altitude of nbout 2,000 feet and lie along the 
fme of a mmh& 5,100 feet in height. 

Ths origipd discoaery of om hem was made by Ole Johnson mid 
PL 

John Oleson, of Wrangell, in 1904, aftm following the atdm of ofhe 
mcks from the veins in G h i a r  Basin. A tmd 1w feet long was 
driven by them ta crosscut the main vein, but work wagl stopped b 
fore the vein w a  reached. The title to their claims was purchased by 

- W. D. Grant and awociates in 1912, and in 1915 the property, corn- 
, priaing four chims (see @. 2) was bonded to the Bon Alaska Min- 
ing Co. This company located 31 additional claims along the extRn- 
sion of the v e h  and on veins in Glacier Basin, to the southeast, 
Five claims along the extension of the main vein northwest of Par- 
bdield C& And two claims on a gash vein on the south side of the 
south branch of Porterfield Greek have been located by M&ay & 
LeedsL 
F m  1915 to 191T the B m  Alaska Mining Co. was actively en- 

gaged in developing the claims, c h d y  the four claim l d  by 
W. D. Grant trnd =socis&, known as the General. Sherman, General 
OmnE, General frogan, and General bee During the war perid the 
company's option on these claims was not exercised owing to un- 
favomble conditions, m d  they reverted to their owners, by whom 
they a m  now held. 

The claims are equipped with an air c o m p m r  and 4,000 feet of 
4-inch pipe and 600 feet of I-inch pipe to convey air to the workings. 
T h e  compregsor i~ driven by a %-inch Felton water wheel, which 
o p m h  under B head of 280 feet, the water king supplied by 750 
feet of 13 to 11-inch steel penstak pipe and a flume 500 feet long. 

The maim vein has been prospected by open cuts for a length of 
3,200 feet and by,three tunnels. An upper turnel 14 feet long cross- 
cuts the main vein at an altitude of about 2,280 feet on the Cfsneml 
Sherman claim. T m l  No. 1, abut 80 feet sIm& verkically 
beneath the u p p  tunnel, is 159 feet 10% and likewise c m u t s  the 
main vein. It a r t s  an the Genera1 Grant claim and extends across * 
tga and line inta the Genera1 Sherman claim. This tunael was 
startad by John- & Oleson and wais completed by the Bon Alaska 
Co. in 1915 and 1916. Tunnel No. 2 is on the General Sherman claim 

k 
at an altitnde of about 1,914 feet, 430 feet northwest of the upper 
kumal. It h 180 feet long, extends in a northeasterly dimtion, and 
c- ihe main vein. Drifts have been driven on the main vein - 
from thia tunnel for 21 feet to the northw& and 52 feet to  the south- 
east. A cramcut has been run back for 16 feet to the muthwest from 



ths &nd of. the mutheadam drift. Work on this t m e l  was done by 
the h Alaska Co. in 1917. . 

u ~ Q & W  vein n h t  125 yards distant horizontally p~rallels the 
main vein and lies on the southwest side of the south fork of Porter- 
&field Crek. The Genergl Lee tunnel crosgrmta this oein and is on 

v 
the bwndary h e  between the Genefa1 Lee and General h e n  claim& 

The am bodies am tabular replacement veins in fine-grained gneiss. 
Thqxonfurm in strike and dip with the gneiss, which trends north- 

- northwat and dips abut  60"-80° E. 
The wdl  rcicks of the main vein are in general fine-grained ribbn- 

, b d &  injection g n e i s s  consisting of alternating layers of purpIish- 
- hh micamus plagioclase feldspar or of quarhite, layem of dark 

ohrnblende schist, and veins af light-colored aplitic rock, locally with 
some v i d e &  resulting from the alteration of hornblende or from 
the mntact metamorphism of Limestone. Sheets of quartz porphyry 
with connecting dikes are common in the gneiss. A dense, compact 
dark-brown hornfels comprising alternating ban& of nifcaceous 
quartzite and of pla$oclase feldspar is found in p l m  in immediate 
centact with the om. 

The main vein has been exposed by surfm cuta and natural . 
exposares for a length of about 3900 feet. It huzi been sampled in 
the tunnels .d by 19 trench cuta at the ~ u r f m  for a total length of 

- nbarrt1,80Qfget. Awporthasbeenmladeantheproprtyforth~ 
Bon A I w h  Ea. by Campbll, Wells & Elrnendorf, of Seattle, Wash., 
and from this report the following data have been compiled. The 
width of the vein ranges from 13 to 9 feet and averages about 3 feet. 
The nodhwe&mmost portion of the exposed vein is more than 1,140 
feet lower than the soatheastern portion. The average of 24 assays, 
aaeh mrsde on the f i l l  width of the vein, is approximately zinc, 17 
p ~ c e n t  ; b d ,  24 per mt; silver, 1$ ounca. Tha zinc content rangss 
from 9.4 to 30.8 per eent; lead fmn s tram to 12.5 per cent; and 
silver from a tmce to 4.35 ounces. D. G. Campbell reports that pre4 

r liminary experiments in the concentration of these ores by means of 
preferential flotation after masting gave a concentmh of 45 per mnt 
zinc and 14 pnr cent iron, and that this p d e  m l d  probably b 
mslteriaIly improved with some further mrk, 

About 26 feet below the main vein is a parallel vein of Ilimila~ 
char& which pinches and sweIls and ranges from 10 inches to 4 
fest in width. About 80 yards southeast of tunnel No. 1 this vein 
a p p m  to die out into the country rock as a series of narrow 
stringers. It was not found in tunnel No. 2, 430 feet northweat of 
tunnel No. 1, and may die out in this direction or swing in to join the 
main vaia A Iapr of mrsgnstite 6 inches thick, lsyed of pyroxene 



grannlite, and r fine-grri3lsd to d e w  hdd p i a s  ambtiug of 
alternating la~rem of light-FoIored aplih, pllowbh-gmm pymme 
granulite, and purplish-bm p1,lagisclase feldqat are found at the 
southeast end of this ve ia  

About 350 feet beneath tbmain om veiqmmmrd st right irngles 
fo the dip, is m&ber pparallel rein. TLB has bban C- by an sdlt 
where it is from 1 to 2 feet thick and of similsr charmtar to the 
0 t h ~ ~ .  An a m p  sample of om from both sides of this vein in 
the adit is reported by the Bon M881F& CO. to yield 8.W otmoes of 
silver to the ton, 4.85 per cent of lead, and 1634 per ced of 
The immediate wall m k  of thia vein is s dense banded p n  and 
white homshna mnsisting: of alternating layers of Yight-gmm - 
pymxene, felqapar, and white quartzite with a trace of sphalerite and 
pyrrhotite. Them is about 2 feet of snch m k  in the hanging wall, 
overlain by a compact ribbon-banded black and white quartzite. 
The black layers consist of very fine grained quartzite witb a trace . 

of hldspar and pyroxene and abundant dimwninnted particles of 
arbonaceoms matter, f mm which they derive their color. The white 

. layers are almost exclusively plagimlase and ara locslly dj'oined by 
thin bordem of pyroxens. 

The ore in p m a l  consists ssmntiauy of pyrrhotite i nbmt rdd  
md banded with gangue miner& { w a n t s  of anreplumd m t r y  
rack), dark-bmwn sphalerih and a mall m d  variable amount of 
galena and pyrite. A trace of chaldopyrite is present as dots and 
rwls of microlsocpic aize included in the sphalerih and locally as 
sparse grains in the ore. Minute veinlets of quartz and chalcopyrite 
cross the banding of the ore, and one 2-foot vein of this character is 
reported to have b n  found. The mlew mum aa veinlet9 pmlleL 
to the banding of the other minerals, was brought in by solutiom 
after the formation of the other minerals, and is irmg&rly di+ 
t ~ i b ~ h d .  lShe silver content veies roughly with the pmkqa of 
lead 

High-tempraCuf.8 replacement pyrrhotits-sphalerite d ~ p d t a  like - 
this one are xnot common. The zinc deposits of Ammeberg, in 
Swden, seem to bear the el& -bIance to  it, and a gummary 
description of their mode pf occurrence will be of intarest. The ore 
t h m  is described* as occurring in fahlbands, layers, or mnm in a 
bandd gray granulite " or h e p i n e d  gneiss. Graphite, ~ ~ ~ Q E E I I I B ,  

hornblende, d garnet are common a- minerals. Small ban& 
of eyish-green rocb composed eseentially of diopsidic pyroxene 

frequently men in the banded "gmndita" Some of the d e p i h  
contain emntialty sphalerits; others are almost pure pyrrhotite 
fad by i~pregmtion. Many of Cha maner Iayers contain b t h  

r folmnssan, E. Et., Tbt Am- shc ore geld: C o n s  g8ol. mt, 11. n, Onid8 
&u exc  No. 85, flt&holm, 1810. 



' d p h i k  ia variable proportions: Pyrita is only I d l y  p-nt, and 
chalcopyrite is of excaptional oocurrence. With the spbalerita traces 

err of are usually p m n t .  Pymhotite does not m r  in the zinc 
are itself but is almost m.ronstantly seen in t h ~  fmtwall of the sphaler- 
ite deposits, where tugether with some plena and pyrite it impreg- 
n a b  e narrow band of silicate rock, usually associated with seams of 

Y siliceous limestone. The pymhtite does not everywhere form the 
defhita footwall of the ore belt but may occur also within it, separat- 
ing different branches or bands e€ the ore. The aphalerite deposits 
ham a marked layer-like appranw and may be traced IIS a practi- 
sally mntinuous band, generally not many meters in width, for almost 
35 d e a  O d y  the richer portions are worth mining. Some of the 
lenticular swellings a m  w much as 30 to 60 feet wide. The sphalerite 
is mostly of varieties poor in iron and heneo of light-brown cdor. 
The low-grade milling om averagms about 21 per cent of zinc rand 
forms the bulk o f  the product. The high-gmde hand-picked ore 
averages 38 per cent of zinc. The total production from this field 
from 1857 to 19W was 1,988,729 tom. 
The country roclr of the Swedish deposit, called ''granulite,'% 

similar to the banded g n e i ~  described as mcuring in amci~tion 
with the Groundhog ore. The mineral association, essentially pyr- 
rhotite and sphslerite, is similar at both deposits. In  the Swedish 
deposits, however, the sphalerita is an iron-poor variety and in the 
workable ore bodies is not intimately inbnstreaked with the pyrrho- 
tite, like that of the Alaskan deposih. In their lapr-like character 
and p a t  extent in length the two deposits are airnilar. The veins 
of the Punmeberg deposit have been fdlowed down the dip for 
1,000 feet; and tba great length and the present exposures of the 
~Uaskan vein at  greatly differing altitudes and its general charac- 
ter are fsvomble to i t s  persistence in depth. The origin of the 
Swedish d e w i t s  is in doubt, but the mineral association indicates 
that they have been subjacted to high temperatures. 

Silver-lad veins have been prospectgd at  the Laka p m p ~  of 
claims (fig. 3), about 10$ miles a& of Wrangell, and silver-bear- 
ing galena is found-along the mineralized mne 14 miles east of 
Wrsngell, where it is associated with the zinc ores at the Ground- 
hog group, is the principal ore mineral at ,the Glacier Bssin pros- 
pects, and is associated with sphalerite and pyrite at the Berg's 
Basin pr-ts. A little silver-bettdng galena is also associated 
with tbe gold area in the prospectg on Thomas Bay and in the Maid 
of Mexico vein, on Woewodski Island. 



The Lake gmup of claims k *.little &re fhm 4 milea east of the 
mouth of Mill W k  on Eastern Passqp The claims m d e d  by h 

a bail that turns ofT from the trail to the Gmndhog Basin a b u t  2 
miles from the head of Lake Virginia. T h e  vein lies blow timber 
line, at an altitude of about 1,500 fwt. I 

The country rock consists of quartzite, dats, a$d chloritic; schist 
adjoined on the northeast by intrusive quartz dimite. The vein, in 

F I ~  8.-Bketch map of Ukei mm of mineral cl- 
* 

pml,  conforms in attitude to the foliation af tha country rocks, 
striking about N. IS0 W. (magnetic) and having a vertical to s t e p  
eastsrly dip. 
Fm the moet psft the vein oonsistg of fimm flhgs in or along s 

brecciated qua* bed intamdated in chloritized schist. The om 
minerals occur mainly in narrow veinlets along fractures in the 
quartzite but are found I d l y  along the borders of the vein, where 
they may be several inch- wide and several feet long and c o d s t  of 



almost solid galena. The maximum width m n  of ore of this type 
was 6 inch-. 

, . . ' % principal om mineral is a coarse granular gnlsns, with which 
.m~~r'here ma there m e  sphalerih and a little chaloopyrite or 
pytite. The gangue minerals are calcite and quartz. 
An bpen a t  30 feet long has been made to crasscut the vein on 

w Lake No. 5 claim, and a drift 25 feet long driven to the sonthead. 
The vein here is from 4 to 5 inches wide and csonsists of nearly solid 
galma. An avenge of 4 tons of ore from the dump here is reported 
by Campbell, Wells & Elmendorf for tha Bon Alaska Co. te yield 21 
ounces of silver ta the ton, 48 per cent of Iwd, and 9 per cent of zinc. 

- Abont 25 yards south of the open cut or tunnel the vein has been 
tmpsd by stripping of the overlying glacial dhbris and trenching 
of the vein'slong its strike for n length of a little over 100 feet. The 
vein lies along the face of the hill but strikes into it at a mall angle, 
s6 that the upper partion of the stripping is about 60 feet above the 
lower end. In this stripping the vein has a width averaging a b u t  
13 inches and varying from 9 to 26 inches of well-mh~rnlized mk. 
A b-lt sill parallels the vein about 2 feet away on the east sid& 
Another basalt sill parallels the vein at  the mnth end on the west side 
for about 26 feet and then turns: and cuts across the vein, a t  the south 
and of the stripping. For about 20 feet it forms the footwall of the 
fr8h 

South of the long stripping several pits expow the brecciatd 
quartzite, in which the hctnres am filled with qnartz veinlets but 
which shows only traces of are minerals here and thera h y  quartz 
is mrmnon, mtmg surfaces of the frad~trea This relatively barren 
mne continues for about 150 feet  South of itthe vein is apin min- 

-+ e r a l i d  and is exposed'for a length of 60 feet by two pits find a 
15-foot stripping. The vein here is abut  10 inches wide, and 6 
inches of it is very heavily mineralid. At 100 feet farther south 
the mineralized vein is exposed by a pit in the glacial overburden. - The southernmost exposure of the vein is about 275 yards south of 
the tunnel, where a trench has been cnt across the schists and ex- 
fivtiidringers of galena aggsegating perhaps 1 foot in a width of 10 

Y feet. 
Abont 900 feet south of t&e m t h  end of the long stripping a tunnel 

has been driven on a stringer of galena and alcite severnl inches thick 
which strikes paralIel 'to the foliation This is a different vein from 
that describd abova The entrance to the tunnel is now caved in. 

These prospects are more favorably situated for development than 
other properties in this belt. 



Olscier Bas3in lies about 4 miles in s straight lim &,little north 
04 due esst from &a mouth of Mill Creek, on Eastem,,Pwqp~ A - 
trail formerly led up Glacier Creek to the prospects in'the basin at 
ib haad, but thia trail ia, now so a v e r p w n  that the mute is by 
the trail to the Groundhog claims and thence over the inhrvening + 
mountain ridge by way of Nelsan Glacier. One prospect is on the 
north waU of the basin st an altitude of about 2,440 feet, a little more 
than th~wfifths of 8 mile downstream from the edge of the glacier 
in 1921. Nelson. Glacier now extends much farther to the southeast 
than is indicated on the Coast S u m y  chart, 

T h e  prospch were located a b u t  1899 by Nelson 6t; Bmith. ,The 
country roek w&i& of silimns injection gnek and hornblende 
schist and gneiss similar to the mch of the Groundhog claims. Beds 
or " fahlbands " with diminated pyrite and pyrrhotita are common 
and C O ~ P ~ C U O U S  h a w e  of their rusty brown or red color on westher- 
ing. Sheets of pale greenish-white rhyolite intrude the pekes.  
The vein, along Flibich a tunnel about 40 feet long has been driven, 

is a tabular deposit formed by the replacement, of what seem to be a 
bed of granulite consisting of epidob, diopsid ie pyroxeae, plaagimlase 
feldspar (Ah,&,), and oslcite, with a trace of garnet. The portion 
of the vein p m p t e d  by the tunnel, together with a border zone of 
gneiss, occurs m a long, narrow inclusion between two rhplita sheets, 
which are seen ta have msulhd from the splitting of a single sheet 
farther up the mountain side. The w a r n  sheet appears to cut 
a c m  the are M y ,  f o ~  a surfam cut on the west side of the rhplita, 
just west of the entrance of the tunnel, has exposed the mntinuation 
of the vein, and in the tunnel the ore i~ cut off on the northwe  by 
the same sheet of rhyolite. At the entrance to  the tunnel the psndite  
is 6 feet thick and very hesvily mineralised for a width of 29 feet. 
K a m w  quartz veins with vugs lined with terminated quarts crystals 
or with a aomb structure cross both the ore end the rhyolite. - 
The rhyolite siils show slickemsided or brecciated zones against the 
bordering peiss,,and the breccia mmw are mmented with quartz. 
The hanging-wall rhyolite at the mouth of the tunnel is &attend 
and much reticulated by a network of quartz veinleta filling short I 

fractures. 'E'eintets and sporadic pockets- of galena, sphalerite, and 
pyrite am pnmnt throughout this shettsrgd zone or stmkwork, which 
is nbout 6 feet in wi'dth. 

The ore consista of plena and sphalerih, with a little chrtlcopyrite 
and R trace of pyrite and pyrrhotite. For tha most part the galena 
and whalerite do not m r  as a nniform mked a g p g a b  but w ' 

aperate bands veins of almost solid plena or solid spbalerite WV- 



eraE in& thick am found. The galens is reported to carry a 
mobFate content of silver. 

I m-LD. 
' ' I  

The pmqds in Berp Basin ars st the head of Bere C d c  nnd 
am mhd by a tmil 6 miles in length starting from tidewater at  

u the head of h n s  Bay, at the north end of Blake Channel. The 
workings are at an dtikude of about 1,600 fact. 

The country m k  is the =me belt of g n e i ~  and schlst itat con- 
tnirrs the zinc veins of the Groundhog Basin and the silver-lead zinc 
veins sf Glacier Basin, and the veins lie along the same pmral zone 
within this belt. The rocks comprise hornblende gneiss, banitic 
quartz whist, and light-colored gneissl injected by a few aplite veins, 
They am. intmded by sills of creamy-white rllyolite and dark di~bese 
parphm. These intrusive sheeta cut srross the cleavage of the 
formations repeatedly at small angles Hae, as at Glacier Basin, 
nne of these rhyolito sheets, abut 12 feet thick, hail been sererely 
fractured ~ n d  is intersected by a network of very narrow quartz 
veinhh carrying pyrite, galena, and *haterite, thus constituting a 
atockwurk Sporadic pockets of sphalerite and galena are nlso found 
in this sheet. A quartz rein 1 fmt wide, carrying moderate quan- 
tities of gold and silver, mcum within the same rhyolite sheet; ~ n d  a 
tunnel, at present a b u t  400 feet long, is being driven to i n t e m t  
this vein in depth. Several open cuts have been msde on narrow 

=. 

quartz veins along fault zones across the strike of the farmation. 
One well-mineralized vein 2 feet wide, formed by the junction of two 
veins, is exposed at one place. Sulphides also m u r  in quartz vein . 
filliogs in breccia zones lying along the conltacts of rhyolite md 
basalt sheets, but none over a foot thick were saea 

8smral metallifemas veins cerrying gold and some silver am 
v found in the Wrrrngell district, but none are being actively worked. 

Moa$ of the veins consist of milb-whita quartz carrying a minor 
nrnauht of sulphides and a h c e  of free gold and are localized as 

'd 
.&sum film along shear or fracture zones. At the Helen S. mine, 
on Woewodski Island, however, a lode of pyritized greedone and 
diorita (or altered gabbro), having a width of abut 40 feet and ex- * for a length of 1,000 feet, was worked as a low-grade gold 
mine. It is wporkd that the ore ran $3.66 a ton at the mill heada 
This property was disrnnntled and abandoned several pears ngo. 

MAID OF MEXICO m. 

& k i d  of Meaim vein is about i f  miles erst of the Helen 9. 
mine en TVoewolluki Xsland. It lies n lon~  the contact &ween blnck 



r ~ .  7: a . , .  , : 

d a t a  and a --weathering, impdpably b & d  hptrra si- 
li&m dolomite, the slate or the dolomite formipa the hanging wall 
snd the dolomite the footwall ; the vein thus lies within-$he dolmita, 
or betwen the dolomite and &a s lak  'Rm d n  s k i b  a b u t  east 
and dips 60"-W 5. It has h e n  t r a d  a t  surface for e length 
of 2,000 feet and ranges fmm 2 to 6 feet in width, averaging 4+ feet 
in the undmgmmd workings. The vein material consists predorni- 
Rantly of milky-white quartz with a little mlcite and included lenses 
and films of the country rock, which is impregnated with a varying 
amount of dimminatd snlphidea A rich pay dreak, from 5 to 18 
inch- in width, is found in some places along the footwall, in others 
along the hanging wall, and in still othem along b t h  walls The 
average value for the full width of the vein is reported to be about 
$90 Ito the ton. The om minerals am pkdorninantlp sphalerite, pyrite, 
and galena, with a little chalcopyrite and free goad. 

I 

T R O W  BAY. * 

Just north of Elephant Head on the north'arm of Thomaa Bay is 
a gold lode hdd by Colp &'h, of Betersburg. This lode is re- 
portad to camkt of a minemlhd sheur mne 140 f& wide with - 
ciated sulphidelbearing quartz skiuprs in qua* diorita The 
minerah in the quartz veins are predominantly pyrite and galena, 
with a little sphalerite md chalcopyrite. The tenor for the full 
width of the 16db is low, avemging about $3 .ta the ton, bmt tha richest 
part of the zone, 5+ feet in width, is reported ta carry *bent $I& to 

' thebm 
Another gold -in amm in the mdtheast arm of Thomas Bsy, an 

the mnspicuous point of the mainland shown on the charts jast 
of Spray Island. The country mck here comprises a -rim of horn- 

1 blende and qudz-mica rschists. Some of the beds af quartz-mica 
schist, with thicknesses up to 100 feet, &re so full of quartz veinlets 
that they litemlly consist of gIassy quartz Zenticels with mica schist - 
partings. h l l y  there is little feldsper in these quartz veins. The 
ore vein I& ~ t h a  shore is parallel to the foliation of the quartz-mica 
achist and sppears to be only slightly mineralized. The vein m n  be w 
traced about 250 feet .From the shore to the mouth ok a tunnel and is 
found tm cmss the foliation at a slight. angle rand enter a bed of horn- 
blende =hist. The om zone exposed by the tunnel is s s h M  zone 
abut  12 fest thick cornpod of miw-white quartz veins with a 
vurigble wlphide content and whist layers in about equal quantities. 
The incIud4 whist stringera are silicified and slightly pysitkd, and 
sIicbnsides along the walls of the quartz veins are abundant. The 
full -midth of Phe sheeted zme is not ezrposed in the tunne1 and is 
p d b l p  ns muek as 25 to 30 feet, although ths xone is not eqnally mh- 



embed' t b u g b u t  me pdominant &phidm am pyrite a d  ar- 
-pyrite, with -hi& O(XUI n little chalcopyrite, pymhdite, and 

w galana Speeimems of dm& solid a m p y r i t e  several inches wide 
am common an the dumps. 

E48T ARM, D r n C A N  CANAL 
* 

Vn s man cmek that enters East Arm at abont the middle oh the 
east, aide a a 1 1  gold prospect has been opened on the Silver Star 
claim (m fig, a), about 2 miles from the coast, at an altitude; of 
a b u t  400 feet. Cuttings on the northwest side of the creek expo- 
a pyritic black schist lying between walls of gneissoid diorita. This 
schist is compowd eswntinlly of hornblende with conspicuous crystals 
of biotitn and is probably a basic segregation phase of the dioritc, ss 
the diorite becomes much more hornblendic at the immediate contact 
and p d m  into the schist. The whist is exposed along the creek 
far a length of about 20 yards. About 10 yards of the central zone 
is mrn highly pyritic than the border mnes, the pyriB as 
ddminatad deposits and irregular veinlets The border zona con- 
tain lenses of diarite mi lar  to the wall m k ,  and adjacent to the 
walls veinlets of the black schist may be seen reticulating through 
the diorite, 'She whole mass of schist, as exposed, is in an advanced 
st* of disintegration and cfumblcs in the hand to s grannlar-aggre- 
gate. About 10 feet of gneissoid dimite interrenes between the min- 
e r a l i d  zone and another narrow zone of the hornblende schist on 
the northwest side, bat the latter is nonpyritic. 

h y s  made for J. T. Towers by I. F. Lwuch (Enc), of Seattle, 
upon a sample of the mineraIid phase of the whist yielded a h u t  
0.4 ounce of gold, 2 o u n m  of silver, and 03 ounce of cupper to the 
ton and a tmce of platin= Samples of the pyritic schist collected 
by the writer were submitted to Zlecloux & Co. for assay for metals of 
the pIatinm p u p ,  with the following m l t s  : Palladium, r i m e  ; 
platinam, 0.0006 ounee to the ton; iridium, possible traca The re- 

t sults show that the sample undoubtedly conbins metals of the plati- 
num group, but the amoant is altogether too mall to be of commer- 
cial vdaa. 

Y PPmTE. 

A ' M ~  of pyrite lies near the head of St. Johns Harbor on Za- 
remh Island. It is mched by a trail that leaves the beach about 
200 yards south of the mineral spring on the west side near the head 
of t h ~  harbor. The trail runs abut  a mile southeast to the prospect, 
on the bank of a creek that en+- the harbor on the west side near 
the head. 

The mirm consists of a tabular layer of very fine pined pyrite 
almost qmpletely repIacing a bed of chert sad conformable with 



the -kdding,- WE& strib east.< w e t i c y  a d  dips .90° 5. The 
footwaI1 of th mlphide W y  i9 a crumpled $ i l h z b 3  &kt, probably 
h a m d  ch- mi3 the baegisg ndl is composed of W y  clmmble 
white chert bds. Underlying the chert is gray very.fme grained 
 andst st on^ with Wsck slate laminae which give th whoh rock a dark 

- appearance. 
The vein hm beebeen developed by a tunnel about 50 feet long driven * 

down the dip of the sulphide layer and by rt shaft abut 100 yards 
due north of the tunnel tbnd about 40 feet above it. The pyrite body 
is 7+ feet thick at the entrance to the tunnel, with a 7-inch barren 
layer of chert in the central portion. It is e x p d  along the h k  
for a length of 130 feet, About 100 feet west of the tunnel the vein 
iscut off by a fidt s t d i n g  N. 65" E, and dipping 60" N. A pyrite 
layer about a foot thick appears in the chert to the west of the fault. 
The  haft wm partly fall of water at the time of ths miter's visit, 
and 90 examination was made. 

Mwt of the pyrite retains a brmnded character redting from the 
incomplete replacement of the chert layers. The amount of e w e ,  
pdominantly cherty quartz, is variable. Although some of the 
vein is d i d  pyrite, most of it contains some g a n g u ~  

Another layer of pyrite pmtly replacing siliceous schist is found 
on Rupremof hlmd,  an the beach above high-tide mark in the north- 

. west mrner of the bay abut  3 miles due west of the Castle Islands in 
Duncan Canal. The siliceous schist is probably the result of shear- 
ing and metamorphism of chert beds. The pyrite layer here is 
about 4 feet mi& and is exposed fbr 50 feet. 

Tiaces of obpper are found at most of the prospects in this &- 
t r i c q  but the ody developed copper ore bodies are t b 4  of the North- 
ern Copper Co. nmr the head of Duncan Canal, on Kuprmof 
Island (fq. 4). This property was formerly held by the Kupreanof 
Mining Co. Tb'e mine is 62 miles inland, at an. altitude of 1,5275 
feet. &velopment work md the construction of a plank motor- 
truck road with connecting tram to the mine wm st& in Novem- 
ber, 1918, and was in p r m s  of completion in 1921. . - 

C 

The ore bodies occur within a asrim pf black d e b  and phyllite 
interbedded with chert and esmiated greenston~s. In part the 
greenstones are altered dikes and sheets of diorjte, in part they may 
be inrtemlated andesite flows, and in part they are probably contact- 
m e b m o r p h d  limestone beds. The ore is reported to occur pre- 
dominantly along the contact of the greehstone and the date, usually 
ns replacement bodies in the greenstone but also mplacing the data 
The property has been developed by many prospect pits, several 
apen cuts, two main tunnels, and a shaft. Af the time of the wriberJs 





viait the t m c h e s ~ - ~ d ~ p ~  pits mum caved iq md no dhaed  
examination c o n 1  be made. At a stripped m a  just & of the cabim 
the following relstiom were o h w e d  : The ore bodies lie on thepmt k 

of m anlticline, and the beds and om mnea show gentle dib of 10" ta 
30°. The h a w  wdl  of the ore body is a sheet of much altered . 
fine-grained diorite compased of uralitic hohblende snd pfagioclase 

.* 
(Ab&n,,). Tbe fmtwalI cornprism interbedded slate and ched. 
The country rock of the ore, as indicetad by unreplaced lenaes remain- 
ing in the om M y ,  is a ppxens  granulite. This rock as m n  in thin 
&on consists of pyroxene, of a variety near hedenbergite, in 
euhedral c q s k h ,  with interstitial gsanuIak quartz shot thmgh 
with hornblende n d e s .  A little p m e t  is a local component of the 
m k .  Magnetite &she- sre very abundant and replace the sili- 
cate minerals. h thin I d  layers magnetite completely repl- 
the cwntry rock It also m r s  along the joint planes. The ore 
mkral  is cupriferous pyrita or chalcopyrite and mcum mntial ly  
as v4nlets and blebs in m m  of pyrrhotite which is mplacing the 
pyroxene granulite. Narrow veins of pFroxene with a little pyr- ,. 
rhotite, chalcopyrite, and quartz are wmmon in the country rock. 
The character -of %his ore M y  and its kssociatd mks very dmngly . 
suggests that it bas been formed through the metasomatic replace- 
ment of a limedone bed. The miners1 association and the s u m i w  
order of mineral formation [siIicak, magnetite, gulphide) are 
charactsristic of many contact rfepits. A little gphmlerite is m i -  
akd with the om mimrals st one prospect pit. X~rmw veins of 
g l q  quartz with caIcita, carrying pyrrhotite, garnet, acicular horn- 
blende, and a tram of sphalerite and chalcopyrite, cut the country 
rocks. Veins of quartz with epidota crystals are also found. 

Wright s t a h  that this pmperty was first lmahd in lsOO m d  
that s vein depsit 200 feat long and 3 to 6 feet wide is exposed 
rat m r a l  points. The vein material, be says, ibr c o m w d  Earply 
of dphide miaorals, chiefly pyrite and pgrrhotite, end contains 
chlrIwpyrite and B little gold and Rilver; the gangue consists of - 
quartz and calciba. This vein deposit is probably one cut by the 
tunnel and was not e n  by the writer. Specimens of chsZcopyrih 
-era1 inches in diameter with residual remnants of chlorite schist 1 

am found on the dump. - 
A deposit of barite was found in 2913 "on one of the Castle 

&lands, in Dun- Canal. A short adit has since been driven on the 
deposit; and a few open cuts have been made to fulfill a n e n t  
requirements, but no important development work has been under- 
taken. The barite forms an k l a t d  mass discomedd from the 



mnh i d a d  at high tide. At low-tide level it is about 800 fget 
long, 75. feet wi% and roughly elliptical in shape. Tha top is 

-& abQukB -%mt above high-tide level. The barite vein dips abont 
60" and i h m d a e l y  underlain by schistme chert overlying , 

piflaw hvm. It is mggeskd by Burchard h t  the deposit may ber 
the d b  of the replacement of a limestone b d  J. T. T o m  esti- 

" matas that there is 30,250 tons of barite below high tide and above 
low tide and 80,600 tons above high ti&, making a total of 80,750 
tons. Towers reports that an average of ten analyses of the ma- 
terial by G. S. XIdridge & &, of Vancouver, was as follows : 

Awerage onal##l of berite fmm lVponodC, Alaska, 

, fiarlnm sniphate [BaSO,) - ---- EL39 
, , Suim (Sio,) 2.68 

Iron odde (~01)+-,---,---,--~-------------4---- 1.01 
- , Lime (CaO) --,-,--,------------------------------ .06 

' . - mgossla (MgO) -2-4 
ant (zn);-----,---------4--,------------------l---+-d .I.% 
E ~ D ~ U I  (s)------------------------------------- .I% 

Coppa (CU) .a 
M~fptu~-----,-,----,-,----~-----+-~---+---- .m 
Undek~l~-,-,,,,-,,,---,--,,--,-,----,---------- .43 

100..00. 

The minerah in addition to'barite are quartz, pyrite, @alerite, 
galemt,,magnetite, md graphits. The rock itself is rr fine-grained 

L c-e granular rmk msembling m&1& 

Garnets am being mined a t  only one locality, although gsxnetifer- 
ous schist and gneiss are common in the whist and gneiss belts of 
the mainland. In most places the garnets are not over a quarter 
of an inch in diameter mad ara mamitable for mining. At the mina 
of the M a  Qamet Co., however, 74 mila north of Wrangell, 

s the garn&a are usuaUly from rs quarter to thmquarters of an inch 
in dLmehr and am ewily sep%raEBd from the schist in which they 
m, @lEy f m  material Ithat hhas weathered for s year or 

Y 
more. The crystals are almost udormly symmetrical, and most 
of &em show a aambin~tion d the d d e m h h n  and traphedron. 
Ibe gmmts are d b i n a t e d  in beds of quaxts-mica schist 10 feet 
ar mom in maximum thickna The= bds are intercalated be- 
t- be& of more quartzom qurrrta-mica s c W  The coarsa crys- 
tdizaEion of the schist ia due to the recqxtdhtion. of interbgdded 
slate and mirandstone by heaat, p m r e ,  and gaseous wlutions a m m -  
pmyhg the intrusion of the mass of quartz diorite lying imrnedi- 
ably to the muth and southeast. Acmsory minerals such as fdd- 
spar, graphite, kyanib, sillimanite, pyrite, pyrrhotih, and tour- 



mafae are p b m t  in the gmnndmm of the gvnetiierotls di&. 
Tourmaline i &ill3 considefad to be of pnenmatm1ytiC origin, and 
silh of p n i t a  are fonnd in the whist. The epidenm indicafes that 
the whist in. which the eeonomiceGy valuable g a d  ledges are 
fomd is of dk& mmtsct-metamorphic off-@, and that the ordi- 
nary garnet if en,^ whist is due to regionel metamorphiam not w 
cEwto the contact with large masses of quartz diorih I 

Beds of qi#alline bee, in many places true marble, rn 
found in the belt of schist and gneiss along bath s i d ~  of Bradfield 
Canal, on Ham Island in Black Chamel, in the belt of schist and 
phyllita parallding Esstern Passage and extending from the north- 
west end of Blake Chan~e l  to Lake V i i a ,  and on the esst aide of 
Moman Inlet. They consist of Iimestone that Raa been recrystal- 
lized and rnetmnorphosed to marble through the heat, pmmmm, and 
solutions attendant upon the intrusion of the closely misted l a w  
masses of quartz diorita. They are not necmarily at the immediate 
contact with such masses and may tharefore be interpmhd as of 
regional-metmnmphic origin in contrast to contact-metamorphic 
origin. 

Them+ deposits have beem described in detail by Burchard: and 
thoee inbmstedtare r e f e d  to his +tt. 
Bads of l i m m n e  of cansideruble t h i c b  tm h d  in Duncan 

Canal dong the north ahme and at the besd of the arm ranning 
nodhwest fmrn Emily Island, along and at the headsof the center 
and western w, and on the islands at the head of the mnal. 

The slates of the Wrsngd district are prewiliq$Iy bhk. from 
their carbonaceous content. With increasing intensity of metumor-. 
rhism and mcrgstatlization of these m b  the carbnaamus rnahrid , 

Imam crystalline flake gmphite. In the incipient stages of this r 

progess the crrbonwtrs materid % p a r e d  first as dissaminated 
dud; at a -re advanced stage ae B coliection of thisdust into mi- 
-pic spherules or inta dotlikr, agpgstas of spherules; md 
findly as individualized f l a k .  The graphite schist with cry&slUne 

I 
flab, occurs only in the arean of mare thwoughly rwrptalliaed 
schist and gaeiss, such as the belts on the mainland. Beds of schidi 
with crystallh& flake graphite am intercalated in the hornblende- 
feldspar =hi& north of W h d  Point on Thormter Bay7 partidgrly d 
the east edge J the =hist hlt, which hep lies near the quartz dio- 
r i b  T h e  graphitic schist is mom ailceous in c h d r  and mally 

Burebard, E F., Mrtble- -- of mtheaslern bksh; U. L lDeoL 8- W, 
am, 1920. 



w-thexs r mdy brown, owing to the oxidation of its contained 
pyrrbotita aid pyrite. A apwimen examined from a bed near tha 
east edge of the whist bIt is a graphitic feldspatbic quartz schist. 
It contains 6 per cent of graphite as disseminated flakes, with a 
diameter ranging from 0.2 to 0.7 millimeter and avwaghg 0.4 milli- 
meter and an a v m p  thickness of 0.08 millirheter. The other min- 
erals are quartz 54 per cent, plagiocltase and ortbwlsse feldspar 86 
per cent, biotite mica 9 per cent, and pysrhotite 5 per cent. This 
=hist is very similar in percentage of graphite and mineral chamcter 
to soma of the graphitic schists m i n d  in New York. The percentage 
of biotite in the specimen examined is higher than desirable for the 
mparation process used in F e w  I'ork; but this mineral varias from 
bed ta bed, and other specimens with s very low mica oonfent mew 
m n .  Specimens of graphitic schist obtained near Duck bland Cove, 
on Bmdfield Canal, are neported by J. Ulmer, of Ketchihn, ~KI h a m  
shown on analysis 8 to 10 per cent of graphite Beds of pphi ta -  
baring achist were also anted near the head of Knpgs Lake on 
Stikine River and in the schist belt crosssd by Andmws Creek. 

The rocks along the southwest coast of Zarembo Island am Tertiary 
volcanic rocks with some sedimentary beds near the barn. Fmm 

' McRamera Point to Point. Nesbitt many narrow b m i a  mncs and 
seams am p m 1 1 t  in the vvleanic mh, which include amygddoid, 
rhyolih lam, end rhyolite prphyrg. The spmea in the breccia sonea 
and the 'small openings along seams in the rocks have been aa s nlle 
partly or completeIy filled with a h e - p i n e d  quarts ahowing mam- 
rnillar~r mrfacss or a drusy mating of smaU terminated quartz erya- 
tals. Less mmmoniy these b m i a  zones and cavities have a filIing 
of flnorife. One sach mne, R. 50" E. {magnetic) of the buoy opposite 
Bushy Is1md, sangw fmm an inch to sevenrl feet in thickness. The 
fragments of the breccia were here first incrusted with a thin layer 
of chdmdonic quartz, on which fluorite was depsited. Coatings of 
dear pale-gfeen crystalline fluorite a quarter of an inch thick and as 
much as ap inch in width commonly incrust the fragments in such 
b m i s  mnes ar m r  as fillings in narrow fractumc Fragment4 of 
basalt as large as a fmt in diameter are completely incrusted with 
chaladony and fluorih from a quarter to half an inch thick, 

lmO-w 



! . 
': , I .  I.. 

, - 1 I . .  : . .  . . 
r -  , ;. ::< :: > , 

'I..: 

. . .. , . ,. 

, . - . .  



TEIE COLD BAY DISTRICT. 

INTRODUCTION. 

LOCATION AND AREA 

'Pha Cold Bag district, as here defined, maples, a. p r t  eP the 
southeast half of Alaska Peninsula west of Rodiak Island and 
exhiding from the east side of Cold Bay southwestward to and 
including Kialapik Bay. The locd urn of the term " GId Ray 
district " to include an indefinite area in the vicinity of Cold Ray 
is inherited from the days of the oil excitement in 1903-4, when 
pmngera,  supplies, and drilling outfits were lmded at Cold b y ,  
and seveml miles of wagon road wm censtlvcted to drilling aites in 
the '' east field." At that time Cold Bay waa the center of activity 
and supply point for the whole district. 11 192041 prospecting 
and ~t&hg were extended over tt larger m a ,  particdarly to  the 

' southwest, md Portag~ nay was more ~ e n e r d l y  used rrs a port, many 
m a  even landing at Kialagpik Bay, yet the whole district is 
still pnerally mferred to as the Cold Btty district, The p-t re- 
port is the result of n. reconnaimnce examination d the arerr resch- 
ing slang the Pacific mast from Cape Kekurnoi, nt the northeast 
entrance of Cold Bay, to the west end of Kalagvik Bay (or Wide 
Bny, as it is known 1mUy) and eanding Xand to Bechamf and 

4 
'C'gashik lakes. The area lies between latitude 5T0 15' and 57" 45' 

- north and longitude 155" 17' and lMO 80' we& (Qee Pl. 11.1 It 
includes a b u t  740 square miles nnd cmp& a part of the moun- 
tain range t h ~ t  lies nlong the Shelikof Strait shore line and a part 

W of the inland Iowlaad in which lie Becharof and Ugmhik lakes, 
, - 

ImmQBY MUD PEgVIOvs sORmm 

The historical record of this district, though incomplete, d a b  
back well ltow~rd the beginning of white settlement in Alaska. By 
1782 the Russians had sent trading expeditions as far east as. 
Kodiak bland, and in 1783 a permanent trading pst was estab- 
lished at Three Saints Bay, on Kodiak Island. The rugged isletrs 

71 
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in the month of Cold Bay and elsewhem along the rnom%ow 
" 

const of the Alaska Peninda hrnis)led rich hunting grounds for 
the eagerly sought sea otter, and the Rn&an influence w w  swon 
falt among the d i v e  huntam and hrss continued ever 9inm through 
the conversion of the natiw to the Rnssian charch. Even sinm 
the transfer of the tersitoG to the Onited Sates the miasionariea 
of the Russian church have still minishred to the spiritual nw& of + 

the natives. 
A bibliography of the emly publications in which mfemnm is 

made to the presmm of petroleum in Alaska was published in 1905: 
and the publications that wncern the Cold Bay district are cited 
here, T h e  presence of petroleurn in this part o f  Alaska was first 
m d e d  in print in 1869, by Davidson and DalL2 DallB in 1896 
also referred to tbe occurrence of petrolmm on the portage from 
Rntmhi. An anmymous a&icle4 published in 1903 describd briefly 
the occurrence of petroleam at  Oold Bay and aonhincd mm0 notes 
on the geology of the area. In 1004 Martin gave an abstract of the 
fuller report imned later: 'in which he not only included the -Its 
of his own field studies but summarized the existing infomation oon- 
ceming the Cold Bay district, as well as other petroleum fidds. Other 
publications by Martin and Stanton wem issued in 1905. In 1911 
A t w d  in describing the geology of parts of the Alaskan Peninsula, 
summarized the pmvious neports of Martin and Stanton on the Cold 
Rey district. In 1921 Markin lo made a general hport on ptroler~rn 
in a h ,  in which he reviewed the mults of his earlier work in 
the Cold Bay ddistTict m.d advanced same new int'erpmtskions con- 
m&ag the pJoay  of the district. In 1921 Moffit '"mapped the oil 
field of the Iniskin-Chinitne Peninsula on Cook Inlet, in detail. 
-- - - 

* Ma-, O. C., htmlmrn field# of ths Parlac 01 A m :  U. A u. 8 n m  3~11. 
aao, p r+n ,  m a .  

1 Coast Fi10t of  Ah&& lb d., pt. 1, pp. $8, 198, lm. . Dnll. W. R., C o d  and. Hgnltm ot Aluka,: U. R MI. 8- Bmentaeath Ann. aept., 
pt. 1, p. 39n, 1189. 

4 Tb* Cold Ray oil hid : Em. nnd Mia. Joar., val. 78, pp. 81#19; 1m. - 
*Martla, Q: C., m I m m  fidds of A r d n  and the Elem# R i m  wd W a :  U. EJ. -1. 

8uryey Ball. 225, pp 8-82, 1m. 
*Martin,  G. C., 'Ibs p d m l ~ u m  iletdn or the PaeHe .mast of Ah&a: V. L Qmt 8uw 

Eujl. 2M. (i.I PP., I W .  
7 Martlu, 0. C., N o t a  on the -1-m fields of  M: ll. 8. Ckol. &WVW Bull. 2W. u 

pp. 134-136, IPO(I. 
'Rtanton, T. W,, nu4 ?dattin, (3. C.. Mmomlc m i o n  om m k  fnlet mmd A m  P-b- 

mulr: Cml. Sac. A m n l d  BnEI., V81. 16. pp. BWMRT.  401402,  IW. 
*Atwocd, W. W.. Wlom mnd mtnenl reerrrrrcer at  part# of the A m  Flmbmla: 

U. a, CXPOR. BU- BUIL m7, 137 pp, IBII. 
mMarth,  G. C.. Prellmlnarf report on -'- la Aladrs: O. €4. CkmL Surm?? BuIl. 

TYR. Ft3 p~. .  l@ZI .  
M d t .  F. H., me W m k ~ b ~  F d w a h  A U h  : Or. & GenL bww B d L  - 

~h p r c p u r n ~ ) .  
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It ia gnite likely that tbe mtmmce of petroleum o i ~  the Alaska ' 
Pains& wm known to h e  R k a n s  marly 100 years ago, but it 
wep na& until the ciaehg years of the lrst century that any gem& - 
in- w a ~  rtt& to the A . l d &  oil fields. The first well was 
drilled at RataUa in 1901, and another was drilled in the Cwk Inlet 

Y 
district, at Oil Bay, at about the same time. In 1902 to 1% oil 
explocation was a d v e  thmughout tbe Territory, and at that time 
the Cold Bay oil boom was st its height, and a lsrge number of 
claim were staked in what were then known as the Cold Bay 
field, e x w i n g  from the head of Trail Creek to Portage Bay; 
the Lake field, which lay between Bellim Bay of Lake Becharof 
end Uta northeast end of Cold Bay fidd; and tha Becharof field, 
lying of Bechrrrof Lake and including what ia now hown as the 
W r e s t  field. Four wells, of varying depth, were then drilled in the 
Cold Barg o r  E& field, and although some paraffin-ssturated berls 
were penetrated and a little oil waa found, no commawially produc- 
tire '1~01le were brwght in, and the excitement g r a d u d  y died down 
ho important developmerib took place from 1904 to 1810, and in the 
fall of 1910, when all Alaska oiT lands were withdrawn from entry, 
title had not been granted to any of the claims in the Cold Bay 
di~tFict, Then followed a long period of dsgnation in oil prospect- 
ing  and development in Alaska. A few prospedom of unusual 
pt'severancs had retained their faith in the ultimate development 
of the Cold Bay field and had kept their claims there. la 1918 e 
geoI@t m d e  a private examination of the field for a p u p  of ' 

c l o k t s ,  and nlthaugh his report was coddential, its contmts 
h a m e  geaarallly known in the district. The more i a m i ~ t  pros- 
pechrs were kwnly alive to  the relation of geologic dructure to . 
productive oil pools, and the most eagerly sought claims wem those 
which lay rlang the crests of the anticlines or d h e s  of the *on. 
In 19%) C o w  pass~d an oil leasing bill permitting the stsk- 

imp: and development of oil lands under certain restrictions. That 
-- act stimulated oil prospecting throughout the Territory, aud those 

arers in which there were known indications of petroleum mceived 
partieuh attention, among them the Cold Bay field. 

k Soon after word wes received that the oil leasing bill had b e  
bw, a comidembls number of prospectors hastened h the Cold Bay 
district, and before the snow had disappeared in the gpring of 
1820 n large part of the most promising oil land had been staked. 
No drilling was done in the summer of 1921, but p m q m t h g  was 
continued energetically, the boundary lines of a large number of 
claims were surveyed, and a number of petroleum geologists repre-, , 
aenting strong producing companies in tbe western-United Statee 
v i d d  th& fwld, The Dnited Statea h e r d  Land Offiw dm gant 



s # d y  ta this district to conhue thwlw& W d y  Begun of csctg- 
ing out land surveys and to &&kH rs£emnm,dines.to which h e  
dakmrvep oodd be w c u d p  tieth.;. , . . .> b 3 Y 
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I-R&ing the hportanee ta AXasks+and to  the mmhy at large 
of a pomible new oil had, the *lJn+d S t a h  Geological Survei~l con- 
sidared it w h  bo extend geologic am? tapographic mapping into. 
this pmmEB'i district and b make a dudy of the gedogio strao- 
tm a d  its ralstian to w i b l e  oil puols. Two parties =re or- 
g a n i d  to caw mt this wark, one h charge of R. K. Lpt, wn- 
~jristing of five mm and eight. pack home, to conduct the hpo@phic 
mapping, and one in charge of the miter, including a h  W. 8. 
Smith rrs geolngic assistant, thm camp hands, and eight pack 
horses, to  map the &om md to stady the atmcture and its rela- 
tion to the M b l e  accumdation of commercial pettohum pools. 

The plans for b k e  two partim 'were mmpletd and prepamtiom 
m d a  to mil fm Seattle on May 18, but at the lad moment the 
officials of tbs steamship ebmpny decided that, owing to the re- 
duead number of sailings to Alaska son account of the ma men'^ 
strike, only pamangers and fmdstufls uould be loaded, and that the 
pack horses, the only means of field transportatian for the parties, 
must bo left behind. Acaordingly, Mr. Lynt sailed on May 18 with 
all tbe gupplies for both partias snd sewn men, The writer and 
two packers rem&ned in Seattle with all the born an8 sailed on 
Jnne 34. The hclrraee were landed at Portage h y  on July 3, und 
were trsken o v e r l d  to Cold Bay on July 3. Field work far both 
p r t i a  c o m m s d  immediately and wm continued until September 
' 4; the men then retnrned to Kodiak by small power boat and thence 
te Seattle by stmamihip. Unfortunately ,* the werather duri'bg Ja19 snd 
Aup& was generally foggy and rainy, with only a few &rrr days, 
so that conditions wars highly unf avbrable far phototqopphic 
mapping. With only four working days Mr. Lynt completed a .- 
topogmphic map af about 150 square miles on s wale of 1 : 180,000, 
and the geologid mapping wss carried over mn .area of a h t  744) 
square milts. C!t@siderrsbla time was also spent in a M y  of the k 

d~atipaphic Isedtion and in rm mmaismnce trip to Kidagvik Bay, ' 
but the resulfs of this work csn not tje expressed in term of area. 
At the "time the Aeld work on which this mport is b d  was planned 
it ea4honght Ithat the topographic pFty wodd be able ta map 
an area of at I& 1,000 quare miles on a scltb of I: 180,W and 
thus furniih a bahPap upcm which the areal geology could be #em- 
rahly plothd. - Asla remk of the unf~vorable weather only a small 
par$ of 'the ares a m  covered, and in conquerice the geologisas had 



m MXIIIIIS~ to-phic map for field uae. It has themfore not 
h pmibie Q prssent ia this mport a p I o &  map that s h m  
the degree of mfhiement in mapping that could have been a t t ~ l e d  
if ~ f n  i~dequatebaw map had been availslbl6. 

While tbe fidd w o k  on which this rep& is b a d  w w  b e i  done 
independent exploratioas and examinations In. the di&rict were msde 
by ploglsta repmnting at last  three western oil clompani~~. All 
them geologists showed the p a t &  wrnliality and genemity in 
placing at the dispo~~al of the Geologkal Survey the information 
they obtained. Especial acknowledgment is due t o  Mr. Ernest 
Marqudt ,  of the New York Oil Ca., of Cssper, Wyo.! who fur- 
n i k d  cop& of his t r a ~ m ,  notes, and maps and supplrd a num- 
be~~of vduable fosd  ooliections and who alone is responsible for the 
hpogmphic msp of the Peer1 Creek dome, published herewith ; and 
to Mr. L. C. Ddm, of the Associated Oil Co., and Mr. E. D. Nolan, 
of -the M w a l  Pehleum Co., who furnished several geologic BX- 

tiom for mpariwn, as well BS other w ~ f u l  infomation. 

GEOORAEKP. 

DRMHAaE. 

In the latitude of Cold Bay the Alaska Peninsula bas a width of 
abut 90 mila Toward the north it widens, and toward the south- 
m t  It becornem nwrower. Between Port MolIer and the base of 
the p&mle the position of the divide is notably asymmetrical, for 
it lim much d m  to the Pacific ahore than to B&l Bay. In the 
Cold Bay district the southeast coast is bordered by a mountain 
range which reaches elevations of about 2,000 feet near Cold Bay 
but which becomesl increasingly higher h the southwwt and at the 
w e  end of K a l q p k  Bay culminates in a gmup of p b  that rise 
ovap 4,000 feet a,bove, the sea and contain vigornus gbciem. This 
mountain range forms the divide between the streams thst flow in a 
southeasterly dimtion to SheIikof Strait and the P s d c  and t h m  
that flew west or northwest to Blistol Bay. The ams draining to 
the- P&c&G, ~ O F R ~ V B ~ ~  ia mall, and the streams rn in $enern1 short, 
swift, and of only rnodersb size. Most of thew can be waded easily 
on foot during the summer, except at times of h d .  The one nota- 
ble exception is the glacier-fed stream that mptipties into the west 
end of Ealagvik Bay. This is a turbdent river during the. season 
of glacial discherge and can be wsded with difficulty even at favor- 
sble places. 

The Bristol Bay drainage, by contrast, is characterized by large 
l a b  and sluggish rivers. On the northwest flanks of the coastal 
mountain rmp many of the d l  strmms are swift, but khese 
d-nd quickly to the great Iowlmd t k t  mupim much of the 



p~aimula. A .nribarkaHs, f a d m  df +kb h l m i d  iB *heJ d e a  of 
lakes that ocGm dong the cater line df the p d n m h  from its bese 
to tha comtriction at  Port Mdhr7 and Stepwak Bay, B d h m  of ' - 
over 800 miles. Much of t k  wen has not bn.~aem&dy mr- 
v q d k  but its generrtl h t m w  w well h o r n .  Them Iakea lia 
again& the northwed ar i n l d  front of .the amshl mountain8 'but 
m M e f e d  on the nortbwwk bgr.s W d  lawland that extends to 
B r d l  Bay. Their ehvation aba~e~saa. level is pnerrtlly less than 
50 f&, and with one or two minor ezmptiorrs they draiin to B r h l  
Bay thmugh broad, slug@ Fi~m in &ich the. eflwts of the Bering 
Sea tides are felt for long dista~iw inlmd. T h e ~ e  l a k e  and their 
tributary streams are favored. spawnimp: grounde for mZm~n,~and 
an extensive sabnon-canning industry has begn agbabli~hed .on Bris- 
to1 Ray to n t i l k  ibe h h  that migmte from salt wahr to them p a t  
fresh-water lakes- Bechamf h k e ,  tha l a r e s t  of the Alaska finin- 
suIs Irk=, i over 40 m i l ~ s  long and probably has an a m  of morn 
tha 460 squere .d~s .  Pu'sknek Lake is s h u t  45 milea long, though 
of smaller area, and the two Upshik Ldlkes together are about 30 
miles long. BTiknek River, which .drains Xakn~k Lake, Egegik 
River, the outleit of Becharof Leh,  and U e i k  River, between the 
Ugwhik Lakes and the I#& &re all fairly Isrge, rather sluggish 
dreams that are easily navigable by small boaLq, aad they with the 
lakes furnish convenient m u k  of travel through tha lowland and 
from one mast to the other. 

a m .  
As has been dated, the Pacific ma9t of the Alaske ~ s k l a  'in: 

general is bordemd*by mauntains that rise steeply from the waarb 
edge, and the ma& #,line is irreffol~r and deaply indented with eb- 
bayments. The visitor approaching f d n  the southeast receives the 
impsession that thB entire peninrruls- ia mountainom' and 'mgged, but' 
this is by no meand the crsse. The mountain ranae' along the caagt, 
at least in the Cold Bay district, is narrow. ,Kearly all the south- - 
emward-flowing steams head in Ibw  passe^ or in easily tmver~edl 
divides,.and after Emsing the &al range the traveler' mon de- 

, 

mnds intm a b d  Powland area of slight relief, bmhn by isolated 
IC 

mountains and hg I'aw fresh-water lakes. In the immediate vicin- 
ity of Cold Bay themmountain ridges have rather d o o t h  ovtlinee and 
remh only moderate elevations, the hifiest peaks standing from! 
1,500 to 2,400 feet above sea level. Near Portage Bay the moun-' 
tajns are higher sad mom rugged, end at the southwest end of Ki- 
alafivlk Bay them is n group of monntains *haw peaks attain heighta 
of 4,000 to 5,000 f&. 

Northwest of the .boastnl m o u n t h  there &re a few h18ted 'mhtih-' 
&h and at  lend bzte notable mmfi in rhaitf that W1!frb~'tli&!' 



sarromding Eowlmk The fieM work on which the pnmot mpart 
is blssd cow& ody the m&d mounhin strip between &Id and 
Ridapik bays and r part of the interior lowland, and thenw in- 
terior pminmcss were not exsmined or their @tion m h l y  . 
khrmined. One cmspicuons ridge, however, the KejuZik (Garh-  

w 
l ik)  Mountains, forms a prominent topographic feature north of 
Cold Bsy. This mountain ridge lia about 15 miles inland from the 
head of Cold Bay and extends from a point new Becharof Lake 
mrthastward to  m e r e  with the coastal mountains in the Katmai 
region. Its crest line is conspicuously rugged, and its p a r d  char- 
acter and topography suggest that the ridge has a.mm of pniki-is , 
rocb, flanked by sedimentary beda The highe& peek are prob- 
ably little I- than 5,000 fmt above ma level. I 

, The axial line of the Alaska Peninsula is marked ak irregular in- 
hmls  by volcanic peaks, of which mme are still active and many 

. &hers am of so m n t  origin that their topography d l  ahows f i e  . 
codad shape characteristic a£ volcanic mowitaim. The high peaks 
of the. Katmai region, with their smoke plumes, are visible on clear 
daya from the Cold Bay district. Mount Psulik, an extinct volc~no, 
forms a conspicuous topogrqphic feature between U p h i k  and k h -  
armf I & h ,  Although sculptured somewhat by gulches, it &ill pre- 
serves ih conical shape, and, rising to a height of abut  5,400 feet 
above the lake, it dominates the lowlands to the northwest. 

A featurn 1- jrepreasive but no Ims notable than the mountain 
r a o p  is the p t  Iowland plain that occupies more than half of the 
&lds Penin~ula, on its northwest side. This plain a n d e ,  for tho 
mmt psrt* 1- than 100 feet above sea level and consists of p a y  
meadows, mmhas, and lakes. In summer travel in this lowland is 
confined to the rivers, which are+&ggish and easily navigated by 
mall  bonts. The low1and has little attraction for man, however, 
and is almost entirely uninhabited except for the fishing communities 
albng the coast. In winter it is occasionally visited by trappers. 

4 

-m 

No m m % I t i e  wmther reoofds have been kept in the Cold f3sy 
4 district, and as the climata there is complehly i d u e i m d  by I d  con- 

ditionfr the weather m r d s  for Rodink, the neerest hiportant town, 
on Kdiak Island, more than 100 miles southeast of Cold Bay, are of 
little value for comparison. The following ohrvatiow are them- 
fort? b& on experience during the summer of 1921 and on informa- 
tion obtained from persons who have lived for cansidekble periods 
of time in the district. An understanding of the geographic psi- 
tian of the Cold Bay district, which lies in s range of monntsim 
tbnt a h d ~  along the axis of a peninsula mapumting two oceans, gwa 



fw h i e x p l h  a-dbmwhrt un&d d&&. Thh .pad of tb A h b  
Penimla is empially notabla for its-prevdent high winds and for 
the fABquency of doudpand f a g o  wedher* Any di fierences in bsm - 
metric pressumtbat may &st betiween the Oeern md Beriog 
Sea m u l t  in win& thst bhw acrm .the peninsula either from the 
northwest or from fhe muthead, and a complete ceversal in the d i m -  

u 
tioh of the wind often takes place suddenly. Furthermore, any wind 
that blows is a m~ wind, and She air, having a high moi&um content, 
is chilled on over the mounCain barrier and forms fog or 
cloads. Thm .windy days am generally cloudy or foggy, aad as windy 
weather ia the &, the monnEsh topsiare generally in clouds The 
few clmr d a p  that o c c n r d  in.the summer of 1921 were relatively 

' calm. 
Although t b  .Btoal pmipittttiun es- rain or snow i~ probnbly 

mbdertte in wnmmt, there are many days of driwling min or of 
driving wet fog & which t m d  is dimpsbls.  The tempr~tum is . 
cwl in summer a d  cold in winter. The winter snowfall is said to 
be light on the avsrage, though in the winter of l95%!21 it was un- 
usually heavy, and in LSeptemtser, 6991, meny plches still contained 
heavy wow b a a ,  even at low altitudes, It is mid thst there hf 
often insufficient m w  for g o d  sledding until after Christmas. The ' 
winters are report4 to be unusually maere, not eo much on mmmnt \ 
of very low temperature as from the.cmbinatim of cold and hwvy 
wind. It is said that there are frequent intarvals of wveml days 
each during the winter when the heavy cold winds make,tmveL irn- 
pwsible end when.even the wild anim& lie in shelter m d  re* to 
breve the weather. 

~ E T A I m o = .  

The Cold Bey dktrict is, complet.ely lacking in timw, and the 
problem of obtaining lvmber for buildinp and other &ructural pur- 
poses is a aeriotu ope, as is that of obtaining fuel. muow end ddeF 
brush mfleient for the moderate needs of the camper A n  be found 1 
in moet of the cmek+~alleys at low altitudes, but camp sites must gen- 
erally be chwn rather with a view to the availability of brush far 
fuel than for tmbvhience in obhek way& ' M U  of the b& is mall 

u 
and crooked, ahd plea long &nd stmight enough to mrve as tent 
polea are to be had at only a few places ankl in a very meager supply. 
In' most places along the shore them is abundant driftwood, es- 
pcially nt  the heads of the  by^, and this material is generally w d  
an fuel and has furnished logs nnd t i m b  for building cabins. The 
Cold Bay field and the We& field each mntaina n large patch of 
paraffin midtl$  the accumuhtion of the less volatile portions of 
petroleum that hae eeaped from the ground and gaturated the pat 
and mil new by. Tbia reeidue ie somewhat plnstic and may be mat 
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and b d  fn &PBB or d e r  boilers. For camping ar & m d c  nsa 
it is dirty and forms much mot, but it has been found to b s sstk 
f&ry  FA when used under bailers for power and will b s ~ d u a -  
ble sad s% fnel for oil-drilling rigs in th is  ountrg, whem other 
fud is lacking. 

O m s  for mnrmmer pasture for live stocH: is very abundant in mad 
@ of the, strwam vdeys, and thoumuds of acras of luxuriant grass are 

available during the mmmer months. The prevailing vfiriety is the 
so-called &top, which grows in thick stands to a height of 3 or 4 
feet m d  furnishee exdent  @ng from about the mid& of May 
or the fimt of June until it is killed by frost soma time in Septern- 
br. Aftm it. is h s k d ,  however, it hm little naurkhmnt It 
r n h  a fair grade of hay if pmperly cut and cured 

With the exoeption of the grassy valleys and thdr mall areas 
of willow m d  alder bmh, the surf- of the ground is cuvemd 
with a mantle of moss and heather everywhere excapt on the high& 
ri- and the steepest cliffs and talus slops. 

This part of the Alaska Peninsnla is not a particularly good 
game country. A few csribou formerly rrm@ through thin dis- 
trict, but they have complehly Jiaappesred. There are no mwm 
or mountain sheep or gotlts. T h e  great brown bear is the largest 
wild animal and is abundant in those plmm when them are few 
people, but in the district here dmribed the h r s  have been fright- 
ened away and are only occasionally e n .  The ptasmignn ~ s r y  in 
abnndance fmm year Wyear; in 1921 they were n m e m  after 
a period of yenm during which they had almost disappeared. A - 
few Arotichsm were seen during the summer. Ducks and gwm 
breed in p a t  nnmbers on the; lakes sad in the low marshy smw. 

Thih region ia notable for the abundance af its food fish. The lakes 

I I 

and shams am stocked with trout md grayling the p a r  mund, .. and in the summer they teem with ~ l m o n ,  The red salmon, the 
moet daimble variety, come into B-1 Ray in the esrly summer 
and follow the rivers up to tlleir spawning p n d s  in the l a h  and 

d maller streams, and an extensive canning industry has been es- 
tablished on B*l Bag. The Pacific dreams haw only a meager 
nan of md -on, though other varieties are p m n t  in abundance. 
There are prolific fishing grounds for halibut, cod, and herring, 

. almost; completely unexploited, and many other varieties of edible 
fiah am obtainable. 
The trapping of fur-bearing animab for their pel& is carried on 

each lgeilr by natives and by a few white trhppem Many red fox 
and a l ~ r  number of silver-gay fox are taken, ss well aa mink, 



marhi, e&wd h d ,  &bra dTlh, e~& was hmmr1y a rich 
hunting pdrb the highly prized ma otter, but they am now ' 

nhm$ exterminlrted, and tWr capturn is forbidden by law. . - 
PQWTIO~. . . 

The only pe-ent native sehtlemnt; ia the Aleut viIlnge .of - 
KwnaQk, at theheed of Pohge Bay3 with e, ppnlakion in the winter 
of 30 to 40 peopla Them nativm watter in the summar, many going 
to Briatol Bay rto work in the salmon canmrim, and others spending 
the suatmer at t h p m q  viaage near the h e d  of R d s m f  Lake 
in catching &+drying m b n .  Tn August, 1921, there was only 
ane family mideat at &nat.k Them natives hlong Eo the Rua- 
sisn church and indeed ham k mmidemble admixturn of Russian 
bid. They eke out a precsrioas living by fishing., hunting, anid 
trapping and on occasion will perfom services for w a p ,  ape-  
cislly ss guides snd paekera. Mmt of them are improvident and 
fail to cure enough fish daring the summer, when salmon me easily 
cl~ught and dried, ta last through the cold month, and by late win- 
ter they are usually on the verge of starvation. OR this mast, how- 
ever, it is alway~ p i b l e  ta catch fish when the westher permits. 

The, white powlation of this district is extremely mriable usnd 
depenh in large magum upon the in the oil fields. In the 
period from 19M to 1904, when active developments were .under way 
near Cold Bayl, s miderable number of white men were engaged in 
road building, drilling, and prospecting, A base c ~ m p  was estab- 
lished on the we& shore of Cold Bay, near ita entrnnos, and eeveral 
rrubgtantial frsma,buildigs wem canstructed. These buildings are 
, still intact and are now used as s trading  tati ion. A small stock of 

g d s  is kept at tb.store, and this has long ban the sup& point for 
the district. 

Fmm 1901 ta 18H the permanat white populaiion n.e limited to 
one-or two pmmns st the trading pas& a very few holdemof oil claims 
who qtained their faith in the district, and a few trappers. In the C 

spring of 1920, rXter the  age of the oil-land leasing law, there 
wna s new idax &o the district, and there has sinoe been a variable 
population, upon the mamn and won the activity of p v -  - 
srnmentd and private wweys and examinations. In 1921 several 
new buildings w a r e e m  at the head of Portage Bay, war th0 
native village, of Kanetak, a mall  s k k  of goods for sale wss landed 
them, and that point was knerrrlly considered the port of access to , 

the oil fields of the district. Probably a dozen white men spent the 
winter of 1921-22 in the region. Plans were said to be under way 
for active driHing in 19532, and the futuw of the district will depend 
upon the degm of ~uccass in the oil-field developments 
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The Cold Bay W e t  is invariably approached by w from the * A fegular - d i p  sewice is maintained from Swrbtle by way 
of Alaska porta to the town of Kodiak, on Kodiak I~land, with sail- 
iags sch;eduled about once a month, the trip requiring 10 or 12 

@ daya From R&k the usual means of travel to the peninsula, is 
by means of small motor boats that make occasional trip or that 
may be especially chartered. Mast of these bets  take about 24 hours 
fop the nul from Kodiak ta Cold Ray or Portage Ray. A monthly 
mail b a t  leaves Seward and nfter stapping at a number of Cook 
Xnfet ports calls st Cold Bay. This boat (1921) has accommoda.tiom 
for a few passengers, but its mute to Cold Ray from Seward is indi- 

' *  ' &. In 1921 the stearnship from Seattle made one call at Portage ' Bay to discharge paasengem snd cargo, and if act i~e development 
" work is begun in the district end there is slificient traffic to justify 

it, -me port in the Cold Bag district will no doubt receive regular 
catIs from the through ships from Seattle. Plans were also under 
way to egtablish a better mail service. 
In 1921 them were no wharves or other landing facilities any- 

whem in the didrict, the waters wem lnrgly unchurted, and m 
far =, is h 0 w n  lthere was no anchorage for large vessels proteckd 
from south md east winds. P-ngers and freight could be landed 
only by small boat or by lighter, and the only lightar available waa 
n ,privately owned one that was at Portap Bay for part of the 
summer. If the oiI fields ate developed and prove productive mmer 
better landing fmlities will have to b provided. At p m f  Cold 
Ray mrns to be the k t  harbor, for it is said to have plenty of 
deep water and oEem fair pmtsction from north and west winds, 
but in math and east gales ships can not safely enter orv lie at 
anchor them, and the b y  is inconveniently far from the promising 
West field. Portage Bay and Rialagvik Bay are about equally dis- 

- - Sant from the West field, but Portap Bay is &tar located with 
I z e s p c t  to the Cold Bay field. Pottags Bay ~t p m n t  m s  to hltvs 

been gsnemIly dW as the port of the district, and in 1921 most 
of the psssengen and wpplies were landed there. V-1s draw- 

4 ing 4 or 5 fathom can enter the bay, ~ n d  a lagoon affords p o d  
protection for m a l l  craft. Most of the bay, however, i~ ~ h d l o w .  
hrge ahip  can not approach dm to the village sib st the head 
of the bay, and they have no protection from south winds. Besides 
the niltire village of Kanatak there were half a damn small build- 
in@ st the head of Port* Bay, and trails radiate from the vil- 
lam to  both the Wgst and the Cold Bay oil. fields. 

Them is a lack of agreement among those interested as to whether 
Kialagmk Bay d m  not oBor a better harbr and port for the West 



BeZd *n Port* Bay. The dish& %y trail is a h t  t b  =me, 
but th Kialagrik, Bay route demands 1- climbing and offem btter 
grad-. It is said that Hialagvik Bay haa an entrance channel - 
contaip;ng deep water, has sufficient water inside the inclosing 
islands for anchorage, and gives protection in gales from my dim-  
tion. - The q u d o n  as to which bay is more mitable for development 
into part can be determined only when the watem have been 

- 
sdeqdtelY &a&. 

Within the diatrict travel from place to place is fairly e a q .  There 
are many easg passas from the Pacific dopa through the coastal 
mountains to the interior, and thesa p m  and the large I& and 
their outlets th.r&h slug&h rivers .to Bristol Bay have long b 
nsed by the natives in their journe~ from the Pacific mast to 
Bering Sea. From CoId Bay there am easy p m  ta the Kejnlik 
(Garkulik) Valley, and a wagon road wsp built by way of Trail 
Creek to the well sites near the divide between Cold Bay m d  

. Becharof Lake, a distance of 7 or 8 milea. This road is now badly 
out of mpair h t  can  till be ueeci for pack horses. From the end of 
the road an easg mute is available to Becharof h k a  With the 
exception of the Fagon road and a tnrd from Ranlttak b a native 
fishing village on Becharof Sske, there were m m l y  any 'dkqwnible 
tmih, in the district in the spring of 1921. By faU, however, the 
pack trains arid# foot travelers bed out plain trails in many 
pZs- One trail could be followed continuously £mxn Cold Bay 
to Portage Be by way af Trail and Becharof creeb, scroas.8ear 
and Salmon {&k valleys, and down Ranatak Creek to Ksnatalc, 
Another trail,. w+s broken from . Ranat& around the head of 
13echrof Lake ,and thence ncm tha hill to the head of Qash ik  
Creek and to the Ifrest field. Fmsabk routes are available from Oil 
Bey up Oil C w k  to the head of Becharof Creek; froln Dry Bnp 
up Rex Creek tq Arvesta or Porcupine Creek; from Jute Bay into 
the valleya of both Bear p d  Salman creeks; fmm Portage Bay b? 
two mum to Becharof Lah;  and fmm Kialapik.Bay by half B 'C 

domn p m  through the mountains h . the  Ugashik Lake drainap 
baain, Psdlr homw may b taken to alm& an8 plam desired, and 
g r a ~  is dcieptPy abundant evergwhe1.e during the summer to .c 

sfford plentiw forage. There are f e y  pfacas in A l m h  where lqnd 
travel for horsm and men is so erw. 1 . 7  a , . I  ' .  I 

. . i ' I  .J a~oddk. " 
* =  I . '  ' 
, - mmsmm'EUBEO. 

In the lack of an wmmh tapgraphic base map in the BeId,, it 
hss 'Been pomible to delineate only a few of the larger gdog ic .  
htiires on tb'gaolagic map (PI. n). Tbe pmtemt inPeertigatioa 



was it mnnaisaence only, with especial attention to study of the 
structura and of the po~sibilities of the district as a potential 

oil field. Little t im~ waa available for the tracing out of the con- 
te& between litho10gic units It may be mid, however, thal; this 
district is in many ways ideal for detrriled geologic mapping, for 
exposures are generally abundant land good, the rocks are divided 

@ into rather distinct lithologic units, and fraa  most of them fossils 
can h obtained, Furthemore, the attitude of the be& is such that 
although 8 thick mseri of m h  is exposad, the structural features 
am large and persistent and can be easily recognized, even from a 
distsnce. Even in a reconnaissance examination much more detailed - 
iaformation was obtained in p l m  than can be shown on a map of 
the sede of Plah a. 
In study of the dxdigraphy and dructure of an area such as the 

Cold Bay d i h c t  it ia often ditlimrlt or imwib le  to trace the 
boundaries of a prticular bed continuously, or to mrrelata the beds 
of one locality with thorn of another on the evidenm of their simi- 
larity done, for rock beda m y  very greatly in thicknegs m d  character 
within Eihort distances. In ~uch  p lms  the f a i l  remains of animals 
and plants may prove invaluable in correlating the beds in one part . 
of the area with t h m  in mother and with be& of the same age in 
disbnt a m s .  In the Cold Bay district the- f d s  collected were of 
the greatest aid in making such mrrelations. Abut  40 mllectiofls 
from as many localities were m d e  by the writer asd his assistant, 
W. R. Smith, md 10 mllmtions made by Ernest Marquadt were 
gen~musly tamed over by him ta the Geological Snrvey for identi- 
fication and uae. localities from which dl these mlIe&iohs were 
made are indicated on Plate 11, and listg of the foasil forms ma dehr- 
mined by T. W. Stanton are given in the demriptions of the rock 
fomations. 

The geology of the Mesozoic rocks of the A l a h  Peninsula has al- 
d y  bgen d i s c d  in some dehil, and for a cornlation of the rocks 

*s . of the Cold Bay district with t h w  of other parts of the peninwlr ' 
tha m d e r  is referred to the original d ~ r i p t i o m ~  

A pemlized mdhn of the sedimentary rock of the Cold Btay 

I 

district is given on page 91. {See also fig. 5 . )  

H a m .  a. c., lras petroIeam fldUs of tbe McMC of M a s h  : U. 8. Qeol. Snmey 
BatL %O, pp. 6M9, IBOB; M u t t s  on ths pemieum fields of AIagka: 0. El. Oeol. 8 n t v e ~  
m1.359, PR 3344%. 1 m .  

B#tan, T. W., nm! Martla, 0. C-, M-c esdlon on COOi ImId and Almh P a i n -  
mla: BeoL Roc Americn Boll.. POL I$ rn 89S-897, 4014132, lfD6. 

Atrood, W. W., Geology and mineral reaonrmm of parts of the A& Pemlnmb: U. 8. 
&el. BuII. 487, IQf I. 

Momk F. E., The feful#ln-Cbiaims penlllmln, Alas: U. 8. GenL Burmy Bull. - - 
(in prepwatlori ) . / 





: -bplper E m :  F a  - ' 
i. . . - ~ ~ k  fommtlan (mnglomerate and firkoslc 

mmdsbe hpm 1,000 to 3,m feet tbkkovelc 
bh br sandy shale) ------,--,,, l- -----=+," 6, calf 

She~tkol formatton (TOO to 1,000 feet of black 
hale, with some Iime#tone lenm at tog. ovet- 
lying k thick ~ r l m  of mindstone, with mlnar 
amounta of cwglomemte and mndy Ea cal- 
camma shaIe; mrsles the Chlnitnn fauna) -,,5,000-1,000 

. Unminrrnity. 
Hlddle Juramic : KialagPik Z~rmatlon [mndstone 

and mady ~ I d e  at Kialagvik Bay) ,------------ 5W-k 
b w e r  Jurmdc (mIcamus sandstme and unndg 

nhale, with Hmerrtone at Gold and Allnchak bays)-- 2, IWO* 
Upper Triassic ( t h b - W d d  limestone and cnl- 

camua shale with baaa1tIc dikea and ailla at  Cam 
Kl?kotnol) -,-,,----,--, - ,-,-,,,,-,,,*,,,,. L000+ 

,'She: bideat rock3 in the district include Upper Triassic sandstone, 
cnlcamua and sandy shales, and limestone, with basalt aikss ~ n d  silb, 
that mupy the end of the peninsula back of Cape Kekurnoi, at the 
narthmst entrance to Cold Bay. These k b  are in p P m  highly 
contortsd but in general dip 15"-25" NW. Apparently they sither 
form the northwmt limb of an antidine whose crest lies out in Sbe- 
lihf.@trait or are Mrminated in that direction by a fadtk No older 
rocks a r e > h w n  on the Alaska Peninsula, and in fact thess am the 
only Trinssic mh that have been mtognid. Their tdal area m 
land 'is mfg a few quare m i l a  

Next younger than the rocks sf known Tdwmic age is a series 
that crops out along the north shore of Gold Bay and mnaiats mainly 
of sanddone and shale that are in part highly cakareous and in 
plem include M a  of impure limestone. These beds a m  somewh~t 
cantorted and faulted, hut npparently they lie conformably ahve  
the Up.pr Triamic sandstone. w& have yielded fossils that are 

-% appnmntly of h w e r  Jurassic age. Their area, is small, and they 
have not been recognized except on the peninsula back of Capo 
Kekamroi. 

w 
Except in the amall area of Triassic rocks near Cape Kekurmoi, 

all the dimentarg roch of the Cold Bay district stre of Jurassic 
age. Middle d d c  h d s  are repremted by a n a t m  b l t  of sand- 

and gandy shale that mcur dong a part of the northw& shorn 
of Kiulagvik Bay, where they appear to lie unconformably beneath 
the Dpper Jurassic M s .  Only n part of the Middle Jude s e r i ~  
that oecurs farthar north in Ckk Inlet, at Tuxedni Bay, is p m n t  
hem,' and on Cold Bay Middle Juramic bds have not been mgriized 



Ia by far the~'&ter p p r t  af the ~ o i d  ~ a y  distzi& the praniiing 
mcka are of Upper Jurassic age. 'She entire thickness of. Upper 
Jnremic beds is at  lwst 10,000 feet md may b.oomidembly more. .* 
Th- socks h*Pa wpwisl.economio importance, for &lh frOBl them 
that the oil -pages of the didrict emarge, and they oflor the most 
promising beds for oil exploration. On the accompanying map thoy 
have far convenience been divided into two portions. The lower por- - 
tion consists predominantly of sandene  and &ale and is overlain 
by a heavy conglomerate that forms the basal member of the upper 
portion, which also includes conglomerate, arkosic and tuffaceous 
band&ones, and sandy shale. Na sedimentary rocks p u n p r  than the 
Upper Juramic occur within the area shown on Plate 11. 

Igneous rock are rather sparingly mpmnted in thia d i d & .  
$oms barsltic dikes and i l l s  or intarbedded lave  flow^ occur in 
the Upper Trisanic lim&ne of Cape Kekurnoi, and bwic d i h  
cut beds of Uppr Jurassic age on Cold Bay. On Portagb Bay a few 
d h ' a l s o  cut Uppr Jurassic beds. An arm of granitic roclr~~ici. m- 
p a d  on the wmt shore of Becharof Lake, but it was not vigited, 
arrd its area snd outline are nnknown. Thm P D C ~  however, doubt- 
lesg cut ME of Upper Juraseic age. 

The m& m r t  hard rocks in the didrid am the lams end 
intrusive m m  m i n t a d  with the old volcano Mwnt Pmlik. 
Nothing definitek is known of the age of this *volarno axmpt that 
its lavw broke thmugh Upper Jumsaic m k 8  and ware poured out 
over them. Thea present form of the mountain, howmr, and the 
relation of ita lam flows to the topography indicate thab€lm velenic . 
ectivity occurred- in wrnpamtively m n t  geologic Eime and h a t  
this.mlcmo is t0 .b  comlabd with the other volcanic peab=s of the 
Alaehm P e n h l s ,  including Mounts Katmai, Douglas, Chernnhura, 
Iliamna, and Redoubt, most of which are skill making. 

The only hum lacality in the A l h  Peninsula in which 
Tl;iaa&c rocks m u r  is at  C a p  Kehmmi, where B small nma extend- 
ing fmm G l d  Bay northeastward to dlinchrrk Pay is mupied by " 
beds of this w,. This formstion includes a W e g s  @hated as 
w d  mar l#tXl of hard, dam-thin-bedded, L i r n e ~ W ~  and Limy 
shale,,.cut.by diI& and sib of h a l t .  There is evidence that m e  
of the bodies p f . : h I t  are lava flow interbedded with the sedi- 
ments, but this not ymmd conclagive1y. Xear Cape Kekamoi 
the b d s  are lwally much distorted and folded in sevem.gl directions, 
and the includd b d t i c  intrusivea are metamorphd md reticu- 



1d.d -with a net-work of calcite veinlets. Farther northwe&, along 
the shorn of Gold Bay, the Btructure ie less iutricate, and the bds 
have a gemd northeasterly strike and dip loo-20° NW. G ~ b i t e  
oeinlete are abundant in the limestone. 

Many layers of the limestone abound in fmil shells which con. 
aist almost exclusively of the single dorm P~tdmmwt&., A ml- 

* lection fmm this localitg was reported on by T. W. Stanton m 
follows : 

1 W .  No. 1-128. North ahore of Cold Bag half a mile northweat of mouth 
ot bag : 

Ibliceknria mi, related to S. gmnnlaCa ( Sto l i~ka) .  
' P~ndomonot is snbclrcalarls ( Gabb ) . 

Opwr Trlaasic. 

'ln proceeding northwestward along the shore of Cold"Bay, and 
su getting higher in the stratipphic section and above the Pam- 
dmmotis-bearing beds, the observer notm that the mne of limestone 
aid calcareous shale g ~ ~ d u a l l y  gives place to less mlcareous and 
mom>sandy beds, ssd some distance farther northwe& the sandy 
beds'mntaia fomils of Jurassic age {fig. 5, A). The Upper Tri- 
assic beds are therefore considered to end at the pint where the 
sandy phase begins to appear, but there is apparently perfect con- 
ford@ between the Tria~sie and Jurassic beds, the transition having 
been marked by cantinuous deposition bat a gradual change in the 
character of the material deposited. 

At-Alinchak Bay, the ne.d indentation northeast of Cold Bay, the 
moce3sion ss reportd by Martin IS mnsish of basic igneous rocka at 
the &om, soooeeded by contorted cherta that have yielded no fos- 
silq and these in turn overlain by &ale and limestone yielding Pam- 
d-h. ' 

. I  I JUIL88BIO r n H .  

- The only known ' h w e r  Jurassic mclw of- thia $&rick, and ip 
fact of the Alaska Peninsula, occur near Cmpe Kekurnoi .in a 
narrow *belt that egtends from Cold Bay acrom the n a m w  

- peninsula ta Alinchrtk Bay. The Triassic mks a t  the cape, de- 
~ r i b e d  above, become more sandy and les~l calcareous northwest- 
wsrd h m  the highest P a d - t h  zone, although without any 
abrPerved BtructumJ break. The transition from the Triassic lime- 
stone and limy shde to impure hestone, cabamus sandstone, and 
&ale is gradual, and it is believed that deposition was here continu- 
oua About 14 milas Prom the cape a collwtioa of fossils was made 

ddrtlm, 0. C., hetlmlnam r e m  on Wetmlmn m m h :  U. S. Geal. 8- Bull 
Tl8, p MI, 1921. 



that h a  been &terminad by T. W. Stmfon aa probably of h e r  
Jurwxqic age, EIh determinations are aa  follow^: 

1- No. I-m. North shore bC -Id Bay, 14 milea north-- at m a t h  e 

of bay: 
T-m- 9. , ' 
Rbyncbooella rp. 
ma? up. % 

Nncnla? ep. + 

Pleumtmarfa? ap. 
EkveraI genera o l  ammonites wblch In fmm and %calptam m I e  

Arledtea, A-ms, Amaltbeue, ebc, but whlch do not a b w  
of au tum aad mu not be pa~itlwlg IdemtlfIed 
Tbiu lot % probablr from the Lower Jn~assic an8 older than & old- 

est Inunn irom Kialamlk Bag. 

T?M sandstone from which this collection was m d e  and, mme sim- 
ilar mglomerates for some distance above aed below the fodi fer-  
om zone are chamcteristie in that they amltain abundant p i n s  of 
bright-red jmpr and brightly mlord gmmshne particleg with 
larger fragments of carbonaceons shale. 

Of the total thichem of about 2,300 feet of bedB here included 
the Lower Jurassic, the lower l$OO feet is prevailing timestone m d  
limy sandstone and shah at the bottom md pcsvniLingly mnd- 
&one at the top. It was in the upper portion that the only fossils 
ware found. Above the poFtion in which sandstone b. dominant 
there is about 800 feet of b d a  that consist mainly of bl& to rusty 
weethered sandy ishales with some thin M s  of limedune. It is not 
ce&in that t h m  uhdy beds belong in the LWBT Junmic,,.ht as 
they seem to lie mnformably on the sandslone, they are here Wta- 
t i d y  included with the Tmwer Jurassic. The ~ h a l ~ s  am overlnin 
by a mglomerhte 76 feet thick which Es believed to mark an uncon- 
formity between the h w e r  Jumwic end the overlying Upper Ju- 
rmic M s .  It is p i b l e ,  however, that these ~harles are ta be corre- 
labd with the ehdes in the lower part of the SheIikof formation, 
RB e q p d  in the Kinltqvik Bay sedan (fig. 5, C) ; if so, they are of 
Upper Jumasic age, r 

The genera1 ~itructure of the beds above described is monmlhal, 
with e general northeasterly Btrike and dips of 10"-25" N W  - 

rrWW lrrptnr 

r w r m  muurnom. 

The mks. here w e d  the Kialagvik formation accnpy tr na&w bdt 
along the narthwsst shore of K a l a p i k  Bay from a p i n t  near the 
mouth af Pass Cmek to the southwest end of the bay, Their extent 
mathwest of the bay is not horn. They cons& of n few hundred 
feet of sandstone, sandy shde, and mngIomemte that form the bluffs 
dong the h c b  and extend a shod distance inland 



THE COLD BAY M m ,  $6 

Little is of the character or thicknegs of this formstion, for 
' the outm~ps are m n t y  md are largsEy limited to rsthsr widely seps- 

Y rsted apmms in the shore cliffs, in which massive sandstone, sandy 
shale, and conglomerate were seen. The exposures are slo far f mm 
one another that it is not yet pogsible to construct the stratigraphic 
section. The mntact with the overlying Shdikof formation is in 

r m a t  places conceded on the metation-covered benches'between the 
shore and the mountains, but on the ghow ra short distance east of 
the mouth of Lee Creek a mnglornerate w ~ s  m n  overlying with 
angnlar unconformity a seriea of sandy shales, and this uncoafarmity 
is believed fa mark the contact between the Shelikof formation and 
tbeKidsgvik k h .  The Kislagvik formation is ubundantIy fossilif- 
erons, and its fauna is brnswhat different frnm any other known 
Alaska fauna. It is considered by Stsnton to be either the correlative 
of the basal part of the Tuxedni sandstone of Tuxedni Bay or to IM 
slightly older and is therefom of Middle Jurassic age and repmnta 
only the Iower portion of the Middle Jurassic. ~ t - t h e  type Iocality 
of tbe Tuxedni sendstone there is a thickness of several thousand feet 
of Middb Jumssic sediments that are not represented in the Cold 
Bay district. Thew missing beds mq, in part at least, have never 
been laid down in the Cold Bay district. The pfesence of an angular 
unconformity at  Kidagvik Bay, however, and the shnce of m& 
of the beds of Tmedni age there md st Cold Ray indicate that there 
was an emion interpal of considamble duration in the Cold Bay 
didrict during Middle Jurassic t h e ,  and that some Middle Jurassic 
beds were then removed by erosion. 

The following fossil dledions from the Kialagvik formdion 
were identified by T. W. Stanton : 
lm. No. 1-104 HIalagPSk Bag. about 9 miIm northeast of mthw& end 

of bay and 1 mue m w m t  of month of Pam Cre&: 
-r- sp 
h o r n l a ?  8p. 

.. PpCtm IIp., SnKmth form. 
P&n ap, rlbbed form. 
Pect~n 8p.i IBP~P. very mree ribbed i o m  
Lima ap. related to L Rfgantm Sowerby. - Cnrullnea loerekgcen~ White. 
Glrammatodon sp. 
Protmrdla q. 
Fenetlds? 

. Aenmmya dalli (Whlta). 
Tbrarla? an. 
Turbo? 8p. 

HarnmatocerRe d l l i  (White). 
Hammatocema? klalngvlkense (Whlbe). 
Harpowms w t t I t ~ v @ ~ 1  (White). 
Phyllmrea np. 
&letunites op. 



, : ?r - .  Tlw . m u d  -1- in t b t ~  llet web all o--- White 
as found Je a collection Ilrom -b BIB, g&bIy fmm tbe a a m ~  ' 

. . lmli ty  8s the preeent lot. P o m m  has referred tbe,.fnuna, to tbe , 
- ppper Lias, and Hyatt mlfl the neamt relativeer,x Up 4- 

. " .I are f w n d  In the " l owk t  bfta of the Inferior Ooltte, In 'formationt3 
placed by m m y  m a n  rtad Fmch antborn in the upper b" It Is 
either b r a  M d n l  or r l M t 1 ~  1 0 ~ ~ .  

*. 
10808. No. 1-107, Kialagvik Bag, S miles from m u t h w d  mil: 

Pectm sp., rfbW form, same as In lot I-10P. 
Inoceramun lnctier Elchwald7 

I I (  
Hammatooatas sp., nelaterI to IX howelU' (White). 
H a m m a w  m,. m1atd to H. vnrfnbiI~ (D'mfgny). ' . . 

, , Thespr belaoR in the same m e m l  fama wlth lot 1-101L 
: IW. No. 1-108. Same as 1-107, but 100 y a m  farther swfthm a&@ the 
&ore : 

Perten sp, mmtb form. 
Wma m., mall coatate qmbu 
~ter la  ~ p ,  ! . 

. Brarnmatcdon sp. I '  _ 

Hearomya? sp. 1 . ,  . 
Tancrdiat q . , 

Cerlthlom sp. 
I '  

Hammat- BP, relam to H. hotffelll, 
Hammat- l relatea to a? klalagprkenm 

. ' I  Either ba~ai.  TrrrdnI or s l i~ht ly  lower. 
SO. 1-110. shore C I I ~  on mint 2 milem mnthwest end' BP 

W3agvlk Ray: 
Pecten qt., amoOttt i om.  
EumtMotls9 

I Onmllaea np, 
Trtgonia, thmk -c%' - . . I ,  .r.. . a m >  

Protocardia ~ p .  
2 < 

EirtmmatoceraaS k f a l a R ' 9 1 h ~  WhiW), 
Same t a u  am 10804. ' 5 

-10809. No. 1-113. On creek that en* Khlagtlk W fmm the nmth* at 
rmuthwwt end of bay. Loweat mlol'tectlon: 

hm?ll sp. 
Inmramas lneifer Elchwnldf 
Pleuromya su. 
Sonninja? ~ p .  

Belemnttee sp. 
. . 

This little eollectlwa m l t w  p&Q del3nlte txw?e?atlm with tbe Eawm 
part of the Tuzednl anndstme. The ammonite IS"anmidu and tbe ImCwa- 
nwsrr are both I d e n h l  wlth forms In No. 33 of Martin'a Tnxedni Bap 
eectlon (U. 5. MI. Snwey Bull. 485, p el), which is  250 rcPt abnve the 
base. 

1lM-4, rloen. Noa &I, &2 !l%ese nollectlona contain only fm f a h d  In 
1 m .  " I  I 

' , I  .' . ' 



1 

m mm BAY bmmcrr. .$'z 
In diecueaing the above collmtions es a whole, Stanton maktm the 

following statemmt : Cb 

-+ Tnt No. 1-104 from Kfalagvlk Bag contah~ tbe fauna, rich la ammonite& 
-bed by C. k White mnny yearn ago from the Bame locality. Lots 1-107, 
108, and 110 a h  have the same or a e l m 4  related fauna. The ammonitm of 
thla fauna are all dlilemt from those of the Tnx&tl WB~~KM?, which alm 

# has a r a d d  ammoolte fauna, but mme d the other molluab of, the HLaZagvik 
Bag fauna are identical with s M e s  faond in the lower part of tbe Tuxdnl 
sandstone. A Paunsl m e  In No. 33 of the type w t i o n  of the Tmedni sand- 
Btone, 250 ieet above the loweat. b?d of the iormatlw there e- aeema to 
be pretty deflnltely twresmtd in lot 1-113, which I am assuming to ln? higher 
than 1-1M. I judge thewfore that lot I-1W is not much older than the low& 
imlliferoun W of the Turednl Bay &on and that its hodmu maJ well be 
Inclnded In the Tuxedol iorrnatlon. I would refer it to the lower paFt of the 
Middle Jurmmlc rath~r thnn to the Uas or Lower Juradc. 

BEEtrKQP PORYaTfOK. 

R& of Upper Jurassic age predominate in the Alaska, Peninsula 
from Cape Douglas to Chignik, and in the Cold Bay district they 
mupy by far the greatest part of the land surfrace. Lithologically 
and on the basis of the f w i l  fauna, thew Upper Jurassic beds may be 
divided into two main divisions, of which the lower is here c d e d  the 
Shelikof formation and the upper the Naknek formation. The Sheli- 
Lof formation is ao named because it is the prevailing m k  forknation 
on the northwest shore of Shelikof Stfait fmm Katmai Ray at  least 
as farmuthwest Kibltagvik Bay, and in the Cold Bay district it 
forms nerdy all the bold headlands snd d a l  mountains that are 
visible from the strait. A general iden of the lithology of the Shelikof 
formation may be obtained from the oalumnar aedions shown in 
@ure 5,  A and C.  Although the thicknees and the relations of its 
diBerent members mry considerably from place to place, some %a- 
t ~ -  are mther oonatrmnt. Nearly every normal section shows that 
kh@;uppenrnsst member, lying immediately beneath the b w 1  wn- 

- - gldmemte: of the Naknek formation, consists of a m&ve black &ah . a 

fmm 700 to 1,000 feet thick whi& contains some Iimedone l e n d  ind * - - - 

ndules. This shale is in plam mndy ~ n d  calcareous and is poorly - fossilifemus It has p a t  ecanamic significance in certain areas, 
far under pmpr stmeturn1 conditions it should serve admirably as a . . 
capmck b retain oil or p s .  

A numb of fmil collections were obtained from this shale and 
m described by T. W. Stanton as foHows : 
IOTgl. No. 1430. About, 300 feet below the barre of the h%knek on the Bear 

h k - P o r c n p b  CPeek dlrtde, 5 milm east-southeast of the' niouth of Bear 
.me?ki 

PembrntUltlP Bp. 

m m e h  sp. 
ZmmaIc ; formntlm not determined 



- 107Pa Xo. I*. &ut f ~ &  below bp* of PYa$nsk~.on Crmk-Eblmomf 
Creek d f ~ f d e  44 m f h  east-mthsa%t of month of Salmon m k :  

N n d a  np, a. - 
:Rumla ep. b, . , 
Pterfa up. 

.Jnrarrslc; i(hmatfon nat detemhed 
10795. So. 1-79. A b u t  300 feet below baee of Naknek on -re of Portage 

%y half n mlle m ~ t h f f ~ 8 t  of Kana* -: 
&mala sp 
clramma& twa qwciea 
Rncnla ~ g .  

Pterla up. 
Astartel sp 
Qndptenoiwxl ga- 
selemnltea fregment. 
' .Tnrasdc : imnatlon not determiaed: ' 

mthongh the above faunas were not characteristic enough to war- 
rent s e l m  age de*rmination from the fossil evidence alone, the 
field ralations of the shale from which they came admit of no doubt 
tbat this beavg shale lies immediately beneath the pemietent .con- 
glomerata that is believed to mark the base. of the Nahek formdkn, 
and the shale is therefore included with little uncertainty 'in the 
SheIikof fomat&st, which, at bast in larm psrt, is to be m l s t e d  
with the Chinitna shale of Chinitna Bay. 

&nesth the heavy shale m~mber just dmribed the Shelibf far- 
mation comprises 4,000 to 4,700 feet of beds that cons& dominantly 
of massive hrom .to p y  6~ndstonea, with minor amounts of shale 
and of condomera&. In many plam the mn*ne is eonvnetionrrry, 
#he concretions rangkg from small hard we]lttmunded q h e r i d  
Wee P few inohm to a faot ar mom in diameter to law irragu- 
lu, ~ 1 . p  defined rnagses with indefinih boundaries. The sand- - 
etone and included shale sre JacaLly calesrwns and are in places 
BO impnre tbat they might well be called sandy shales. The only 
localities visited whew the barn of the Shelikof formation mas &a 
&re at Cold Bay and on the cmks tributary tm Bialapik Bky from w 

' thenorthwest. Qn RialapikRay thelower 1,MO feetaf the formu- 
tion k m d l  y ahale, with some limy lenses m d  concwtiom At Cold 
Bay the lower limit of the formatim is plarwd at a mnglornerab 
below which i a  800 feet: of shale that hm h a  tentatively placed in 
the b w e r  Jurarrsic, though it mBy mmqmnd to the basal shale of 
the Kialagvik Bay pction and t2lkmfam properly Wwg in the, 
Sheli kof dorm at ion^ 



The c h a ~ c  h i 1  of the Shelikof formation below W upper 
shale member is the ammonite Cadocerm, which correlates thk lower 
pad of this formstion with the Chinitna &ale of C h i t n a  Bay, of 
Upper Juraaeic age. !J%e following mllectiom of f k l s  fmm this 
formation have been idmtsed by T, W. Stanton : 

c 1 m .  No. I. Dry Bay, three-fonrtbar of a mile north of the mwth ot Rer 
Creek. at en dmtion of 1,l50 feet: 

Cadmeme fragment. 
Phragmacone of belemnlte. 

Chinitna shale. 
1- No. 2. East shore of Jute Bty. half a mIle mxth of heaa ol bag : 

'IrerebratulaP sp. 
X~l~emmaa m, young ~hella 

Jnramdc; tormatlon not determined. 
10190. No. 167. About mllea above month of Rex Crek: 

Temhratu Ia P m. 
I1leummya np. 
Cnttomran grewlngkl PompeelfJ P 

Chfoltna abale. 
10800. No. 1-95. About 14 mile9 aorthmst of montb of Big &eek a trlba- 

tam at K1~Iagvlk Bay at its northenat end : 
Tmrehmtula m. 
Cadoceras 7 I I ~ .  

Belemnltea ap. 
Probably Chin%- sbele. 

10801. No. 1 4  &me as 1-96, but about 1.200 I& higher in &ion : 
Gadocerau q ~ .  telsted to C. schmldtl PompeckJ. 

Cblnitna shale. 
1- No. 1-W. Shore of Klalngvik Bay 1 mfle math at month of Btg Creek: 

~ r a m w  gp. dnt6d ta I. exlmluu Eichmld. 
Relemnites m., irngmenta 

Jummic; formation not det@rmlnet?. 
1- No. 1-1DL Kialagalk Bay nesr Barnbar* on point 13 mllea sonth nf 

month of Bfg h k :  
C a d m m  donoscbid (EIchwa16) 9 
Belemnlb 8p, fragment 

Chfnltma &ale. 
5 1- No. 1-105. KkIagaik Bag stratlgraphlcally 1,000 feet more or Iess  

nbwe 1-104 : 
ItMmTamrn sp. 
Cad nceras e n g k f  PomwW S 
Bplemnites gp. 

Chinitna shak. 
10810. No. 1-114. On creek that enters Eialagplk Bay from the northwest st  

mreme sonthwat end of bay. Righer In the wctlon than 1-113 : 
Caderaa? ap., a alngle crushed specimen. 

If the mum Is m&ly identlfled, I t  l n d l c a h  a borhon wltbin the 
Chlnitna shale. 

IOB11. No. 1-315. Same as 1-115, bnt higher in mMon: 
Qtsmmatodun sp. 
Phyllmas sp. 



! t I*+ n u m n s  young &US ,iq . . ? , - .  . . I 

, Wctf keel€d .mml nolmoolts, , , 

Belemnltea ap. . C 1 .  . ' 1  
"' ChlnTtna $bale. 

I SWWL So. I-TI~. Same as MIS, but Mgh;et ~n -I*: '' - "; . 
Pecten sp., m t h  f m  
Astarte sg. 

' ~~euromya &: 
- Thracia m. 

Amlmrleya ge. 
Cadoceraa wosllms~~eH Gffwlngk. 
seZemntten sp. 
Chtnltna s b h .  

10819. No. 1-117. Same rta 1-118 hnt blgher ia A: 
,I: 

Pteria EP* 

Qrammatodoa sp. 
C a d e r a s  ebo1dboIde ~drngeckj. 

Cblnitna ahale. 
1m4. No. 1-118. S h m  of Kialnmk Bay, 4 mil= fmm Its m t h w w t  emf: 

h m  a lme  bonlder : 
Pecten sp, -00th form. 
lnoreramue sp. 
Pterla sp. 
Plnna 8p. 

hb*. 
Plenmmyr 
Arnwrleya 
Cadoc~raa f &: witb narrow lifnliilieak , ' I Bplemnltea 8p. , ,  . , . 

Probablp ChhItaa shale. 
10816. No, l-Im= * h C m k ,  n'trIb11taG bf  ~ialagvlg Bag, dect;id 8' mtles 

above mouth of creek: 
Pterin am, glngle Imprint. 
Gadoceras ep.. imprint ot timgment. ' 

The  fai id hdicnte~ that the inrm which It came le in the 
Chlnltns &ah. 

10Bi8. KO. 1-128. Sorth share of Cold Bdp, 4 mmjlee b & d ' o f  mouth or 
bay : 

Cadoceras- m h i n i  Eichwa1d. . '. 
Cbfaihm W e e  ? 

1W No. 1-125. Head of &Id Bay, .on west mhore tbwfonrtbs mLle mth- 
raest CM ~nouth of ILgoon: 

h r l a  m. - 
Plenromga sp. 
Belemnitea ap. 

: Probably: mhltna hale. 
1- Xo. 3. Heeael  creck a w e  store, Oold Bay: 



. Oadoaersa domeehld /Eichwnld) P, probabb kmmatmm 8bdla 
< *  ' 

. '  Cttdoceram gmwWLL Pompeckj7 
Cblnltna &ale 

:T@&&' NO. C. South- ehote M fhld Bag: 
- lPnrboPfm 
, CPdnceras doroschhi (rnchwald) f 

C a d m a  catattoma Pompeekj. 
Relemnltes ap. 

Chlnltua ahale. 
m. h%. E. C m k  that enters Cold Bay at: store: 

fLerIa qk 
, Not audIde0.t for determining horhm. 

, QO72. No. M-6. About 9 milee northweat of shorn of Klahgvik Bag On creek 
th;lt.emgtiee into bay 4 mile@ mutheast of mouth of Lee C m k :  , J ,  

, M a  m. 
B u m  of a molln&? 
C a w  erp., fra$mentaq imprint. , , 

ch8niha &ale. . . 
-34;wiYT be seen from the a w e  determinations that the p d b n  of 

'a68heligof b a t i o n  lying below the upper shale member i s  defi- 
rddy ood t r ted  with the Chinitna shale of CRinitns Ray, of Upper 
Jurassic age, and it is believed to be probable that these CQdocmm- 
bwhg bed4 and the overlying 700 to 1,000 feet of  hale th& together 
form the Shelikof form~tion rare in a $sner&E,way to hen masiderad 
the mrreletiva of the Chiniba shale of the type Eocelity. 

T h e  Ndm& formation is extensively damloped in tha pr t  of the 
Ahdm Peninmla here discus&, though mast of ita ama lies on the 
Bristol Ray side of the divide. The fornation M ori&dy de- 
scribed by Spurr " from observations in the vicinity of Nsknek h b  
d. Katmai Bay consists 'of a =ria of granitic ar%m and con- 
glomerate that he estim&d to be about 1,500 feet thick, and theae 
beds are probably exposed continuously from Nshek Lake and 
Kstmai Bay to and bsyond the Cold Bay district. As here used, the 

'L, tam Malrnek formstion includes all the bsds 6e the a m  mapped 
(PE. 11) that lie d k t i p p h i d y  a b v e  the Shelikof formation. 
Tb bgssl membr of the Naknek in this district is generally a 

Y conglomerate that lies with structural conformity u p n  the 
t q  of the upper shale member of the Shelikof formation. The 
aonglmmrste shows p a t  variations in thicknes fmm p h  to  plkce. 
Atr the b d  of Cold Bay them is s bawl conglomera,te 70 h k  thick 
omrlying the black-shale member of the Shdikof f o r d i o n  and 
m e e d e d  by p y  arkosic sandstone c a a i n i n g  scla&red pebbles and 

Btmrr, f. E., A reco-1-ce of s o n t h w e a h  Alaslra : U. 8. -1. 8arvpg' Twentieth 
4nn. *tPL 7, Pg 169-171, 190. 



aoma 'thin beds'b'I 6ne.conglomeraEe (fig. g6, A), At the hesd of 
Dry Creek the conglomerate has thickemed to m, feet, at Bear Creek 
to abut 300 feet, at the head of Po-, Bay to 500 or. 600 k t ,  md 
at the head of Lee C m k  to abont 000 feet. In most p l m  n rnaseive 
mm conglomerate lies directly upon the top of the SMlikof shale. 
Elsewhere c u m  arkosic mndstana or alternating sandstone and - .  

thin conglomerate constitub the base of the formation, with the 
thick conglomerabte higher in the section. At th head of Lee Creek 
(fig. 6, C) a hastily s t d i d  seetian m s  to show a 1- con- 
glomwah gDO feet thick overlain by a b w t  1,200 feet of arkosic sand- 
stoner and con@bmerate, which am in turn mcxeeded by a mxmd 
conglomerate 800 feet or more in thichesa T h e  Pearl Creek dome 
shows 1,500 feet of W s  that 'include m k v e  conglomerate, thin- 
M d e d  conglomerate, pebbly sandstone, and some shala, with the 
bottom of the formation, not e x ~ d .  
, Thei .basal conglomerate of the Nahek mne& of .dl-nluaded 
pebbles and boddm of igneous m k s ,  the most conapiuous of .which 
sm gray granib snd pnstona, in a matr ix  of c o a m  arkkc  .sand. 
In some placea tbe boulders ore of fairly miform size, Tn others 
large and small boulders a m  mixed together. Grmite holders mv- 
em1 k t  in diameter are mmmon, and well-rounded boulders &,6, and 
even 9 fwt in diameter were seen. At one place on the trail nesr the 
main forks of Becharof Creek, on a d4bris-covered slope, a body of 
gmnite 10 feet wide and 30 feet ldng pmjscts through eonglomerah 
d a r k  It loob  remarkably like an exposum of granite b p h q  
but- no other mew of granite are known for mmy miles from this 
locdi*, and grsmitic rocks intrusive into the Nnlcek formation me 
not h w n  to exist in this district, The granite is of the same-com- 
e t i m  and texture as that cornwing the granite bouldem that me . 
m abundant in the conglomerate. 

The relations of this granite m m  ta the h h r e  of the surround- 
ing sediments require thrtt it must be either the harp pirmwle of u 
grsnib mass barid by the conglomerate or the broken remnmta , 

$ 

of a remsrkablp l s r p  boulder. Well-rounded' boulders of similar 
pnih as much .s 8 feet in diameter lie on the surfam nat far away, 
and in view of all -the conditions it saem likaly that this is an mum- v 

ally large bwldei weathered out fmm the underlying conglamerat& 
The. basal couglorneratic pbam of Itb Naknek, which.in &,die 

lmdly includes also aome gandstona and sandy shale, a p p m  to 
mrrwpnd c l d y  in position and chllnwbr with the Chisik e m -  
glomewh on Cbi'aik Xalnnd and Iniskin Bay, as &scribed by Martin 
and  rat^?^ Its mpmtion t h m  was h d solely .om its lithohgie 

vamn, 0. c., mmd ~ . t w ,  F, J., WI& n e f o n m ~ w n ~  of t e  mm m. ~le : 
U. I. Oeo'l. Wmrvef BdI. 186, pp QWN, 1812. 



-, for at the type locality, as in the-CoId Bay districf, h e  
beds are &nost devoid af fmils. It is charaderid w h e m r  it 
has heen studied by its coarsenass and by its great vsriab2ity in 
thicknem fsom place to place. It is desirable that this mama basal 
phase of the N a b k  should be sepmtdy mappad in the Cold Bay 
diatri6 b d  time for this work was not amilable in the &ort hid 
season on which this: report is based. On the aocornpahyhg map " 

(PI. II) the bssal conglomerate and the m i a k d  thinner M s  of 
conglomerate and sandstone are included in the N h e k  formation, 
in accord~nce with the earlier usage of that formation name. 

L 

Above the basal congIomeratic p h  of the Nshek there is a 
variable thickness of light-gray to brownish-gray arkmic sandstone. 
O b m d  sections of this portion of the Naknsk rmge in thich- 
from $00 or 800 feet to 1,600 feet, with an average of perhaps 800 feet. 
The sandstones generally contain pebbly beds and thin conglom- 
em&, but very littla shale. As de~ribed by Martin " the Naknek 
on the w& shorn of Gmk Inlet contains arkoeric s a n w n e ,  con- 
glomerata, ah&, and rt consideable admixture of tuffs and mdasih 
flows. In the Cold Bay district no igneow flows or tuffs were noted, 
trnd arkkc  sandstone, derived from the disintegrtttion of a granite 
ma- predominates in the part of the formation tabove the basal 
conglomerntic pham and hlow the upper sandy phw, descrikl b 
low. The arkocsic andstone is not generally very fossilifemus, but 
it h s  yidded enough mlle~tions to show that it should undoubtadly 
be included in the Naknek. 

The highest part of the N h e k  formation that hss been m g n i e e d  
in the Cold Bay district consists of a heavy seriw of sandy shah 
that lie above the arkosic sandstone. Thwe shales are well d a d -  
oped &ween the extreme head of Becharof h k e  mid Maunt h, 
where they have ~ . n  estimated thicknm of 1@ feet, al-b tHeir, -p 

upper part has been removed by erosion. to ham 
a wide development in the basin of upper Becharof and to ex- am ?r 
tend northastwa rd i n h  the Kejulik (GarkuEik) V b ,  as well as in 
the basin of the Ugashik Lakes. The shales ma I d l y  fmiliferoua 
and have yielded many forms of shells, the most common and moat 
characteristic of which are several species of Awce&. The collec- 
tions from the Naknek have been studied by T. W. Stanton, who re- 
pa* as follows : 
10rt84. No. 140- Shore of m k  between Lake Ruth and Bechard Lake at 

rimer Indian villa=: 
Pecten eg. 
Aacella ep. related to A. bmnnl Uhacren. 
Belemnlterr sp., fragment% 
Phylrocerm sp., fragmw~. 

Malrnek formation. 

O. C,, and Kpk F. J., op tit., pp. %%l. 



3- ~ o . l - E L h t  1 , c r e 0 f & a b 0 v e m h b . ~ e ~ # # ~ u k n ~ ~ ~ 1 ~ ~  
mthd of M m a t  aad 1 mile Went wf a r e  of Betbamf w e :  . . 

, A n W s  sp. #hted to A+ erdwtoni IIQabb). . . 
PhsU-mq p.. 9 

ic&-, *ti8 n n d k m e d .  ' A + . 1 .  - 7  * - .  ,. " I 
: ; 4 ; '  : K a w g  -tion. 

b m  No. I*. .About 3,000 feet above thc barn of Cbc Nahdsrllale tllrw- 
of a mile -theah of 1-82: 9. 

OEtm sp. . 
Aucella ~ p .  mlaW to bronnl h h n w ~  
ABtarte @* 
mberlega - 
PhyHmem m, hiame ~0 in 1-82. 
Perlsphfmq SP. 

Nalinek formatiom 
1- NQ. 1-89, Nab* 5 milea muhast of Mount Peulik: 

Pecten ap. 
h t a *  gp, mm a& in 1-83. 
Aucella ap..*efated to A. b d  LahQaen. 
AuceUa sp, related to A. erringtoni ( Oabb 1. 
Turbo? Bp. 

-i L P h y I l ~ r a s  m, Isegmenta 
.Cadiocera* up related to G. moadenan ~ h i t e a v t &  ' 

Naknek formation. 
1- No. 1 4 . '  6 mil= mthgontbwmt of B T m t  L&I: 

AuceUa sp. rehW to k bronnl Lblhwm~. 
Pteria ~ p .  
Tlenromya ap, 

' Belemnfh @. 
Naknek formation. I ,  

. ,IOSIT, NO. 1-122. Sontheamt dore of Bedmmf Lake te -. wnth 
end af lake and the dEeh   ill age: 
, *rh Bp. 
' ' ' i ~ n c e h  sp mTata8 to k errlngtonl (aabb). 

Ilrca'l ap. ' 

7 -  
114 ,$1  -mmm. 

10828. KO. well C w k ,  C~td Bay: 
aneella ~ t e d  to A. btonni ~atlnaen. 

N~k-nek : N-a: I 

I-. No. ~ q f k r ~ e  miles northwest of ~ ~ ~ c t + o i  Cold Bm: 
Ancella paIlaal Lnhusen? 

N a h e k  formation. 
I&. No. 1-l30. Two miledl muttteaat of Belllrn Buy, Becharof Itage: - 

BneeIla palins1 UhnmmP 
Eumicrot.!~? ap. 1 

, Tancredh m I I 

Pleuromgr %p. 0 

Nalmek iormatloa 
llf089. No. G-4. On anmmIt of Ctqaked Omk-8ecbaml Lah did&: 

Anpella sp. related to A. bronnl ~~~ 
Rakneb iormatlw. 

Urn. M. G5. On ridge th-fourth8 mile north of G4. 
A w l h  esi. related to k b m d  La- 
Pltnmwa mp. 



Urn. Ha. N-2 About 8 milen mutb-sonthweat d mntb end oi UgaWk 
Lakea: . . I I 

Alreella b.nrelked to A. B r d  L,a?+pslen. 
1 .  . ' ~ n b d  f t ~ m ~ t f h .  ' 

>+w . 1 * 

QWATERNABY dTmBZ. 
1 I 

,.The .oomlidated &eIltary rock of this. district am 
of Upper Jurassic age, and the only geologic m r d  n ~ w  remilin'i 
here of the long time interval that d 8 p d  between the Upper Ju- 
w s i c  and the Qwhmnry is to tra found in the volcanic rocks of 
Mount Penlik. It should not be uademtoodS however, that during 
this long period the Cold Bay district remained B l d  area and 
&ved no sediments. Farther to the southwe&, ah Herendm 
and Chignik bys ,  there is a considerable tbicknem of Cretaceow 
wdiment~, and bath mutmwwt and mitheitst of the Cold Bay district 
tbsre are bed8 af Tertiaq age, and it is altogether MmIy that some 
of .tbsw wdiments were once present in the Cold Bay didrict but 
have since been removed by erosion. 

During Pleistocene time p ~ r t s  of this district wem subjected 
to rather semm mountain glaciation. The limits of the glaciated 
amt have not been detembd, and modal .  depoeJits are not con- 
spicuous, but all the larger va&p in the higher mmntaifls show 
evidence of vigorous glaci~l s c m ,  and gf&l ice once pushed down 
.to the sea in all the bays of this district. Some idea of the develop- 
meet of thsaa andent glaciem is given by the f sct that at one time im 
acamulabd on the inland slope of the mountains mrth and wsst 
of Portap Bay .to so p a t  a depth that although the main glacial 
movement -was northward, into the h i n  of Becharof Lake, yet one 
lobe spilled southeastward across Gnatak Pass, at an elevation of 
about 850 fmk As Lake Ruth, on the inland lope, hw an ele~ation 
of 1- than 50 IOf above sea level, the glaubr th& m o d  iinto 
J3mhwof Lah mu& ham been over 800 feet thick at h k e  Ruth. 
The numemw islaads in upper Becharof Lake are reported to con- 
s id  chiefly of morainaI materid, and it is probable #at glacial ice 
fiIIad the Bechamf Lake at I& as far nasth as Severmu 
PenimEa. 

T?~re  are no glaciers now mmeining in Ehe area shown on Fl& 
11, but in the high mountaine southeast of the h a d  of Kidag-Pik 
Bay them arm many vigorow ice tongus, some of which am 138verd 
milea long. 

In ,addition tQ the morainal dle@ta, the mat&& of Quatarnay 
age inchde. fbe pmmt stream gravels and beach deposits of sand 
and gravel. Tbe q ; e d  shore of the district is for the most part 
now abject b, wave erosion, and erosion is more prominent than 



-tion. TWiilhom line ia s m d a n  of wave-& eliffa below 
which them i in most pllwes r saed and gravel kdi visible a% 
low tide. At many p l w  hmwmt, shear cliffs 4-nd into the 
wahw with no beach viaibh, even at low tide. Tbe only beach 
d s e t s  of mmiderable *ma are .f the heads of the bays, wham 
the shores are earnewbat protected from the violence of the waves, 
and *here the h c h  sand and gram1 merge with the delta d e ~ i t s  * 

of the st- . 
. mku8 - 

Thu only igmma mkEl m n  in the district, k d s a  the few small 
dikes and sills that cut the bds  of Upper Triassic, Lower Jnraasie, 
and early Upper Jurassic age, are the voJcanic mb at and near 
Momt Peilig. 
The vicinity d &nt Peovk his bew s amGar of volernic no- 

titrity from at least the Reiatocene epoch up to ooinpdmtively re- 
cent &logic tibe. The mountain i k l f  stiU &mi- a d r i h g  
.conical form, only slight$ d i m c t d  by emion. This peak, which 
no longer shows any sigma of nctivity, is on the north e d p  of a 
much older ohtar which is mtlind by the two forb of Hot Springs 
Cceek. This older mhr is deeply dismted and shows the up 
turned sdgea of tb Naknek wks, t h m g h  which the mlcmo bmh 
its way, forming a nearly circular rim around a Gerrtral core of 
diorite porphyq* Over this rim leva flows extend to the east sad 
to the muthweph. Mount Peulik itself *as not visited but is believed 
to & of clabely relaM mks. It i~ reported t h t  l a m  from 
Mount Pwlik extend n0rt.h m d  nofihemt of the pak, m & g  s 
considerable a m  'between the mountain and k h a m f  Lake. Other 
volcanoes dong the sxia of the Alwka P e n i m l a  am' reported to 
mmsist of roch'mnging in chamctm fmrn diarite to basalt. 

It is repork? h t  a mnrtid~rable are& m the wed side of 8echsmf 
h k e ,  near the math  of Featherly Cmk, 'is m p k d 7  by grmitw 
wka, but this h a l i t y  wm not visited, and neithm the 'oMims .of 
fie e n i h  a*mor the mlrltionu of the intru~ive mazw to the &r= ? 
rounding d h h t a r y  ~ c h  sw h o r n .  

A specimen nf an intrusive rock from ~niakchsk Bay, m e  EiO 
miles southwe& of Kialagvik Bay, proved to consigt of qmrtz dio- 
+rta porphyry dntaining abuadant lathg of hornblende. It is ap- 

, p n a l y  intrudve- inta J u d c  dhentpr. 
N e a ~  the head of Portage Bay a dika that mte the FJheliM and 

Nahek fom~tiona is compowd of diorita, in places heavily im- 
M p a t e d  with =dl cubes of pyrite, The widation of the pyrib 
has Iwlly h i n d  both the d i e  md tbe h c h h p :  dimenta to a 
rusty red. 
The i g n m  m d ~ ~  near KB- d d  of dikes md silk- 

of b m l t  that cut the Triassic, Lower J u d e ,  and Shefikof (Uppar 



Jnrkc)  bedPc The field mlations suggest that some of tbe b d b  
may km lava jlom interbedded with the Trisssic lhudnnm 

Y 
- * . .  rnDICATXONB OF O m  

For many years it has been known that the Cold Bay district 
cant& indications of the presence of petmIem, and it was these 

.- emface evidences that led to the staking of many c l a h  and bo 
the drilling of mveml, wells near Cold Ray in 1903 and 1904. Plata 
II shows the location of them oil seepages t h d  were visited or that 
were reported on reliable information. It wiIl be noted that 
all them wepages m r  along two structural upli-he anticline 
that extends from Salmon Creek northeastward to  ReH Creek and 
fla&us out at the n o r t h d  end, ta be continued by the Dry Creek 
fault, and the Ugashik Creek anticline, in the vicinity of Pearl 
Creek, clftari called the Pearl Creek'dome. 

The most frequently visited mepagesdare t h w  on the head of 
Oil Creek, about 5 mil= west, of ColdBay. Here the largast seepage 
amergw from a smooth vegetation-covered dope in which no rock out- 
mops can lm mu. The oil, accompanied by an abundant flow of 
watar and considera'ble gas, bnbblea forth as a Btrong spring, the w- 
feceof which. iscoated withrthicklayerof brownoil. A rowghesti- 
mab p l d  the volume of the oil flow at about half a barrel a day- 
Tbe p flows by hea& and is of d c i e n t  volume to support s 
drcq f l m e  for eeved  seconds at a time. From this seepage the 
-ping watm and oil flow down a long p m y  slope in which most 
of the oil is entrapped. Similar conditions have existed for a long 
time, with the result of building up a large area of the less volatila 
paratfin miidne of the oil, which has now hardened to a astiff, putty- 
like wnsistency. This residue, intimately inkemirred with vegets- 
tioe, covers an i m e r  but roughly triangular area, the b a e  of 
which ia 454) f& itcross and the long aid= about 600 feet, in which 
h lre idne  is from 1 to 6 feat thick T b e  mataria2 is stiff enough 

- to b a r  a man's weight but mft emugh to yield considerably under 
I lobt, Thjs residue was utilized in 1908-4 as boiler fuel for the welt 

T* and it is reported that the m l t a  ware Batisfa&ryr9 It will. 
thus prove a valuable source of fuel for future drilling operations, 

"' at l& until d c i s n t  gas has been developed to supply fuel for the 
bilets, 
atlshort distance Below the Oil Creek residue pat& a, n t m k  of 

* 

oil seepgm emerge from S h e l h f  sandstone along the b m h  of Oil 
C h k .  The qnantities of oil emerging are small, and the disturbed 
condition of t h ~  outcrops makes it diffidt to decipher the hqpr 
h t u w  of rock stmcture. It ia apparent, however, that the locality 
in %he;vicinity of the seepages lies at abut the point whem the per- 
&f.:&d dip of the upper part'of the SheWsof and the 

lmO-23-4 



M b a k  fornteh gives way to s flat- or - sli@ eonthe& 
dip, and emion. hns been deep enough .to e x p m  csrtain ME of the 
Shelikof formation in which, thera has been some cwceintration. of - 
oil. Oil-impregnated sands of the same formation orop out abun- 
dantly on upper Tmil Creek 

A mall oil -pap is reported in the vmllej of %uth Fork of 
%x h k ,  and mothey in a gulch tribntsry to Bear Cmdc frPm the C 

northeast. &I upper Salmon Creek a small quantity of h e a v  
brownish-blnck oil appaars in the st- gravels a &art d+m 
fron the mindstone bluffs tht border the stream flat. The laxtion 
of these aeepagw in shown on Plats II. Although they aIl lie on 
the h r  Creek-Sslmwn C& mtiche, they are not on the mst 
of the fold but mme distance dawn on the flanks. This indimtea 
that tbe conmntration of oil from which them wepages came i~ not 
in beds that lie blow the lowest mh e q o s d  on the crest of the 
fold but is in sandstone M s  sume distance strstigraphioally above 
the rmka a x p d  on the crest of the anticline in the valleys of B a r  
snd Snlman m~b. A dirwttmion of the e b i 2 i t y  of commarcjal 
oil pooh exiating in this anticline i~ given in another section of this 
m~port. 

The only okhermea~ea in this district in which oil mp- are horn 
to ocear ie in tb  caned West field, in the headwater dminmg 
area of Ugmhik Creek, gezlerally c&d the Pearl Cmk dome, 
Them, on the north side of Barabara Creek,naar its mouth, ia a large 
patah of nesidne similar in gize and character to thnt on the head of 
Oil Cmk.  Thapoint of emergence of the oil, of which the midue 
constitutes the 1m volakih remainder, was in a amdl t r i b n t q  
gulch, and fmm that point the residue extends down the gulch and 
out into the mnin valley a distance of about 1m fwt, covering an 
a m  of abut  1 wm. It9 t h i c k n e  .was pot determined but is 
doubtless irngalhr, being in%uenced by the hgnlaritim of the W- 
fam oa which it hm sccuannlated. A maU. drainage h e  thnt mm 
th- the d u e  contains dqims&om in whioh the water is 

r 

abmd with thick dark-brom ail, but no point could be located 
from khich tb oil could lm seen emerging. This residue is gom* 
what mfbr than that on OiT Creek Like it contains a large pr-  
centage of veptuble matter as an impurity. The of the w 

bedrock near the residue am poor, but it is m&in that the oil 
emergee from sandy or conglomeratic kds of the Naknek f o m t h .  

Another small patch of midue on the Par1 C m k  dome oc~ure 
m the valley of Pear1 Creek ~baut 1 mile north& of the large pakb 
~II& dkb0d.m It h~ 8- of about; 3,000 quam f& grid prob- 
ably hw a maximum thickmess of not more than a few feet. The 
materid closely mwmbles that on Barabarn Creek. No oil was 
=rging from the rpck, gut a thick brown oil in wddsmble q w ~ -  



titk ooim from the k d u e  and flows down the M r d  
other mall seepsgea ars reported to o m r  in the valley of'Pea-4 
C& lnesr the regidme but were not seem The bed& ngar t&e 
mpagw e t a  of pebbly sandstone averlain by maasEve conglam- 
crate, all belonging ta the N-ek formation, 

, GEOLOGIC BTRWCTUREI. 

\ 

It i& now generally m e z e d  that there is a c l m  relation be+ 
tween geologic s h c t ~ ~ r e  and the acemulation of eommemial petrob 
leum pools, and that htdErgent prwpecting for oil, esgmially in 
unproved Mds, can be done only after a elm m t i n y  of tihe char- 
actar and structure of the mcks. In the present in~digation, 
which waa made primarily for the p m  of studying the poaai- 
bility of valuable oil pools in the district, special a m t i o n  was 
giwn to the atrudurai featurea It is oukide the provlnce of this 
papar h d h s s  in d&ail the t y p  of gologic ~tructure that, have 
elwwhema hen found to favor oil accumdakion, but it may be stated 
that in this area the featares most likely to contain oil pools of 
importance are domq anticha1 falds, monodinw containing lentic- 
tzlar mds,  termas on monodines, and important faults. The 
domes and mticlhea should be first tested, a d  if they prove pro- 
ductive, drill- m y  lm judified on shwctural featurn of other 
typs No sharp d a t i o n  hm been drawn to differentiate s doma 

. frob an anticline, for an anticline may have domes upon it, and a 
dme mriy merge into an anticline. Both, however, are the result 
of compremion of the underlying mks, which have yielded by bdg: 
ing upward. If the fold so produced is long and a line drawn along 
its mest is a ne~rly straight line it is called an anticline. The term 

dome is mlf-explanatory, the bulge king  oval or cirmrlar in gen- 
ml outline; witb the beds dipping away from the center in all 
d i ~ o ~  

One of the nrcrst prominent atrncturnl f ehres  in this district is 
tJle &idbe that c m  the beadward h i m  of Salmoa ajnd Bear 
ere& into the valley of Rex Creek and is clantinu4 to the smth- 
weatward by the KiraZ@k Bay antidime and to the northgasbard 
bg the, Dry Cmk fault. This fold is well exposed along thb valleys 
af Bar and Salmon creeks, both of which cut across the anticline 
tbt fight mgla On the north*& limb the beds dip unifrrmnly to 
the northwmt at mglm of 12' to 15%.far as the hea& of %cham.of 
M e ,  which lies dong the ass of B syncline, a distance of 8 ~ 5 1 %  
Tb erouth-eask b b  has much gentler dips and extendsr only 2 or 3 
m i b  tbw c r d  of the anticline before it is intamptd by 1;' 
Battening or re-1 of the dips. , 



M h  of the W o n  Creek basin thia mtiehbphngm gharply to 
&e southwe&, beneath Portage Bay, but it, rises again ~t KidagPik 
Bag, which I ia  along the axie of the, fold. To the tiorthe& the . + 

bald flattens wt, in the bu& -of Rex Creek rind ia inamqimous be- 
twem Rex Cmek and the hd of Becharof M k .  At *he low pass 
in which Becharof, Trail, snd Dry creeks head comp&on h i l a r  
to that which caused the formation a$ the Bear Creek-Salmon Creek - 
fold started the formation of an antidme, but to the northeast this 
mmpreasion mmlted in a fault. The D v  Creek fault pmbably had 
its pateaft displacement at its i n t e d i o n  with tha wmt shore of 
Cold Bag; wbe* the baae of the Naknek formation is-dhplaced at 
least 2$QO feat, the no&Bwest side of the fault having moved rela- 
tivel y n p w d .  .-The fadt plane appears to be almost vwtiml. Thi~ 
fault 8ppmnt-v dies out near the head of Dry Cmk, and to Ithe 
northeast it pro)sably qilits d h m  in Cold Bay, as two hults 
are apparent on the northeast shore of the by. 

C m U O N  CREBE AXTICIZ?T& 

'Ilk rocks exposed along the c m t  of the h r  Creek-Salmon C& 
anticline comprk the ssndstones and sandy s h a h  of the Sbslikof ' 

formlrtion, with kwh of the Naknek formation lying ,on the north 
S i b .  Near Cola Bay a few outliem of the basal parb af, the N b e k  
m u r  on the southeast side of the DG Creek fault. , 'l&w mlmnat 
sxtkjn of the at Cold Bag (fig. '5, A) sh& tbk genewl strati. 
grap&ic sequence as exposed on the noAhwwk shore of ColdBlt~, The 
oil-dtiturated sanda of upper Trail Creek lia in the Shelikof forma- 
tion,,a few hundred feet M o w  the base of the heavy shale member 
that forms the top of the f omation. The oil seep- at the head of 
Oil Creek emerge from the same sandhaas, though at a somewhat 
lower stratigraphic horizon. The seepap on Rex, Bear, and 
Salmon craeks a h  a21 emerge fmm the sanddanw of the ,SheISkof 
formation, though from a much lower part of it. On Beas and 
Salmon mII& the lowed beds axposed are appmmimshly 5,800 h t  = 
crtraltigraphically,below the base of the Naknak formation, and the 
oil seepages am about 4,000 feet stratigraphically b low the b m  of 
the NaEtnek andr11,W0 feet, more or leas, above the lowest expo& 
beds, It is themfore appslwnt that if the oil-satprated sandstones of 
up& Trail Cmqk represent the horizon & which an accumulation of 
oil oocumd, th& the source of the oil seepagw on Bear.and %hen 
mlar is much lower in the stratigraphic section. 8n Bear and 
Sallmon creeks the beds at the horizon of the 41-bearing hhi of both 
Tmil and Oil c-ks am so tbomugldy exposed $bat my cmnmerckl 
oil accumulatiow' that may mce  have existed there mutrt haw law 

0 ! , , I  * 



ago &aped. The only chance of obtaining oil at tbis l d i t y  is 
therahm to find a lower ail sand than any yet horn. Although the " stratigraphic m i o n  shows p n t  viabi l i ty  in the thkbw of the 
fawatiwe %& Wki place, yet i.&udy of the sections as exposed 
at Cold and Riala* bays (fig. 5? A, C )  indicates that emion on 
Btar and Salmon c m h  has e x p o d  the beds of the Shelikof forma- 
tion well down tbward its base. Furthermom, the lower 1,000 feet 
OF .mbm of the Shelikof formation-at Cdld and Kialagvik bays is 
e o m p d  predorninmtly of &ale and would therefom not be ex- 
@ to contain large accumulations of oil. In this ditrict no 
e v i d e m  of oil have hen found below the Shelikof formation. Xt ia 
not .htended ta intimate here, however, that oil may not be found in 
lower famatiom On the west side of Coak Inlet, nmr Oil Bay, 
petroleum -paps emerge from the Tuxdni sandatone. The only 
place in the Cold Bag: district where beds of Tuxedni age appear is 
at Rialagvik Bay, where only the lowest part of the Tuxedni forma- 
tion appears to be repmntad in the Kidapik  formation, On Cold 
Bap the entire Tuxedni formation is missing. Whc.ther or not the 
Tuxedni formation is represented below the Bear Creek-Salmon 
Creek anticline is not known, but probably most af it is missing there. 
Next lower than ,the Tuxedni is the Lower Jurassic, of which abut  
2,300 f e ~ t  i s . e x w  on Cold Ray. The upper 800 feet of this Eor- 
mation is ampa& of sandy c a l m u s  shale with a few thin beds of 

. _lime&m :The.Zower IPOO feat is prevailingly limy sandstone at 
the top and limestone and limy sandstone beneath. At Cold Bay 
t h m  k d s  show no evidence of beindoil bearing. Below them lie the 

. Triassic limestone and shale, which a t  Cold Bag are too d e w  and too 
- lackhg in p r e  space to offer n reservoir for the accumulation of 

ptroleum in quantity. 
- The h d a &  vicinity of the patch of msidue and the oil seep- 
q p  of uppr Oil Creek dms not appear to have particularly favor- 
able prospects .of mntrlining larp  oil pools, though there is n 
e h w e  that such pmb exist there. The monoclinal beds that dip 
vwy uniformly 12"-15" NIV. from the head of Becharof Creek to 
Becharof Lake give way rt the heads of Tmil and Oil creeks and 
BB far to the southwe& as Rex C mk to  nearly flat-lying beds. At 
the ,head of Dry C m k  there is a slight anticlind fold, with the 
mwthpadamost outlier of the Naknek formation lying in the 
tmugh of a small synclina This anticline is short and is n e m w  
on its mutheast limb, though the northwest limb extends far out 
toward Hecharof Lake. The anticline apparently d m  not e x h d  
muth*estwarrf amom the trail, and to t h e  northeast it is continud 
by the Dry Creek fault. The beds at the horizon of the oil~atnmted 
'beds in 'the Sheliltof m w n e  on: Trsil Creek are exposed on Dry 



W, m that my oil concentrations there must occur st a lower 
atmt6grapbic h W n  tban the oil h o w  on Trail and Oil creek; 
No aaepaga were seen or repoktes on.Dry Gmk. ,.> ;,< , . , , , , Y 

: Zf.it is ahown that Mderable  wmant~atiom~of &I. mmr far 
~ W Q  in the %&of formation, them h a porsaibiity >that oil pools 
may .be found an the northwest side of the Dry Cr& f ~ u l t  The 
mximum ohrmd displ-ent of that fault, at the west ishare of 
Cold ,Bay, is about 2,500 Peet, and the upper 2,600 feet of the Sheli- 
kof formatian is them exposed. No oil indications were seen there, 
and:my .oil that may have e x i d  in the upper 2,600 feet of the 
Sh~likof beds at that  p l m  has had ample opportunity to esnapa 
It ia passible, bowever, that some lower oil-bearing M, hneoth BII 

impmiom s h e ,  bas been waled off at the fmlt again&t the thick 
&ale at the top:uf the Shelikof formation. 

BAY A l m d  

The &la& Bay antiche is a writhuatian of t h  same gmu~lrY 
&mcEnre as th& which makm np thej Bear k k - h h o n  Creek 
mticlina. and the Dry Creek fault, but it is ssparnbd from the Bear 
Creek-Salmon. Chek fold by an intermption at Portage Bay. The 
ends, of the Rialagvik Bay s n t i c h  were not exnmind in detsi~, 
and liatle 'is known concerning their stmdura No folding is con- 
spicllans"a;lang tbe west &ore of Postage Bay, k line with the anti- 
dinel- adis. Fatther southwest it could be seen that the anticlind 
strudhra extande several mile~~beyond Kid-7t Bay, ,bat M, ex- 
amiadtion was rnde beyond the bordeps of the area mapped (Pl. TI). 

Aafeecn- f b m  the shore of Kialagvik Bay it is appamnt that the 
-is +af the Kidagvik Bay mticline lies between the shore md the 
line of islanda that nearly incloses the bay. The jslandq which Wepa 
not visited, can be plainly gsen to m&& of dirnemb that dip 
to tbe ~outheast. The pmmiling dips on the mainIand am to the 
northwest. It is highly probable that the islands are composed 
of the robb of the Shelikof formation. All the mlm e x p d  .CT 

along the shore ftom the oicinib of I& Cmek to the mathwent end 
of the bay belong to the Kialagvik formation, of Middle Jnmmic 
age, and therefore older then iny other rah of the district ex; 
e p t  the Lower Jurassic and Trimic beds that occur only in a m l l  
ams at Cape Kekurnoi. The Rial- formation, -a W beein 
shown, is probably the q.tlivnIent of the lowest part of the TumM 
formation of b k  Inlet and is of Middle J m i o  sge. Its b m  
is not expoeed It is overlain to the northwest by more than 6,0001 
feat of beds of the .SheGkof formation, which ie in turn overlain by 
the NNaknek formation. 

.X;i#le informa.tiion ia et hand upon whi& to bese am opinion c b  
cemhg the oil poasibiilitie~l of the Hialngdc Bey anticline, The 



Taxedni formation conbins 03 seepages at Oil B*y, but they 
emerga from Ws at a higher gtrstigraphic hwizon than is repre- 

% mnted by any psrt of the Kialagmk formation, It is not h o r n  how 
thick the H i a l r n  formation is below the IowesE exposnres an 
Kialagvik Bay, nor wb& beds would b d e d  by the drill M o w  

.# 
the HirtbgPik formation. It c a ~ l  only be stated that if &rats d- 
ciently ~DFOUS to form a reservoir for oil exist belaw the expmd 
portion of the Kialagvik fannation and have an impervious cover, 
the etruetural conditions at HiaZagvik Bay are favorable for the 
ammulation of oil. 

A & w l y  developed anticline r o u ~ h l ~  paralleling the Kidagvik 
Bay and S a b n  Creek-Bear Creek folds but 8 to 14 rniIes inland 

. fmm them crccurs in the drainage basin of h e  Ugashik Lrrkes. It 
e m &  fmm Maant Burb, b t w m  upper Becharof Lake and Mount 
Penlzg, southwsptward for at  least 15 miles, cro&ng the bssins of 
Uges;h&, Crooked, and la number of maller unnamed c d .  Near 

' its norkheggt end this anticline, which as a whob is here called the 
Ugashik Creek mtidine, is shsrply domed, and thak part is cam- 
monly referred to as Ihe Pearl Creek dome. On this dome there am 
two patches of oil residue and several seepages. The Ugashik 
Creek anticline apparently flahns out; to the northeast, beyond 
Mount Burb, and although it has been traced continuously for 15 
miles ta the southwed, its amplitude diminishes in that direction, 
and it apparently fades out somewhere between the west end of 
Kiala* Bay and the hesd of the Dgashik Lake& The entim area 
of this anticline is covered by rocks of the Nahek formatian, ex- 
oept in the vicinity of Mount Peulik, an old wlcano that hw broken 

, thraugh the J-ic sediments and has a core of dioritic material, 
with some and&te lava flows that were p~umd out over the Naknek 

" 
formation. Mount Penlhc is on the northwest flank of the anti- 

I cline and in a comparatively young cone Btanding on the rim of an 
older crater that is roughly outlined by the fork of Hot Springs 
C m t  The eruptions that formed this old crater, breaking through 

rr a the narthwestw~d-dipping Jumsic beds,.bowed them up  round its 
margin and rn interrupted at that place the prevailing northweat- 
urly m o m h a 1  dips. 

Tbe Ugashik Creek anticline as a whale is s symmetrical fold, the 
beds on the northwm flsnk dipping 12°-140 NW., toward the U p -  
shig Lakes, and those on the mutbeast flank dipping a b u t  12O SE., 
b w a d  Bechamf Lab. At the Pear1 Creek dome the southeast limb 
d n d a  for about 5 mil& to the eynclind axis in upper Becharof Lke.  
Farther eoutbwmt, aa the sim of the fold ctiminiehes, the m t i c h  and 



the -line am-, The northwest k k  bas nof hem mmplehly ' 

outlined but probably extends te a p d i a a  in the URBJS* Lakw 
The. Ugahik Cseek anticliqq on which no wells haw yet ban 

hilled,, gives @se of containing oil irt m ~ m i a l ~ ~ q n u a t i t i a .  
The ac&mpnmpin$ topographic map of a part of the Read Creak 
dome (fig. 6) wa8 made and genemusly famished hy Mr. Ernest 
Maquardt and a h a  accnratdy the fqmgraphy of the mntrd por- 
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FI- 0.--pbic map ot Pearl Cna dome. By ZBrnesE M m p l d t  

tion of .the dome. Here, where the low& h& along the axis of the 
fold am expmed, seepages emerge from the conglomemtic .sand- 
Eltone l e t  form $he lowest park of the Nrrknek formation expsed, 
ht the base of the Naknek d m  not appsar at the surface. It is of 
ooum important to detemhe the thicknms of the Naknek beds t h ~ t  

to km pemtmtd by the drill on the top of the Pmrl CFeek 
dome, ht the p d e m  involvea certain unknown bactorn which=lcan 
aotrbs abwrately debmined in & m c a  af d d h g .  h m ~ t h s  ,ha@ 



shdy of thia arm thst *pre made in the field, it sp- thst the p i n t  
*thin &e d w k a t  whit& the d r l y i n g  S W i i  formation ap- 
p-bnerrrestbthesud&~~i9on~BambaraCreekahut2miles 
above its m9lortthljrrr:abwt 1 mile abve  the lower end of the &due 
patch The dmfigmphic horimn nt that place is abouk 1,500 feet 6e- 

:+ 
low the @ of the rnsssivs amglomenrte of the N W k  This ban- 
glornemte, which probsbly corresponds Lo the Chi& conglomerate. d 
the Cook f nlet secticm, normally occurs at the of the h ' h e k  
formation. In the. Cook Met fidd it has a maximum t h i h e s s  of 
1MO feet or more and thins out to nothing laterally. In the Cold Bey 
distrid its w e b i l i k y  in thichaw sad chamdm is e m  more strik- 
ing. . At. Cold B8y this b a d  conglomerate is abut  70 feet thick and 
is underlain by the Shelikof formation, of which the upper 800. feet 
is shale. From Cold Bay to Portage Bay the basal conglamerats in- 
c~aases to a h t  800 feet in thickness, and in the Kidae-ik Bay sac- 
tio%.at the hasd of Lm Creek, it is about 900 feet thick and is 
m p p t l y  overlh by about 1,900 feet of coarse, pebbly sandstone, 
which is in turn overlain by another massive conglomerate about 
l,O fiest thick. 

If this hastily studied section is correctly interpmted, there wrn 
b be two very heavy mqlomemtss s e p r a t d  by rrbout 1,200 fwt of 
pebbly sandstone, aad this whole ssemblqp co-nds to. .the 
70-foot conglomerate at Cold Bay. It is apparent, therefore, that, 
with s ,variation in thicheas of more than 3,000 feet in 36 miles, any 
estimate of tbe bta1 thich- of the looshse I m d  beds of the h'ahek 
formation on the Pearl Creek dome, at  a distance of 10 miles from 
the n e a M  outcrop of the underlying Shelikof formation, can be 
little batter than a guess. At a well location 1,500 feet ~tratigmphi. 
cally below the top of the basal conglomerate of the Nabek the depth 
to the uppr Shelikof ghale may not be p a t ,  or it may be 8s much 
as 1,HM fmt if t h ~  section oofiesponds to that on h e  Qmk and if 
tbe Ise C& =tion has ken properly interpmbd. Once in the - - Shelikof formation the drill should penetrate 800 to 1,000 feet of 
shale, blow which the Shelikof gsndatonea should ba macbed. It 
seema likely that there are oil-bearing beds in these sandstones. Oil- 
aturated sands of this formation uccur on Trail Creek not far below 
the base of the &ale, md the oil geepages of Oil Creek emerge from 
them, It would lm wise, therefore, for anyone preparing to drill on 
the P a d  Cmk dome ta be quipped to drill ta a depth of at least 
3,000 feet, although there is a good chance that oil-bearing beds may 
tm encountered at considerably shallower depths. 

If commercial oil pols exist on the Ugashik Creek anticline, wells 
drilled on the Pearl Creek dome should demonstrate that fact, for 
conditions there are most favomble for the concentration of oiZ 
When it bas been ahown that this dome contsina commercial oil pools, 



o h r  park of t4e.anticbmy.be wo&h M i .  The log of of a U  
on the dome sh& give highly d u d &  infomlltion usmta tba thick- 
nea of the bmd conglcmerah of the. N a b &  fomskion. in that - 
+chit3 and thatdepth within the Sheliked f d o n , & ~ - t h e  oil- 
bearing beds. - mth that information ip h N l : w  .@u& Btudy of 
my particuhr site should furnish a fairly murate  &mete of 
the depth of the ail sands at that place. . ,  . 

/ CONCLUBiON61. I . .  

. 1 - 
. h 1 o g i o  sumpa have besn . m d e  of only a mhtimly ~ B . I I  a m  

in the Cold Bag diskrid, aad tbma am ady of a reeowaisumncm type. 
Some of the damrinating structuml features h the district are de- 
scribd above, but few stmcturd , &tails have been determind. 
Them is almoet no infomation at hand in r w s d  to the structure in 
the ummeyad p& of the district, The oil seepages.ln the Cold 
Bay district ham been descriw; othem am reported m s d j w n t  
prta of the Abaka Peninsula. There appears to be dkfinita evidence 
of an oil. ~eepage on Aniskchak  rive^, 80 miles south of Cold Bay. 
The reports of oil s e e p a p  near Chignik Bay have not &n ofieially 
verified. 

The outlook f M the finding of ptmleum in a m m m i ~ 1  qnantitiM 
in this gmeral %ion is good, becauee m d i n  structnml featnres 
in this district and probsbly in ather pFts  of the Alaaka Peninsala 
are favorable for tho mcumuhtion, of oil and 81% of dimensions in&- 
d i n g  the possibility that they mag eonhin lar@ oil p t .  



' <$!' . THE INISKIN BAY DISTRICT2 
3 

.The d i h c t  d k b e d  in thirr paper ia on"* w e  Bida of &k 
Xnlet bheen fniRkin md Chinitaa bsyg It is a pdnstala with 
pn are* of h u t  150 square miles =perstad from the mainland 
mwntak on the west by s narrow valley extending from the right 
stm of Iniskin Bay northeadward to the head of Chinitna Bay. 
Ebr aonvenienm it may be called the Inih-Chinitna Panimula. 
Seldovin, on the southwest end of h a i  Fenimla, is directly acm 
Cook X h t  ham Chinitna Bay and is the neared white mttlsment 
and post office except Iliama, a native village on Iliamna h k a .  

Oil Bay, on the south side of the Iniskin-Chinitna Peninsula, at 
ana time A v d  considerable attention because of its petroleum 
seeps and was the acene of drilling for a numhr of p m .  Shortly 
bfm the Alaskan oil lands were withdrawn from entry in 1910 
the oil properti- were abandoned, and no farther attention was paid 
to them till the new leasing lsw was p-d in 1990. T h i  law 
renewed ink& in the district, so thst much ground was restake&, 
and it became nemmary, in order to carry out the provisions of the 
h w f  to mlIect information regarding the areal geology and struOtflr8 
of the m a  likely to be pmpectad for oil. 

Oil Bay wag visited by Martin in 1902 mid by Martin and Stanton - - - in. 1904, gad tbe m u l h  of their work, publhhed in different paper& 
h m  time to time, have been hmmmarid by M w t k P  in a recent 
bulletin. . , 

c The inv&igationa of the summer of 1981 on the Iniskin-Chinib 
Pmimda include surveys by C. P. McKinley for a t o p p p h i c  mkp 
to be published on the wale of a b u t  1 inch to the mile and a study 
of the areal and structural geology of the same area by Arthur k 
.Baker and the writer. 

1 This papec ia a prelirniuary r w r t  m u u m  made la tbe I n l g l m  flda $1 
1021. A more datslled m r t  mntalnlng the tnpograple m d  gablogle mmltfng 
Imm there numar La In prepsmtlon. 

Q. C ,  PMhinary report on h m: D. B. Ocd 0mwtsp Ball. 
n o ,  im. 
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The Cook Ink4 aide of the p d m d a  (PI. III) b bordered by 
a curping belt of mgpd mountains extending from Chinitma Bay to 
Tni- Bay and decreasing from a maximum height of 8430 feet Y 

on the north to 9,410 feet on the muth. The wst side is brdemd 
by s lower, l a a  v d  helt F n d i n g  boqt noenortheast. The 
aentml area is -pied b:y'munded hl 4 s. Thd-principd streams IZ 

heading near the mter of the area tab a r e  of most of the drainage. 
Bowaer and Brnwn cm&a ptt through the coast momhins at Oil . 
and Drgr bays, and Fitz Creek B ~ B  nerthwmd into Chinitna, Bay. 

At p-nt the paninsuEa ki withont mads or trails, for thoae m 
tablishd during the tima,of h.earlier ail wcitmnent are now grown 
up to alders and willows or washed Gut by the streams. Soma of 
tba aId .trails, hw~ver ,  eould be d l i s h e d  w i h t  gnmt'lt~tm or 
upanae. Tb piasula not,oPlg .h without trnils h t  is inconvenient 
, t o . m h  ?maurn it laclas.&wt &earnhip cmmmhcation. Iniskin 
Bsy hag deep wabt with protection for v-1s ow its lower werrt side . 
8nd is $be on)y p l m  where veaseh can enter and discharge fmighf, 
fr)r .Oil,Bay and Chinitna Bay are both shallow and Dry Bay is e. 
mere inden tation inl the shore line. 

, Sprnoe timber tm fficient for l a 1  demands is p m t  in the interior 
rnlb3~ and in plaires ia of exallmk punhty. Mmny .fise f m .  we- 
-,in the vicinitg.of Oil Bay. Bifing for fish traps and the Mhbrf 
& tbe cmmry an Chi~ik Xdand have been cat on, Chinitnrs Bay for 
a, number of pam.  . Cottonwood also growa in ths.district but isjnat 
likely ta have, mu& value for building or similar usas. A M 1  d . t h a  
peninsyEs is ~buadnntly wpplid with ~ I W B  suitable for pa&umhmd 
for hay; so that daring the days when drilling was in p r o m  at 
Oil Bay.native p a e . w n s  cut d ~ d r ~  win- feed far horses, 

i b d h m ! i .  I ' I : , '  . 

The mka of tbe Winrmlq M m e n  Inkkin and Chinitna bays .am 
Lbnnat ;nxol~ lyr imarine  ~&Iimantary deposits but am mpd 
of clastic mataria1 derived in large part from older igneow mrb, 
among which Mite and related granitic rocks were rbundent. 
The sedimentary rocks sre rmt by -a few dark-colored dikes or are 
intrPded by liphbsolod sills d are separated by a gm& h n l t  
from the volcanic mth of the.motratains betwemn the heds  of the 
two bay .  Named in the order of their rrgn from the old& to the 
youngest, they am the Tnxedni mndstone, which is Middle ,Jurassic, 
and the  ~hin i tna  &ale, Chi& conglommte, and N h &  fomn- 
tion, which  re Uppr Jurassic. ~. 



The Tmedrii san&ne is rompbaed of m n h e ,  ark-, con- 
glomerate, snd sandy shale end reach- a t h i c k  of probably 

5 
8,000 i?eet. In the lower part of the formation the mddone and 
other coamx-pined MS predominate over shale, but in the uppr 

. part &ale predornjnaW greatly over sandstone. The  shale is com- 
monly mom or less sandy except at the tap of the formation, where 

-a it is a r g i l l ~  instead of arenamous and grade45 into the over- 
lying Chinitna shale. 

The Chinitm shale is a fairly homogeneous farmetion of p~, 
b l d ,  and reddish shales'with suhrdinate sandstone and culcareous 
bads lsnd is sppmximately 2,700 feet thick. 

TIw Chisik conglomerate overlies the Chinitna ~hele. This forma- 
t b  in its l a r e  and most typical exposure is 290 feet thick and 
WIndes boulders and cobbles of igneous rock, specially p n i t i c  
rocks. It is of variable thickness and character, howevc*., and 
throughout most of the district either is repmnted by beds of grit 
and ark- or is absent altogether. 

The Naknek fornetion, which overliea the Chinik conglcnnerata, 
inclad- possibly 4,500 feet of shale and sandstone and is the young- 
est formation in the district. At its barn is about 1,600 feet of shale 
with subordinate sandstone. T h i ~  is overlain by beds of white or 
light-colored sandstone which am the conrrpicuoua clid-forming 
rmka of the mountains bordering Cdok Inlet in this peninsula. 

TIL~BB four formations succeed one another withant structural ~ m -  
wnformity so far as is known. They are in place abundantly 
silifemus, so that their age- is well determined. 

The beds are folded mther closely on the west side of the penin- 
sula near the volcsnic rocks of the main mountuin chain of the 
mainland but are leas c o m p m d  hward the east and dip in a 
p a t  rnonmline beneath the waters of Qok Inlet. 'She strike in 
pneral is about N. 30° E. in the mntral part md w& side of the 
peninsula but is parallel with the coast line on the east side and 
ch- from N. 30" E. near Chinitnil, Bay tn nemly dw esst on - - Iniskin Bay. 

Depi t s  of gravel are present along the streams and an th mad, 
but bench p v e l s  and glacial deposits are uncommon, Erratic +. boulders of m k  not present in the bedrock of the peninsula, how- 
e m ,  h r  evidence that the glaciem brought in and left rnoraind 
matmial, but apparently the glacial depwite were reworked by 
d m m s  or the ma, so that typical glacial deposits wera not seen. 

The charachr and relations of th& rocks are mmmakigail in fhe 
foUowing table : 

I I 
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-Baka of tha mwut aide of Cwb I&. 

C&W& a d  d&tdbut&n.-The !hdni eandstm~ b not s 
homopsous san&ne formation. It mnsista principdly of m d -  
stone a d  aandy ahale but includes RIM conglomerate, grit, ark-, 
sad, iq the type locality, limestone. In generd the lower part of 
the formation  show^ ~ 1 1  the mIES mentioned, but the upper part ie 
made up of sandy. &ale with which t h  beds of sandstone in ~ u b -  
ordiaete amount md ram mng1omeFate bede are intamtratified. A 
pneralized saction baaed on ohmations of the formation in dif- 
ferent perts of the district follows. 
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T & b  d atw&m.Qtndy of the Tux& w d d o n e  during 
summer of 1821 shows thst ther formstion i~ much thicker than 

Y 
earlier work in Cook Inlet g e e d  to indicate. No single &ion is 
h w n  where the th ichw of all the bed8 can be measured comcu- 
tively. The evidence of the thicIme~~ is therefore obtained from a 
number of incornpht.e aections in different localities and i~ subject 

Y fO B P M ~  arising f h m  incorm& correlation of k l s  in them sections 
and elm from possible duplication of b d s  through fanling or fold- 
. Fnrtharmom, the base of the lhxdni  sand8tone has nevar 
been unmistskabIy recognized in this district, although the top, 
dehminad. wlely on paleonto1ogic evidenw, was men in a few 
p h  The combined sections fm all the localities indicate a 
mrtximam thickness of 8,OQOf feet for the formatiea These figures 
are Lqp and reprment a thickness much greater. than the for- 
mation attains elmwhere on Cook Inlet, so that some doubt is felt as 
to their oorrmheas, although they are camparable with the thickness 
of the overlying Upper J u m i c  rockn in thrtt region. 

The structum of the Tuxedni mndstone is B ~ O W ~  on the map (PT, 
m) and b of particular importanm to those i n b d  in the prob- 
lem of finding petroleum in the dbtrict, for the known impp and 
the holes that were drilled ~ n d  produced oiI or gas are within 
the area of this formation. 

The valley of Portage Cm&, estending northeastward from the 
Right Arm of Inkkin Bay to Chinitna Bay, marks the murm of a 
great fault and the axk of a closely m p d  anticlinnl fold 
which meet each other at  a slight angla All the rmks on the west 
side of the valley, excapt a small area on the Right A m ,  belong 
in the belt of volcanic mks bordering the main mountain range. 
The gmat fault thet brought the Tuxedni sanddone into cantact 
with the mlcanic r m h  appears to lie on the west aide of the anti- 
CW a d  at Eight h but poesibly ~ O S Y S  ta the & Ride in 
tha wlley farther north, for it cuts off the w e  limb of the anti- 

- cliea ma d l e p o f  Bowser sad Fitz creeks m ~ r k  the poslition of - mxmd mticlinal fold, parallel to and somewhalt less compressed 
than the fold previously described, which extends from a point near 

- the head of Oil Bay to Chinitna Bay. This fold is compound and 
-. divides into two minor anticlines in the Fitz Creek ~ U e y .  East 

of Bowser and Fitz c& the Tuxedni sandstone dips: bward the 
mmt an& passes beneath the Chinitna shsle in zr mocI ine  that 
is intempted in places by mall local folds: 
T h e  we*m anticline is hidden on the mnth by the w&re of 

Right Arm and Iniskin Bay, so that its chsmdr there is not known, 
but the anticline of .Bo-r and Fib cfee'larmd the synclinal trough 



it and fb& Right A m  snticlina 0a- ont toward the mnfh 
and pikb or dip. benesth: the yonagernroeb of the molzntkins bs-! 
tween Iniskin.aa& Oil bays. The m l d h  of the Tux& sandstam. 

+ 

to tb Chin ib  laanla betweea Iniskin lmdl bays is not siinph, 
howemr, for fnulting disturb the nomsl .rel*tian md is horn.  
f m m  the expasums on Inisgin Bay m d  €he absence of the higher. 
beds of the Tmdni sanbtom Unfortmabely, the bw shale hills * 
&tween Oil and Iniakin baya srw so thickly aovewd with timber 

' 

and prticularly with aldtrs that only scantg information a h t  
the faulting wss obtained, in spike of the raalbtion that such in- 
formation may have an i r n p d n t  bearkg on the acamdatian of oiL 

Age.-The Tuxdni snndstone is tba most highly fosi1ifemus 
f omation id the district and contains abundant fo~sils at many hori- 
zons, Good collections were sccording.ly made Ito supplement those 
of earlier workera in this and in other localities. On t h e  evidence 
of all them colhtions the Tuxedni muddone is w s s i p d - t o ;  the Mid- 
db Jurassic. 

hih!&fe rod#.-'he intrnsive rocks in the ? h x e d ~  sandshn~ arre 
ram and, so far. aa they w m  observed, twe confined to the vicinity 
of Iniskin B R ~ .  They include silk- of qnsrtz diorite and ' b a l t i c  
di kea 

Two sills of quartz diorite, one of them 10 feet thick and the other 
60 feet thick, w m  men on the shores o f  the Bight Arm of Iniskin 
Bay. The rock is mft, is of a dsrk greenish-gr8y color, and is 
speckled or motottkd with small blotch of altered feldspar, but it ia 
scr dsm and fine-pained 'that the other minerals ean not be idmtifid 
with the unaided eye. In the surface exposures the m k  is westh- 
e m l .  andmuch altered, .so that it is soft and breaks easily. The siits 
crop, out on both shorn of the Right Arm and are structumll y . con4 
formable with the beds of wndsbne and cortg1ornerah with which 
t h y  are sasociated. Under the m i m p e  it is aesn that the roDk 
owes.its p n  color to cbrite. 

Several dikm cutting fimdni .Ma a m  e x p a d  w the east ehare - 
of Iniskin Bay. They are not mnqicuous, for the culor of the - 
dilres is much l i  that of tbe including shale. The dikm consist of 
dense fina-gmined black b ~ a l t  aad m c h  a maximum t h i c h ~ s 6  of 
10 feet. One &dl dike,jl0 inches thick, is vedcwlar, and the wsi- f 

clee dm filled ydth a white ~&ondary mined mmli i ing  herulmrtite. 
The m i c m m p  shows phenmrpk of .feldspar, augik, and &Pink in 
s groundmass of feldspar- m d  augik 

.Neither the sills nor the dikes a& 'indicated by topographic fa- 
ture~.~ No dimat evidmm of their m # p  wrlB found; aside from t h e  

. fsct.that they-am manifestly yo-r hn+the.;Middle Jm&dc' 
rocb which they intrude, 



The Upper Junrssie mks inindude the Chinitna shah, the Chi& 
+ mngIome*te, m d  the Nabak formation. These )ormaticma mc& 

one andher and the Tuxedni sandstone without stmctuml uncon- 
formity td form a belt of high rnounhins, averaging l e s  thah 4 

r - miha in width, along the coast o f  Cook Inlet from Chinitna Bay to 
hiakin Bay. About 60 per cent of the area mapped is occupied by 
Uppr Jurastjic &. 

C b t w  m d  &tri:bt&h,-The Chinikna shale congista of gray, 
black, and red&& shrgdlaceous shale, in which are inbmkmti6ed 
some, eandy and mlcareous be& and ram beds of @t. This forma- 
tion is of fttirly homogeneous character and differs from the pmvril- 
ing ahrt1e.s of the upper part of the Tuxedni sandstone in that it is 
argillitcmus rather than arentbceoug yet the &aIes of b t h  forma- 
tions at their contact are similar in appearance and compktion and 
are distinguished fmm each other on palwntoldgic sncl not on 
lithologic evidenw. Lines of f mailif emus mncretions indicating 
the bedding pIanes m e  numerotm in the lower part of the formstion, 
md in most plam where exposures are good t h y  make it p i b l e  to 
determine within narqw lhiB the boundarg line between this and 
the underlying fomatlon. The nppr part of the Chinitna shale, 
on the other hand, yields few fossils, yet it is cbmcterized by dis- 
continuous thin calcareous beds which am shaped like much elon- 
gated lenm and have a wnspieaoas yellowish mlar where weathered. 
T h e  yellowish bands, although present throughout the upper 600 
k t  of the shale, give much wistance in detemining the position of 
the formation boundary. 

The Chinitna &ale mupies the interme&& slopas of the hnd- 
ward side of the co& mountains, overlying the TUX& muddone 
of the foortPlills and lower slopas and underlying the C&ik owglom- = emte m d  Naknek formation, which form the bmw and crest of the 
ri*. I t  thus appears on the map as a narrow band nowhere mom 
than a miIe wide. 

=. T&h~88 a d  atrtrctwm.-The thickness of the Chinitna &ale in 
its type locality, as measured by Stanton, is 2,316 feet, and that of the 
partial mctiona on Iniskin and Oil bays is 1,808 feet and 1$94 f&, 
respectively. The base of the shale is not included in either of t h w  
partial sections, yet the thickness regresenhd by them is nearer the 
thickness of some other sections between Iniskin and Chinitna bays , 
than that of the type section. A mtion at the head of Bowser Creek 
givers 1,495 feet as the t h i c k =  of the Chinitna shale at this I d t y .  

Xm73"--9 



So fm a~ b ism, thb figure L no€ made qnestionable by foWq 
and faulting, although faulting might be diEcdt to d&&. Such 
s t h i b  would con- strongly not only with that of the type * 
&ion, but w@ally with that of the formation on the Madre 
P e n i m l a , w h e m i t ~ h m s m ~ m o f 7 , 0 0 0 f e e t .  

The Chinitna shale newly everywhera shows a =ward dip, J- - 
though at one lwality a small fold with revem dips was geen. In 
general, than, the formation has a monoclinal structum with d i p  
t h t  raw from 15" ta 35" end strikes that approltimste the tmnd 
of the d line, 

Ags-The Chhitna shale was at  first inclnded by Martin in the 
4LEn~hldn formation:' together with the Tuxedni wadstone, and 
regarded as of Middle Jurassic age. Later studies, bowever, led to 
the mpmtion of the E n d k i n  formlttion " inta two fornations 
and the assignment of the Chinitna, or upper part, to the Upper 
J w i c .  

This famation is less f-itifemua than the Tuxedni rsmdsbm but 
flelda n u m e m  fassih at mme horizons in its lower part, especial1 y 
Dertaip ammo- among which several species of C a d m m  are 
p ~ ~ t .  These forms were regarded as diagnostic in mapping 
the formation boundary. 

Chmwtm a d  dzMfi'b&'m-The Chimk cong1omerate is typically 
a mane, massive conglomerate made up of cobbles and'boddem of 
granite OF diorite and other igneous rocks in a tuffaceow sndaaitic 
matrix. The only Iwdity within tha area mapped where it is found . 
with the character described is on the east shore of Iniskin Bay and 
the adjacent mountain, where, ~ L S  measured by Martin, it mches a 
thickzless of 290 feet. It lie9 .with atructmral confombity on the 
Chinitnlt shde and is overlain eonformably by the maw sandy w e  
of the lower p& of the Pr'abek formation. = 

On the p l o g i c  map the Chisik conglomerate is repmeanted as a 
narrow band extending only part way between Iniskin and Oil bp, 
for the beds mtinp: on the Chinitna shale on both sides of Oil Bay 9 

are grifa or h e  cong1omerat.a and arkosir: sandstone and bear no re- 
samblance to the beds mupying this position on Iniskin Bay. In 
all other plraces from Oil Bay to C M t n a  Bay where the t am of the 
Naknek formation w&s examined the beds oonsist of coarse a h  
nnd fine grit. It themfore a p p m  that the Chisik conglomerate of 
Inisgin Ray ie pmbably a local phase of the basal Nsknek. It is 
wpambd fram the Nahek on the map k a ~ ~ l s e  of its lithologic 
character and ite conspicuous outcrops, although s somewh& similar 
conglomerate of 1- thicknem within the Tuxedni sandstone waa not 
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+ mpamtely mapped. Blocks of the congIomemte have fallen from 

Y 
the cliffs on tbe end shore of Iniskin Bay and hsve been worn by 
the ees w n m  into the peculiar shapeer that gave them the name 
Mudmmn RocIts, a name also applied to certain small idands nmr 

-the ahma t54he by. 
t Age.-ThrChisik mnglomerate hm fumi~hed no f k h ,  but its 

qp ig known from the fact that it lies between the Chinitm shale 
md @ Ndumk formation, both of which are Upper Jurassic. 

KAKNEK FOIL,XATION. 

0- mad dkt&ht&-~he Nahek formetion, like the 
Tuxedni amddona, includes a heterogeneous mixture of shale, sand- 
h e ,  ark-, andasitic tuff, and canglomm& and may be separated 
i n h  a lowar and an upper part with distinctive lithology and con- 
spicuonsr diffemnces as expressed in tupopphy and the laadwape. 
In the area btween Chinitna and Iniskin bays the lower part of 
the formation, ranging from about 1,500 to 1,645 feet in thickness, 
caosists of gray &ale with dark arkkc beds and fine conglomerate 
or grit st the base and thin sandy beda scattered through it. The 
oarlying wdiments are white or light-colored sandstones containing 
an abundmm of ipeons material, in part tuff, in part clagtic mate- 
rial derived from granite or granite-like rocks, and in part intrnsive 

+. sills This npper part includes the remainder of the formation as 
ex@ in tbe district. These roch are confined to a curving blt 
from 2 to 4 mila in width and extend ttfong the whole seaward s d e  
of the p e n i d s  from hiskin Bay to Chinitna Ray. 

'She basal arkosic h .ds  are also made up of mttterial from a land 
mass where m i t e  or p n i t i c  mks supplied an ahundanca of waate 
for the formation of new mdiments and nra belie~ed to be the time 
quidlent of the Chisi k conglomerate of Iniskin Bay, for no con- 
gIomerate comparable to the Chi& conglomersh of hhdn Bay 
ww tmn elmwhere in the district. The thickness of the mm- * p i n e d  basal beds is 147 feet on the east shore of Oil Day and ia 
approximately the same in other p l a w  when the beds were exmined; 
Sandy shaleg with beds of sandstone sum& the basal beds and * together with them make up the loner part of the Nsknek formation 
below the light-colored cliff-forming beds. This part of the Naknek 
re8chw a thickness of 1,645 feet in the section measumd by Martin 
at Oil Bay. 

The upper part of the N h e k  formation is mnspicnous whmver 
it empa3 out becam of its light color ancE because it mists emsion 
W r  than the underlying beds. It f o m  the dip slope on the ms- 
w a d  fnee of the mountains along the coast. Its scarp makeg the 
white- cliffs dong most of the crest of the mountains as seen from the 
lnndwsrd side. This part of the Naknek formation machw a thick- 



n m  of at' 1& &tMO f& The be& am ppreaiktgly hard and mas- 
sive h a t  in large axposures show didkctly the bdd* linm They 
incIuda hard a r h c  mmd&ml andwitio tnff, w r s e  aad h sand- I 

stone, ahale, and conglomerate. Thin sills of qugl?te dforite  re 
intrudsd into the sadirnentsry beds and me distiqoiabed .from them 
only bn close examination. The strike of M s  of the Naknek forma- r 
tion mnps f m  about N. 30" E. on Gbinitna Bq to marly due eaat 
on Iniskin Bay. The d i p  are evewhere tornerd +he ma and A- 
cram from an average of about 85" on Chiniba Bay to about 15" 
between Oil and Iniskin bays and on the hiskin  hate. Local 
vsriutiom of dip are found, as at ~ o w t  Chinitnn, . w h  the b d s  
are tilted to aa q l e  of marly 4b0, but no mch high dips were seen 
in the Naknek farmation fsrther south. 

A g e s F w i l s  are lea numerous ia the sedimentary beds of the 
Nalmek formation than in tho underlying Cbiniha,~huL and Tux- 
edni andstone, '6hey are ahundant at cert~in horizons, boweNr, 
and yield conclmive evidmm that the formation ia of Uppr Jum- 
sic am. 

QUA-ART BYBTEM. 

The unconsolidated dapmits of the Iniskin-Chinitna Fenhula 
include coa9td-plain deposits, Btmuu and bnch deposih and glacial 
depoeib. The ma~tal and stream deposits are much maw exhasively 
developed than those resulting from glaciation. 

Chstal p v e l  and sand form a narrow band limited by high tide 
along the outer shores of the peninsuls but are somewhat better 
developed within the bays, where they are protected from the strong 
current9 of the inlet, The marshy flats on tlre wuth side and around 
the head of Cbinitna Bay are in pert built up of msrine &ore 
p v e l  intarmbgled with gravel and sand owtributd directly. by 
dmam and with   mu let ions of vegetable matter. The W 
around Camp Point are of this nature, as are probably slso a8 low- 
lands & the heads of OiI and Drp bays. Without doubt the sea = 
at no distant p l o g i c  time extended much farther into valleys like 
thtrt of B o w m  Creek, probably cutting off the mountains betwwn 
Oil md Zniakin 'bays from the re& of the peninmfrt and leaving 
marine depoaita on the valley tlm on its retreat. Deposits of this 
kind, however, would b subject b mom or less radistribution by 

and poesibly'by glaciers and may no longer remain. No 
gravel of marbe ori@ was recugnized except along the shore line. 

Stream and bench gravels are here considered bgether h a u s e  
the only depsits of bench gravel -1~ are but a few feet above the 
l a d  sf the- near-by st- and were evidently laid down by the 
&reams Depogits of gravel and  and are less common in this a m  
. t h n  in much of inte~or Al& and are restricted to the flood plains 
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of the rrtreaans grid to the adjacent valley floors. Tbe deposite are 
mast19 of local wigin but contain emtic boulders, which w m  d m b  
lest broaght b their p m n t  d i n g  pIac.ces by ice moving from the 
high mwmtains west of this area. Owing to the rapid weahring 
of the ahde th& occupies a large part of the peninsuls within the 
h d m g  zone of the sandstbne a t  the top of the Nalrnek formation, 
the straam and bench gravela contain much argilleceous material and 
pack down go as to give firm footing for horws, exwpt where they are 
poorly dr~ind,  as in the grass-covered flats at the head of Chinitna 
h y .  Quicksands were not found in any of the 9tmmu traverwd 
during the summer. So far as is h o r n ,  the dream gravels contain 
no p l d  or other valuable minerals. The readin- with which the 
sbde md sandstone disintegrate end the mw. with which the mult- 
ing loose material is carried away by the streams are probably the 
principal reasons for the lack of conspicuous gravel, deposits in the 
didrick 
In spite of the fact that ice must have once coversd ma& of the 

pinrmls, g k i a l  dewits are conspicuou61y uncommon and were, 
r e p g m d  only where foreign material wss seen in the local stream * 

gmvel, The common topographic expmwiona of glacial deposits 
were not obwrved, although they are evident in neighboring sms 
and may once have been here. 

ks fsr m i s  now Btmown petrolam is the only mineFn11 m u m  
of the Iningin-Chinitne Feninsula that offem a p i b i l i t y  of pmflt- 
able commercial development. In earlier years a few pmspctom 
p a d  the st- p v e h  in the saamh far  place^ gad end examined 
tha hi lb in the hope of finding gold 16des, copper, or 0 t h  mtals, 
but w i t b u t  su- Petroleum =pa*, however, w m  known in the 

. vicinity of Oil Ray many years before the p a t  m h  of gold aeahsr 
who came ta Alaska after the early discoveries in the Klondike, and 
atbmpts w m  made to prove or disprove the p m o e  of an oil pool. 
The work met with inconclusive results, although a umber of wells 
were drilled, and was finally abandoned, probably from lack of meam 
to contisue it. : 

IEEPbOm 

T6e hdimtions of petroleum that first directed athntion to the 
possibility of producing oil in this part of the Cook Inlet region are 
~prings or mapages of oil and gas. Many such s p r i n ~  have been re- 
ported and have led to the staking of numerous claims in the earlier 
days, bsfore the oil lands were withdrawn from entry, and again 
in recent yeam, after the leasing law of 1NQ WIW pased. Ax attempt 
was made to examine all the seepa-ges that have been ~eporkc?, but 



in t h e ~ a h c a  of myom familiar with&& exact lwtioa this. 
not fuhy sccomp&hed. 

Martin repork a artrong mxpap bet- high snd low tidm on the 
emt shorn of Iniskin Bay a b u t  1,000 f& below thellawer cabin, 
which p d u d  an intermittent flow of oil, at one plam corning from 
a ore* in the shale of the uppek part of the Tuxedni sandskine.. 
No sign of this mpage was wen by the writer, and it i s  suggested 
that the seepage either hasl been divehd or is exhaupted. 
h e  of the oil mp-  at Oil B y  is at the fmt of the hill *bout 

100 f a  east of the pl&x whem the old mad from the cabin shda 
up the hill to the fot~rth well. The oil rhea in a water *ring and 
collects on the surface of the water in a small pol. At the time it 
wag vigited in 1921 not mom 'than an mce or two of oil muld be 
fahn fmm this pml in s, day. 

A dmng flow of gas bubbling up through water a b u t  9 miles 
west of Dry Bay was the inducement that Ied to drilling at that 
locdity. 

Oil claims hrrm &n staked recently on #e shores of Chinitna- 
' Bay, *here oil am alm reported. Although the south shore 
of Chinitna Bay was exmined rather camfully, no w a g e s  were 
found there by the surveying parties in 1921. Oil qringa might 
essily IM m i d ,  however, unlegs their lctrtione T V B ~  fair@- well 
known, for the vegebtion by midsnmmer is c#, rank a9 to hide them. 
The q a g s s ,  with the pkobable exception of the gas spring a t  

Dry Bsy, am witbin the area. of the Tuxedni sandstone- Some of 
them appear to ba near or a t  places where the dip of the aedimenbrg 
beds iecremm toward the mast. Such p I a w  wauId be fsvorabIe 
for the ~~c.cumdation of oil, but probably the p m n o e  of t h ~  eeep- 
agag ie more dependent on the fact thst theyman near places where 
the rocks are faulted or mqicuously jointed, thw giving an oppr- 
tunity for oil and gas GO emp t~ the mrface. 

Oil j3ag and>&h&inity wem visited by Martin a in 1908 and u g a h  
in 1904 'daring '%he* tima when drilling operations were in progre~ls. 
Martid1s m p r h  on the indigations he then made are the bast' 
availablb minx of information on the de~alopment of the W d  
and tlm charmtar of the oil seeps. 
M& states that indications of petroleum were dimowred in 

the Iniskin Bay maon in 1853 and that the first 8amplea of petmlenm 

M ~ ~ I T A ,  a. c., me w e a m  ndus or ttm memc ~oaat  ot : '0: L aeo~, S U ~  
, m L  230. p p  87-19, 1905. Yutin, 8. C., and Kau, F. J ., Renlnnni-m of the Iltnmm 

man. *I&: O. 8. Qtot 8urvep Btlll. 485, pp. 1%130, 1512. M*rtltr, Q. C., Pn+ 
. limfrtary report on gehoJeam h Alsaka: U. FE. -1. B n m e y  Bull. 710. pp 61- 1@2L 
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m&.taBPn by r Russian named PaveIoff in 1882. A Mr. Eddman 
staked claims nmr the beds of h w s e r  and B m  creek in 1892, 
but these claims were not dril4ed, and a p m t l y  no work of my 
kind waa done on them. Pomemy and Griffen shhd claims near 
the head of Oil Bsg in 1896, orpnimd the Alaska Petroleum a. in 
1897, and began preliminary work on the ground in 1898. 

Drilling is mported to have been in prograss in 1900, dthough 
Oliphant* mys that the we11 at Oil Bay was started in 1902 after 
unsuccessful attempts had been made in 1899 to Imd machinery and 
in 1901 to begin drilling. Work on the &st weU was ended in 1803. 

Martin was unable to get authentic information about this, well 
but statas that it was said to be more than 1,000 feet deep, that gm 
was encountered all the way below 190 feet, and that considerable 
oil WAS found at a depth of either 500 or 700 feet. It swms improb- 
able that the reported flow of 50 barrels a day was obtained, although 
oil was undoubtedly present. When the well was drilled deeper 
a etrong flow of salt water was mek and shut off the flow of oil. 
Efforh to recover the oil or to  drill deeper were not successful. At 
p m n t  w ~ t a r  flaws from the pipe and gas bubbles oontindy 
through it, but practically no oil accmpnnies the water. 

A second hale m s  drilled in 1W4 near the base of a hill three- 
tenths of a mile northwest of the first wdl and nearly 400 feet north 
of the road to Iniskin Bay. When this well had reached a depth of 
460 fed it was abandoned because of caving shale. The log of the 
well, as furnished by Mr, 'August Bowser, who had charge of the 
drilling, is as foUows : 

Record ol WIN No. 9 at OU Bagt. 
Bbet 

8nudetone --------,---+-------,--,,,----------------- m 
F4ha.I~ -,---,,,,-",-,,,-,,*---h--m----------,-------, 120 
0 d m e  1 
S W e  (cavhg) -,,-,,,,,,-,--,,,--,,-,,-----------,-,, lm - 

. . 450 

A'third we11 wg$ stnrted in the same par h a a t  M y  wth of 
the w n d  well and about 150 f e d  from the road. It was snnk to a 
depthof 900 feetbut waswwdforonIy 680 fmt Cavinggmmd 
WIM encountered at  830 feet. At 770 feet three ohl sands 6 Eo 8 heha63 
thick aad 4 or 5 f a t  ap~rb were p m d  through. I t  iis said that the , 
well produced about 10 barrels of oil a day and had a gss prwmm 
sufficient ta blow water into the derrick to a height of 2Q feet.# 'Water 
now Aows from the pipe in this well but in less mount than from 

' 

the first well. A little gss and oil slm m e  up the pipe with the 



~. - 
.ratar,'but the pmtity ia lm than W -in the m h d  m p g e  st 
tho f mk of the hiII a short distance to tbs en& 

A f o d h  h a  m started on the law hiH half a mile north of w 

tiha mbin a;t the 3 r d  hole. The derrick is still titanding, but no 
information mncerning thia hole is at bnd. The pipe w k  plugged, 
and no evidenca 6f oil, gas, or water was men when the place was * 
+isiM.in 1921. No drilling was dona at Oil Bky after 1906, and 
h 11908 the claintb .were absndoned. 

Drilling opersttons at Dry Ray began at about the same time as 
st Oil 'Bay, 'They were undertaken by the Algska Oil G., which 
wm organid in 1901 and began drilling in 3902. The first well 
waa pat down thst year, but the tools were lost at a depth of 320 
feet without haping encountered oil and the hah was abandoned. 
The we11 h d  a diameter af 8 inches td a depth of 212 h t  and of 
6 inch- below that. A wcmd well near the first was darted in 
1908 but was soon given -up b u s e  of nn accident to the machinay. 
No o&er drilling was nndertnken st Dv Bay after 1903. 

Q g b E b U r l g g A l a D ~ C E E O F I g E ~ ~ .  

Samples of thn mepage petrolenm fi.om Oil Bay were coH&ad 
by Martin for andysia. The oil when it h t  rises to the surface 
of the wate~  is dark p e n ,  but it turns dark brown. Jter it, has 
been ax-d to t.h~ air for a time and has lost pert of ita wlatile 
cbnstituents. B has a paraffia be= and would hubtlsss IM n refin- 
ing oil. 

It raa pinted' nut that the oil seepkges and drill holes aborimg 
oil am within tba area of -the Tuxedni sanddone. So far as is 
knowq none OF the seepages, exapt possibly the gm epring at Dry 
Bay, am within amas of the Chinitna ~ha l s  or the N h e k  forma- 
tion. It is themfm believed that the source of fie oil ie within the 
T u x h i  sandstone or at same lower horizon. TWO of the d r i  
holes at OiI Bay are reported to ham pnetrakd ail-bearing.sands 
nt depths ranging from 500 to 770 feet and ia have shorn a con- Y 

& I d l e  quantity of oil. No other dim3 evidence for the dapth at 
wbich'$he oil originated ww obwed. 

The relation of the oil seepagee and wells to the geologic struc- t 

t u ~ e  of the fomstion in which they are situated is of importam 
in predicting tibe location of a possible oil pool, T ~ B  e p g e  on 

* B$y i~ nwr s fault, snd the principal -page at Oil Bay is 
in a %On6 of jointing m d  faulting. The east d west show of , 
Oil B&y were debrmined by a sJrstem of vertical fanlts and cl~se19 
spw3, join4 which in gm-1 strike IT. 20° W. A glanm at the 
geologic map ahows clmr1y that the seepgw and drill holes at Oil Bay 
am in line with the west shore of the bay md that d e s t  the Mtm-  
ing does not e x h d  thet far northwad the psitidn of the m p a p  
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msy madily have been controlled by the same structure &at con- 
t d e d  the lorm and location of Oil Bay. 

Ir The awnmulation of oil, bomver, would be determined by other 
structural h t u m  than them and may be relatad to  either one or 
both of two types of folds. The rock of a narmw curving belt 
along the Cook Inlet cowt dip mstwnrd in rt monacline that carries 

' r them from view beneath the water. This stmcture is ao pmnwnced 
that it ~uggwhd  for the mountains of thia belt the name Tilted Hills. 

. The landward marpjn af the belt is marked ~ppmximatelg by the 
b o ~ d a r g  lim b t w m ~  the Tuxedni mdstone and the Chinitna shale. 
Thk bounday line in turn marka the Eocalitg of a alight change in - 
dip'betwesn the rocks of the Tilted Hills and those of the interior of 
the penbula. This champ is not everywhem nohd, but in places 
the dip of the mks dong the co& is p a t e r  than that of the in- 
taTior 'lbads and thus produoes one of the types of structure well 
M w n  in some oil fields as favorable for the accumulation of oil. 

Tlm TuxednE ssndstone of the interior of the peninsub has bean 
thm into a succession of folds with mas mnning a b u t  N. 30° E. 
The psitian of these folds is indicated on the geologic map, where 
it is shown tbt one of the two principal, anticlines follows the, val- 

. ley8 of Bowser and, Fitz ccreeks. This anticline divides inta two 
minor antidine~l in the Iower part of the Fitz Creek valley and flat- 
teas OM on the sonth near Oil Bay, losing its identity and pitching 
beneath the mathwad-dipping beds of Mount Pomemy. 
T k  two strnctnral fmtur-he line of changing dip along the 

h e r  slopes of the coast mountains and the anticline marked bp the 
valleys of Fita and Rowser c r e e h r e  believed to be more favorable 
for the accumulation of oil than others in this district. One p- . 
sibla unfavorable mnditiw in the kwser-Fitz Cmek antidie should 
be pointed out. Fitz Creek has cut its ml2eg deep jnto the l'uxedni 
sandstone near Chinitns Bay, m that the mh expmd them are 
probably lower in the formation khan the beds a t  Oil Bay. It is 

r thus possible that the lowest beds exposed on Fitz Creek am b l o w  
the horizon of the oil-producing bed and therefore that no ail will 
be found in them. Whether or nat this is true can not be determined 

% tilt more is h w 1 1  about the m u m  of the oiI. 
The valley of Portage Creek would seem to ofler a 1 s  fapomble 

lmPity to tegt for ail because t.he mks are so closely c o m p m d  that 
the limbs of the narrow fold are almost pmlIel in places and be- 
c a m  the fold is affected by a profound fault which cuts off its norkh 
end completely. 

Oil may be foand in other struchlral featores than the h o  t y p  
of folds already mentioned. One such feature is n porous ssndstone 
M capebla of holding oil inclosed in a shale bed tight enough ta 
pmvsrrt the m x p e  of the oil. Beds of this nature are doubtless p m -  



ent in tbe eppes d d y  part of the Tmedni sanddone, bat their 
a c e  at a particular locality mid not ordinsriIy be p d & d  from 
SuPfnce indications and oodd be determind only by the EZrill. r~ 

A tilted sandgtow bed a t  off by B tight fault mi@ dm provide 
a mmoir  capable of holding oil, but hare again the & B d t y  of 
h c b g  it would uaually be p a t  in an undeveloped field 

r 
It SWIIS ePident to the writer that if other drill holm am pat down 

in the search for dl in rthis district $hey should be lmtad with mfer- 
m m  to me or the other of the two principal structural fenturn just 
deecribed. The mtidine in Fitz and Bowasr C m k  vnllep is in 
malitg the c m t  of an umymmetric&l fold, af which the monodine 
dong the 671ook Met $horn is the eastam limb. In at hast one plam 
them ia a d minor fold between the crest and the mmmline, bmt 
in othr places no such minor fold was found. If oil in considerable 
quante were moving up along the beds of the monocline it would 
pmbn211y in p h  find its way past the line of decreaging dip into 
the cmst of the anticline. The tiltad dimen* be& borrt&ng 
Cook Inlet wodd aeem ta pmvide, a p o d  pathering gmmd for oil 
and mndition~ f avorsble for its accumulation, but the preeanoe of oil 
cam ndt be p d k M  snd can hardly-be detamained by my other 
mmm than the Wl. 
In mmmariting it msy be mid that the f5aiskh Bay +II mclndea 4 

a numbr of long, mamw anticlines,"which am adjoined on the ma- 
ward side by a p ~ t  monocline. This mondine &odd have af- 
forded a considemble nndwgmmd drrririage &ma for ail and , 
oonEaindua,blepIs. . 



A PETBO'tEUM SEEPAGE NEAR ANCHORAGE. 

Prior to 1991 no evidence of petroleum near hchorsge had heen 
f m d .  Some Wlaw drilling had been done, but it did not reach the 
bud mdq and the character of th nearest e x p o d  formations gave 
no mm~~mgement to the hope of finding ail at greater depths. In 

IHI, however9 r small petroleurn seepage was found in sec 24? 
T. ; R 3, abont n d e  southwest of the town of Anchorage. TI& J% 
I d * .  r r r ~  visited in August, and oil seeping from a gravel h n k  
on top of nclay layer at abut  sea level was found. The sespage waa 
d m d d  ta yield abut  2 fluid ollnceg a day. Its Imtion precluded 
t b  pessibility of its being due to an smidmta1 l e a h p  from rul oil 
t d .  Other reprkd seepages in the district were not seen. A 
ssmpb of the ptmleum was: oollcwtd and submitted for ammination 
to &a Burean of Min- which reported as follows: 

T'h '.lmble of a mlrtnre of o i l  writes, and sediment Bg almple 
d l h t j m  mtd apamtlon It m a  pomlhre to obtain about 30 cubic centl:meka of 
the OIL Tbb pnantlty. of mnlwe, ifl not satticient to permit a complete  as&^& 
bqt tbe iOUorrlnp msirlta were obtatned: 

Emenn of M h e s  Na. MISB: 
gtnvfty, 0.880. 

mgmw Batmu% 28.1. 
Sulphur, 0.50 per cent 
V i d b  (Wbolt Universal at 100' F.). 45 ~ d a  

The pavIty and indicate that thin Is a gmnfne m d e  cdl of fairly 
high The erample wag distilled with the following -1tu which. bow- 
wer, am wly appmimte : 

FIrBt drop, m0 C. -" BeUlag below Zi' C., 30 per cent. 
. ,,: SWhg betaeen 226' md ZBOO O., 22 per cent. 
, Boiling betwen 250' and 275' C., 12 per cent 

fe dl 811 per cent was movered by boIUng between IlM0 and 276" C, whi& 
W d  indicate that the distillate msfated almegt entirely of Ite'rm?ne. No 
gneollne w u  gresoent. dtl approximate nnalyds of the oil conld W given as: 

- - * ' C;laaallne, none. 
. fernsene, 64 wr cent. 

C)a% 04 labrlcating dl, and reMunm, 98 mr mnt. 
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The fact that the petroleum has without daubt travded a long 

dishme from its bedrock source may amount for the shoe of 
gasoline. 

There is no mtive evidence of fie source of the petroleum of 
this seepage. 'She surface of the region for sleveral milee is mantled 
with a cover of gravel and sand, probably at least 300, feet thick. 
Sofk ~ndstonm kntaining a little lignikic cowl m r  on €he &om 
of Knilr Arm, not far from the seepages. So far a8 known thwe 
beds am only gently tiltad. Even if oil might be distilled from 
the vegatrrbIe remains in these be&, the fact t h t  the formation is, 
nearly unaltered except for slight cementation of sandstone wems 
to preclude the idea that the physical conditions haw been Qavor- 
able to distillation. Moreover, the same Tertiary li&ta-bearing 
beds QCCUF in large areas both north and m t h  of this hditg= 
These beds have k n  examined in comiderable detail, but nowhere 
have fiey revealtd any evidence-that they ooa4sin p i e t r o b , .  a d  
they caa with d d e n o e  be mcluded as a pmible aonpm of thia'oil, 
Tbis wpga mrs near the eastern margin of the p a t  8usitna 
lowland, which m m  over 1,WO square miha and is filled with 
silts,, wands, and.gravels to an unknown but probably gmd &@h. 
Theae delta dapbsits undoubtedly contain some. veg&ble p i n s  
and pmibly sow animal remains. It is not h p d b  tht  mch 
deposits mi&* afford favorable conditions far the famatian of 
petroleum, but mch an exphmbn of t h ~  f- in brand is. a mere 
speculation Ifmeover, the anmnsolidatad silts, sands, and gsveIs 
certainly do not afford favorable conditions for the farmativn of 
ai! pis. 

With regard h a p i b l e  hard-mlr murca for this oil th-e a d -  
able facts obtainable from o u k r ~ p  are all negative. The - p v e l  
bench from ~ h i c h  the oil smerges stwtches &ward for 'I miles to 
the biaw of the mountains, mantling J1 rock e x p o & m ~  In the 
mountah the formations canskt of closely folded and faulted - 
altered sediments and igneoas rocks: possibly pf Mesozoic age, but - 
entirely unfavorable to %lm presenm of petroleum and so, much 
a h r e d  and disturbed as to preclude tha pmibiliky that-they mntain 
oil pools. 

The onfm,pping b d r d  in the vicinity of .Anchamge th~rsfure 
affords no clue ta the mnrm of the seepage oilr The <*~$k1land 
hcribed is o~cupied entirely by alluvial depaerits, the only 
b e W k  being s few outcrops of the Tertiary lignite-karirsg- beds. 
Neither of them formations is a promising mum of petroleum. 
The formations in the highlsnd bounding this altuviwn-w&~d 

1 Cappq El. a. ! C b  --=a : U. 8. M L  S u m p  31111, M3, gp. 182166, 
pL %1@18. . r ,  
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Iowland are not M e &  to be air bewing, yet this lowland lmct 
may i t d  f contain oil-bring rocks. The near&, known oil-bea* 

r m b  am thoee of Iniskin Bay, 150 miles to the south, which am of 
Juramie nge. The extension of the gtfikg of them distant. formations 
would wry them into the lowland @on near the eastern margin 

P, 
of which the Ancharago seapage is situated. If the Anchorage 
neepsge i8 'derived from such buried oil-bearing mh, a careful seamti 
4 m  the lowland @on should l e d  to the discovery of other seepages, 
if they have not already been found. 

Evidently, therefore, the presence of oil in this e o n ,  ex@ for 
the small seepage dmribed or othens that may be f o d ,  can be 
pmved ody by drilling. In the absence of -Mmk exposum, 
geologic examinations are of little or no value, Tha fact that the 
regioa i readily accemible by steamer, milroad, and wagon road 
will make it: far lem expensive to drill than other parts of Maske. 
It should be added, however, that in the absence of any clue to the 
skructare and any knowledge of the depth of the oil-bearing forma- 
tions, even if they are present, all drilling in this region must be 
classad as wildcatting. 





t A SIPPOSED PETROLEUM SEEPAGE IN TEE NENANA 
COAL FIELD. 

bring tbs hat two years the discovery of mveml wp-y 
genuine petroleum -pages have been reported from the Neuma 
wd 8dd, Alrsska, and several prospecting claims haw ban staked. 
The reports of seepagas were su6cientIy definih ta juatify a field 
examination, and therefore the writer visited one of the l t i t i e s  
in August,, 1921. The evidence obtained in the field and from 
l a b r a t o r y - m v ~ t i o n s  of matsrial coU& appears to iadicah 
that the impposed petroleum residue is not derived from petl-oleum 
but ie a tar distilled from burning coal beds. 

It is the duty of official geologists not o d y  to indicate the areas 
that am favorable for the finding of oil pools or other mineral de- 
p&tg but a l ~  tthw that are unfavo~able. Much of the 111.m valu- 
able resulte of fieologic work, including the work of both official 
p I o @  and of those in private employment, consists in mducing 
the upem and hazard of mining investment by pointing out the 

. ]&ties or regions where mining operations are not justiiied. 
' The s u p w  Nensna oil s eepap  have attmchd enough public at- 

- tsntion to make it imperative to give in full the reasons why they 
T haaa p f o d  not to be tm petroleum seepages. This p-ntation 

wdl, it is hoped, dimourage any further expenditures in this region in 
1 .  madl  for ptroleum. 

Petmle- seepages and'rssidu~ are generally and rightly re- 
1 garded as among the mest useful. and reliable indications of oil pools. 

Although those wha are not familiar with oiI seep- sometimes 
mistake iron stains, mineral salts, and living organic slimes for 
tbem, it is genedly considered that a true oil seepage is mmbtak- 
able. It ig himportant, therefore, to descrilm a material which has 
mme of the generally accepted characteristics of a petroleum residue 
but which is believed to be something else. The purpose of the 

- pmmnt p p r  isnot memly to report a supposedE oil discovery that ia 
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believed to be bamd on mkleading indidions but to call attention 
to the 'broader question of the possible general ihadequq of a corn- 
mody accepted dass of evidence. e 

It was reported in the summer of 1920 that s ptrdmm wepsge 
had been discovered in the vicinity of Hedy Creek, n s a ~  the south- 
ern margin of the Nmmo coal field. There am a h  r e m , ~ h i c h  * 
apparently have not been r e f w d  tu in print, of indimtiom of petro- . 

leum in other p&s of the Nenana coal field, notably on Totatlanih 
Creek in the northeastern part of T. I1 S., R. B W. A sample of 
sand impregnated with bituminous material that waa s u p p ~ ~ d  to be 
petroleum or petroleum residue was taken from the Healy M k  
locality in 1920 md is said to have been subjechd to tests in which 
oih bearing some memblance to petroleum were extraded by solu- 
tion. Considemble intern in the possible occurrence of petroleum 
was m s e d  thereby, a d  application has bem m d e  for several oil 
10- in this vicinity. A brief visit to the mrppamd seep* was 
made in A u p t ,  1921, by the writer, who, ttlthough he had never 
wen the p w c h  locality Mom, was thoroughly familiar with much 
of the neighboring territory. While in the field the w r h r  suspechd 
that the s u p p o d  petroleum residue was redly a nmtturaI coal tar 
pmducd by the distillation of burning cud ML Chemimt tests 
made in the labomtory of the United States Geologicnt Snrvey by 
E. Theodore #richon tend to confirm this suspicion. 

The r-s for believing that this materid is not le petroleum 
rmidue are a9 folIows : 
No adequate original source of petroleum is hown in the strats 

that crqp out & and near the supposed mpage or in the rocks that 
mderiie them. 

The strueturn is not favorable for the caccumulation of bodies of oil 
in the vicinity nor for its escape at this pint. 
If petroleum were emaping at this localib it wonla-dm& mr- 

tainlp -p at many other p h s  in the Nenana coal 8ee)d where Yt 
woddpmbab1ynothavebeeno~er~~)kedbythew~~ra~d~rsas- - 
mi& in the detailed investigation which they made in 1910 or by 
the e ~ ~ ~ m a l  other geologists and many engineers an.8 p~ospctars who 
are f & d i a r  with the district. 

The m~tterkl differs in odor and chemical cornpoition fitom most 
petroleums and contains subsbmc~ that are g e n e d y  regarded srs 
chrwteristic of ma1 tam. 
h adequate mum for natural d tar is found in distillation 

from mal beds that are known to have burned at many plam 
thronghout the field and that are b e l i e d  to have burned at this 
very spot. 



BITUMINOUS DEPOBIT. 

I 
%,, lacaliky of the supped mepage is just inside the muthem 

barde~ of the Nenana aosl field, which lies in the northern foothills 
of the Maaka Runge, in the central part of Alaska. (Sm fig. 7,) 

The Nenena coal field, which has been describd by Prindle: 
f Bmkx nnd Prindle: Capps,' and Martin: contains e thick section of 

. Tertiary (pmbblg Eocene) cod-bearing mka resting unmnform- 

- - . . - . . . - - -- . . - . . - - 
EXPLANATION 

t , a ably on igneous and highly lnetiuaorphic rocka and averlain by 
Qu&m8ry gravel. The coal-baaring strata are at least 1,200 feet 
and m b l y  1400 or 2,IKKI feet thick and consid of dightly comli- 

PrIndle, L M., Tb6 EtonnIQetd and Esntiahna mom: D. S. W L  Sar*ep BuIL 811. 
ph 2 W 6 ,  I W .  

'Bmoka & E.. und E'rimlIa L M., WIS Motmt YcK1nlp~ reglm. 4laiLa: U. & WI. 
Burmy Prd. Wpm 70. pp. 158-182, 1811. . 

4Cngpa a, The Bonnieeld -on, AlnmLa: Q. 8. M L  B u m  BUR W. M pp, 
1032. 

, . .MartlP, a. C, ~N~ c#l naq m a :  1J.&&lfgt ~ B a l l e E & M p A  
1010. 



340 . RE~~UIWBS OF -A, 

daM mnd, cla~, -snd grave1 with nmasrous berda of lignite, them 
being at  least 12 cod beds of workable tbickna, eix or more of 
which measure 20 feet each a d  mveral of them 30 to  86 feet. No C 

organic matter, other than the coal a d  tha d i m m i d k t  wgetablte 
detritus which it is c ~ ~ r g  t o  find in the ssndEadnea adjacent to  
coal beds, has been seen. 
The supposed -page i in sec. 15, T. I2 S., R. 6 W: Fd&& 1 

meridhn, on the east bank about a e b  above the month of Cripple 
Creek, which flows northwestward into Hmly Creek, one of the 
larger eastern tributaries of Wensna River. (See fig. 7.) 

Cripple Creak has cut a d&ontinuous wries of expcmma of Ter- 
tisry cod-baring rocks dipping about 20° N. The rocka are clearly 
e x p a d  only where the cmek washes the bases of the a p  bluffs, 
the intemening amas being more or 1- rnnntled with talus. About 
half a .mile south of the supposed seepage Crippla Creek emerges 
from B narrow canyon in which igneons rwh and highly metamor- 
phosed =hist are exposed underlying the cod-bearing rock 
The bitwninoua deposit or supposed &'oil seepage" is near the - 

top of a steep bank, a h t  150 feet above the creek. Tbe coal- 
b r i n g  rocks do not clearly crop out at this poiat, the expcmw 
'consisting of hillside wash, mom or less mantld with grave1 from a 
terrace on the top of the b a d .  The gravel and talus sre laid bnm in 
a mall area w b  the mil and vegetstion have been swept away, 
partly by landslides and partly by wind erosion. Hem the sand 
and mil are mom or lea enemlly impprated with hrry and 
oily material, which bears soma resemblance both in appearance and 
in odor to petroleum residue, though the odor is somewhat different 
from that at any ail seepage which the writer has ever visited. 
Shallow trenches have been dug into the sail at this placa without 
revealing any etrata that were absolutely n n h b e d ,  ht showing 
considerably mom of the bitminous material than was apparent on 
the natural snrfaae. The oil or tar is possibly disseminw through- 
out the exposed materia1, but it is not uniform1y distributed. Small - 
irragular rnasaes of sand seem tm k completely saturated wit% black 
tarry and oily material, so that they have ahut the appesranw and 
consistency of the t a r r y  sands that were formerly used in laying 
sidewklks. Tbe odor of the material wss noticeabb to one waking 
over the area sad is said to have led to the discmverg. The mom- 
pansipg sketch (&. 8) shows the relation of the bituminous deposit 
to the pave1 'and to the underlying lignih-bearing MW This 
sketch is a copy of a muah diagram furnished by Mr. W- E. Dank2e, 
whoistha~ughlyfamiliarwiththeImaIity,althonghhediawt 
have bis detailed note at hand when he prepared the d l w .  
The sketeh indienbs coqditiona suMgntisIly in aamrd with.the 
obsemtions of the writer and supplies widenm in confirmation of 



the thmq h m  I& forth, althongh it was prepMed by one who did 
not have that t h r y  in mind. It &odd be noted that the 5-foot 
bed of lignite has its position lnerely indicated in th lower lsft 
m m r  of the aket&. This is whem the writer HXW no e x p m m  of 
the Lignite b d  only fmgmmB of clinker indimthg that a b d  bad 
b n  bnmed. Only the upper part of tb lignite bed is drawn =lid 

'in the &etch. This m l d  geem to indicate thgt the fire did not 
s h n d  ta the h of tbe gravel but was probably drowned ant a 
&ark distance below. The biturninom deposit is shown rs lying 
wholly ia the gravel, a position which is in accordance with the belief 
of tha writer, and it is dimctly above the place where the fire is 
Waved b have d i d  oaf. This is the very placa whom, in acwrd- 
rnoe with the theory hem p m n b d ,  the tam and oila would condense 
in p a t e s t  amount. 

glWrm 8.4- W g  relatfam of bltumlwnm dqmdt on Cripple Creek tn grkPel m d  
I l lalte&arln~ beda 

m U H 3 X C  ElVXlDENCE TELLT THE MATE- I& NOT 
PETROLXZUM REBIDUE. 

The only eedimentary strsts b o r n  near this l d t y ,  or anywhere 
c elm in the Nenans anrl field, which might be consideredmas a possible 

mutee of petroleum am the Tertiary lignite-bearing h&. Thew 
beds am oomptmd of slightly consolidated sand, gravel, and day, 

*, with numeroua beds of lignite. Their organic constituents include 
only the bede of lignite ttnd the vegetable detritus which is common 
in m w n ~  -isfed with coal beds. The intervening strata w e  
dominantly mnd and gravel, with no observable organic constitumrts. 
The argillaceous membem (clay) are relatively-few and thin, prob- 
ably being subordinate to the lignite in amount, and thy consist of 
light-colored clay which is notably lacking in organic matter. Car- 
b n m u s  or bituminous clay or shale is relatively scarce i f  not 

. whoup la~khg.  No beda of limeatone or of diatom~&u~ or inh- 



d a l - e a d h  at- stfjr marine or bmckhh-water beds-lim IraO:m, Tlie 
in brief, contain little or no organic matter Irom which 

ptmhm might be derived anl&.i6. map be t h  mmina of the 
high? ferns of .eegeCablg life in. and awocisbd *tA* the witem, 
and these remaidb sm not gm-eraliy nqiprdd as a pmi'bla *urm of 
p tdewn,  It. m y  therefore be cofisidered wrtaill that thie l i p i b  
beering stFata of the Nenana field am not a probable sourn of 
petroleum. 

Zn dimming the queatid as to wheether ~ I e d f n . e d d - : h n v e  
bben derived h i m  strata h e a t h  the 11gnitpW~img be&, brief mn- 
$idsfation must Bmt b #given to the gpneral &&ctum and di&t.iba- 
tion a£ the beda The Nenmn coal field (see 6 ~ .  7)'~cbhsi& of a 
gmrp of n a m w  and gently warped b s h  T h e ' d l A a t i m  bf 
shallow basins hsving a dominant east2west structnml 'trend With 
deeply inckd north-south drainage reveals the basal contact of the 
lipibbearing Ms very thoroughly .in all .parts o f  the field. For 
example, st  no placa in the portion of the Aeld covered by the de- 
tailed snrveys d 1916 am there exposures of the lignih-bmring 
beds at a hori~antd distance p t a r ' t h u n  milea from the exposures 
of the underlying mb. Conqen%ly,  there is little chance that the 
lignibbearing beds are underlain a+bere in this areasby m k a  
of unlmown c h a e r .  

The ml. exeaJGd beneath Ua lignite-hri&.,hdB include the 
Birch creel? and Tobtbhiks schists and intmsive i&gous rocks, 
chiefly andedt4: d d a c h  -;*, is clearly hopelsw ta 1mk fm these 
m h  for a so 2 " ~ f  petrole& Moreover, at no place in t h i ~  p n -  
end e o n  em there any mh h u m  which might be c o n d e d  
as possibly oil-hsing. T h e  northern, foothills of the Alaska, R a n g  
are Bnown plogically for 100 miles or mom both east and west 
of this locality, and throughout this b& thb rodksr.hmtk %he 
Tert iq  lignite-bearing beds are alrhmt wholly cry&alline. It 
should be nohd that relatively unaltered Devonian limestonw end 
Ordovician s h a h  occur on the north flank of the Alaska Range,,but 
thsy have not been men. witbin a great m'a~y milea of #is l d i t y  
and are known only in the mo&taina snd not inkha extghsion of the 
foothill Mt. The marina Jurassic and ~ e r t i a ~ '  drat* that contain 
the known petroleum of Akska have not been,fomd north. of the 
M a h  Range, acept in the Arctic wastal proviiice, and pm hli+ved 
mver to have been deposihcl there. 

GgOLrOGIC EVTDEENCE TEAT TSE MATERUL XB TAR. . . 
h. balief of the. writer that thh m a e l  is a aatuFal ma1 *.pro- 

duced by distillation from bgming coal be& htb gdpgic suppit 
is the fact th+ wal I d s  havs burned. at many p ~ , t h r o u g h o n t  
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tbe field and have. pmbsbly burned at this very spot This is, mow- 
over, one af, ,the p h  where the geologic conditions sre epeeislip 

.c i m b b  ,for a trapping and andensakion of the liquids and gases 
that, murrt,in&ably be' g i ~ e n  off whenever a coaI bed is burned. 
Tba lignite 'beds throughout the Nenana field have been exhmidy  

burned from unhown natural c a m .  Them iri h a d y  a single Esrgs 
Y expormre anywhere in the wwtarn part of the field in which one or 

more of lthe coal beds have not been burned in p h r  or less d e p  
The buming of the lignite in the Nenana field was fimt described by 
Prindle: wha s t a b  that on Healy Craek " some beds in almost every 
&ion have b n  destroyed by fire." The burned coal. beds are also 
d d b d  by Capp; who says that on Healy Creek " mme h d s  of 
coal h v s  burned out in almost all sections examined." 

Refemme to the b d g  of the coal beds bas aim hem made by 
tbe writer: who has given many details conclerning locditiea at 
which h m  is evidem of burning and who states that '' the con1 , 
beda have been extensively burned in many parts of the field, espe- 
cially in T. 9 S., B. 6 W., whefe onIy about half a do7~n unburned 
out.cmp were eked." The burning bepn at an unknown date, 
in mme pl- certainly before the deposition of the Quatarnary grao- 
els, and some M s  are burning now. The extensiveness and the an- 
tiquity of the burning ara indicated by the fact tht.  one of the most 
trustworthy miteria used in the detailed survey of the ooal fidd for 
distinguishing, in por.exposurss, between tho &anternary p v e l  and 
t h e m w h a t  Bimilar grsvel that is intercalated between the ma1 b d n  
k.h almost universal ppresence of minute chips of burned clay, 
rasembling pi- of brick or tile, in the Quahmary grsveL ~ i m i l &  
pieces of burned clay, which doubtIess came from the Nenana coal 
field, h ~ v e  been found by the writer in the p v e I  of the low terrs~es 
along Tanana River. If may be noted that the burning of l i p i - $ e  
in p& p l o g i c  time, as shown by the presenw of pebbles of clinker . 
in hrrrrce gmv~ l ,  has also h e n  observed in Montana.@ 

Y ~ l t b o u ~ h  no burned'coltl beds have hen wen at  the bitumin~~ls 
deposit, &e coal beds and acmmpsnying strata not being actually 
gxposed: &..the p h e ,  abundant fmgmenta of burned clay and &o . 

*, -massas of wriacsous material resulting from the compleh fugion 
of the rocks were smn by the writer in the mil immediately below 

*PHn&k,:L & The BonnIBdd and ganthhm regloam: U. IJ. U m L  S u m p  Bull. 814, 
pp 222244,1907. 

T C r p p ~  &. 8, The RomlfieId Won,  A l m h :  U* 8. C ) d .  B u m  Bn11 601, pp 65, 68, 
earn 0.1. 1912. 

r a ~ a r t i b  a. c., rn N- A I ~ :  u. 0-1. E~U-  mi^ aw M W, 
1919. 

0 bllm 3. A,, k~&mmphlmn p r o d a d  bp the burning at lb i te  beds in ~ n k o t a  d ' 

Bfomkna Tnmitoriea: &ston Rac. Nat. HI& Proc., vol. 16, pp. 258-25% 1874. Colller, 
h J., @ IlmIth, C. D., The Mike Ci ty  d field, M m t :  A. 8. Qd. B u m  61111. 341. 
p, 15, 1809. 



b& &am been burned at thii wry phm i# no mnclusive evi- 
d e m  as to when the burning .&k phce here. Thie fire ia nd w 

burnipg now, but the fact that volatile material JM ' m i n e  in 
the MEuminoad w i t  is perhap en indication that the h d g  
was of compmtipely data; w 

It is evident that whenevet a coal bed is b n d  in the Wtmd 
there will be didillation of liquid end gasemm hydrocarbns in 
advanoe of the actual combustion. When the coal-is be&d Ito s 
suflcknt tempwsture, liquids and gases will be dfimn off in the 
same, nay EB they are in the manufacture of coke or in the artificial 
distillation of tam and oils from coal and ligniteVm T h e  liquids 
and gases will, farthe roo& part, burn or =ape intd the sir, but 
part of them wil l  migrate through the rocks, and if they m c h  cool 
or daanp place they will undoubtedly condense them. The gam 

,given off near the margins of the burned areas ire the mom Likely 
to .-pe cornbustion. 1f the margin of the ; b n d  a m  sppmch& 
tbe&ace of the ground without acturrlly mching it, th-gams ere 
Mv,meither to be burned nor to escape into the REF but will be 
in pirt condensed in the damp, oool soil.* 

The. specie1 conditions favorable bar the hpping  and -den- 
d o n  mf distilhtion products at thia locality w e  tba prmmca of r 
-1p- horizontal bench of Qmata-ry- gravel lying &conformably 
across.the beveled edges of the Tertiarg l i e b  M a  (See fig. 8.) 
The wrface, of thb k w h ,  if it is like the airnilar neighbring 
bent%=, is dotted with marshy arem lwrd pools of wetst. The mi 
t e r a ! :  &mposing the bench-are doubt~ek either wet or fmmm. 
Ths hrning of the coal b d s  would probably rappmnch withant 
reaching tha bsim:.of the hell p w L  The and liquids given 
ofl from the combastion and distillation of the coal would be trapped 
be~aath the wet or frozen gravel and would in park c o n d m  there, 

The natural bming of coal beds i a well-known phenomenon 
which has been described by many obmrvem. OnEy a few of tha 'u 

mom oornpreheasbe deacribtions n d  be c iM hedl1 The pub- 
lished dwriptioms deal with the destructive efE& on tbe coal 
beds and with the. effect  of heat on the overlying mh, with special 
refarenee ta tba fusion of tha rwks and the development of glaas, 

m-fhauer, W, . W e  oDs Cam mnd thair {ICnLlluh b r  
bharlea Wtw), 188 pp. 1BI8. 

=Ama 5. A, MetamorpbIgp. mud by the kimtm oi IUnite bedl In a*lroh u d  
~ o n -  Territcrrlrs: Bomon Boc. Nst. H1& m-, mL 16. 21tL282, 1874. 

CslIjer, A, S., aod 0 ~ 1 t h .  C. & Tth? Mile* CIQ d field, M-L: 11. 19. Owl. W 
Boll. 341. PP- 1 W 8 ,  1008. 
me, ALerander, Tba burning M d bril. h m: AUL llrrt MIL m, ml. 

18, pp. 28&1Q3. 1Bfb. 
mgea G .  H.. -&alpand U - o l a m : W -  a QaoL 

anrveJ Prof. Rper 10% pp 1-10, lo la  



dag, and siticah minerals. No reference has beea made in print, as 
far as the writer knows, t o  condemation products from the distilla- 
tion &-the m l .  Ths mason for this omission is believed to be that 
in most regions the coal has: burned vigorously to the very oukmp 
and tbt  consequently the digtillation products ham either burned or 
escrrpd into the air at the places where they might othemisa be 
most easily obsemed. The grlses given off at p a t  depth will as 
a ruIe be diffused through buried rocks, where their condensation 
products will not be observable till these buried racks lsre laid open 
by natural or srtificiel excavation. The fact that n~btural tars have 
not h e n  commonly noted in connection with the natuml combustion 
of -1 beds may also be due Ito the lack of a wet or frozen cover. 
h e m U y  either the mks are wet to great depths, wo that thb coal 
beds do not bum, or elm they are dry to the very wrrface, so that 
they heat to the sarface and the gases escape. 

Zn ader to obtain more positive e~dence as to whether the organio 
m r t k  of this place was actually derived from the distillation of coal 
beds, mmples have bes-rr studied by E. Theodore Erickmn in the 
chemical laborstory of the United S t a b  Geological Survey. The 
following report has been submitted on three samples collected by the 
wribr, all from the same locality. Sample A was a, selected sample 
mad8 up of nnmemus small samples of the more bituminous b l a  
smd.  Samples B and C were repmntative selections of the 1- 
bituminous (average) finer and coarser materirl. 

#ample A: & &lorofom extract indicated a emall part of bitnmen toget- 
with m&dereble mIuble wlphur. The bitumen when beam wlth aLBali rwln- 
Hen and l i M m  tbe mmple when MI dimtly treated gelded stsong d o r s  ot 
the m d l n e  sarlea of compounds. Red Htrnnrr paper In the emitted dore 
d l y  turned blue. Tbe intensity of these rewlta Is rmfecient ta indIrate that 
mrmfderable quantities of thew aubstancea are preent In the comparatively 
m a l l  amount of bitumen h the ample.  

Phenol-like compaunds were detected by tha iollowlng pmwedures: The 
~ampb wna t r e a t 4  directly with strong boiling auali solution. The a U U  
extract after filtration from tasolnble matter was adi3illed with HCl, boiled 
mntly, and agaln filtered. The final atmte waB colored reddirJh with organic 
matter, an ether extract was made, and upon evapor~tion of the ether a small 
amount of reddbh orpink matter semnined. It gemmed a phenol-like odor, 
and when dlmhed with & erna11 amaunt of water the aqueous aolntim gave 
wltb dilate ferric cblorIde wlution a poaitlve reddleb- lok kt ~ 1 0 ~ .  Pure phenol 
under the same mnditlom gave a bluish-dolet color. The phenol-like residue 
wben heated in the umal way with a mal l  qnantity of a mixture of two pnrts 
of %SOl and one part of H S a  gave the yeIlow color of the picrlc add test. 
The characterlatic phenolic rewlts of a moderately cobred geUow mlutlon En 
water, whfcb d e p e n d  much upon the addition of ammonia. were obtainwl. 
PhPadIc comp~unda were detecked in the phenol-llke d d n a  by d l ~ l v l n g  In 



20 mtlmetere -1 NaOH Bdutton and adding a rml l  amon J of dia.xo- 
beatems chloride solntlon. A reddhh color amd precipatak wem obtained, 
IdentlmDy an for mall amounts of ptlR pbiltlol. Under the same mdltlons 
negati~e m l t a  were obtnlned In a blmk teat and in a b m  tePt can- 
Eainlnp. a mall amount of pytldIm 

'Tlwre la alm preaent wmi? m M t a m e n  OP .chlomWm-hmlable td- 
in the ample. A t m  of ar-c and considerable fie mulphnr were d~teeted. 

.An spproxhote de t ermb~th  oi the amount of soluble material b sample 
A ahowecl 8.6 per n u t  of bitamen and 7 per cent ot solable d p h u r .  I n  thln 
test carbon diaulphfde wns USHI as the solv- ineteed of c h l o m f ~  m u m  
it was fonntl to yield n sharper, separation of dphnr  and b i t u u b  n p w  
evapomtlon. 

8ample A was b s a M  lor 10 days at 105' d., when I t  aboned a bow I w a  of 
10.42 per cent, which la bell- to be chiefly &dim, aa mmi-ble water 
and no obsewable o@ condewd. The sample gave an odor of voledlle sub 
stance both &fore and after the heating. 

Sample R : A chloroform extract indicated a small amount of bmle  bitamen. 
It gave pyrldlne and phenolic indications, ba not aa hwae am In sample A 

m1pbnr dld not mpnrate out from the chlorotorm-evaporated extract, am 
la sample A. It cwltnina practtcallp no a~aenic and a dQht .mount of 
pmbitwm. 

h m p l e  C : The &tint of bitumen obtained from mample O was'intermedlate 
in a m o u t  between that from samplws A and If. The free ~ u l p h ~ r  obta1nad w m  
h than In sample k Tbe P~rid iae  and phenollr Latllmtiona are atso Inter- 
mediate betwen those ai   amp lea A and B. The sample mtalnn not over n 
Zmce of pyrobitnmen and pmctlmlly no arsedc. 

The c t m i n g  of the pntdine series of compounds toBether wlth appmkble 
amoantn of phenol-like m ~ u n d s  In the organfc matte? In sample A y y  be 
cormldeml as evldenn of the prwence d otI-tftr grorlucts that have multed 
from the deetmctive dhtiIlatlon of -1. To diffemntlak the Mtnmen M m  
a nah~ral petroleum bl tuw~n and asphalt <m tbls m n n d  becomes tanrble whea 
I t  IEI coddewd that petroIenm in general contaln~ mal l  amounts of these s u b  
Bta-,, eupwialiy the phenol-like bodlea The dtantlben~ene chlorlde &at ia 
c a n n l d m  by M a m a *  to give for nataral asphalt and petroleum pitch a 
yellow or oranm color and not the reddlahalored mwltA ahae noted, w h W  
are nhtained from Hgntte-tar pEtch that rontalng phenol. 

b&allu uses the dinzobwme chlo~ide test to dliterentfate cobt-tsl pitell 
horn n a t n d  or petrbhrn amhalt, the latter d d n g  negntive W t a  with this 
teat. 

Oi the nitrogen martftaents in pettoleam It appeam IlkeIg tbat allowance 
mnmt ba made fur the presence of bgdro~hlnolin~~ otber than the pnl~ine 
&ea of compnnds, as is evident tn mberg'a work nn the Califarnhpe~enrns.  

It fa understood that the ~amples here Wted nre dlrectly mneeted with 
the nataral mmbanHm oi ml, d t h  whIch the results here rsported -A. 

Mr- E A c b  baEl shown above that the customary t&a fur db- 
tingukhg d - t a r  pibh from petrolmm pitch or natnral asphalt 
indicate. that a11 thm ssmplee contain ml-tar pitch. Thme te& , 

are based on the pmwnce in coal tam of m h i n  oompoands, notably 
compounds related to phenoI and pyridine, which are rare or lacking 

UHolde, D.. Tbe -dm of b-boa olh and of sapon- hm rad -%I 

(]Errgush prao.lafion by Ebr*.rd Ihrsller), p 2?2, 1B16. 



in most p e t c e l m  The testa show that mbstmce~l related to phe- 
nol and pedine are present in comparatively large amaunts in the 
matmid under consideration md indicate very strongly that the rn* 
terial is ra am1 tar rather than s petmleum residue. Them chemical 
tests are p s i b l y  not absolutely cconclusive, as phenol and pyridine 

* ham b m g n i z e d  in mnll amounts in tt few p e t r o ~ e u ,  notably 
in some from California. Moreover, the writer would suggest tha6 
perhaps t h w  substanm may occur in larger quantities in natural 
petroleum residues than they do in live oils. !l%e large quantity of 
sulphur is perhap a further indication that the maerial was de- 
~ i v e d  from bnrning coal beds, becaw dthough sulphur is a mm- 
man constituent of ptroleum, it usually occurs in only mall quan- 
tities. Sulphur occnrs Jso in all coals ~ n d  lignites, from which it 
would be easily volatilized and condend, and it is a common and 
tfoublesome constituent ls of the tars that are ~rtiZEcialIy distilled 
from lignites. As Mr. Erickson's studies tend to confirm the con- 
cTnsiona drawn from the geologic field relations it is believed that 
this material is with little doubt a natural m1 tar and not a p e b  
hum &due. 

r r f k h ~ ~ ,  W, $hale dle snd tars and their prodncb (Ingllnh trmdatlon), pp 
1 4 ~ 1 4 a  ISIS. 





+ 
TEE -NCE OF METALLIFEROUS DEPWITS TN 

THE YUKON AND KUSRQKWIM rnG1OPJS. 

INTRODUCTION. 

Topographic aad geologic sumys, together 4 t h  &udiee of min- 
eral resaum, have been mid on by the UniM States &olo@;;cal 
S m e y  in Alasku for 25 pars ,  with the primary object of fdering 
a mhhg indwtq in tha Temitog. The economic geologic inmeti- 
gations haw b n ,  planned with a tmfold purpose-to gain a 
better endemtanding of the h o r n  mineral demts and to aid in 
the d h r e r y  of nmv deposits. The fimt of these objectives is at- 
h i n d  by geologic &dies in various mining districts to dearmine 
the origin, cha&r, and extent of h o r n  deposits. The second 
is accomplished by regionaI geologic: investigations in unknown 
amaa and by the application to such areas of data from developid 
districts. The mrk  of the first type aids the mining operator of 
the p m n t  day; that of the mend bemfib the prospeetor and the 
mining operator of the faturn. 

Nearly dl the developed mining districts in Alaska haw h e n  
examined by members of the Geological S m y ,  and contiguon~ 
grew ham been visited and described. Such work has mmltd in 
important conclusions, which, however, ere not as amilrable ta the 
public m might he desired, being w h d  through many reports. 
It is the pump= of this paper ta present in a cunrIenaed form. mme 
gene~alizations and deductions r e d i n g  the distibntion and m- 

b currence of mhmml deposits in interior Al&. The paper is in- 
tended primarily as a guide to the prospector. 

The data here pmnted are b d  largely on investigatiom in the 
*. mgi0118 lying ?&ween Yukon and Tanana rivers a d  betwwn the 

kfukon and the Kuskokwim. ReIativeIy little is laown of the region 
nor& of Yukon River, but so far tr known the geologic conditions 
affecting the formation of ore deposits them are similar to t h w  
south of the river. b e e n  Tmana River and the Alaska Range 
the s m e  conditioner exist, but the presenw of glkial gravels has com- 
pf imted the distribution of the placer deposits. Sewrsrd Peninsula ia 
really a province in itself but has nevertheless many points in com- 
mon with iaterior A l h .  

1Bg 



A G& of publiastions by the Unitd State Geological Survey mu- 
tsining the Iat& geologic and metaUopetic data on the distri- 
of interior Alaska is given blow. E 

~n11etin ~ h e m l e  m a w e ,  blarlra,by L. B% Pride;  h k  
Bulleth 520 ( p p  5H-!ZlO). Gold placere between Woodchopp~r and Fourth- 

Of-July creeks, by IL .W Prindle and J. 33. Mertle, jr., 1812. 
Bulletin 525. A geologic mnnaiaaance of the Fairbanka qnadrande, Ahokn, w 

by L. M. Prindle, l9X9. 
BuneMn ,532. The Eognkuk-(=handalar region, Alnaka, by A Q. Maddren, 

ISIS. 
BnItet3n 695. A mIoglc recwsftimance of a part of the Rampart qnad'mwle, 

Alnakn, by H. M. W n ,  f913. 
Bull&h 538. A geologic reronnalmanee of the 4 3 ~ 1 9  qnadrao%le, Alafh, by 

L. Ed. BrItJdle, 1m3. 
Bulletin 622 Ipp. 292460). Gold placeru of the lower Kuakokwlq by 1L a. 

Biaddrm, 1915. 
Balletia W. T$e Chhna-White Rlver di-ct, Alaska, by 8. R. bagpa, lslb. 
Baletin The Yukon-Koyakng redon, Alaska, by H. M. E&kin, 101& 
Rnlletln 649. Aptlmony depoafta of Alaska, by k H. Brook#. 3818. 
Bulletin 6 5 .  Xhe M e  Clark-Central KnskokwIm redon, Ale* by p. 8. , 

Smith, 1817. 
Bullelln 882. (pp.'m-277). Tbe gold placers of the Tolovana dlntrlct, by 

J. B. Mertie, jr., 1M7. 
Bulletln €87. Tbe Ooama-NowItna @on, U m k a ,  by 8. M. Eak@ 3slB. 
Bulletln 8BS. The h\-ik-.bdfeaif~ki reglon, Mash, hy Q. L HarrLngtoa, "' 

1WR. -: 

nulletin WT. The Kantiahna region, MReka, by 9. R. Cum 2919. 
Rullmn BR2 (p. 529). A m o l y ~ l t e  lode on Heab River, by l'bmdom 

Ohapln, 1019. - .  
Bulle(tn C H  (pp. tB143W. Imde d-ta nmr the Nenana>rsaF a d ,  br 
M. Overbeck, l O l &  

Bulletln 714 (pp. #nLZB). Mineral reoourcw of the &mhewsi Bay region, by 
IJ. L. H n r r h ~ o n ,  lm. 

Rnlletln -. The Baby-Kb&ohlm @on, biaskit, by J. B. H m  jr, m d  
C). L HarrIngtar (In preparation). 

m' 

Only the metn~ferous depogits are mnsidered in this paper. If 
Seward Peninsula is included, it may be said that all the oo-n 
metallifemus ores sre pmsent in interior Alnsb. Gold, silver, lead, 
copper, tin, tungaten, antimony, quicksilver, and platinum metals t 

hare been pro&& on s commercial scale, and zinc, rnoJyMmtlm, 
chromium, iron, manganw, bismuth, nickel, and a d c  are found. 
Gold has b a n  and probably will continue to be the main lainem1 
product of the region. At pfesent silver, lead, copper, and tin are 
also being recowred on a amall scale. 

The mineral deposits of interior A l a h  msy be divided into two 
general classes, lodes and plncem. A complete genetic daspification 
is not needed for the purpose of this paper, but certain mbdivisiom 
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of them tgpea, b d  on diifemnces in tha manner of origin, will be 
mentioned if etlch differences may influence the method of pros- 

* . -&- 
LODE DEPOBmB, 

0- 
i 

A loda of m e  kind runst exist before a placer mn be formed; 
theiefore it h natural to consider fist the lode deposits. Emphasis 
will be laid npbn the ores which are now or which may be in the near 
futtrre ~ o m i c a l l y  important. The origin and diatributioa o f  such 

as chromium, which are not likely ever to be of importance in 
interim U a ,  are of more wientijic than economic interest and 
merit ody the barest alIusion, 

Mmt metallic deposits have b n  derived d k t l y  or hdirsctly 
from igneous rocks, though in mme dewts the oommtion k indi- 
. ~ m d  mote. In interior Alaska the mnnaction between the metal- 
lic Ides and -us activity is everywhew apparent, and many of 

.the lodes am so dody associated with igneous rocks that this relation 
ia of grant asktance to the prospectar in his search for mineral& 

,, Many kinds of igneous r w k s  exist in intarior Almka. Silicic, 
bPBic, and intermediab types are present, both as intrusive Wies 
and na Buffam flows. Moreover, igneous m b  of the same general 
cb&r have been intruded- and extruded at different epochs, so 
that two m k  Mi= of the same character may be of widely different 
age and m y  have produd differing typw of mineralizatioa. At 
5mt sight this complex h i h r y  of volcanism in the region may seem 
r stnmbIing block to the practical miner, who is endesvoring to 
utilize geology in his search for minerals Rut fortunately only 
certain special types of igneous rocks, which a m  also those that am 
moaf easily recognized, have any important bearing on the metadtic 
lades that are likdy to be of mmmercial vdue, 

With the exception of the platinum met aIs and certain of the ores - 
d of copper, all the minerals of interior Ahska that have been or are 

.'I . likely to be developed on a cornmemial scale am connected geneti- 
- d l y  with silide igneons racks of the type urnally designated grano- 

*;,. . d i d t i c  mch' This group includes granite, syenite, rnonzonite, 
. g u r h  m o m n i b  p d i o r i t e ,  quartz diorite, and diorita, top ther 

. with -ageeializsd varieties of these rocks, such as aplih, pegmatite, 
and csrtain sodic varietia. All these rocks, however, resemble one 
another to s greater or less degree, and the h e  petrographic char- 
a& of many specimens can be r e c a p i d  onIy afhr close oxamha- 
tion under the m i c m p e .  The abiIity to determine the exact 
petqpphic name is therefore not so imporhmt as the ability to 
recngxLize this general group of xwh in the field. 



In *era1 tha e n i t i c  r& rare composed -t idy of fhe min- 
d qu& and. feldspar, Wer with mica, hornblende, or py- 
mxeq or mixtm oi t h a  The qu* md feldspar are light 'F 

d o r e d ;  the other miner& are dark. The resnltirsg d m  of the 
rock i~ m U . y  light gray but r a n p  from white or creamy ta 
dark gray, dependmg on the proportiom of the constibent miaefl~h. 
The p i n  is usndly m coarse that the individual minerals of the t 

m k  caa be e a d y  discerned with the nuked eye. Few pmqwtom 
or mining men 9 have any difficulty in mognking &a @tic 
mh 

Deposits- of @Id, silver, laad, tin, twpten, antimony, p n i w v m ,  
molybdenam, and copper in interior Alaska ,are cxnmected with 
granitic intrusive mb Such mh, however, have heen a d d  
in this region st  a n r m k  of difTemnt p e r i d  daring iZit p t o g i c :  
history, and it %I pmb%ble that .several or all of these e i t i c  inma- 
&om have been attended by the formation of metallifmom deposits. 
At present definite p m f  of two such periods of metallization bas 
been abtnined in interior Ahdm, and a third ia i n f e d  with a 
comiderable d e p  of 8swmnce. The earliest of t h m  perids m- 
c u d  during ths Mmmic  wa, probably in late Jasansic or d p  
Cretaceous time. T h e  latest mcurrd in late Eocene or more pro'bn- 
bly in post-Emem time. Between thew two, in early Te- time, 
a third period of metallization is believed to  have mcurred. It may 
labr become neceesary, as more evidence accnmnlates, to  expend this 
hypothesis still further, for metaIlixation before the Mesozoic is 
already wspected in some aretw and m y  later be defmitely proved 

The igneous mcks that accompanied and produced the metallis 
tion of the earllied and late& of the recognized periods differed from 
one another in mme important respects, although they ell fall d r  
the pneral designation granitic rocks. These differences are of little 

-significance in the field, but when reoognized in micrmpic study 
they aid in distinguishing the two types. A more impo&t matter 
is the marked diflerence that exists in the chaFacter and distribution 
of the metallifemus lodes aceempadying thew two groups of mh. 
This difference easily recognized in the field -snd ia of hbr& ' 

to the proepeetor &nd geologist alike. 
For eonvenientx in discussion, the three p e r i d  of metaKmtion 

above postuIated' am designated the, early, Wemediate, and late 
periods. 731- Mgnations, however, rn dative, not 8h1ut43, for 
they a m  not inbded  to imply that this enurnemtion mpmmnta the' 
totali5 of metallization m i a t e d  with pnit ic  mks in this region. 
The age and chrracter of the intermediate period of @tic In- 



trusioa and metdimtion in interior Alaska are somewhk o k u m  
and must be inferred in part from the geology of tha Alaska Range. 
80 far as known, tbe m e t a k a t i o ~  of this intermediate period is - 
more n e d ~  mPaM in character to the w l y  than to the Iate meblli- 
mtion; in ftrct, evidaice of it has not yet been surely recapkt3 ex- 
aspt in awss &&d lay the 88~19 metdhticm Tbe early and in- 
temdbh pri& of metallilttion are therefore d i s c 4  together. 
The late period is entirely distinct. 

Metallization orxurred in connection with intmions ma extru- 
lsions of basic igneous rocks at  other parids also, buk it was of d a -  
tiwly alight extent and will be discus& briefly in a separate para- 
graph. 

The mmt widespread metallization in intarior Alaska is believed 
to have wxmd during Mesozoic time and is therefom m p ~ t a -  
tive of what is hem designated the early period. Metallization of 
this type ap- be dominant in the Fortpile, Sevent~rmile, 
GYrcle, Fairbanh, and Rampart  district^ of the Ynkon-Tanane 
region, in the Ruby-Pmrman district, and in the valley of Koyuhk 
and L'hsndaIar rivem South of the Tenana also metallization of 
the early type oeeurd ,  though perhaps to a 1- extent than farther 
noAh Tbe ldee of Seward Peninrm1.a were probably formed in 
part during this period. The chief metallic constitutent of dl these 
early lodm was gold. 

'l'he intmmediate metallieation occurred in the Fairbanks md 
Kmtishns districts and may also ba rkpremted in the Rmnpart and 
Tolowma districts. !I%B lodes of this period carry gold but contain 
in addition sdphide ores such as stibnite and galena, lomUy in com- 
mercial quantities. 
'Re common intrusive pocks connected with the early perid of 

metdht ion are granite, quarta diorita, diorita, pegmittita, and 
nplik The intrusive w k s  connected with the intermediate period 
-of metallization am not so well hown, because ore deposits of in- 
termediate age that are entimly distinct from the early ore deposits 
haw not been m g n i e e d  with mrance .  The intrusive granitic 
rocks in the vicinity of Broad Pass, which are b e l i d  to be in pt: 
of e d y  Te~tiary age, are dwcfihd as essentially v i t a ,  quartz mon- 
meite, nnd quartz diorite.' The granitic intrusives of the h p r t  

- district are described as quartz rnoneoni te and related mk~ of late ' 
Mwmmic or early Tertiary age, but as no fwds have been found in 

' 

~ ~ O r r n ' t ,  F. R.,   be Broad Paslr -, Alaska: U. 8. W. 8- BnH. 608, p. 68, 
. rm. 
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the iaPmM dhentrtry m h  neat by, thii d~nnimtion  of age 
am trot be regarded as m d ~ i v e . ~  It is bdiwed, howe~m, thd 
munmnitie rocks wem imporbnt in &is inbrmediate ~t~ta l l i z~t ion .  * 

Mineral m i a t i o n s  conditate mother vdua& &&ion in q a ,  
' 

Wing deposih belonging to the early and intarmediate periods of 
metallization. Gold and +silver are ~mxmon to both @ups of de- 
positat. It haa k e n  ~ h o m  by B m b 8  t b 6  the stibnib o m  
formed later than the Mesozoic metallization of Udh and are 
pmbeblp of Tertirrry age. Owsiterite, the cum&~n om ef tin, is be 
Iieved by the writer to haw hen  f o d  only d&g the M m i c  
or early pefiod of metallization, although the tin d-its mar Hot 
fipringrs, in the Rampart district, may present a pessible exoeptba to  
this genersl statement. Tungsten occurs in the early group of de- 
p i t a  as w o l f m i h  and scheelit;~. Molybdenite, so far as horn, 
occurs only with the &tic intrusir~ of M d e  a p  Silver- 
lead oras, wmmpanied in pl- by &her ore m i n d ,  snch as 8tib 

- nite;khaEcopyrita, bornita, sphderite, pyrite, axsmu&tp, jmtmn- 
ite, md bimuthhite, occur in associations whJ& Wt that thep 
originated mainly in the intarmedia period. The dphide o m  
of the Fairbdm md Kantishna districts are W e d  dso to fall 
within the intermediate p p .  

The lodes of the early and intermediate periods of m&tian 
wem produd la r m l t  of ipeoua htrukom, but & m,m&oa 
is indirectthat is, the lodes do not occur in the granitio rocks but ia 
h m  veins and atber f p m  of deposits either near by or at some 
diatmoa from the intrusive mb. The ores mmmcdy o m r  in 
quartz veins, but omst mntaining little or no qrrstz am found. I%- 
samimtad deposits are present at some localities, the metal-bearing 
salations having followed Eines of cleavage or other d m c t d  part- 
ings. Shear-zune Ides am found at mme localities. Pllobably when 
mom is learned of the mehllizatian of them two p e d a  it will be 
found that the intrusions gave rise also to mtacLmetarnarphic de- 
psi&, as in inaogtheastem Alaska, as well as depmita of other t p ,  
The k p e  of deposit is idnmced mainly by local. conditione, such as 
the &ieEmggs and chantcter of the superincumbent rocks. 

It also appears that only the granitic bodies of smaller size were 
the mume of wmnomicslly important bdes in dl three perlob of 
mineraZizati~~~,-. Immaw bodies of granitic mcks, mchw that which 
exk~ds for 75 milea acmss the Cirde quadrangle, do n d . n p p f  t~ 

*-In. EL X, A geologic rwomdmmce ot a part ot the Rampart quadmnglr, 
Ah&n : U. 8. QML  bum^ M. 686, pp, 28-24, 1918. 

h R s ,  k H., AntitWny d-ts of Alaska: V. S. Qeol. l a m  BUD. M9, gp. 1&17, 
1B18. 

Mefie. J. 8, lr- md H.rria%om. a. L, m a a b ~ - K ~ k w i m  w. 41e: tl, B. 
-1. B u m  E4dL - (in preparetIon). 



hrve p& my valuable minw~l -ta The qlanatibn lies 
in tbe probrbla o o ~ t r a t i o n  of metalliint,ion, mmpt W b I r  thst . 
d m  to mntact metamorphism, at  the high= pointe. QP apexes of 
the invading 5peot ls  r n m  By t h i ~  hpthca& ma immmse 
k d y  of granitic m k ,  mch as thts one just, mentioned, be oon- 
eem .to have p r o d a d  m i d  deposits io the: lcmlity of it9 apex, 

the mnm WM deeply buried. Such deposits and the roch that 
.contained k.bem hnva been removed by the lmgmntieued erosion 
that hw bred the lower part of the i n t b v e  body* The h t a r y  
& formed later f mm the pmduets of this ermian. slay contain 
a Iarge part of the gold content of the original depositrs. The gold 
contained in the mglomerah that stretches from Eagle we&ward to 
Woodchopper Cmk,  in the Yukon-Tanana region, may have origi- 
nsted in this way. 

The Idas of the Fairbsnks district mag 6a cited ae the be$t-knkn 
mamplm of the early and intarmediata periods of metallization. 
The p u p  of lodes that extend from Pkdm Dome northeastward 
ahow metallization of two kinds. The oldest known lodes in this 
p u p  are gold-quartz veins that occupy ancient fissum in the mum- 
t r ~  mk. Igneous rock similar to  tholse e x m d  at Pedro Dome 
doubtless lie at no grwt distance beneath the surface, and their in- 
h i o n  dmbtIess caused the fractures and fissures. Solutions of ores 
and vein minerah, originating from thew r o c h  at a late stage in 
their cooling, aukquently moved upward and ware deposited in 
such ope* forming the gold lodes of thja area The veins appear 
t~ have been formd at moderate depth, yet under d c i e n t  cover tn 
,insure a fair degree of regularity. 

hter, probably in esrlg Tertiary time, there was Abther *edd 
of .mehUizstion, hem termed the intermediate, probabIy Eke~4e.e 

I resulting from the intrusion of granitic rocks. Zn the Fairbanks 
district the granitic intmsivcs of this perid, if & p d  at the sur- 
face, have not hen sepamted with certainty from the Mesozoic 
intwives. The deposits f o m d  by tlre metabation of the inter- 
mediate period, however, am distinct. Snlphide om,  accompanied 
by gold, appear to form the dominant type of lodw. Stibnite is 

'. the most common sulphide, but pyrib, plena (in part silver-bearing), 
amenopgrita, sphslerita, bismuthinite, jamknite,  chslcocite, and 
tetrahodrite are alm knowa Some of these lodes contain quartz 
sad some do not, but where vein quartz of this period is p m t  'it 
is different in character from that in the gold-quartx veins. Some 
of the old goldqmrtz veins were reopened in this intqmediste period 
md enriched, so that o m  of the two periods am found at  some local- 
ities in juxtaposition. This sttme intermingling of the o m  of t i o  
diflemnt periods also occurs in the lodm of the Eintishn~ district. 

10675"--11 
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Tlh @ipW &&ions nmdmr which the of the and intar- 
m d d e  per* of metrlli&fon wen?. formed do nob- appeaz! tm 

, , have hen mataridly differant. ,.. I , c 
I Tung&m o q  mnsistiq tsmtidly ef scheeLi~;are.dstl fotmd 
&%he Fairbardm district, where thy  o m  as-dhminakd depxi8, 

= 
. sad also in ~eink* almost invariably ~oooro~snied by qoaltr. - *- dulable d e p i t a  rre elm - tt. s body- of porphyritic granite,- .with 

which they am bali~ved to' be mm&d gmetiailly. These scbwlite 
lodw man to b ,more doEwrZy related to the gold-quarts peim thm 
fo the sulphide.qrm, and therefore t h e  pmbsbly Mong to th 
e d y  period of ~dstsllimtim. 

tbm PERIOD OF MET&We4TIOH* 

I n z b  Emem or perhaps p~bEocene t h e  them was mother 
'$ixida of i n E d & n  of gmnidc: rocks, acxothpanied by the formation 
of oce". depositax Thw late depomita are found in the f mob, Idit%- 

f *  . d, i d  M c G d h  diskrich esd thence at kfmmals muthw&ward 
into $he lower Kdokwim k d  Yukon valleys. It is possible that 
ore deposits forrned dnring this period may ~ E I  present almost any- 
k k m  in Ahdm; for the metal-baring solt~tions in their ~~pwnrd 
passage from tb underlying inkrnsive rn- must have phbtrated . . the older aa well as the younger rocks.' It is a romarkablet fnct, horn- 
ever, t b t  these htm ores g p p r  to bd very scarce in the regions of 
dominantly older mk Thus, in the Ynkon-Trtnana region om 
deposits of this lste period have hen  recognhd only & Livengood, 
in the ablowrna district. It appears, themfore, that the lab metalIic 
o m  are r e s t r i a  areally as well as geologicaUy. 
- It iB likely t b d  this restricted distnT0u.tion is in mme way relatad 
bo the omgenic h r y  of Alaska, but the exact connection is not 
yet ufidemtood. If  the chfirscter of the earth movements of the- 
region hlts h d  &n important inflnencs, then the movements that 
accompanied the formation of these ore depmib mu& have beart of 

I 

a different type 6hd in some degree independent of the Tetiary dis- 
tnrbancea that d t e d  in the uplift of ths A l d a  Range, for lodes 
of the l a b  type; as hera ddned, ham not been found close ia the 
Alaaka Raw on the north side, nor in the ran@, nor sonth of it. 

' 
t 

The intmsivagranitic rocks d a t e d  with thm o m  a~ quartz 
- mo&te, monhnite, granodiorjta, quartz diorite, and & o h ,  t+ 
sihpi~ with varieties of these rocla containing relatively high per- 
centages of soda, m& as gods granite and soda dioxita, Nthough 
-thew rccks Bel&g in the genernl family of granitic rocks, they sbow 
certain pecuiiariUem that are mdily recognized under the micrmpe. 



@ t ~  is:t& @ d m m  of mlm of the monmnitic Qpebo%r fbe h e  
gFanite; a m d  is the common olxumce of the d c  Mdsp& 

2 a%te .and- sada m ' r m b e  inst;ead of the m i c  fel- ortho. 

- - 1 d  mioracllna A t$hd d i f f ~ m  in seen in the h & r  of 
- the h k  m i n d  of the rock Hornblende is set plentiful as in tb 

alser p i t i e  ro&,~bnt pyroxene is much mare pbntiw, and mimi .,* 
is pbmtbly leks plentiful and is more likely to be biotite t h  r n ~ ~  
6% Tha ,lab granitic rocks, therefore, commonly have a little 
d a r k  ooldr. . 

The metallic cunbt of the l&e Iodm includes chiefly gold, cinnabar . 

(the d + d e  of mercury), and stibnih (ths d p h l d e  of antimony). 
M y  sche~Iite is found with cinnabar arrd atibnite in the gold 
p h ,  w'on Wer Cmk, in the I d i t a d  district, a d  on Lillian 
C m k ,  in the Tolow~na didrict. These m i a t i o n s  mgge& a corn. 
mon origin of the gold, cinnabar, dibnite, and scheelite. It is pmh* 
able, hommry that these m i n e d  miry have been deposited in differ- 
enkistngas within the m e  general period of metallization. Cinnabar 
ia llat h o r n  to amr in the lodes of the early and in#rmedista 

. per id  
The p a t  diff~moe M w ~ n  the deposits of tbBr #ah ped~d af met- 

-< -Pllizatim and those of the two earlier periods is men in their rel&iod 
totbe CJrsnitia initruafve raclcs and in their mode bf &xwmnm. The 
genetic connection htween the monzonitic rocks and the lodes of the 
I& p e r i d  is -din& and very intirnah. At almost amry Iocdity 
w h  the Eab depoaita have bmn mgnized they oocor sither 
d W l y  in +or eloealy adjacent to bodies of quertz monzonite or 
related rack n i s  feature ia partidarly ~pparent in th& I d i t a d  
district; on Candle Creek and the npper part of Nixon Fork of 
the K h k i m ,  in tbs McQ& di&d; and in the Tulukk-fiak 

, ditrbt, in the loaer part of the Kaskokwim VsUey. The mode of 

A 
orxamenw .of the lab depsita ig also diffemt. The gold m u m  
m s l l y  in mrrll veins md veinletEE of blaish quarts, in plw chal- - d & q  which eut the quartz rnonzonik and the dinrents nsar by. - 
In mme deposits quartz is absent. The gold a d  scxompanyhg win 

. materials do not occupy strong h u m  with some degree of uni- 
formity in direction, as in the Fairbanks lodes, but form iregular 

F .1 

atEICEwmh and Urecxiated zones The cinnabar-stibnite ores, how- 
" e m ,  wtrichmxar both with and without quartz, am mom commonly 

%.*me didsnce h r n  the intdve,  rocks, and many of the depositst 
oe~upy somewhat stronger fimm 1 . 
In general, them lodes have originah3 much el- to tha surface 

thali.the I d a s  of the early and intermediate periods, as is indicntd 
- by Uhe charrrofer of the vein quartz and by the character and p i t i o n  

of b &re63 d other openings that contain the ores. The quartz 



d t s  d m d t  d& fhb diffamnoi, m a *gmine& hbbsiq as 
migM be qmhd, but mnmt work h sirom that mdur fevodh 
cc111diGm @tic m b  may mlidifp .mi& cmrm g d n  d a t i d y  
~1098 to the s u & a  'She dsemkm mcntiond, horn=, bgathe~ 
Kith+the -ion in a d  Uribut im,  indicate rrtpoagly bhai this 
typ-rrf metaUhi69n mu& lm considerad quite didin& ihm.the W o  
d r  types ,, 

~ m ~ ~ ~ - ~ ~ - '  
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. Ths.mst.Ei&$$~~ coamotsd gkmsWly with b.aie ig-e 
in inteFior ALaaklr am of little value Tba plstinum mtaEsr, m h  
af tber ores of cupper, and ores of chromium and n i d d  belong in 
tbis category, bt of th- only the phthum metals and+mpper 
prPrmiae k~ be a£ -ewnomic i~hmt. 

.PIrtinum metah in m a l l  qusntitk are widely dishibnbd. in 
Alnskn, but tb.pmduction hrrs been amell md mt&t%d h@ybfo 
one mine. P d w l l y  n&sg is h o w n  of ths bed- wcist3on 
af the platinum metala in interior Alaeka, for these met& have 
k n  found odyjn plmm Platinum hes been found inbtbe plmw 
an Boob CFseki:in the T W i  dimtriot; in the Marehall distriob.on 
Moric River, in gouthwwtmn M; and on D i n q  Sear, snd 
Sweep& a in &ward Peninuule. In goathea&m Alwka, 
w h m  a pallsdiumaopper lode hw hbeea m ~ f u l l y  operami, the 
plsthum mtds .occur in a body of pyraxenib, Mbm oomrnmly, 
howeoer, ?he plstinum metah are in pridotita a in eerpentitm de- 
rived.from perihtjta It is therefore safe to hate  that mo& deposiEe 
of the platinum met.& am derived from basjc mh 

Copper o m  -itrted in part with M c  lams d fn park WWI 
&rite am f m d  in the uppar -eallBys of Chicana, - W a k m ,  a d .  
Wbiae rivers, %em depmits bnve h n  deeclibd in Dnitsd 8W.m 
~ ~ 3 - ~ y  Bulletins 417 md 630. The di5mlty grid ex- 

L .  
. =. pnae. of mi&&-r*~d tramporting wch.ores is at p-t prahibitive - 

in kiwior N d a .  
. . . 

Lola5 -8. A' 

' t . .. 
? 

' -k M e  &m aih aeamh7maiulycfor dapaits 03 n&w 
, gold and for hi&-grade mlphide a m  that contain s b  p l d  and 

silsw~. Fmm what has W y  b r s e - i d ,  it b ~ppareat~that BU& 
p r m p t h g  s h d d  be done in and rmund the bodiea of e n i t i o  
r c ~ c h ~  mom m c d a r l y  m r  the smaller bodiss. Valuable ore 
depaita he*- ddom beem found in interior Alaskn h m i & b n -  
with gcanitic,mtuses h r p  than 3 or 4 miles in diamster, and mo& 
of h e  knomsfe a d t e d  with mach smaller inhdrnmerff~ee or 
with d i h  and sills, 

+.. Y 

'5 
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Gd*- m relatively d m t  to e d o n  and adherefom 
likely to+& out conspicuously among the other >mh of f i e  
regiah! .E~~ption,n~1 to this rub  are known, however, as far instanw 
on Caa& Craek, ia tbo M&mth dsrict, where s body of qu& 
w t e  lies in the mlley of Candle Creek and the surrounding 

'ridgw and spurs am compmd mainly of basaltic rocks. In 
tha Kgpkokwhn b i n ,  however, the granihic inxltmsives are m m d y  
mrrmded or - adjoined by bodies of basic igneous mh, mme 
h h w i v e  anif wme extrusive. The p m n m  of bpic rodis in this 
pmk of Masla is therefore an indication that p n i t i c  r d s  may 
a h  be writ. 

D h a  md d b  are dm important to lmute, for they have bm 
tM s o m  of same valuable ores The h k o  di- ie one 
emample of the i m p o h c e  of dikw and mall htmsive bodia as 
metdhing writs, and the Parks qnicksilve~~ lode, on Kuskokwim 
Ri-, Is mother. Such smaller inltrnsive MBS are dScult to  
h d ,  hause of their inconspicuousness and Imk of topographic 
eqm&on. They may m u r  close to largar of grmitie 
r&, and tbeir prwmce may aysometimes be inferredl fm this fact. 
Some d i h ,  however, am oflshcmb from underlying l g e r  W c 1 s  09 
igneoas rack &a6 &+not crop out. Only d i l i p t  prtmpecting will  
aeved-the location of such dikes. 

On geoIogic map made by the QealogicaI Surrey the pitiom af 
the Impr masses of gmnitic d m  am & o m  Sor&himas, however, 

hr.-m-ce pIagic mappin$, d h r ~ g m m i t i c  
m- a mmhked, and it is pnahble khak a hqp propor&n of 
the e z i i r h g  dikes and d s  are not sew on a Ji-r t r a m i  ' Aa it is 
h. m a r  intrusive rn- and dikm that am likely to l m + ~  mi@- 
nakd om d s p i t s ,  mconnaksmce geologic m a p  should he hken - 
gmeril gPida r a b r  than infallible indicators of r n e t h k ~  or 
the lack of i&. 

A&ra maU h 6 v e  body of granitic rock ia h d  .it &ill re- 
mains h,be d e ~ ~  whether the intmsion h a  given rise to my 
metallifmw deposits. Not all intrusive bodim nor e ~ m  alI psrall 
hhsim bodies af &tic rocla have effectad rnefdlhtim, but, on 
the other hand, no valuabh ore deposita have been fwnd in inkwior 
Masks, that w e n  not connected in some way with such m d m  They 
am therefom the mast favorable pIaces for prpospecting, but they are 
by no merrns certab to yield mmercial ores. Twe general matkds 
of prospecting can be recommended. In the Kuakokwiab. w o n ,  
where ere deposits am closely associated with the gm41~. &, the 
prq&or.~hodd confine his work to thage mlw and their immediate 
margins. I f  m signs of metallization are- fomd in it m r r o w . m ~  
dose to the main granitic mws, further search might be made for. 



diW &?other iacoxrspicuons ktmsT.~h&a ..itr the -r +&Hy 
befmp tnming to* new area. . Xn theapper Yzrkoa, T- Koynkuk; 

- find Chandalar ~ d e p ,  how-, wbem ores of. the wig, and -her -  %. 

medisk periods rn mom & d r r o t ,  thi mqmtpr & o m  rresmb for 
a considerable dkhmrs h m  a p3nit.k body, bking particularly 
for quartz v e ~ b e f o m  ha &id& thrt this psrtidar granitic in- 
trusive has not pduced any ore d e ~ i b .  The mamh in these re- 
gions i~ reslly rc, @arch for quartz veins as mclg the pmition of. 
granitic masses w i n g  only BS a geaertrl indicator of anaear that .may 
be feeorable pnmpecting m d .  

The above paragraphs have bean nrih far the I d a  pmsp&r. 
who ia going in@ a new mnnty. It hnppens more oftea in Almka 
that lode p-g  follow^ the, development of some gold-pE-F 
district. Commcmial placars hawe not usually been tranqortsd any . 
great d h m  from th~ ir  b e h k  soume ; and if the ides that  have 
produad the p l m  am dm of commercial value they are -ally 
h t . 4  m n e p  or later by considering the @tion m d  direction of 
the pay stm& and by labriow praspectlng, Knowledge of the 
chmwhr of the metalIhtion in r region, however, will often be of 
g m k ~ a l u e  in dducing and locating tbe bdmck m m  of the p h  
deposit. Shofl cuts that result fmm an undemkmdhg of mmiitiona 
nre certainty worth while. , . .. .: . 

~ - 
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M& of t h a & & ' ~ & . k w , r n i , ~ t b e . &  sdtbemd- 
l i w i m  in thp placers, but d y  B few of them m in plsaera.of 
mmmrckl d u e .  Gold, of mu- &I the chief commercid pleaei 
metal of Ahsk i  Tin-plum mining is carried on in a Bmall way an 
%ward Penhsdd, and cadarita has been llewvered on a mall 
mle  d other p l m  in connection with gold-placer mining, notably 
near Hot Springs, in the Rampart dishrick. M n  hag a h  h n  
m m m d  from'tbe plmm A residuel scheelite plsasr on Sewad 
Peninsula was worked during. the war, and m e  wo1fmmite dm I 

m v d  from tha p h r s  in the Circle ,district. The platinum BQ far 
-wered in i n w a r  M& has come entirely h m  pl- that 
--mined primarily for their content of gold., .rv P 



&E!I!ALLIFE.Rous DEPOSITS XN YUKON AND KUSKOKWIM BEOIONS. 161 - 

XII. ~ n v i ~  .placers : . - 
A. Simple stream placers: 

1. Present stream placers. 
3 2. Ancient stream placers : 

L-Y+v~L - a. Bench placers. 
h b. Deeply buried plaop,Fs. 

B. Coalescing stream placers : 

e 1. Present coalescing stream placers. 
2. Ancient stream placers : . a. CoaIescing bench placers. 

b. Coalescing deeply buried placers. 
IV. Gtlado-flu~bkile placers. 
V. Bertch pl&ers: 

A. Present beach placers. 
B. Ancient beach placers: 

1. Elevated beach placers. 
2. Buried beach placers. 

All these I y p s  are found in Alaska, but not all are economically 
important in interior Alaska. 

Residual placers are formed by rock weathering and decay in 
- place, transportation by water playing no part in the proems. Such 

depos'its may be considered the disintegrated surficical parts of metal- 
Eferous lodes. Deposits of this type are rare in Alaska. The scheel- 
3%-deposit on' Sophie Gulch, in the Nome d&trict, is a tfpical ex- 
ample. 

Eluvial placers are residual placers that have been transported to 
mine extent by means of soil creep, frost heaving, and the action of 
tiny rivulets within the decayed rock d6bris. Such deposi.ts are 
eo-n in interior Alaska and are more likely to %e of economic 
value than true residual placers, because the movement of the soil 
and rubble results in concentration of the gold near bedrock. Hill- 
side placers and the uppermost placers of gulches belong to this type. 
The " upgrade " placers at the head of Flat Creek, in the Iditarod 
district, hhae been described as residual placers, but in a strict sense ---, 

t h y  belong to the eluvial type. --7- 

nuviatile or stream placers of present streams are too common 
and too well understood by mining men in Alaska to require any  
description. Corresponding placers that have formed in ancient . 
streams, however, are not so well understood. All bawh placers, 
when first laid down, were stream placers similar tcu-:?t;hfise of the 
present stream valleys. I n  the course of time the sf26ah gravels, 
if not ~eworked by later erosion, may be left as brraces or benches 

the sides of the valley, if the local base-level is lowered and the 
e m  continues to cut down its chanhel. Such deposits constitute 
e so-called bench gravels. On the other hand, if the regional or 

local base-level is raised, the original placer may be deeply buried 



4 a m n d  or later p h r  d&t may be laid d m  it, Thii 
has omurred on Olive rr tributary of Tolovadi =mr, in the 
Tolovaba district, where a shiilow snd a deep channel have lmn q 

formed at &%a& tima The deep chsmel is pmWIJ isynchm ' 

nous with the de- or beRgh channel on I ioengd  Greek, in the 
same district. If the 1-1 base-level remabs pmcticslly stationary 
for a mry long period, a condition seldom realized, ancient and re- * 
cent p h  may fom a perfectly continuous deposit in a long valley, 
for the deposition-+f a gold plmr is h a m  to occur st that pint 
in s d e y  where the stream nctim changes from emion b alluvia, 
tion, and mch deposits are therefore famed progmmimly npstmam. 

Where mveral parallel and csontipow stream that a forming 
placers emerge from their valleys upon an open plain, perhaps inta 
some wide valley flmr, a continuous or coalmcing placer may Iw 
formed, along the front of the hills. If Itha s t r e w  empty into ;some 
lake or'&uary, a delta placer, the .sams but perhaps dif- 
ferent-in mme minor mpecb, may be formad. Manifgstly m h  
compothd placera may be formed by 1 4 t h ~ ~  present or ancient stream 
and may be e l e d  OF buried in the same wsy as simple stream 
place% %m J the gravel-plain placers of Seward PeainsUla are 
c~alesciag plammof this general character, and there is evidence 
'that some of the placers near Hot Springs, in the Rmport Wrict, 
may dm IM in ampund. 

Glaeio-ffuvisWe plaoers are mlall and wry i r q d a r  pq airbaks 
in outwash glachl pards, some of which are valuablamoagh to 
render profitabd tb mining of great banks of glwio-fluvilltile gruvel 
and g3misI ddbris. Such p h r s  are found only in re@- that 
ham ken extensively glaciated, sach as the s l o p  of the Alaska 
Range. Plrrcers . of this type are workad in the Ygntns district, 
13011th of the ran@, but are unimportant in h h o r  Alda,  

Bench placers am formed though the gorting and distn'bntion of, 
\ heavy constituents of g r a d  by &om earrents and wmm. T* 

gre not known iq, interior Alaska, but tho* in the p m t  and 
W n t  beaches of ,the N o w  district t; of high value. 

+ * --% --a PbB Fumm. 
. - , A .  . : : c4: 4 r - The. pnwp&~,&$ interior Alaska will oo* -$a mar& for 

h s m  asd bgwwIacers of gold, for the= are the onEg of 
placlar Idepdts, as to metal content and as to origin, that war- 
n~& qloitat  im at pmmnk 

All that has bsawmid of I d a  prapcting appliers equally well. Q 
+oer pmqe&q,.for the Ede intedates the placer. It is is p t  
wmte of time and;adort to proepect bLindlp from year to year, as 

. many prospectors do, withmt having any .pod m w n  for believing 



b;akb&d that a gold placer may exist where they nnddrtake to 
proqed. Soma rich plamrs hme been fanad in this wag; but it is 
egnaUy trne that an mde-ding of geologia conditions has often 
d t e d  in BiRcomries that o t h h s a  might nat have b n  made for 
a long be. Tha diwvery of the high-bench ancient beach plama 
at Nome i~ s cam in point, for it wss predicted by Federal p l o -  
gisks,? and other examples might also be cited in intarior Alaskn, 
where men who have been guided by geologic knmledp, either their 
own or that pined from others, have k n  able to  precede the unin- 
itiated in making important discoverie~. 

Zn ssarching for placers the prospector should hunt fir& for Ereas 
of @tie rocks that givo evid~nce of having been metallized, ju& 
aa in I& prospecting, and then after the txmmnce o f  metallization 
has hen astablishd he should prospect the dreams leading from 
mch areas. Om difference, however, must be cibd. It is not neces- 
a a q  to find a high degree of metallization nor to discover a rich 
lade before beginning plawr prospecting, for a lode depmit of very 
low grade may by long-continned erosion and h a m  cdncentratiun 
develop into a high-grade plaoer. The 'placers of the Klondike , 
ragion are rtn example of this condition, In hck, if tha pmpecbr 
&ds a small am of granitic rocks or an amn cut by many qurrrta, 
d m  or grsnitic dikes, he would do well to .prosp~lct the &ream 
drabkg BUCB an area, even if evidence of metallization hsd not 
bed% discovered in the bedrock. If a cummercial gold placer is 
ps&t in the vicinity, some inkling sf the fact is rather likely to 
be obtained by panning on the bars and riffles of sdme of the stream 
neat by. 

bother point that d-es strass is the desirabiliG ;6X mhhbrg 
in particular for h c h  deposik T h e  conditions that *he for the 
development of continnow .commercial pay strealm a m  long-con- 
tbd and deep residual weathering, modmte stream w i e n t s ,  
a d  a nice adjusbent between the f s c b  that legdate  the e&on 
td trsnaporbtim of m k  d4b~s .  I t  is believed that fn~ombla con- * 

d* of this wrt prevailed more generally in inhrior Masks d q  
the physiographic cycle just prsosding the pressnt one than they do 
now. For this IWSQFI where bench and stream placers both o m r  
the . h r - a m  &Iy to be the richer. The placers of the Fairbanks 
and Tolmna districts prove the mmedm~, of this >hppothmis. 
Bench plaoers, of mum, are harder and more d y  to prospect, 
hause  the gold in them is usndly buried beneath a gmmt thichssa . 
of muck and p v e l .  The discomy of m pay streak in the present - 

"der, F._C.. and Rtmka, A. &, hell- repo~t an the Cape Home gold 
m u  (U. 8. -01. 8 n m e  ~ ~ l s l  publication). pp. 22-23, 1900. Broalra, A. H., A - . 
--re of tht Cam Borne and ttd.lrcent gold fleI& of &ward PePinanla, h k a ,  
in laOa rU..&.G&. @sv~-y rpecbl pnbllcatIon), pp. -91, 1901. , 



Crsat &meZ,my perhaps ba a lqgical pnli&~+%p{.llut yhm 
=+is ~ m p ~ i s ~ ,  a thornugh search ,for h c h  m~eb should he 
mads. The orignal dimmmrq~of goid on Livengnod Creek T 

ajd d p d t  in fullest rn- by $eir discovery, Gwum they 
overlooked the e b i l i t g  of a- .&her charnelt ond the rich bmh 
placers fell into tha bands of later arriorls in the camp. 

Lastyof all goma consideration should be given to the phpio- s 

graphic type of country in which worksble p l w m  am moat Iikely. 
to be developed. One of the conditions that is mgded as famrabb 
for the wculIluistion of commercial placers is a moderate h e a m  
d i e a t ;  and such gradients. are prevalent in the lo- psrts of 

. the country. To ,be sum, m d e r ~ k  gradients may be found in the 
lower oonrses of larger gtreams, even ,in a district of high relief, 
hut the chanm for the formation of a workable placer are lerss in o 
wide d l e y  drained by a large stream than in the  maUer tsibnbryL 
yallayk It dbes not neamady follow from. t+e &demtiom 
'&at wbrkable p k r s  will not be. found in the Qber  mushy, fur 

> B &ently rich lade may give rim to rich placers d e r  condi- 
tiom that in genml are mn~dered very adpieme. The ~hanclss of ' dimwing worknkle placlers, however, am much better in the regions 
of low relief if* 448 conditions f o r , b h c k  metallieation-appear to: 
'be aquplly f a y o d e .  With few exceptions the rich p k r  campsps 
of interior Masks=bve been £add at an elevation of Iea than 1,000 
fat, The K a y W  camp is an imporht exception ta thia rule, 
but 'm in this p g p d  -try the principle has ik appliatioa, 
for th richest M r s  occur on the lower pa& of the -tribrrbriesl . 

c l m  trr the middle, muth, and north forks of Koyukuk River mnd 
fs, ~ ~ , - W ! i M ,  , a d  John rivsp6-aU large streams. The. p d i -  
C:nb (ye the pa*~f the &reams that contain the placem am them 
fore the lowest that the country sfforda. 

Ahbough ths gold and the valuable dphide orse in htarior 
Alda sre all h i v e d  origindly from the granitic rocks, yet m e  
gold plamrs h a ~ s , a  proximate mume of different c h a d r .  A-l- +w. 

*=a& the gold, mtained in the belt of conglomerate that drebhes. 
wmtw.1.d from Eagle to Wmdchopper Creek, in the Yukon-Tanana 
$don, c w w  originally from granitic rocks, get for #Q pmpector P 
of to-c$iy ;this qnglomerate mny be ccon&idered rr bedmck source of 
She gold. Not,ellMe placer gold in thin belt, Bowever, coma f tom 
this c o n g l a m e ~ . f o r  without doubt mme ia derived directly fmnl 

. th d&r mlts, but the h p o ~ s n c e  of the conglomerate as a can- 
tributing source pf gold & o d d  not be overlooked. Thia exampla i~ 
given to illustrate 8 principle rather than to indicste thnt thia par- 

- ticular area is of~my great importance m a placer field. - - Another example of a proximate source of placer gold other than 
the original be- mum is afforded by th g k i d  gravels and 
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ddbris. :&ntien hw already hen made of the p k b f i t y  at mma 
, locditim of w c i r h g  wcb d e p i t s .  More commonly, however, the 

,v original glacial deposits have been reworked by the p m n t  streams, 
which have cmmntrsted the goJd and developed workable stream 

w plscera Practially nothing mn be said that will aid the praspector 
aithw in finding the original pay ~~ in the glacial p v a l s  or 

Y in h d m g  the stream placers derived from them. Fortunately plm- 
ers of this tgpe are rare in inbriar AIaska, being confined largely to 
the slopes of the A l d a  Range. 
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Water-er hv&i&onrr in &thdterxl M ; + b y  E. 8, W h ,  h Bd& 
722, 1922, pp. 7E-118. $ '  
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Wow on copper proapecte of Aince William B o d ,  by F. H. M d t .  In Bulletin 
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137-145. 

Mining in f i e  1- m r  R i m  bdm, F, B. M&t. In B n l l b  W ,  3817, pp. 
166-183. 
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Primce W i U m  Sound; d e ,  1500,000; compiled. In *Balletin 626. 30 cents. 
Not imued mpmtely. 
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. Wmts. 
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Gdd mining in the WilEow C k k  dietrid, by S. R. thppn. h Bulletin W ,  1W6, 

pp= l8&200. 
1 I 
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M t e  d ~ & 4  M. bi A. G. B d e t h  742. 

--a m. 
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Lower &tar id  Vdley; d e ,  1:J2,500; by R. H. -t. I .  Bt~UatPn 6iW). 

Not bed mepamfely. 
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In B d e b  520,19U, pp. 211-218. W mute. 
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