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INERAL RRSOURCES OF ALASKA, 1919. 
, . 

By ALFXED 13. BRQOICS and others. 

PREFACE. 

Bv ALFRED H. Bmm. 

'-.' 

; Tbia volume is the sixteenth of a series of annual bulletins1 treating 
af AIuka and s m & i n g  the mdta tlchieved 
investigation of the mineral m w e s  of the 

ded to g i ~ s  pornit publication of 
import a t  economic results of the yem. The time &pail&& 
preparation d m  not permit full office study of the field 
spwimans, md some of the statements made here may be 

bjmt to modification when the study has been completed. Those 
in any particular district should therefore procure a- copy 

report on that district aa soon ,as it is available. 
like the others of the wriw, -contains an ~ ~ ~ o u n t  of 

s mmhg industry, including statisfics of minerd production and 
statements on investigations made by the Geologicd 

It is intended thaf this series of reporb shall m e  as con- 
on the mining industry .for the years which 

wver. It is not possible for a member of the S m e y  to visit 
year, and therefore the information used 

on, mining developmenh ia in part obtained 

ers of the technical. ~ t &  of the division 
Maskan mineral resourcw were called into the military service or 

ng to -this tramfer of personnel 
tions and surveys were nof deemed 

'" ~ be directlg. important to the winning of the war, a reduction in the 

The prePadlng volumw in this aeries ms U. S. QeoI. 8- Balle. W ,  2&1,814,345,379,442,480, Sa0, 
W,W, 842,162, W, and 'Ilk 
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. muvep htrve had ta be deferred, and thin y d ~  report ia maah '." 
' smder than those that have preceded it. 

Again, 88 for many in the past, the &mlogid Survey is under., 
' great oblqation to reeidenta of the TerriZlory for valaable datk ' 

' . 'Shm who huva thus aided include the many mine operatom wWb9!:. . ,.I, , ; 
have W e  reporte on production MI w d  as developments. ~hom":":l': : 

I 
me M someAlaskrrn mineral produrn who.fair to respond to r+ .*:'::, .! 
qumts for information. Many prospectars, F d d  officials, en- 
gineera, and o 6 c m  of transportation and commercial companies have , 

3 4 
con2rihted valuahb deta. It is imprsctimb1e h mention by name. . : 
all who have aided in thie work, but it should be stated that without :- 
the &tanae of these publi~pirihd citizens the preparation of tG':'' : 
report would have bwn impossible. Specid aclmowledgmenb should . 9 . 
be made to the Director and other officers of the Mint; the offieem of . ' 
the Math custom service; the officera of the A l h n  ~ngineering?? . , 

C o d i o n ;  the American Railway Express Co.; G. Howard Birch, . 
of Nkina; F. E. Y a u p ,  of Seward; R. N. Moyer and Sidney Ander-- 
gon, of B n c h o q ;  N. D. Bothwell, of the Willow Creek district; W. . 

K. M c h a n  and R. E. Steel, of Chisana; John Elden, of Steel 
' 

W k ;  C. E. X Cola, of Jwk Wade; I?. J. RiZliard, of Eagle; Charlee :: - 
Zielke, of Nmmn; J. A. Fairborn, R. C. Wood, and the h t  National . 1 

Bank, af Fairbmlm; (=hml~~  Mafield, af Richardson; J d u s  L. Ray, - a , 
of Re* River; M. T. Robinson, of Tofty; Alaxander Mitchell, of$ ', . , 
Glen , W k ,  Kantidma; George W. Ledger, of Rampart; B. J. BOW&-:":', '- 

of Cfrgenstone Creek, Ruby district; Herman Willeke, of Fht Creek, .. . . 
Ruby dhtri~t; C, & Bwmw and C. E. Taylor, of Idihrod; Harry 
Madison, of ToLtoi; G. C. Glass and B. B. Smith, of Ophir; R. W. k;. ,:. , 
b x l  and E. W. Quigley, of Name; R. E. Carter, b a a  &en, and$ ':f" 4 

Chmh Mespelt, of McGrah; William Lobelle and & Skkm, qf I Kwhak; Lewis Woyd, of Shungnak; George L. Stanley, of of; . . 
.and V o h y  Riohmond, of the Northern Commercial Co. 



Ahaka d n g  indwtry, which has turned out pmdacta ha* 
a tad vdua of !3438,160,000, began in 1880 with the recovery of some 

it $20,000 worth of gold from pJacm near Juneau. Of this btal value 
98 per cant is to be credited ta the gold and mppr deposits, but 
&&a minea have also produced silver, platinum, pdadiura, tin, , 

had, antimony, tunptan, ohmmite, cod, petroleum, marble, g p m m ,  
gmphite, and barite, and development work has been done on 
d e p ~ i h  @g ni&al, iron, molybdsnite, and ~ulphw. 

Tho exploitation of M&'s mineral wed& before the war a b d  
a ather steady growth, with some fluctuations from yeat to year, 
snch as are more or leas inherent to mining in remote ragiom. 
This dvance was mads in spite of the handicaps imposed, by imla- 
tion, the inadequacy of means of cummication, and the long exist- 
ing intedct on the development of the coal and oil fields. Then 
came the change of industrial mnditions wrought by the war. 1t.a 
b t  effect was to increess M&'s output of copper enormoudy, 

4 awing ta the high price of that metid, and this increase in 1916 
brought the h e ;  of the total mineral output of Alaaka up to over 
348,632,000, a larger amomt than that for any other year &ca 
mining begrm. (See Pl. 1,) The d&e in price and mwht demand 
for~opporainm1916h~graatlydudAl&%0~tputofmpper. , - 
Mesawhile the world-wide depression of the @Id-mining industry has 

' 
&O greatly dected bh. A s  a consequence the value of the b tal 
mir id  output of the Territory in 1919 waa only $19,621,000, as corn- 
pred with $28,254,000 in 1 918, and was the l o w s t  annual d u e  &ce 

. . 1914. 
This very marked decline of A.hh's mi* industry bas beem 

abtad with alarm by many who itre interested in the Tersiforg md 
haa h a  mpaciilly disconcerting to the general public, became it 
m e  at a time when large Government funds were being expended 
on a Failroad intended primarily to open up the mineral r e e m m ~  of 
the inhrior. This decline is not due primarily to lo& causes, how- 
ever, but ia largely the muh of world-wide industrial conditions . 
brought on both by the war and by the readjustments that have 
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followed it. It is pertinwt to inquire what the future holds forth for 
&kst mining. If it is true that the decline in output is due to the 
gederd hatability of indwtxial conditions reaxvery must await the 
improvement of these conditions. It would lead us too far afield ta 
attempt here to discuss my of the broad problems connected with - 
the prment ecolaamio situation and its betterment. The purpose of 
this paper wiU be met by asauming that these conditions will impme. ' 

Although many local facbrs &ect the future of the M e s h  mining 
industry, the mm t important consists of the mineral reserves. Unless 
the accessible reaewRs are large enough to support a future growth the 
mining induse,  no matter how favorable may be the clonditim of 

+ 

exploitation, will languish. Those who have inquired about the 
quantity of miaerd resswm have usually received the stereotyped 
mmm thrt t Alaska has vast stores of mineral w d t h  awaiting develop 
menk. However h e  this miy be, the Ijublio haa a kight to h o w  
on what facts such st%t&enta are baaed. An attempt will be made 
here to summarize briefly these £ah, which are wattwed through 
scores of publimtions of the United States Gealopical Survey,' and 
to forecast, sa far as may be, the future of Alaska aa a p d n m  of 
minwls. 

Bdore considering the future of the mining industry, it will be 
d&bh to emmine briefly the record of the past IH expressed by the 
value of the minml output. The statistics of mineral ~ u c t i o n  am 
given in a later aection of this report (see pp. 59-76) and are expeasd 
graphidly by the accompanying diagram el. I). On thia diagram 
the value of the totat mineral output and of the copper md gold is 
shown by  curve^, which give a measure of the mining industry for 
the last 40 yeam. The curpe~~  though recording fluctuations from 
year to year, ahow on the average %rather unitom growth of output 
u n d  the outbreak of the war in 1914, since when U h ' s  mining 
industry has been unstable. If the pre-wtw curve &owing the value 
d Almb's total mineral output is p j  ec'ted over the last fiva years, 
it idJ,l indicate &ateunder normal conditions the v&e would have 
been about $22,000,000 in 191% It is si&cant that the achai 
d u e  of the output in 1919 ($19,621,000) was ody about 10 per cent 
below this nomal value- indicated by t he  curve8 This in iW is verg . 
encouraging, for it Indimtea that the Alaska mirm are w an aver@ 
nearly holding their awn, ~JI spite of the present sbpmdy aadve~ge 
oonditiona. 

The pmmr CUFV~I might, of mum, be projected also into the 
future, .with a view of thus obtaining a rough estimate of bhe probable 
developments of the d a s h   mine^. . Such an estimate would have 
little value, however, because the mineral output of the phst does not 

, 1 A l l r r t o r ~ e ~ ~ p u b U ~ o i t ~ C % ~ l o g i c a l ~ ~ t ~ t o t b a g e o l ~ ~ m t n e r a l r ~  
o I h l a s k a t 4 ~ t 0 t h l e ~ o l u m s .  





indimte the chtmges that- bt ba bmught abut  by the conshction 
of the railroad md wagon ma&, the reduotion in freight charges, r i d  
the opkning of tha oil and ma1 fidds. Moreover, suah an mtimate 
w d d  aasume, without proof, that Alaska's mineral m e a  are 

,mph to support a growth of the mining induetdg in the f n h  st the 
' same mta as that of the past. The quantity of the several m i n d  

occurring in Almka is epidentIy the significmt element in the probIa, 
In dimming these rwep~ea it dl bo desirable to limit the cwtimate 
to thoae whiab are now or a m  soon be m d e  available. 

An eatimate of Alaaka's mineral reserves would be S d t  enough 
even with complete geologic maps of the entire Territory. Only 
about 20 per aent of Alaska hm been co~ered by even reconnaissance 
geologic survep, and l a  than 1 per cent by detailed s m e p .  This 
mmgemem of geologic data is in B m m m e  oflaet by the f& that 
tlm rtreag surveyed cover much of the immd iatdy accessible parts 
'of the Territory, where the moet extensix-e mining deveIopmenh of 
thenearfuture are to be expecM. Theinformationat h d ,  haw- , 

ever, st be& does not permit quantitathe mtimakts of m m .  
Nevmthelesa, it indicates the ares8 distribution of the minerd d e p i b  
(R. Dl, and a study of their geologic mumerice gives 8 bash of 
forecasting theiF availability to the miner. Tbeee data, consid- 
'ered in connection with the accessibility of the d e p i t a  and ths 
prob~ble market for their ontput, will afford a sough rneaaure of 
their availability in the near future. 

DrYing 40 years of mining Maaka hag produced gold to the vdue 
of 811,665,000, of which $218,000,000 i~ to be credited to the placer 
&a. The h t  notable impetus given to gold mining in the TeaTi- 
tary wae; the discovery of the Nome placers in 1898 and their rapid 
do~elopment, which rewhed its maximum in 1906. Meanwhile the 
placer gold from themFairbanks district, h t  developed in 1903, 
helped to awaU the gold output, into n maximum prodnction in 
1909. Much the Iarger part of the placer gold recovered in theee 
two fields, aa well as in most ather placer diatricta, auch aa Iditarod, 
Hot Springs, and Koyukuk, has been taken from relatively small and 
.vary rich or so-called bonmzs deposits rather than from larger bodies ' 
of* gravel haping a loww gold conbent. Tbe production of placer ' 
gold in the past has themfom been maintained by the exploitation 
of new bonmtls rathnr than by lager inatallationa in the developed 
dialtrjab. Since 191 1, however, there has been a gradual i m p r o ~ e  
ment in mining methods, notably in the use of goId drdges, by 
which aver $20,000,000 worth of gold baa been recovered. 

Auriferous lodes in Alaska have yielded $~2,000,OEH) warth of 
gold, of which mow than 80 per cent hae come from the aix large 

*' ""a, 
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lm@e mbm of the Jrmm district. Lode mining in the Juneau 
distriot rather M y  incremd from the h t  large inetdation in 
1887 h the d-ion that followed the outbreak of the war, whinh 
occurd at dm& the mme t h e  e9 the m c l u n g  of three of the 
TreaBweIl minee by m inflow of sea water. SuocesaEul lode miniag 
at Jme8u, in compleh contraat to moat of the placer operatiom, has - 
h n  based on the exploitation of low-grade deposits on a  erg large 
seals. The mines have, indeed, been operatad at a lower mit cos t  
thm my othera in the world. The average mine per ton a! the gold 
mid dver  recovered from the ore p&wd in thege mines ainm 1882 
is $1.95. The e d l  margin of p r d t  was- &set by the very I q e  
tannage d ore hsndled. Becam of the smd margin them opera- 
tiona were naturdg amow the h t  to react to the eoonomic con- 
ditiom that have &eatad gold mining eo adwrse1y. 

Mwt of the lder mines outeide of the Juneau diatFict have been 
small vmtur~~ t h ~ t  could practice nona of the em no mi^ introduced 
at Jw&u, Therafore, with the decline of mining at Juneau Atmka's 
aurifmua lode-mining hduatry haa m i ~ e d  8 eerioua setbuk. 

To sum up, the production d placer gold baa been founded prin- 
eip~lly on b m w a  mining, while lode mining has been aupportd 
ahiefiy by Ghe Iarg~caIe exploitstion of low-grade ores. The 
tandem of bonanza mining hm bsen to cause considerable fluctua- 
.tiom in the annual gold output, but h e  fh~tuationa have in a . 
measum bwn o&et by the steady pmduction of the lmge Juneau 
mines. 

The minor hch~tim in B e  amd gold output of 'Aleska are 
cawed by the local m i d q  oonditiona referred to above. Them is, 
howemir, also i larger pubation of this' output, which i6 reeponaiae ta 
the general economic conditions, industrial, financial, md politicd, a 

that &ect the gold output of the entire world. The clme parallelism 
betwean the gold output of Alaska and that of the world is shown 
in Plate 111. This diagram ~ h m  that the larger mcillations of 
the world's gold productbn are olearly recognizable in the Alaeka 
output, though Aleska at b t  htre produd 1- than 5 per cent of 
the world's gold. Thia disg;rm dso shows a tendency of the 
Mmkm gald output to lag a yew or two in ib adjustment to the 
generel induerkid conditions of the warld. This delay is no doubGJ4 
due b the isolahn of many of the Alaska placer districte, which 
nwmsitatea that, preparations for mining be made a year or more 
in rtdvmce. The facb &at& abve show clearly that whatever 
local conditions may &ect AItmka gold miring md however these 
may be impmmd by the construction of railwap and roads anda 
betterment of the steamboat service, the pro- of the industrg 
ia to a i m p  ateextent m n h U d  by factom that a m  world-~de in their 
dwt.' The gold miner now hdn that, while his product c o m m d  
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; the same price as in the past, yet wb, like t h m  in dl atber 
5 hd~~trias, have enomously increased. For the pwpme of this 
? paper it M ba assumed that these conditions- will chsnge, without 

&uasing when or how this change wiI1 be brought about. 

Burifmu g r a ~ d s  are very widely distributed over Alaelca (see PI. 
II, in p k e t ) ,  but it is only in oornpaa tivoly small areas that their 
gold omtent is high enough to permit profitable exploitation or, in 
othm w a d ,  to comtitute a placer, The question whether 8 body 
of t~wifmua gravels is a placer depends on the cost of ite exploitatioru. 
If it can be exp10iW at  a profit it ia n placer, no matter how smau 
i ta gold conkat. At one locality a body of gravel carrying 1- than 
25 mb worth of gold to ijhe cubic yard may be a plaear, whereas 
at mother a body of p v e l  whose gold content hm a value of several 
dollare fa the cubic yard may be worthless. Some of the conditions 
that affect mining costs, such as physical character ~ n d  thiclmesa of 
t he  deposit$ grade of streamsf and availability of watm, me fixed. . 
Others, relating chiefly to accessibility, may be improved by betbr- 
maat of means of communication. Thns a body of gravel whose gold 
lcontant i~ too low for profitable exploitation at one time may, with 
improvements in transportation, become a valuable pIawr.? In the 
early days of mining at Nome gravela that cmied less than $5 in 
gold to the cubic y d  muld not ba pdtably  expIoiWd, ht in 1918 

' the 21 dredgss operating on Sew& "Peninsula made MI s w a g e  gold 
mcovery per cubic yard of only 40 cents. Agein, the average value of 

, goEd in dl th8 gr~vd mined in Alaska in 1911 was $2.17 per cubic 
y d ; b  1918it ~ ~ $ 1 . 2 0 .  Thischange haabeendnetoabpen- 
kg of mhhg mt, both by lmger installations and by better mam of 
communioation. These facts of themselves make it impossible to 
eathate closely the raservea of the Alaaks placers, even if the quantity 
and gold conbats of the auriferous gravels were known, for it is im- 
possible now to  foreonat what part of theae gravels will in the future 
prove to be workable plaoem, On the aammption, however, that 
profitable mining will ba w b I e  in the future on the same grade of 
p1-m aa i t  has in the past, a rough meaaure of the pl-r rMerPss 
a m  he arrived at. 

A careful scrutiny of d the available geologic, etaihGid, md 
mining data indicatee that the original total length of creek gravels 
that probably carry enough gold to be c l a d  m placers is about 
1,050 milea. Of tbis total, depmite aggregating about 200 milem are 
on cmke whose aUupial flmm &re 15 yards or'less in width, and the 

~ ~ & a g t a ~ d w m a A ~ ~ m ~ b f o r t h b y A . E . B ~ h U . 8 . Q e n L  m y  Bd. 
q pp. I l l - 1 q  lm, 
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r k t  cw B- whose d e y  floors rue ckiefly from 50 to 100 yards 
wide, with eame that ham a width d 300 y d s  or more. In this 
k tal Inileago have been included only those atream prelswhich have 
beenmined m m m  .or Iess pmpectd. The mmy lawe deposih of 
gravela which are l m m  to be aurifemus but about whose gold con- 
tent no idofmation is mailable are not included in this estimab, 

It is hlieved that of this 1,050 d m  of originaI gold placer ground, 
2511 miles haa been mined out. The value of the total placer-gold 
output of Alsska is $218,000,000, of which about 818,000,000 is to 
be creditd to beach and high bench placers that are not i n d u d 4  in 
this estimate of stream gravels. Therefore, as nearly as can be de- . 
mind, the stream gravel placers thus frar exploitd have yielded gold 
to the value of 5800,000 to the mSe. Much of the placer gold has heen 
won from bonanza deposits, such ae those of Name, FairbanIra, m d  
Hot Springs. The Fnirbanks placers ham p d u d  about $3,000,000 
worth of gold to the mile for the ground actually mined, anrl the 
recavmy from the creek placers of the Sawad Penirm.11~~ has bem 
about $500,000 ta the mile. On the other hand, the recovery has 
been only $50,000 to the mile in some of the p o o ~  digtrick 
Although it is qnito possible that other very rich craek placers wiU 

be fovnd in Alaaka, notably in the Yukon and Kuakokwim bmins, 
where them are many streams that h ~ v e  not yet  been thoroughIy 
prospected, yet a forecast of the future can not take account of such 
~ i b l e  dkmvesiee, end mnat include in the satimsh of avdable 
merves ody placers about whose gold content there ia some infor 
mation 'based on actual development. If the gold-plaoer resew es 
are ~ B & B I V B ~  by the least valuable creek placere that have thus far 
bean devejoped, nmdy, at $50,000 a mils, the total value will be 
$40,000,000; if the e a b a t e  is based on the average gold recovery of 
the past, the total value will be $640,000,000. The tmth will lie some 
where betwmn these two extrernos. In the  writer'^ opinion it will 
be,coneervative to estimate the value of the undeveloped c m k  placm 
at  $200,000 a mile, a figure which will make the value of the total 
creek placm -813 $1160,QO0,000. TO these must ba, added the 
reeewm of bench. and ancient b e d  and gravel p I m  Deposits 
of t h a q  types have been developed and testd only on Sewad Pe 
ninsda. I t  waa estimated some pears ago that the value of the 
goTd -re in the gavel-plain, ancient-beach, and high-bench 
p l w  of Smard Peninsula was a h t  5215,000,000.' Subtracting 
the amount of gald t ha t  has since hem mined from these depmits 
leavee the value of the meme 5200,($00,000. This very 1-e reserve 
mmp,wd with those of other pars of Alaska is due l q d y  to the fact 
that in Sward Peninsula the cost of mining has been much lower 

~ ~ h s ~ ~ b ~ s r a r d ~ ~ h b k i n t h e b e a c h d ~ ~ ~ '  
r B m , A  E , U . a O d . m B l l u . w p p . % 1 3 & ,  lPWL 



!ED4 FUTURE OF ALASKA M T m G .  11 

than ahwhere in Alaska. Therefore d e p i t a  of rr low gold tenor 
are included in the reserve. 

Though the above estimates of available plawr gold resemea m ~ y  
appear extmvtrgmt tu some, a comparison will show that they me 
moderate. R~~ent1y  a c o b t h e  of experiencd Fairhanlrs m i n e  
operaturn under the leademhip of John A. Davis, of the ,Bureau of 
Mines, colleckd -41 available information on the dredging p m d  of 
the Fairbanks district. Thia iiifonntltion was camfully checked by - 
5fr. D a ~ ,  and as a result it was estimated that the dred&,pund 
on the creeks immediately tributary to Fairbanks includes a totd 
bf 218,000,000 cubic yards, with an average gold content of about 
46 cenk to the cubic yard and a total reSB1va of gold of the value of 
%100,200,00a.K During the 17 yeam of mining at Fgrbanh some 
$70,000,000 worth of plscer gold has bmn mined out, yet there still 
q a i n s  in the p m d ,  mxmrclmg ta a m1ls8m~tiv~ eatimab, over 
$lQOOO,OOO,OOO worth of gold. 
In view of the above facts it is believed that tly a d a b l e  placer- 

gold r-ea in the developed districts of A l d a  have a value of at 
least 8360,000,000 and perhaps of twice that amount. There is dso 
the possibility of discovorie~ of new deposits, of which not even a 
rough estimate can be made. 

i 
i QOW LODES. 
. * 

Few of the Alaaka gold-lode mines have blocked out ore to supp2y 
them for more than a few years in advance, and therefore there is 
no bssis for astimating their reaervm, which are developed from year 
to year. The l q e  Juneau mines, where development work has 
d y  been kept well in advance of the stoping, can for tha present 

c not be counted aa a very definite source of gold. Mwt of tho other 
auriferous lode mines w e  quipped with onIy m d  pIanta. Many of 
them are, indeed, only prospects with small  d s ,  operated for only 
a part of the year. Wem the future of Ngska'a gold-lode mining 

t dependent on the de~doped mines, the outlook would not be hopeful. 
In tho absence of developed cre bodies the future of lade mining 

must be geed by considerations of the geologic occtrrrence and rlk- 
tribution of the ores. Saeh facts cart not be interpreted in terms of 
rmeme tomage, yet they will serve to indicate the probability d 
diwveries. 

i The wide distribution of gold placers is in itself an indication of 
widespread minerdization. Gold p I m  'by no means give definite 
svidenm that the gold is sufficiently concentrated in ite bedrock 
aource to be profitably mined. Yet the placers show that the bed- 
"rock is minerah&, and this fact alone augurs well for the discovery 

* C ~ ( m o l ~ a I l s l l ~ B e t h G m g . ,  Istsats., Hearlqa h h m ~ ~ & m n i t h ~ m T t &  
4dU Cm EL 31. 7417, July 8 , 2 4 ,  25, and 81,19l@,.p. 142. 



of a d m m  v&. Moreover, soma mrifemua qu& vetins h w e  
been found in nearly -every placer district. .(Sea P1. 11, in pockhh) 
The geology shorn &at the Naska auriferous quartz ia genetictbuy 

I d a h d  h intrusivegranitic and kindred mclra .~uch  intrusive rocks 
are widespread in the territory 8011th of the crmt of the Arctic Mom- 
tain system. The geologic conditions are therefore favorable to  the 
occurrence of auriferous quartz veins. This fact has beem generally 
rmogrhed, gnd the question EB often aaked why more !ode minea 
have not been developed. A partial answer to thig quastion lies in 
the f& that in much of Alaska lode pmpecting is beset by the 
difliculty that the bedrock is masked by a mat of m a  and other 
vegetation. Therefore the lode prospecbr has little to guide his 
=arch except the distribution of placer gold. J!+fomes, them has + 

been little inoentive to lode prospecting. The kmxmibility of so 
much of Almka hea prohibited mining development except such as 
could be carried on with the simple bola and metbods of the placer 
miner, Much of the placer mining hw been done far  fmm navigable . 
rivers, where here were no r o d  and few, if any, trails. Under such 
conditions lode mining can not thrive. 
On the other hand, where a region ham been msde even rwmnably ' 

acceesible amdl loderninig industrim have sprung up, as, for ex- 
b p I a ,  in the Willow Creek and Fairbanks districts. The evidence 
in hand indicaka that gold-lode d g  in Alaska has only begun, for 
thare are many districts that cont~in evidence of the prasenca of 
a d m m  veins. Though no quantitative atahment of reservee of 
lode gold ia W b l e ,  there can be 1ittl.a doubt that when m d \ s c *  
n o ~ c  conditions become reestablished and t~maportation is pro- , 

vided, M e  mhhg will be undmhken in many l o d i t i ~ .  It is qnita 
possible- that the maerne of lode gold far exceeds that of the pl-. 

COPPER. 

Cf-Edfr BEAFVBEl. 

The total copper production of Alaakn to the end of 1919 has been 
845,00%,336 pounds, recovered from 3,738,000 bna of ore. The fmt 
copper-mine developmenti were in tha Ketchikm district, but pro- 
duction began in lW0 in both the KaItchikan and Brinm WiUiam 
Sound districh. The h t  l w e  ahipmenb of cupper o m  from the 
great Kennecott mine, in the Chitha district, were made in 1911, 
after the completion of the Copper River Railroad. At about the 
same time the Beahson-Bopanze mine, on htouche Island, in the 
Prince William L%und region, waa opened on a large male, In f 913 
the Jumbo and Mother Lode minea of the Kennemtt p u p  bean 
shipping ore. Them two, together with the original Kennemtt mine, . 
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ara" operated on very rich chalwi te ore, and it is their mtpnt which 
h& so greatly swdled the copper output of Alaski. It was a for- 
tunate coincidence that these rich mines should haw been prepared 
ta take advantage of the war prices of copper. The Iwge output of 

coppe~ m fxom them t h  bonanza deposih has greatly ben&M the  
industrim of Alaska and has gtimulated other copper-mining v e n r n .  
The Beataan-Bonanza, the only other large copper mine in Alaska, is 
working a large body of copper ore of much lower grade than that of 
the Kemecott p u p .  This ore is concentrated by oil % tation before 
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~hipmaaf. Meet of the other copper mines me small, and many m 
developing ore bodim which a m  not large m d  w h m  capper cuntanf 
is low. As a cx)a~~quenc.e of thia condition md of high freight rate, 
many of the d l  minee have been operakd only during the period' 
of high prim for copper. This fact is iIlustrated hy the accompanying 
diagram (fig. 1). Even during the periods of high prim, apcial ly 
during the war, lack of shipping or refusal of smelters to take tha ore 
has prevented the operettiom of some small minea. ha B consequence, 
there is general h u r a g e m e n t  among the small produoem, and their 
number is decreasing. 

The history of the Alaska copper-mining industry ia well flu& 
. h t d b y  figure I. This diagram s h m  the annual A l d a  copper 
production, as w d  as the price of copper and the number of minear 
operatad. For the cake of comparison the curve of the m u a l  capper 
output of the United Statw is added. A cornpariaan of the copper 
production of N d t b  and that of the United Ststea shorn that the 
former mpresenih an mstabihed industry. Although ita larger 
fluctuations harmonize witb those of the output of the 'lynited Stam, . 
yet its pulsations very closely mord with c h m p  in the price of 
capper. The prodhetion of copper in Alaeka hm in general been 
greatly on the ascendancy daring the lmt decade, yet this rise must 
be erdited to the mining of the very rich o m  of the Hennecott 
group. No one can predict how long this bonanza copper mining 
will continuo, but it probably can not be counted upcn to support a 
permanent industry. For exmnpIe, had there been no mining in the 
Kenneoott group during 1919, only one large and four mall pro- 
ducing copper mines wodd bsve been opsrsthg h all Almka, 
Though there i no reason to believe that for the pr-t Alaska'e 
wppm production will decline, except in w fm aa it is affected by 
world7wide industrial mnditions, yet it is not kt be expected that a 
large and growing permanent industry em be based on the prmeat 
developments. In spite of these conditions the outlook for a larger 
capper production from Alaska in the years to come is wry favorable. I 

n o q h  tho tonnaga of ore actually developed i% smd,  the distribu- 
tion or copper deposits ia very wide. (See P1. XX, in pocket,) 
In view of the importanw of the copper resourees of Alaska and d 

the considerable ~ar i e ty  in their occurrence, they will here be con- 
sidered in greater detail than those of the other valntrble miser&. 
The g8010gic aapect of the subject, notab1 y the genesis of the depdts, 
will receive ody brief mention. This matter is more fully discused 
in the many publications cited, which a h  contain descriptions of 
individual depoaita. 

That pnrt of the geologic hihitory beaxing on possible enrichment , .  of the cwpper deposits, howsver, d a m e s  special mention. Most of 
the Alaska capper districts have been prbfoundy glaciated in recent 
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h, md m a d t  the mne of d a m  oxidation and enrichment 
hrts bmn remfed. PosQlwial time has been too short to permit the 
formation of my deep zone of oxidation. Grant and Higgins ham 
suggwtod the possibility that some of the chalmpyrite deposib of 
the Prince William Sound may have been enriched ducing preglwid 
time.' ,Neither the facts revealed by mining operations of the 
decde that has elapsed since the Grant and Rigpus m s y  ww made 
nor the detailed geologic investigations by 3. L Johnson in this 
province have given any support to tb suggestion, which was onlg. 
tentativaly advanced by its authors. All the evidence points to the 
conclueion that them sdphida minerals are primary. The same is 
true of the copper sulphidcs of tho Ketchikm district. Bateman and 
Mckughlin, in an exhaustive study of the Konnemtt ore bodies, 
hold that although the cvidsnca is not entirely condmivg yet it 
pointa ta the wnclnaian that these chaloocite orcs are prjmq? 

!The aulphide copper deposita of the Susitna, Iliamna, and Nab~na- 
White River districts a11 occur in glaciated regions. Little under- 
grdund work has barn done on these d e p i t s ,  but their mineral 
chat- d geologic occurrenee indicate that their ores are also 
primary. I t  may he added that this is in general &a h e  of Alaska 
ares other than copper. Exceptions are to be looked for in the un- 
glacisted regions, however, notably in the Yukon and K d o k w i m  
basha and on Smmd Peninsula. In them regions thwe has bmn 
w yet no deep mining, so that positive evidence of a change in tenor 
with inmeasbg depth is lac-. In places, however, some evidonce 
af s deep zoso*of d a c e  oxidtlt.ion has been found. As the surfwe 
wterid is in general permanently frozen, this oxidation must have. 
tds+ p l m  before tha formation of the permment ground frost; 
snd aa the pamanat gomd froslt is a surviror of the glacid climate 
of the paat, this oxidetion waa pregltbcid. 

The practical dedu~tion from thme facts is that no p t . m  vsri* 
tion in the mined composition and copper m n h t  of tha Masks 
orea i~ to be expected at  depths ta be reached by future miuing than 
has drawly beart noted within a few feet. of the aurface. This is 

- true of dl th;e impo~tanlt Alaska, -per districb thus far discovered, 
'but possibly it do- not hold for ore deposits which may occur in 
tha anglaciated or only slightly glaciated regions, such w the Yukon 
and Kuskokwim b a s h  mil S e w d  Peninsula, 

DEPOBITS, BP DISTRXI;TI. 

BOUTHEbBTERN ALA8gA. 

AJl the productive copper mines as well aa the largest developed 
wpriferous ore bodies of southeastern Alaska sre in the Ketchikan 

7 0-U. 9 . , d  E&h,D.F. R e m m u ~ m ~ b b e ~ l ~ m d r n i n s r a I ~ d  Prim Wllltsm 
m: U. B. O w l .  B m y  Rnll. 113, pp. W, 19lQ. 
4B-, A. M.,nad YcLm@dIe,D. H., o l tbem depcsita d Kmxmtt,Akala: Ecm. 

k l ~ ,  VO1.14 PP. 66-m, 1020- 



a h  ta form commercial ore bodiea, as defined by the method of 
mining m d  recovery that have existed in the past. 
Up to the p e n t  time mining of thc copper ore in shear zones 

has been confinkd to the lenses and tabular masses occmPing either 
tts separate deposits or as a pmt of the lower g d e  disseminated 
om bodiea. The larger bodiea of low-@e disseminated ore have 
received relatively little attention, m d  ii ttle is known of their copper 

- 

content. It will require much prospecting and careful samplizng to 
deteTmine whether they me of cornmereid importmce. 

&amplm of the aheezone deposits, including both the oon- 
oentratd and. disseminated phasea, are found at the Rush & Brown- 
mines, on Karta Bay; at Niblack Anchorago and McLean h, on 
the emt side of Prince of Wales 4 Island; at the C o d  m d  Red 
Wing properties, near Hetta Inlct, and on Big f1'arhbr ( k a d e r o  
Inlet), on the wcat ~ i d c  of P ~ ~ c R  of Wales klmd ; and on Mchod 
Bay, Dall Island. . 

There are alsa in the Kstchikan district some copper-bewing quart= 
veins and brecciated zones. 'me  deposit^ of this type thua far 
developed are s m d  and have been exploited chiefly because of their . 
silica content. mey are eseentislly chdcopyritc-hearing quartz ' 
veim but contain dm pyrite, aphderib, tetrahsririte, and galena. 
All carry gold and silver. In some the garquo indud- calcite and 
barite. T'h- veins o m p y  true fissures with well-defind walh and 
cut bath sdimwtary and igneous country rock. In aome the sul- , 

phidm are wdI disseminated, but moro commonly they occur in 
mmive shoo& aeparatcd by mom or leas hamen vcin mlrtter. Chd- . 
cupyrite-haring quarts veins &re found in many placea in the Ketchi- 
kan district, but most of thorn are too s m d  to  warrant development. I 

The largest dmelopments on this type of d~posit are st the Cimru 
property, on the north arm of Moira Sound, and at the south end of 
Gravina bland. 

One other type of copper d e p i  t in the Ketchikan disbict deeerves 
mention, even though as yet only one example of it has been devel- 
oped. Thi8 o m  in p p x m i t e  with p b h ~ i o  phaaes and appears 
to have been deposited in a very imqulat mna of fracture. It carries 
bornita, chdcopylik, and metals of the plathum p u p ,  chiefly 
pdadium. The gangue is practically '~ll country rock. This 
deposit, on which the Salt Chuck mina is locat~d, was l h t  opened as 
a low-grade wppar d v i t  but ite present hportanae is due to its 
content of palIdam and plathum. (See p. 38.) 

It has h n  shown thtbt the best developed of the Kekbikm cap 
per deposits are those composed essantiallg of chalcopyrite, m e e t -  
ite, a d  pyrite. Some of these have a considerable percentage of 
lime. Much of the snm~~afuI mining of tho past has been done 
because of the smelter demand for base ores and the premium paid 



for s high iron content. The change in metdlufgic pmtim has 
decreased tl i .  demand, producing an d v a w  effect on coppar 

-i&g dhtrict. Limestone is abundant in southe~tezn A l ~ k a ? '  
Tha Ketahikan copper deposits a m  not far from tid&ster and ace 

' on good hwbore open to  ns4gation tbroElghout the year. They 
are connmcted by sheltered w a t e m ~ p  with tho smelters at Anyox, 

. Qm, and Tacoma. %a condition should give cheap freight rabs. 

. The strong topographic relief, exaellent timber, and p o d  water 
powm of the district all f ~ v o r  low mining 

4 htaI of 543,498 tom of copper ofe has been p d n d  in the 

. . Ketchikan district-since mining began i'n 1901. This ore y d d d  
34,056,376 p o d  of coppcr, gold h the vdue of $545,000, and 

: 255,440 onnw of silver. The werage copper mclnhnt of this ore is 
62.66 p~unds to the ton, oqud to 3.13 per cenf. The average vdue 
of the gold and ailver content is $1.31 a. ton, The averqe d u e  of 
the total metallic contents of the om is $12.71 a ton. Na attempt 
has been made to concentrate the Ketchikm ore exaapt by hand 
sortin@;.lta The amdl minm have normally rnajnt~ined their ship- 
ping grade of ore at 5 per cent or more. 

T h e  facts above set forth clearly indicate that tbe Ketcbikan d i s  
trict contains capper deposih which me well worth investigating 
by those who have the capihl to  develop and reduce o m  on a large 

. d e .  The phpical conditions seem almost ideal for cheap opera- 
tions. Special attention shonld be directed to dodrsing rngthodq by 
which tho iron contant of the chdcuppitecmagnetite o m ,  as well 
'as the copperI c m  be utikd. 

' 
Some work hm bbeen dons on copper d+b on Kapremof md 

WoeRdski islands, in the Wrtragell distriqt, adjoining the Ketchi- 
kan dietrict on the north. Thw deposits are cbi90y &alcoyrita- 
be- quarts veins.'2 Copper hss aLso heen found in a h hoar-zone 
deposit on William Henry Rag, an indentation on the wast side of 

. Lynn Cmal. (See p. 108.3 Them are a h  Eome copper depmita 
awocisted w%th greewtonss on Glacier Ray. The occmnce  of a 
nickel-bearing capper ore in the Sitka district Is n o t 4  below. (See 
p. 40.) 

,. 
B e  E. F., -0 01 BOUkhBBHtem U. E. &d. lw Blrll. I(DQ 
The (3-by M M a t c d  Minlng, SmdUag & Powea Ct% mpartn tast In Iolblt tbs c& p ta 

as prodooed, **lncladlnn dudopment  and wastq7' at the M3de m h o  wea n.7S Iproductlm rn-115 
tons) m d  at the It mine &M (productim I 4 , W  tons). Tbig included the ewt el much dismmd d r U q  
on- pmpt1m. (See m p r t  Of compan). fm year WE June 30,11817, p. Xk) 

The pslladium-~opper o m  d the Salt Chuck mine are mmcmtrate8 by oil ilotstiozl. 
H'iVrighl, P. E. and i:. W., The Ketchlhn and Rrangell minlnR dlvlrlotq AlssBa: U. 8. G d .  B m  

BUII. 347, pp, i r ~ e ,  im. 
Chepla, Theodor&, M W w  developmsnts ln the Kotchhu 8sd Wr-1 mlnbg d#&k V. A. 

Gaol. BQmey Bull. MJa, gp. 7&74,1Q18. 
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Coppi! in the f o m  of sdphidm is very widely dhtrfhkd on Prime 
William Sound, but a.a yet commercial ore b d a s  of this meed bsvet 
been dadoped at relatively few loaaliti~s. Though some ahipmente- 
of copper ore haye been made from 8 doeen different propertie, only 
thee large mines have been opened. Most of the mining has bwn . 
done by those who had little capital and hence were forced to con- 
centrate their efforb on the search for rich ore shoots that muld 
promise immediate retulpa rath~r tbsa on the prospecting of the 
Yargi?~ ore bod& of ~esser capper &or, on which a mom pperm~eht 
industry could he establiehed. h a consequence the present devel- 
opmente hske not aided mu& in determining the potential vdw 
of the copper depoeih of %he region as a whole. 

f ie  fot\owhg brief summq is based chiefly on the published 
repoh d e d i  with the mineral resouma of the region, mpecidy 
those by B. L. J o h o n ,  supplemented by some personal oherva- 
tiom of the writer. Information rgmdmg the copper deposita of 
prjnce William Sound is canhind in the followiug  publication^ of 
tho Geologic$ Survey: 

Grant, U. 8., and -, D. F., Rea * ca of the gsology and mineml 
pesourcem of Prince William Sonnd, &ah: Ed. 443, 1910. 

hpps, 6. R., and Johneon, B. L., The E%mardistrict, A l h  Bull. 806,1818. 
Johnm, R. L., The Port Wetla gold-lode diatrict: Bd. 592, pp. 186-W, 1914. 
Johneon, I3. L., Miming on Prince mdliam &ud: Hd. 592, pp, a37-244, 1914; 

Bull. (i22, pp. 131-139, 1915; Bull. 642, pp. 137-145, 1916; Bull. 682, pp. 182-182, . 
1917; null. ssz, pp. 143-151,1919. 

Johnson, B. L., OoppeadepoeitaoftheInrton&and Ifnight Zsbd dhtdets, Frince 
W i i a m  h n d :  Bull. 662, pp. 193-220,1917. 

Johnm, R. L:, Mineral rwnices of Jsck Bay district and vicinity, Prince William 
8011nrf: Bull. 892, pp. 153-173, 1919. 

Copper has two assentidy different m d m  of occw~ance in this 
region. Chalcopdte is found in many of the auriimus quartz'veim 
but principally aa an accessory mineral, It may occur in mficient 
quantity in some of these veins to f o m  a low-grade ailiceom copper 
ore. These auriferous quartz veins are widely distributed on &e 
sound, but the mmt valuable thus far developed me in tha Vddw md 
Port Wells districb. Many occur in close association with intmive 
grmitm, and a genetic relation of these v b  to graniks is fairly well 
established. The chalcopyrite-bewing quartz veiy have not besn 
mined for && copper content. ' 

The only copper deposits tb at are as yet of wmhercial impatam 
on the sound are those in shear zones. Them deposib are c o h e d  
to the rqyions where greenshnss are preeent, and their genetic rdation 
to the gr~enstonea is therefore probable, The greenstones are chiefly 
aacien t lavss, principally &abase. In place the greenstones incIuda - 
t&s, and locally they are d k e d  by hearing into greenstone &ktar 
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h e  of the greell~tonm are intrusive sills, stacks, and dikes. t h e n -  
s k e e  me rather widely distri butod on tba sound but are -idly 
abundant near Cordova, in the Ellamar district, on Rnight Island, 
snd in the Columbia Glacier region. Though the capper lodes appear 
to be l i b d  ta the districts where greenstones are found, the lt~xeet 
d w t s  thua far developed are in the sgdiments and not in the ' 

greemtonm. I 

P 'She cornmemid bodies of copper ore on the sound s9 now knom 
me  sentia ally cavity fillings in zona of shearing and brecciation. 
There baa dso been some replmment of the country rock by mineral- 
bearing solutions, cspecidly in the deposita occwsing in some of the 
d a b ,  which are mare or leas dcmeow , 
So far as now d e W n e d  two conditions appear tk be essential for 

the occmence of copper ores in this region. One is the presence of 
peenabma, either as the country rock or in the vicinity of the depmit, 
mid the other is the occufienc~ of shear zonee of consideral~le mWit 
tude. Sulphide mineralization is very common along pIanes of move- 
ment in the racks of the ~ound, eapeciallp in the peenstone. It Is 
only in the exceptional localities where the zone of shearing and 

' 
bmmiation ha9 su%cient width that & b o d i ~  can be expected. 
E~demtly the msmwn width OF a shear zone that can ba profitably 
a d  d e p d  on the g d e  of tha ore it contains. Thus rich ore 
b d m  only 4 to 10 feet wide have been profitably exploited. !l!he 
future of the district, 'howaver, depends on the development of low- 
g d e  &eminatd deposits. Such an om body is being worked st 
tbe hbn-Bonanza  mine, on Latouche Island, where the zone of 
mPahing and shearing is several hundred feat wide. ' 

Tha shean zones in which the ore b d i m  occur ware formed during a 
period of crustal disturbance that affected tho entire province, These 
rock movernenta were intenssed in certain locdities that 'presented 

- favorable conditions to the formation of ore bodies. It appears that 
the loci of intense movements were largely controlled by the physical 
character of the country ~wk.  Among the diversified formations of 

' 

the ~ound there were certain zones that were lew resistant ta moye 
ment than othem, and here the Tawat shear zones were formed. The 
gmstaneo ,  for example, prasentd few hes of webess ,  and in 

. those roda the movement was tsken up by many frwturea mom or 
less generally distributed through the whole rock ntrss. Thus in the 
great wenstone masses of Jinigh t Idand them are ianummebble frac- 

, tures, rn8n-y of which contain sulphides. 
Mmy of the narrow ahear mnes, in which the mindization is 

practicdy confined to  a single fad t plane, and may be'baceab1e only a 
very short dietance, have baan acmpted by the prospector m evidence 
of the prBence of ore bodies. As a rarrnlt many valueless claim have 
b m  staked and muoh udesa development work hm beem done. 
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Much of this futile qm&ture of time oould have been avoided by 
obtaining a diabLbIestbmple by means of a short open cut. 

> In general it is trne t h d  the massive greenstone is not favmble 
for the development of wide shear mum, but exceptionally shear 
zones may be developed along a line of weah- presented by the ' 
contact of two mcient lava, flows, a8 'appears to have occurred at 
Rhea Cove, Knight Islad. TuEmoua beds within the greenstone, 
as on h a  Bay, may afford favorable oonditiana for the formation 
of shew mnee. In other Iooalities, as at Landlocked Bay, the . '3, 

prance of k d a  of alah ~ t h k  the greembne may afford loci of 
weah= where shear mnm are likely to be devs1oped. 
. Among the sediments of Prince William Sound, which are chiefly 

graywwke and alahs, the largest ahear =on= are within the weakest 
rocks. The alatea are p&rticuEarly favorable to  sheering movemcnta 
and hmce to the formation of mineralized shew mnm. Exnmpks 
of this .type of deposit are found at Ellamar, at the Midas nine, 
new Valdex, and fit Hcim&oe Bay, on Knight Island. Some of 
the deposit8 in the slabs have a strikingly lenticular form, probably 
beoause they haw replaced cslcap~ous lens- in the date. The 
Ellamar and Hommhoe Bay ore Sodies are examples of this type* 
In other lacditiea the ~he&r zonea are developd dong inter- 

bedded &tea and graywach. In them zonm the slates are more 
intamely d e d  and m i n e d i d  than the pywackm. The 
Besteon-Bonanza ore body, the largest thus far deveIoped, is an 
example of this form of depoait. A similar d e p i t ,  adjacent to it 
on the north, ie that of the Girdwood mine. Wer examples of 
thia mode of mmmnce are at the Shloaser, the McIntosh, and the 
Mason & Qleason minea, near Fidalgm Bay. 

One other fmt in regard to the localization of considerable she= 
zones d e s e m  mention. The shearing seems espeaidy pronounced 
whem weaker strata have h n  crushed against a hard, rssistait ' 

rock mass. Thus, at the Beatson-Bonanza and Girdwood mines the 
da* and thin-bedded g r a ~ a c k e s  have been c m h d  a g a b t  the 
masaive foo twall graywacke., The Midm ore body ia in slate, folded 
agaimt hard gravacke. At Fiddgo Bay massi~a grapackea are in 
juxtapmition to the mineralized shear mnea dev$opd along weaker 
mb. At Ellamar and Landlocked Bay the mineralid shear z o n ~  
lie along the margin of a mass of rasistant greenstone. It appears, 
therefore, that where wmker rmb were buttrmed against miatant 
maasas the shearing was intense and probably deepreaching open- 
ings were formed along which mineraking agenb could find passage, 
and the cmshed rock was fawxsble to replacement. 

' 
The ore b d m  rtre a11 of the same general form, with the excap- 

tion of the lenticular depmita in the cdcaraoua slate* &ady noted 
Within the shear -nee Ehe mo~lC intense mdmg or b d t i o n  



fallom d i n  beds, asnaUy the softest m k .  Thm, in the d e p i b  
o o c h g  in grsywacke and slates, the slab am the most intensely 
-bed and minemlized. Thin-Mded graywacb may also be 
mshed and impregnated with sulphides, but heaPier beds will be but 

' little altmed and may form horns in the depo~ik. The f w b m  that 
mnhl  the distribution of mineralization in the greemhne sf.e 1- 
evidnnt. Here, too, the most intense mineralizathon is eoncentrated 
along cartah zones. In a d d i t b  the more rntw~ive parts of the 
@bear mne may be impregnated by the &hides, but each ore body 
includa horses of unaltered munhry rock. I t  rtppslvs that the ore 
Mi- in the a]& ahow lees variation in their sulphido content. 

Plactidly all the daposits contain rich ore shoots, of which many 
are made up of solid sulphides, irregularly distributed through the 
larger deposit of lower-grade ore. It is these rich shoots which have 
hen sought for and mined by the smaller operatam. The ore bodios 
upon which larpe-scde mining must be based are disseminated 
depmib of low mpper tenor."u Many deposits, notably those in the 

. penstone, have no welldefined walls, and their limits will be set 
by the minimum copper content that can be profitably rwomred. 

' The shew-zone deposita do not diier greatly in their minerd 
cmnpoaition, the variations being chiefly in the relative proportion 

' of a few dphides. Chalcopyrite is in most plwea the dominating 
copper minerd, t;hoegh some deposits a- a large percentwe of 
bhe leas valuable chahersita. Pyrite is pressnt in dl the deposits 
in large quantities, but the pamentap of pyrrhotih vsrim msicter- 
ably. Some of the daposita are essentially bodiw of pyrit. a w i n g  
more or less chdcopyrite CKorseshoe Bay). Anothm type is one in 
which pyrrhotite carryin% disseminated chalcopyrite fs the domi- 
nating mineral (Rhoa five). Most of the ores contain sphderite 
d galena as accessory minerals and aoms amnopyrite. There is 

. a little gold and silver in mmt of the deposits, and in some the gold 
&mounts to several dollars a ton. 

Aa the c o m b  rock in thpo &emzone d e w &  is ground up a d  
intimahly mixed with the sdphides, it camtituh the principal part 

I of the gangue. Exceptiom to this iule were found in some of the 
deposits ~ ~ ~ w r i n g  in alate, where the 2 ~ m e  of fracture is cleaner and 
them ia lea4 country rock included in the ore. This is notably tmo 
of aome of the Bentidar dopmih. Both quartz and calcite accur 
EM g-9 minerals, aa do also in l e ~  abundance chlorite and epidota. 
h many of the rich ore shoots there is but little gangue* 

As a rule the ores are base, with a high percent* of h. The 
copper-bearing a d m u s  quartz voina have not been developed 
except for their gold content, but form a possible source of ~iliceous 

T b  ore mined at t b  B & m n - B w  mht~ in 1*1(1 hsd .n umam mppr mtmt (IZ 1.96 gsr mnt 
Coppar Gorp. FWh Ann. Rapt., I I I P ,  p. 5, New Pwk, 19X1). 



a m .  Them ia practically no limeatone on Prince William Sound, 
but limmtone ie abundant in the tr ibutq  Copper River vdoy md 
talso o c m  at tidewater new Seldovia, on Cook Met.'" 

A little work bas heem done oa the copper depoaita new W o v a ,  
which am in some rsspeata different horn the normal type. Tbme 
occur dong shear zones in a petlirtone bedrock, which ia in part an 
amygdaloidal b d t .  They d i k  h m  the deposits described in 
containing coneides~ble bornite m well aa soma native copper, with 
a g w e  of quartz, &cite, and epirlbte. The native copper is 
pmbably mcondw. 

The geology of the depoeih above desoribed s h m  that the mndi- 
fions which Id to &;he formation of ore bodiee ape not .complex. 
There is good reeaon to believe that they have o w m d  alao in bcali- 
ti= not yet tbomughly explored under&romd. Themfore the out- 
look j, favornble for finding other me bodies of equal vdue to thorn 
&dy opened. 

The h t  mi* on Prince William Sound wm d m  in 1900, and 
since then a totd of 1,819,578 tons of ore hae been produd, h m  
which 94,185,716 pounds of copper, $1,099,176 worth of gold," and 
772,749 ounw of silver have been romvered. The average coppar 
c o n b t  of the ore mined w~ 51-70 pounds to  the ton, or 2.58 per 
cent. On an amrage 60 cents%orth of gold md 0.43 ounce of ~ilver 
were obtained from each ton of copper ore. This averqe gold value 
ia somewhat misleading, because much the larger part of &he om 
cantaim only an insignificant amount of gold. The average has 
been greatly i n c d  by the high goM content found in part of the 
Elmar ore body. The average value of tho tats! metallic contents 
of the copper ores produced on frince William Sound during 20 
yetug of mining is $11.32 s ton. 

Much the hrg~r part of the a b o v ~ t ~ t e d  tonangy ie the outpuf of 
the Beatson-Bonanza mine, where the ores are concentrated by oil 
flotation. No other abtampts have been m d a  to    on cent rate the 
Prince William Sound ores, but rs mill is in course of erection at the 
Girdwood mine, Only high-grda o m  have bean shipped by the 
amall mines, where the attempt has been made ~AI keep the grade up 
to 8 or 10 per cent. This is done by mining only the richer ore 
shoo& and by band sorting the shipping ore. 

Newly dl the copper deposits of this region me readily mxmsible 
from tidewater, and the ore can usually be delivered at the beach by 
aerial trams. It is transported to  the smeltem of W a a w n  and 
British Columbis by ocean. mutes open to na-ation throughout 
the year. Given tonnage snough to justify the employmsnt of 



-saibble carrim, freight rat= should not be high. On the othm 
hmd, should a' sufficiant tonnage be developed and 1 4  emdting 
d the or- prove to be economical, the necwsary fuel-&odd be made 
svailable from the @h-gra.de coking and Atesming coals of the 
Be+mg River and Matanuske fields or from the Cook Idet lignites, 
(Sea pp. 48-49.) It has been shown that some siliceous om mdd 
be obtained locally and that limestone is not far didant. 

Tha climate of Princa William Sound is no deterrent to  opmtiom 
throughout tb6 year. Many of the ore bodiea are topographically so 
l o c a d  that they could be undercut. Tiimher, though not abundant, 
is ample for the p u p e s  of mining. Small water powers are fairly 
abundant, md there are also some largsr ~ n e a . ' ~  During the era of 
high p r i m  there has been a shortage of labor in all dlaskh mining 
camps. As conseqllence miners' wages on the Sound have of late 

.been about 10 par' wnt higher than in the lod~imhbg districte of the 
Oh&. Should copper mining eper develop on a large scale, there 
is no reason to believe that this d88rence would continue. On the 
whole, the controlling physical conditions on Prince William Sound 
are favorable to fairly low operating costs, though probably higher 
&an in southeaatm Alaska. 

' Tbs richest copper Iodea of Alaaka are thom developed by the 
&meeott group of miam and are t r i h t q  to the Copper R i m  & 
Northweatern Railmad. [See PI. II, in pocket.) Them deposits are 
near the east end of a copper-bearing belt, which bee been t r d  
gome $0 miles waatwmd dong tho muthorn foothills of the W ~ ~ l l  
Mountains and as measured by present digcweries is from 5 to 15 
mil- in width, The belt takes its narna, the Koteina-Chitine dia- 
hct, from the two principal rivers which carry ib drainage into 
Copper River. Them is evidence that this zone of mine~dization 
axtan& esstward into the upper Chitine bash. Some cuprifsrous 
lodm have also been found 8outhwmt of the main belt, near the 
v d ~ y  of Copper River. All these depmita may be regarded as a 
part of h e  same coppe~belrring pmviuca, which finds outlet to 
tidewater over the railroad tamhating at Cordova. 

The enormous capper production of the Kennecott minm h~ 
f d  public attention on the tmen of lodes which yielded 
&me rich ores dmmt to tothe exclusion of all other typm. There am, 
howe~er, within the diatrjct a number of other f o m  of copper 
occurrence thst are not without promise, though aa yet unproduc- 
tive. To arrive at  some meaaure of the potantid value of the dis- 
trict as a future eource of copper it will be desirable ta sketch the 

n-, C. E., and hwnpmt, R. W., A w & t e E . m  -- I n e m  
o. a. w e m p  wate~upply m pp. mi14 191~. 



salient gedogic fa tma  of aetreml types of copper lodee which it 
includa, It wiD not be necemaq to present detdh, for these am 
cont&ad in mmy publications, notably in the repar& of F. H. 
Moffit, who hm demted mmy yeam to a study of the Copper River . 

region, Mmt of the f acta here h be presented will be taken from 
Moffit's reporb. The following list of publicatiom dating to the 
tlistrict includes those of most importance to the present &scnaebon. 
Thay are all Gmlogicd S m e y  publications except the lwt. 

a d a t ,  F. H., md wdren,  A, Cf., Mined remmxl3 of tbe KOtaha-citina e o n ,  
AZBBBa: Bd. 374,lW. 

Mom, P. H., mug in the Kotdna-Chitina distrlet: Bull. 579, pp.. E3-180,1904. 
MofEt, F, H., Mining in the Chitiria district: Bull. 4.42, pp. 16&163,1910. 
Moffit, E", FL, and Capps, S. R., Geology and minewl muma of the Hizha din- 

trict, A h h  Ball. 448, 1911. 
MofEt, F. B., The Chitina diehict: Bull. 520, pp. 105-107,1912. ' 
Moffit, F. H., Mhhgin Chitina Valley: Bull. 642, pp. &1-85,1915. 
hfoEt, F. R., Geology of the Hanagits-Bmer repon, dlaab: Bull. 878,1914. 
Mofit, F. R., M i n d  deposits of the Kotaim~Kuaknlana &*ct: Bull. 822, pp. 

103-117,1916, 
~ o f 6 t , ~ .  a . ,m in the l~~~CoppmM:  MI. m, pp. IM-182, 1917. 
Mofflt, F. H., Tlra upper C h i h  Valley, Abdm: Bull. 674 1918. 
Moffit, F. H., a d  Mertie, J. B., The Kobi~wRnakulaa~ met, A l d x  -Bull. - 

(in pmpmtlm). 
Batsman, A. M., md YcTs,uglilh, D. B., Qeolqgy ~ n d  rn depoeIb of K~ntlecatt, 

Aleake: E m .  Qeolcgy, vol. 15, pp. 1-80,1$20. 

The copper I d e s  here to be mnsidBted are of dm more or 
&tinat types and geologic associ~tion-(1) replwmant depoeita 
in lbmtonm, (2) veins and disseminekd d e p i t s  in panstones, 
13) contact deposits between limsstone and intnreive diofite, (4) 
disserninshd deposits in fractured diorite, and ( 5 )  h u m  veina in 
various types of rock, in many of which copper omm only as an 
m ~ p  mineral. 

T ~ B  dominating feature in the eoonomic: geologg of the dkkict is 
I 

the contact between the heavy Chitina hoetone and a great series 
of the nndwlying ancient lama called the NikoEai greenstnne. Along 
the general zone of this contact, which, is a very conspimom feature . 
in the landscape, occur the most vdaable om bodim yet  found in 
the district. A little copper minerdzatian hm occurred at many 
.plwas dong the actual line of demarcation, but the copper hm not 
proved to, be concentrated encnrgh to fonn ore WBB, All tho ore 
bodiw aa yet productive lie in the limmfone above the wntact, but 
the greenstonm below also contain capper depdta, and some copper- 
bearing lodes crom the contact. 

Up tJo the praeent tima interest bas large centered on ore bodk 
lying entirely a h a  the contact and within the limestune, for it is 
here that the very rich bonanza deposits occur, the source of d the 
copper yet p d u d .  'l'hme depoeib are due to the neplaoe~ 
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. . rnmt d limmtane brg copper sulphid; dong frmtufes ~ r a d u d  by 
faulting. They masiat mmtlp of c U m i h ,  wikh 1 d y  acme 
wvdite, bomite, enargite, and chdcopfite. These deposite ham 
several forms-welldefined veins, stockwoks made up of aulpbide- 
W n g  veinlets in shattered limestone, and mmes, some of wwhh 

, twe vmy largeF of solid milphidm having irregular outline. It is . 
the last type that has yielded the vcrg rich copper o m  for which 
the district is so famous. Most of these raplacemeat deposiB in- 
dude all the above-described phmes. The mamive sulpbidea as mined 
contain but fittJe gangue, and this ie chiefly lime. The stackwork 
deposits are of lower grade, and in theee much calcite gangue is mixed 

I with the om. Ores af thia clam produced at th Kennmott mines 
are mnmtrated by oil flotation before shipment. The o m  of the 
replacement v h  in the limestono of some Iocalities are made up of 
chdwite afld bofnite in v q b g  proportions and a h  carry but 
little gangue. The Kennmtt ores carry no gold but an appreciable 
amount of w i r p 8 ~ .  In 18 19 the avdrage copper content of the shipping 
ore from the Kennecott mines was 45.51 per cant and of the concen- 
trating: ore 10.24 per cenLFh 

The limeston*greenstone wntact, with whiah copper deposita 
of the type above d w r i b d  are wociated, hea beeq t r d  in the 
district for B Jigear disG~nce of more than 60 milea. . Sufficimt 
evidmm of mineralieation in-the lim8~tone hee been f0un.d in at 
1-t 8 wore of l o e d i t i ~  to l ed  to the of clairnn, md on 
some of them oomiderable de~elopment work haa k e n  done, h 
yet, however, no large ore bodies have been p f o q d  except t h m  of 
the Kennecott miam. This is perhaps not an enmuraging result 
of 20 ysam of prospecting. It should be notad, however, that, rn 
will be shown, capper-bearing minerals are much more widely & 
tributd in the greenstane thm in the lirnmhne, and that mu& of 
the prospecting has been in the forner. 
The rather . oomp1eb geologic informa$ion available about the 

district is in-reted by the writer aa indicating thet there la no 
reason why other workable d e p i t a  of tha Kemecott type ahould 
nbt be uncovered. There afa no special geologic conditions at the .' 
developed minae which are not found at other pla~es. 

One fact rsgding the ~ukrops  of such ore bodiea should be 
noted. T h e  outcrop that Id to the discovery of the Bonanza lode, the 

, h k  of the Eennecott group to be o p e d ,  waa a, very tmge one. I 

Here by chance of erosion the outcrop waa on one of the enormous om 
shoota and atood up aa a peat mass of copper carbonate on a sharp 
crest. Brad only one of ths leaner park of the lode sppeered at the 
surface it would hwe been very inconspicuous and might not have 
received mu& attention. Aa it was, very little davelopment work ' 

* ~ ~ t ~ ~ . g l i t h 1 ~ ~ ~ . ~ % 9 t . , ~ e r a , p . a , ~ ~ ~ 0 e ) t , 1 m  
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on the h lode mded s sufficient tonngge fro jnstify the anr- 
stmctioa of nearly 200 milee of railroad. 
h contrast to the conditionfi above aet forth am thm wEeh 

b m e t  about the dw~lopmant of the Jumbo lode. The ontmop 
of this lode clomistd of a zone of frmturing along which h e  seame 
of chalcocite cuamed. Though it was a very pm* p h  for 
pmpecting, there wm nothing on the uurfaoe to just* a belief 
that an enormous ore body lrty underneath, ms proved to  be the 
case: - Had the development of the district depended on the surface 
showhgs of the h b o  instead of those of the Bonws,  it would 
doubt1,lesa have been long delayed. 

It is therefore reamnable to suppose that there may bp other 
large ore bodiea in the limeatone at localities whem there ie little 
evidence of their presenw on the surface, hut these atatemenb are 
not pres~nted mi an argument for haphazd u n d e m d  explora- 
tion of the limestone for ore bodies that do not cmp oat. Such work 
is justified only at localities that show s d a c e  evidence of faulting 
and fracturing, m s  well as of some copper minealization. The facta 
presentad justify the belief that other workable d e p i t a  of the 
Kennemtt type wiU be found. 

Trams of ~ppper are pnesent in much of the undEered greeastone 
in the district, and local minerahstion of the ancient lava flows is ' 

also common. Bateman and McLqhlin l6 state that the exmi- 
nation of many greenatone Imalities shorn "that h d y  8 green- 
stone specimen could be found which did not show appraciable 
copper, and nwpemus map of peenatone9 from nnmineralized 
a~aaa yieldecl 0.1 1 to 0.60 per a m t  copper." Such o m e n c m  are 
of c o m e  of no p m t  commercial importance, but mpper in 'mom 
conc&ntrated form occ:um in many localities in the peastone. 
Mineralization in the greenatone has produced both welld&sil 

' fissura veins and usually l e ~  wellldeftned and more dimeminat& 
depite ,  which in general follow zonw of fracturing nnd ghearing. 
Thwe dep i te  m in part cavity fiIEings and in psrt replace the 
corntry rock. With them may also be c l d  the 31-dehed d* 
poaita of aulphidea and native copper bccurring dong joint plan- 
and as phmygdalaidal fillings of lavm. . The mpriferous veins that cut the greenstone md in pmt a m  the 
eontact into the limestone have furnished the bw+dl&dq ore hodiea 
of the greenstom. Of such a type is the Nikolai lode, in-the eastern 
p& of the field, the first copper deposit found in the district. Veina 
of tbis type a m  emntidy sulphide d e p i t a  mntainii one or more 
of the minerals bornite, chdcopyrib, chdcocite, and pyrite, with 
vmy d y  tetrahedhte. The gangue minerds me quartz and calcite 
with some epidota, but some veina mnsist almost entirely d sul- 
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phidm. Mky deposits of thb type bw beem found and s ~ m e  have 
I 

h n  opened, but as yet nme have shown my 1- tonnage d ore 
by the undergrwnd work done. The best hope for vein8 of this 
type lica in thme thafi carry s high content of copper, and suah v-, 

1 it aecesgible to the railrod, might be profitably exploited. 
The larger depeits of the dimruinated type in the penstone 

have the ssme m i n e d  chmter as the veins but are found k a  zones , 
of a h e m  mther than in fim. They carry bornit&, chaImpy- 

. . rite, chdmite, and some nat i~e  copper. Many of those developed 
are narrow group of fissures which do not include my considerable 
masm of bedrock. In othera the shear zones &re much wider, and 
mch deposit8 give promise of being mlhmercial ore badiss. Within , 

the shear zones them may be one or more veins fomning ore shoots, 
or the deposit may consist only of mineralized fractured rock. 
Though no minee have been developed on deposits of this type, the 
indicati- are dcient ly  encamraging to ju*stify the belief that some ' 
ot them mag prove to  be comme1y:lal ore bodies. It will be imprm 
ticable b l i ~ t  here the verg many copper deposifa of this type that 
have been more or l e s  prospechd in the district. 

Mmy of these depo&a carrg more or lasa native cupper in slab 
and sluga and as amygdaloidfil fdlings. The evidenoa thw far o b  
tained indicates that this native copper is all secondary and has 
d t e d  from the oxidation of mlpbide~. Therefore the native 
copper will probably not be found t o  any considerable depth. It . - 
should be noted, however, th~k the evidence of the alluvial d e p i t a  
hdioatea that some very large masses of native copper occur in lthe 
greenstone. On Nugget Creak, near tbe wwt end of the &ot, a 
maas of native copper, estimated to weigh two or three tons, hm 
been found, and maller nuggets a e  very common. Thanam& of 
pounds of native copper have been wan from the Nkiaa placem, in 
the aaahm part of the district, incidentdly to the miDlng of gold. 

Some copper depi te  of wntact-metamorphic origin have been 
found in the KmMaaa River b a b y  in the western part of the d k  
trict." Them lie in the omtact zone betPPmn limestone and intnr- 
~v e diorih, and they are made up of irregularly dstribukl rn- 
and veins of magnetita carrying ppite d &almpdta. 'I%- 
amtact deposits ace -sentially low-grade concen&mting o m  with 
some richer shoots of aulphide orm. Their mode of occrul.ence, so 
far as determind, is similar to that of the wnbot deposits of the 
Ketchdim district. (See pp. 15-16.) 

Another type of copper lode has been found on Clear Creek, in the 
Kuskulsns Rirm At thia lacality a dioritic rock is in trvded 



into the greenatoxre. Tfie diorite snd adjacent p,arts of the gfeen- 
atone have bsan Zracturd along a shear zone md are more or 1- 
m i n d b e d  by pyrih and chdmpyrite. Thae sulphidgs are 'db  
tributed in a m d  gash veins and in Iargm veins dong the plan- of 
movement. .In general. this is a lawpado dimeminatad deposit' 
with m e  richer ore shooh. A deposit of mmewhat shihr char 
actar o m m  in the Taral r&m.ln Rere there i~ s, &mr a h a  in 
greenstons near EUI intrusive diorite contact. T h e  ore consiate of a 
series of parallel veina of pgrib and chalcopfih, which lie in fhe 

' 

zone of sharing- 
Fissnre veins, -able chiefly for their gold and dver, content, 

have been f o d  at s e v d  lodtiee in the dietriat, md mme of 
them a m y  more or less c h d o p e h .  Such a vein baa been opened 
at the Edas gold mine, where it cuts dioritic &. TSb large 
ore b&es of this type havm yet  been revealed, and it reaaajns to be 
d a m i n e d  whether any 'such d e e t a  d d  be mmted upon EM 

p i b l e  somes of silimuer ore. 
- 

The Kotains-Chitins copper district is d y  a e b l e  by,  the . 
Gbpper River & Northweekrn R a h d ,  which e ~ t a n d s  I n h d  for 
192 d e s  from Cordova, a g o d  harbr md ice-free port on P h c e  
William Sound. Outgoing shi~ments are on s down grade, and if th 

large tonnage were avajlable reasonable freight ratm should be 
expected. This railrod passas within 38 miles of the Berhg Xbm 
-1 fidd (see pp. 47-48), and a ~hort  distance beyond this is the 
K a a  oil field (nee pp. 52). These gmgmphic faeta would aeam 
to favor the uae of the copper deposits here d ~ c r i b e d  for the upbuild- 
ing of a local indwty  . The high-grade arm, with calcareous gangue, 
would meet ores of lower gmds from Prince William Sound at Car- 
doPa, wble near by thore are sourcos of excellent fuel. 
nrn is no p a t  amount of timb~r in the Kotaina-Chitina &tirid., 

but it is sdlicien t to  meat the immediate needs of a mining industry. 
The district is one of atrong relief, and most of the ore bodies now 
hcrwn could be developed by adits. There are SOW large wakr 
powem in this geperal region, but most of. them are not new the om 
b d e a '  There am .no climatic conditions in the district which p m  
vent mining thmaghau t the y w ,  though s o w  diEcul ties are oauad 
by anmslides. ,. 

M h u g h  the aondi tions above d&bd are in generd f aaorable 
b the  development^ of the copper deposits, the present situation 
p e n &  many drawbwh. The railroad traverses the southew m w  
gin of the copper be1 t, making the district ruxes~ible aa a,whole, but 
mmy of the pmepwta are 5 to 25 mila  from the W k .  No spun 
hRvg been built, m d  them are few wagon mads. This cofidition 
makes developmeat work expensive. h the event of the opening 

I r M d t ,  F. E., O e d t l m E I m B m + , -  ;U, & C d .  Bweg R u l l . 5 8 ,  pp. 
&I-02,lnl4, 
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up af large ore bodies this ~ituation would of course be met by pi+ 
viding mnnection with the railroad by s p m  or aerial .itrams. 

The' pment freight rates on the r&d are hgh. The raw on 
m and conmn tmtm from this &strict to the Tacoma me1 tar in 1920 

. r ~ f r o m $ 1 1 . 2 0 a t o n o n o m w o r t h $ 2 5 a t o a ~  %40.90onore 
,worth$500. The railroad company contends that miit isnotm&- 
hg expensm it om not afford to lower the mtes.lR" On the other 
hand, prospective operators hold that under the present rates no 
mining is possible exwpt that of very high grade ore. Consequent1 y 
but little development work is naw under way. It w d d  appear to 
be the part of wiedom to lower the rates with a view of encouraging 
a development that would produce enough om to make the railroad 
a profitable vmture in the future. As i t  is, no ore is shipped except 

. the high-grade product of the Kennecott Mines Co., which controls 
the railrod. It should also be noted that there haa not yet been p 
sufEcient wumd quantity of coal disclosed in the Bering River field 
to justify the .extmsion of a. b m c h  line into the coal fieid, also that 
the Katalla oil field is as yet only a small pmduoer. Aside from tho 
question of f-ht ratea, mining costa in the interior will cerbinly 
for a long time to some be higher than on the cuaat. 
in view of $hem conditions an ore body of a given size and copper 

m t m t  which might if located on tho coast be valuable if in the 
interior wouId at  present be worthless. Nevertheless the 'situation 
of the Katsina-Chitina copper deposib with reference to sources of 
fuel and to the ores of a different characbr on the Sound presents 
possibilities which should not he underestimatsril. 

Productive mining in the Eotsina-Chitina district began in 191 1. 
Up to the end of 1919 about 1,360,000 tons of copper ore h d  been 
mined, from which about 417,700,000 pounds of copper h d  been 
recovered. In 1919 the district produced 195,631 tons of ore, c a r q -  
ing 36,291,390 pounds of copper and 408,726 ounces of silver. (See 
p. 68.) No has k n  recovered from the capper of this district. 

Evidemeee of copper minemlization have long bean known at many 
wid* sepsrated localities in the bnsin of Stmiha River, which flows 
into the head of Cook Inlet. Until the project of opening this prov- 
ince by a Government railroad waa definitely entered upon in 1915 
thess depmih. received but little attantion. During the lest five . 
years there has been s g o d  deal of prospecting for-copper in this 
field, but aa yet the amount of undeqround work is srmtll and 
nowhere has any considerable qumtity-of ore been blocked out. 
Ifany of the pr&pects arc far frbm the completed part of tho rail- 

, road, and the cost of developing soma of them has bean prohibitive. 
Aa h e  railr0ad.i~ ~ushed fomrtrd conditions hwmve. &d the sit- 
uation is also be& helped by the construction df w&n roads and 
la Tbe wpx R t m  & Northwestern Railroad re- anoparpting Iu!a lor tbsyrsr nlPdnnpS.Tj 

(JCmwocltt CDpper Cmp. Fifth Ann, Rapt., 1019, p. 14, New York, 1W). 
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trails. Information adout t h o  geology and minerd re mum^ af this 
ragion is to be found in the following Geological Surrrey publicntiona: 

M&n, a. C . , s n d u ,  F.J., hlogymd ~ d f i ~ l d e  of the3merMihn~~aCaVdey, 
A h k a :  Bull. 600,lBU. 

Capp, S. R., The Ymha abtrict, Alaaka: Bull. 834,1913; 
Madin, G. C., &d Mertie, J. R., M i n d  renorvces d the uppw m g k m  snd 

Nelchina vnlleya: Bull.. b92, pp. 2i'3-W1 1912. 
Capp, S. R., The Willow C m k  district, Almka: Bull. W)7, 1916. 
Moffit, P. H., The Hmad Pam d o n ,  Alaska: Rull. Go8, 1916. 
Capp, S. R., The Turnmu-Knik regioa: Hull. 842, pp. 147-194, 1916. 
.Chapin, Theodow, The WelchinerStlatna Man, A h h :  Rull. 668,1918. 
Gapp, B. R., Mineral m u r c e s  of the upper Chulitnn mgh:  B U ~ .  892, pp. 177- 

1843, 1919. 
gapps, B. R., %ed reoourms of the w d m n  T d k ~ ~ t x l a  Mountaim: BuU. 692, 

pp. 187-205,1919. 
Chapin, Theodom, Mining developments In the Matanuaka coal field: Bull. 712, 

pp! 131-107, 1920. 
Cbapin, T h d o m ,  W e  develapmenta in the WUow h k  Wet: Bull. W ,  

pp. 169-170,1920. 

, The best known' of the wpper deposits of this region were formed 
by reptmement along sheer son& that tmvew mainly limestone 
and ancient volcanic mcka. A n u d e r  of prospects have been found 
in the western part of the Takmtna Mountaim, notably in the drain- 
ago basins of Talkgetna and Kashdtnls rivers. T h e  geology of this 
area is relatively aimpIe; a series of mdeeitic lawis, with whioh some 
limestone is aaeociatd, are intruded by p a t  %tach of granitic and 
dioritic rocks which form the main mam of themountdns. It a p  
pears that the copper minemlizatian is gsnetically r e l a d  to the 
intrusion, as is the aurifefous lode of the Waow Crmk district, lying 
along tba sou them margin of the same intrueive mass. This infer- 
ence h supported by the f s t  that mm8 chalcopyrjte-bearing aurif- 
erous lodee have been found in the WilIow Creiek district. 

The oopper-bearing lodes of the Talkeetna +on occur aa r e p h  
ment deposits along ehcar zones cutting the grwnstones. Their 
mstalEic minerals include chalcopyrite, pyrite, bornite, and meno- 
pyrite, and mays show that khe y carr~r  gold and silver. The g w e  
is mostly quarta and some calcite. 

There ha8 been but little underground work in fhis region,' hut the 
aurface exposurm indicate that, these deposita am essentially of a 
disseminated type, though they include some rich ghoots of sulphide 
o m ,  chiefly chdoopyrite. There are in this +on extensive mas 
in which tbe geologic conditions above dmribd prevail; hmce them 
is good mason to believe that other copper deposih may he found. 

Evidence of same copper mineralization has also been reported to 
occur on the west side of the Susitna Valley, but them occurrencm 
are not verSgd at this wrihg. h this region granitic md dioritic 
rocks invade &~ntarg ,rock. Gold placers in this part of the 
pmvince are direct evidence of mine&ation, 



i t b e  uppd'chulitns Valley, nometimes called the Bmsd Pa48 
- district, considerable work has been done on. some ore bodies of 

rather mrnplex campmition. n e s e  we disseminated mplacemsnt ' 

deposite along-fracture zones, and have been found chiefly in a limo- 
sbne country rock but also in tuffs and cherts. , The wells of theae 
dapaib are not everywhere well deiined, and the ore badiea are 
rather img~i2w. They contain arsenopyrjik, pyrife, aphalerite, 
ohalmpyrite, pyrrhotite, stibnite, and galena, and assays show the 
prAseuca of gold. The gangue is country rook and includes muoh ' calcite and some quartz. So far as yet determined these occumncm 
am of a disseminated type and of rather low grade. Thsy include, 
however, uome rich ore shoota. 

It is evident from the above ~ummmy that as yet there ie no aMur- 
ance that ~aluable oopper-bearing lodes occur in the Susitna region. 
It iis fair Ito infer, howe~er, from the geologic information at hand that 
the e o n  is not tO be ignored as a possible source of sopper. 

The close proximity of the high%.de coals of the Mat anuaka field 
. (see pp. 47-48) favors the development of copper. The railroad w i t  

give an outlet to the boast at Anchorage cerhainly for at least half 
the yem and to a good harboi at, Saward tbmughout the year. (See 
PI. 11, in pocket.) Aftar the railrod is completed there will still be 
need of apum and braaches to reach bhe known deposits of oopper. 
The timber of the province is not of a high grade but will meet 

the immediate needs of the mining industrg. There are no climatic 
obsk1es to operations throughout the year. Little h known about 
the water-power but no doubt soma are available, On 
wunt of distsnce to the railroad, isolation, and scmity of labor, 
the mt of preliminllrg developments will be high. Should a larga ' 

*g industry be developed and a permanent population be a+ 
tracked thershy, the coat of Isbor will be less. It is certain, however, 
that mining costa wiil always be greater in the Sueitna basin than on 
the cost. 

-A REGION. 

Ihmna Bay, on the wwt side of Cook Inlet, b a lair harbor and 
m d y  open to navigation st d tbm,  though in winter di6cultim 
with fioah ics me occmionally enco~ntered.~"ork haa been done 
on some capper pro~lpects about I0 miles inlrmd from Emma 
Bay? on contact deposits occurring in the zone of metamorphism 
betmeen limestones and dioritic intmsives. The metdlia mntenta 
of the ores are chalcopyrite, pysite, and magnetite, and &a gangue 

The umditlwn fleeting traasporhtlon In thlR mglm am m t e d  in Ralhny rcu- In A b b  
dlaska Mhwl Comm. Rept., mri Cwg., 3d M.. H. Dw. 1346, pp. W-91, 1Qs-1C6p ImZ. 

Martin, G. C., md f i t & ,  P. J., A m m o n m k 0 8  01 the Uiamns wan: U. 8. W. 8-y Bull. 485, 
pp lta-428, HH2. 

7230'-01-Bull. 71- 
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condata of lime ailicatxs, calcite, and some qu-, In fmt ion  at 
b d  indicates that the ores are chiefly calcareous. T h e  mmmmwa 
ma of the same general cbwfer as the contact dqmih of the 
Ketehikan district (p. 151, but as yet no large ore bodies b v e  
been opened. The same region cantsins same dmus g a b  
veins. Amtha occurrence of mpper b reported about 30 mil= 
nouthmt of t h w  above described, near Kamishalr Bay,= appar- 
ently in a contact zone behem volcanic and intrusive roch. The 
copper occurs ea cbrtlcup~ta, and the ore is said to be of low grade. 
There are eoms 1-e wttter powers in this g e n d  province, and 
some locd timber. h e n  t knowledge d m  not warrant any pmdb 
tions ee ta the value of the copper d e ~ i t s  of tba Ilkma region. ' 

The ommenix of copper has long hen known in the headwateF 
regions of White Rirm, a tributary to .the Yukon, md on N a h a  
River, a tributary to the Tanma. This pro%ca can now be reached 
from the estabhhd routes of immprtation only by long overland 
journeys. Its development as a copper province will be possible 
only by l q e  expenditures for railrod cunstru~tion.~ 

The copper o m  in formations which stretch from the inter- 
nat iod  boundary weatward dong the northem bese of the Wrangd 
adoun& to Nabssna Rivm, a distance of so90 200 da. Evidence 
of mineralization htbs been f o n d  at several plmae dong this entire 
belt, but most of the important pxoqwcta are near ita two ends? 
In the Nab- region deposite of bornite and chdcappib, 

associated with garnet, calcite, epidote, hsmatite, and a little 
molyhdenite, have been found. miner& o m  in hegalax 
ore bohea that Ee in the contact zone of limestone and diorite and 
caxry mme goM. In hhe basin of Chisma River, a tributaq to the 
Tanma, some small chdcopyrie-bemhg qu& mine cut ancient 

' l a v a  flows. In ths White River basin native capper baa been found. 
as a primary minerd in the cmities of ancient amygddoidd, basaltic 
Ism. This ia 'the only region in Alaska in which primary native 
mppm has been found. It should be noted that native coppet. 

' 

which f dearly secondary a h  occurs in this region as dabs and 
nuggets in ancient lavas. These are of the samo gmad type as 
those in the Chitint+KwkuTana, ditrit described above. 
'I%- belt contains some promising ore bodies, and eddence of 

copper hpxpalization is widely d i s ~ b n ~ .  I& deposit of native 

n ~ m a ~ q ~ . ~ . , ~ b a ~ e ~ m b 1 n 3 : u . ~ . ~ . m y ~ u n . 9 8 a , p . 1 . 1 8 1 4 .  
~ A d ~ ~ d ~ ~ ~ r a I l r m d m u t e s ~ t h L p ~ m i a ~ t a i h e d i n t h e r n ~ d ~  

M d m  Wkmd Cammtadm (azid Cut&., 3d sex.), H. Doc. 1348. pp. 4 & S ,  87-69, Wn, 19N. 
24 M d t ,  F. E., m d  Knopf, Addphr Yinad mmrw of tb K a b m ~ W h i t a  RIvm d i m -  
U. 8 .  G d .  Suwey Bull  417, Isla. Cappa, 8,  R, The -White R i m  distrlCt, -8a: U. 8. Gd. 

Bnll. #9,1918. 
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mpper especially givm pmmise of being valnabb. Were the &on 
. not so inacemsible it would long ago have been thornughly. pmpectd. 
&-it # the devdopmenta have bean m&ed ta only s few claim. 

The fitrich above dmcri'bd am those that give the m#t promise 
of having importmk potentid copper ~~. Them m ~ l s o  , 
-mttsred occummces of copper minerahetioa which for the sake 
of .complleho~ will here be briefly recorded. 

Some capper-bearing deposih have been found w the Alwka 
P&rmlmla, near ProspaCt and Balboa b a p a  Thw deposite occur 
along shear zonm in volcanic rocks and c m  pyrite, galena, sphd- 
erite, chdcopyribf and quartz, There Lq no eridenca at hand that 
m y  commercial ore bodiea have been found. I t  ha4 long been 
reported that mppr has been found on eome of the Aleutian I shds ,  
but notbing is h w n  of its form of occurrence or of the locality of 
the alleged discovery. A little auriferous mineralization hm 
mmmed on Unalaska Island along tho margin of an intrusive g d t a .  
It is worthy of note that native copper was long ngo found on Midni 
Island, of the Conimander group, 03$ the east coast of Siberia. 
These blan& lie in an sxhmion of the axh of the Aentiaa c h h  and 
presumably Wong to the same geologic 'proviace. 

A little copper mineralization is reported by pmqectam in the 
Mesh Range mar  the head of McLaren River, and they have brought 
back w i m e n s  of chdcocih. Tbis fact would hardly be worthy d 
note except that the occurrence is repdrted to be in h & e  new 
a gmanatone contact, a position which suggeah a similarity to some 
of the depi te  of the Chitiu*Kuskulma district. What is known 
of the geology of hhh regionm c o b s  the dmription furnished by 
fhe prospectors who made the discovery. A little mppr has &o 
been found in wociation with greenstones mbnd dioritea in the Paxon 
region, traversed by h. Valdez-Fairbanh wagon rod. !l% 
generd province ia theref ore a possible field for capper bdm. 

A copper-besrEng g w t z  lode has been prospected in the R&m 
Mountaim, 12 miles from Kolmakofl, on Kmkokwim River.= It is 
composed chiefly of chalmp+te and ~~~enopyrite md contab gold 
and siher. The newly discovered gold-bearing lodes of the Nixon 
Fork district, in tbe upper Emkokwim Valley, any s little copper. 

Copper-bearing deposits have been found an Sew& Peninsula, 
m d  Rome of these have been developed in a small w ~ y ,  and 8 f ~ w  

- 

' AtwOxI, W. W., ~ W m i n e r u l m m m d  01putSQfthe Ahkm IktIns&:U.8. 
~ I I .  4e7, p p  ias, rsl. 1911. 
* KDPBt,F, H., Haad-ter mgl~ l l~  of Onkina sad Wtna rfvere, M: F. B. Qd. B a l l 4  - 181a. 

MuMmn, rt., Uald pkmrn of the lower Kmkakwh: 0.8. Qeol. 13- BUD. m, pp. XMdU,l@Ik * 



test shipmenh of ore hiwe been made. The best known of these 
deposits occur ss-impregnated zonea along or near hlimeatonecbist 
contacts. The ow &emla ere chd~clppte md bodte, wjth cow 
aider~ble copper carbonate neax tho ~zzr faee .~~  

Copper-basing lodes have been found h saved placee in the 
Noatak-Kobuk ragion of northern Mask&30 Considerable pmqmt 
ing has been dona on some of these lodes nem Shungnak, in the 
middle Kobuk Valley. (See map, PI. 11, in pocket.) .Thw lodes 
occur in limestane along zona  of brecciation. They carry bornita, 
chalcopyrite, galena, and pyrih, and assays &ow the pmence of 
gold and silver. Were these dsposih not 80 isolated they' would, 
undoubtedly have' attrwbd more attention, 
In 1919 11 copper mines wem operated in Almks, pmduchg . 

492,644 tons of ore, from which 47,220,771 pounds of capper waa re- 
coverd. (See p. 68,) Of this total 451,446 tone of om wae con- 
centrated by flotation at the mines, yieldmg 52,944 tons of conoen- 
tretss. Nearly dl this are ww treated at the Tmma smelter. One 
small m i n o  in the Ketdik-an district shipped its ore to the, h y o x  
=eltar, in British Colnntbia. 

The mewe h a g e  of the present Alasksa c o p p  developments ia 
small. On the other hand, the evidence of strong copper mineralization 
in several of the accessible mining districts of Alwkn and tho wide- 
spread distribution of capper or- give every ~ ~ c e  for the 
future. It can therefore be .coddently predicted that Alaska's 
mpper indnatry will gmw when tramportation is improved and 
g e n d  industrid conditiod are revived. 

BrLPElR AND I a K O .  

Almktb has produced about 9,000,000 ouacea of silverr and 4,184 
tom of l ed ,  practically all won incidentally ta the mining of other 
metals. The silver has come fmm the gold p l m  and the gold and 
copper lodes. Its amud output baa therefore f l n c t u a ~  with the 
pmduction d gald and copper. With an incmmd output of t h w  
metals more dver  will, he produced. Mmt of the laad has been o b  
tained from the gold mines of the Junean disdct. 

Silver-led o m  in the form of galena haw a wide distribution in 
Alaska. Such ores are found in the Ketchikm district, in Seward 
Peninsula, in the Koyukuk region, in the Fairbaadm district, in the 
Mentasta Paas region (uppe~ Tanana), and in the KmLkhna, Ruby, 
and other districts. Little attention was paid to thsse ores until the 
recent great advance in the price of silver. Since then galena dt+ . -  
I M&k, J. R., M e  d d n g  and parspeetlng rm Banard Pmhmk U. 0. h o l .  Elmy Ball. BB1, pp. 

-1, 1918, Smlih, P. R., lavestlgatfmra of mined depogfts of B e d  ~~: U. 8. Qed. Bumag 
S U ~ I .  w, pp. a4l-ur, sm. 
P Qmlth, P. $., The Naatak-K&ukrr@L, A l e  'ET, 8. W. kmmy Ml. &38, pp, 111-18,19M. ' 



p i t s  have been sought for and pmspcted,'especiaZly &me that 
c q  s high pereentqp of silver. The most promising recent dis- 
covery is a lode in tho Kantbhna district. The evideam in hand 
does not indicate that any comiderable bodiea of galam ore have 

I hen found. With the hprovment in mini conditions such ores 
wiU: be developed, but there is as yet nothing to indicate that they. 
form an important part of the potential mineral rwwes of Alaska 

Alaska hm p r o d k d  &bout 972 tons of metallic tin, which has 
nearly all come from the plam~~f of the York district. at the west end 
of %ward Peninsula. Tin depsita, both placers and lodes, were 
h v e m d  by the United S t a h  Cleologieal Sumy in 1900 and 1902. 
Developmanta began in a small way on placer tin in 1902 and tha 
lirst dredga was installed la 1911. Sins then two or three dredge4 
b v e  'been emplmd in tin mining. A number of c k m v e h  of lodo 
tin have been mads in the York district. Racticdy no tin has 
been producad from lodes, but lode devclopmente have been under- 
way since 1903. The only ocmnsiderable und~rgpmnnd exploration haa 
been at the b t  River mine, when a mill is now undm constmctian. 

Some p l m r  tin Im also heen produced incidentauy to gold mining 
in. the Hot Springs district of the Tanana ValIey d in smaller 
m o u n t s  in other Yukon districts. Plmr tin Laa also been founrl in 
the gravels of Yentna River, which is tributary to the Susitna. 

Though there has been some qdtematic search for tin in Alaska 
during the last two d e c b ,  promising deposits ham been found 

, only in the yark and Hot Springs districts. No new dep i ta  of 
pllsoer tin ham hen  k m m d  in the York district in mmnt y e w ,  
and them is no certainty that thjs form af tin mining will be continued 
them when the depwita now being exploited are worked out. NQ 
tin p l m m  which, under p m n t  emnomi<: conditions, will w-nt 

~~exploit~tion far their tin don:, have yet been found in &he Yukon 
diatricta, W b e ~  coste of operation me redumd p l ~ c e ~ t i n  mining 
may be developed in the Hot Springs and ohher &trick. The 
distribution of the duvial tin in this district dso j u e t i h  the 
h o p  thet tin-bearing lodes may yet b discovered. Meaewkde, tho 
?mt hope of tho continuation of Alaska tin mining is based on the 
lodo tin of the YO& district. The h t  River mine, b t b  district, 

" w, Adolph, of tbs B e m d  Peninsula tin d ~ t s , A h k  U. '.a EfeoI B m  ~ul l .  368, 
1w. 

Enkin, X, A M a  rmmwsace of tbs Rampntt quahangla, A t a s h  U. 8. &at snmoy B ~ L  
&,pp. 51-98,1918: TIII miuln~lri A l w h  U. B. Oaol. B m a y  Bdl.622, pp. 8 1 4 ,  XQIS.  

Chapla, Theodora, TIn dew1 tr of tbn Ruby (li8Mcr: 0.8. oml. Bwvey Dull. 892, p, an, lmfi. 
flarrlngton, 0. L., Tln mlnln~ tn R ~ w r v r l  Penlmilln: U. 8. Qml. 8nmey Roll. 092, pp. -1, tsfa 
Bte ld tmano ,Edd ,  rmdCatklut,A. H., The Ymktln dspe~lts: U. S OBoL8- BUJl- (m- 
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i the d y  p p & y  sidicienay developed ~AI justify the belief that 
it will soon bemnie a producer, yet there are other deposits in the 
region which d - m  pmpmting. 
. The above-etated facta do not ahow any lmge poteatid tin 
in Alaska, but the rather wide distribution of tb tin deposits giva 
b o p  of future dbmveriee, Tham h no eeidanm that the tin output 
will domeme in the new future, yet s large in- in production 
mu& depend on tbn development of deposits not yet dkovemd. 

Smdl qumtik  of platbum and allied metab haw km found at 
widely aepwatad localities in A l s s k ~ ~  The on1 y canaidmable dapmit 
of them metals thns far developed is in the Eebhikan district, w h m  
the orea of the Salt Chuck capper mim (sea p. 18) carry a d c i e n t  
perwntqe of palladium to  be worked f a r  that metal alone. 

S m d  quantities of platinum haw bean remvmd incidentally to 
gold placer mining in eeveral districte. 

Laerslitiua wlkrc platinum and d m 1 8  of died gwup liooc btmJau.Ibd 

.. .. M e  Craek ............. .... 
Powmsn C d . .  ............... ................... , Wil~m(:mk 
he: Creek.. ................... 
Kah~lm R l W  ................. 

The total output of platinnm, p d d u m ,  and 0 t h ~  met& of the 
platinum p u p  le about 91 5 ounme. Except at the Salt Chuck mine 
the recoveq of thoee rtm metals wan only incidental to mining of 
placer gold. The record does not indiwte that Alaska will become 
.an important muma of platinum miaerala unl- new d h & m  am 
mde. 
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ANTIMONY. 

Antimony om, iu t '  form of stibnite, ia on6 of the most widely 
dist+butsd miner& in kleska,"' but moat of the larger desposib arb 
in the interior. The hgb prim and ready m k e t  for antimany duping 
the war led to the development of stibnita oree at severd  Iodities, 
apcidly  in the Fairbmh and Noma districts. This temporary 
demand sukded at the end of the war and antimony mining ceased 
A total of 2,492 Eons of stibnite was produced between 1916 and 19 13. 

The facte in hand indicata that there am largo reeervee of antimony 
one in N8sEra m d  tb t  they are moatIy in the less awmsibls parM of 

; tha Territory. Their future dehlopment is dapendent on mmht 
md on coet of hmportation. 

! b p t e n - h i n g  lodm were developed at F a i r b d  tbnd Nome 
when the war n d s  led to an abnormal demand for this metal. Om- 
sidmable bmpten ore" was shipped from these properties between 
1918 and 1918, and eome seheelita was &a recovered fmm the con- 
mtmtes of gold dredges at Noms and Idi-d. With the break in 
the tungaten market a f t .  the war 811 these operations ceased, In 
dl about 863 tone of Alaska s&eelite concentrates have been mined 
and marketed. 

WoIframite and seheelite occur in some of thi tin ores of tha York 
district, Sewd Paninsula, but these deposih b e  only dightly 
developed. W o H k t e  has also been found in msociation with some 
of the gold p h m  of the Yukon-Tanana ragion. In 1916 a. little 
w o H r = t e ,  won from kha placera, was shipped fmm the B k h  Gmk 
diatrIct. A schdte-bearing vein hae been found on Baranof Idand 
naar Sitka 

Thesa fa& indicate that tungaten oras are rather widely distrib- 
uted in Alaska. Should s, market arise fbr thia ore bn the w s t  coast, 
Borne of the d e p i t a  would no doubt be devdoped. 

Q u i d d ~ e r  deposits, in the form of c i n n a b h r i n g  wins, have 
long been hmm on Knskokwim R i ~ e r . ~  Cinnabar i s  gLFIo not an 
uzlmmmon a-v mineral of some of the gold plmem, notably on 
Daniels Creek, in .the BI& region of S m d  Peninsula, on mrne 
of the m d n  of the Iditarod district, mid on Candle Creek, in tba 
Kuskokwim basin near McGath. The only developed quidmilvar 
mine in Als;ske: is the Parks property, on the north bank of the K u s b  
a mmb, a. &, a m p  d a d &  o t  Ahsku: u. B. OeoL Enruey Boll. &q l9ld 
a LIeNe, J. B., fads mlnlng Ln ths FBirbanb dIstrId: U. 8. Owl. S w e g  Bull. W, pp, 4 l ~ , l Q 1 7 .  

arpd ~wmpsotkig on Reward l'onmmla: Idam, pp. 4M-W. 
.I Wth, P.8.,%nd Medrllen, A. G., QlrlckKLh'er deyslie d the K ~ ~ :  U. 8 . 4 3 d . B ~  

BnU aa3, pp. !Z?C280,1016 
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k w h ,  about 350 miles from its mouth. Here some cinnabar ore 
has b m  m f d d ,  and &he qui&iIver thw produced was sold tm 
the placer miners of Alaska. There has been some pwpecting of 
other quicksil~m depmits in this @erd region, but none of the 
pmpertiea have been sufficiently developed to give wwtbnce of a, 
dehite output. 

There i~ reason to believe that tha lower Ku&okwim will m t i n u e  
to  be a producer of q$cksilver, but no facts are at Band which indi- 
cate that quichiher mining will become a larga industry in MasIra. 

Considerable bodiea of chromite ore hwa been found at the uouth- 
west end of Kenai Penimula,% and during the war tha large demand 
for b m i h  led to  the productive development of one of them, which 
Em directly on tidewater. The large tonnage of ore in sight and the 
mwibility of the deposit make it certain that this d e p i t  wiU be 
mind when a market can be found for the product. Whmt seems to 
be a large deposit of chmmite has also been found at Red Motznhh, 
which is about 7 mileg from the one above described. Some chm- 
mite h a  been fumd in other pa~nrts of Alaaka, but m yet no other cum- 
mercial ore b d e s  are h o r n .  . 

A nickel-betwing copper deposit has been developed in s amall way 
on the weat aide of Chchagof Idand, about 70 d m  north of Sitka. 
Some nickel hsa been found in other daposib of ~limilar geologic 
ch&r&at& in this general region.8n. Thwe deposits are found .h 
arssociation with norite or diorite, which has 8 rather wide distribu- 
tion in the dikict. Their geologic ansociation is the same rn t b b  of 
the nickd ores of Sudburg, Canada. There is a paesibili@ that 
commercidy valuable nickel or- may be developed in this district. 

bother nickel-be* copper lode o m  on Canyon Creek, in the 
lower Copper River valley." Traces of nickel have been found in 
gold or- sent to the Geological. Sumex from the McGrath district, in 
the K m k o h  Valley. Some of the,copper ores of B e  Ketchikaa, 
dishkt cuntain traces of nickel (p. l b ) ,  and it is reported that the 
same is true of somaof Ghe copper ores of the Prince Wdiimn Souad 
rqjori. ,It PaiU be evident from h above sttbtementa that idorma- 
tion &but the nickel deposib of aZaska is not complete enough to 
justify an estimate of their future v h e .  

oiU, A. c., p . d d m - y  rspmt on the chMmite ol Kenal Pemtosala: U. 8. Cfeol. B v y  Bull Vl, pp 
SIB,  1819; -be of Peminsula, Alaska: U. S8. Wl. Bumv BulL - (h pmpmtion). 
* Ovwbec%, R. M., a d  mimm1 r e m m m  of the wast mast of Ghchsgol Island: U. 8. C k 4  

Burfay Ball. BBa, pp. WdS3, Nl9. 
Overbsp& R. M., Nickel dep i t s  in the  lowet Copper I U v  valleg: 0. Ii, h l .  6 m y  Bull. 7U.gp. 

wm, 19lQ. 
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Nolpbdenite ia not an uncommon aecessmy mineral in some d 
the A l d a  gold irnd copper ores and has also been found at several 
localitia in more concentrated form. Tbe bestdeveloped Almka 
molybdenite lode is near Sh&an, on Prince of Wges Island," A 
molybdenite lode has been found at Zemsier Island, in Icy Strait.BR 
Some development work is reported on a molybdenit+bearing lode 
on the railroad near Skagway." MoIyMsnite hag also been found 
on Cauyoe Creek, a tribntarp ta upper Clhitina River and about 50 
miles from McCa~ty ,~  and on Dry Delta River a tributary t o  the 
Tanana." Except for that at Shakan, none of these depasirta have 
h m  sdciently developed to prove their commercial importance. 
Thera has been no rnolybdenitg produced in Airrska. 

I 

B T F I M m .  -------- 
A small bismuth-b'earing vein has been found on Charley Creek, in 

the Noma district, but is unde~eloped.'~ Bismuth has been found in 
gold proapeeta at two localities in the Tannna Valley--on Eva Creek," 
a tributarg to Totatlanika Creek, and on Molba Creek,& in the Fair- 

* banks districb-but little is known of t h ~  extent of these deposits. 
There has been no production of bismuth in Alaska. 

IRON. 

In the ahenca of any considerable iron industry on the PacXc 
mast them has been no iacentiv~ to saarcb for iron orea in Almka. 
The lmgat deposits h o w n  consist of magnetite associated with 
coppar o+the contm tmetamorphic deposits of the Ketohikan 
district Ip. 15). J. B. biertie, who has mado a rough estimate 
of the qnmtity available from these depmits, places the mhhm 
reserve at . tO ,000 ,Oo  tons, with passiblp an m r q e  copper content 
of 0.5 per cent, This mtirnatr! is based on an appraisal d the prob- 
able depth of tho known deposits and on the assumption that all 
the ore would be available for mining. Thero am no ammate dais 
st hand on the mean iron content of t h m  ores, nor is it hewn 
whether the phoephorus eontenta are everywhere below the Bessemhr 
limit, Soma anfilyses of tho )Mount Andrew msgnetite ore made 
many yeam ago gavo a phosphorw conte,nt of 0.02 per cent." f i e  

C b p i q  Theodora, devalmmtn In the K&Wksn dlstrIet: U. 8. M I .  E a r ~ s y  BnU. aPa, 
p. N, 1919. 

a* Knnpfl Adolph, The Sltlts mtniag dhtrict, Alas- U. 8. Gml. 6-y BUR 50(, p. 17,19rL 0 

c Rmoks, 14. H., The Alellka mlnln~indudryin lm8: U. 8. OmI. Bmvey Bull. BAa, p. S,lVl& 
' a Brooks, A. n., The AIarka mlnlngind~qtry in 101k U. 6. Cteol. hrwy Bull. 642, p. W, 1918. 

a kIartln, a. C., Ths Alerrkamlntng industry111 lD18: U. 8. Owl. B w e y  BUII. 712, pp. E W 4 ,  im, 
a MorFlt, P. H., Gmlon of the Kume nnd Grand Central quadranglas, h h :  U. B. am!. S u m  

&n. m, p. 1u,1913. 
'4 Oact?xck, R. Y., WQ dqmlta asar tha N w n a  coaliield: Lr. 8. QeoI. B u m q  Bull. 882, pp.31198$, 

1917. 
Thmdom, Lode mlninf war Wrhnh: U. 8. awl. Survey Bnll. 849, pp. -1, IOlC 

r B m b ,  A, A., The Rstdxlknnmlnlngdtstrld. A1asla:U. I. @eol.Smmy Pml. Paper 1,p. 1OE,lBM4, 



possibility that' &me ore  contain titanium should also be con- 
sidered. On amaunt of the prseence of sulpbidm the sulphur content 
of the ores will be hibh. Similar d o p i t s  have been .mined, on 
Tuxedo Idand, in British Columbia, and these contain nn average 
of 65 to 60 per aemt of metallic iron:7 and the phmphorus mnhnk 
of moat of them ia low enouj$i to  make them id with& the Basaemer 
limit, but the sulphur content is high. 

D e p i t e  of iron ore of the aegregatd type occur near Hainea, in 
southeastern Alaska, and h a ~ e  been developed in a small way, but 
their ~ m m c i a l  d u e  remains to he established. According to 
K n ~ p f , ~  they comiet of primmy magnetite disseminsted in 8 

bmic m k  cornpeed of pFaxane and hornblende. The best speci- 
mens meen carried a maximum of 30 per cent of magnetite. A 
rnicmecspic examination showed the presence of apatite, and the 
analysis of one aample ahowed.3.91 per cent of titanium oxide. 

A deposit of magnetite ore has been discoverd on the north thore 
of Tuxdni Bay (Snug Harbor), an indentation of the weet sbore of 
Caok Inlet. The deponit has been dmcribed by prospators to be of 
soneiderable tn+trzcle a d  to ocour near the contact of a granitic 
intmmive in volcanic rocks. The ore body has been staked hut is , 

undeveloped. 
~chrader'~ d e b &  a magnetite w e  b d y  which appeam fo ,he a 

Gein in the Nabeens region. This vein is well d&nM and o c m  at a 
contaof betwem limeatone and d i ~ b ~ e .  Grmt and Higgins ' report 
the o o c ~ c e  of hematite dd mqnetite bearing wins in the Prince 
William Sound nagion. Some magnetite dtlso occurs in the contact 
coppar deposits of the Ilismna region (pp. 33-34). 

A litt,lle work has been done on @ O m 0  icon Reposih on Sewad 
P M a  ahout 26 milea n o r h e s t  of Yome, AH e m 4  the iron- 
ore bodies con~jat principrrlly of limonite veins and s&ckworks ~ n d  
&air residual ppr~ductu,~' occnfiing in ' limestone. Other mined8 
found in the deposits are hematite, galena, pyrolugite, m d  small 
quantitim of .gold. An analysis of the samplea from one deposit , 

~ h o w d  54 per cent of iron, no titanium, and 0.13 per cent of P,O, 
The surface e6dences indicated that the minmalizing agatds had 
affected considerable areas. 

The above brief remiew indieatas that Nasks contains m mmbm of 
imncore deposits, of which the mwt promi~ing are those of the 

n Udmmm, Elmar, Imnm d m t a  o f  V-var Ts*sdo l a b d s r  Brlthh Cdmnhk Camdm 
mpt.hunm,MlnssBm~oh,iYo.47, attnw8,1BtD. 

*a Knctpf, Adolph, The wwrrenm of Isaa m noar H m  V. 8. Geol. Suwey Bull. W, pp. 14+14U, 19kO. 
Ealn, M. M., The Pmmplns gold-pkmrMIct: U. B. Gspt. fluncy Bun. 6Q9, pp % 7 4 ,  IMQ. 

htmdanhsll, W. C., arul Behreder, F. C., MlnemL raomr*a o l  the M m n t  Wrssgell d m ,  A l a a k  
U . B . W . ~ M n A p e r 1 8 , p p . M , 1 ~ .  

lo~nmt, U. 8 . , d  lI#ns, D. F., ~ d t b s g s o l o g d m l n s r a l r e e c m m e s d P r 4 u m  W U l b  
b d ,  h k w A ' U .  8. M. b - m j  RW. 443. pp. %i'0,1*10. 
u ~ ~ , H . Y . , ~ ~ ~ C a n s a r N m : . U . B . G a d . ~ B a I l . ~ p p . W 1 ~ 1 8 1 5 .  
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Kehshilca~ district. It wodd appear that the value of the Ketchikm 
deposits d depend on finding a commercial metkithod of mvering 
thg, low copper contab,  as well w utilizing the iron. 

COAL. 

GmmBbZI O Q O a R ~ B r n ,  

F m t i m  that are laom ta be loady coal be* are widely 
distributed in Alaska &d occupy an aggregata area of more than 
12,000 q n m  miles. (See PI. 11, in pocket.) About 80 per cent of 
A h k x  b mmmeyd, and some of the unexplored regions may con- 
tain d. I t  k therefore not impwsible that the tot$ area, of the 
coal-hmiug formations may far exceed 12,000 qume miles. Any 
additions that may be made fo the known cod reserves as a result of 
future explorations wiU probably not greatly increase the immediately 
available sbm of fuel, which done are here under discussion. 
Most of the regions tributary to the existing lines of transports tion or 
those mdst .[x~nstnzctioa we gufficiently explored to indicate whether 
or not they contain coal. Outcrops of coal are not etrsily overlooked, 
e i t h  during hersty exploration or by the prospector, and, therefo~e, 
the coal-bearing areas already outlined in a rough way, though many 
have not been -aged, probably include much the larger part of 
thorn. that will be available for use in the immediate future: In any 
event, it is mith referenca tQ these h o w n  ma1 Selds, and not to pos- 
sible diseoveriea in u n m e y d  tracB, that the future of the wal- 
&g industry must here be dicusaed. The Alaska renew= in 
g m d  may be mid to include enormous quantities of lignih, m- 
sidembls low-grade b i ~ ~ o u a  cod, much smaller quantities of 
highvade bituminous cud, and some anthracite. The bihnnhom 
coda are the highmbgrade mals found on the west mast of tha 
American continent and are camparable in aompoeition to the beat 
Appalachian, fuds. It is on those high-grade c o b  that the prasent 
development of the cod-mining industry in Alaska depends, for they 
me the only fuels mitable for e~port. 

S m q a  md investigations of the Alaska cod fields were begun 
by tho Geological Survey in 1902 and have been continued as funds 
were ~vsilahle up to the present time. Mmy geo1ogists have taken 
part in this work, but nearly all the detaild surveys have beea made 
by Cfmrge C. M h .  The  follawing ia a list of the principal S~zrvey 
and otherofficial publicafions relating to Alaska coal. Some of &me 
reports deal specifically with individud cod &I&; in rrthem the 
reference to coal is on17 incidental ta the diacussiom qf m i n d  
m u m a .  
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U. 9. GE,OLOGICAL STJRVEP. 

GENER.AL.62 , 
Martin, G. C., Markets for Alaska coal: Bull. 284, pp. 18-29, 1906. 
Brooks, A. H., Alaska coal and utilization: Bull. 442, pp. 47-100,1911. 

YATANUSKA COAL FIELD. 

Martin, G. C., and Katz, F. J., Geology and coal fields of the lower Matanuska 
Valley, Alaska: Bull. 500, 1912. 

Martin, G. C., and Mertie, J. B., Mineral resources of the upper Matanuska and 
Welchina valleys: Bull. 592, pp. 273-300, 1914. 

Martin, G. C., Geologic problems at  the Matanuska coal mines: Bull. 692, pp. 
269-282, 1919. 

Chapin, Theodore, Mining developments in the Matanuska coal field: Bull. 712, 
pp. 131-167, 1920. . Chapin, Theodore, Mining develpoments in the Matanuska coal fields: Bull 714, 
pp. 197-199, 1921. 

BERING RIVER COAL FIELD. 

Martin, G. C., Geology and mineral resources of Controller Bay region, Alaska: 
Bull. 335,1908. (This publication contains a detailed description of the Bering River 
coal field.) 

SOUTHEASTERN ALASKA. 

Wright, C. W., A reconnaissance of Admiralty Island: Bull. 287, pp. 151-154, 1906. 
Wright, F. E. and C. W., The Ketchikan and Wrangell mining districts, Alaska: 

Bull. 347, pp. 59-60, 1908. (Coal on Kupreanof Island.) 

YAKUTAT AND YAICdTAQA. 

Tarr, R. S., and Butler. B. S., The Yakutat Bay region, Alaska: Prof. Paper 64, 
pp. 168-169,1909. 

Maddren, A. G., Mineral deposits of the Yakataga district: Bull. 592, pp. 147-148, 
1914. ' 

COOK INLET AND KENM PENINSULA 

Atwood, W. W., Mineral resources of southwestern Alaska: Bull. 379, pp. 116-121, 
1908. (Tyonek coal field.) 

Martin, G. C., Western part of Kenai Peninsula: Bull. 587, pp. 104-110, 1915. ' 

(Kachemak Bay coal field.) 
SOUTHWESTERN A~AsKA. 

Atwood, W. W., Geology and mineral resources of parts of the Alaska Peninsula: 
Bull. 467, 1911. (Rerendeen Bay, Chignik, and Unga coal fields.) 

Martin, G. C., Mineral deposits of Kodiak and neighboring islands: Bull. 542, p. 
136,1913. 

SUSITNA REGION. 

Brooks, A. H., The Mount McKinley region, Alaska: Prof. Paper 70, p. 188, 1911. 
Capps, S. R., The Yentna district, Alaska: Bull. 534, p. 72, 1913. 
Capps, S. R., Mineral resoiuces of the upper Chulitna Valley: Bull. 692, pp. 231- 

232, 1919. 
Mert'ie, J. B., Platinum-bearing gold.placers of Kahiltna Valley: Bull. 692, pp. 

263-264,1919. (Coal of Cache Creek.) 
Moffit, F. H., The Broad Pass region, Alaska: Bull. 608, pp. 76-77,1915. 

NENANA COAL FIELD. 4 

Capps, S. R., The Bonnifield region, Alaska: Bull. 501, 19i2. 
Martin, G. C., The Nenana coal field, Alaska: Bull. 664, 1919. 
Capps, S. R., The Kantishna district, Alaska: Bull. 687, pp. 109-113, 1919. 

6% Information on prcgress of Alaska eocll mining and of coal production and omsumption are contained 
in the annual reports on the mineral resources of Alaska, published as Bulletins 259,284,314,345,379,442, 
480,520,542, 592,622,642,882,692,712, and 714. , 
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&mdtr~ I?. C., Emmmiiasance on Chandalar and &yd& r i m  A h h ,  in 
lWk Twenty-kt Ann. Rept., pt, 1, p. 485, 19M. ( h l  at  Trammy Bar, Koyukuk 

- -:* RiveL) 
Prhtdle, L. M., A plagic mconnaimce of the Circle q-le, Ahdm Bnll. 

. lr38, pp 7677,1919. (Caal on WaRhington Creek.) 
Mad-, A. G.,  Tbs Royukuk-Chmddar legion, Ahdm Bull. 632, p. 56, 1919. 

- {Cad wl Ihll Rives.) 
Cappe, 8. R., The &mumWhite River W c t ,  A l m h  Bull. 830, pp. 125-126, 

ColKm, A. J., Coal mmrcm of the Yukon, &&a: Bull. 218, 1903, 
smith, P. 8., and Ea)dn, H. M., h l c g i e  m c m m h c e  of mutheatjt&n Beward 

PdrmLs md the Norton Bay-Nulato region, A h b :  Bull. 449, pp. 13&.141,1811. 
Harriogton, G. L., The Anvik-Andraafski region, Alaakat: Bull. 683, pp. 65-88,1918. 
ITarrinfiton, G, L., Gold and plathum placera of the KiwaLik-Kopk region: BuII. 

OW, pp. 383-385,399, 1917. 
MofIit, F. H., The Fairhaven gold p h m ,  S e d  Pmhida, Ahah: Bull. 247, 

pp. 25-28,6?, 1906. (~hicag-0 Creek coal.) 
Henahaw, F. P., Mining in Fairhnven h c t :  Bun. 579, pp. 362463, 1909. 

(Chicago Creek mI mine.) ' 
Collier, A. I., md PC-, F. L., Gold phma cd parts of the Beward Penkumb: 

Bull. 328, pp. #+XI, 908. (coal 'of Binuk River baein aad St. lswrence h d . )  
Cathcart, 8, H., Enkg in northwestern Alaska: Bull. 112, p. 196, ,1920. (Coal 

at Unalaldig, Nmtm Sound.) 

&mb, A. H., The Mount McKinley region, A l m h :  Prof. Paper 70, p. 188,lW. 
(W an Big Riw, a sautherly t r i b u t q  of the upper Kwkokmm. ) 

Maddren, A. G., Gold placenr of the tower Huakokwim: Bull, 6B, p. 305, 1914. 
( R e p o d  mmrmnce of cml on Eek and K m e b k  rim.) 

Medie, J. B., and Earrington, G . L., Miners1 m u m w  of tbe Ruby-Kuskokwim 
region: M. 612, pp. 2W-261, 1918. 

Smith, P. S., The Lake CIpvk-central Kmh- region, A l a ~ ~ h :  Bull. 655, pp. 
154456,1917. ( C u d  near Id i tad  .) 

. Elchrrder, F. O., A recmdmncw in n h  h h :  Prof. Fapm 20, pp. XW114, 
1904. 

#Ilk,  A. J., b l o g y  md d - of the Crrpe Iimba311e mgh, Afmka: 
Bull. B8, L W .  

B d t h ,  P. El., The N~~hk-IFobuk-, Alaega: Bail. 536, m. 151-163,lWS. 
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Experimental of Matanwb cml for naval REF: 64th Gang., Msesa., &. h. 
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Repor& of A l d m  Engineering Commkion for the piod from M h h  12, 1914, 
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%tanualra cod field, ~ho+ l h g  units, Oovenunent -tin d t o p  
PP&~ k w a p  plats, Alaska, Dept. Interior, 1916. (Map.) 

Bering R i m  cod field, ~hoffing lsaaing units, %ent -n and 
mphic tomahip plats, Alaska, Ilept. Interior, 1916. (Map.) 

General infomation regadmg lands offered for 1 4 n g  in the N- d md, 
Dept. Interior, 1918. 

OP PEWBm. 
'C, 

The d u e  of a cod depogit depede primarily on quality, qtlrtoti@, 
emt of of miniag, of tmmportation, and markete. It is d d t  
that the last t h  facm wiU vary with chb@;ing jndmtrid condi- 
tions, The qualily of a coal is fixed, but ib value may dm ~ a r g  
with changing conditions. A k i t e  thai; hea no d u e  for sxport 
may &d a market with the ds~elopment of metal minirig or %om6 
other local industry. Measured by these oonsiderationa muoh of tho 
Alaska c o d  has no present value, though it must be included in the 
ultimate coal rsservea of the world. The cud without prasent im- 
gort~nce cornprism that which is inmxeible, that whioh is of too 
low grade to be erxporhd and has no locd market, and some of the 
high-grade code h the d b l e  fields which are so folded .and 
broken as to prohibit profibble exploitstiop under ppresant conditions 
of cost and market. 

Tha largeat areas of in-ib2e cads are t h w  on the Aretio slope, 
where them are believed to be extemiva md fields. The cod9 are 
chiefly oi low gredo but include soma mcellent bifamho~ta coals. 
Most of t h w  &ah are not now avdable, but eome of them: nem 

* Cape Lisburne might possibly ba developed in s s m d  way for u e  at 
Nome and in other parh of S e w d  Peninsula. On gcmunt sf the 
shortinem of ths shipping eemn, however, this would be a doubtful 
venture. With theea unavailabb rese l~es  should dm be included 
much of the widely distributed lignite of Alaska, which if mined caa 
aupply only s m d  locd markets. 

The enormous mema of lignitic cod f o n d  in the Nenana md 
Cook Inlet fielda, which are scmwibb, oan not contribute much to 
the building up of a, coal-mining industry, for undmr present methods 
of ~tilkstion they are not of qood enough to fmd an export 
market and may not even mmpeh in the Iocd markets with the 
lugher-grade A l d a  oode. 
The third group of unavdable ooah includes those portions sf the 

high-grade fuels of the Bering River and Matanuaka fidb which are 
so folded and broken as to  make profitsble e~ploitation.under the 
present mndikions of the ooal market impoaaible. l"hangh the s u t f a ~ e  
outcrops in both thew fields have bmn examined in great de td ,  yet 
de&ite determination of the quantity of cad now ~vailable for 
miniag can be m d e  only by underground sxp1orations. 

There am gome fair bituminous cads at Chgmk and Heraden 
Bay, on $ I d a  Peninda, which might h d  a mall lood m&t. 



A.laskaYs amml coal consumption k now only about 165,000 tons, 
of which 60,000 tom is produced in the Territory. (See- p. 74.) Even 
d t h  a great a p m i o n  of territorial industrim the lmd d mmket 
w3l  not be large enough to  support more than s gmsll d-mittbg 
indt18tx-y. Tlmmhre the only hope of extensive mining is to furnish 
sm export trade, and for this ody  tha coda of the Bering River and 
Matauska fields are of good enough quality. In both t h ~ e  fields 
hgh-grde bituminous steaming and cokmg coals have been found, as 
well M aome antbracite. The bituminoua coal is the bwt on the 
P d c  border of North America, and as much of it e9 can be mined 
st an* near a reasonable cost will find a r d y  export market. 
The pomibility of using this coal for tram-Pacific dipping by a waling 
station located on the groat circle sailing mute ia the Aleutian 
Islands d m -  cunaider&tion. 

The Alaska cod-beraring areas t h ~ t  am arewib1e oi can be early 
made d b l e  are listed in the following tabIe. In the h t  figure 
m 1 m  are given the areas of land which are pretty ddbitely known 
to eonbin wal be&, though it remains to be determined by under- 
gmund explomtion what part of t h  can now be profitably q l o i  t d .  
Thia table aIso conhins estimates of the areas of the formations that 
am lady coal bearing in ewh of the more or lma ~ ~ i b l e  fields. 

H&a~los$p... r 2a ............ Vnhble for o8a in Ahsku. 
A k k a  Pamda Premnt l-lmarbet rwy m m u  ............... Yukon River Laca 1 market vwy small. corn (-4mi0 -I<. n-b~e 1- thaa a m-~n tho W. 

CmkInlet. .... 2 ................ baludea sn mwmm tmmga of -tar bat 
Of n0 WeWent ~ 8 h O  fO? 0 X  

Baaitma W.. ................ -1 st many wfEi mdea egd 
cover. Valuable for 1-1 use m k y  

Nmmm.. ......-... I--------+-- IIJCI~I~H an mormats tonnage bf ~golta 

hwnrd  Pemhuh and Nortan 
Valuable im laeal a x  a. 

M Aveilsble only lor lm1 ma 
Rag. 



The above Esble shows &at the m i b l e  r w e a  of &laaka 
lignite are mple for all demands that can now ba formeen. Also 
that tha ligaitic md l o w d e  bituminous maIs are widely distributed 
and can be exploited for lmsl use at many localities. The quantity 
of *tic ma1 that will be mined wilI be determined by the locd 
demand, which in the immediate. future will probably not e x 0 4  
50,000 to 100,000 tons a year, and this quantity d l  probably be & 
tributd among several smql minw. 

The Nenma ma1 field will supply Fairbanks and other inland gold 
districts. Some lignitic maI will matinae to be mined in the Cook 
Inlet region to  upp ply Iocal industries, but i t  may now ~d a strong 
comp&itor in the better coals from the Mebuska and Alaska Penin- 
g u l ~  fielda. Small quantities of lignitic coal d also be mined for 
local w0 in the Susitna basin, on Yukon River, in Sew& Penhds,  
and in the Wbrton Bay region. It is passible that the higher-pde 

of the Cape Lisbwrne region might be profitably mined for usa 
on Sew& Peninsula when gold p1mr mining mives  on a 1 arg~ d e .  
Tlae ~bortgega of the shipping season, less than two month, h e  thua 
far houraged such development and may prove an immmoantabl e 
obstacle. 

The ody expmt~ble ma1 in N a s k s  is that k the Msta;nwka and 
Bering River fidda. In both thae fields very high grade oo&, bgth 

I 
bituminous and anthracite, have been fowrd. Unfoftunatdy the 
quality of the cod seems to be more or less d k t l y  proportiomI to 
&he a m o h  t of deformation that the ma1 beds hme undergone-that 
is, the beat cod occurs in the most highly folded and broken b d s  
and is the most diflicult to mine. 

Om mine hao been opened on a considerable d e  near the west 
end of the Bering River field. This mine is st present diEcult of 
awsss, but it o d d  be connected with the Copper River Railroad by a 
branch line about 38 miles long. Such s branch would give mmec- 
tion over verg easy grades with a good harbor at Cordova. Some 
work has &o been done at a coal mine in the emhrn part of the 
Bering River field, where the coal i s  semianthracite. This mine is 
connected by a railroad, now partly out of repair, with tidewater on 
the lower r&, of Bering River. Some  mall h t  shipments of 
eemianthracite have been made from thk mine. 
% Alaskan Engineering Oommimian hm opened two minw in 

the MatanusIra field, both on the railroad. A little de~elopment 
work has also been done on some other properties in this field. The 
largat of the two mines is at Eska, where the ma1 a;l a low-grade 
bituminoua ood, and from this mine the Engineering Commission 
md the towns of Anchorage and Seward are supplied with fuel. 
These operatione show that the Eska coal can be mined on a comer- 
cia1 scale, At the otber m , ,  at Chickdoon, some c o d  of v q  hgh 



w e  has been produced, but the operatione are still: in PL mom or 
1- ex-ental stage, bemuse the Irreguldties in the C Q ~  beds 
make mining very expensi~e. 

In the opinion of the writer cod tmcb t h t  can be mined mder 
p-nt dus t r id  conditions will b found in both the Matmnska 
and the Bering Rieer fields. To select such tracts, however, wiU 
require more underground teat& than bars thus far bean done. 
There can be no question that high-grade cod will be produced in 
both fidda, yet the localities where the most favorable underground 
conditions exist still remain t o  be determined. The present develop- 
msnte give asauranee that there i4 s&cient hnnaga for all local 
neade, but it k not yet definitely emtablished that tbma we wal 
r-88 from wbich a laqp tannage can be mined for export. Tha 
quality of the hghgade coals from these fields leava little to be ' 

desired, though how, as in many other coal fialda, w a & q  of the 
product will be necessq. 

There hm been a tittle mining of lignitic coal at variam plww in 
Alaska since 1888. It was not, however, until the high quality of 
the Bering River and M~tanuska coal: wm established by both public 

. arid privah m e y e  and examie@tiom, mado between 1898 and 1905, 
that theso northern ma1 fields excited my special intarest. An 
Alaska coal-land law waa enacbd in 1904, but it proved, as inter- 
preted, ineffective in encouraging min'i development, nor did the 
supplementaq Ieghlation of 1908 serve to improve the situation.- 
Meanwhile, all hlwka cud lands wero withdrawn from ex l tq  by Ex- 
w t i v e  order dated November 12, 1906. Many cod d&m were 
staked previous to thia withdrawal, bat patent ww r e f w d  to BU 
except 8 few that were isolated and too small in m a  to permit em- 
nomic eciploitation. 

The Altwka cod situation wm further embarnrssed by the rapid ' 

increw in the petroleum output of California. AB a rwult, the short- 
age of fuel on the PmXo seaboard that was threatening at tho time of 
the h t  attem'pted development of Alaska bituminona cod wea 
changed to an &m of production. The net rasult of thsse mdi- 
tiom wsa to prevent all coal-mi* da~elopment in Masks and to 
force Ntlgkm industries to draw on 'foreign sources for fue1.M Fur- 
thermore, the projscte for private railmad construction to the coal 
fields were ne~essarily abandoned. The logic of the situation fomd 
the Government to enter t ha field of rdrotrd construction and also 
to undertake the underground exploration of  the coal fielda at p u ~ ~ c  
expense. 

HBm%a,A.E.,Ahbmrt*ndibutllk.tlmu U . S . a a d . ~ B t d l . U 2 , p p ~ ~ l .  
All A h s h  011 kods w m  w i t b d n m  In 1010. (Bss p. 53.) 
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The long and bittar controversy regarding an Mnah &-land 
policy mdedin 1914 with theensctmentof aleashglawm As awn- 
sequence of the relative decrease in the market for coal, beoame of 
the large ma of petroleum and the mettled hmcial conditions 
brought abut by the war, no great e a g e m w  has been ahown by capi- 
tali& to enter upon the development of the Alaska ma1 fields. P m  
themore, the little u n d q o m d  work thus far done bas more than 
aonhmed the incomplete evidence obtained d m  surface e x p o e m  
as to the greatly folded and broken mndi tion of the coal be& in both 
the important fidds. Most American cud d n h g  bas been dona on 
bids that are but little disturbed. lIence those erigqsd in the indm 
try ham had little mperience in the exploitation of greatly disturbed 
coal beds such as thwe of Alaska, which me, however, mmparabTe 
to some of those mined in Fmnm ancl Belgium. Many have dso wn- 
tended that the terms of the coal leases are not sui3ciently liberal, in 
view of the isolation and mpmpected condition of the Alaska field. 
ks a mult of these conditions only one considerable ooel-mining 
operation under leasehold is under way, and this has not yet reached 
a productive stage, 

Between 1899 and 1919 Alwk8 mines pduced a tutal of 243,6?7 
tons of coal, of which 190,000 tons is the output of the last three yeam 
and is chiefly from the Ggvernment mines. During the same t v o  
decadee the Ter6itory has c u m &  a total of 2,411,947 toas of cod. 
Of thia amount 1,276,600 tons baa been imported from the V B P ~ U P ~ F  
fields in British Columbia. (See p. 74.3 

The market for these high-grad~ bituminous fuels is mple ta 
absorb dl the coal t h ~ t  can be prodaced for a number of y e a -  to 
come. The coal mmumption of the Pacific Coast Shtea and, AEaah, 
excluips of that used on railrods and stemem, is now about 
3,500,000 tons annudly,' of which 208,000 to 300,000 tom is imported 
from British Cbluinbia. Railmads in the Pacific Coast Stgtea con- 
sume about 2,000,000 bns, practically dl used in Wraahtqton. The 
bunker coal supplied to shamera at American P a a c  porta amounted 
to 343,000 tons in 1915 and 474,000 tons in 1918.66 Thb bunker , 

trade is one for which the Alaska coals are especially welLsuihd, 
Some of the A d a  c o b  tm also well adapkd for mking. About 
200,000 tons of coking coal is used in the PacSc Coast, States. Of 
the Ptbeific mast coals only those from A9gska me of d c i e n t l y  high 
grade to ba suitrrble for Navp use. Am estimate of the nee& of the 
3av-y &t 200,000 tons, of Nmka at lOO,OQO tons, andi of coking md 
at 200,000 tons would give 8, certain market far 500,000 tons. In 
addition to this the Alnska fuel &ouId be a strong mmpetitor in the 
bunker trade. Furthermore, the increased cost of petro1m wiU 

r ~ m k s ,  A. IZ, u. 5, *I. s m g  M L  em, pp. m, ietx 



man enlarge the m d e t  for coal on the Pac3c seaboard. One 
adverse factor that sbould be considered is the competition of the 
h i g h d e .  ,ilaska coals with thme from tho East brought throngh 
the Panama Cand. Owing ta the physicd conditions under which 
the eastern bituminous coals mtv they rmrc chmper to mine than 
tho= in AlGka, and another adlvantago lim in the more favorable; 
industrid conditions. It is probably safo to a s m e ,  hawevar, that 

1 - even under this wmpetition Alaska ma1 should hava s market for 
at least 1,000,000 tons. Whether my such production can be 
mached in the immediate future can be determined only by further 
prospecting- PEAT. 

Peat is f o d  in nearly every paxt of Almka except in the high 
ranges. The humidity of the PacSc coastal zone and Ithe musequent 
luxuriant vegetation favor the accumulation of peat. Southeastern 
Alaska is heady foratad, and much of it has a dome growth of 
underbrush with a flooring of moss. In southwestmm Alhka timber 
j, entirely absent, but all the lowland and much of tho upland area 
m covered with moss, gram, and small shrubbery. The prwailing 
humidity in both Ghese mgiona favors the wcumulation of vegetable 
refme. Though thcre bas been no prmpecting for peat in thia part 
of the Territory, depmite at least 15 to 20 feet thick me h o r n  and 
are believed t e  be of good quality. 

Central and northern Alaska have a much smder  precipitation. 
Here, however, the soil ia newly ever~rwhera mantled by a dense 
blanket of moss and other vegetation. This is especially striking 
in the extensive timberleas sreaa of tundra which lie along Bering 
Soa and the Arctic Ocean. In Ithose two provinces the subsoil is 
usudly frozen, ao that the watars are retained at the surface. Tho 
moss, except in ex&vcTy dry weather, is usually saturated with 
water. AIl these mnditiona, which promote vegetable growth m d  
retard evaporation and oxidation, are favorable to the formation of 
peat. As a matter of fact, there k nearly everywhere a layer of 
pearty materid mderneath the soil. In some natual q u r w  in 
these proviinca peat deposits heving a depth of 30 to  40 feet hava 
been observed Although the widespread surface Iayar of poat isr 
of an inferior quality, soma of the deaperlying beds are probably 
of b h  grnde. There are no data whatever at hand to sstimate the 
available supply of peat, but as it ia found in every part of Alaaka and 
on the great tundras of the north, occupying at least a quarter of the 
Territor~r and cornphing layers of greater or less thichess, the supply 
must be enormoue and possibly exceeds that of the entira United 
Statea. 

Bmole, A. E, l f h m l r a w m m ~ d A l & :  U. El. O d .  8 m e y  Bull. 3W, pp. 1SB-lm, loOs, Dads, C. A,, 
pmdt)le use 01 p s t  Iuet in A M s :  U. a. Ged. 0urwy Bull. 819, pp. -18a8, Tbe preparstlmm 

P of peat a# fud: U. 8. Owl. Bwwy Bull. 442, gp. 1M-1~,1010. 



52 WUTERBL RESOURCES OF AL~SKA, 1m. 

In the presenw of more leasily available fuel there haa been no 
~'mocaeion to utilize my of the peat beds, so p~sctically nothing is 
hm of their fuel valne, &ant, or thicknm, except what hhaa been 
stated. One of the few depoaita of this mineral fuel in Alaska that 
has been exploibl is a peat bed saturated with petroleurn residue 
near Cold Bay, on the Almka Pmimuls, where some years tigo the 
material was uaed for fuel at the neighboring oil wells. I'Iem, how- 
ever, it is the petroleum residue rather than the peat which gives the 
deposit ita cbief value. 
The p e t  deposits have at present no value, for lignitic md better- 

grade coals are tua saidoly diatribubd to mcourig~ the w e  of a laaa 
available fuel . Moreo~er, the time appears v e q  remote when these 
peat deposita 4 1  be utilized, except at IocalitJes where coal is &bent. 
Certainly reoouree to the peat will take place only when the more 
valuable mineral fuels &re not ob tsinable. 

As all the available dab  relating to the of oil in Alwh 
have been recently compiled and d i d  'by Martin," the petroleum 
rmurcea need only brief mention here. Petroleum s e 8 p q s  arbre 
h o r n  in five widely separated districts i n , A I d a  and have been 
r e p o w  from a numbm of otbera. Ae drilling has beem conked to 
one fidd, there are no d&ta upon which to eatimate petroleum reserves 
or possible ontpnt. The qudity of h e k a  petroleum laavea little to  
be desired. It ia s high-grade d d n g  oil similes in ompoaition to 
t h ~ t  from PamqlPania. 

Oil seepages (see map, PI. JI, in pocket) are hewn at f i t d a ,  
near Contmllmr Bay, 60 mila east of Cordova, and at Yakat%&, M 
miles east of Katda; near hiskin Bay, on the west shore of Cook 
Inlet; and on the Alaska P&suIe, notably near Cold Bay. There 
is also a seepage near Douglas Ri~er ,  near the southwest ~hore of 
Cook Inlet, at the base of the 1Umh Peninsula. More or 1- d&- 
nita reports have been r m i ~ e d  as to the praence of ewpagss at 
other places in the Alaska Peninsuta, If these repoWrts are oonfumd, 
they indicate a pcwible wide distribntion of seepages in the Alaska 
Peninsula and consequently a rather large area in which wildmt 
drilling might be justified. The structnre of the Katda field is very 
complex, but the incomplete information at hand indicates that the 
folding ie simpler at Yakataga, on Cook Met, and on the Alaska 
Psninda. There haa, however, besn no detailed geologic mapping 
in the latter fielda. AU these districh are fairly accessible to porte 
on f i a  Pacific, open to navigation throughout the year. 

There me a h  indications of the preeenca of petroleum in the ex- 
treme northern part of Alaka, near Smith Bay, about 100 mila 

~ ~ ~ Q . C . , ~ ~ ~ t h a & ~ f f ~ ' U . B . ~ ~ m y B u l l . T 1 ~ ~ L  
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aouthmat of Point Barrow. This area is mtirely &own g ~ l o g -  
id ly .  To judge by the reaults of Schmder's exp10ration of the Col- 
ville River B32asiqM 100 miles ta the east, the etmctare is likely to be 
favorable for the prevsence of oil pools. The ragion is so inmsssible 
that capital is not likely to  undertake its pmpecfing e x a p t  under 
very l i b 4  Serma, both as regards size of lesseholds and ro'yaltiss, 

Mattin has tdgo lbt ed a n u d e r  of other isolated locdtiee in Alaska 
where oil or gas seepagw are lmown or reported and hga presented 
the geologic evidence bearing on the possible presenm of oil pools. 
B s  mnc2wions me largely adverse. The 1ocaIitim where oil or gas 
are reported include as widely separated localitiee as Admirdty 
Ialnnd and Cape Spenwr, in southwtera Ntwka; %ward, on Kenai 
Peninsula; Tyonek, on Cook Inlet; Nuahagak, on Bristal Bay; and 
H d y  Creek, in the Tanana Vdley, 

Alaska petroIeam fmt sttrscted athation abomt 1898, when the 
Elondike excitement can-ied so many people North. &tween 1901 
and 1904 there was aome drilling in tho Iniskin 'and CoId Bay . 
districte, md rather extensive operstions were undertaken in the 
more wceasible Katda field. By 1906 mmt of the axcitement had 
died down, owing l q I y  to the ~ a p i d  development of the California 
oil fielder, which drew the specdative oil operators out of Alaska. 
In 19 10 all the oil lands of Alaska were withdrawn from entry, so that 
no one could get title to my c l h .  Only in the & M a  field wse 
any dork continued, and there chiefly on one claim to which title 
had been earned previous to the withdrawal. It was the withdrawal 
of the oil lands that hna checked nearly dl prospecting during a 
d d e  and not my lack of promise in the Alaska fields. 
The enactment of the oil leasing. law in 1&0, combined with the 

worldwide search for petroleum, has again attrwted public atten- 
tion to Alaeka oil. Many claims have been staked, and preparations 
are being made to start drilling at several places in 1921. Them ki 
good reason to believe that productive oiI fields wjll be developed, 
though them are no facts at hand to prove that s t a d h g  diecoverim 
will be made. It is certain, however, in view of the present dative 
scarcity of high-grade refmmg oil, that drilling ia fully justified a t  a, 

number of lmalitia in AIsska. It is believed that potroleurn is one 
of the resources that wiII help mll the value of the total mineral 
production of the Territov. In fact, it h the development of this re- 
source which pro& most for the relief of the prosent stagnation 
in Masks mining. The search for oil will stimulate migration north- 
ward and will lead ta the improvement of conditions of transport* 
tion, especially ta some of the more isolated dishcte. Should drill- 
ing reved commmial pools of potrolewn a very early revival of 
the Alaska m.mbg industry as a whole can be coddently predicted. * 



BTRUC.raRBL MATERUL, EtW. 

NmIy $2,000,000 worth of marble hag been produced in Mnsh 
since quamykg began in 1904, but all of this hsa came fmm the 
Ke-m &&t of sautheas&n Alaska, Marble is widely dig- . 
tributsd in gouth~tm and there are m y  undevel~ped 
deposits h a t  apparently atmy commercial stme. The broken shore 
line, with its many harbors, m d  the water powma favor the marble 
indwhy in thh field. It is to  be expected that wi th  the increased 
demand- for m b 1 e  in the Stake of the west coast the A l d a  output 
will be peatar. . 

Granite m d  @ti0 rob, in part suitable for building sbne, are 
h e  widely distributed in southeastern Alaska, but me urideveloped. 

Gypgum has been mined for m y  years st Iyoulreen Cove, (3hi- 
c h ~ f  Idand, in the Sitka diatri~t.%~ Though no other gypurn de- 
pwih have been found there is no remn to believe that the gdogio 
conditions bywhich the gypurn deposit was formed may not have ' 

been duplicated ia other locitim. , 

A promising depmit of bmita wm discovered by E. F. B m h d  
on Cagtle Xslmd in Duncan Canal, near wrangell, in 1913." A 
rough estimate indicates that about 60,000 tons of barito is in sight 
above the level of tidewater. Tbis deposit is not yet developed. 

'A b&te dep& at Lime Point, on the west side of Prince of Walaa ,( Idand, near S k ,  in the Kekhiksn distriot, has been opened for s 
distance of 100 feet and is about 30 feet wide." Soma shipments 
of barits were made f m  thi% deposit in I915 and 1916. 

Clay is f o d  in many parts of AIaskrs, but little is known of iter; 
qudity. Some clay h~ been used for bricha4ung at .dnchornge. 
Lim~tones of varied composition are. widely distributed in Alaska, 
notably in sontheastern Alaaka, in the Copper and Susitna River a 

basins, in the Yukon Valley, and an %wad Peninsula Lime for 
many purposes eodd be p r d u d ,  should there be a local demand, 

There ar0 ~ o m e  deposits of pumice in the Masks Peninsula and 
adjacent islands, the ejecta of Mount Katmd. Tho I q m t  n c c d b l a  
dqosite known are on the shores of h d i k  Bay, m the east side of 

, the penhula, and thme are 20 feet or more in tErichem. Finer 
pumice or t& is widely dis$ibated over the north and of Bodiak 
Zslthnd, ~ n d  a few shipment8 of t h i ~  material for use as an abrasive 
have b m  made fmm this region. Graphita in mnsiderable quan- 
tities has been found in the Kiwalik Mountains, 40 miles north of 
Nome but more a&ble to the  sea from Imuruk Basin, which b 
connected by tidal estuary with Port Clarence. The graphite in 
u Bmhed,  E. P., Mk!dn raemroes ddesatm~ Ahwhx U. 8. C k d  hmw Bull. BgB, 1920. 
a0 B&g, A. &, U. 8. Oed 8 ~ ~ y  Bnll. 542, pp. YMl, 1OW. 
n Rumhard, E. F.,A Mto de@t xwsr Wm~gell: U. 8. G s d  8- Bull. 1. pp. 1~117,1#14. 
a chaplo, M w ,  Mlnlng dwelopmmts of sou- Nfb9h U- 8, &d. - - % p. 101, 
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this &tFict m r a  ~4 lenees in quartehiotite schigta, which a m  
t h d v e e  gm~hitic.~ Theee deposits are of sufficient sizm to justify 
the hope that they a n  be profitably exploited, provided they can 
meet the mmptition with that from more accessible regions. 

Sulphur d e p i t e  have been found in association with some of the * 

mlmrric rock4 in southwestern -Al~ska."~ A oommercial deposit of 
sulphur ia being opened on Akun Island, near the east end of the 
Bleutiaa chain. The reduction plant wlls to  be installed in 1830, 
snd the mine was then to be placed on a productive basie. 

A little potash has been found in some of the shallow lakes on the 
fish of Yukon and Porcupine rivers, nortr Fort Yukon. Wttle is 
b o w n  about this occurrence, and there is no evidence that the 
quantity is suffcient to justify development, even for Iocd usa. 

A few gafneta have been mined near Wrengell, in southe~stern 
Ataaka, where, acmrding ta E. F. Burchard,'& they occur in a mica 
schist. Theae garnets are not sbitable for gems but mey have value . 
m ahrwivm. 

Jade implements and ornaments have long been in wide circula- 
tion among the Alaska 'Eskimo. For many .years it wus believed 
that thie jade all came from Asia, but it is now known that it csrne 
in part from the so-cdld Jade Mountains of the Kobuk River 
region.w Some of the so-called jade from this source has proved to 
be serpentine, some green quartzite, and some is nepfiritc, which 
mmmercially is classed aa jade. Attempta to exploit theae deposits 

. have thus far been unsuccessful. 

WATER. 

Thongb, wabr ie to be count4 among mineral rmu.mea its value 
to the mining industry is chiefly indirect by affordiq a source of 
pwm, and the 1-t uae of water under hidrostatic head haa been 
h p~&:er mining. 'The rich@ t of the Alaska-placers Be in the interior 
and on Sewad Peninsula, where water for &R is not abundant.'T 
'Shis warcity is due to the smaU pre&pit&ion &d the chancter of 
t h ~  topgmphy, which gives low strearn gadienta. Hydmnlic, mining 
haa thmafor~ played no great pmt in the production of gold in Almka. 
The chief operatiom have hem in the Nizius district, of the Copper 
River basin. Thme are other localities in the P&c alom rwion 

,> 

of &&a where hydraulic mining will be undertaken. - 
0. L., Qmphite mldw in 881Wnl Psnlasala: P. R. Esd. B u w e y  Bntl. 6W, pp.WR-Sft7, 
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The lmgeet waftrr-power developmmtei are in muthewbm Aleske, 
including no tablg thoaa for the minm of the Juneau district. Smaller ' 
projects for other indus~es have &290 been htaJ1ed. at a~eperal 
placea along the P&c seaboard. Othm 1- ~nde~eloped water 
powera occur in tha parhmdls of h k a  and in b e  wi l l  be utilized 
for wood-pulp and o thm industries. 

There am but few power devslopmenI in the Copper River1 
Prince William Sound, and Cook Inlet and Bwitna basins. Little is 
h o r n  about the water powem of thia province, bnt & mm8kau~e a 
madeeome years ago shows that they are worthy of further iuvestiga- 
tion, There are also some water powers in the Iliamna Lake region, 
in the Almka Rlange, and in othm parts of the Territory about which 
little ia h o r n .  

Minmd and hot springs me widely distributed in Miska.6n Some 
years ago m attempt was made to develop a minerd spring in south 
eastern Alaska, and bottled water from it was put on the market but 
met with  failure. It is not lmown whether the water in any of the 
Alaska miner81 ~pringm is of a snfficiently distinctive compo~lition fo 
justify its development as a potable water. The hot spririgg have, 
h o w e ~ ~ ,  played a somewhat important part in the hygienic life of 
the people. 

BTJMMARY AND CONCLUBION#. 

It has been shown that the value of AZaska'a gold placer r m e a  is 
greater than that of the placer gold that has k n  produced during 40 
y e w  of mininp; &o that the future of the gold-mining industry . 
depends as much on the improvement of the general industrial con- 
ditions as, on the comtmction of milsods and wagon roads and im- 
provments in ~ d p  s&m. M e  @Id in Alaska is at 
preeent on. the wane, becm- the 1-est &fernu~ lode mines, those 

the h e a a  district, have been wor-dug on so low a margin of profit 
that they can not all hope to continue under present industrial con- 
ditions. On the other hand, auriferous lodes are known to be widely 
distributed in Ahaka and it is certain that they will be developed 
when means bf mmmunimtion ltre bet& m d  industrial conditions 
impro~e. 

Alaska's capper production of the past haa been baaed chiefly on 
the output of a fm minss operating on very rich o m .  S d l m  mines 
on the coaat have been hampered by lack of ship& and smelter 
capacity. Coppm ore is widely distributed in the Temitoq. The 
mining of copper will continue to increase if transportation ram are 
lowerid, and-the Terrihq will long be tm import as t source of copper. 

Silytdead ores are widely distributed, b i t  no large depaaits have 
been found. Tin deposits have been found in several localities, but 

m EUimwrth, C %, sad Dam-, W.,A W 8 - m  -w In 
u. s. owl. sww w ~ m t g  raper ma, iela 
b wRarLng, 0. A, hFirmra2spinp 01 hlwkks: U. 8. Qsol. 8- W&&npply Pepsr414 1911. 



the ontlook fm m y  large increase of the tin output on the bwb of the 
$ d e p i t s  now h a m  is not hopeful. Only one deposit af the metals 

of the platinum p p  htw been found that gins promise of making . 
. any masidmble output. Quicksilver, in the form of cinnabar, has 

bwn developed in only one district md that only on a amall scale. 
, Nickel-bearing oms have been fomd at three lwalitiers, but the avi- 

dence in hand doas not justify an opinion on the future of the nickel- 
mining industrg. The known deposits of chromite, tangstem, anti- 
mony, and mo1yMmite seem to justify the hope of an output of these 
metah, provided there is a market for them. Little is h o r n  of 
Alaska iron or&, but there L rewon ta belime that some of the 
depi ta  of this metal will be utilized when an lm and ntml making 
industry develops on the Pacific coat. 

The depclsita of lignitic coal in Alnaka me much mom than sdicient 
to supply future local needs. A l d a  aho contains the k t  high- 
grade bitnminous coal on the Pacific a e ~ b o d .  It seems probable 
that an exexport bade in thew f riel~l will be developed, though the cost 
of mining will be hgh on account of their mode of o~[:arrmce. The 
evidence of petroleum in Alaska ju~tXea the opinion that an oil- 
producing industry will be dev,valoped. 

Alaska also contains a great variety of other mineral deposits, 
many of which have been more or lesa aeveloped. Although the 
outpnt from such deposits will probably be m 1 Z  corn@ with that 
of the gold, copper, ma], and petroleum, yet it wjll'help to  swell the 
total value of Alwka's mineral products. 

The foregoing s u v  indicates that the qaah mining industry 
h a  a moat prnmising outlook and that the mimoral output of tha 
pmt is but s amdl frnction of tbst which will be produced in the 
futura. It is not to ha denied, however, t b t  the immediate proapect 
for a large expansion of Alaske mining is not so hopeful. Aasks'e 
great gold m r v m  must ta a lerge degree lie donnsnt mtil the 
champ in eeoaomk con&tions give better mmnnco t h ~ n  now 
exists of profitable ventur~.  Nor will the present prim of copper 

' encourege an expension of the copper-mini% industrg. 
Coal miniug has only begun, and much undepund exploration 

, muat be done before a large expansion is assured. The testing ,of 
the oil fieIda awaib tbe driller but wil l  probably be undertaken at 
once. 

Aside from lthe impmvement in general and worldwide economic 
conditions, what the Alaska mining industry most needs is a lower- 
ing of oosts of h~lilport~tion, including not only reduotion of the 
rat- on exbting linm but the expansion of lmd and water ro~itea, 
including the construction of roads and t rds .  





Gold and copper mining haye always been the principal minerd 
industria of Alaska, and in 1919 both were subject to  great d e p m  
sion throughout the world. Hence the vdue of Alaskrr'a minerd 
aatprrt decreased from $28,253,961 in 1918 to %19,620,913 'h 1919, 
when it wirs the loweat for any one year since 1914. Stimulehd 
by the high price. of copper during the war, h k a  made an onor- 
mom output of copper, which was chiefly the produnt of three large 
mine%, With t h ~  fd in the price of copper (see fig. I) the Alaska 
copper i n d w t ~  reverkd to more normal prewar conditions, Mean- ' 
while the world-wide depression in gold mining conssquant upon 
high operating cosh brought on by the war hm seriously crippled 
gold mining in dlah As a mmequenoe of the inorease in c a a t ~  
the vdue of the mud output of gold from Alaska declined from 
$16,?00,000 in 1916 ta $9,426,000 in 1919. The Alaska gold-mining 
industry is particularly sensitive to present muditions because many 
of the enterprises were not on rt vary sound economic basis. Gold 
production hw been kept up for many years by the exploitation of 

. bonanza placers rather than by the systematic development of 
large deposih of lower grade. The miming of placer gold bas been 
camid  on as a gamble rether than m a busin- venture. As the 
purcbmg power of their product was reduced many gold-mining 
operatom have been attracted to  other fields, such as oil ddl ing in 
the States, in which the chmcea of l q a  speculative profits were 
greskr than. in placer miaing. It is aspecidly unfortunate that all 
but one of the 1-B quartz gold-mining vanturss in AIaska are the 
lode mines near Juneau, where the margin of profit is so small that 
the increased cost 03  operation due to the war hm impwiled the 
mcwm pf the u n d e r t ~ ~ ,  
The outlmk. for gold mining in Almka under pment economic 

conditions is not hopeful, yet the continued success of certain larger 
operations, like dredging, ~ h o w s  that it is by no means hopeless, and 
such operations and the mining of bonanza deposih will no douht 
be continued. Maaka still contains large reaerves of gold-bearing 
gravels (see pp. 9-1 2)  that can be mined profitably when trans- 
portation and induetrial conditions are improved. No one can fore- 
tdl whether any more bonanza e m p a  will be found, and therefore 
the only certain future succw~ lies in the deelopmeut of deposits af 
lower grade. 
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The large damand for tqpten, antimony, mid l c h d f e  dating 
the war greatly stimulrtted the semh for and mining of ores carry- 
ing these met,&. Vduable depmih of &me oms wete found and 
mined, and mining of them will in time be renewed, t h o ~ h  it is not 
juatSed by the present demand became of the high cost of op-tion 
md traxlaportation. 

Alaska haa not yat recovered from the inferdict placed on & d e  
adopment of mineral fuels by the withdraw3 f m  entcg of the' c o d  
landg in 1906 and of the oil lands in 1910. The leasing law of 1913 
opened up the coal fields, but some of its provisions appear to'b not 
liberal enough to encourage large developments. In 1920 an oil- 
land leasing act was passed, and this w i l l  no doubt lead to de~elop- 
ment and eventually to  09 production. 
The greatest need of the Alaska mining. indmhy is &saper and 

better land and water transportation. This need caJls for the com- 
pletion of the railroad, the building of wagon roads, and the lower- 
ing of ocean and river freight and passenger rates. Yet, e x q t  for 
the work done on the d o a d  and on the oonshction uf 
wagon r o d  slld .trails, practically no advance waa made in 
1919, and, indeed, the transportation conditions have bean the 
worst in many yew. &em f r w t  and passenger rtttes have been . 

increwd and the service has been decreased. The Yukon. River 
steamer service in 1919 wm very inadequate. The most important 
event of the year for the future of mining in the Territory waa the 
continuation of the work on the Government railroad and the ae- 
surmoe by coqpwsional action of the money needed to mpIete  
the line. It is now certain that in t h e a  years there wiU be a stand- 
ard-gye railway connecting tidewater on the PacSc with F&b& 
and navigable w&em on the Yukon. To give ita full benefit to the 
mining industry, however, the Alaska Railroad must ba connectad 
with &g cent& by good wagon mebds. 
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Wegalar mining in A k k a  may be add to have begun in 1880, when 
the Juneau wld p1- mm fmt ex~loikd. It is eatbated that 

thst &e i a s k a  has p r o d u d  Anaral wealth to the d u e  of 
more thm $438,000,1300. 

Oold-. ............. Sin 8m 90a 
C o p w  ............. ll4;626:0~1 
Sllvrr .............. 8 903 628 
h a 1  ................ ~:~NI'IM) 
Tln ................ 91s:lja 
Irxd ............... 522 25s 
knllmcmy .......... 2 3 7 : ~ ~  
Mhrble 
potroleurn, ete.!.. 5 WI,O'IB 

4311, I ~ ~ , O B B  

DTSCOVEIUEB AND NEW DEWCLOPMENTB, 

The most notable minirrg advnn'oes, during the year were thoae made 
near McGrath, in tha Georgetown diatrict of the middle Ruskokwim 
region. Here a gold dredge, installed in 2918, was operated during 
the entire aenmn, but moro significant was the discovery of numerous 
gold-bearing ledges which give promise of boing of c o m m i a l  im- 
portance. The d k o ~ e r y  of a valuable silver-bearing galena lode in 
the Kmtishna district drew many pmpectolg to this littlehiown 
part of Alaska, Stiu greater excitement was c a u d  by the develop 
m a t  of rich depclsih of gold and silver in the Canadian part of the 
Podand Canal district. (See pp. 129-142.) Some of thme deposita 
ire readily accessible only through Alaaka. Tha town of Hyder, on 
Portland Canal, was established on the Alaaka side of the boundary 
to m e  tis district, m d  from.Hyder a rod has been built to the 
Canadim mines. Prospecting has boen done in the Alaska part of 
the 'Portland Cam1 district, but ao far as h o r n  no ore W m  of 
proved commercial value have been developed. 
Many oil claims are now being staked under the oil-1- law of 

1920. Coalwaa mind in 1919 in the Matanuska field for the use of 
the klaskan Engineering C o ~ o n  and for the tom of Anchorege. 
Systematic prospecting of a group of claims held under leaae in the 
Bering River cod field was undernay in 1919. The railroad con- 
nection of the Henma lignite field with the town of Fairbanks, at&- 
lished in 1919 (exmpt for a bridge at Tanma River), has stirnulatad 
aysternatic prospecting. 



The foUwping table gives ae estimah of the total pmbficm of 
gold and ~ilver since the beginning of mining in 1880. For the -Her 
years the figures, especiaZIp those for silver, are probably far from 
correct, but they we based on the bast information now avda61e. 

W and dw produced in A b b ,  188&191$. 

Tha subjoined tabie gi- in estimate, b d  on the best avail- 
able d8h, of the gold md saver p r o d u d  in Alaska from difFerent 
8ourcea since mining began in lgSQ. About %65,100,000 worth of 
gold, or about onetfifth of the total ~ t i m a h d  output, was pduced 
before 190.5, m d  there is but %cant information about itrs sonrce. For 
the period since that time fairly complete ~tatiatical returns are 
available, and it is probable that the @.ma prmented in the follow- 
ing tabla are sufF~cientIy accurate to be valuable. The fiprm @en 
for the silver recovered from plaoer gold and from siliceous ores 



are probably lees murate than those for the gold. Copper mining 
did not lbegrn in Alaska until 1901, and the f i g m ~ ~  for gold snd sil- 
vm derived from this industqy, as now presented, are therefore a 
clme appmdmtion to the actual output. 

The above table & o m  that about 29.8 per cent of the total gold 
produced in has bsen obtained from siliceous ores mind 
from aurifmua lodee. In 1919 the lode-gold production was 46.6 
per cent; in 1918, 36.8 per mnt; in 1917, 31 per cent; in 1916, 38 
per cent; in 1916, 37 per cent; in 1914, 32 per cent; in 1913, 31.6 
per cent; and in 1912, 29 per cent. In bha following table the pro- 
duction of pr&ou~ met& in 1919 haa been distributed as to smmm: 

- 

w. m. - 
mmrn), 

a m -  .............................. 
Coppr- ................................ 
P k n  ............................................... 

a- 

T w m t y - h  gold-lode minm and two prospwta were operated in 
Alaska in 1919 and produced gold worth about 64,392,237. Twenty- 
five mines were operated in 191 8 and produced gold worth $3,473,3 17. 
Tbe increase in 1919 came from the iour large mines in the Juneau 
and Sitka diskrich. The increased production at Juneau do- net 
assure the continued prosperity of the lodemining industry, for 
these mines are working on too mall a margin betwoen the value of 
gold recovered and the cost of operation to make it c& thst they 
will be able to pay the continually inereaging expenee of mining. 
The only other large gold-lode mine in Alaska is in the Sitka dhtrict, 



where operatiom in 1919 w&e on a eomewhat Iwgm scale- than in 
1918, 
Of the producing minea, sewn were in wu&e&;stern +hala, one 

in the Copper River dbtriot ,  three on Kmai Peninsula, f i ~ e  in the 
WilIow, Creek diatrict, six in the Fsirbanks diatrict, and one on 
Seward P e n i d a .  In 1910 the average value of the gold d 
silvm mntenta for all ailieeaus orss mined waa $1.38 a ton; the 
average for 1918 was $1.70 a ton. Thase averagee rdect the domi- 
m c e  in tibe total lode production of the large tonnage p d n c e d  
horn the low-grade ores of the Juneau district. 

'She production, by districts, of gold and silver in 1918 fiwagold-lode 
minm is given in dm following table: 

5llhmr. 

-0t. 

........ ............ K e d  Peninsula 
WIIIow Craek.. 

h-w 
............. ........ F n i r h k s  d ktrlct.. 

~ t t w r  &tri:ts b . .  .......... 315 4: w 8.13 

The prmpeohing and development of gold lodes in 1910 wm most 
active in the Willow Creek district, which lies adjacent to the railroad, 
but where no property hm yet been opened up and eqwipped on a 
lmge scde. Thete is good remn tn, belieye that lode mining in 
the WilIow Creek district d make substantid gains la 1920. At 
F&b& lode mining and prospecting have almost c d ,  the only 
operations being thme of a few ownm who continue a little dwdop 
ment with the plm of blocking out ora to be mind when the railroad 
is completed. lacidmtd to this work a little om is recove& and 
d e d ,  and thm ars many small aurifaroas I d e a  in the Fairbark 
district which e m  he profifably exp1oikd when the mnomic con- 
ditions h p r o v ~ .  Cornparatidy little work was done on tho I d a s  
of %ward Pmimda in 1918. A gold-lode h e  new Bl& was 
operatad and made e smdl ou@t, and some ore wm d e d  but not 
shipped from the ailver-lad pmpect on K q p k  River. 

During 39 ye~l l  of mhiug Alaska has p d u d  gold t~ the value 
of more &an $31 1,000,000, wid $218,QW,000 of this amourit ia to be 



d t d  to her p l m  minm. For m m  M y  dieenseed them 
waaJeea p b r  mining in 1929 thm in 1918, and the outlook for a 
r e ~ d - o f  the industry BB n ,whole under y t  m o m i a  cab  
ditiiona b dot hopeful. In the following table a cornparkon is made 
bet- the placer-mining industry in 1919 snd in 1918: 

A mmt unfortunate effect of the decline in the production of gold, 
eapecidg .by plmr mining, is the diacouragernent of the prospector. 
Though many prospectom devote their attention to the search for 
Copper and other minerals, ppsc tors  aa a class are held to  their 
vocation by the hope of &ding rich placers which they can develop 
by indivi&ml effort. The loss of over 1,100 men in the placer- 
mining indusm, as shown by the above table, meme the loss of rn 

' equal number of at least potmtial prospectors. Many prospectom 
have been drawn away from A d a  'by the high wages snd good 
b* opportunities which war conditiow have- crested in the 
S t a h ,  It is, indded, no longer necmsary to  go to  Masks, to  obtain 
%h w a p .  Aa a consequence probably half, po~ibly three-quarters, 

, of the prewrv Alaska prospecMm have  ought other fields. 
The value of the placer-gold output of A l m b  d e c r e d  from 

$5,900,000 in 1918 to $4,970,000 in 1918, and the oqtput d l  be leee 
in 1920. The decrease W R ~  general for d Alaska distficta except for 
some in the SBWud PeninsuIa and tha Kugkohim regions. It is 
l+y due to conditions that aflec t gold mining adversely throughout 
d e s k s .  Shortage of Tabor, lack of tramportation, md unfavorable . 
sewrial climatic conditions have also operated to G U P t d  the placer- 
gold output of cartah districte. The depletion bf bonanza placem 
dao helped to d e m s e  placer mining. KO important h v e r i a  of , 
plmr  gold. were made during the year, and there was a marked 
d e c m a  irrcpmpcthg for p!acer gold. 

About 486 placer mines were operated in the summer of 1919 and 
88 during the previom winter, but m a y  for only a  pa^ of the se9son. 
A b u t  2,l77 men were engaged in productive placer mining in the 
summer end 318 in the minter. In addition severd hundred men 
were engaged in proeplecting or other nonproductive work relating to 

7230'-21-Bull. 7 14-5 1 



p h m  mining* No importgnt new pE&er-%g wixw mm dia- 
cuvered in 19 19. The output ltnd operations of placer minm in 1919, 
by regions, are shawn in the following table: - - .  

Odd 'd @ d @ n  pbaaa ivb A h b ,  1919, By r*, 

The following table ahawa spproxinmhd y the total bulk of gravel 
mined annually since 1907 and the value of the gold movered per 
cubic yard. This table is based in part on returns madeey placer 
mine operators and in part on known facts or twsumptions concerning 
the richees of the graveb in the several districts. Although the 
table is thus in part an estimate it ig probably nearly correct. 

Qmwl sEuW in Ahhm ploca miw d adw o j  gold remmecI, lsoS-1919. 

p h f c  j;ruds). per eubla I Fwd. I1 
Vahae of 
#old r& 
covered 

per cuhl@ 
Y d .  

- -  

The table shorn that from 1908 to 1914 there waB a decline in the 
average gold eontmt of the p v e h  mind. Thk d w h e  + e f l d  the 

. improved methods of plecer mining that have b m  i n t r adud ,  more 
eepecidy the increme in the use of $redges, which is brought out in 

, the foUo*ng table : 



Gold d d g h g  continu- to hold an important place in Almks 
p h  mining, h 1919 them were 28 dredgss h operation far ther 
whole or part of the setbeon and they pmduced gold ta the value of 
s h t  $1,360,000, compared with $1,425,000 worth of gold pmduced 

, by 28 dredges in 1918. Two of thase dredges were.operated in 1919 
in the FairbanZGs district, 2 in the Iditarod diafrict, 1 in the Birch 
Creak. district of the Yukon basin, 1 in th0 Mouint McKinley (Mc- 
Gmth) district of the Kuskokwim basin, md 22 on Sew ard Peninkula, 
Theee dredge8 handled about I,7g0,000 cubic y d  of gavel, com- 
pared with a h t  2,490,000 cubic yards of gram1 handled in 1918. 
The avenge recovery of gold per cubio yard was about 67 cents in 

, 1919 and 57 ante in 1918. Tho gold dredgea of Seward Peninsula 
p r o d d  gold worth 8450,000 from about 885,000 cubic yards of 
gravel, making an average remvery of 62 cents a cubic yard in 1919 
cornpad with 40 cenh a cubic yard in 1918. The dredges of the 
Yukon and Euskoktffim districts produced @;old worth 1$910,000 from 
885,000 cubic ywds of gravel, and the d u e  of gold recovered per 
cubic yard was therefore about $1 -02. In 1918 the dredges of the 
Alaska Yukon districts produced gold worth $881,000 from 1,125,000 
.cubic yasds of gravel, the value of gold r~ovsred per-cubic yard 
being about 78 cmh.  

~110ngh dredgm were built for nsa in the ~ l a s k s  ~ u k m  es e& as 
1898 m d  at Nome in 1900, thk metbod of placer mining did not 
reach a profitable stage until 1903, When two s m d  dredges were sub- 
c a d d y  operated in h a d  Penin~ula. Dredging began in the 
Fortpule district in 1907; in the Iditarod, .Birch Creek, and Fair- 
b& districts in 1912; in the Ymtns &strict in 1916; and in the 
Kuskokyixn region in 1918. The new dredge on Cmdle Creek, in 
the Kuakokwim region, which wrts wmpleted and operated for a short 
perid in 1918, did not begin regdar operations till 1919. The fact 
that this dredge and also one of the Fairbanks bedgee, which like- 
wise was h t  operated in 1919, had succassful aemona shorn Ithat 
dredging c m  be profitable even under present d v e m  conditions. 
This fact and the m d d  gold dredging jn h a r d  Pemimds d u ~ -  
h g  the lsst 15 years pmvm that t b  type of miming has an important 
future in Alaska. In nearly every placer-mining clistriclt of Almaka 
them are large amma underlain by a d m u s  gavels which ju~tify 
exhaustive pmqectirtg for the purpose of hdmg dredging ground. 
The w d u l  use of cold-water thawing in connection with dredg- 
ing ahodd give 5 further stimdzllg to this form of mfning. Up to the 
end af 1919 gold to the d u e  of $20,395,000 had been mined by 
dredges. The distribution of this output by years is in the 
following table: 



I M ~  .................................................... 
1w ...................................................- 
1806 ..............................................-...-- 
1m .................................................... 
1m.. .................................................. 
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1912 .................................................... 
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1815 .................................................... 
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1017 ....................................-............... 
IgIS..  ........................ .... ...................... ..................................................... 1P18 
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The copper' oatput of Alaska in 1919 w~ 47,220,771 pounds, 
valued at 58,783,063. This is less thsn the output in 1918, which - was 69,224,951 pomd~~, valued at $17,098,563. Dnring the ye-, 11 ' 
'copper mines were operated, compared witb I7 in 1918. Of these 
minee, 3 are in the Ketchikan district, 5 in the &ce William Sound 
district, md 3 in the Chitha, &bict. The curhhent of copper 
mining was due ta the fd in the grim of copper, the m&dnty of 
the market, and high freight patsa. Throughout the wm the ~ m d  
opsrabr has been hampered by lack of ~hjpping to transport bis ore 
a d  af mel tem to reduce it, conditions that have blocked tbe develd 
apmmt of a number of properties md &our@ the cappewnbhg 
i n d w t ~ .  Largely for these reasons there h~ bbeen relatively little 
prospecting for copper during the last few years, Should freight 
rates decreaae or the prim of copper go up, many g m d  mines would 
reaume operatiohm and the larger low@e om bodiea d d  be 
opened up. Under p m n t  industrial mnditione there ie no lihli- 
hoed of any hpmvemant during 1920. . 
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The average q p e r  content of the ores mined in 1919 w~ 4.8 per 
cent. me o m  also yielded m marage of $0.129 in gold and $1.11 
h h t a t h e t a n .  The i r v q  yield for 1918 was 4.8 par cent of 
coppar, $0.149 to the ton in gold, and $0.996 to the tan in aiIver. 

The mppei indue* in the three developed copper fielda of A l d a  
js described in the mount of mining in those dietricb given on 
~ubaequent pages. In muthemtern Aleska the Rush & Brown 
mine wan the largest copper producer. Capper wes a h  produced 
at the Sdt.Chuck mine, better known for ita output of palladium, 
and some ore wm shipped from the Jumbo mine, at Suher. The 

' three large miom, the Bonanza, Jumbo, and Mather Lode, of the 
Kenmmtt group, were the only producing mines of the Chitina 
district in 1919, though some development work waa done on ather 
properti-. Some placer coppar was rialso r e c o d  incidental to 
gold-placer midrig in the Nizins district. 

On Prince William &und the Beateon-Bonanza and Ellmar 
cupper minm were the only properties worked system8tically through- 
out tb'e year. Soms om was, however, also produced incidental to 
de~elaprnent work at the Fiddgo or SGhlosser mine of the Alaska 
Mine- Coqmmtim, st tho Fidalgo or Mackintosh mine .of tha 
Fidalgo Mining Co,, md at the mine of the Iwdymnith Smelting 
Corporation, on Laotrche Island. 

Most of the pmspecthg for copper in 1919 waa done in the Susitna 
b e ,  ~ b u t a q  to the Alaska Railrod. A number of copper lodeg 

' of wme promise have been found in thk mgion, but they have not 
been d c i e n t l y  developed to prove their valtla 



The l e d  @ced in Blaaki in 'l9i9 is eat imhd at 687 tom, 
valued at $72,822, compared with 564 tom, vdued at  !680,088, in 

. 1918. The output of lead in 1919 waa derived, wholly from the 
concentrates of the gold mines at Juneau. 

During 1919 developmmt work waa done on galena o m  in south- 
. eastern Alaaka, iu- the S e w d  Penhula, in the Yukon Basin, and 
probably in othar regions. In the borne of this work some ore was 
produced, but so far as known no ore was shipped. The information 

I 

at h d  indicate that the moat promhing discovery of dvm-Bearing 
galena was that made in the Kantishna district. The following table 
shows the produo tion of lead in Alaska, so far ae it o m  be determined 

< from available data: . 

mx. 
I .  

The tin m i n ~  of A s h  produced 86 tons of om containing 11 2;000 
pounds of tin, vdned at $b53,400 in 1919, compmd with YO45 to- - of ore containing 138,000 paunda of tin, vdued at $118,000, in 1918. 
The following table shorn the production of tin in Alssks since mbhg 

' bqm, in 1902: 
nn p d u d  in A h h ,  l90&191P. 

M B  (-1. ( ~ U J .  
Year. - v*e. , 

om. LI%arl. --- I 
1m ................ 36 I6 # WO low ................ 
~m ................ 41 as u:mo iais ................ 
1804 ................ 48 14 8 , a  lgrt ........... ................ 19a5 ................ 10 fi 4 ,Wt  1815 187 
1808 ................ 67 W 3.3 (80 1816. ............... 
1807 ................ 37.6 !B 1~:7$a 1917 .............. .. 171 ................ 1933 ........-..--... 0 . 6  25 15,lBU 1818 ................ 1- ................ IS 11 7 838 1_819 80 
19ia. ............... 16.8 10 a'ms 
191r ................ 02.q 61 &rea . 
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Tha York h t r i c t ,  of Seward Peninsula, continues to be the center 
of the tin-mining indmtq of Alaska. Two &&as and one s d  
opee-cnt mine were operated in 19 19. The dredge of the American 
Tin Atking Co., on Buck Creek, and of the York Tin Dredgiug Co., on 
Gronse Creek, were both in operation. Three men were engaged in 
showhg into dnice boxes on Bnck h k  above the dredge. A total 
of 25 men were engeed in tin mining and produced abont 56 tons 
of concentrah, lestimated to  contain about 76,000 pounds of metdio 
tin, valued &t $49,8 10. In addition to the tin recovered in tha York 
region a few hundred pounds of tin concentrates were saved in con- 
nection with gold mining on Humboldt Creek, a tributary of Goodhope 
River. Th- concentraw were not ahipped in 19 19. 

Develipmenta w m  also continned at the Lost Biver tin-lode mine, 
in the York district, where about 12 men worked during the winter 
of 19 18-1 9 and about 25 men ddng the eammer of f 91 9.. The , 

winter worPconsisted mginly of retimbering, enlargement of drifh and 
shah,  and deepening of ahdh. A number of buildings were erected, 
and a compressor plant waa installed to furnish air for drills and for 
~ntilntion. A Imge warehouse was also built on the beach at the 
mouth of the river. A shipment of mining machinery and supplies f or 
this property wm landed ~t the mouth of Lost River in October, 191 9. 

In the Hot Springs district tin ore wes produced from the gold 
placew in about the a w e  quantity as in recent years. The tin output 
of the Hot Springn district in 1919 is -timated about 30 tom of con- 
centrgte conteiniry: about 36,000 porn& of m e m o  tin, ~ d u e d  st 

The output of platinum, palladim, and other met& of the plati- 
num group in Almka In 1918 b estimated at 569.52 6ne onncm, 
valued at $73,663, cornpard with 284 fine omcee, vdued at $36,600, 
in 1918. The larger part of the output in 1919, a r ~  in 1918, was 
derived from the c o p p p d a d i u m  ore of the Salt Chuck mine, in 
tha Betddxan district, which wm operat& on a largsr scale than 
before. 

Platinum was m o ~ d  from the gold pleoere of Die, Bear, and 
Sweaptbs creeks, in the K o p k  or Dime Creek district, Sewad 
P a h u l a .  The production reported from these creeks in 191 9 is 
only abut  bdf as large aa in 1918, but the returns for 1919 nay not 
bs complete. Platinum was recovered from the gold placers of 
Slate Creek, in the Chistochina (Copper River) district, in about the 
same quantity aa in 1918. Some platinum may have been saved on 
Boob b k ,  in the Tolatoi (Yukon) district, in 1919, as in previous 
pars, but no returns have been received. The total production of 



p l a ~  metals in Blwka since they were firat saved in 1916 h 
shownlbelow. , - 

- 1 ~  WWM wtd in  IM~!-IQ~B, ,I 

. .- - - 

C O U *  

The output of coal in Alaaka in 1919 was 60,074 tam, valued at 
$343;647, compared with 75,606 has, d u d  at $411,&50, in 1918. 
This output wm about 20 per cent less lthan that in 1918 bnt was 
greater than that in any previous year. ! h e  mrrst Emportant featnrea 
of the Mmka cod-mi* industry in I9 19 am the conhaation of 
systematic mining in the Matannska field by the Blaaka E n g j n w  
Commission, the sptamatic pmpectbg of a 1- held in the Bering 
River field, and the beginning of the mining of the Nmma lignitio 
cod. The largar part of the output in 1918 came from the Matanuske 
field, which yielded 44,553 tons. The remainder w e  from eight 
gmd mines in different park  of the Terrjta~. All tbese.minss, 
except those id the Matanuske and Bering River fieIda, produma 
cad for local under fre+u88 permits. About 10 mines were 
openrted; employing about 1 66 men for an average period of 280 days. 
Ln the Matanmka field mining and underground exploration were 

csrr id on throughout the year at the Eska and Chickdoon  mine^ 
by the Alaska Engineering Commission and 44,653 tons of coal was 
mined, e o m p d  with 63,092 tow in 1918. The production of coal 
from W e  mines was advisedly limited to the needs of the cornmiasion 
and neeo~by lodi t iee .  At the Eska mine, whom the cad is low- 
grade bituminoug about 150,000 tone of coal have been blocked out 
and eome evidence has been obtained tbat there is an additional 
mme of about 1,000,000 Qns. The cod beds at thia b e  are not 
greatly folded, but some large f aulta have complicstd the mt~ection 
of the aoal. At Chickdoon, where tbe cod is hgh-pde  bituminous, 
the beds am much folded md faulM, and the conditions increese 

the wt of mining. The work of the c a d i o n  h a  resulted 
in blocking on t about 100,ooQ tons of ooal at the Chicalbon mine. A 
more complete account of mbing in the Matandm field is given 
elmwhe~e ia thia volume. 



No d e a  a m  yet available about the developments made an the 
lease held in the western part of Bsring River field, but extmsive 
and ap-tic undmgmtllld work haa besn done, and the resulb 
appw to have encouraged the leaaeea ta continue. The cod at  this 
l o d B  iP higb-grade bituminous. Some developmanta were a h  
conhued in 3919 on a pstented claim in the northstern pert of 
the field, where the coal is mmimthracite. A little cod b been 
mined at  this locality and marked at Cordova. Tho mine h con- 
nected by s railroad with barge navigation on Bering Bi~m.  

The m~eet ing  link of the Alaska Railroad between Faibmh m d  
the Nena~s  c o d  field was copplated in 19 19, except for a, bridge over 
Tmma River,' and the Nenan a lignite is therebore now available for  
me in the Fairbarb district and ghould stimulate the gold-mining 
indwtrg. Several thousand tons of lignite were produced at < ' M e  
363 mine'' and a t  " W e  387 mine" and other dmelopmenta in the 
field are under way. 

S m d  Zignitio coal mine w m  operated in 1919 at a number of 
widely eeparatad looalities in A l d a  and their pmduct wm consumed 
locally. 

The following table givea the estimated production of coal in 
Alaekasince1888. Thefiguresfor1888to1896aregstimatedfmm . 
the best data available but are only appmldmttte. The f i v  for 
1897 to 1919 a m b d  for themoatpart on datnsupplied by operators. 
bfmt of the c o d  mined before 1916 was lignite. A mall quantity of 
biturninow cod was produced from the w a t  end of the Bering River 
field ili 1906. The table dom net hc111de 855 tons of cod mined in 
the Bmhg Itiver field in 1912 a d  1,100 tons mined in theMatmmh 
field in 1913 for teet by the United S t a b  Navy. 



The following table aham the coal mmumption of &&a, inclnd- 
ing both local pduction and importa, since 1899. Moet of the ma1 
ghipped &o Alaaka was bituminous, but a little waa snthrscite: 

a B y d . d ~ e n d l n g J l l n s # I .  

P E T R O ~ .  

Tba petroleum producsed in Alaska in 1919, m in previons-years, 
was derived wholly from the single patented claim in the K a t d s  
field. The old wella on this claim and the &hey were operated w 
usuall and two new productive wells were- drilled. The btd produc- 
tion in 1919 waa considerably larger than in 1918. 

The new letwing law, which applies to the oil lands in Alaska, hm 
cawed a renewal of interest in thm lands which have been with- 
&a- from antry for nearly f 0 yearn. Indications of petrolem have 
beem found in five diatricta ia Alaska, four of which, the Katslla or 
Controller Bay district, the Yakataga dishict, the Zniskh Bay dis- 
trict, and the Cold Bay district, are an the PacSc maboard; and She 
fifth, which includes areas near Smith Bay, is on the Arctic coast. 
The oil fields in Alaska began ts attract considembla attention in 
1896, when claims were staked under the placer law in the Katdltl, 
Yakataga, and Cook Met diatrich. The first well at Katalla was 
drilled in 1901, an$ a well was drilled on Cook Met  at about the 
same time. There was much activity in the supposed oil fields of 
Alaska from 1902 to 1904, when mmy claims were staked in d the 
fidds on the f wSc maat af Alaska and when mmt of the wells in 
the Katalle, Iniakin, and Cold Bay districts were drilled. All oil 



Imds in Almka were withdrawn from entry November 3, 1910, but 
in the meanwhile patent had been granted ta one daim of 151 acrw 
in the % d a  field and other claims were pading .  -ant work 
htm been continued ,on some of the cIsims staked befare the with- 
drawal,  specially ' in the Katalla field, and spplicatioas for p~hnta 
have bmn made. % l l q  far oil has been done only in the &tallti,' 
Iniskin, and Cold Bay fields. About 40 wells, sggregathg abut 
35,000 feet of drilling, have been sunk in Alaska, of which 31 w&, 
sgmg~ting 28,431 feet of drilling, m e  in the KaMa field. Oil hae 
been produced mmmercially only in the K a U a  fidd, which has 
yiddd since 1904 about 56,000 braml~l of crude oil for use locally as 
fuel and for distdlation in a small refiney that haa been operated 
since 191 2. 
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Miu-bIe was produced from one q i a q  in southemtern Alaeka, but 
h mhnt the ssme amount as in recent yeam. The production af 
gppsnrrr continued st the mine on Chichggof Idmd. There ww no 
report in 1918 of the production of bricks, quickhe, graphite, or 
barite, all of which have been pmduced in previous years, Some 
developmentiwere made on a sulphur deposit on Akun Island in the 
Msutian chain in 1919, and plans were d e  for the production cd ' 

sulphur in 1920. 
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, fdd to make ..mporteI sa that the Xorm~tion et hand about 
minbg in mme of the h t r i c t s  is incompleb. Tharefm the peoe 
hare devoted to my diatriet is not necgsearily a mewme of its 
d a t i v e  importance. The umng~mernt of the dimmion is gm- 
p + c ,  from south to north. 

The mineral output of mnthm~tenn 8 4 h  in 1919 was derived 
h m  7 gold-lcde mines, 3 copper mines, m v e d  d l  placer minm, 
1 gypsum mine, and 1 marbIe quarry. The d u e  of the minds 
produced increseed from $3,825,495 in 1918 to $4,679,632 id 1919. 
The largest mining operstiona in 1019, as in previoua yem, were 
at the gold minm in the Junesn rEietrict asd at the Chichagof mine, 
in the Si th district. Several of lodee in 
the Sitgs d i ~ t r i c t  am reporhd. All the capper produced wae mined 
in the Ketchbu district, the l q m t  opsratiom being at the Rush 
and Bnrwn mine. Placer mining wa~l limitd to the Pompina 
dietrict and to mall beach operations at Idtuya Bay a d  at YYakataga. 
A more detailed  tatem em eat of mi~ng de~elopmenta in eohtbeastern 
$la~ka is p-d in a later section of ths report, (pp. 10G128). 

1 

Gold . JmEr- 

ore- 
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Gopper dm3 ................ ...... ....... 
Racer mm..  ............................ 

m,m &m,w -a74 Im,m ............ 

w-, 

-- 
a ~ - -  ~,an,am a m  ............ 
C a p p m I n m  .................................... 
Plmr d m .  

? h e  productive mina of the Copper R i ~ e r  e o n  jn 191 9 included 
capper mines and m e  gold-lode mine in the Chitim Vdey ' 

md +bout 21 gold-pl- minss in the N w  Chistochina, ~ n d  
N e l b  dbt&ta The mineral output of the region included 
oopper, eilver, gold, md platinum having n total d u e  of $7,398,669. 
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The mining developments in the Cbitlna district me surnm&ed in 
a later chapter of thie volume. 

The hydraulic placer mines of Nizina district were worked on 5 

1- d e .  Eold worth ahmt $120,000 was recaved by maen 
minee oparsthg in the a m e r .  About 77 men were employed. s 

Some placer copper was also mc~vered. 
The Chistmhma placer mines am &d to have had a v e q  W~XSEL , 

fnl season and ta have produced gold worth $60,000 from the summer 
op~mtitions of about 10 minm, employing a b t  20 mpm. A amaIl 
amount of platinum wm recovered. . J: 

The d u e  of the minerds produced on Prince ~ & u n d  in 
1919 wm $2,048,892, compared with $3,09Q,914 1928. Tbis 
amount is. the value of the product st fiva copper &EH mil one 
gold-lode pmpect. 
By fsf the. larger part of the copper output of Prince William 

Sound in 1919, as in previous yeam, came from the Bsataon-Bonanza 
mine. Work waa continued 8t the ElIamm capper mine in 1919 on 
about the m e  scale M in the past. 

Wmk was continued during the yaar a.t the Girdwood mine, whioh 
adjoitw the Beateon-Bomma on the north, and incidmhlly some 
copper ore was produced and shipped. This properby, now controlled 
by the Ladysmith Smelting Corporation, ia being developed in a 
largo way. Developmente were also conbinued at the SchZosser and 
McInW (Fiddgo) mines, on Fidalgo Bay. PLss~rnent work 
waa dm done on a number of other copper propertias in Princa 
W h  sound, During 1919 gold mining, except for ~ m e n t  
work m aZmmt at a standstiU in the district. 

The gold-lode minm of the Willow h k  district report a very 
m d  season, The Gold Bullion, AImh Free Gold, Mabel, 
Talkeetna, and Wm B&by mines were opemtd, producing an 
aggregate amount of gold worth $162,944 and dver worth $569 
from 6,730 torn of ore. A more compleb mxmmt of mining in 
the Waow Creek district is given by Mr. Chnpin elsewhere in thia 
vohme. 

TErnrJA DXmBXb. 

7%~ Cache Cmk placers, in the Penha district, produced in 
1919 gold worth about 395,000 from the operation of 15 mina 
About 60 men wem employed in prdnctive mining and a few were 
doing daad work &hung waa curtailed during pmt of the w o n  
by ahortags of mkl but on the whole the season irm favorabla , 



!Fbe dradge on CPche Creek did not oprate in 1919 but wiZl mmma 
work in 1920, 

IfPPER 'mmd mC)IOm. 

A little placer mining was done at sweral losalitiw in the upper 
Snsifna bmin, the largest operations being at Vdder Creek. b 
pecting for copper has been contimed at eeveral localities wit$ 

, encouraging resulta, but no largs developmenb have yet been m d a  
In general property ownem are awaiting the completion of the r d -  
mad .before attempting sptematic developmmh. To make the 
q p e r  deposits of this district d b l e  wsgon roords and t r d s  
must &o ba built. 

. m!mA.fPE-. 

? h e  value of the minerd output of Kenai Penhula jn 1919, in- 
cluding placer gold, lode gold, a small mount of silver obtained 
incidentally to th mining 01 the *Id, and some lignite mined tit 

Rluff Point,wasabout$37,600. Ofthisbamount$22,000ia thevalue 
of the gold. 

There was v q  little mtivity in lodegold mining, md no extensive 
de~elopments we reported. Three s m d  gold mines wed operated 
during the summer of 1919, and placer mining waa c o n 6 h d  on a 
small mala at seve~al locdities in Kenai Peninsula. 

MAT--, 11008 m, %OBlTXd COAL FIEfLbB. 

The cod minee of the bfatmu~ka field supplied the larger part of 
the Almkan ma1 output in 1918, yidding about 44,553 tons bf cod, 
valued at $267,318. A mom complete account of mining in the 
Mat anhska field is givm by Mi. Chapin in another part of this volume. 

The BE& Point b i t e  cod mine, st Kachemak Bay, was operehi 
during the summar of lSlR and aupplisd a locd market on Cook 
Met, Some of this lignite wes aho aold st Anchorage for domestic 
me. Some lignitic cad wnn dso produced nest Snug Hmhr for the 
use of s near-by cannery. Small lignitic coal-minm ware &o operated 

' at Little Susitne and at Hohbs, on the Aleska Railroad. 
-6TlBnm b u m *  

Some development work was wntinued in 1919 on the McNeil 
copper propertyf near Ksmishgk Bay. A little beach mining waa 
done in 1919, aa'in the past, at the north end of K d a k  Islmd. 
The most important m i d i  e m t  of the year in scatZ1watern Alaaka 
was the install~tion of a plant to dawlop a dphar,  deposit on Akun 
I e l d  in the Aleutian chain, 

3mxQm BA-. 
-fU- 

In spite of the dverse conditiom dsc:ting gold mining the valne 
of the m i n e d  product of the Alaaka Yukon in 1919 was 33,M9,061, 
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as compared with $4,390,237 in 1918. !!'he sowcm of the praduct 
in 1918 nnd tha total mineral product since mining began & 1880 
are shown in the following tables: 

h 1919 the AZnaka-Yukon placers p r o d u d  about $2,910,000 
mtth of gold; in 1918, B4,201,000. decrease of output is r~ther 
evenly distributed among all tba districts, but the Iditmod showed 
the gmakmt percentage of 1088 aa compared with the previous year. 
A h t  274 p k e r  mines, giving employment to  1,246 men, were o p  
eratea in the Yukon districts during the mmmer of 1919, and 76, 
employing about 255 men, were operated during the previoue winter, 
fn 1918, 355 p h m  &a, employing 1,965 men, were worked in the 
Bummer, a d  121 minea, employing 490 men, in the winter, 

The valne of the total mineral production of the Fairbanks d% 
tri& in 19i9 was $778,087, the value in 1918 waa 8848,989. . In 1919,' 
as in the paat, the mineral production of the diakict was chiefly 

M m  of gdd prolEatccdjioAl pn'ncipd p M 8  of l ' k h  bh, 1919. 

lQi&dm ..................* m,m KQyUktlk ..................... $l.l0,000 
Idiiarod ....................... 725, .000 
Tolovarua.. .................. 5 2 5 , W  
Ruby.. ..................... 165,000 
Innoh and T o h i .  L 150,030 . ..*...*.. 
Girc1e ........................ 135,000 

Hot Springs.,. ................ 100,000 
Marahnll ................ ...... L00;00a 
A11 0th- ..................... 17% 000 -- 
. 2,910, OOo 
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p l m  gold. The value of the phcer gold p d n d  in 1919 was 
$730,000 as compared with $800,000. in 1918. About 53 placer 
minm, empleing 350 men, were operated in the Gistrict during the 
aummer of 19 19, and 24 mines, employing 86 man, during the preview 
winter. Of tho total mine operated in tbe W U P ~ B F  about hdf ware ' 
amall, e m p l o w  only 2 to 4 men mch. Eight- of the summer 
minm &re on Goldatram Creek m d  its tributaries, and the value d 
their total output of gold was abwt $!275,000. Th e  largsst shqle - 
opemtione were thorn of the dmdgmg company, which mp1oyed 
two gold dredgerr on F a j r b h  Creek. Seven &tmaly large planta 
were operated on Cleary Creek, and a few on Dome, Vault, and other 
streams. About 28 deep placer minm ware work4 in 1919 by 
shafte and drifta, and by the use of steam for thawing. Many of 
these, however, were emd, aploying only 2 to 4 men. Tbia type 
of mining is aa the wane, owing principalty ta tbe hjgh mt of fuel. 
With the use of PJenma coal, which hrss now made madable ta 
Fairbmka by the completion of the railmad, it h u l d  ba revivd. 
The most economicid f om of mining, however, ia mining by dredgea 
and steam mapem. It is ehom elsewhem in thia volnme.(p. 11) 
that tbe Fairbanks district mntataina hgen -as af gold phens. 
It &odd be notmi, however, that it will take some time for the 
p k  mines ta adspt their plan&, now egnipped to bum wood, kq 
tbe ma of the Nmans lignitic coal. 
, The sggregsts value of the mined ontpnt of the Fdrbanhs dis 

a;ct.w tha clw of 1919 w a  $72,044,767. Much the 1- part of 
this mount  ~ep-te' the value of the placer gold, &a production 
of which is &own by years in the subjoined table. In addition to 
the actual production of the b t r i b ' t ,  about $1,000,000 worth of gold . 
mined in tributary mas pasaw through Fairbanks each year- 

P- p M  & k1w # b ih Fdrba* birbiEt, 1-1919. 



THI ALASKAN MINING INDUSTRY IN 1919. 81 

The information available as to the source of the gold by creeks is 
not very accurate. An attempt has been made in the following 
table, however, to distribute the total placer-gold production of the 
Fairbanks district by the creeks on which the mines are located: 

Approximate disEFibutwn of gold produced in  Fairbanks district, 1905-1919. ' 

........................... Cleary Creek and tributariee.. $23,060,000 
....................... Goldatream Creek and tributaries. 14,355,000 

............................. Ester Creek and tributaries.. 11,330,000 
............................ Dome Creek and tributaries.. 8,080, OOO 

Fairbanks Creek and tributaries. ........................ 7,700,WQ 
Vault Creek and tributaries.. ............................ 2,665,000 
Little Eldorado Creek. .................................. 2,255,000 

....................................... All other creeka. 685,000 

70,130,000 

The first lode mining was done a t  Fairbanks in 1910 and, as shown 
in the subjoined table, the industry reached its maximum output in 
1915. Since then the relative decline in the value of gold and the 
high cost of fuel have discouraged this type of mining. Many small 
lodes in the Fairbanks district will be developed when industrial 
conditions improve. The records show that the value of the average 
recovery per ton from the gold ore that has been milled has been 
about $35. This shows that only the highest grades of ore could be 
profitably exploited under existing costs of mining and milling. 
During 1919 lode mining and prospecting have almost ceased, the 

. only operations being those of a few owners who continued a little 
development with the plan of blocking out ore to be mined when 
costs are decreased. Incidental to this, a little ore is recovered and 
milled. Developments of this type were made a t  half a dozen 
quartz properties, including the Smith & McGlone, Bondholder, 
Saint Paul, Gilmore, and Crites & Feldman. The mining of tungsten 
and antimony ores has been discontinued, owing to tho decrease in 
the price of those metals hfter the war. 

Lode gold and silver produced in the Fairbanks district, 1910-1919. 

Year. 

1910. ...................................... 
1911. ....................................... 
19 2.. ..................................... d 1 3.. ..................................... 
1914.. ........................ .... . . . .  
1916.. ..................................... 
1916 ....................................... 
1917. ...................................... 
1918 ....................................... 
W19.. ..................................... 

Silver. 

-tity 
(fine 

OunC08). 

106 
582 

1 578 
4'124 
2'209 
11796 

140 
2,217 

616 
378 

El, 746 

Gold. 
Crude ore 

Value. Value. 

S57 
308 
97l 

2 491 
1: n~ 

910 
92 

" Z 
424 

8,917 

148 
875 

4,708 
$2,237 
6 526 
5'845 
1'111 
I:ZOO 
1 035 
1: 384 

36,069 

ounces). 

841.19 
3 103.02 
9:416.64 

16,904.98 
10 904 75 
10'534'91 
1'904'81 
2:311:38 
1 294 04 
2: 026: 57 

69,242.19 

----- 
$17 389 
64'145 

194:657 
349,457 
226 421 
217'776 
89'376 
47:781 
26 750 
41: 893 ----- 

1,224,645 



IOT m Q B  DlBTEIOT. 

l%em were no important mining advances in the ,Rot Sp@igsm 
district in 1919. Only 12 mines were operated in the m e r  a d  3 
during the wink. The rninea on Patterson Creek made the hqpt 
gold ontpat; thoae of American Creek made the eecond largest outpat. 
Incidmtd to gold mining about 30 tons of concentrates containing 
about 36,000 pounds of metallic tin, worth $23,590, were recovered 
from the Hot Springs plamrs. Since 1910 theee minea have pro- 
duced about 262 tons of stream tin, containing about 312,26Q pounds 
of metallic tin, valued idat $155,490. 

Phw gold d dtw p d u d  in the Hot f!pn*nq# GFisM, 290S191919. 

About 18 placer mha were operated in the Tolovana district 
dwhg the summer of 191 9 and 7 during the previous w i n k .  Most 
of the gold recovered in 1919, rn in pmpioflis years, waa taken 
from the deep mina of Livengood Creek. T3e immediateIy avail- 
able water supply of the Tolovana dktrict is m t ,  and except in 
saaaons of m u a l  rainfdl the water is l&dy to be insuEcient to 
sluice up the dump on Livengood Creek. Such were the conditions 
in 1918 and 1919. 
Though deep mining has dominated in the Tolopana district in 

the past, the minem there are giving increasing attantion to the 
shallow p l m .  During the wmmer of 1918 the mine= of the 
Tolovma district ahowad considerrable intemt in the report that 
placer gold had been found in the Mike Hess and Beaver Creek basins. 
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Phw gold a d  dw p d u a a d  in #As to low^ dw*, 19151919. 

' In the Rampaft district 7 minm, employing 21 men in the summer 
of 1919, and 2 mines, employing 5 men in the previous' winter, were 

' operated, The l q w t  minm were on I-Iunter Creek, where two small 
hydraulickg plenta were operated. With the rest of Alesha, the 
Rampart district suffered from the scarcity of labor. Casait'ents is 
found in the concentrates of o m  taken from acme of the mines, but 
noie of it is beihg saved. 

F - 9  

Though the region tributaq to the town of Richatdaon, which 
ia on the Fairbanh-Vddez road, has no large mines, it conhim 
much auriferous gravel, and in the aggregate a cunsidep8b1~1 number 

, of pmpmbm thm support themielres by placer mining. During 
the last two yeam some systematic prospecting, part of it done with 
the use of a chum drill, has been carried on in thia district under the 
lesdedup of h n k  Lawson. The resulte have enmuraged the con- 

~ W ~ r n ~ T 4 m d m r r w t d i s f f i o t f m ~ r e p w C a  



tinuation of the work. It is estimated that during 1919 m e  gold 
waa &ed on 11 different d a b  in this district, employing abont 
20 men. 

P h w m d & k a w i n  190&1919. 

GOM silwr. - 
Y-r- 

I I cruncm). amces). 

-- 
1mM ...................................... .. ...... 
PBOB 

P I  .................................................... 
IPn ....................... .. ................ 
1- 

1447 .................................................... 
1m ..............- .,. ........................... 
1910 .................................................... b74 
1911 ............... .... ........................... 624 
1913 .................................................... ' W R04 
IQG .................*................*................* v.9 mi- 
1914 .................................................... - H 9  t 4 7  
1915 ............................................ W9 476 
iwia .................................................... 780 wm 
1917 .................................................... ZlZl 
1%18 ..........-............-............................ 69 M ........... 1811, ................................. .....,. 88 111 - 

aqm1.u 1,nqcm 1 1 , ~  10,w 

'-. 
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The Chlsana distict, which lies in the heedwater +on of the 
Tanana River, is one of the mmG hwceaiibrIe in Alaska. M m q  
here baa h e n  on the wane since 1915, though the gold outpnk in 191 9 
wae somewhat greater than that in 1918. The la~gaet part of the 
gold produced in 1919 wm won by rewmhng the OM t&p of 
Bonanza Creak. 

P W  mpddver pro&& im the L'hkm dis-, 2918-1319. 

-=A SI-. 

Placer mining- wae continued in a small way in the Rantishns 
dhtrict during 1919, about 12 minw ha+ been oper&d. The 
mmt important d v m m  reported were thm made in lode W g .  
In 1918 ir galep&h&g vein was discovered on the Nice dim, 
on the ridge betwmn Friday and Ehmka creeks. ' E a  waa opened 



up in 1919 by a shaft about 70 feet deep. The vein wm followed 
by drift, ~ h m  length WW not ~FM. The OWIler ~ep0l'b 
that the vein rang= in width from 1 to 2 feet and weragee about 
18 inches. The galena ore contains a high percentage of silver 
md some gold and coppm. The ~ e i n  traverses acbiat bedrock 
and has a calcite gangue. A number of galena and gold pmpeete 
in thiR dietrict have been described by Cappa,' and de~elopment 
work appears to have been done on some of them in 1919. 

Ths Kmtiehna district is now difficult of accm and is in need of 
wagowmd mnnectian with the Alaska Railrod. At present 
suppliea for the &trick are taken up K m W a  and Bearpaw rivm 
in a m d  lauachf)~ to  the settlement of Diamond. Thence they are 
aldded tm the mines in winter. Several hundred tons of ailver ore 
is said ta have been sledded to Bearpaw River from the Alice claim 
during the winter of 1919, at acost, including sackbg, of $35 a ton. 
On tap of thia cornea an additional cost of $60 a ton for freight to 

b the S tam. To meet these high freight cbarg.es the ore tihipped wss 
carefdy picked with the hope that its everage vdue would exceed 
$150 a ton. 

B O W  DIBTmm. 

In the B o d e l d  placer diatrict mining was continued in tr mall 
W8y by BiX 0~8bE3 .  "Fhe dish'kk COnth gmkt b0dk 0f ~urif@l'Ott~ 
gravel &at carry too low a content of gold to  warrant &air develop- 
ment exapt in a large way. When the indnstrial conditions improve 
an increase in placer mhhg may be expected. 



The completion of the Alwka Railroad fPom Fsirb'aak3 to the 
Nenans cod field, except for a bridge at "Sanana River, stimulated 
mining. The Lynn mine waa first opened up at Mile 387 on a bed 
of lignita 4 to 4# feet thick. This coal proved to be of inferior 
qnality, and work was abandoned afhr 2,000 tom had been mined. 

A lignite of much better grade wae found st the Bum mine, 
Mila 3 62, where three meds have bmn developed by entries -gab 
ing 1,000fmtinlength. Thasebed~havebeen tracedonthesurface 
for about 2,000 feet. They are somewhat faulted but not enough 
to affect seriously the cost of mining. About 7,300 tom of cod 
were t&en from thia mine in 1919. This cod wss used by the 
AIsaka Engineering Commission and by the tom of Nenans: 
Bureau of Miwa has b e d  the following statement ' on the ~team- 
ing d u e  of the Nenana cod: 

The Wba& st*tion of the Bnrasn of Mbm hes m t l y  completed two Berim 
af t&a designed ta detarmine, h t ,  the mmparative tkmmi~ d u e  of Alea%a lipita 
snd spruce wad,  and, B ~ O O ~ ,  the d a t m c e  aT 'lipita to wath&ng when storsd 
In pila in the  open. The t~&- were made under the djlection of John A, Davjs, 
mperintendent of the  tati ion, who WILB aambbd by Paul Hopkinn knd John G m .  
Theae invetigatim are of -1 interest to A h k a ,  h c e  much hm b m  writ- 
a b t  the lsrge lignite fields of the Nenans d M c t  and their m b l e  value r a fuel 
~ P P ~ Y .  

The -tab were run b dekrmhe the m l a ~  &B d ligdte d apruce 
d h the mall boilm commonly used in the camp o[ Masha. Bpruce 
d b a  been ueed for 8tsmiq purpoeen ahoat exclwhe1y in the paat, but the 
price baa nIsen from $7 b $20 per cord in  tbe laat 15 y m  and other aourcee of fuel 
are mqht .  The lignite nand in the t d a  warr not of the higheat quality, since i t  wss 
obtain& near the mdwe. Both the wood antl the lignite w m  arefully weigh& 
m p l e d  , and analyd , ao that the r d b  of t h e  t&a could be mcarakly m m p a d .  

4 The Nnmua oDal mid lk dm tbs RadIlekl p b r  m o t .  
1 Bur. Hhes Mmthly aapA n-, Febnnry, Im. 



The M e r  d was m e  of s battey'of tmo hwizonial w a t ~ ~ ~ t u b e  boilm, w h  mfd 
at 1% brake-horsepowet. Two @ea of lignite, one fmm the Lynn mine and one 
fmm the Rtvna mine, and one grade d rood were tested. 

The results ehawed that, under the amditima of thw teste, w6m mpd pound 
5x p ~ n d  the value of qmce w d  lay betareen the value!- of the two ~amp1ea of 
Hpite .  The relative water evaporatbm per pwnd of fuel were: Lynn Ugnite, 3.M; 
B m  lignite, 3.99; Bpruca wood, 3.68 per pound. H m e r ,  in comparing a cord 
ofwoodwi&atond~gnits,itwssshmthata~of~ia@Vatmtbmm 
thsn a tm of lignite from either mine. 
In the weathering h t s  ~everal hundred w e  of W e n m a  IIgdC were 4. It 

~ l l ~  ffmt earefulIg ssmpled fur oranal* and then dnd &ugh a d m  of d a g ~  fmm 
~ i l g h t h s  to 2 h c h ~ s  in diameter; 80 per cent of the sample waa retained on a 
l-inch ring. The lignite wm then spread in &allow .trays and place3 on the mmf 
of the Rtstim, where it wm allowed to main, fully expad  to the weather, fw 14 
month. At  the end of a tffeek it waa notimbly w&hered on the wrfw, and at 
the end of B month it had broken up into amdl pieces. 

A t  the end of the t& period It wm, fwnd that the &e &can, h m d b t e l y  
erposerI to the atmaphere, was entirely disiategmted, whiIe that fastheat from the 
rmrface rras only partly disintegrated, although very f@e. Over 50 per cent m l d  
then peerl thmtgh a t b r e d g  hth inch ling and 85 per cent p d  a thr~sfourth in& 
ring. The average lm in weight though m f h b g  waa 6.08 per cent (mmtly 
mohtme). The weathering at the a d  of 10 month, however, s e s m d  only amtly 
more than that at the en& of 1 m o n ~ .  In large pila d y  the ~urface, tn a dv.p.pth 
of 4 to 6 inch=, would weather badly, and the material beneath would be so pmtmted 
se ta d e r  little change. Thee teabe Bhow that the behaviof of lignites is 
n u b W W y  the aame aa Wt of ofNosth Dakota lignite. 

Early in 1920 permits were granted m b  cud at Cwo other 
plecea in the Nenana field. One is on tho wmt aide of Nenana 
River, on Egmte Creek; the other on the aaat side, close to the 
canyon. Devdopment work on these claim3 is under way. 

-DlImBIm. 

output of the gbld pl-m of the Circle distfiat in 1916 was the 
a d a t  sinm 1894. About 18 minee, employing about 30 men, 
were operated in the winter of 1918-19, and 26 minm and one dredge,. 
employing 77 men, in the e m e f  of 191 9. The largest operations 
included the b d g g  on Mutodon Creek and hydraulia mines on 
Mastodon and Eqle mb. The ~mdlnees of the output waa due 
to she+ of water and late thawing, to curbailment of operations 
became of high mate, and to the dcathe of mmrd 1- operatore 
of the district in the wreck of lthe Sophia, No new dhcoveries ware 
m@d snd no new projecta wera udercaken. 



W a - D m d .  

Rmr miring in the Fortpile chtrict, as in d the other iaolated 
dktricts of A Z M ~ ,  decIined in 1919, when the gold output was 
smaller than in my previous par. Soale produotive wark wm done 
at ahnt 20 mines, but most of them were emall. The l u p t  aub 
put was n u d e  from Jack- Wade Creek and Walkers Fork. A by- 
,draulitf plant w Dome Creek that had been in process of imtddion 
&no8 1917 waeeomplehd but was operated only ashort t h e .  This 
plmC is intended to exploit bench pavela. Another mqmy has 
been exploring the pla~ers of Damimn Fork and the djmnt ragion 
with a view of .j,tdhg 1- plante. The Fortpile district 
con& much aurifemm gravel whose gold cantant is great enough 
to juatify mining when mtsl redumd. Agood W B ~ O ~  soad into 
the district frofrom Yukon River is very much nwded 



S k y  gold mad dvw pdud in the Rw&m& &dd, I#&I919. 

SUO- DlsTPfaT. 

The output of placer gold in tbe Eagle district in 1919 was about 
the same aa in 1918. Most of it waa mined on tribukmiea of Sewnty- 
mila Rivm snd American ('l'reek, where 14 minm were operated, 
e m p l o k  30 men. N.0 new developmote or didwvwk wem 
reported. 

Little informstion has been receiwd wnce.mhg mhhg in the 
Chmdalar &tFict. rfha plamm were apparently worked an  bout 
the emtornary scale, two summer minea and one winter mine em- 
ploying eight irnd five men, mpedlively. 



In the Eoyukuk district, in spib of its &erne iaolstion, con- 
siderable plsm miaing waa done in 1919. I t  is estimated that 15 
minee, tlmploying 60 men, were operated during the, summer of 

' 

1919, m d  3 mines, employing 10 mm, during the praviona winter. 
T h e  largest operations were those on NoIm Creek. Gold pl- 
were discxr~ered on Hogatza River, in khe Koyaknk disbi~t ,  in 
1919, hut the devdopmenta are not yet d d e n t  to determine their 
vdue. Placers are also reported to have bean discovered in the 
beah of Birch Creek, tributary of Wild Riverr and also in the 
Koyukuk district, though the reports have not been' verified. Them 
phcem rn in -ble regions and d d  have to be very rich to 
jutify their deveIopment rlnder p m a t  conditions. The mports, 
however, indicate that not 811 the &ka prospectma have become 
discoursged. 



MiniDg wna continued in n vory mall way in the Indim River snd 
' Cfald Hill d id r i ch  of the Middle Yukon Vdey  dwing 1919. I t  is 
' 

eatirnatd that only five placer mines were opertbted. 

gold a d  silw ptolkrccd in UlCl I d a n  Riva wrel QoldXiEI m, 1911-191 9. 

Placer mining in the Ruby district declined greatly in 1919 aa 
c o m p d  with previous yam.  About 22 mines, smploying 80 men, 
were operated during the mmmer of. 1918, and only 2 during the 
previous winter. A new gold-bearing channel wm d i s ~ ~ ~ d  on 
Elat Creek and was profitably developed. Some new gold d i e  
mvpniee mre also made on Poorman Creek. There were hrge 
mining operations on Greenstone Creek. 

P W  goEd amv 8iZw pxaduaad in the Ruby din-, 1907-1919. 

Racer mining was continued in the rxlnoka and Tolstoi distriots . 
oa sbout the same scale as during previous years, A total of 17 . 



minea, employing 68 men, wem operated in the eammm.of 1919, and - 
12, mlployiug 15 men, in the previons wintar. The bg&t  p h t a  
ware on whir and ( lakes crwk &nsidmble pmspecting of 
aurifmus ldee  wm done during the yaar. Some ore wag reaovmd 
with the view d making shipments for mill ta ts .  

P ~ T  , p f d a d & &  i~ the Inmb a d  TOM *, fw-1919. 

0 rnm- vmmxtm- 

The- operation of two go16. M g w  in the Iditad di~trict was 
oontinued in 1919, but as * o m p d  wi& 1918 other f o m  of placer 
mining d m d .  It is sstimated that a total of 12 &my employ- 
ing 70 men, were operated in the summer of 1919, and 3 minga, 
employing 20 men, in the previous winter. 

--. 
Muctive mkbg in the Mst.shd ;district was nearly all co&d 

ta Willow Creek. Abont eight mines were opmtsd in the district 
' during the mmnm of 1919, employing mma 56 man. 



mmcm REC)IOW. 

l&hg is.kmst in the Kuskokwim Vdey during 1819 centered in 
the M&rath ~o~~ McKinley) district. Here the principal evente 
were the successful operation during the entire season of the gold 
dredge installed on Candle Creek in 1918, and the discovery and 
development of % number of lodes carrying gold, saver, and gome 
copper. The most promidi  of the lodm discovered are on Nixon 
Fork, 10 to 20 milm from Kuakokwim River. These ldea appeax to 
lie in a zone of minerdhation dong a contmt of bea tone  and intru- 
sive granite. The most important developments are on the C?ryatd 
lode, said to be 3 to 5 feat in width and t o  carry considerable gold and 
mme eilver and copper. In the fall of 5 91 9 preparations were made 
to open up tbis lode and make a shipment in the summer of 1920 of 
a lthouatmd tona of ore for a smelter test. Other promising aarifmus 
lodee have been found and prospected. A spechen sent to  the 
Geological Smey by Dr. W. F, Green from the Whelen claim, 
mntahed copper and a little nickel. Another specimen, from Round- 
abut  Mountain, aZso sent by Dr. Green, contain& pyrite rand chd- . 
copyrite and a trace of nickel. The evidence in hand indicata thah 
a part of this distriot is well mineralized, and t h  augara well for the 
finding of mmmereid ore bodim. 

M m q  wae canthued in the Anlalr-Tuluksdc dhrtFict, including 
Georgetown, in the Kkkokwim district during 191 9, but on a reduced 
scale as m m p d  wikh pmviow years. Some d d p g  ground on 
M m l  Creek, in thie district, was pmpected. PIacer mining in the 
Goodnews Bay district, which is described elsewhem in this volume, 
was also continued on a raduoed scale. 
The d u e  of the tatd gold produced in the Kwkokwim Valley 

in 1919 was about $350,000. The value in 1918 was $100,000. 
The substantid increase in 1919 is to be creditad to the McGrath dis- 
trict. h 1919 about 20 placer minw, employing about 100 men, 

- were in operation in d the Kuskokwim distich. Work was continued 
st the Parks quicksilver mine on the lower Kwkoltwim. A retorting 



plant ww shipped h durhg the summer of 1919 and imtdd 8bout 
+ the end of the year. ' About 30 men were e r n p l d  at this mine. ' 

The Kuakokwim Valley, because of Back of steamere, is rather difi 
ficult of weas. Small oman vessels can escsnd the Kuskokwirn aa 
far aa Bethel, and the river is navigable by smaller craft for some 80a 
miles above that place. Aa mining in- better service will na 
doubt be ed.abliahed, but the only c m m ~ c a t i o n  with Seattle in 
191 9 was afforded by small gas boata and schoonem. Some five boate 
w e  used on this mn, the largest of which had a capacity of about 
1,000 tons. The passage from Seattle taka A n t  30 days. Pas- 
aenger rates from Seattle to Bethel in 1920 were $125 and freight- 
ram were about 830 s ton. ' Freight is carried from Bethd ~zp the 
Kuskokwim to McGrath and other pl- by a river shamer. This 
boat &ee two or three tr ip  a season and cap mmy about 300 tons 
of freigh t . The upriver journey fFom Bebd ta McGrath takes abau t 
10 days. In 1919 about 3,000 tons of freight was carried to Bethel 
fmm %s;ttle, of which about 800 tons was sent np the river as far as 
McGrath. M e a t h  can bs reached by overland boms trail from 
Iditarod and Raby* The l m r  Kusko- V d e y  loan be reached 
.hy way of tbe mail mute that cr- the Portage trail from lower 
Yukon River. 

EmWAsb FEmBVXUb. 

The d u e  of the mineral output of Sewad Pthhsuls in 1919 was 
abut  $1,423,449, compared with Xl,lQ5,172 in 1918. Of the output 
in 1919, 81,360,000 repraents the v h  of the pltrceu gold m d  
$63,449 the value of the miscellaneous products, including tin, lade 
gold, dver, and platinum. The vdue of the placer gold produced in 
1918 wm 81,108,000, so that there waa a substantial increase. 
In d 24 gold dredges were operated in Sew& Peninada during 

-1919, dktributed as follows: Nine in the Nome district, eight in the 
Council district, four in the Solomon district, and one each in the 
Kougtmk, Fairbarn, and Port Clrrrance dist&t.s. Three dredga 
wed the s o a d d  cold-water method of thawing the gravels. In 
addition to the dredge, a h t  75 open-cut minm and 13 deep p h m  
&BEE were operated on S e w d  Peninsula in 1919. About 555 men 
were employed in plmr mining and about 60 of these were employed 
in d e p  mining during the winter. %me 32 ounces of platinum wag 
wan from the gald plwera of the Dime Crmk region, in the south- 
eastern part of Seward P&ula. There were some small develop- 
ments on aurjferona quartz md galena d e p i t s  of Sew& Peninsula 
in 1919. 

The York district, of &mad Peninsula, mntiaum to be the center 
of the tin-mining indushy of Alaska. Hem two dredges and one 
small openeut mine were operated in f 919 on placer tin, employing 
some 25 men, and aboat 5QI tons of stream tin was recovered by these 



operatiom. (See p. 229.) Developmenta were also mnhued at the 
Loet River &-lode mine, in the same district, whera about 25 men 
were employed. A mom detsild a t a t e r n a t  of the mbhg develop- 
mente in the Peninsula is given in mothm part of this report. 

Abut  $25,000 worth of gold was taken from. the gold placem of 
the Kobuk $ietrict in 1910, as compared with $15,000 in 1918. 
Seventeen minm were operated, employing about 40 men. Moat of 
the gold wm t&m from Bery and Ddd creeks, It i reported 
that dsmm Cross and Hmry Brown discovered gold in the Ambler 
Valley of the Kobuk region. I 'hs gold is said to be' bright and rather 
coarse and to include flat nuggets. It is reported tbtlt at leaat 
$1,000 was *em out during the eummer of 1919. 





ADMINISTRATIVE REPORT. 

By E Bmm and Qlcom~ 6. Mumma 

h h g  19 19 twelve parties were engaged in e m e y e  and inve&ga- 
I tiom in Alaska The length of the field season ranged from 1 to 12 

months, b d q  detsrmined by the character of the work and by the cE- 
matic conditiom prevailing in &ff oren t parh of the Territory. The 
parti= included 8 geologists, 3 topographere, 1 engineer, and 12 pack- 

, em, mh, and other euxiliari~~ Eight of the parties were engaged in 
geologic mmveys, threein topographic a m q ,  and one in stream gag- 
ing. Z"be m a s  covered by reconnaissance geologic surveya on ascale 
'of 1:250,000,(4 miles b ton inch) amount to 3,300 square miles. Much 
of the time of the geologbts waa devoted to tEe investigation of specid 
problems mEethg to the o c c m ~ c e  of miner&, the d t e  of which 
can not be e x p r m d  in terms of ares. About 2,300 square miles 
wm c o v e d  by rmnnabanca topographic sumep on 8 scale of 
I :250,000 (4 m+a to an inch). Stream gaging was continued ia 
eoutheestern Alaska, in moperation with the Forest Service. 

Of tha p&im whose work may be clwSed geographically, two 
p d m  worked in sou thewtern Alaaka, tbea in the Cook InleNwitna 
region, and one each in the Yukon, Coppar River, and Knakokwim 
reglone and in h a r d  Peninsula. 

The funds available for fieId and offica work relating fa the field 
meson of lsl9 included an appropriation of $75,000 for the h c d  
year en- Juns 3 0, 1020, and the unexpendad balance of the appro- 
priation fnr the year ending Juns 30, 1919, of which about $16,700 
,was UBBd in equipping parties for the sewan's field work, Tbe fob 
lowing tabIea show the allotments, for both field and office work, of 
the total funds cless&ed by regions, by h d a  of surveys, and by 
h d s  of expanditum. In the first table the generd office expemm 
are apportioned to the eeveral dotmentgl account being taken of 
variations in character of work The rasdts are' axpreesad in round 
n p h m .  Salaries of the permanent staffj other fixed charges, and 
the total dlotmenb for the work of the office at Anchorage are in- 
cluded up to the end of the fiscal year 1920, but expenses other than 
thme include only the cuat. of field and ofice work during 1919. !he 
"general investigations" wmpriaa among other thin@ the cost of cod 
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l e c h g  mineral a tht im,  end of office work relating ta the field invea- 
tigationa of previous rseaaom. A baIttnee of about $10,400 from the 
appmpdation for the yea ending June 30, 1920, is a,vailable for 
equipping the field pwtiea in 1920. 

A p e  albhda fo dff-6 kinds of mrvqa and in-, J%Y w a s ~ n  01 
1918. 

Ekthe%m Alaska. ........................................................... & w r  m........... ............................................................. 
m%snd%tnsbslln ................................................... 

YUBoll b d n  ........................ .. ............... . . . . . . . * . - -  .. Kwkok~dm -. ....................................................... .. ........ Omere1 lnvastlptlm..-. ................-............. .... .... 
To be ellotted t o  flcld rswL, 1119D ............................................................ 

A i b W  for m.bb and pH a p m e a ,  jdd wmn of 1919. 
. . . .  

lk$&m~*ndt- 
meld aqemm.. ...........................................................-.... .......... C l d d  and sdmlnimvasalsrlea and mimllmmw expmses., .... 
To bedlotted t o  Beld work, IW. 

t l B - I B  

t6W' 

u,m .....-........... 
8,000 ...-............ 
1u,m 

The following table exhibits the pro- of invmtigatim m 
Alaska and the annual grant of fun& since sptematio survep were 
begun in 1898. It ehould be noted that a varying amount is qent 
each year on special investigatians thst yield mdta which can not; 
be expreesed in term of area. 

1820 

h&m 
nwxl 1,800 
2'm 

F 8:70~ 
13 ?OD 
1 0 : ~  

75,000 



C. Martin directed the work of the division of Meekan 
mineral ~ U I P G ~ B  until May 4, when Alfred H. Bmks, having 
d v e d  his discharge from the h y ,  KSUSIL~~ his former dutim. 
Much- of Mx. Rmka's  time between May 4 and hia deparkura for 
Almkn in Auguat was dovoted duties other thm thme relating 
to A.la&~. Mr. Brooks, in company with Mr. John Hbllowdl, 
Asmistant to the Secretary of the Intmior, failad from Seattle for 
Alaska on August 15, and devoted the fallowing ~ix weeka to s 
study of the region adjacent to the Government railroad, makmg 
dso brief Pisibs to the M a ~ u k a  coal field and the Fairbanks dis- 
trict.  He returned from the interior by wagon road to Chitina and 
thence by railway to Cordova. Dnring this part of the journey a 
eide trip waa made ta the Kwecott-Bonanza mine. 
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Of the btd d 88 days given to Alwka ofice work betwean May 4 
and ~emmbar 31, Mr. Brooks devoted 12 days to critical reading of 
mmuscript, 9 b preparation of the annual preaa btdlek, 3 to  field , 

plans, and 18 d a p  ta geologio studies. The r a t  of the time was d g  
voted to routine and administrative dutim. Pdr. Martin, in addition 
to  doing a large amount of administrative work, spent much time in 
preparing this volume and in c o m p k  and coordinating the minerd 
atat i sh .  He dso prepared e summrsrg report on the Alaska oil. 
fields and cuntinued his studha on the Mesozoic p l o g y  of Alaska. 
His field work ia d d  ta balow. 

Miss Lucy G r a v ~ ,  chief clmk of the divbion, hss misted the 
geologist in charge in various phtasa of admiuistmtive duties. She 
has charge of cEeriaaI work and the flea and makes administratiye 
examination of 41 account9 and vouchers. Much of the work of 
compiling the shht ica  of the mineral production of &aska bras been 
done by Mr. T. R. Bureh. 

GEOGRAPHIC SUMMARY.  

LKIoTHBlABTERN dlb-. 

! b e  investigation .of the water resources of aoutheastah Alaska, 
begun in 19 15 under a cooperati~re agreement with the Foreat Service, 
wm continued thrpughout 1919. a. fl. Canfield, who had charge 
of thts work, mainttbined automatic  gage^ throughout the year. Tn 
addition to these gages, others were ins&lled in cooperretion with 
individuals and corporations. f i e  resnlts are briefly s u ~ a r i z d  
in another pmt of this report. This work could not hwe been car- 
rid on without the cordial cooperation of tbe Foreat Service, many 
membm of which have given substantial aid. Particdm wmowl- 
dpent should be made to 6. H. Flmy, fomt supervisor st 
Ketchikan, 

A monnai-oe of the geology and m i n e d  depoaita of parts of 
the Glaaier Bay and Lynn Canal regloris was made by J. B. Mehe, jr. 
Reld work wm b q p ~  on Juiy 23 and continued until September 18. 
An area of about 200 square miles was mapped in reconnaissance. 
Mr. Mertie also Pisited the productive minea of the Juneau and 
Ketcbikan districts. 

OOPPER RIVXR RXC)IOH. 

The comnletion of the report on the K o ~ ~ K u s k u l a n a  distxict, 
which was suspended by the assignment of &. Moffit to work for 
the War Department during the war, required the gathering of a 
gmsU amount of dditiond field data in order to bring it up to deb. 
Mr. Moffi t  pent September in this work. 
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8 h u m  of the importance of the rGon tributary to the Govern- 
, men t dread m d  the. growing damand for information concerning it, 

. a apcial  effort is being made t o  complete the mapping of that region. 
. The surveys and inveetigations in the Cook Inlet and Su&tna regions 
in 19 19 included s topographic and geologic reconnaissance sumoy of 
mwa Mwmn Tdkmtna River and Broad Pam and in the upper 
Rantiaha region, as well as detailed invmtigations at the cod mines 
in the Matanuska Valley. 

A party in charge of S. R. Capp, assisted by S. H. Cathcart, made 
mmnnkance aurtreya on the ~ca le  af 1 : 180,000 of an area of about 
300 quare miles in the hgh mountains on the headwahm of the 
Esntiahna and of the upper tributarias of the Su~itna. T. P. Psndle- 
ton, sttachd to thi8 party, made t o p p p h i c  surpeya of the same 
ma. The party began field work on the north side of the Alaske 
R a w  June 28 md hished August 27, crossing the A l ~ k s  Bange 
and returning to the coast by way of Susitna River. 

A topographic reconnaissance survey of an area adjacent to the . 
Government r h a d  between Talkeetna River and Broad Pass was 
made by J. R. Eakin from Jine 22 to Sophmber 12. An ares of 
about 600 square miles was mapped on a scale of 1 : 180,000. R. M, 
Overbeck completed geologic svrveys of the same a m .  

The placer minm of the Eagle and h l e  dbtricte were visited 
by G. C. Martin from A w t  16 to Septamber 2 3 for the purpose 
of obtaining information concerning recent mi* mnditiona and 
develop men^. 

CHH)DIJEWB BAY. 

Topographic and p l o g i c  reconnaisssnce sumeyn of sn area in ths 
vicinity of Goodnews Bay and the lower Kuskokwim were made by a 
party in charge of B. H. Sargent. Mr. SargsnE mapped h p p p h -  

, icdy an area of 1,4W square milas on the scale of 1 : 180,000. G .  L. 
Harrlngton, who accumpaniod Mr. Smgent's party, made a mtt- 
n k a n c d  gmlogin map of an area of about 2,000 squm milem. Field 
work began July 4 and ended Auguat 17. 

After the end of his fiold work in the Kuskokwim w o n ,  G. L. 
Haringha made investigations of general mining developmenb in 
%ward Peninads. Be was ongaged in tbie work till October. 

The branch office of the (3001ogical Survey at hnchorage, in charge 
if  Thodore Chapin, waa maintained throughout tfie yew. The main 



puqmm in opening thia office is fa provide the mema of doee coopem- 
tion hfmeen the Geological S m e y  and those in charge' of the opera- 
tion of the Government cad miea in the Ma'hnuaka Valley. It k 
also the purposa of the reaidat geologist to do everything poseible to 
aid the industry in the region tributary to the Government 
railroad, to k q  in close touch with all local developments in mining 
and prospectiug, and to furnish whatever aid may be possible by 
@vhg information, advice, and publioatiom to all who are eng& in 
mining and prospting. 

- COLLECTION OF STATISTICLS. 

The collection of etatisties of production of metals in Asmka, begm 
bytheAlagke,diVi~ionin 1905,waawntinnedmlsd PPreliminary 
estimartsa of mineral production fo r  the previous year were published 
on January 1. 

PIIBf;fCATIOMB. 

During 1919 the S u m q  published six Id le tha and Ane profesiod 
paper ra1ating.h Aaaks. In addition, two bulletins were in press 
and 13 mporte, including thia volume, were in pmparation at the end 
of tha par. Eight topgraphic m a p  were publhhed, and nine 
were in pmpruatian at the end of the year. 

m T B  IsSam. 

Profedmid Paper 109. The honing River @on, nottbem Alaska, by E. deK 
Leffingwell. 

Bullatin MS. The Nelchim-Bneitm region, Aid, by Thmdom Chapin. 
Bulletin 664. The Nenanrr cost field, Aleska, by G. C. Martin. 
~ u l l & n  683. The bnvik-AnW~ki  region, A l ~ h ,  by G. L. Hsrrington. 

' Bulletin 687. The Ratiabna region, kImka, by S. R. hpps. 
Bulletin 692. b f i u d  resouras of Alaska, 1917, by G. C. Mnrtin Pnd others. 
Bulletin 699. ' h e  Porcupine dbtrict, Slaaka, by 8. bt. Farkin. 

BBWaTS x m. 
Bulletin 682, The marble resourme of .southwbrn Alaska, by E, F. Bnrehard. 

(Published in Uwemkr, 1920.) 
Bulletin 712 M i n d  lesoarcea of h k a ,  1918, by 0. G. Msrtjn and ohera 

(Atblished in October, 1920.) 
Rull& 719. Pre-j rsgort w pblemm in Alsakq by G. C. H d h .  

zmPD11TE m PsnRr*BITLW. % 1 

C b m i f e  of Kenai P h u l a ,  Alaa%a, by A. G. Gill. 
The upper Matanuaka a, Alash, by G. C. Idah .  
The Mesoaoic stratigraphy of Maaka, by G. C. MaTtin. 
The Kotsins-Kuakulam d M c t ,  Alaalnr, by F. H. YoffiL 
The lower Kuakokwim ragion, Alaaka, by A G. Mddren. 
The Ruby-Kwkokwim region, Alasks, by J. B. Mertie, jt, d G. L. U n .  
The ~ ~ U E  and T d q  flaw of Alm$n, by Arthur H&& 
The Sunaeu W C t ,  Amh, by A. C. Spencer and H. M. Ihkin. 
The Ketchihn district, dlssta, by T b d o r e  Cbapiu. 
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Yak d m t q  Almwby E d d  8teidhmnn and 8 . 8 .  Cathd.  
wogg~ m d  mined reso- of e o n  tributary ta A ~ k a  Railmsd, bg 8. R. 

asppa TOWQBIPHIC: - J#suED. 
' , &nnhg Rivw rqh ,  by E, deR. I&hgwell; d e ,  1: 250,000; flketch C W L ~ .  

( P b  I, Aofdmd Paper 109.) 
' North hretic tomst, by E. deR. h f b g w d l ;  =la, 1: &M,b00; no contoure. { P b  
Dl, P d d d  Paper 109.) 

Gne between Challenge Entrand and The& Idand, by E. deK. TAhgweU; 
d g  1:126,000; no fixed contour in&. (Flab IV, h o f d o d  hper 109.) 

Chmt h e  between Martin Point and Challenge En-08, by E. deK. m d ;  
d o ,  1:125,OM); no fixed mtour inmal .  (PEata V, Profeseicmal h p e ~  109.1 

N d c W Y a i t n a  regrouJ, by J. W. Bagley; scale, 1:250,000; owtour hhd, 200 
feet. (Plate 1, Bulletin 668.) 
ha-hbrhki regim, by R. H. 8 m ;  d e ,  1: 1W,000; contour interval, 

100feet. (Rate I, Bulletin 683.1 
MarahslI dihltrict, by R. H. Bsrgent; d e ,  1: 125,000; wntonrinberval, 100 

fmt. (Plate 11, Bullelm 683.) 
Kmhbna region, by C. E. Gi86n; d e ,  1:2W,000; contour in-, 200 f+ 

(Piate I, Bulletin 687.) 

TOFOG- -I FOB ElWBaW*. 

-Kuddana district, by 13. C. Witherspoon; scale, 1:132,500; contour inter- 
val, 100 feet. 

Iawm K u a b h i m  region, by A. G. bdsddren; d e ,  1: m,0DD; amtonr intawal, 
400 feet. 

Ruby Met, by C. E. GiEn and R. H. hpnt;  d e ,  1: 250,000; contour intend, 
2(lo feet. 

mwa-a - IH FTLEP-TIO~. 

Tnnoko-IdiCarod region, by R. H. Sargent m d  C. E. GEn; d e ,  1:2M),W; con- 
twr interval, a00 feet. 
Pdxt W e b  w o n ,  by I. W. %ley; d e ,  1: 260,000; contonr i n M ,  200 feet. 
J w k  Bay district, by J. W. Bgley; acsle, 1:62,WO; contow interpsl, M feet. 
F i d d ~ v i n s d i e t r i c t ,  by D. C. With-; scale, 1:250,000; contonr interval 

200 feet. 
Smhm-Chnliha Met, by D. C. Withempan; scale, 1: 250,000; conbur interesl, 
m feet. 

Sewad-Fairbank# mute; compiletl; d e ,  1:250,000; oonbur interval, 200 feet. 





DPring the kt few years gold mining has been incwa~ingly difficult 
to conduct as a profitable enterprise. The advances in cost of labor 
and wmodities of all Ends have worked a special hardahip upon 
the gold-mining indnstry, for the standard and unchanging ~ a l u s  of 
gold hm rendaied it impmi ble to offset the high prices by increming 
the fnarket value of the pmduct, ns in other industries. L o w - w e  
gold propties that were formerly worked on a mall margin of pmEt 
by means of large-wale opemtiom are now either s&y earning 
their operat'mg expensee, or are being worked at an actual loss fop 
the sake of enabling the operators to hold their organizations tagether. 
Properties of somewhat higher grade are likewise adversely affected, 
for even for them gold mining has become much less profitable. This 
condition ia reflected in  outh hem tern Alaska by sgensraI policy of 
mtmmchment in mining operations on the pwt of m a r s  snd opera- 
tqm of gold rnin-. Moreove~, present economic conditions have had 
s very hurtful influence, both economic and pphologic, u p  the 
development of new gold mines. 
In -the Juneau gold belt the AlaskeFGastineau, Alaakduflgau, and 

ResdweU properti- were operaw in 1919, and plospecting snd d* 
vdopment. work were carried on at the Jualin mine, Bemem Bay; 
st the property of the Admiralty-Alh Gold Mining Co., at Funter 
Bay; at the Red Wing group of c b a ,  at the head of Windham Bay; 
md at the copper property of the Endicott-Alaska Mining & M U -  
Ce., at  WiIlirtm Henry Bay. The Petema mine, at Pearl Harbr, 
wna a b  worked on a a m d  scale d&g the summer. Ehwhere in 
this district mining and pmqecting were practimlly at a a tandstill. 
In the K e t c h  district mining was confined IatgeIy to Prince of 

Walm I W ,  The Rush & Brown copper mina and the Salt Chuck 
mppe~-paUadinm mine, on Kasaan Peninsula, were operakid though- 
out the year, and the Dontan gold mine, near Hollis, waa worked 
in bnnittendy. Pmpwting and development work were continued 
st the molybdeaite property of the Treadwell &., near Shgksn. 
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mmE-OE m. 

The Persevtmnee mine of tho Alasks O a a t i n ~ ~ m  Mining &., about 
4 miles east of Juneau,. wm operated in 19 19 on a basis ranging from 
150,000 to 200,000 tons of ore a month, whereaa the rated capacity 
of the mill is 10,000 tons a day. About 460 men were employad. 
The ore is bang d e n  chidy from levala 8,9,  10, snd k 1. New con- 
ahaction and mine-development work have bean greatly restricted, 
partly because of largo increases in opemting expenses and scarcity 
of labor, but also because develoipmsn t work ie M y  eonsidwably 
ahead of mining operations. 

This project is a striking exsmple of the hardehip wmught upon 
tse gold-mining industry by the increzbsed WE Of labor and supplies. 
According Go data publi&ed in a paper by the manager of the Alaska- 
Oasheau Mining &.,' the mat of suppliea of all h d s  idvmced 35 
per cent ovar the prewar cost in 1917 and 70 per cent in 1918, md 
it is believed by the writar that the advance reached 100 per cent in 
1919. Wag= hreased 7 per centin 1917 over the 1916 stand&, 
25 per cent in 1918, and, it is believed, at  leest 40 per cent in 1919. 
The cost of operation has therefore i n c d  stesdily during the last 
three years. The avenge cost of om d o l i v e d  to the mill over a 
perid of four yeam is shown in the aame palper to be about 48 cenb 
a tun, and in view of the increasing cmta in the last three yeam it - 
is fair to judge that the present cost is considmb1y abve  this figure. 
'It, thia must be added milling, dGpping, amdting, and adminis- 
tive chargm, which wiliprobably amount to 80 per cent of the cast 
of ore pdnction. Data on the production of the Perseverance 
mine, published in monthly statements in the Engineering and En-! 
ing Journal, &ow that the net va2u.e per toti during 1919 r q e d  f m  

. 60 to 75 cenh and averaged perhap 70 cents. 

ALbB&g4UNEAV YME. 

Th e  A a a b b e a n  mine wm operated continuously during 3919, 
employing about 225,men in the mine and mill. The new 8,000-ton 
mill, which was completed in 191 7 and tried out in 191 7 and ,1918, 
W~LB found ta be lm than 60 per cent efficient, and in 1919 much 
attantion waa given to  improvements in pmtice. The flew 
sheet of the d has been changed matdally, and altemtions have 
barn made in the milling machiner~r. The chid imgrovsrnen t9 have 
been the introlduotion of hand pic- of the ore as it mmee from the 



I2-inch grkliee, the intduetign of the old stamp mill into the 
A m  h t ,  and tZre rebnilding of the tube millsl. The h t  change 
wsa nscassarg to prevent tho handling of an excewive amount of 
wmte; the second to avoid overloading the ball mills; and the third 
to correct poor mnatruction in the tube mills. M d h g  difficulties 
me gdutally being overcome by theae c h q ~ .  
T h e  I d e  system at the Ahhduneau mine ig, cut by the Silver 

Bow fault, which strikw about aast and offsetel the ore body hori- 
zontally 1,m feet, dividing it into a north and a crwth ore body. 
The ore between these two ore b d i m  lying dong the fault is in the 
netnre of fsult-plme drag and ia irregdm in distrihtion. h m t  
operations are being devoted rnajnly to cleaning up the old 400 stope, 
betwm t31e- two main ore bodies, and to active development of the 
north ore body. . The main haulage tunnel on the north ore bdy hw 
been extended within 250 feat of the boundaries of the Al~ka-Ebner 
property, and the 420 stopa ia being mtivdy opened. I t  is p l w d  
to open 8 430 sbps and s u m i v e  stopm to tho a w t h w ~ t  along the 
no+ ore body to the h i k e  of the property. In addition, s main 
hadage way and three level tunnels have been driven in the muth 
ore body, which will ultimcstely be developed w extensively as the . 
north ore body. The ore mind in 1919 was taken in about quid 
amounts from the 400 and 41 0 stopes. 

Abtm 8 parid of inacfiviQ of about a year, development work . 
wm mwed at the Alaska-Ebner mine of the United Statas Smelt- 
ing & Rething Co., near Jnneau, in the smnmm cif 1919. A main 
tunnel running 3,200 feet in a northeaahrly direction, t h m  amt- 
ward 1,400 feet, h d  prsvionsly been driven, intersecting the' ore 
b d y .  The p r m t  development work tanskite in the continuation 
of the main tunnel northeaatward h m  the 3,200-foot point, with 

. tbe in-tion of i n m t h g  the om body farther northwmt. 

De~dopment work was continned at the Jualin mine, in the 
Barnem Bay diitrict, owned by the Jtralin-Ma Mines Co., but no 
ore wm p r d n d .  Fifty-five men were ermployd40 ah tha lower 
camp end 15 st the upper camp. At the lower camp work was con- 
tinued on the 7,00&foot tunnel, which when completed will in* 
sect the ore body at depth and aPilZ dfod  natural drainage for the 
mine. IShia tunnel is now being driven by three shifts operating two 
drille, advancing about 15 feet a day, and h Sephnber, 1919, had 
b n  driven 2,500 feet. If conditions are favorable, the tunnel 
h u l d  be completd by 1921. 



The mine, trt the upper camp, wm pumpad dry in 1919, dtw 
bsing Boded far n year and a half, and dev Aopmmt and explarafion 
wofk was CmIkhIlled. A short drift waer driven on the 310-foot level, 
and severs1 0 t h  drifh and mosscuta were expect& to he completed 
before 1920. Exploration was cmid .on chiefly by mama of two 
long drill holm. The h t  of these stwted from the southwest aide 
of the pmpedy, on the' 3 l 0-foot I m l ,  and was driven hmhmblly 

. 1,000 foet to tho southwast; the second, beginning at the em* side 
of the mine, 1ikewi;ss from the 310-foot level, had been driven hori- 
zontdly a littla,north of eaat about 1,250 feet in September asrd was 
to  be continued to 1,500 feet. A third drill hole is planned, wbich 
will &art from the northwkt side of the mine and be dripen we& 
with a dip of 1 8 O  a minimum distance of 1,000 feet. In the lower 
tunnel drill holm will be driven every 500 feet at right anglee to the 
tunnd on both sidea to  the limits of the property. 

The mine is now well equipped for developrasnt and min'bg opera- 
tima. A horse tram connects the wharf at Bemew Bay with the 
lower and uppar camps, and all three are connectsd by talephone. ' A 
w h e 1 ~ 9  plant &a dorde communication with Juneau from the 
upper camp, Power at the upper camp is developed from Johnson 
Creek, which with an 80-foot head yiel& 100 hasepmar. The 
wfitar is turned back into the meek, and et the Iowm camp, under 
s head of 576 feet, 500 homepower is developed. Ebr use in winter, 
four 150-homepower Petterra nemi-Dieeel engine h v e  been imtalld, 

- and these are so djuatad that watm msy be wed in conjunction 
with the angina when available. A 2,750 aubfc foot compmor 
that 350 h m m  and will run 26 drills hlas a h  been added 
to dm quipmant The stamp mill, which hw a capacity of about 
30 Itbm a day, with two amalgamstom md fwo concentrating tables, 
at tha uppor camp, aufficas for premnt mining operations, but plane 
fop future operations indude the erection of a new mill of greater 
capacity and the treatment on a large scale af low-grade--- 
nated ora, a4 well as the r i c k  m from the quartz ~ e i n a .  
The character cd the mineralization at the Jualin mine and the 

number and character of the goldquwartz veins, so far as they were 
h o r n  in 1909, have been fully descrihd by G ~ p f . ~  In, addikhn 
ta the t h  quartz veins known at that t h e ,  two othem lying to the 
northeast, known as Nos. 4 and 5, have been dkw~ered. The 
exact significance of these reins is not d h i h l y  known, but at 
prase& 30. 4 ia believed to be a different vein from Nos. 1,2, and 3. 
Mill practice to data haa demonstrated that about 80 per cent of the 

- gold& the quartz veins is free. The remaining 20 per mnt is con- ', 

tained with the concentraw, which are chiefly pyrih, with some ehd- 
copyrih and gdma. - 

1 &bops, Adolph, or km - B*J lagtcm, A h k  0- B. -. Bull. w, pp. 4447, 
SOU. 
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PETERSON MIRE. 

Wd-lode mining. on a small acale was continued on tdm Rairie 
&ah, at the Petmson property, naar Pwl  Harbor, in 1910, and 
&dtd in a small production. Recent work has conshted in mining 
two quertz veins from an open cut, practically at the surface, one 
about 4 feet and tbe other about 6 feet tbick. The vein mterial is 
much w w W ,  disintegrated, and iron etained, A number of 
other eroppingn of vein quartz show on the property, but little explora- 
tion or d e v e l ~ t  work has been done. It is c s e r r h ,  however, 
that s number of qua& v& are present. 
The me is meed by horse tram ta a small Mta39p saiU which has 

a capacity of 14 tons in I6 hours md is opara,l;ed by water power. ' 

Hem the om is rednced and platd, and the cont~entrates are col- 
lected on a m m n  trating table. About 80 per cent of the gold is fres 
m d  is m a d  on the platas. The concentraw BTB shipped to 
Tacoma for heatmon t. 

MINE d~ E r n I ~ A T ~ K A  WmPm + MmLmCI m* 

A 1ow-p;rader copper mine ia being developed by tbe Endicott 
Alaska Minmg & Mdhg Co. at William Henry Bay, on the south- 
wmt aide of L p  Canal, about 8 miles dua west of Point St: Mmy, 
at the entrance ts Bernm Bay. The bay is three-fowh of a mile 
long and 800 y d a  wide, is eaay to cnter, and is conaiderd to be a 
good mcboraga Beardslee River enters at ib  head. 

The mining property is about a mila wmt of the hew3 d the bay, 
160 feet above sea lev& Development work hea been in p g m ~  for 
about three y m ,  and it will. soon be poesible to determine the 
m o u n t  ma g r d a  of availahb ore. S i x h  claima are W, of 
which 11 hem been sumeyed for pahnta. 

Tha geology of the wast side of Lynn Cmd is cumplex and has so 
far been little etndied. The strike of the rocks is mughIy parallel 
to Lynn Canal, wQch is considered to lia dong an extanded fault 
zone. Hemce, mmelation between the mcka on the east and wsst 
sides of the d, as no paleontologic data are at hand and the I i t b  
logia sequence is im@e&t, is hardly wwarranted. Along the shores 
of Wlllim Hemry Ray the bedrock mnsiata of s bhIy contorhd 
limestone, in.part thin bedded and in part more massive, with which 
some slaty argil1it.a is inhrbedded, considerable chert, both rn-ive 
and banded, greenstone flows, and clastic derivatives of the green- 
atone, chdiable  under the general designations greenstune tu f fs  and 
graywwkee. One of the pewtone  deri~atives mnsiate of a conglom- 
eratic bck ,  composed of rounded pebbles of limestone gnrl other 
mqka embedded in and cemented by the tflaceous mtlhrial. Large 
dikea of diabsae cut the atratified seriea of rocks. North of William 



Henry Bay the greenstme tuffe and ra la td  roaks are the dominmt 
rocks along Lynn Canal, mntinuing aorthwwtward to the entrance 
of Cbdk~hilket Met, but limeetunea and other 8edisqen*y rocks are 
p m h t  a short distance idand. South of William R e q  Ray the 
rocka dong the mast line are c&dy sedimmtary, including m t e ,  
alate, and Emmbne. It eppscars, & d o r e ,  that the b a d m y  Zine 
hstwmn the greaashme series and the limastonwqillite rocks may 
rurr inland in 8 gea3sml northwestmly direction from W f i a m  Hemy 
Bay, 
The county rock a t  the mine is in g a d  gseemsbne td3 with 

interbedded Ian  flows, cut here and them by dikes. ! h e  tnffa and 
flowa appear to be quite different in p e w p h i o  character. The. 
t d a ,  wlriclr ia resli ty grade into p y w d i e ,  are g r d h  to greemxsh- 
grrty rock, of .he -p ined  taxture and very d f i d t  to ~ h i f y  in 
the hand ~pecimen. Undor the miammope thay are. seen to be clmtia 
mcka cornpod mainly of angdar to subangdsr g-s of acidic 
plagioclw, chiefly albite and ol igocl~albite ,  in an indehite pund-  
mass or coment of aericitio end kaolinic materid. Tltey d a o  contain 
grains of an igneous rock, which on s w u n t  of the character of the 
plagioclsae fdwar would be classed rrs lsodlc trschyte or albite an- 
daaita. Commonly these rocks are altered and show more or 1- 
calcitm, quertz, epidote, and chloritic a d  sericitic material, Zn 
much of the m k  the feldspars and other detritd mmtituwts are 
bent, fractured, nnd veined by secondary d e r a h .  . The interbedded 
flows, which form minor part of the aequence at this locality, are 
Wcult to distinguish in the hand specimen from the clastic rooks, 
for they are likewise greenish and aphanitic. They are mmewhat 
'darkar in &or, however, and under the rnicrostxlpa are,found to be 
bssaltic. They me h o l o c ~ p ; s ~ t t  to somewhat gl-y; are corn@ 
essentially of labradorite, au@te ( e o r n e t d  bmaltic hornblende), 
and iron oxidag; and are in places much altered, particularly in the 
feldspar, which hgs barn changed to sericite. T h e  o d y  dike 8@W in ' 
the mine waa a he-grained holocryatdline rock.mmpoaed of biotite 
and angite, with iron oxides and apatite, joined by interatitid albite. 
Thia mck i n  a @odic augits &stte. 

Along the mountain aide aauthwest and west of the &e mcka br 
the w e  geneml charmter were seen. At an ele~atim of 1,200 feet, 
about S. 40" W. from the head of William Bmry Ray, ie a steep fam 
of rock h o r n  aa tha Palisades. This rock is a fme-grained greenish- 
gmy graymake, which under magnification is seen ,to be cornpod 
of subangdar to rounded painn of quartz, oligdme-albite, and fahie 
rock, in a cement composed of epidotio, kaolinic, and sericiticmaterid 
Somewhat higher np, at sn elevation of 1,900 feet, is a tuffac&m rock 
of the eame g e n d  compmition but of mt~reer gain and appmachmg 
more J o d y  a h e  igneous rock in appeurmm, which continnee up- 



TR&TCE to high flat on top of the spur. To the northw~t dong t& 
ridge the country rook changers to aaeries of intarbedded argiUite and 
limeetone. 

A %hart distance northwmt of the mine, in a little dp tdfabaoua 
gmpacke of tho same general character as that at the mine- is exposed. 
Some of thi~ rock ahom considerable dynamio metamorphism, being 
& e d  and rendered-mom or less schistose. One qecimen was 
found to be ememtidy a fme-grained quartz-mica schist, Jtbough 
d e r  the mimyempa the original fragmental &mubr could still 

- be o k d .  
The copper lode that ia b m g  devdoped h a vaia m m p d  &&y 

ot dcite, with mmid~~g~b1e Bilioa in the f o m  of ~y vsinleta of quarte 
and chalcedony. The copper ora is exdusively ohdmpyrite and 
mmm with the qnartz. The vein plnchm snd awe& but probably 
aver* 10 feet in thickness. The general strike is about N. 75" E. 
md the dip 80" S., but there are many local megdaritiea in attitude, 
due mainly to faulting. The ore arries only small quarttities of ' 
gold or ailver md is classed as a low-grade copper ore. The mine is 
being developed on the -amption that a 2 per cent wpper ore can 
be produd. 
The tunnel s t m h  on the Bonanza No. 3 claim, cats diagonally 

- across the Endicott No, 2 claim, and enters the Endimtt No. 3 claim. 
It in driven in a general ~outhweatB11y direction and intersects the 
vein 700 feet from the portal) at a point where the vein shorn a 
dIsplacernent of 100 feet to the aonth, due b a fault. The tunnel 
follows the vein for 400 feet. Numerous mall  faults met in the 
tunnel show dqlmmemta of the vein ranging from practically 

, nothmgupta 10feet andauggestatspfaultato takaup themovement 
caused by larger dqlacemente some diatmce away. At 8 distance 
of 1,100 feet from the portal a crosscut prospect tunnel haa been 
~ l t d d  which *Pill be dnven northwestward, in the hope of cutting 
other vein$. 

The vein lthnf .b baing explored in the t m e l  cropa out on the 
hillside west of the mine at an elevation of 550 feat. At t& point 

' the vein strikm about due. wt, stands vertical, and baa s thickness 
of h t  12 feet, with an 18-inch home of coantry rock ,jn tho center. . 
The veitl matmid here dm is practicaLly all cdcite with quwh 
veinlets and chdmpyde. A little pyrite was seen, and this has 
o~diaed and caused brown staining of the vein matter, partidarIy 
along fmturss caused by latar tmovemente in the vein. The foot- 
wall side of the vein is slickensidd and grooved, showing that con- 
mderable movement has occur&. Tho country rock is the a m e  m 
in the mine, It is appamnt that faulting is ~ r y  predsnt and is 

, likely to pfesent some tro~rblwome difficulties in mining. 



No. other ~urfwe outmops of this or any other mimi of nthiug 
importance havebhn found. O n  the ridge west of the inine, nt m 
elevation of 2,300 feet, is a mall calcite vein about r foot thick, 
which carria Borne quartz, chalcedony, md s little chdcoppite, 
with secondary maltbchits. This vsh1 which ~likikm N. 7g0 E. and 

I stands vertical, is now in part an open bum, owing to d m p i t i o n  
md solution of tihe calcite. 

Water power ia utilized under a head of 300 feet to rn a eom- 
pmwr for two drills. No reduction plant hae yet been d, and 
thsrsfore no ore has been milled or shipped. A 30-etsmp No. 3 - 
Austh gyratory mill, which was formerly used at the Sea Levd &a, 
on Thome Arm.near Ketchikan, has been & m d  and wiU ba 
insta,IId in 1920, A combination of WUey bhlea and oil flotation 
d be used.. bring tho summer of 1919 8 dwk was in process of 
'comtmctian on the southeahlt side of William Hemy Bay, with a 
depth of 4 fathom at its ontar end at low tide. Subtantial buildings 
have been erected at the head of the bay, on the west side, m d  a 
wagon road connecting the bay with the mine has h n  built. = 

At the lower end of William Hemy Bay, doag the norhhwmt 
shore, minerrslization has d in the & at some place. T h e  

" or6 minerals cowis t for the most part of ctisaeminahd ppritm, h t st 
one locality s dapmit of sulphidmy including ammopyrite, cU- 
copyrite, md'pyrite was seen in the cherty mh 

~,WE)LA, ,-. 
The Ready Bullion mine, the one remaining mine of the T b d w d  

I group that waa not fldd by the cave-in of 191 7, was dperatd 
during1919 atar'ateofoutputof~boub24,OOOtbnsamonfh. About 
30 men were employed at  the mine, and about 25 at the mill md 
cymide plant. The pline now hag levels at 2 , M ,  2,200,2,400,2,600, 
and 2,800 feet, and the main shaft has been extended nearly to 2,900 
fmt. Mostof theom be'qminedat-tisbeingtakeizfromthe 
four ahpea of the 2,200-foo t level, but mme is being drawn from .the 
2,400-foot levd. The L h t  work is the cut* out of three atopes 
on the 2,6M)-foot level, preparatory th drawing ore. 

' The ore ia trmM at the R e d y  Bullion I W-stamp mill and cyaaide 
plant. The om, dm being c m h d  ta 40 rnmh by the sWp, is 
cbnveyed to B mall b d  mill which mdum the firat product to  200 
mesh, '!?he ov&e i~ q a c a h d  by classifiers and returned to the 
hJ1 mill. The 200-mesh product is conveyed to the cyanide plant, 
w h h  it is cyanided, washed, aW, dried, and retorted. 
The T r e a d d  Co. is now aperating a 2-bn alechic fmw for 

making ateel fot ita own use in steel castings. Scrap iron callmted 
around the plant has so far 'been utilized aa the raw product,. but 
~ns idmbIe  hematite purched in Seattle hae also been used M 8 





decmbdmr. The carbon content of the a h d  is d u d  to 0.3 to  
0.5 pea cant. The other necessary ingrdmta, including f d m n ,  
&rang rnmganm, and aluminum (used as deoxidizer), are a h  
j m m h d .  LmA mapetitm from Reinee m d  Port hettisham 
hrs~s bean tried in place of hematite? but they require too high tern- 
paratme snd tm much coke. Both theee magnetite- have been 
f o n d  ta cun& considerable TiO,, and that from Port Snettishttm 
carrim m e  Pa,. A few iron and brass casting have also been 
mde .  

h m  1- (8-8 BAW. 

h t a r  Bay, an Admiralty Island, is a well-known harbor on the 
aaat side of Lynn Canal, practically at the junction of Lynn Canal, 
Chatham Strait, and Icy Strait. I t  ia a mfe and convenient anchor- 
we, and on account of the frequency of stormy weather on Lynn ' 

Cand and Chathram Strait it ia much visited by smsll boats. T h e  
bay has a general northeasferly trend and is about 2 miles long and 
three-fowh of a mile wide at  tlfe enbranca. A cannery and a gost  
office (Funter) have been established on a point on the north side . 

, of the bay, h n t e r  Ray is bn t 18 miIm from Juneau En an air line, 
but 60 miles ox more by water. 
T h e a h o r e ~ i ~ e - o f F u n ~ B a ~ i s i n g e n ~ I ~ & R t h a t ~ 2 0 f e e t  

or mom above sea level and is h r d d  by a law-bmed platform 
which riass gradually to the hills behind. On the northeast side of 
the b y  & platform wmiacta with low hiUs, but on the southeast 
tide the 1 owImd area'givea way to high mountains that rise abmp tly 
to an dwstion of nearly 4,000 feet. Both Iowlmde and mountains 
me timbad, the mountains up ta an elevation of about 2,500 feet 

Tbe Jode properties lie chieff y along the southeast side of the bay, 
beginninl: at tb ehom line and extending up into the high Mla. 

+ Gold-quarta veins WOM dhwmmd at this locality in 1887, and a n u -  
?mr of propertfm haw, bwn held aince that time, Many quartz veins 
Imps been discovered and B good deal of prospecting hm hen done, 
but ae yet there hw been likth mining. At the present time develop 
ment worE is being dono on the claims of the Admfrslty-Alaska Gold 
M h q  Co. mid proepecting is being continued on tho Mowell-Otter- 
aon group of c h h .  Tho former ernbrim two groups of daims, a 
lower an&- upper group, about midway of the bay on the southeast 
side; the I ~ t t e r  adjoin those claims on the southwest. A gmdgized 
stream, Mountain Crsek, lies between the two propertits. The pn- 
erd position of the= two p u p a  of clsimEl is shown on rthe awm-  
prtnyingrnap (PI. IV). 

The claims, particularly thoae of the Aclmirdty-&ska Gold %- 
idg Co,, have been examined a number of times by dSerent m e m h  

'12SOo-21-Bull. 71- ' , 



of the Geological Survey, and two repmte a haw been p m p d  and 
published, No extensive dudy of the regimial p10gy has MI ffar 
b n  attempted, but the different pu&z veins have been f aid7 wall 
described. The present no& are only aupp1ementw-y ta the endier 
reports. 

g e n d  elegy has bean briefly described by BhEn aa fal- 

me mh Of the Fun* Bay district include a %My dbivd M d e d  d e n ,  domi- 
nantly dbt and mbordinakly heuhne or mblg,  mud a iew d l  dikm 
of d i a b ,  andesi&, and dbrite, which cut the Wded mcb at wide intervals. The 
schidme clmvgge of the metwaorphic =%a is g s n d l y  p d d  with the b e d m  
planw. Locally interm crumpling and cloee folding on a umali d e  m &ppmn& 
but in genml the bedded mb lie in broad and gentle folde. O m  connidmble 
ama hth  ecWB and bedding are near the b&ntrl. Joint aymhma on both 
h g e  and mall =%icelea cut the bedded rocb at high angles with the 8chiatmity md 
bedding or nesr the 4 - 1 .  The major joint planw in pl.cee for hundr& 
and even for a tho-d feet or more with great repkity in and dip. Sach 
large h c h r a  were prohbly accompanied by some diBerentinl mwement betw~em 
the bhka which tbey aepwate, but there ie no definite indiation of the mdmum 
dierplwement. me~g plbnee are generally marked by quartz veins, which 1.8nge in ' thicknw, in the Merent individuals o b m e d ,  from mere fflm to nearly 60 ffeet. 
A t  one Imality fbur appmIdmately @]el vdna were mesenred in a mtion 930 feet 
wrca, whme t h i c h ~  agpqatd 90 feet. Obviously the inWuction d titin amount 
of quarts in a namrrrP d o n  involved displacement of mmw of the m b .  T&pd 
and Lshaped bendn in Borne of the veins indicate diffmntirrl momenta amounting 
at least to the thickness of the vdna. Other veins, which gradually thin out to th& 
ends, do aot bsve tbie @@csnce. Faulte law than the v& and offBstting them 
occur onIy here and there, according to p m n t  evidence. 

The metamorphism of the bedded mka ia for the m& part af @onhl cham& hi 
.Q! earw age than tbe ignmua dikee or the guerts veim, which are -. -tar 
metamorphic agenciae have afIected the bedded rock0 locally, djpcent 20 the quart& 
vebna, ~m1ting in dkification and bleaching of the grean&ne BC-, accompanied 
by the introd~ction d sulphide migmls and in placm of mid. Such minmla dm 
occur in h d a  d gmmnbne schitft wi$mut e t e d  quartz vPana at h locditi* 
but they are not believed to repramt a distinct peaiod of minmliation. 

The achista of the Funter Bay m a ,  grouped by E&n nndm the' 
genmd -*ion of greenstone schist, aonsbk of a v d e t y  of rock 
types, inc1ud.q chlorihe schist, mica schist, qnmtzdlorite echist, 
quart~chlorite-mica schiat , zoisite4dorite what, albite-vide schist, ' 

dbite-cldorite scf i t ,  and albih-mica whist, as well as nomahistom 
blocb rmka of thes& character, &dy carrpinglittle mica. - 
Among tbe metamorphic rocks are dm to  be fomd gnekoid roch, 
including albite granite gneiss and albite nyenijlte p e a .  Mormd 
dioriti~ or anddt ic  rocka were not bkrved  b~ the writmr, but a 
variety of other dike m c h  containing plagioel& high in soda, worn 
recotpized, Theee are chiefly albita granite, albite ayenib (or dbita 
dioriw), and albita frwhyte. On6 dike of oliPine diabaae waa noted 

t W-t, G. W., A m v  of hd3mblty IuLnd: U. I. Q d ,  Barrr* Rtlll. Wb pp. 147-IW, IPW. 
' 

x m , ~ . ~ , m - m t h e ~ t t ~ w ~ ~ o l d W t :  u . ~ . ~ t w l , ~ ~ a l l . w ~ p p . w a , ~ m  
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The h e  iFJ by no means an exhamtiw liat of the Memnt &* 
ti- of roob fomd at Funter Bey but ie given chiefly ta illvstrate s 
f d m e  of these mka thbt has been generally overlooked, namely, 
$heir aodic c b r .  All the Gdic  and intermediate t y p  6f intru- 
sive rocb e&~d by the wrihr mntain albite or oligoclaee-albite 
plagimlase feldspar, and albite is &to of c a m o n  ocxurrenm among 
tho mhista md gneieses. Tbh feature js of mom than passing interest 
when considered in relation the sodic chariwtm of the intmive 
pock at the %dweU minee, on Douglas Island, about 15 miles to 
the wt. It ia not unlikely t h t  mineralmation at thm two locali- 
ti* b o k  place at the same general period and had a sirnqirr origin. 

. The Admbdty-pltwka Qbld Mining Co. holds 52 cl*, of which 
the principd onga are shown on the accompanying sketch map (Pl. 
IV) . Thtm claim lie in two groups, a lower group on the low tarrace 
leading bwk from the beach, m d  an upper group on the mountain 

. slope to the southeast. In the lower group the principd lodea tm 

the TeUurium, King Bee, Uncle Sam, and Lone Star; a  numb^ of 
smaller veins also OCI:UT. The upper gronp inclada a large n m b r  
of mb, among the mmt veludle of which are the Blanket lode, the 
veins on the aewral Heckler claims, incIudhg the Big lode and the 
Wmhhgton lode, the b v i l  Club lode, and the Patternon lode. Both 
the lower and the uppr veins ham been described adequately by 
Eakin, and no new work h~ been done on their s u r f t ~ l e  outcrop in 
the meanwhile. 

A tunnel ia now being driven from the end of the tram line to prow 
~t the qmrh vehs of the nppr p u p .  Thk tunnel atarts about 
a mile from the bsach, at an elevation of abut 250 feet, d is bang 
driven S. 65' E. with the intention of crwcutting at depth the veina . 

1 
on the Irowhee Ho. 2, Mountain Kink, hugla  Up, Washiagton, and 

' Heckler d a b .  Work was bgan on thb tunnel in the fall of 1928, 
and by midsummer of 19 19 it had boen diven about 800 be&. Orre 
driII is being wmd 

A comprwr plant, with a aapacity of 12 drills, has mmUy been 
inatalled. Water power under IL head of 600 feet, dsEi~ered to the ' 

mmpreseor in a &inch stream, is utdizd. A eawmill h& dm been 
built. From 5 to 15 men were employed d- the summer of 1918. 

' 7 7 ~  tunnel is driven in a greenstone achist, whjch differs in chu- 
acBr in different part" 'of the tunnel. At the face in 1919, about 
800 feet from the portal, it wnsista of a recryatallizd rack, m m e  
what schistme in appwaece, composed -tially of n mixture of 
mi~ite and chloritic material, chisfly pennina, together with con- I 

I 

siderable quartz and some piatacite and titanite, and wodd be dm- 
W i a d  s zoisit4chlorite schist.. The dip of the schist in t b  tumd , L 



is in general away from the beaoh. About 4XM feet from the portal 
a mall ore body consisting of n sheared mixture of quartz and ~ c b t ,  
with a b u t  8 indm of rnilky+quarhz on the hangiry: wd, waa inter- 
aechd. !Ws v& and ib aammpmyhg zone of shearing ia p d e l  
IV@ the cleavage of the schist, The aulphide minerals include 
pyrite, pyrrhotib, and 5 little chalcopyrite. T h e  h g i q  wmU waa 
found to be a he-grained igneous m k ,  with a pronounced flow 
structnra, composed ememtitially of unaltered oligodtasertlbite in tiny 
laths, forming a felty trachytia groundmgas, m d  an inbratihid 
f lhg  of chloritic material, derived probably in part fmm rock glw.  
Some larger laths or phenocrysh of o l igoc l~dbi tb  are partly 
altered to opidote arrd calcite. Semndarg quartz, epidote, and d- 
cite are present. This hanging-wall rock is a aodic trachyte. , 

No other quartz veins of any imperhca have ao far been cmwmt, 
bat it is planned to  continue .the tunnel until the J3wkler Bla&tb 
loda, the Rig lode, and othe~ veina that crop out on the Hecklar 
group of claims me intemcM* No accurate b m  map of the prop- 
erty hrrs been made, but it is &imstgd roughly by the writer that 
a 2,000-foot tunnel will be required to rmch the Heckler Blanket 
vein, if the strike and dip shown st the outcrop continue blow the 
i d a c e  ta the level of the tunnel. The strike and dip of the Big 
lode are not sufficiently well known, owing to the lack of stripping 
at the outcrop, to justify a guess as ta how far the tunnel dl have 
to-go to cut this large body of quarts, The vein crops out farther 
southeast thm the Heckler Bltrnke t rein, but the dip may be lower, 
thus partly or wholly wmpemating for the greater surface distance. 

Tha NoweU-Ottemmn group of claim lies southeagt of the prop- 
erty of the d ~ a l t Y - ~ l m k a  Gold Wniq Co. and includes 19 daima 
ahtohing from F u n k  Bay to the top of the mauntein to the south- 
e ~ t .  The gamd position of them dsims .b indiatgd on the acwm- 
paeying &etch map (m. JV). A good t r d  has beem built fmm the 
bay to the top of the mountnb, makmg thme claims a s a ~ ~  of n. 
On the Winens claim, at an elevation of 675 feet, a tunnel 04 feet 

long hm bean driven op two quartGt sesma, which strik~ about N. 
65" Em, mrhfommb1y with the country rock, and dip wuthemt. The 
upper of these a m  is fairly pemi~taqt and m q p  from 6 to  24 
inchm .in thicknm; the lower sew ia lentioulm and dkmnfini~aua. 
The footwall i~ gaphitic chlorite a c h t ,  alld the hanging wall a 
quartz-mica schist. The quartz is iron stained and &es stringem 

, of country rock. %me pyrite and pyrrhotite were seen in .the quartz. 
On the Chatham claim, at m elevation of 1,050 feet, a tunnel has 

beem driven. 200 feet and croaseub four thin quartz seaims, from 2 to 
4 inches wido, wbZh rr* N. 46 E. md dip 45" NW., thus out4ing 



h m t  directly acm the stlucture of the cotme rock, s quartz- 
mim schist. Th8 quartz carries pyrite, pyrrhotite, and gdd.. 
To the east of the tunnel, on a small d, a m d  quartz 

' w&a of nimilar character am exposed. A small shipment of ore I 

(about 6 tom) fmm one of t h e  veins, which riagas in thickness 
'from 8 inch= to 2 feet, wea valued at $120 8 tun, and a wcwnd sample 
atalakmdatarrua$8Otothetan. Atleast lOsucb~mallveins,most 
of them memumble in in&=, me e x p d  in. the creek. me qparte 
h a s  pyrite, pyrrhotita, and in places a little grtlena, in addition to 
the gold. 

 he vtdn of most intweet an the ~ o w d - ~ t t a r s o n  &up is the ~ i g  
Thjng Ide ,  which ~ m p a  out on the line betwmn the Francis and 0. K. 
claims at an devation of 3,100 feet 4 has b n  t m d  800 feet to 
the north and over 1,500 feet to the south. The vein, which strikes - 
about N. 20' W. and dip steeply to the emt, lim parallel with the 
schistoaity of the aountry rock. The h* w d  ia 8 chIorite schist 
compeaed of chloritio material, quartz, calcite, and epidota. The * 

fwtwall ia a graphitic schist. On the h e  between the 0. K. and 
Frmck claims about 20 feet of q n W  is eqmed,  wit,h a home of 
a c b t  in the center of the vein. The quartz ia heavily iron ~tained 
md is mhmdized by iron sulphidm (pyrite and pyrrhotih), galena, I 

, and hematite. It is characteristic of these sulphides to  be Ixmcen- 
hated in pockety masses in the quartz. The ownars aver that the 
average of assays ao far msde ie about $5 ta the ton in gold. 
On the Two Shdt c l h ,  about 1,800 feet north of the outcrop 

just d e s m i ,  at arm denhion of about 3,050 feet, a vein of quarts 
from 15 to 25 feet thick crop out and is believed ta be the continua, , 
tion of the Big Thing lode. The muntrg rock here is a qndz-mica 
sohiet, and the vein strikes about N. 15' W. and dips steeply to the 
sash, kn at the other Iocalitg. Zhe qumh ja of the same. general 
character as the q u m  above described, but more gslena ia present, 
and some chalcopyrite was &0 seon. A good deal of free gold may 
bo seen 'with the naked eye, and it is appment that soma of this ma& 

. risl is hgh-grade ore. 
Anothor vein, distinct from the Big Thing lode, also orope- oat on 

the Two Shaft claim, some distance west of the one jnst dmxibed, 
at an elevatibn of about 2,750 feet. This is a smaller vein of quartz, 
about 30 inch- thick, atrdcbg N. 20" W. and dipping steeply to the 
east, which lies comfortably with the schist and is heavily impmg- 
n a d  with aulphidea. The quartz where &~ctsd by the mineral- 
izing eolutiom k white and milky, but elsewhare it is heavily b n  , 

stained. Pyrite, chalcvpyrih, md specdar hematite m 
found with the quartz. Green malachite st&- and to  a lmer 
extent bIue azurita discoloration are apparent. An irreguEnr body of 
calcite cuts transvemely through the -in and appears to feprcsent 

I 
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s later phse in the se~uen~8 of minbd depos ih .  ThH m h  
crarriea wry littlb gold but is reported by the o m a h  to  give high 
may rmulta in dver  and l e d ,  

A d e r  of ather quartz veins cmp out on this oboMtain in the ' 
vicinity of the 0. &, TWO Shaft, md Summit e l a h ,  but littb 
pmpeoting ha# been dom on them, md therefore little is h d  of ' 

tbir charater and extent, 

m m C m 3 x . m  DXBTRZCT* 

d A molybddte lode wsls opensd in 1917 by the mka T h d d  
Enhg Co., and development work hm conthud to the p m n t  time, 
although no ore haa yet been shipped. This lode is about thr* 
fourths of a mite south of Shakm, ah an elevation af 1800 feet, at the 

, 

north &d of Prince of Wales Islaad, on the east side of a small 
etream that mtam Shaknn Bay. 

The mmtry rmk oomist.1 of M-tm aedime~& intruded by 
&rite. The I d 6  is in diorite, which &ee aomewhat in chmmter 
md cornpition but in generd ie oom@ of zonally grown plagi* 
alas0 feldspar, r e  from albite on the rime to  bytownite in tbe 
uaiEers of the crptals, md with an amrage composition perhap of 
andmine;. a snzall amount of orthoclme; aonsjderable hornblende; 
and 'biotite, anglte, iron oxides, snd apatite. h i n g  'composed 
mentially of pEagiocIasa fddspar md hornblende, this rock ia el-d 
as a' hornblende diorib. Psgmatih is present in dikes and veins 
cutting the diorite and is in fact related genetically to the rdolyb 
den& in the lode. The pegmatite is composed mentidy of 
orthmlase feldspar and qumtz, with acsce~ory sphene m d  a m d l  
mount9  of secondmy ~ericibe, chlorite, and epidoh. 

The win at ih nmximum is 8 feet tbok, with a e a  dean- 
breafnng hanging w d  and an indistiuct footwid. It mriwrriee coneider- 
.ably in striko and dip, as is shown by the crookednew of the main 
tu-1 which f0110m the ~8h. The afBf9ge strike is 8b0nt N. 70" 
W. and the ~Eprangafmm 10° ta W"S. Comiderablefadting is 
reppent, partioulmly along tbe bmqbg wall, where in placm the 
vein matter for 6 inches or more hm been reducad to B f adt goage. 
Some of the beet of the ore has bean taken from thi4 Bone dong the 
h e  wall. The gtangue of the win is partly quartz and partly 
pgnhatitic material, m d  theae twa appear to grade into ono another, 
indioathg tbt  at lewt a part of the qmrtz is of primarJr origin 
The sulphide minerals in tha gang00 include ~Iybdenite,  pyrite, 
pyrrbotite, md chalcopyrite. Tho molybdenita is in some plmm 
scattered through the quartz and pegmatita and in others more rn 
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lex -concentrated, partbullsrly in the gouge zone. Pyrite and 
&&opyrite are distributed throughovt the gangueI but pyrrhotite 
L most often found in pockeb or %idnap. The . p v e s h  of the 
sdphide miner& has not htwa deciphered. 

A ttlpnel, now driwa 360 feet, is the main underground develop , 
ment work. At 250 and 300 feat from the prtd cross fault9 were 
-,'the fmt siking N. 10° E. and thewcond N. 10' W., with 
o B t s  at boa places. The molybdenite content of the vein bmfne8 
very Xow beyond the 34 &foot point in the tunnel, and at this point 
the &tion, of t he  t u ~  nel was changed to ono somewhat south of' 
the striIre on the worw g hypothesis that the true ~ e i n  at the 30U 
foot point hm been re] dmed though fadting by a barren quartz 
vein. It is equally pdnble, howevor, that a molybdmite 'ore shoot 
in the vein has been terminated by the fanlt, and that the vein 
expoeed beyond the fault is a barren zone of the same vein. h this 
event, fukther drifting on the vein or s ink ing  an inclined shaft down 
the dip wilI &Ford the.gneater & a c e  of discovaring me, 

A trmmy htsa beera comtmcted from tha portal of the tunnel 
a m w  the a d  stream above mentioned aad down the opposite 
side af the valley to tidewatm. A s m d  dock hae a h  been built. 
All  the mining haa so far been dme by hand, but in Saptamber, 19 19, 
a c o m p m r  plant was at the dock awaiting in~tdlation. Six men, 
wulbing in two ~hifta, were at work a% the time of the aPriter'a visit. 

The Rush. & Brown mine, about half a mile weet of h k a  &, 
at the head of Jham BayT p p a ~ s  the only mpper mine h southmbm 
A b h  that waa opemkd in 1919. The property indudss two ore 
wee that b a ~ e .  been developed to a productive baais and a number 
of others that have not been explored. The largar of the two pro- 
ductive ore badim is a contact-metamorphic depmit of mpper- 
bedng mqpetite, and the mallar a ftbulbzone deposit, with chal- 
cupyrite as the chief dphide.  The former is of too low 8 grade to be 
worked at the prersen t prim of copper; bat the latter carries a higher 
grade of copper ore and &b mnaidersbb gold and silver, and in 
mxat years mining 'has been confind to thia dqxsit. E'ibt men 
were employed in the mine in 19 19, and aeveral others at the surface. 
The contafibmetamorphic depoait l i e  in matact rock between 

diorita azld gmywacke, trends about due east, and stands practically 
vertid, plunging perhaps at ta high sngla to the north. The ore 
has beem axposed in a glory hole and numerous drifts from it to a 
depth of 140 feet, for a diikmce of about 200 feet, and ahom a width 
rangingfmm50feetattheweatend to tZ5feetattheeastmd. The 
depsit, however, is irregular in outline and variable in ore content, 
owing b the inclusions of numarom horsae of countrg rock. Both 



ths ore &d the mutry rock m mnch fanlted, bat in g e n d  the 
throw of the faulta mema b be mall. A series of Inmpmphyrie d l ,  
chiefly d c  vogaeites, cnt dirscfly acmss the m&tatita and country 
rock, atriEang in general about north. Tbeaa dikes appear to repm 
aent the laltest phase of the igneous activitg, The chief galphidm 
contained in the magnetite are chatcopyrite and pyrite, but they 
are so a c a t d  that it ia dBdt ta fmd mpper om of s comemiat 
gfada The whole depceit of cnprifmwa magnetite, if mind oom- 
ph*, ahodd yield not 1- than 0.5 per cent and m b l y  3, per 
cent of copper. Such ore should enmetime bemrne of v*e, if 
worked for both it9 copper and ih imn ironnhf. 

About 160 feat north of the mkt ore at th d m  Em the 
nhear-zone deposit, obsmationa upon which &ow that the vein is 
i r regdar in attitude, ranging in strike from N. 85° E. 20 east and 

' 

in dip from 45" to 60' S. U the st.rika is taken at N. SO0 E= and the 
dip at  80' S.,.it tippeare th& the shesr zone should intmmt the 
contwt deposit at a  id ,depth of a h t  280 f&t from the 
surface, or a h n t  325 feat meaaured down* the dope. The inclined 
shaft down the vein on the shear zone has now been annk 430 feet 
but without yef wcouuhring the cantact dqoait. This may be 
due ta faulting. 

The depmit now being worked is a body of a h d  grq-wacke 
and tuff, ranging in thickniws from a few ischea ta 8 feet, lying 
batween well-defined foot and hanging walk The dphide ore, 
chiefly chdcopyrih with mme pyrite rind pphotite, olxars in lansas 
and mtidating . vein8 md veinleta within the sheared mat&d, 
more mmonly nearer to the hanging wdl than to the foofwn21. 
Some solid v e h  of chdeopfite have beear found, of which the 
Ewmt so far mimed has not exceeded 4 feet in thicrknw. The 
gangue mataid mnsiefEl of c d e d  eawztsg m k ,  rather than gaxipa 
mine& such as quartz or d c i h  The two walk evidendy repm 
~ e n t  the outar limits of dovemeat, for they me sliokensided, and the 
sheared md m h e d  vein materid ends abruptly w t  them. 
M O ~ W V ~ ,  the @Wu11d 0llmE9 the T& is firm, BS hdic8td by the 
fact that no timbering b required in, the drifts. AB would be ex- 
pected, ore is found in mft gsomd, where shearing m d  grandation 
have reached a maximum. %re appears to heve beem littls if m y  
mo~ement.dong ths vein mbepuent to ore depoaitioa, but cmm 
faulting is not uncommon. Oa the 2Wfoot l e d  a wd-marked 
fault, known aa Murphy's dip, intarseats the vein, dmtthg it 25 
feet on this h e l .  Thie fad t tstrika sppmximatdy north and dip 
50°-800 E., d has been traced 400 feet by tunnel. Faults similar 
in ntzike and dip m y  be m n  on other Eevds, particularly wwt of the 
&d&, a d  appesr to comtitute a aptem of pacallal f d t s  formed 



eubeepnmt to am depmition. It ~ m s  likely Bat  the d ika  of 
vagesite preoiody mentioned were intmded h g  mch fracture 
plaaes. 

At a e v d  I d t i m  in the -a md depmita of cuprifem~ 
magnetite l e d  ofl from the vein, existing appmntly as ieohted 
autliera of the matact depmit near by an.$ dating the two t p  of 
deposits genetically to the tame agency-the intnzsive diorite. 
Small ore shoots of .commercial copper ore were found in some of thsss 
deposib and mind. 
The mino is deweloped by lweh at depths .of 100,200,250,300, 

350, and 4tM feet. A vertical ehdt connects the 208-foot level with 
\ & a d m e ,  and sbobt operates n l i f t  which handleseither men or 

an om oar. T h e  lower levels are reached by ladder down an inclined 
ahaft that follom the yein; and ore from the lower lev& is r&ed up 
tbia shaft on a, skip. A modexate flow of water, sbou t 50 gdom a 

, minute,  ia r a h d  by a pump fmm the lower lewls to the 200-foot 
Ie~ml, whmca it go= into s sump and ie: picked up by mother pump 
anrE hoisted to the a d m .  
All mining md development work so far hns been done by baad 

mining, but a new Ingersoll-Rmd compreesor, with a capacity of 
four d&, hb bean partly installed and should soon be redy  far uea, 
A small boiler of about 50 horsepower, operated on wood, now eup- 
plies all the power thst is needed ; but R larg~r boiler is being installed 
torunthecompremaor. Theoutputof theminesl~ouldbem~terially 
inmmd by the me of power drills. The ore is transported by a 
m a l l ' l o m t i v e  and c m  over namw-pqp rsilrod Co tidewabr, 
a &hm.e of about 2 milee. 

The sd t Chuck mine, formerly known ~e the (3oodro mine, is about 
half a milemorthemt of Lake Ellen and at an equal d h b c e  from the ' 
bead of the Salt Chuck, at the head af Kasgan Bay. b h n g  was 
begun originally on what waa considered to be B low-grade c o p y  
deposit, but subsequently it was dimovered that the ore w& of more 
d u e  for ita content of platinum metah than for it9 copper, so that 
now thia mine is more properly described as a p d s d i m a p p e r  mine. 
It hna been opepkd contj,uoualy since 1917, and in 191 9 it employed ' 

about 16 men. 
The lode crops out st an elemtion of 400 feet, upon a little knoll 

rising from one of the rounded ridges aharactmbhc of this glaciated 
area. A few other surface outamp have been iound near by, but 
the -era1 surfici~l codguration of the mineralized zone hm not been 
dehmbed,  owing in part to the timber and denm vegetation of the 
surrounding m a ,  but particularly to the i r r q~ l a r  di~tribu tion of the 
minerhation, which gives no clua as a guide in prospecting. The 



ore m e ,  however, or the zone within which the disooverrg of ore 
ihoob may be expected, is believed to be at 1-t 250 feet wide and 

, k t h o ~ h t ~ m ~ d i n a d i r s c t i ~ n a b o u t N . 7 5 ~ W .  
depoeit, d e  most of the other commercid erg d e p m i ~  bf 

'&win P m b d a ,  m m m  in an m a  of come-grhed  in-i~e d, 
which baa beem cmapped by Wright 6 . d e r  the general ddgnation 
granitic i n i m m d .  -Such intrusive rocks invade the Pdmzoio 
sedimmhry rocks of Kasaan P-a at many localities, occurring 
aa 4 and large b d e s  of varying petmgraphio character. Tb? 
normal type of &me rocks is a digrite, low in pmxt~ a d  orthodlwe, 
but numerous other facEea hwe been evolved by m q p e ~ c  Wmti- - 
atian. Xn the acidic dif!emti&taa low potassium md h& soda- 
content exprmea ihelf throngh the formation of sodie granite tad 
syenib, the chief feldsgm of which is albite, in place of o r t h o c l ~ ~  tha 
nomd type in such rock. Much diveraEfication is apparent tbmong 
the b&c types of difbentiated roc& although few of these have 
bean described in any detail. This difTerentistion ia well Uwtrated 
at tbe Salt Chuck mine, where the country rock ~EI in gmmd a p w $ -  
enite, with gabbmic and gabbm-pegmatitic ph- Wright ref& 
to tha country rock at the Salt Chuck mine aa s gsbbro, but in hb 
pe-phic deecription he showed clearly that the plagioclaae feld- 
spar canstitzltea only fiam 5 to 10 per cent of tha 'rock. It seems 
bet&, therebore, to dasignate the i n t h v o  m k  at the mine pyrox* 
nib, remembering, howe~er, the gradual transition Ito the true 
gabbmic inkusivea in this oicinity. The chief rock-forming ra ined  
is augite, and the subordinate constituents are biotite, iron ozida, 
plagioclme, apatite, and titanite, though not dl of these are invariably 
preaant in m y  one ~pecimm. Biotite in partiedm is variable in 
distribution, and much of it omnm as large spl~ndmt erg9tds. The 
pyroxme an$ plagioc1ase are in placas much altered, the alternation 
rwdting in the development of rocks rich in epidote and in chloritio 
and sericitic matarid. 

, The ore minerah cornkt of copper sulphides, dkt6"buted in grains 
and amdl pghhea as ore &ooB in the ppxmite. Bodte is the 
chief coppar miad, but a m u '  proportion of chalcopfih dm 
mmm locdy. Chdcocib m d  covellite are both p m m t ,  as aIEeration 
pmducta of the bomita and &o of the cha1copyrit.a. Finely dis- 
seminated chd~ocite and native aopper have been reported by Knopf 

' 
ae tmmrhg in some drifts about hdfwa y between the upper and 
lower tunnels, leading f r ~ m  a connecting &. Practically no 
g w  m i n d  are found with the ore. In addition to copper, 
gold, dver, pdhdium, and platinum me ~ T ~ .  



The metallic emteat of the Salt Chnek ores was shown in a table 
of anal- by CampbeU,7 and tbia table, with the addition of three 
,t$&mmations of mnmntrtratea, is ern below. 

1I&d& omptefft of Bait C h c E  ma. 

ahryaole... ........................................ 
1Wht  lm ..............................-........ 
httorn 01 WIIW.. ................*.*.*.**.......... 

- A ~ o r & ~  ....................... 
a&k. ............................................ 
cbhpydh ........................................ 
oammknm ........................ ........ ........ 
ConcenhW m. md M~IL J m . ,  Bept. 97,1819) .. 
Comnbbl .  ....................................... 
Crraoentrat9s ................... .. .................. 
. Aversgs laa~o la tmM ....................... 

Fmm theme data if ia pmible to estimakt the pefmtage recovery 
of the preciow met,& h, the ooncentrates. If the eonantrates 
average 40.08 per cmt of copper each ton of coamntrate d l  contain 
801.2 pounds of- coppar. Tbm, as the average coppr content 'of the 
om j~ 1.427 par a t ,  m h  ton of om contains 28.54 porn& of copper; 
md the numbem of tons Bf om used to prodm 1 ton of concantrates, 
on the ~~~umptionof a copper remvmy of 100 per a t ,  would be 
8016+28.M - 28.07 tons. The r e c o ~ q o f  gold, aiEwr, and platinum 
met& in omma per ton is obtained by dividing their mpective @- 
tma in the "avemge of mncentratm'' by 28.07; and tbe ratio of the 
~aeulthg quantitiee to the corresponding q~f~ntitiee given in the ' 

- "avemge of ore ~ d p a  " yields the pmmntage of mco~ery for the 
pc ious  metals in teaPls of the ass& 100 per mnk m v e r g  of 
cappar-that is, gold 68 per cent, silver 87 per cent, and platinum 
met& 44 per cent. The exact pa~entagea of precious metah rn 
covmd are obhindd by multiplying tbeae computed p r a m t a p  by 
the traa recovery of copper. 

On mducjng the mpper proantage to troy b c m  per bn md 
m m p h g  the mdt with the fqpm for the precious met&, it a p  
pm that the mtio of the ooppr to t h  gold, siilvm, and plahum 
metala ia 6,607,l. ,918, and 1,645 to 1 respectively, snd that tha ratio of 
the gold h tthe silver and platinum metals is roughly I to 3 and 4 
mpectively. Of cam, an average of three mays affords no basis 
for any-ekct deductions, but nevmthele~ these figma m mful 
in giving a general idea of the occurrence of these met&. 

~ W I ,  n. a, m w m  in A* rn d+tp: x t ~  sad sd. P-, d 119, pp. w, me. 



A little ~IW gold may €w m v i  in soma of the 'ore, but &e &priiy 
between the m r y  of gold and the.bmry rbf phtinmn ametala 
1& to the belief that a comidembls part of tb gold L chamidy 
combined or mecbanidy held with sulphidea. Z'he bigh contant 
of silver ralative to gold indim& ah additional sour(98: of dver 
besidee that alPoy& with gold, and the high silvm recovery indicatee 

' 

h t  the silver h present as some silver or coppsr-dver mind, 
prob~b1y a gulphide or ~ulphosalt, which i highly adapted to the 
,flowtion prom. Pomibly it oeaurs in both these f o m .  The 
lugh content bat low mwvery of platinum met&, when mnsidmd 
in the hght of the h o r n  rehtionsbip betwesn copper and platinum 
met& in these &, indicates that the larger psrt.of tho platinum 
metab ma hdd mechanidy by the copper mbmh and me 3 i b t e d  
in the ball mill. The, ~atitio of plhdinm to platinum appea~s to vsry 
considmbly but is believed to average abut 50 to  I.,... 

The analpis of the chdoopyri&a is also of some -t. Wid, 
Svw,  and platinum m e a  are found in the chalcopyrib, and ail- 
though t lh  fact does not permit any infmncea rn to hhe s ta te  of 
existenm of the pcioua metals, it serves partly to ~1)mh&h the 
dumces a h a  h. The ratio of gold to  sil~w'to platinum 
metala in the cMcx)p~&te is about 1 to 19 to 9, wherem the avepsge 
of om gnaIpea it is 1 t o  3 to 4. TIMI high ratio of silver to gold ia 
the cblcopyrib d p i s  k probably due in part to the lowar con- 
tent of gold in the chalcopgrite than in averege o m ,  owing to the 
gresenca of a & percentage of free gold in tb country rook; - 
but pmbbly it i due more Imply to  h e  &hw cantent of silvm 3.1 
tba cbal~)p$e, as a result of the presence of intergrown silver or 
coppar-8ilver aulpbidm. The hghm ratio of platinum mhah tRI 
gold in the chalmppita analps is interpretad as evidence that . 
more of the pbtinwm metals ma associated with the copper miner& 
than occur free in the country rock, thug cumborating the redstion- 
ship that appeerst to exist betwean the capper and platinum metals 
ia, the Snine. The anal- above given show from 0.13 to 0.21 
ounw of platinum metah to the ton for each 1 per clant of copper; 
the lower fqpre i~ more pbably  representative of the apapage. 

The mode of formation of this deposit and the dietrihtion of the 
ore present some puzzlmg features. The mutry rock, though 

ppxenih,  shows gabbmic isnd gabbm-pegmatitic phams, 
and at the west end of the glory hole a basic dike 4 feet thick cub tb 
pymxmik. Considerable epidotg a h  occurs, in part replacing the ei 
minerals of the country mck and in part w bveming veidet9. The 
ore' is evidently latar than the dike, for a bornite-chalmpyrife ore 

, shoot cuts directly m the dike. The country rock is much fr- 
tured, but t h e  is no ~~ syetem to the bet-, and no 



hrge &placements. The general trend of the mm of the fmtured 
and hdted rock, however, is believed to be about N. 75" W. 

At h t  sight the bornite and c halcopy~& may be regarded as ores 
wipegated from the gabhro maw. The aopper minerals do not a p  

, pear to follow the larger fraotum planes to  the extent that might ba 
expected in'm ore deposited from circulating wahm. Thb om ooem 
in h o t s ,  which appear mom or l ea  independent of the m k  fiat- . -, a d  the,bmnita is found as disseminated particles within these 
ahoota, eome of it in massive country rock at wme diatmc~ from any 

. m t  bpaninge. Also, free gold was ohmed which had been 
drawn out and alongaha by faulting subsequent to its deposition, . 
&owing that at Jest sonre of the fratruiag mwsmenh occurred 
after the dspoeitioa of the ore. On the other hand, Borne of the copper 
ore, particularly the chalcop@te, lies along the frwtarea h such a ' 
mumer es to show cImly that it e n t c d  the rooka and w w  dep i t sd  
mbeeQ~ent to the fracturing. Moreover, where the bornite OGGW 

in maeaive, unfmctnred pyroxenita; the rock-forming Ptinerals of ths 
pyroxenite,are noticeably alhwd, chiefly to epidote, with leas chlo- 
ritic mahrial; and the degree of this alteration ap- to be s func- 
tion of the amount of ore p m t .  Finally, the texture of the om as 
sesn under the microscope belies the appearance of primary chasaFter 
whiGh ie seen in hand spcimena. The country rock contains many 
minute oracks, adequate for ciFGnlatinp ore solutions, and the ore 
i b l f  ahows that it haa entored the rock in in manner and -laced 
the rock minerale. Hmm, though a11 the details of the ore dqmition 
can not be explB;aed, it smme.certsin tht thia is rrt lwt an epiganetic 
dopit-that i ~ ,  it was formed later than the conhhhg country 
rock. 

The prknm of ahaIcocita, covellih, d n a t h  copper pint 
+ d t a ; k a h l y  to dchment,  dno to  the action of mehonc watera 

working downward from the surftlce. The chdcocita and native 
copper ohmed by Knopf were at a depth of about 200 feet below 
the ~urfme and e b m  that enrichment h o c c m d  at leaat fm this 
depth, Thia is rather remwkable for southeaatmn Alaska, for it hae 
gmmdy been bliwed that in that region the recent glaciation had 
removed the eona of oxidation and practically all of the secondary 
d p h i d e  zone: It would be of inkmat ta know whether tbis super- 
gene enrichment ia 8 mmnmt mpmnting a preglacial mcondary 
sulphide zone, or whether it has occurred in postglacial time. In 
either cese the theoretical conclusion is that the ore will be found to  

4 become baner with depth, bat it is doubtful if this feature will prove 
of much economio importmce, as the percentage of secondmy d- 
phidm appara .to be relatively small. 



The Salt Chuck om deposit has been daveloped at the nurfnea by a 
d glory hob ltnd an open cut almdet d joining it on the e d ,  md 
undagromd by s tunnel 300 feet long which at ite fnce opth n p w d  
tbrwgh a stope into the glory hole. Near the face of this tnnnnl s 
winze baa been mu& 200 feet, connecting with a new lower tunnel, 
and the ~ h 2 8  h~ LBn cuntinued upwsrd EL a for 90 feet. A 
tPam 2,21W) feet long has heretofore been uasd to trensport ore hm 
the mine to the mill. The new lower tunnel, 1,225 feet long, hm now 
been eomplebd md d be used ga the main omway. 

Ore is now W i  taken from the stape that mnn&a' the apper 
fi&in%l with the glov hole. h a  of the d*cultim of mining ope- 
tions at thi8 property is the Ifiegulm distribution of ore   to pea. 
There me p r a c t d y  no data on which to  baee pmpecting, for there 

' is no veh or welideked &ear zone, and the s t o p  occur seemingly 
at rmdom. Tbem is a limit ta the mineralized zone, wbich probably 
minoides with the limit of tha fsulted and frtlctmd area of peridotite, 
but this ia neither sufEoiently definite nor sufficimtly circtmscribd 
to be of vaIue in laying out the mine. That such a limit exieta ia 
e h m  in the new lower tannel, which is 1,225 feet long and in which 
no om was seen until the tunnel had been driven 990 feet. The 

, horizrontd seqnmce in this tnnnsl from the portal inwsrd is RS foUom: 

. 8- in Eoufm M M ~  of d&& d m ,  
Fmt, , 

Bsrren comtrymk ...... 2 . .  ..I.. ................................ 980 . 
. .....-........ ...*......*......... Zone of d' ' ted bomita .... 15 

Bmmn wnntrymck .................... ,..... ,.. ................ 15 
Zoneof~mhatedbomite  ....................................... 30 

"Rarren cwntty m k  ........................... ..:. .............. 170 
, Zone ofdbwmhated ore, chidy  c h a l d t a ,  mbardhtely W t a  6 

I t  is not hewn in w h t  manner the ore zonm ah- sre cat by tha 
tunnel, and the t h i h e s e a  given, tharefom, may or m y  not repna- 
aent time crma mtiona of the shook 
. The ore is reduced in 8 concentration and flotation p h t  on the 
p&prty. Power for the mill m d  mine ia genemhd partly by water 
m d  partly by mmns of a 75-harsepowex FairbmbMam semi- 
Dim1 engine. Watar is taken from a 31~ame lske and d e l i v d  to 
the wheals in a Ibinch &mam, nndm a head of 179 feet; and when 
the mpply is adequate, 220 horsepower is genersted by this means. 
The supply of water, howe~er, is usually hdequate, and the engine 
haa to be run much of the time. T b  cmtitutea one &om handi- 
cap to  wonomical mining. 

Ore ia delivered at the mill info a 176-W atomge bin, from w&h it 
p through two sete of jsw m m h m  and is reduced to about 2-inoh 
size. This m~terial is then dnmped into a 75-ton bin, whonce it is 
fed auhmhticdy ta s Worthineon ball mill, with a rated cnpaoity 
of 00 tom in 24 houre. Final grinding ie st pwaent aacomplislred by 
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thie operation, but the bdl dI is overtaxed, and it is planned fo in- 
troduce mb between the Wuahem and the ball mill, reducing the 
prduct to  1)-inch size befom delivery ta the d l .  Thie will be a . 
peat impmvammt. T h e  pulp from the ball mill  go^% b a claagifier, 
from which the ovmize is conveyed back 'by a belt to a 

, trommd, while the h e s  flow off and are raised by a bucket elevatar 
belt to the fl~h8ti0n coPls. The oversize from the hmmel  goge bmk 

' 

to the ball d, and the nadmize to a Bies tarmtmng concentrab 
ing tabla, The flotation plant camiata of five ~ P l e r ,  in which are used 
mixEuree of oil of pine, pine tar, mmh, and cod tar. About 90 

+ p r  cant of the-ore is caught in the h t  two ceb.  From these tho 
canmntfa~pm to Callow cones, whem it is lmgely dewatersd.' Fhal 
.drying h tlccompbhed in Hter press=, where the moisture is dram 
off by m p m e d - a i r  mction. A shipping product contaiaing only 
10 per cent of mobture is said to be produced. 

The Dunton mine, the p m p t y  of the Dunton Gold Mi* Co., 
ia on Hamis Cresk about 2 miEw from bhe p s t  oficeof Hollk, at the 
upper limit of hgh tide. HiEl  h k  is nrlivigabla for small boats 
at high tide up to the mine. Th;s property Ijw at the sonth end of s 
mne of mimmlization, which extends eomewhat m ~ t  of north for 
4 or 5 miles, reschmg Borne distance nosth of Mir-bwo Creek. The 
Dunton property inclndea two c h  along thb minerabd mm. 
The muntry rock in tbis vicinity, a*clordmg to &pin,O mnaista 

of "8 mmplex agaembhga of igneou and qdimmtw~ rocks. The 
bedded rocks include tuff, hcc ia ,  mhist, limeatme, b k k  &ta, 
argiIlite, and pywaclke and are cut by a large boss of q W z  diorita 
and aasobted porphyritic dikee." T h e  wunby rock at the mine 
is a graphitic slate, wbich rangee in strike fmm east to N. 30' W., 
avemgbg psrhaps N. 30' E., and dips 12O-35" SE, The elete is 
much fa&d and slickemided, bnt the displaoprmenta are for the 
most par$ gsrdel with the rock structure. Th6 b h l y  graphitic 
chatter of the slate is partiouhrly evident along the alicksnaidod 
surf-. Finwaked dike mcks, in p1- pwphyritie, also intrude 
the corntry rock more commonly p H e l  with the stractm of the 
slate than otherwise. 

The d m I i z e ; d  zone on which the Dunton mlne is located extends 
ahout 2 milea to the northeast and then ch&w in trend or joins 
1moth4a zone which extends northward to  M a y - h o  Creek. The 

- northeaetward-tmnbg wne en& at the IIollia group7 of claims, 
and the northward-trending zone, which begins rt t that poiat, incltlde~l 
the Crackerjack and R a d y  Bullion lodee, t o  the north, although these 

'-fn,Th~Ime,lUa4-htbs-dbtrbt,l917: U.B.W.$urwy Bul1.m 
pn,roro, . 



two I d e s  s p p w  to be aepamb veb.  Aocording to Chapinlo three 
veins, h o r n  as fha lower, middle, and qpper h, are xecapimd at - 
th amface in tbh miner~lized zone. "These am appraximaMy 
parallel and forh a lode sptem foUowing inhive  porphyry dikee." 
The Pein that ia miaed at; the Dunton mim the upper vein. A 
10-lnch puarh twmn lies 15 fset M o w  &, and a bamm quartz vein 
Iiw 150 feet bww. 

Tho h b n  lode consists of a n w n k  of quark a t z b q p  which 
form a mhmahd wne in and onformable with &I date. The 
t h i e h  svmap about 7 fwt, thongh in& locally to 12 feet. 
Tbe individual quartz st* range in thickness fsom a few inches 
np to 1 or 2 f&. Much faulting has taken place ~~l with th 
vain, and slickemiding the ope +nd munky m k  but taming 
no apparent &pbment. Dikm run parah1 with the vein, more 
commonly on the bmgbg than. on the footwall side, but bere and 
there cutting'  am^ the lade. Many of thm dikes iere mineralized 
with pyrite, but they do not constitub minable om. They have 
been graatly altered ta secondmy produck, and the original pew 
graphic character could not be inferred. T b  vein pitches on the 
average about 280 SE. 

The qttartz is mineralized by amifmus pyrite, gold, and a little 
galena. Good ore ot.irmrs in shooh, which appear t o  be localized ia 
p m t ~  of the vein whew the dip is lowat. The ore is bwt w h m  
pyrite is most abundant. h d y  the slaty country rock c d e s  
mme gold, pmkkuh1y where it is pyritkd. A h t  7L per wnt of 
the gold is free, and the con~~ntr~tas wnsrist ahnmt wholly of p f i h  
T a k  aa a whole, the quartz md minmlbd countrg: rock, which 
tagether form tbe ore, would be clsssed as a Iow-grade gold m, but 
only ore from %ha richer shoots is mined. This gives a Fighm-grade 
ore but limitnr the available tonnage. 

Tbe mine is deve1oped by ran adif 364 feet long, which follows 
down the dip of the vein. .Four Mh--& short o m   FA^ 70 feet, 
mother st 100 feet, w third at 180 feet, and the fourth at 250 feet- 
oomtitute the chief development work. The om is rediced by a 
5ehmp Ckbm & Williams mill, with plaW and concentrating 
table, o p m t d  by h h  vertical turbines generating- together 90 
hornpower. TBe mill hw a capacity of 12 tons a day. WL* is 

'brought from Ranig Creek %hr?ough a 250-foot flume and delivered 
withaheadof 13 feet. * 

l o L p f m , T h d m ~ , q h  ait.,p. 



NOTES ON THE S A M O N - r n  RIVER REGION. 

The Pdmon-Unuk River +on, in southeastam Alaakg, is a trspei- 
form srea of about 1,800 square miles, lying between p d e h  55" 50' 
and 5 6 O  30' north latitude and meridians 129' 60' and 131" 10' west 
longitude. The international boundary betwmn AEmb and Brihh 
Columbia, exhdmg in a general northwesterly direction along the 
crest of the Coat Range, delimits the area on the nartheaat. This  
dmtrilct is adjacent ,@ tidewater, reaching Behm Canal on the eauth- 
wmt side and Portland Cmd on the souhheast kde. Oo ammt 
of mining activity in the vicinity of Portrand Canal, the muthea~ltern 
part is referrad to by Americana as the Portland C d a l  district md 
by Csnadians as the Portland Canal mining division, 

This portion of southeastern Alaska, along the internatfond 
h d a r g  and a d j a w t  to the intrusive rocks on the Comt Range, 
h a  been recognized for yeam as favorable for the 'murranm of 
mind deposits, and in the last 22 gears nummua more or leas 
pmmiaing deposits have been discovered and locabed. The p-t 
renewal of public intemt in this part of Alaska and Brifiah Columbia 
is due d y  to the recent mccassful development of some of t h w  
depmita at the head of Portland Cmd, on the Canadian eide of the 
bomdq,  and the promise which st~ch development halds forth for 
the au'bsequent exploitation of a i d s r  deposits that lie along this 
~18me mne of mineralization. 

A considerable amount of topographic and geologic work, both 
Bmericm an$ Canadian, has been done in this di~trict m d  in the 
area adjoining it. ! h e  h t  and mcwt wenkid prelimin- qu i r e  
mat-that is, 8 topgmphic m a y w g e  prepad by the Canadian 
Boundary Commiseion in 1902, in cunnsction with the m a t e  
location of the internetional boundaq; a d  in 1910 a topgraphic 
map of the Portland Canal mining mm (map 50 A) was prepared 
by the Geol@aI Survey of Canads. The later map COT= m d y  
the area drained by Bear River, one of the headwater tributaries 

. . of Fortlmd Canal. The ammpmying b m  map (PI. V] is corn- 
plld mainly from thsee two eources. A new map of this srea is m n  
& be iesued by the Inhmational Boundary amatinnion. 

7230°-21-Bull. 714----9 I29 



The principnl publicstions by workere in the United S t a h  I30- 
logical Survey that ham a bearing on the geolcgy and minedimtion 
of the Salmon-Vnuk River district are as follows, named in chronw 
logjcorder. . 

Bmke, A. H., WtUmharp repwt on the Retchihn mining cWrid, ilEBs9ca: VTJ, B. 
&I. 8 w e 3  Pmf. Paper 1,1902. 

Wxight, F. E., Tbe Unuk Rivw m i h g  reginn nf p r i ~  Co1umbio: b a d 8  h l .  
h e y  8urnr i~q  Rept. for 1905, Ottawa, 1906. 

Wright, F. E., and C. W,, The Ketchikan and Wmnell laining -&a, Alaska: 
U. S. GeoL Bump BuU. 347,189%, 

, C h ~ i n ,  Theadom, Mining devebpmmta in mtttheeaban A h k a  in 1m5: U. 8. 
C)eoL 8 m y  B& W ,  pp. H, 1916. 

T'h Shema d Portlaad Cand mining divisions include tba t part 
at tba SslmclbUnuk River region that lie in Brihish CoEnmbJa. 
Ndtes on the p m p w s  of miJng in t h w  divisions have been published 
annually far a number of yeam by the Britkh Columbia Bureau 01 
Mines, The IsWt of thase +eports dding with the vd1e.y of Salmoa 
River me as f o l k :  

Clothier, G. A,, Forthid C m d  mining division: British (lolembia Bnr. Mheq 
h. Rept. for IBlt, pp. rBg.fl, 1918. 

Jwk, P. S., Partl*nd Canal. miningdi*: Idam, p. *81. 
Clntbiex, Q. A., Pwtland Cmd mining dividan: Mtum for 3918, pp K&I-~~S, 1918. 

fnveetigatiom have also bean cafi ied on by fhs G d o g i d  .Sumey 
d C m d a  in t h w  mining divisions, rrad this 4 is still in pnqpm. 
Fuw ham 8o far bwn published, snd n Bth js in .course of 
pubBcation. Ths published reports am ss follows: 

Yc&mell, a, Q7 Portland (fanal d* Britkh Coiumbia: Carradr Cfeo1.8my 
Sumntiuy Rept. forl90g, pp. 69-89, 1910. 

McCanndl, R. G., Belmon Rivm d id&,  B r i M  Columbia: Id= for 1911, pp. 
60-56, 1912. 

Mc&nnell, R. a,, Portland h a l  district, B d t a  Chlumbia: Idem, pp. WYI. 
McOonneIl, R. G., Portioaa of Fo&d Cand and Skena mining div%ona, Skema 

-, B r i W  CahimbL: Ganada Geol. S u m q  Mem. 32,1913. 

The last named of t h w  four  publication^ is m n t i d y  a canpila- 
tion from the three earlier summary reports, 
The prmmt report repmenha no original work whatever on the pwt 

of the writer. It is mntially a brief compilation of $he work of 
-lief Ammicut and Canadian workem, prepared to meet $he de- 
rnmd for a wtstemmt of the available information on the aPea be- 
ginning fit Portland Can$ md extending northwsstward. The only 

of the writer for the preparation of mch a atatemant is 
a g e w d  familirrrity with the country gained by geol* field work 
in southawtern Alaska. The latest work by the United States OM+ 
l og id  S w e y  wae done in the Portland C a d  district by Theodore 
Chapin in 1916, and hia report ia cited &ova 
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PEYWCU AM3 ECONOMIC am-rn 
REUEF. 

The SalmowUnnk River region belongs in 1-a part ta the Conat 
' Rmge province of south&rn Alaska and i s  therefore an m a  af 
comide~eble relief, The area included in this report extends from 
tidowater at Behm and Podland canals to the crest of the Coast . 

Range and therefore lies mainly in the westem half of the Cow* 
'Rang& 7 3 0  fang9 in: this men is abont 100 mil- wide and has 
rather poorly defined m t  line. Many of the peaks of the range 
attsin slevatians of 0,000 to 9,000 f get, but within this area none 
exceed 8,000 beet. The mountain summits are more uniform in 
elevation in this wsstern portion of the range, within the area of 
&tic rocks, . than . on the east aide, where argillita and greenatones 
DCP,ur. 

Some of the larger atre- in this vicinity, such rn Stikine, Nsas, 
and Skeemn rivers, cat carnpletdy thmugh the Coast Range, and the 
amder streame are in general deepIg inched, rmulting in the devel- 
opment. of s marked relief. Thus Unuk River ab the international 
h m d q  flows st zm elevation of 600 fmt above m& lev&, and a peak 
a short diatance northwest rises to 6,200 feet, Similarly, B h o n  
and W rivefa have their upper bibsins adjacent to mountains of 
7,000 to 8,000 feet in elevation and reach tidewater within a distance 
of about 15 d m .  
In addition ta marked refid, thia area ie fnrther cbamctmized by 

Peg precipitous slopes, caused mainly by inkme gldation. q e  
higher paaka are ~ h w p  and serrated, owing to crest-line sapping by 

' 

theglaciem. Below 5,500feet the hills wereoverridden by flowing 
ice and the mesh me smooth and rounded, bmk the vdeg. w d s  have 
been ovemteepened by gi~cial  mur ring and are everywhere ~ery'pre- 
dpitone and in placea hoer, unscalable M a .  

The principal streams that draia this ,area, namd in order from 
northwmt to mutheaat, are Blue, Unuk, Leduc, Chickamin, Salmon, 
and Bear rivers. Of these, Blue River is tributary to the Unuk and 
Leduc River to the Chickamin. Unuk River enters Bum~gh;hs Ray, 
an inlet from Behm Canal, and Chickamin River enters Behm Cand. 
Salmon and Bear rivers anter Portland Canal at its head. Both 
Unuk .nd Chickamin rivers rise within the Coast Range and flow 
through more or leea canyon-like vdqs  in their upper comw. In 
their lower m, howewer, the valleys of these two streams broaden 
out md are chmmhked by wide, gravel-coved bottsma. At the 
head of Unuk aver ,  a h t  80 miles from. B m q h a  Bey, m narrow 
abide leads over to B branch of bkoot Kiver, through the volley of 
which it ie pmible to eater the inland plateau of Bri ti& Calumbia. 
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. ddition to t-, a thi6k mantle of other vegetation, i n c l a w  mom 
and' brush of 8everil varieties, covers the bed roc h expowres, exmpt 

' 

at high altitudes and on umdable cl is .  This mantle makea pros- 
pecting d i f i d t .  and accounts in part for the slow development of 
the mining P B S O ~ ~ G R B .  

WATER POWEB. 

Water powers should be available st many localities in this region, - 
owing to the large &e and steep grdienta of the streams. In summer, 
a is the general rule in an area of high precipitation, with atmame 

_ fd by mdting snow and ice, water ia usually plentiful, In winter, 
however, the supply is much lass, for the precipitation is in the form 
of snow, and glacial melting is at a midmum. Careful measur~zllonts 
of the minimum run-off in winter should p d e  the atablishment 
of power plants. Two power plaata have already been atablishd 
in Canadian hmihry, on Glacier and Lydden craeka, bributaries of 
Berrr River. 

' BEmmslENTE. 

The two important settlements are Stewart and Hyder, the former 
in Canadian and the latter in American hrritov. Stewart, the 
distributing point for the Canadian part of the mining district, is 
at the head of Portland Canal, at  the month of and on the weat side 

' - of Bew River, It had a population of about 250 people in the fall 
of 1919. Byder, the American distributing point, is about 2 miles 
fmm S b w ~ r t ,  at the mouth of and on the east ~ i d e  of Salmon River. 
In the fall of 1919 it wa8 said to consist of 30 to 40 houses and was 
mpplid with a wharf. 

Hyder and Skew&, being on tidewater, are connected by ateam- 
ship and gas-boat s e d c e  with Prince Rupart and Eekhihn. A 
railrod atartkg f m  Stewart haa heen built up Bear River for a 
distance of about 12 milw, and a wagon road has also been con- 
structed up the B w  River valley. Another wagon road has h e n  
built up the east side of Salmon River from Hyder for 11 miles, and a 
trail continues up onto the ridge between Sdmon G1aciw and Cascade 
Creek aa far aa the Big Mhaouri mine, a distance from Hydar of abut  
20 d m ,  A g o d  wagon road h & ~  been built from Elevenmile up 
ta the Premier mine, a distance of 5 miles. Another good mad con- . 
nwting Skewart and Hyder is nearing campletion. Daring the 
summer of 1920 a road wiU probably he built from Elevenmile up 
Big Missouri Ridge. The Salmon River road is the only feasible 
merrns of e g m g  f rent t h  ,Canadian mining proprkies along the west 
side of Bear River and on Big Missouri Ridge, 

Another meam of entrance to th is  region is by way of Unuk 
River. In 1905 a wagon road wes b d t  up Unuk River for a dis- 



fa- of 42 mila fo a mining prospect, but portion# of the road 
are n w  ww5hd out. 

QEQ WGCY. 

W m  FEb-8. 

Little geologic work has beep dow in the hericnn part of the 
Salmon-Wnuk River d o n ,  c k d y  because the mka are mainly 
intrusive and afford little infomation Fegrrding the plogic  &tory 
of ths region. On the Canadian side, however, a comidqabIe 
m o u n t  of gmlugic study and mapping haa been mmmphhed~ 
chiefly by R. G, M e n n e l l ,  of the Geological S w e y  of Canada, 
w h  mprta am lisfd on page 130. Subsequent work has been 
dona by J. J. O'Neill, of the same organization, but the results of 
his; iav~~tigationa have not yet been published, The wri* hs4 
m d y  compiled s condensed summary of the geology, so far as 
k n o w  at p m n t .  

The Coast R q  batholith of grmit3c r d m  is bordered od the 
mat in the vicinity of Portland Canal by two &em of aedimentarg 
mcb, mainly of atgjllsceod character, betwtwn which hers a vol- 
canic complex of -sive and fragmental 3gn~oua mke, 4 y  of 
gmemtone habit. hll  three of these frrrmstions am at by in-- 
sive rocks. At some localitim Terliary lmaa am dm pmmit. 
Overlying the hsrd mks m surficial depoaita of alluvial, ~ t u a r i n s ,  
and glacial o r i g h  T h w  six mpk units, namd in order from oldest 
to yotingest, are Sbe BitterCnwk fornution, t h e k  River formation, 
the Nass formation, the granitic m c h  of the Coast Range, the Tertiary 
lavas, and the eurFrcid deposits. , The Bear River formation is a 
complex of volcanic mcks, in which has occurred the minerhation 
on Basr Bvm m d  Big Missouri ridgee, where mining developents 
am now progrea&ng so mpidly. 

In the vicinity of Portland Canal the Bittar Creek fofmatian Ts not 
Iwmn. to occur wsst of Rmr River, and therefore it will probably not 
be %aem along the international boundary, where present mining in- 
tamst centere. T h e  formution comhts mainfy of wgillite, which in ~~ hm developed a slaty cleavqo, usually pardel  with the 
original beddiag planes. Some beda of much altered gmmmton~ of 
tdaceous origin and urndl nonperaistent beds of c r p t d h e  lime 
stone me interstratified with the @ts at certain localities. Thia 
g e r k  of rocks as q m e d  east of Bear River dips s o u t h w g s t d  under 
the o thm fornations and b wnsidered older. roch axe either 
Paleozoic: or Mesozoic; their exact age ia not h o r n .  In the valleys 
of Glacier and Bitter creeks, eastern tributaries of Bear Ri~er,  
quartz ~ e i m  aed other ~~ xwea at.6 present in the Bittet 
Creek formation. . ,  
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T'he upper 25 or 30 miles of Unuk River drains a schist-irgillite 
belt, which b@ &bout 4 miles uptream from tho international 
boundary md is probably, at least in part, the equivdmt of the Bit- 
ter Creek form~tion aa known east of Bear River. It is likely t h ~ t  
the schistme members in this belt have been developed by dpamic 
metamorpbisnm caused by the intmion of the h t  Range Batho- 
lith. This belt of argdhte appem to pardel the @te of the east 
from British Columbia to S k v a y ,  and is chmwhrized along ite 
whole extent by tha wxurrence here and there of silver and gold 

' beariug veins in the vicinity of the gani  tic rocks. PI acer gold and 
lode deposits of ~ilver, gold, and Peed have been found in the upper 
vdey of Unulr River, on the Canadian aide of the boundmy. 

At leaat two narrow bands of schist c m  Unuk Rker below the 
intarnational boundary, and a somewhat wider band follows dung 
the east side of Behm Canal. These schistme =la are believed 
to represent met&morphosed phases of the s d m e n t a r y  aeries of 
rocks sast of theCoaa t Range batholith. 

Werlying the Bitter Creek formation is the Bew Rivm formstion, 
which craps out along the east fflde of Salmon River in Maskrn and 
continues northeastward into British Columbia. This formation is 
dhe main country rock of the Salmon River valley, where a nmber  
of promising mining pmpe~ties are situated. It ie a complex m d e  
up diefly of massive and tuffaceous volcanic. rock. Tha massive 
rocb trre in generd of mdesitic nature and me dld porphyritm. 
fa generd they are porphyritic, though this f e a t m  is not notimeble . 
in dl hand specimens, and they show a flow structure in many thin 
swtions. Plagioclase feldspar in two generations is the chief con- . 
~ t i t ~ ~ t  and is accompanied by subordinate gmounte of augite or 
hornblende, iron ox5des, and slpati te. Secondary minerals, includ- 
ing chlorite, calcite, epidote, lencoxene, and hematite, am suffi- 
ciently common to impart to the rocks as a whole a greenstone habit. 
-The fragmental mh consist of tuff, volcanic breccias, and @om- 
era- and evidently indicate that sedimentation played s conaid- 
erable part in t h e  formation of this complex. This inference is 
further borne out by Ghe pmence of gome thin intercalated beds of 
mgillite. 

Along athe eaet aide of Salmon Creek, in American Mtovl wbem 
this- seri@ of rocb abuts qpinst the granite of the Gmt Rmge, the 
greenstones are i n h e l y  sheared and n e t a m o r p b d  and have 
developed into c a m e  greenish and grayish schists, in which the 
scbbtosity mu@y parallels the greenatone-granite mntwt. Tbe 
rr>ch dip steeply toward the p m i t e ,  and in general the metamor- 
@inn increases in .intensity in that direction. 



' Little need be erid of the group of rocks that odnstitute the Naea 
formation, fur &ey lrre not hown to MXZV jn Msska and have not 
been found to be minerdid. Like the Bitter Creek formation, the 
Nass comiats 5f.a thick eeries of argihte, with some coarse claatie 
beds. In the upper Salmon River ralley, *xithin British Columbia, 
isolated bodiee of such rocb overlie the Bear River formation. 

The intwive loch that c o m p e  the Gash  Range batholith range 
from granite to diorite and even to gabbm. Qumbhornblenda 
diorite, however, is the predominating type. The major p& of the 
Salmon-Unuk River region is occupied by granitic rocks. 

Within the central part of the granitic batholith the granite is of 
rather uniform texture, but 8t the edgm, particularly along the west 
flank, variation8 me seen. Thus dong the ahores of Bshm Canal 
pegmatite and apZite dikes form an intriceta network of white strmds 
at the edge of the ganodiorite, and in the adjacent schist smerd 
generatiom of such dikes may be observed. At s distance this com- 
plex of grmodiorite, scf i t ,  md dikea mrnble  a breccia. The 
granodiorite is &o cammonly gneissoid, and the included fragments 
of scbist merge into rocks reaembhg basic differentiation producte, 
ha i\. result of t b  condition, brought &bout by intrusion at great 
depth, the contact between the grttnite and other country rock is 
indlatixlet in m y  places along the weetern dank of the batholith. 
This condition is lass sppamnt nlong the emtern flank, although dike 
rock are also present there. 

The typical quwb-hornblende diorite of the Coaet R& is com- 
posed gasentidy of plagiaclase, feldspar, quartz, biotite, hornblende, 
and orthoclase, named in the order of abuedmm. Titanite, msgnet- 
ite, and apatite are accessory miner&, and amall amounts of SW- 

ondary products euch RS eepidote, nericite, calcite, and chlorite aha 
occur in the central part of the batholith. 

Thaee granitic rocks are the aourca of the ~ ~ i n g  solutione' 
that ham the ore d e p i t a  in thie dhtrict, but the methods 
af formation of the deposita have been deviom, and the multing ores 
show wide d8emncm in location, characbr, ex&nt, and mineral 
content. It is noticsable, however, that importmt mineralization 
dom not appw to have occurred within the main batholith but was 
confined to the sdgss of the granitic mh and the adjacent sedimen- 
tary rocks. Thia is due to the facb that the mineralizing solutions 
found their easiast upward course dong the frm Lured zones near the 
contact. The prutical importany of th ia generalization is that the 
best hepe of kding ore deposih on the her ic l tn  side of the Unuk- 



Salmon River district is dong the east side of Salmon River, where 
the Bear River formation occurs. 

The T & i q  baala of this 4011 sre gray- to Mnck pb~c 
phyritic rocks ranging in wmposition from basin andssib to normal 
b d t ,  cornpeed es~~utially of plagioclam, pyroxene, and magnetite,, 
with a little olivine or quartz. Some alteration haa taken place, but 
m a d e  them roch are very fresh in appearance. Them beds of 
lava have been little disturbed since their formation and in moat 
plecae lie dmmt horizontal. Some tuffaceous Iayem are interbedded 
with tba lavas. Postglacial basaItic l a m  are found in the lower 
d a y  of Blue River, just above ita junction with the U d  

The d c i d  deposits-are chiefly of three types, glacid, ~~uaring 
and alluvial, The glacid depositg consist of till, glacioffmi~tila 
material, and boulder clay, collected in d e p i t s  of many type. 
Eatusmine deposits M a r  to those now being formed in the heads 
of the fiords me found bn the hillsides at a height of 350 to 500 feet 
above the preeent sea low1 and point unmistakably to a ptg1acid 
uplift. Alluvial d e p i t s  compmed of silt, sand, and pave1 occur in 
the valley and are due to w a d a t i o n  by the v t  strmins, 
bumtrine deposits are alao.prescnt in small ams. 

'I"hb mineidad mne of the Salmon-Unuk River region lies mainly 
dong the east -8ank of the Coaat Range grmite ,batholith and b 

' 

therefom I+y in Canadian territory, except in the valley 'of Salmon 
River, at the head of Portland Canal. Prospecting. and mining haw 
been done at two general I d t i e a ,  one around the headwabrs of 
Unuk Rivw a d  the other at the head of Portland Canal, in the 
valleys of Sdmoon and Bsar,rivem. A zone of mineralizatjon, how- 
wer, lies dong the east aide of the gra& batholith in British 
Columbia, and it is very likely that other mineral depbsita wiJl be 
fomd along th% mne. It L significant that minerd deposits hevs 
been found at both the localities mentioned, which, m before pointed 
oat, are the two natural passages through the range fmm the weet 
in thia particular &trick: The Portland Canal area i s  the morn 
advlrxlZIsgeously situated, for Portland Canal CUB completely t b u g h  
the granite ahd brings tidewater almost to the miness. The renewal 
of inkrest in mining in this district is due to  the s u ~ f u l  deveIop 
ment of the Premier mine, and other pmpertiw of similar character 
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in the upper vdley of m n  W k .  Mast of these p p s r t k  -are 
on the Canadian side of the boundq,  bnt it is not unlikely i t b  
othera worth while will nltimately be located w the American side. 

mmK RTVEE. 

Phxr gold WM reported in the Canadian part of the Unuk Vdey  
duriug the Casiar excitement in the early se~gntiea but reoeivsd 
little sttention. In the early eighties gold-bearing gravels were 
discovered on Snlphide Creek, and soma placer gold waa mined. 
S u b s q u a t  to th;e rnsh of 1898 lode d6poait.e were l-ted on Sul- 
phids, Canon, and Bowlder cmh, tributaries of Unuk R i m ,  and 
on the N o d  and Sonth for& of the Unuk. Om Sulphide ChA 
two quartz veinEl in particular wem pmspected4ne a 2 to 3 inch 
~ e i n  of bh-grade ore and the other a 20 to 30 foot vein of lower- 
grade ore. Ths high-grade ore from the narmw vein conaiated 
chiefly of tetr~hedrite may copper), pyrite, ephelerite, @en% and 
native d v a .  About 3.00 tons of ore fmm this vein was x d d  in a 
mall stamp mill in 1901 and is reported to have given high nmsy 
r e t w n ~ ~  particularly in silver. The ore minmale of the other vein 
consisted of pyriM, galena, sphderite, and chalmpyrita, with a little 
native gold in the oxidized parts of the vein. The remoteneaa of 
these lodes from the mast and the dfftcdties of aceem, even after a 
mad was built up Unuk River, ham cawed 8 lm of interst in thk 
mineralized area, and of l a b  years no ;work bae been done in this 
vicinity. It is admitted tht a lowgrade pmprty would be of 
little value at h G  distanoe fwm the mast, but further pmpecthg 
along the e a t  eide of the granite batholith, north and south from 
Unuk River, with the purpw of locating l d m  of &h@e om, 
might be well worth whiIe. 

smaar- 

Salmon and Berrr riven? ht the head of Portland Canal, padim- 
ParIy the former, are the cantera of the present mi* Intemt in 
this district. Bmr River flows entirely in British Oolumbia, but 
Salmon River lies p d y  in British CoZumbia and partly in A l h *  
On t b  amount, and becam in-t cantars in this l d t y ,  odg 
the conditions ia the valley of Salmon River will be d i w d  here, 

S&&n River rises in Salmon Glacier and flow8 about 13 milea 
to Portland Canal about 2 miles belo+ Stewart* All of Salmon 
River proper liee in Alaska. Cascade and T m  c& are the two 
importent headwater tributaries. C d e  Creek rises in Brithh 
Columbia and flown about 6 milea rrouthwd to join Salmon *River 
about 2 miIa Maw the E ! ~ ~ E I F .  T e w  C r d  lies m W y  in Alaskds, 



L a3boot 10 d e s  in Ipnrgth, mil 00- in a g e e d  enehrly dimdion 
ta &Suhcm River abaut 4 miIes below the glacier. The main ridge 
MW~BD. &&mu and k rivers is knm as 3aw River Rdge,  

' m d  the m m k  ridge lying b e t w a  Salmon Glacier and h d e  
Gwk i~ d e d  Big h u r i  Ridge. (Sea P1. V.) T b  -ti@ 
now mder intensive development lie in the valley of Salmon River 

the WE& aide of h r  River Ridge and an Big Mkonri Ridge. 

ABEAL GEOLOGY. 
* 

The mtv mck &Tong the east side of Salmon River and Balmon 
River Glecier is mainly the andesitic penstone of the Rear River 
fomtion. TO the weat lies the granite of the Coast ' R q e .  The 
contact between theea t~ formations, however, is hr@m and ia 
marked by Salmon River only in the moat general way. TsoEsted 

' 

of gsanodiorite are prwmf in the 3sar River formation e a t  
of Salmon Rimr itnd in fafaat are the immediate a i t a  of a number of 
the ore depi t s ,  , ,  

The greemstana nmr the granitic rocla i ~ l  sbesred and at p l m  
mdered mpehintose, the schishsity trending north and dipping toward 
the granite. The shearing and fissuring that are related to the ore 
deposition, however, cut transversely across the earlier stmctura, m 
may be SIMI at the Premier mine. Dike rocb of a vsriety of t p ,  
m q h g  fmm granite to  more basic rocks, together with other intru- 
aivea of eimilar wmposition but of a -fine-gr&ed porphyritic char- 
acter, are found in the Beer Ri~er formation. Same of these dika 
arm mmeehd with tho intntsion of the Const Range batholith; 
others me no. doubt mare closely d a t e d  to the andmitic greenstone 
wquenm. It is pmumed that the mineralization is connected with 
the intmive ignmua m h  of the Gaet Range. 

1 Two general typm of lode deposit9 may be found dong the em% 
side of the Coaet R q e  batholith, within the Salmw-Unuk River 
m~ - Thaee may be deeigneted vein depoeih and mphmm8nt 
dqwmIts. The vein deposih m i s t  of metallic miner&, usually 
with q u d ,  which have bmn hid  down in opm f m ,  with a 
mjniPsam d replacement of. the country mb. Where ~uch d+ 
posits iill op- of regulrtr form, such as open@ dong fault or 
joint plma, true veins me de~eloped. Where the hfdtration snd 
d e i t i o n  hnve m m d  in irregularly fractured areas, wmething 
akin to a brecciated ore zone results, The mplscemmt depmita me 

/ 
those which ham bmn formed in aonea of ehearing and huring, ~ 3 h  
or without gangue minerals but rlxl;mmpmi.sd by much replacemmt 
eb the d q  rock. N a t d y  them two typm me not mutually 

- 



exclusive, lrnd both typm may be found in close association trt some 
localitiee. It appam that ths lodes along the east side of the C o d  
Range ham been deposited at shallower depth than those along the 
west side, a ~ l  at  Juneau, and in contradistinction to the lodes of 
K a a a  Penhuh they B ~ O W  little M no evidence of conta&rnab 
morphia origin. 

Depmits of both the typm mentioned are foand in the S h a m  
River vallsy. !I%e l o w ~ a d e  orea are chiefly imprqption and re- 
placerbent depoaita of considerable size lying along zones of &mrQ 
and hearing. They are characterized by indistinct rather than 
sharp boundark. The ore minerals are usually pyrite, aphderite, 
galena, and chdmpyrita, and the valuable constituents me gold, 
silver, zinc, and to a smaller extent copper. Pyrrhotite is present at 
some localities, but it earrim Uttle gold, as the gold b apparently 
associated for the most part with pyrite. At and in the vicinity of 
thme impregnated zsnm the country rock is much silicified m d  altered 
$0 calcite, chlorite, and eericite. In placm the gangue materid con- 
s& solely of such altered mmtrg rock. Considerable bxidation haa 
tden plm,  as is indicated by the discoloration at the surface out- 
crops, and them im reason for the belief that downward enrichment 
may have played some part in the formation of some of the lodes. 

The high-grade depmita are essentially rich silver tbnd gold o m ,  
occurring both as veins and replamment deposits, mmy of them 
within zones of lower-pda o m ,  These hyhe~-grade or& have not 
bem studied in detail, and their exact relation to the lower-grde 
o m  is not dehitely understood, though the evidence availdde points 
to their formation at s.somewhat later period. The silver minerah 
p e n t  in the highwde u m  include tvgentite (silver glance}, ar-' 
gentiferous tetrshedrite, =tin silver, pyrar@b, and proustite, 
and p-ibly stephanib and other S ~ ~ V P E  minerals. Little 'native 
gold ia s m ,  and o m  with high gold content are characterized by 
much pyrite. . . 

lmln PBOPEBTIEB. 

The pmperticm at preseolt b e i  pmpscted or developed iunluds 
the b i e r ,  biGd HiU, Big dMissouri, Bush mines, Forty-Nine, 
I n d h  minea, Znhational, Payroll, Yellomtone, Boundary, North- 
ern Light, Cmcade Forb, Spider, Hercules, Silver* Tip, Bunting, 
Unicorn, Lake & O ' m ,  New Alaska, Knobhill, and other groups of 
claims. . All Qeee are in British Columbis. The International,, 
Premim, Bunting, and Bnsh minm properti= lie dong tha wast 
h k  of Bear River Ridge, but the Indian, Boundary, Payroll, Minerd 
Hill, Rig Missouri, Rerculm, Forty-Nine, and Yellomtone groups of 
claitns strotch northward up Big Missoari Pi&. 

The Premier mine is at present considered the most promising of 
than properties. A d e e c r i p h  of $he history and development of 



this mine is given by C k l m  Bunting. !bb property, which origi- 
nally cumisted of two clsims, lim aIong the west side of Bear River 
Ridgs and was diism~erbd and staked in June, 1910. These and 
adjoining deims later passled'into the hands of 0. B. Rush, who 
organized the Salmon-Bear Ri~rer Mining Co. Thk mmpany and 
others to which the propedy waa successively bonded carried an 
developmmt work until the a p r i s  of 1819, when the potentislitim 
d the prop* were hally recognized and demomtrated by R. 4K. 
Neill, of Spokane. Part irtl ownership m d  financiaI control have now 
passed into,the hmde of the Americm Smelting & R e h i i  Co. 

The lode iR reported to .consist of three low-grade ore bodim and 
one of high grade, which pppear to  be of the replacement type above - 
described. The countrybock is the Bear River formation, or and+ 
sitic greenstone, greatly sheared, &wed, and fractured. The hgh- 
grade depasit, on which the most work has been don#, is an ore zone 
in the fractured porphyry and follows a shear zone of &wing and 
fracturing which .atrikm N. 80' E. and d i p  60" S. The gangue is 

. chiefly the ailicsed wuutrg rock. The ore miner& are reported to  
be argentite (silver glance), argentif emus tetrahedrite, stephanite 
(brittle silver), pyrqyrite, proustita, native silver, and pyrite oarry- 
ing much gold. A little pyEThotite is p m t ,  but it c k e a  only LP 

small pementqe of gold Small atringera in the larger om body are 
reported to cmry wonderful specimens of the silver minerah. Though 
d d  as a rich sil~er mine, the ore is valuable for both gold and 82- 

, vm, the 1dter predominating. A sampling of dI the present work- 
ings and openings is reported by Bunting to have given an average 
vdneweFlover530afonhs~~ermdgold. The512tmthnthaa . 
so f FU been shipped gave smelter mturns of $168,000. 
h m  is h o w n  as yet of the pwibiIitiea of the low-grade demita , 

on the Pmmier property, huh it is wumed that like other low-e 
'dqmifs near by, they con~ist of siIici6ed zonee in the andmitic p n -  
atone, impmpahd with sulphides, chiefly p ~ t a ,  galena, sphdorite, 
and c h d c o p ~ t e ,  c&rr=ying both gold and silver. 

The big M k ~ u r i ,  MineraI Hill, and Bush pmperEiea ara a h  being 
developed. 

With regard to mining propertias in the asaka portion of the Sd- 
mop Ri*er valley the following notes by Chapk give soma idea 
of what had been amomplished up to 1915: 

h gmup of claim extending born Sevanmile, on Balmon River, to Fkh Creek, hu 
b n  lmted, but only two of them have been developed. On the R i d d e  c l h  a 
tunnel 100 feet ahw the rivm flat haa been driven for 140 feet aloog a fwaum 
vein. Tbe vein averagea about 4 feet in width but piocben B 18 inch- and in 
plawe *dens to 6 feet. Both walls are well dehed.  The wall rock is somewhat 

1 ~rmtttU, Cbmh. Tha Rmbt M d  mb, Patl*nd Clraal, Brltlsb Colrrmbk MIL nnd &L h, 
NOT. 4 I ~ Q ,  pp. am-ma. 

9 Chapln, T W m ,  fn k h b ,  1916: U. k h l .  hmq Bull. blP, 
pp. W-BB, 1m 



~ ' b u t m h b W b ~ .  ThevsinM13qgiequ&z*rith-t-. 
Pyrll J. h e  mart a b w b t  along the- walI aad -in wtid bunches mb in 
diaaemimtd particlea associated with chalcopyrite. On the footwall @em in tb 
moet ptentifu! sdphide. The countq tock ia a p t a t h e  mh&. On a p d l d  Ids 
nf much the imme c s  the Rivervim clsim ia being developed. Tbe w i n  s t r i b  
N. 80" W. and &tips h t  RE. Aa sdit barr bum f i v % n  fm 13 kt, ex*% a 
vednth*tv11rimh]Ifmtto4fwtinwidth. Atthemmuthdthes@ngitis%lest; 
~rhacmthsmofadwidellst~4festrrathrt~of&actit. Attbs&ceitiafralla12 
ta 18 inchea in width. AEUlwgh the vain #wells md mwm'wu frorn1ph to plwt+ & 
wsl1n are well defined. 

At E t w d e  5 llttla prospeFting has been clone, and m v e d  clsfma h h 
lacated. Oa the Ele&le sad I m  c l b  a nlilober d o p ~  pi% have itxpasbd rn 
i m n d  l d e  tW lo1lown a lmmis,ted zone, Bid with v t k  of q m  M n g  
cWop@te, nphdaaiw and galena S t r b g m  of snlphide form ahoota of ve~y  rieh 
m P a i t h b i g h d v s r ~ t .  Onthehnclaimstonaf~hig~eorebaabeen 
sacked raadg for shipment. The Ide northasat and d i p  h p l y  nnwthwmt. 
On the M W e  sbwe Elevenmile, at an dtitude of 1,Sa) kt, the B d  and Wmkm 
c h i m ~ m  baing devhped on s n---ndng I d a .  O m  mhca cut 
thalo&.wbeatI&l5feetinaridth. I tcmkidai l ic i f iedachistaa~ntuffcf  the 
"R4arRiver fotmatioq" with d h d n a t e d  pyritq chalcopyrite, galan*, and rphPlerita. 
d number of claima have been staked on a zone of dj,minated depoaita expawd ahng 
8almon Rivm at Eightmile ana Ninemile, but only a Eittla work hes been done. 

Some p-nmkina lodw have been Imted by M q h y  t Btevman on l%h 
Creek d h tr ihtar~,  S k m b  Cleek, a r b  more than the necemsaay amrmnt d 
-nt work hse bean done. N w  the mouth of S k m b  Creek m sdlt wm 
dsi~enforWfeetaionga~tbothPdh~edbyaurbceZrew~fnra,OQOfeet 
The v&ia4& feetwide, Ptrikw N. 40' E., and dipa sbout5.5" SE. The quarts gangue 
&es galena, chalcapfit~, tddhedrite, ephalerite, and pyrite in veinleta and 
irrPgubt ptcb. J t  hr being exploited mainly for its gold md dlver Eontent. . . 

Neat &a b a d  atZhaL1Em M, st sn altitude d 1,800 fmt, a fiewrs vein M bsen 
o p s n & k y a a ~ ~ k t i n l e n g t h d a a v e r a L c r ~ u t s B 8 d i o c l i ~  T t # E m  
j, q- W l i c w ~ l & i d m  v n t  BFB tetraMte, chdcopylite, pleru, Pphddte, . 
and pyrite in bleba sad 7;aidete penetrating the quartz, and the richeat ore occurs in 
v d e t a  of tekahedrite and plena. The country rock i a  porphm and ;scktoRe tnff 
of tbe "Bew River W t i o n . "  The l d e  strikee N. 55O W. and &pa 45" SR'. At 
t h e ~ i t t a b o u t D i n r b e e w i d e .  A t 7 0 1 P e t f r o m h p o r C . l o n l ~ a ~ o f t h e v e L a  
is expcssd, as the w h a a  been m W B d  to a mall within the vein. A t  t b  plw the 
v e i n i a 3 f e e t w i d e p l w s n ~ m 7 P i d t h i n t h e * . a l l o f t h e d t .  A f v h p l a c a s  
p d o m  d the vein mid to be very rich have been #to@ out. At  300 feat from the 
adit mouth the lode iB abruptly cut by a vertical fault trending =ly perpandid* 
to* lode, snd n h d  driftw along the fault plans in hoth dimtiom hsd not A m  the 
Wtion of the faulted lode. -plea of om d d  to come h m  a nw-bp prespeet, 

-*: w ~ h  rrps not *tea, contain psrticlas d free gold in d k e o u s  gmgue. 
BevdchhhaveGeenBtakedonT~Cmek.  !Fheorehodiersramtobe 

quartz veins & m of t e h b d r i s  penatraw granite and -.cite. Little . . 
wak haa b n  done in this locality. 



WATER-POWER  GATI IONS IN, SOUTHUSTERN 
A LA8 KA." 

Sgstmmtia invaetigation of ltbs water rasouma of AZtwka wna 
begun by the Unitad States Geological S a m q  in 1906 and has been 
6 d  on in di f fmt  parts of the Territory to the prosent time. 
Thie invdgation was undmtakon in rmponsa h the need for definite 
informatian in regard to  water avdable for many uses, among which 
the moet important me hydraulicking, dredging, and supplying power 
for mina, canneries, end s a d s .  

The investigation of the wsbr resow- of southewtern Alaska 
was begun by the Geological Sumey in cooperation with the Forest 
&mica in 1915 and waa designed to determine both the location and 
tBe pmibi tiea of watwpower sib. The xmulta of previous years' 
work have alredy been published. a A table showing water-power 
' poasibilitiea in eouthaastern Alaska is given on page 184. 

Tbe Geological Survey majntained a number of gaging atstions in 
southeastam Almka throughout the year, and other stations were 
installed in cooperation with individuals and corporatio~~. The 
recordR obtained at these stations am contained in this paper. A* 
kn0~~1edgmant ia made ta those who have assisted in this work, 
pmticdmly to Mr. W. G. Weigh md Mr. Charles H. FTory, ,guper- 
viclors of the Foreet Service at Ketddcsn, and to Mr. Philip H. Dabr, 

, dietrich anengineer at Portlmd, Oreg. 
The stations'for which the remrds are presented are the following: 

Myrtle Creek at Niblack. 
Ketchihn CreeL at Ketebibn 
Fhh Creek near Sealevel. I 

Bwan Lake outlet at Carroll Inlet. 
Orchard Lake outlet at B b h p  Bay. 
Wolockum Zaga outlet at Bniley B~sy .  
RB1.ta River at Rarta Bay. 
Gaecsde h k  at Thomas Bay. 
Gmn Lake outlet eht Bilm Bay. 



Bmmof h k e  outlet at Baranof. 
Sweetheart W Creek nwr Snettiahnm. * 

Crater hh antlet at Speel Rim, Port Bneuisham. 
Long River M a w  Second Lake, at Port Gnettieham. 
G r i n h e  W k  at Taku Inlet. 
CsrEeon Greek at Sunny Cove. 
Sheep C k d  m e  Thane. 
Gold Creek at Juneau. 
Falls k e e k  at Nickel. 
Pmcupins Creek nenr Nickel, 

I - 
RTATION RBCORDB. 

Loc~mo~.-Halhy bdweea beach and Myrtle Take d e t ,  d d t h  is one- ' ' 
mile from tidewafer, 1 mfle from Niblack, h n o d  arm af Win & u d ,  Priom 
of Wdea Inland, and 36 milm by water from Ketehbn. 

DRALRAQE + ~ E A . - N o ~  mearmted. 
 came AVAIL~BL~RJU~~ 30,1917, b M b e r  31, I9lV. 
G ~ a ~ . 4 t e v e n a  oondmoua wstaestage recorder on right b k ;  m&md by e trail 

which leaven hwh near the mouth d the m k  
~ O J I ~ O E  Y ~ & A I u I I E ~ N ~ . - A ~  medium and high made from a cable acroar 

creek at outlet ot lake; ~t low BZagea made by wding. 
CEANNEL m W ~ Q L - T h e  gage iR in a pool 10 feet upatreem h a  a contracted 

prth of the  channel, at a rocky riffle that forma a weI1-defined md permanent 
controt At  the cable m A h  the bed i s  mnmth, the wster deep, m d  the current. 
uniform and d&. 

Ma~urea  OF D W C B A R ~ E . - ~ W  stu@ during yesr from wahrahge m r d e r ,  
3.07 f& at 9 a, m. December 18 (diachm, 1% md-feet);  minimum atage 
l.US feet, September &9 (diecharge, 2R second-feet). 
1917-1919: Mahmm Btage recordml, 4.40 feet at 5 p. m. Nwembar IS, 1917; 

discbarge, &tea from exbnsion of rating m, 887 eecond-k t ;  &nm 
w, 1.W feet September &9,1919 (dincharge, 28 second-fmt). 

1a.-S- relation not affected by ico. 
b a m w k .  reLation permanent.. Rating curve, debmined by 

five discharge meae~~rementA, is vory well d e h e d  be- 30 md 220 8errmd- 
feet. Opention of wmrkr+hge mcorder ~ t i a f a c t o r y  except for period# ahow in 
fmtnote to diaily-discharge table. Daily diachage nacettained for pri& 
m d e r  wm o p h g  by applying to mting table mem daily height; for 
period8 recorder mm not apsrating by determining d t h  s phimeter the monthly 
mema from au estimated hydrograph drawn by means of stan gage rasding by 
obeerver about once every 10 days, maximum and minimrim atagee indicated by 
the rworder, and mrdd hydmgraph, and by comparimn of the record fnr thia 
atstion with thBt for K a r h  River. k r d a  good except lor pedode whea the 
recorder stopped, for which they are fir. 

Myrtle Lske, the outlet of wbich'is 800 feet hm Niblack Anchorage, k 96 feet 
dmve nea level and covem 122 acrea NiblsEk Lab, the outlet of which is 6,700 feet 
from Niblack Anchwage, ie 450 feet above aee lewI and covers 383 m. Msry W e ,  
unmmeyed, ia about 600 feet above sea level and L a mile long and one-fourth to 

- one-half mils wide, The large lake m a  in thie smsIl drainsge b e  b the cam of 
the well-maintained BDw dduring the winter and of Utae r&W 

The fallowing diacbnrge memuernen t wna made by G. ITH. CanfieId: 
Augut 29, 1918: Ci.ge height, 1.20 feet; dkharge, 831 eecond-feet. 



dl* &&wp of MWbs ih?k ab N i i  for 191fl. 



I n c a ~ a o w . 4 e ~  mile below power b o w  of Citizenu Wt, P o w  & Watea 
Co. on+third mile nmth- of K e t c h i h  pod offlce, dawns- a00 feat from 
month of Fdmnbr  Greek (entering from right), If d l e a  from mouth of Gmnite 
R&I Greek (entering from left), and 1 j miles from outlet of Retchi'ken Iske. 

~ A I X A Q C  ~~lla.-xdDlsaaurad. 
RECORDR ae-m-November 1,2909, to June 90,1912; Jtlm 9,19U, to a b e r  

17, 1918.' 
U~~~.-Vert ical  ITM htmed ta a telephone p l e  neu bovd walk on left b d  at 

band of creek 200 feet downstwam imra month of Schambar Creek; read by 
employee of the Citizena Ligbt, Power & Ram 4%. The gage ysed dnce June 
0, 1915, conaided of the s t a n d d  Unitsd States Eeob~&d Survey enameled gage 
&tion graduated in hundredths, half-tenth, rrnd tenth fmm wro to 10 feet. 
The original gage, entabliabed Nwembw, 1809, md resd until June 30, 1912, 
i a  at m e  location snd w e  datum. It in a FIQE with gmdnaItim painted every 
Wth.  Gage not replscsd when a new talephone pole wsa plncgd Dmember 17, 
1919, by the company. 

D~SCE~AROE r-sv~~arenrs.-At medium sad high st.gea from fwtbri* &out MIO 
feat upstrsam from gage; m e d ~  s& poor, aa the bridge makea an angle of 
20° with the current, and at high stages the flow i s  b m h  by large d u m p  new 
left bank and st middle of bridge. Low-~tage mmmremente made by wxhg 
50 feet below bridp or ab another ~ection 100 fmt above gage. The flew of 
8 c h b a t  Creek bas been added to abGn tots1 flow paat gsge. 

C ~ N W E Z I  AND com~o~.-Gngn iB located in a large deep pool of d l l  water st a 
bend in cmk.  The bed of the ~treum at the outlet of thie pool i n  s wlid roek - 
ledge, but changw is a grsvel bat at lower right side of pool c u m  occaaianal 
changes in sbge-dkbrge relstim. 

EXTBEME~ OF D I B C I U ~ ~ C ) E - - ~ ~ ~ & ~ ~ I Z S ~ I ~  1&1919: bhdill- 0- recorded, 8,s 
fe t Xovember 18, 1917 (&bqe e$matd fmm exmuion of &ng curve, 4,400 
second-I&); minimum dim*, 34 mcmd-feet, Gepkmbm 24,1915. 

ICE.--Ice f o m  dong banh but control & o w .  
D~ERBIONB.-A ma11 quantity of water is diverted abow the station for the ose d 

the town of Ketchikan, the New figland FiRh. Go., m d  the Standard Oil Co. 
Raommos.--8mall timber dam and hdgatee are lo~ated at outlwt of Ketch ih  

h k e .  Water divemd thmugh power b o w  in returned to creek above gage but 
caum vary little diurnal fluctuation. During low water the flow is in& by 
water from the memoir. 

. 4 ~ n ~ ~ c ~ . - B ~ b a r g e  relation c h @  d w h g  high water A m  19, 1817. 
Rating curve used Aumnt 19,I9LI, ta December 17,1919, fairly well d d r d  helm 
and poorly defined above 800 eacmd-feet, Gage mad ta hundrdtbe once dgily. 
Dally diecharge ascert&ed by applying gtqp height ta rating table. 

The following &harp  masarVBment wait made by 0. B. W d d :  
Feb- 27,1919: Gage height, 0.18 fmt; diecharge, 49 ~ n d - f e e t .  



WATER-WW?IR I ~ T I G A T ! O r J S  IN SOUTHEASTERN bLb8KA. 147 

Dilydidwgt. in &-fmt. qfde-n at Kdehihnjm 1917-1919 . 
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'ImMmx-In btltude Mu 24' W., near outlet of Imwer Lake on F h  Greek, PdhI feet 
hm tEdemter nt heed of Thome Ilrm, 2 milee northwest of mine at %level, 
gnd 25 mila by WBBC~~ born BeWdkm. 

m a a x  m=-Not rn-red. 
R I C ~ ~  AWWLE.-%~ 10, Ig15, tb M b e r  31,1919. 
G r ~ x . 4 t e v e n s  nskta&ge m o d e r  on right &om of Lower m e ,  200 feet s h e  

anfht. 
D~CKUQE r1c-.-iCt mdiam and high made horn mble amm 

mi, 1 mile uQstream fmm gaga and 500 feet a b v e  h d  of Iawer lake; at low 
stagen rrmde by wading at cabla W p  one d c m k  en- Lower lkb, at 
pint appaeite gage, betwean the cable site and conhl .  

m n s ~  AND CONTROL.-The lake ia a b u t  500 feet wide qpfib the gse& Outlet 
coneish of twa chl~aneh, d about 60 feet wide, qwmted by an &and 40 feet 
wide. Fmm the lake to tidemaw, 200 feet, the creek a h t  20 feet. Bed- 
mck erpoead at the outkt of fie lake farms s well-dekd and pmcaneat crmrnl. 

Ems=- or n m ~ ~ & - - M m i m w n  gtsge during year h m  mtertage mwrder 
4-78 fmd at 11 p. m., Decemhr Ig (- computed h m  an, e x h d o n  of 
ming curve, 3,810 aewod-feet); minimum Btsge, 0.63 bt, &mh 19 (discharge, 
40 seccmd-fd). 
1015r1919: Y ' stsge bed, 5.33 f e d  November 1, 1917 (dkb*rge, 

4,BD(1 wnd-feet); *IUJI Btage, 0.50 foot, Fe- II, l a 6  ( d k h n q p ,  22 
eecond-beet). 

Xm.-Inwer Lake free&es o m ,  but na gage ia mt back in the 'bsnk ice does not form 
In well, and the mlatively warm water h m  the lake pnd the mift cnrr~rnt keep 
the control open. 

m h t b  v m t .  Rating cume d l  defined below 
and extended above 1,500 econd-feet. Opemtbn of water-ahjp recorder mtie- 
h c b q  except for + indicated by break in record &own in fmtnote to ddy-  
d w  table. Daily diecharge e e d  by applying to rating table mean 
daily gnga hei&t. determined by i n v t i n g  ga@eight graph, or, for dsya of 
d e r a b l e  %uchtbn, by averaging rPeuIts obtained by applying tn rating 
table rnm giqp beiphta for mgulw intmvab of cby. h r d a  good, except for 
ahort period of break in m r d ,  for which they are laiF. 

. . There am three lnrge lakm in the upper hain. Blg Lake, 2 miles from 
bwh at a~ elevation of 275 feet, covers 1,7W acres; Third M e ,  250 aaea; ~ m d  Minw . 
hkel at aa elevation of 1,000 kt, 800 acree. T w d h i d a  of the drainage l&.n js 



m v d  witbnthiek mwth ofthbsr and b d  i n b e e  with oc&d pmtihea 
of k v e r  awampand mwkeg. Only the tops of the bigbeet mounpsine we bam. 'Ithie 
& area of M e  mwkce and vegeCth, notwrthhding the steep dopas snd etbal- 
low &ordw a little ground a t o w  and d h r  a heavy precipibtion mdntain~ a 
good nmqff. During a dry, hot pdd in mmmer, h e r ,  after the mow hm 
melted, tbs flow bscames very low b u m  of lack of ice or glaciem in the dtsinage 
bepin. 
No dimhrge m m r n e n i a  wem m d e  st thia station d& the ma 

Nm-Disoharge br Wowing perbds &hated b u m  w l  -t$dsetory om~8ioa ot mmw~ 
m e r  1 ~ o m m a x h n m a n d ~ s t ~ ~ b y ~ a n d b y c o m  isonwltb b 
of othw btlw JW. , W soulfl-hi; Fab. 1-2R, 166 A I&~D 2 3  
and B, ar ahown in tablq dov. M,l% -!ed-ieel: Dee. 4-13, M d-gt ;  m d  Doc. %a7, f ,UX) d 
lest. 

ddmtAlg dhhmge of -A 0e-d war i%hl-wA for ISI9. 

Mny. 
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a58 
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40B 
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ME 
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W 
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8% 
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Day. 
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2., ........ 
8 ........... 
4. .......... 
5. .......... 
6 ........... 
7.. ......... .......... 8. 
9 ........... 

10 ........... 
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13 ........... 
1C .......... 
15 ........... 
18 ........... 
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18. .......... 
ig ........... 
2a. .......... 
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92 ................... 
23 ................... 
24 ................... 
25 ................... 
................... 
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2% .................. 
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30 ................... 
31 ................... 

Month. 
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By.... .................................................. pi1 
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The p r  ........................................... 
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~ C A ' E U I I X . - ~ ~  bekeen 8- W e  and tid-ter, on e& ahom of Can011 
Xdet 1 mile from ite had,  SO mil- by water fmm Rstddan. 

DWA~E AB~A.-Not mawred. 
Rnoomm avana~~~--Augwt 24,1916, to December 31,1019. 
UAGE.+VBU~ w ~ & & a g ~  recoder on left bank, half a mile fmm tidewater; reached 

by a Erail which ~ V M  besch back of old cabin one-fourth mile south d mouth 
of m k .  Gage wsm &ed out by extreme high wsCr in Novembar, 1917. 
New gpgg bmhlkd 10 feet farther back in bank st old datum, but with a new 
conbl, on May 5,1918. 

hmums 1 6 l e a s m m ~ ~ s A t  medium and high -, made fmm a cable acmm 
100 feet downdmmn from gage; *t low atagee, made by wading. 

~ N E L  AND c o m o ~ - T h e  gage well h in a deep p l  25 feet u m  from a 
mtrscted portion of the channel, where a f d  of 1 foot aver b e c k  forms a 
permmeet -mtml. The effect of the violent fluctuation of the watsf h e  
outside of the well iil d d  in the inner flmt weU, becaw the i n u e  
h o i ~  st the ;bottom are veay d l .  At the ab le  section the bed is rougl~, the 
warn Bhsllow, and the m t  vary d t ,  Point of zero flow ia at gage height 
- 1.0 foot. * 

E m m a  ap rimcam+~.-bhhwn Btage during year, from water- reoorder, 
6.65 feet at 10 a. m, Dacmber 18 (&charge, computed from externion of rating 
m e ,  3,700 mcond-fmt) ; minimum 8trage, -0.04 foot Nmh 19-20 (dkharge, 
36 second-fe8t). 
191519123: M u m  & a g e d  probably on N m m h  1,1917 (dbdwge, 

by cornparison with Fish Creek, 5,500 &-feet); minimum d b  
charge, 36 ~econd-fet, Mar~h 1%20,1919. 

Ic~.--Stagdiwbmge relation not aff&d by ice. 
A-cn.-hSw*harge mlation permanent. Rating curve, d e h d n e d  by five 

memmmmh and pint of zero flow, in fairly well defined below 2,000 
mnd-feet. Water-&@ recoder opaated aatisfwtody except far peridn 
i n d b t d  in footnote to daily-dhharge table. Daily mmtained by 
applying to rating table mean daily gage beighC de&ed by h p c t i n g  gage- 
height gmph, or, for daya of considerable Auctuation, by av-g d k h a q w  
o b W  by applying to rating bble mean gage heighln ior re$u1sr intervab of 
day. &milts good except for p m d a  of bresk in r d ,  for which they we fair. 



152 M~NEI~AI, RESOURCES OF ALASKA, 1818. 

Daily discharge, i n  second-feet, of Swan Lake outlet at Carrdl Inkt for 1919. 

Monthly diadla~ge of Swan Lake outkt at Cmoll Inb t  for 1919. 

Doy. 

1 ................... 
2 ..........._ 
3 ................... 
4.. ................. 
6 ................... 
................... 6 ................... 7 

8 ................... 
9. .................. 
10 ................... 
11 ................... 
12 ................... 
13 ................... 
14 ................... 
15 ................... 
16 ................... 
17.., ................ 
18.. ................. 
19 ................... 
20 ................... 
21 ................... 
22 ................... 
23 ................... 
24 ................... 

-25 ................... 
28 ................... 
27 ........................... 
28 ........................... 
29 ........................... 
30 ........................... ........................... 31 

NOTE -Disch&Pge for following periods estimated bearuse of u n s a t i s f a o t o ~ o ~ t i o n  of wate.r+! 
record&, by com arbon with ~ y o r d s  for Msh ~reek:'~an. 14-18, as shownin t a  le, Jan. Q7-31 1 4 0 s e c S  
feet From masmum and rmlurnum stages indicated b recorder and b corn w i h  ~ecord for 
othh st&ions as follows P\Bb. 1-28 120 second-feet Mar. p-7 60 seamd-fea( Se ??@ 360 second-feet. 
Oct. 1-31,940 second-feet; Nw. 1-7: 200 second-fee6 ~isohkge,  Deo. 30-31, est?mobdat 400 second-fed 
by comprlson with reoord for Fish Creek. 

------- 
176 ........ 

........ 170 

........ 

........ 
876 ........ 98 

........ 711 677 358 473 621 309 120 90 

70 

Month. 

0R.CRA.B.D LA= OUTLET AT SBRXKP BAY. BEVILLAQIaEDO ISLAND. 

137 
148 
141 
135 
132 

128 

D*ge in .#emlld-68et. I Run-ofl (in 
ncre-leet). 

~sximum.I Mmmum. I Mean. 

January... ............................................... 
February.. ...................................................................... 
March ........................... ....-. .................. ..................................................... A ffl 
d y  ....................................................... 
June. .................................................... 
July.. .................................................... 
August ................................................... 
September.. ............................................. 
October.. ........................................................................ 
November.. ......................................... 
Deccjmber.. .............................................. 

.................. ...................... The year.. : 

LOCATION.--I~ latitude 55O 5(Y N., longitude 131' 27' W., at outlet of Orchsrd Lake, 
onethird mile from tidewater at head of Shrimp Bay, an arm of Behm Canal, 
46 milea by water from Ketchikan. 

DRNNAGE ARE&.-NO~ measured. 
 RECORD^ ~ v ~ ~ u ~ w . - M a y  28, 1915, to December 31, 1919. 

92 
1W 
103 
87 
78 

72 
68 
111 
210 
1,260 
1,890 

1,610 

1 890 
is40 
1: 320 
848 
730 

1 110 
1: 750 

2 640 
3:470 

3,470 

............ 
43 
193 
aOB 
3% 
3% 

. 174 ............ 
' .g  --- 

43 

400 
343 
343 
374 
433 

848 
1,140 
902 
730 
630 

........ 
I 

875 
621 
497 
720 

1,170 

902 
693 
608 
509 
437 
397 

848 

736 
694 

537 
621 
473 
457 
426 

........ 

358 

321 
343 

337 
334 
340 
343 
328 
303 

960 

32l 
411 

218 
193 
181 
174 
193 
198 

736 

...? ........ ........ 
........ ........ ........ ........ ........ 

1,990 

8 
497 
374 

297 
267 
9% 
196 
170 

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

745 
888 

10% 
1'020 
1:230 

1320 
1'170 

;1:020 
698 

........ 



Gme.IBbvmm watmdage recorder on Aght bank 300 fwt below Orcbstd Lake and 
, 100 ieetdmvaniteof t i m b e t d b  dam, whkh built in 1914 for p p w d  pulp 
mill and asahed out by high mter Augurrt 10, 1915. Datum of gage h ~ e d  

2 '  feet Fq&itn& 18, 1916. Chge b e t a  May 29 to A- 10 referred ta fuet 
' 

datum; Augost 11, 1915, te A- 17, 1916, ta aeeand datum. Datum of gsge 
lowered 1 fmt Anguet 17, 1I116. Gage h-ta knguat 18 to December 31,1918, 
r e f d  to this datum. Gage d e d  out probably during high w s b r  on Novem- 
k 1, 1917. New gage bat8lled on April 28, 1918, at old mte st the datum of 

17,1916. 
WR~E Y Z A B U R Y Y E ~ . - A ~  medium and high dagem m d e  h d s  6 feet 

n- h m  gage; BZ low ~ B B  by d i n g  onefourth mile below m e .  
AND CONTROL-FtOm Orchard Lake, at  elevatim 134 feet alwve ,high 

tide, the stremm d W a  in a rrdea of rapida for 1,0110 f e t  thmllgh a narrow 
gorgq then divides inta two cbmelela and enters the bay in tffa wdea of 10% 
foot v d a l  fall. W t e  &a gags the nater is deep and the nvrent aluggiah. 
A t  tbemteof theold d a m  b e k  ia ex@, but for 30 feet upatream the channal 
ia  filled in with b e e  rock and bmh placed during construction of dam. ll-d 

, material forms a riffia which &a an LB control for water surface a t  w e  at low ~ n d  
medium stages atld is scorned down when ice goee out of lake; the mckoutcmp 
a t i t e a f  old a a m r r c t s r n a c o n m l a t h i g h @ ~ ~ a n d i r l ~ e n t .  a 

E ~ X M I E I  OP ~mmma~.-hfaximurn atage during gear fmm water&aga recorder, 
9.66 feat at 12 p. m. December 18 (dinchge, 6,660 mmnd-fd}; mioimum Btage 
r d e d ,  -032 foot March I9 (discbarge, 35 rrecxlnd-lest). 

1915-1919: Maximurn Btage o m e d ,  probably, on NovembPa 1,1917 ( d k h q a  
&mated by multiplying m~xirnum diecharge at Fiah Creek tbat date by 
1.65, ahi& ia the ratio between the maximum discharges of Orchard lake outlet. 
and Fiih k k  on Octabar I6 and 15,1915, 7,1100a~d-feet);m.imimum d k h g q '  
&hated, 20 m n d - f e e t  February 11,1918. 

I ~ . - S t a g d k h q e  relation not affeded by ice. 
Amvmc~.-Stage-d M a t e : @  relation & a n p  w a m i o d l y  durfng bfgh wu&. Rst@ 

curve, determined by five dbchge mammementa m e  aince new @ge was 
W e d ,  pint of 7 . m  flow, and form of upper portion of old rating m e ,  ia well 
d&d below 4,000 semnd-f~t. Water- recorder operating 8aWactory 
except for Per;& indicated in fmhota to dail ydiecharge tabla Daily dkhrge 
w e d  by applying to mtbg table maan daily m e  height determined by 
inspecting gageheight graph, or, for daya of mnaidemble fluctuation, by aver- 

.aging rmulte obtained by applying to rating table meen gage height8 for regular 
i n t a n l a  of day. Recoda good, except for period of b m k  in rmd, far which 
they me ff4z. 

The highest nmuntaina on khk d m  ba$a ~ t e  only 3,500 feet above mm level 
and pre w v m d  to an elevatronof 2,500 feet by a h a y  stand of timber and a thick 
u n d e  of btuah, fmm, alders, and d d ' a  club, The to-pby in not tm 
rugged as that of the ares -Wing Fhelockum lake, and the pmportinn of vgp4 
Won, mil mver, aad lake wea is pester, so tbat more mter ia aimed and the flow 
in *e Orchard Ioke L better awtahled. 

mmmmem& oaf UAwd  Zatt  kt at SMmp Buy dun'w 191$. 
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3mrrrrrg ................................................ 
F e h m y . .  .............................................. 
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July ..................................................... 
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* 
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11,080 
244 

P a c t  
m21.530 
I'SVO 
1,mn 

wO 
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85 
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.... a ....... 
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bW 
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WATER-POWER I WU3STIGATfONS I B SOWTW&kSTERPT ALAS- 155 

hm~.-En Istitude Wo 00" N., longitude 131" 36' W., on w h m l  nmr outlet of 
Bhelochun Lake, thw+fourthe mile by Fmwt 6 d c e  trail fmm tidewater at 
north a d  of Bailey Bay and 52 milea by water north of Ketthihn. 

DBAIWAG~ a-.-I8 apaare milee ( m d  on ~hoaOe Noe. Fi and 8 of the A h h  
* h d a r y  Tribunal, edition of 1895). 

*ma A V A I I A B L E . ~ W L @  1, 1926, h October aI, 1glg. (-hdgb% p p b ,  Da . 
cember &31, 1919, could not be removed from rerorder, becam of ice in bay, 
in time fm inc\u&m in tbIa bulletin.) 

Gmg.--Stevm continuous watm&qy mcmler on right shore of Zska, 260 feet above 
outlet. Gagw b o w  waa pushed aff the wotl by a nnomlide Jauuary 4,  1917. 
G q e  not put into omtion again until May 23,1917. 

W m r  Y B A ~ E ~ . - M B ( I o  fmm mbIe smas outlet of lab, a00 feet below 
gsgs-d  50 feet upetmm fmm cmd of fulls. 

~ N E L  AND comn~.-Opporrita the m e  the ldze in 600 feet wide; at h autlet 
. L~edrock iR e m d  and the water makm a nwlg  papendicular fall of 150 feet. . -  . 

Thie fall f m a  an exeeIlent and -anent control for the gage. At  extremely 
hiah- the lake haaanothrrouti&about200 fcet to  left of main outlet. Poht 
of'- flow ia &t , t e  height 0.6 foot. 

Exmrtn~a or n~ac~h~at.--hfaximurn recorded during year ocrmrred, prob 
rrbly, on December 13; minimum diachilrgs (eedmtrtd from hydmgmph for f i f i  
Crook to have occurred March 23), 8 mnd-f&. 
19161910: Msximum ~tsrge, 6.84 feet a t  & a. m. November I, I911 

2,780 mud-{net) ; minimum discharge, &hated from climatic records, 2.5 
mcond-feet, January 31, 1917. 

Ioa.-Stapdkchayto relation not a f f d  by ice. 
A w n s ~ c ~ . ~ ~ k h ~  ml4on permmerit. Rating &me wall d&&. Oper- 

ation of wateacshge recorder mtkhctory except for M o d s  of break in rcrord 
shm in the footnote to dailydiacbsrge &Me. Ddy dimhatgo kcrtained by 
applylng to the rating table mean daily gage height detamind by innpection of 
gqe-haight graph, or, for days of nmpiderable fluctuation, by avewng results 
obtained by applying to rating tabla mean gege h&ghta for w l a r  interrnls of 
day. Recmdlr excellent, except for p a i d  of break in mmd, for which they 
pm fair. 

# 
Bh- M e ,  at aa elevation af 344 feet, mvm only 950 acres. The drainege 

l&n above the M e  jB rough, pripitoua, and w e d  with little soil or vegatation. 
There are no glllciers or ice field8 st the mum of the tributary strearnu. Thcmfow, 
bmww of little natuml Btorage, the run-off after a haw rainfsll k rapid and not well 
8ustaind, and during a dry summer or winter the flow becomm very low. The large 
amount of snow that mxnmulata on the nrainago b d n  during the h t a r  main&&- 
a g d  flow in May awl June. 

Tho follwiq dimharp memmment wes mede by 0. H. C d e I d :  
M m h  4, 1919:  gag^ height, 1-14 foet; disc-8, 15 eecond-fmt. 
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lorothdqflllons: len &18 115 s s d - l m t  Fsb 1-% 45mxml-feat' Mar. 1-8 Xhsecand-loet.Pbar lbsl  
75wm-t~mt. ~ p ~ 1 - k  d-4-font: ~ d ~ . m t o d p t . r , d a l ~ y  ~Se~gern~hlhorvn1ntebl~:'~s~t,2~r~0: 
110 wru-bet: and k t :  1-31, HI second-lmr. 



m a o w . - I n  latitude We Sf N., longitude 132- 37' W., at head of K.rta Beg, 
ppannd-Bay, w eastcumtof Prince of Wda lalaad, 42dmilesbywater 
m Clasence R M t  fmm Ketchihrt. 

D ~ I ( I E  a ~ ~ a . 4 9 6  square miIm (U. S. Fofest hmim mmmahmce map d 
&ce of Wales b d ,  1911). 

R E C O ~ ~ ~  avaeaam.4dy 1,1915, to D m k  31,1019. 
G ~ t j ~ 4 t w e n s  continuous W ~ t e r s t a g a  recorder on left bank, mf a n d o  above 

t idm- ,  at h ~ 4  of Kmta Ray and I+ mila below out& of Little Mmon 
Two p r  cent of total d m h p  of River en- between outlet of lake and 
#SF'. 

DIUXXUGF umasmmu~rrrs.-At medium and high ~tagw madla from cable mrm 
river 50 fw upetream hm gage; at low atages by wading at cable H u n .  

-L AND como~.-FMm Little Bdmoa Lake, 1 f mifee from tidewater, fie 
rim deeoenda 106 feet in a &a of mplde in a wide, nballoa channel, tbe bangg 
of which are low but do not overflm. Tha bed ia of coarse p v e I  and baldere; 
mch crop out d y  at wtIet of lake. Gage and cable ate at a pml of dl water 
formed by a m e  of c a m  gravel that mskm a well4efhed and kpmment 
contmt. 

Exmzuree or ruecaaactk-Madmum utqe  dnrlng the yest immwster-ubgehe, 
4.75 fwt mthuted to have occurred b e w l m k  10 (disbarge, from e x e m  of 
rating curve, 3 , m  aeccmd-kt); minirnum.ntsge, 0.85 foot, March I0 (diachwge., 
64 mend-feet). 
1915-1019: h k h r r m  stsge, 5.5 fwt N w m h  1,1917 (dischwge, 6,070 mcond- 

feet); flow, 21 ~ o n d - i ~ t ,  February 11, 1918, 
A o ~ v ~ ~ ~ ~ ~ . S t a g e a i a c h s a g e d ~ t i c m p e r m a n e n t .  Rathgcurve~elldefiaedbetween 

g0 add 1,500 mmd-fet; extended below 86 eecond-feet to the point of zero 
flsr and lrbove 1,500 mnd- fee t  by &tion. Opemtion of wateratage 
mml~t mtmbzby except for per* indicated by braaka in record m shown in 

' 
Imtaote to d d j - d k h s r g e  table. Daily diechsrge a e c e r t a k d  by spplying t~ 
rrdng table mean daily gaga height determined by inapcting p g d ~ & g h t  p p h ,  
m, for dpp of connidmble fluctuation, by av&q results oh&& by applying 

heights for regular in- €a rating table. Remrds excellent except for 
periods of braah in m r d ,  for period affected by ice, and lor discharge above 
I , W  aeeond-fee% for which they are fair. 

Tbe combined atea of Little hhnm lake at elewtion 105 feeE md S.lman h k e  
at s l e d o n  110 feet is 1,600 -. The slopes dong the right shaa of lap- and at 
heed of fialmoa Lake me gentle, and the araa included by the %@foot contour above 
l h  outlet in 6,600 8mea. The drai- men to elevation 2,000 feet b heavily cover& 

, wit4 timber and d e w  undergrowth of fern, bruah, and alderu. The upper psrta 
ofthemoun(aimare~vetedwiththinsoilandbmh. Odysfewpsh~atanelava- 
tion of 8,500 feet ore bare. Tbia lnrge lake and Aat m a  and thick veptel cover 
did d d e r r b l e  n n t d  storage, which, after havy +pitation, maiotaina a 
good numff. The mow pndly melts by the end of June, and the N U - D ~ ~  becornea 
very low during a dry,  hot summer. 

T b e F a r e s t 8 w t i c e i n t b e r m m m e r o f I 9 l 6 ~ a p a c l r ~ ~ ~ d ~ W  , 

, tb outlet of Zittle Ealmon l d e .  
The following dincharge rn-twua made by G. H. M e l d :  
March 8, 1019: Gage height, 0.98 foot; diaehruge, 88 second-fmt. 
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I 0- AT BAT, B*u m m .  
Laarmn&fd mile ebova tidmtar w each &me of mth arm of Thoman 

h y ;  22 milea by mtet from Petamburg, One -1 tn'butary mtera h river 
' from the left Mi s mile above gage and 2 milee below lake autlet. 

D s u w ~ o ~  ARE~.-ZIA square mil- (rnwml on the United Statea Oeolcgical 
B w e y  gm1q3ic reeoni-ce map ot tbe Wrangell mining d*ct, dedition of 

' IsW). 
AV m m . 4 M o b e r  27,1817, 'Decmbm SI,191$. 

C)ao~.4hvmw wa- meorder on. left bank, one-fourth mile from tidewater; , 

reeched by trail which lesves beach back of old cabin at mouth of creak. 
DmxAao~ MEX~VRBMANTEJ.-A~ medium and high made from log footbridge 

ecroee &ream onefourth mile upstretsm from pge; at low w, made by wadiug. 
GakWrJn~ AND u~mo~.-F*rOm the outlet of a &lal~0 at an ehvntion of 1,200 f e d  above 

wa Iwel and 3 mila from tidewater the river de~cenda in a mtinuoue &ea of 
rapida and fall8 h u h  a newow, deep canyon. Gage is in a protecbd d a y  
e h e  a natural rock weir, which forma B wal l -dehd md permanent control. 
The M of rivar under the footbridge ifl rough and the current owift and irregular, 
but this m i o n  js the only plwe on the wbols r i m  wheae evea at law and 
medium &gea there are no boila and eddim. 

 EXTREME^ 01 D I B O H A R ( I E . - ~ ~ ~ X ~ V ~  t3bge d u h g  h W&- ierord~, 
7.0 feet at IO p. m. Beptemher 21 ( d k b q p ,  from extanoh of rathg c m ,  
1,670 second-bet); mlnimum d i s e b g e ,  2n m d - f e e t ,  aitimsted h m  climatic 
dPta and record of flow of Bweethaart Fulh Creak. 
1917-1919: Meximum atage, 7.li5 feet at  11 p. a. N w e m k  18, 1617 (dinchsrge 

- computed from extenmion of rating curve, 1,980 seoond-feet); minimum 
0.80 fmt a h t  A p d  6, 1018 (discharge, 17 mend-feet). 

h-4 t sged iachge  relation affected by ice for ~hort  par id .  
.km~~cp.-Stlrge-disChq-e relation pennaaemt. Rating amme wall d&ed below 
, . 1,200 awxlnd-feet. Operation of waCratage recorder m e t o r y  except for 

p i &  indicuted in £oatnote tu dsily-diacharge tabla. Daily d h h r g e  mew 
tained by appIying ta rating table mean daily gage height determind by bpe& 
ing gage-height graph, or, for dsya of nwaidemhle fluctuation, by avaraging dis- 
charge for equal i n t a d  of day. Rerorda good except f or peafoda wben recordor 
did not operate mtidectorily, for which they am fair. 

T b e ~ m t e r m t b i a e t r s a m f o r a ~ ~ o r h a t a g l p l l n I * t e 8 m i l p a f r o m  
tidmtea, at an elevation ot 1,200 feet above ma level. pci draimga area above the 
pghg ntation M 21 equm milea and above the lake outlet 17 a q u m  milea. Flow 
during mmmer in sagmented by melting ice from glacim on upper prtim of aninage 
srea. 
No dimhuge mmmmmemta were made at thia stgtion d u e  the yew, 
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frooamm-11n latitude 58" W N., fwgituda 135" W W., st outlet of Oreen lake, 
hed d 8~~ Bmy, 10f milea by wstm eouth of S i b  

Ds*maaa -.--Not memured. 
Rtcoaoe ~ v a u ~ ~ . - A u g u s t  22, 1916, ta December 91,1919. 
G~as.-%wena watewrhge recorder w right bmk, at outlet of l&e, remhd by faail 

which lesvm the M h  one-fourth mila north d mouth of w, d a 
mfmt ridge, B I I ~  then drop down to the outlet of the lake. Gage &tam low- 
ered 1 fmt December 27, 1918. 

m l  XEA€&UREMENTS.-M~~ from able  8- QUaet 30 f d  MOW g.ge. 
CHaalmt ar~n como~.-Fmm Qreen M e ,  240 feet above nea level and 1,800 feet 

from tidewater, the atraam descendu i n  a serir~ of fdla and rap& thmugh a narmw 
myon whaw exped rock walla rifw vertically mom thm 100 feet. 

E x m ~ ~ m s  or r * s ~ o ~ . - ~ u m  atage during y m ,  12.4 fee$ probably on Oc- 
t o h  6, &tud horn v e r t i d  line tmed by recmding pend while d d  d 
r d e r  did not nin ( k h w g e ,  &hated from extermion of 1phg c w e ,  3,a)I) 
eecond-feat); minimum a* recorded, -0.05 fwt $farcb 27-29 (diecharge, 10 
mad-feet). 

1826-1919: Msximum abge &ed, 13.0 feet, 8eptamh 26, 118 (ddwp, 
mshated fmm ~~ of rating m, 3,300 m d - f e e t ) ;  minimum Btage 
d e d ,  -0.05 h t  Msach 27-29,1919 (djscharge, 10 aecxwd-feet). 

SPE.-IC~ fomm on lake and at gage, but becam of current and flow d relativaly 
warm watber h the U e  the wnbd remains open. 

A ~ c s ~ ~ ~  nhtion permanent. Rating mme well dedined 
10 and 1,300 aerond-feet. Operation of water-etsge recorder satidactory except 
fw p d d a  indicsted by b&a in m, M ahown in the fodnota to the daily- 
disc- table. Daily dkbargs dried by applying to the rating table 
m a  daily gage height, determind by inspecting gage-$might graph, or, fa 
dam d considerable fluctakion, by averaging read& obtained by applying to 
rating table pge hdghta for regular i n t e d  d day. Rmrda ex;epb 
thane fw p e r i d  when gage wuu not operating d d y ,  which are fair. 

f n t h e ~ m d w i n t a r t h ~ f l o w h I w a ~ ~ i a l i t t Z e g i r m n d s t m a g e , a n d o n  
most of the atoinnge stee the precipitation i a  in the form of anow. This accumulated 
anor produces a 1- rutl-off during the apring, and the melting ice fmm the glacier 
md the i v p e d  mountdm augments the mn-off h m  precipitation during the 
snmmsr. The area of Graen Laka i a  eetimated to be about 175 acres. a 

I The dhzbgo  mwurernents were made st the station dlving the w. 
* a ~ a ~ p a m m i n u , e ,  G ~ ~ . B ~ B ~ . M z , w M ~ ~  



162 ~Nl3FtAL RESOURCES .OF ALASKA, 1919. - 

Daih m, in &mad+&, of @men Xuk at 8ilw Bay far 191 9. 

N m - m d w g o  w I d l e  exthted ,  bWlplss d 
-MI -- d t h  h q p h p  f01 &her *Urn YY. 3.15 8man=%ddz= 
~ l a c o n d - h t ~  from rnaldnrmn and mlo mum abgm indhterl br recada md by oom- with rsrorrl 
of !low l&wrrthew F& ~ r r r k :  A u  1 14 WJ m d - 1 4 ,  hug. 24.41 3 l  m d - k e t  4 t 1 4 0  Em 
wand-iset; and Ocr. 1-1 HO wmd-kt ;  maximum end d n h -  vtsgm inacaldia%p nc~kaw 
and hyomnpsdmn dtathoimtl~deta lor J-uand hy hsoIotheratatians: Ool. 2Wt, rim- 
Icet: Nov. 1-28, 185 mend-fmt; snd Dee, lMT, XU -%%t 

~ i a ~ ~  
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h'auemw ....................................................................... 1x1 
ntoemm. ...................................................... SI laR 

Th*Jem* .......................................... 102, ma 
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LOCATION.-I~ L a M e  5P 5' N., longitude W 64' W., at oi -, st 
M of Wsm BpringBay, esst cossE of Damnot Island, 18 mil- emt of B i t b  
&ma k h ~ d  but 96 milee. from 8 f b  by water through P d  Strait. 

D B ~ ~ A Q E  -.-Nut m d .  
A T W L E . ~ ~ ~  28,19'16, to kah 31,1919. 

U A O E . - ~ ~ V ~ M  ~ 8 -  d e r  an right bank 300 feet belar -of Zdaa and 
&00 feet above tidewstar at head of W m  Spring Bey. 

lhwmm~ uwmmsm.--4t medium and high w, arble m a m  
loo feet below lake and 600 feet ahve m; at low -, by d i n g  100 f& 
hIOW cable. 

-EL AND wmtc-FKlm B e  M e ,  st elg~gtIon 130 feet above sea I d  
.and 1,500 feat h m  tidmtar, t h e m  descemdr in a mriee- of mpida and rrmall 
WE and en- the bay in in d e  of about 100 imt concmhted fall. The 
bed is of glacial drift, bmldm, and rock outmop. The g a ~ e  is in an d d y  50. 
feet dmmtrmrn from the foot of a d l  fa11 and 100 feet updmm horn a rifIle 
which forme a w e l l d e h d  contml. 

Emmmna or ~mc~~srr~.-Ma;ximum m e  &ed durhg year, 4.78 ieet at 3 p. m., 
October 6 (dkbmge, computed fxom an extmisim of mthg curve, 2,010 m a -  
feet); minimum flow, entimated by c o m m a  with record of flow for Green 
La%e outlet, 20 mnd-feet ,  March 27-20. 
19Sl919: Pdarimum ~tage recorded d u h g  p d ,  6.3 feet Augwt 10, 1915 

(hharge,  computed fmm exfmmon of rating c w e ,  3,950 emmd-feet); mini- 
mum flow, d a t e d ,  20 second-feet, March 27-29,1919. 

lete.-&mwm of the d t  current and flow of nelntively warm water .from the Iake 
t h e  straPm ternaim open. 

r)Ivrse~ome.-The f iwne to O a ' s  mwdU dim from the &an 200 feet below 
only sufficient water ta operats a Z5-horeepower PkIton. water wheel. 

~ m . 4 t s g e a k h g e  relation v e n t ,  not s f f d  by ice. Rating curve 
well defined below 2,000 mnd-feet. Operation of warn- recorder mtk- 
fpctorg except for p i d o  indicated in fcmtnota to dai ly4kchqe  tabla Daily 
diachege aacet.tained hy applying to mtbg table mean d d y  gaga height deter- 
mind by inspecting gypheight p p h ,  or, for dapa of mderable fluctuation, 
by avenging ~~~e for equal intwvale of day. Record0 gaod except for 
p d d a  when recorder did nut opsrate atidwbdy sad for pkda when water 

' 

wnn fromu in weU. for which they am mughIy app-. 

% ~ m e a h r o u g h a n d p ~ ~ , s n d t h e ~ I e d d ~ i a t h f n ,  
~ O l l t h ~ f ~ O f ~ @ ~ ~ ~ ~ l ~ .  ~ ~ 3 % r a p i d , a n d t h e g m m n d ~  
ia malI, During a hot, dry period, however, the flow ia p d y  sngmenkd by melt 
fng ice eeveml mall glacim and i-pped mountains. 
No a i d m g e  rn-en* were made atthia atin during the year. 
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&-.-In htltade 670 WY N., longitude 1195 4lr w., on addme 4d.h f r a ~  
berddmtharmdPcat~am,S&snntbdmontbdWhI~Rivern7 
mila by water from Bnettkhlam, and 42 milee by -tar from J a n .  No 
tribudw enter river betwmn grring station snd outled of hga hh, 24 miles 
u-m. 

DFLUNAOE ARMA.-a7 eqm m i h  (mesand WI Unized k t e a  Qeolagid &tme3r 
topg~apblc map d the IFunean gold belt, edition of 1905). 

R ~ R D B  r v ~ ~ ~ s t s . - - J u l y  31, 1915, to Mar& 31, 1911; May 21, 19l8, to Decemb8T 
91, 1910. 

* b~a~.~teverrrm whwtage d e r  on right bank, feet upstreem h tidewater 
on eaat sbae of Port Snettiabara. Gage- d e d  wrt h P3ovember, 1917, and 
d frmn A p d  20,1917, lcst with gage. New Btevenm wxh+tage rerorder 
W l e d  May 22,1918, at eame datum snd at appmxhate loation of old gqy. 

~ A R O E  n ~ a m s r ~ m & . - A t  medium and hi& nhgea, mads from cable acmm 
river one-fourth mile upstream b m  gsge; at low &ape, made by wading in 
channel at month of creek ex@ at Iuw tide. 

b n ~ r t  AW corn~~~.-From the outlet of the lake at an elem* of h20 feetubom 
m level and milw from tidewater the water deeoenda in a d w  of rapids and 
Idla through a m w ,  deep w y m .  Gage is in a pooI at fmt of two fdh, asch 
25 feet bigb, which are known m Rw8etheart Fa%; outlet ot p l  is a natural rock 
weir, which fonna a m U & h d  and permsnent control for gage. 

b s u t c ~  or ~ ~ ~ . - - k b x i m u m  stsge! d w h g  year from mtetshge WBT, 
6 .O feet at 10 p. m. W b e r  6 ( d i a c h q  compuA from extansion of mthg m e ,  
2,260 second-feet); &nm @age, 0.15 foot 12 a. m. March 29 (discharge, 28 
necond-feet). 
19161919 (except for prkd d n o d ) :  Mndmmn stsge recorded, 7.15 feat 

at midnight, Eeptember 26, lsls (diecharge, computed from an e-m of the 
tntingcurpe, 2,880second-feet);&rlmflow, & t e d f r o m ~ m e m u m  
ment and cZimatic data, 15 secand-feeb February 11,I9lB. 

b . 4 t a g d k h q e  reEetion afhcted by ice only fw short palods d e  w y  
cold weather. 

~WWACY.~- mhthl -t. mu 
mil 1,300 mmd-leet; extandd beyond them limits by &tion. Opete 

tion of water9t9ge &r 88tSsctory exmt for periods &own in fmhob to 
dai lydidwp table. M y  di- dried by applyiq to REipR table 
mean daily gage height determined by inspecting gnge-height graph, or, for dnp 
d considerable fluctuation, by avemgiq resultR obtained by appEylng to 
kbh gage hwta lor regular ineetvsla of day. Reeorda ehcellent &mpt f& 
piads  at ice e i k t  or break in record sna for d-e above 1,300 serosld-taet, 
for which they rrre bu. 

~n~efallsndWinterthsm~ffIeBmal1bec~.wthe~pi~hisktbefowd 
mow, aad bemum crl the d l  amount of ground sbPsge; during a hot, dry the 
h n m &  from tbe ground and lake &age k 8Wpe11oed hy melting ice f m m  oas 
glacier. 

Tbe W l d q  M m g e  m w w m m t  wm made by G. H. Cadeld: , 
Febmspp 16, 1919: G a p  height, 0.36 foot; discharge, 48 aecond-lest. 



' N--D.n* Ibr fomwb# -3 e M  mnqd!m with bydmgre~h for m5Mo - Wmnmm- rsbtkon N &- hy m%aum of -Wsf~ckvy ciFf ion -tar- 
staptumrder: Jm. &%, Feb. 27 ta Mar. 5, Apr. 1-7, and h, l e l 3 .  

Yo&@ dSdimga of&- Fd b CWk 9mW h t D h  for I f i d .  

D l d w p  In Wmnd-M. 

: -  - ~ ~ ' i n  
-Ant. 

h x l m m  MWmam. -- 
I- ................................................. M S  74 f!B 

Ba Fa-. ........................................... ... . B 69.8 
Much. ................ .... ............................. BO aB 43.2 

2% 
................................................. CMI P 147 

=.::1 ............................................ "..; wa 154 84% 
?E 

2l'@r3 
J-.-.: ................ - ............................... 7 m a5 a i : ~  
July ... ; ................................................. W Is& 613 97 700 
4- .................................................. B a B n .  824 677 - 3 : m  
Beptemk. .  ............................... : ............. 1 170 1W 804 a5900 
oetohr .............. ....- ............................. 5:010 I25 431) w: loo 
Novam- .............................................-. U1B BO 154 8 1m 
-bar ................................................ 435 39 138 a; za 

mpaa ............. : ............................. ~ a i o  331 m,m 

L w ~ m o ~ . - A t  outlet of #a& me, 1 mile upstream horn aTge of tide Aata at h& of 
mrth 8nm of Port hettiehsm, 2 mila by fimn abim of 8peel River project, 
wbich 8ta 42 & by w&r h m  Jmma. 

~ A I N A F ~ I !  AREA.-12.9 B q W  d m  above '1RB- r d m  kt hke U& 1s 
square miles sbw staff gsgg at besch ( m d  on t o w p h i c  mps of the 
d k k a  Boundmy Tribunal, edition of 18%). 

Ramme ~ v h m ~ ~ ~ . - 4 a n u a r g  23, 1913, ta D m  31,1919. 



~ A @ x . - ~ ~ v ~ E  -*&age reader  on left chore of lake 100 feet uptr.eam from 
outlet. PI locnlly made watm4age re~lrder having a natural v d d  -10 and a 
time scale of 7 inches to 24 h o w  was used until replaced bp bteveuo m e  June 
29, 1916. The gage datum r&ed the aame during the Mod. During the 
win-, beeauae of i b b l e  location and deep mow, the ope~ation of the gage 
at the M e  wan discontinued, + the atage rmd at d f f  gage in channel e x p o d  
at low tide at beach. The first gage at beach was mt at an unlmown datum and 
d a d  oat in wintea of 191S16. Another staff gage m a  eet at abut the same 
bation Xovembw 24,191 6. Other Btaff gage were mt at about the -me lombtion 
3 m w  11 md November 13, 1918. 

-ROE ~ E ~ U R E Y  ~~m.-Made from cable acrafia outlet of lake, 100 feet down- - from gage and 10 fwt u p h a  from crwt of first fall~. The rope s- 
h m  which dhcharge rnemur~menta were first m d e  wm replaced in fall of 1915 
by a a a r d  U. 8. fiblogical Survey gaging car, making more reliable memum 
mmta pbReible. 

C H ~ ~ N ~ L  AND C O ~ O L - T h e  gage i~ on left &me of hh, 300 feet n-m hum 
outlet, whwe tbe strerun bepomes mmkickd into a narmw cha;anel, the bed of 
which is mmpaaed of large lrouldem and rock outcrop that form a w e U 4 e h d  
and pmttlment control. 

Esmr~nga OP DIBCEARQE.-~B~%~~~: % h X h U Q i  I* o~curred, p w y ,  on 
Sephnbm 28, 1018 , ( d i m h q b ,  2,300 mad-fwt, e h d  by mult iplm 
-urn d w e  at Long River on 8eptember 27,1918, by 0.44, which ia the 
ratio between the maximum d i e w e e  of &tar h k e  outlet and Imng Rivea on 
Auguat 19 and 20,1917; minimum discharge, B wmnd-feet, Febru&ry 1-13, 1916, 
mhnatd from one diacharge m m e r n e n t  and by corn-n with *tic 

- data, and Pebrusvy 13, 3919. 
A ~ c p . - - & a g d ~ e  relai5on pennanant. Rsbg  curve d&d by 19 d b  

chqe mmsumments, 13 of which were made by emplopeee af the @eel fiver 
Project (Inc.) and 6 by an emginem of tbe U n i t d  Bum Genlogical Bmey, and 
is well defmed below d extanded above 1,W seoond-feet. Rating curve used 
Jan- 1 to February 10 for ataff gage st k t &  fnirly well defined. -tion 
of --&age- r d e r  mwactory except for July 14, when gsge dock wm nm 
down; %~ge-hei&t.graph Auguat 6 to October R lost, when ski£f c a p k d  with 
G. H. Csnfield, October 8. Dislcharge remrd January 1 to February 10 am- 
puted irom gag~height record far ataff gaga at beach. Daily diachmge May 23 tn 
August 5 ascertained by applying to sating table daily gage height detmmhed by 
inspecting gage-height p p h ,  or for d a p  of conaidmable fluctuation, by av-g 
m l t a  obtaind by applying to rating table mean gage heighta for inter- 
vnls of the day. 

Cntm h k e i a  1,OZOfeetabove mealeve1 and C D V ~  1.1 equaremilek Tbeaidwof 
the mountaine snrmllllding the lske are a t w p  b d ' b m ,  and the topa am cov- 
by glacim. 



~ & T ~ ~ F d * ~ & ~ $ L ~  ~?b?1'1= FW"-? &b 7-a d m -  18 -d- h 
feet: ~ a r ,  141,12 m - ~ ;  Apr. 1-90, 4 f  -&feet: &p l - ~  f i n  m ~ .  i n ~ ~  16 drtl dlc 
oborge: bag, -1, m w d - l m l ;  ~s t. 1-m 420 W d - t ~ t :  0ei. I-E, rm eeopnd-ieer; RA. &YO, a 
aecoud-!sat; Nov, Zi-33, 25 -ad-lee8 d k. 1-31, 90n-d-feet. 

dd&y -8 of Wer hh rmtkt at B p d  R i w l  Port hetlb- for 1919. 
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k w A m 0 1 . M  mila d m  from outlet Qf bmld  b, 1 mite d m -  
-fmmootletafLaqgLske,me-Mf mileupatrsamIromheadofhdian 
Ide, d m  by trail md boat .croes Gecond Lpke from cab& of th Speel t 

Rim at M bad afe ?i'orth A m  of Port R n e t h h m ,  42 miledl by water 
trdm Yunepu. 

, Dnmr~(i1 AREA,--33.2 aqaan, milea [mewured on sh& No, 12 of the Ahdm B b d -  
q Tribunal maps, editim of 1895). 

R ~ ~ B D B  ~ v k ~ ~ ~ ~ l b . - N o v a m b a r  L1,1915, to December 31,1919. 
QM.--SFaverna c a n ~ ~ o u ~  wa- recorder on e h t  bank mehalf mile below 

outlet of b d  Lake* 
a e c l r  r ~ m - b t  medium and high et4gee made from able rn 

dm st pqp; rt low -made by wading ohefwrth mile d-. 
C g u n r m ~  UD OONTBOL.-A~ the gage the channel is deep m d  the current d&; 
b b  ue low and am overflowed st extremely h h  utagm; bed umboth except 
for m e  hqm boulder. A mpid, 500 feet downmkram, forms s welldefined and 
p m m a a t  control. 

- ' EXTREY EB OF nmaAmm.-h&num daring yew p h b l y  aenvred O c t o h  6, 
but ot8ge la & o m  ~s -bight graph anly Q to October 8 m a  lwt; minimum 
Bow 95 necand-feet, March 29. 
1910-1918: Maximum w e ,  10.2 feet S e p h k  27, f 918 (cbcbqe, &ted 

of mting cum, 6,300 seoond-feet); minimum flow, 28 second-feet, 
Fsbnuty 13, 1916. ' 

I m . 4 ~ ~  rel.tion'afkM by ica during Jan-, February, Mareh, md 
A@. 

bwnahm.--8- relstiaa pmnmtmt; by ice or poor connection 
well md river Jmuary 18 to Fehmary 27, Marc46 to April 2, A@ 8-15, 

N o m m k  1-14, and DmxmW 4. Bating cnrva fairly -11 defined Mwmn 
W md 400 and well d&ed between 400 and 2,000 a e e o n d - f ~ .  
'Opatlon d wate-atage recorder mtbfnctory except for periods hdicated in 
b h & e  b drrilg- table. Qwhe@t graph July 9 to October 8, I& 
rn Q c b k  8, when &E capbed with G. H. Canfield. Ikily d k h p  gscer- 
W by mpplying to the nting table daily gage lwight determined by inspecting 
the e - h t  graph. Recorde good except for Btagesbelow 400 m n d - f e e t  and 
p e a i d  of bmmk in pge-h&ht mrd, for which they are roughly approximate. 

Tb - -ing to Long River bet- h g  M e  cmtlet and this mtatim com- 
anly 1.3 quum mil-, including Fir& h k e  and Second Lake. Becsum thi~ 

areo ia at s Iow altitude and hw no glsciere the per square miIe h it is giaater 
enrly m theaprkg but much lese h summer than that from the area above Iang Iake, 
which .Is m y  covere$ by gIacim. 



Ddly &dmp, in d#&, of Lung River below &d.Lak, at P & , & B c l U f m  
1919. 

.... ...... , ... - .... 
(115 sekid-lcxit I nnd dally dIschGge, ~8c.-*i; est Gited-jr&Zi&- ;& 
by rmmlor and by comparlsoa mth tecorda for Sweathart E'alls C-eek. 
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QBINDSTOHE CREEK AT T A W  IIOLET. 

LOCATION.--On north shore of Taku Inlet, between Point Bishop and Point Salisbury, 
one-fourth milewest of mouth of Rhine Creek and 11 miles by waterfrom Juneau. 

Daprwao~ ABEA.-NO~ measured. 
RECORJJS  AVAILABLE.-^^^ 6,1916, to December 31,1919. 
&E.--Stevens continuous wateratage recorder on left bank, 200 feet from tidewater, 

installed September 16, 1916. A Lietz sevenday graph water-stage recorder 
waa used Bfay 6 to June 17,1916. 

I~SCHABQE IEEASUEEYENT~.-A~ all stages made by wading either in the channel on 
the beach, which ia exposed a t  low tide, or 100 feet below gage at high tide. 

CHANNEL AND CONTBOL.-For a distance of one-fourth mile from tidewater the stresm 
dewends in a series of rapids and falls through a narrow, rocky channel. The 

ia a t  upper end of a turbulent pool between two falls, the lower of which 
forma a welldefhed control. When gage was installed logs were jammed in 
channel near upper end of pool. 

EXTREYLEB OB D I % c H ~ R Q E . - ~ ~ ~ ~ ~  stage during year, from water-stage recorder, 
4.2 feet a t  5 p. m. October 3 (discharge, estimated from extension of rating curve, 
330 second-feet); minimum discharge, 3 second-feet March 16-20, estimated by 
comparison with climatic data. 

1916-1919: Maximum stage, 6 feet at  7 p. m. September 26, 1918 (discharge, 
estimated from an extemion of the ~ t i n g  curve, 700 second-feet); minimum 
stage, -0.24 foot April 5-7, 1918 (discharge, 2.6 second-feet). 

Ics.-Stage-discharge relation aometimes affected by ice. 
A c c u ~ b c ~ . - S t a g e d i e c ~  relation permanent. Rating curve, revised by meas- 

urements made during 1919, well defined below 150 second-feet; extended above 
150 second-feet by estimation. Operation of water-stage recorder satisfactory 
except for periods shown in the footnote to dailydiacharge table. Daily discharge 
ascertained by applying to rating table mean daily gage height determined by 
inspecting gage-height graph, or, for days of considerable fluctuation, by averag- 
ing reaults obtained by applying to rating table mean gage heightu for regularinter- 
yals of day. Records good except those for periods of break in record and dis- 
charge above 150 second-feet, which are poor. 

Eadiarge qneamrmta of Grindstone Creek at Taku Inlet dulzang tlre year ending Sept. 
50, 1918. 

[Made by C3. H. CanBeld.] 

a h t r o l  partly obstructed by ice. b Ice wver arohed over mtrol; no backwater. 

Date. 

................. Jan.#) ....... 
23 ........................ 

Feb. )I... .................... 
Mar. 2a.. ..................... 

. 

Peet. 
00.69 
a .43 

.16 - .05 

Dis- 
charge. 

-- 
S m ' 2 6  

11.0' 
6.1 
3.8 

Date. 

Apr. 22 ...................... 
July 7 ........................ 
Dec.13 ....................... 

-- 
Feet. 

0.59 
1.71 

b.40 

Sec.-ft. 
16.0 

114 
10.6 

3 
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b n l > ~ ~ . - A t  Bunny k, on west &me- of T*ku Inlet, 20 dku by mbsr trOm 
sun*. 

I ) ~ A O ~  ~Pr*i--B.w ~IIUEY d m  (d-d by engimrering m - t  d 
I 

A l b  W c m  M i n i n g  Co. fmraanmeya made by that company). 
Rwoam ~ v ~ ~ ~ . - J u l y  18,1918, to December 31,1919. 
G A O S . ~ ~ ~ S  wa- rmde on left bank, 2 d e u  fKna t i d m  Inspected 

sewrrd timm a +wk by gmployees of Alaaka W g a u  Mining Go. 
J ~ ~ A B D ~  Y M & u - E ~ . - A ~  high stirgee, made from cable emmr dm 0nbhdf. 

mile d w  born gage; at medium and low atagm, made by wadSng 600 feet 
~ ~ f r o m g s g a .  

k n r t  AHV COUTROI*-A~X)VB the gage the m d m  in m e  main chsanel 
snd marl d cham& though a flat, t,dy W n  sbollt a mile long; juat 

. balm the grge the cbannel oontmcfs and the m b m n  pawm over rocky blla that 
fotm a wdl4ehed and permanent 00ntmI. The point of zero fiow is at  m e  
haight -1.5 feat. 

Exmmars or n r s c ~ ~ ~ m ~ . - M & x i m w n  stsge recorded during year, 6.75 feet *t 4 
p. an. &@amber 13 ( d k h g e ,  from exkimiw d rating mwe, 4,440 secwd- 
feet); miaimurn flow, entimated by cornparisan with record of for Sweethasat 
hh, 16 secood-kt, March 28. 

1818-1919: M&um a-, 8.1, feet at  2 p. m, September Zg, 1918 (dischuss, 
c m p u t d  h m  exbusion of rating m, 6,200 m d - i d \ ;  &nm flow, 
&bated horn c b t i c  dats and h m p b  f t ~  in &p dmbge 

10 d f m t ,  A w l - 7 ,  1918. 
Iam.---S%e;discharge relation a f l d  by 
A~USLAGI, -Stegdkbarge reIation permmeat. Rating e w a  dl ileklned b ~ ~ l l  

70 md 2,0(50 second-feet, extended beIow 70 oemnd-feet to pint of rn BOW w d  
dmve 2,000 eerond-feet by eetimation. Operation of wa- reoarder mi&- 
factary s~cept for parids of broak in record aa hdinsted in -te to daily- 
dirhPtge m e .  Daily d k b r g e  -ed by applying to #la - 

- daily gage heighta determined by inspecting -height g ~ p h ,  or, for daya d 
d ~ m b 1 e  fluctuation, by avereging results obtaioed by appIying te ra* 
table mmm gage heighte for regular in*& of the dry. M s  g d  except 
for etrgpe beIow 70 mmd-feet  and a b v e  2,000 second-feet end Im Mods of 
bre*k in d, for which they me bir. 



MINERAL RESOURCES OF ALASKA, 1919. 

Daily didarqe,  in second-feet, of Ca~lsod Creek at Sunny Covefor 1919. 

' 
Monthly discharge of Cmkm Creelo at Sunny Cowfor 1919. 

. Month. 

Dec. 

........ ........ ........ ........ ........ 
.. :..... ....... 

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

........ ........ 
83 

.. .:.. .. ........ 

........ ........ ........ ........ 
466..... .... 

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

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

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

December.. .......... 
l p e  year.. ........................... d.. 228,000 

N o m . - O ~ t i o n  of wptiwstsge recarder unsatisfactay and for following periods estimated 
from four cu1rentmeterlrwrement8 weather rwrds, aqd h y - 7  for 8t8tioqS' Jab 141 137 
second-feet' Feb. 1-28 28 second-feet. bar. 1-31 20 second+feet' Apr. I 06 second-feet. ~ p r .  a 200 
second-feet'; and ~ay ' l~23 ,  a20 sewid-feet. ~ u i y  Pa, estimahd at 675 k d - f e e t  by bpsrison h t b  
reeord of flow for S Falls Creek Discharge for fqll periods estimated b com 
r-da for other sta-. 20-23, daily diwbarge; Oct. ZC3- &?cui~d-feat; Nov. I&, l e d % %  
Dec. 1-12,45 seeand-feet; Dec. 14-31,150 second-feet. 

Day. 

1 ...................... .. .......................... 
2 ................... .... .................... 
3 ................................................... 
4 .................... .. ......................... 
5... ................... ..; ........................... 
.................................................... 6 

7 .................................................. . ..................................... 8.. .?,-.-. +. .......................... 9 . .  ...................... ................................................ 10. 

11 ......................... 1 .................... 
12.. ....................... .. ...................... 
13.. ................................................. .................................................. 14.. 
15 .................................................... 
16 .........................~........................ 
17. ................................................... 
IS.. ................................................... ........................................,..... 19.. 
20 .................................................... 
21 ...................... : ........................... 
22 ................................................... 
23 .................................................... 
24. .................. ..............-. . 
25.. ................................. . 
28 ..................... ... ................ 
n ............................................ 
28 ........................................ .......................................... 29.. 
30 ............................................ 
31 .................................-. . .  

July. 

805 

658 ........ ......... 
........ 
........ ........ ........ ........ 
........ ........ ..... !.. ........ ........ 
........ 
........ ........ ........ ........ 
........ ........ ........ 

675 
590 

675 
$20 
950 

1,020 
745 
622 

May. 

340 
545 

402 
315 
277 
268 
9 2  
3% 

Sept. 

1% 
108 
102 

1s 
1% 
452 

1,020 

382 
4% 

3,150 
989 
470 

382 
1 040 
1:210 
640 
4.40 

2,030 
662 
688 

1 460 
11:170 

396 
ao 
116 
136 
106 

Aug. 
---Ap-- 

,'I590 
r n M ) O 8 8 0 M a s a  

545 
.8 
762 

5sO 
630 
658 
840 
622 

530 
470 
581 

1,450 
886 

860 
622 
622 

1,510 
002 

500 
359 
300 
272 
80 

250 
382 
590 
745 
500 
272 

June. 

337 

530 
4.56 
387 

370 
419 
425 
600 
622 

640 
675 
605 
646 
,530 

515 
675 
645 
576 

'710 

780 
710 
675 
738 
762 

'762 
745 
BgZ 
575 
605 ........ 

Oct. 

1 7 5 ' 1 0 4  

1 100 
1~080 
k : ~  

441 
27% 
182 

124 
-114 
107 
107 
104 

101 
104 
136 
268 

455 
l66 
102 

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



Locamm.-At lme d d flat bssin, above divemion dam for flume leading to 
Tredd power house at beach and 1 mila by tramway md ore railway from 
T h e .  

~ A O E  a s ~ k . 4 . 6 7  square mjka above gaging bridge (mmaud on United 
8tatea Gealogid Survey map of Jnnesu and vicinity, edition of 1917). 

~ B D B  A V M L A B ~ B . - ~ ~ Y  26,1916, to Decembcr 31, 1918. 
Gaea.atevema wa- recorder on right bank, at pool f d  by an d d  

collw1 just below d bland three-tenths mile u p h e m  from divemion dam. 
Recorder impdad once a week by an employee nf tho A t a s h  Gnatinan 
Mining Co. 

I)IseaAml~ ~ g k s m r a : ~ ~ m . - A t  e x d E y  high w, mads from gaging bridge 
twwtentb mila from gage; at low s-, made by wading neat 
bridge &on. No atream enter hetween gage and meamving sectjon, but 
Beepage i d r r w  r8ng-a from a mall a m m t  C 10 per cent of total flow, the per- 
cwtage of M o w  d y  keinglarge after periods of heavy precipitation. 

~ N H E L  ANU CONTROL.-T~~  tati ion b near the lamer end of a flat baain through 
which the &wam meandem in a channeI having low hanh snd a bed of mnd 
and gravel. An -cia1 owtml w&a built 2 feet below the intake for tho gage 

1 

wdl ,  to confine the flow in one channel during high water and to insum a per- 
manent - relation. The ~piI1waj of the control at low st- An- 
+of a h b e r ,  1 6 f e e t I o n g , e e t i n h e b e d o f t h e ~ .  hlingmediumand 
high utagm another .timber, 8 feet long, bolted at the top neac the right end, forms 
part of the control, A 3-foot CUM dl ia dri~*en at the upatream face of the 
spillway. There are wing w d a  at each end, and an 8-fwt apron sxtmda down- - fmh the control. 

I m . 4 n m l  covered with ice and mow for BbWt mod. 
~ T B E Y E ~  or D I ~ c H A ~ E . - ~ ~ & u ~  stage during ymr, 2.52 feet, at 1 a. m. October 

6 (discharge, e s b t d  from cxtenaion of rating curve, 4W wmnd-fmt); minimum 
ntage, -0.48 foot March 32 to April 2 ( d k h g e ,  4.0 mnd-feet). 
lnl&-l9lQ: Maximum BEage during perid, 3.5 feet,/at 2 p. m. Repternher 28, 

1918 (dimbarge, mtimaw from extension of rating curve, 820 second-fwt); 
minimum flaw, 1.0 aecood-fmt, A p d  6-8, 1917. 

A ~ c ~ . S t a g e - d i e C ~  relation, betareen 0.5 and 1.2 fa&, chmged Yanuury 8. 
It.* curve wed January 1-8, fairly well dehed below 700 mcond-feet; curve 
nsed J.nuary Q to Jkember 31 fairly well defined. Operation of water- 
recorder e a v  except fw p e r i d  indicated in footnote to daily* 
table. Daily d k k g e  aacettained by applying to rsting hble m a  daily gsge 
height dehmhed  by inspecting gage-height graph, or, for days of coneidemble 
fluctuation, by awmghg r m l m  obtAned by applying tn mthg tabla mean &e 

.beighteforre~uhintamleolthe day. Recordsfair. 



N o e t h l b  dbP- Jan. 1e31 ead Mar. 1 4  % 
br with rsccrda Im Gold Creek. Dlwharw h -P-~&E 
a;rd d d m u r n a t a g ~ d  ohm b and uompetlaon w i i b ~ o f  6b'lm 0&d 6 i :  mu.  &lQTb-d. 
Imt:~une M, msecond-ket.Jun~ 841. BOiwmd-mt: O C ~ .  11-2l,5J secml-!e61: Nor. Ibm, 60-d-raet; 
Noo. W, neecmd-feet; 6er. 1-10, ln.wuod-fecc. Dec. XI a d  31 a s s h v n  In rsb)e. 

Rtmsarm 
- h L *  

1,s 
w 

1 610 
- 8 ; 3 ~  

5 lHJ 
6:- 
4 tWIO 
1 ' ~  
6'340 
lb &I) 
1: WI[E 

8, 

Ywth. 

s m  ................................................. 
Fa-. ..................-.........................*.. 
M.rch ..........................................................................* .p ....................-..... ...-............... ..... 
sp ..................................................... 

lm .............................. .... 
JUY ...................................................... 
hugmi.. ................................................ 
BepWll lb .  .............................................. 
OCtoMt ................. -..I. .... .+.... ................. 
November.. ......................................................... 
&camber. ............................................... 

Theyem ........................................... 

tu sa0olld.M. 

Y w .  

.a6 
7.m 
4.m 

U.3 
1 
M.8 
e a a  
76.3 
01.8 
W.8 

17.5 

- 
* ~n 
1 

@ 
B6 ..................................... 

la4 
1 4 1  
212 
37Q 

36 

manln= ---- 
u 
L6 

LO 

m 
63 
8P 
P 
W ............ -- 

819 ............ ! 51.3 



b u m . - A t  wmy bridge st Ioww md of Zsst Chm& b&, 200 feet upatream 
h m  ~~ dam of Almh Electric Ught L Power Co. and anefonrth mile 
h Jm6au. ' 

Daamra~ hggk4 .47  q& mila {detarmined by && dqwbemt of 
AIaslo MBU~ Mbhg Gb. fmrn m y a  made by that rompany). 

Bwroawl a v ~ ~ ~ ~ ~ g - - J u l y  20,1916, to December 31,1919. 
. . Cfaa~.--8tWEUEi mn%~oug water- recorder on left f t k  at updmm &to of 

higbgpay bridge. A staff gage waa inetalled -tern& 19,1018, on l e t  wing 
wall of d i d  dam 200 feet domurkam and ueed i n  d e k m h i n g  the time of 
cbaagea in o h g d i a c h q  reletion at the well gage. 

DIBC)HARGE YEABUBEMENTR.-At medium and high sEsges made from gaging bridge 
mqmnded, at right angles to curmt, from floor of high1~g.y bridgm; at low -, 
msde by wading n w  gage. 

UPXHNBL AHD ~ ~ w ~ ~ o ~ c - S t B t i o n  b at lowr end of s itat gravel busin t h m d d r  
mile long. Far 20 feet upst- the o7m%m ia m h e d  be- the 
Bbutmtm @ of an old bridge, and for 1 5  feet do- it ie mhed bet- the 
abnbmenta of pteaem t bridge. For a d h m  of 130 feet farther down~tmm B e  

ia confined in a narrow channel which ia not subject to o v d o w P  Because 
of the pdient  of channel opposib and for 1MI feet below gage, a nbort 
atmtch of the channel immediatsly below the @ge acte. ss the .control. The 
operation of the beadgatea of flume at d i v d m  d m ,  200 feet downetmam, doee 
not affect the u h p d k h a r g e  relation at gage, but !he d t  cllrren t during high 

&if* the grsvsl in bed of m, thereby causing changea in tho &go- 
dish- rslntim. 

b m a s  or olacxraoe.-Bf&mnm stage reoorded during year, 4.0 feet at 2 p. m, 
Beptembm 19 (diazhq, computed from ex tadon of rating curve, L,SOO second- 
feet); minimum tbw, eatbated by diecharge rnammmmta and climatic data, 
2 md-feet ,  Mm&1!5-28. 

191S1910: W n m  stageI 9.8 feet September 28, 1918 (dbehagg satimsted 
h n  extenmion of rating m, 2,600 secwd-feet); midmum discharge, 0.p 
m d - h t  hd~ 28,1018. 

10~.-8t&khrge relation aPlectd by Ece in Febrp~rg, Watch, rmd April. 
bnmm~. -Weter  diwrted nt m m d  phta nptmmm fat power developmmt ia 

lleturned to creek above gage, except about 2Q second-kt lor men montha (whm 
them is a aurplae over wunt need by lJaskr Elect& Zigb t Ik Power Co., which 
baa prior right) and 1 eecond-fmt the remainder of year, used by the AZaaka- 
Juneau Gold Mining Co. A dam 200 feet downstream diverts m*r into the 
fiwme of the A h h  Elwtric Light $ Power 6%. 

Raauuno~.--No .atorage or divemimu above atat ion regulate the &m mm thsn 
r few horn in low water. 

-o~.-Stageaischa~ge &tion changed d U h g  MU of high WX*, 13 d k  
charge rnwummemta w w  m d s  during yew, by uee of which rating cumen 
have bean c u n u h c k d  applicable aa follows: January l to June 21, well defined 
b low  and fairly well defined above 70 secrmd-feet; June 22 to Septemh 13, 
f d g  well d e h d ;  Septpmber 14-24 (d m.), poorly defined by one diecbarge 
measorementi Septembr 24 (pa m.) to November 17, fairly well d&& by +mu 
discharge rneseummenta; Rovember 1% to December 31, fairly we11 ddehed by 
two dinbarge memmmemta. Oprnt ion of water-sbge rerorder mttiafactorg 
except for p i d u  indicahd in iwtnote to ddy-diachm table. Daily diwhtugw 
rmerhhed by applying to mting table mean dally mge hei&k determind by 
inspecting e b e i g h t  gmpb, or, for days of conaidemble fluctuations, by aver- 
&rig results obtaind by applying to rating table maan gage hsighta for e q d  
 intend^ of the day. RecOrdm fair. 

7230'-21-Bull. 71+22 .. , - -  I 



1 Y I I 1 

Cmtml end rn-seetim im+en mar. 

D d y  d k h g t ,  & W - j d d ,  o f W  h E  d Juneau J~P.  191s. 
- 

NOTE.- wa ra?rsdkPFforlol ~ r J t t r m M a d r a n t h m a d l ~ r n l a s n r r -  
ments - c ! m  fw Jlmsak%%=A v+th hy pta or a e r  sta-. Peb. 
11-28 bw-feet. Mar. lg l ,  l ~ W . f ~ ~ d - l c d t *  and .4pr. I-8?%&d-ie~t.~pcra&i~ dw'atcwt+p-w 
unm~idactory for io~owinp .petld.r, diwlkrpm estimatP$ by ~ W P I ~ D  with rmmia for Rbfsp Cr&: 
May 8 - B , b C  .-d-let; Aug, 11 -20, as shmn In tahle. 

Y d y  ddschmgc of Goold Crwk at J ~ m u  for 1919. 

Month. R-h 
I 

.................................................. 
C 

................... Ismlug 
Febru-.. ..,. 9. W 

1f.g 

Yareb ............................................. ...... 6 807 
A rU .......................... .... ..................- ........... ............ 2 ay ..................................................... a, 

4,PlO 
Jut18 .................... ... ........................-.... B r W  
July ....................................................- 1 4 : ~  
A u ~ u % ~  ......................... A .............--..---. 17R 10,NHJ 
~eptem~w...  ...................................-...--.-. 4m m laa 11 41n 
October.., ............................................... 20 l l b  7:0?C 
K wmlnt.. ..........*....--....... .... ----..-........ m 49.0 2m 
-bar. 27.0 I:W - -"- - 

Tha ymr ............................... .......... .... 735 ........... e22 m,- 



LWIa0~.4he4ghth mile above beach, an stream tbat e n m  t i d m  baZf s 
& d e s a t  of csmp of Alssks Nickel Minm Go., 20 mil- by water northwes 
of Chichagof, on w t  roast of Chichsgof Island- 

WA~B AREA.-NO~ mewwed. 
R~oomm avanasa.-bhy 6,1918, to December 31,191K 
G~oe.-Stevens wakr-~tage h e r  on left bban oondghth mila above beach. 
Drecffkact~ rmnnmmm.-At medium and high etagee, m d e  from d b  acrw 

at- 600 feet a h  gage; at low 8tsgee, mads by wdbg in cbannd exposed at 
beach at low tide. 

~ A N M E C  AND CONTROL-The pga ia W )  IBBE upstream from mttmgulw w&, the 
mt of which i~ 2 fwt abwe bed of 8trsam, 2 i n c h  wide, and 40 feet long. At  
the cebla e e c h  the bed ia mth, the mter i a  deep, and the- current is mgdw 
end d+h. 

E x m ~ a r ~ a  OF B T A B E . - ~ ~ ~ ~ u ~  nf.agermOrded during period, 3.45 feet at 3 p. m. 
September 28,1918; minimum ~tage recorded, 0.18 foot h h  52, 1919. 

Ic~.-%&iwharge relation d e c t d  by ice fordug on meet of web. 
b e c m ~ c ~ . S t q d k h q a  m b h  permment; affected by iceJsnyargl8, F & m q  

25toMarch4,1P18. Sufiuentdiac~measuramentanotyetavsilabletodefine 
rating curve. O p t i o n  of water-stage recorder mtihctory except for followhg 

. p e d e ;  Nopembw 2.530, Ihember 29, HIS, January 18, to February 8, March 
23 to A p d  5, April 28 to May 3, Miy 4 to 17, July 22-27, A u w t  11-15, 8ep 
teanber 21, and December 17-27, 1919. hean daily gage height dwbdned by 
hpectbg gage-height mph, or, for daya of c e d e r a b l e  fluctuation, by a m  
ing msan gage heights for r e g d m  i n t a d  of the day. 

b ~ ~ a m o ~ . - T h e   age and weir were i d l e d  by the Ahka Nickel Minw b., 
and the cable and cat by the United StaW Geological d m y  in coopmion w i t h  
the compsny which dm furnished the gage-height record md moet of the dia- 
chargs m-mentn. 





WATER-POWER INVESTIGATTONS IN SOUTHEASTERN ALASKA. 181 

PORCUPINE CREEK ITEAR NICKEL. 

Loo~~~ow.-Half a mile above beach, on stream that enters tidewater at head of 
,Pornpine Harbor, 4 miles northwest of camp of Alssks Nickel Mines Co., which 

, i~ ia &miles by water northweat of Chichagof, on wed coast of Chichagof Island. 
D ~ ~ L N A G E  a s ~ ~ . - N o t  measured. 
RECORDS AVA~LABLE.-MBY 20,1918, to December 31, 1919. 
GAGE.--Stevens water-&age recorder on left bank of stream half a mile above beach. 
DIBCHAR~E IIEASWEMENTS.-At medium and high stages, made from cable across 

stresm 150 feet above gage; at low stages, made by wading near control. 
CEANNEL AND co~lgo~.-The gage is located at edge of deep pool formed by con- 

traction of channel where stream paases over exposed bedrock and descends in 
a aerie8 of small falls. The head of these falls forms a well-defined and perma- 
nent control. At the cable section the bed is rough, the water is deep, and the 
current is sluggish and irregular, because 15 feet above cable the atream widens 
into a mall lake. 

EXTREMES OF 8~~0~.--1918--19: Maximum stage recorded during period, 3.35 feet 
a t  10 a. m. November 6, 1918; minimum stage recorded, 0.37 foot March 19 and 
28, 1919. 

b~.---stage-discharge relation not affected by ice. 
Aocuaac~.-Stsge-dbcharge relation permanent, affected by ice only February 25. 

SutEcient discharge measurements not yet available to define rating curve. 
Operation of waterstage recorder satisfadory except for following perioda: July 
22 to August 4, November 30 to December 23, 1918, May 10-13, July 26-30, Octo- 
ber 5-8, 24-31, and December 1-17, 1919. Mean daily gage heights determined 
by inspecting gage-height graph, or, for days of considerable fluctuation, by 
averaging mean gage heights for regular intervals of the day. 

~ o ~ ~ ~ n o ~ . - T b e  gage waa installed bv the Alaska Nickel Mines Co., and the 
cable .and car by-the United States ~eological Survey in cooperation' with the 
company, which aLso furnished gage-height graph and 4 dkdmge messuremenb. 

Discharge measurements of Porcupine Creek: near Nickel during 1918-19. 

Date. 

19lS. 
3- I2 
Aug.5 

Madeby- 

a. ELCanfield.. ....... 
F.8.Flermiqg .......... 

Date. 

1919. 
Jan. 16 

25 
M a r . 1  

hfgt. 
Feet. 
1.80 
.96 

z,";,,. 
--- 

See.-ft. 
140 
68 

Made by- 

Kimba ll ................ ..... ............. do .... ..... ................. do 

height. Gage 1 charge. Dis- 

Feet. 
1.30 
.94 
-53 

-- 
Src. j t .  

1 U  
139 
33 



1.. .......................... .... . 
2*. ............................... 
8 ................................. 
e....... .......................... 
5 -........................-....... 
1. .........................-...... 
7. ................................ 
R.. ............................... 
A. .........................-...... 

10.. ............................. .. 
11 ................................. 
13 ................................. 
13.. ....................... ... .... 
14.. ................... ... ........ 
15..... ....................--...... 
11 ............. ....,. ........., .... 
IT..: .............................. 
18 ......................... .... .... 
IS.. ......................... .. ...- 
20 .................. ... ...... ...... 



WATER-POWER RWIBTIGbTIORS IN SO-TERN AUSKb. 188 

MXBCELUNEOWB M X A S U R E M m T B .  

1Cir;Eslloncwts ahadlargc nrwa~rmcnta in d L a n  A h r h  t 1g1#. 

WATER POWER ON CEIRTAIN STREAMS B o r n -  
EASTERN AUHKA.  

Owing to the great variation in flow of stmama in southeastern 
A]&, storage is an important factor in determining the powk 
that can be developed and the cmt of development. The amount - 
of possible storage is generally estimatd, becsusa few lmal map or 
sketch- of river basins are available, 

, In the following table the ~timatsa of annual Aow st gaging ata- 
. tion8 are bltaed on records prior to October 1, 1918. The flow st tho 

point of diversion to the power plant is estimated from the records 
for gaging stations, by comparison with m r d s  for other atream, OF 
from precipitation deta. The " aunual flow" ia that for the climatio 
year ending September 30, The effective head is the elevation of the 
lake or darn site abbve high tide plus tmthirds of the head created 
by the dam minus 10 feet (elevation of nozzles of impulse turbines). 
The lastimate~ of available powar me baaed on continuom and .corn- 
plete utilization of a plant having an efficiency of 80 per cent. 
The following abbreviations are uaed in the tsbb: 

A. B, 8,, A b k m  h d n r y  8 m y  mspe. 
U. 8. G. B., U. 8. Geological Survey t o m p h 3 e  map. 
U. 8. F. 8., U. 8. Foreat Remce to-phic map. 
U. 8. I?. 8. B., U. S. Foreat Bervice timber recomabnmce IMP& 



&g!$~$rf. 
#$j Y m a  

8 , s g g  P g g g  i a B 
X *- *- *r' U - U U  : ,. 2- 

. . 
$ 3  B B 8 8 s  : : : , 

n- 
: a ;  

, . .  0 . * .  . 
41 

, e , .  a . 0 

* - , . . *  , . v . . . . . . .  * w - F ~ I  $ i - d " - r n  . I . , -  * . I  I I . . I I . . , a  , . 0 . 4 a n ,  
-- . . . . . . .  . 4 . m ,  1% i ;  i i ;  

, . , .  , . , .  8:  : : . . . . . . .  
0 a a n ,  

. . , .  , 
* h . , ,  . . , .  . : : . . . . . . .  f - . a . , .  -agg%g , .  . , .  , , , .  0 . 0 . . , 0 , .  m . . 

SF=;- " ' 8 & :  * * , .  . . . . . . . . .  m , *  0 . -  b 0 6 . 6 . 
~ ~ a o  33" : . - 6 i i $  ; : id  ; , i  i i *  

7 ,  , . *  + .  , . .  n 0 b . i d X '  
. _ * . .  . . . . .  B . . . . .  ; ; g g  i . . . . .  . . .  

5% . . . .  . " 2 ; , , a . ,  . h . . w  ; : J ; . . . . .  
T * . . . . .  I . .- . . . . .  F k  < " * 

: . : h .  : i ;  . 0 . . . .  $ . . .  sg ; 
. . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . , a  . . 0 . . . . .  

; ; i f  i 1 i * .  , .  : <  : w . , .  , - ; i 
"9eg E *- E E 1 3 8  . . .  , ,  3- f - 43 : : :  , . # .  

g ! g d  k . 0 . . .  . +  . ,  -?k3 . . -  w- 

. . .  . . . ":a I : ; ;  i i i  . : : w  - . . .  . . .  . . . . . . .  3 :: 
$ 

: 5-2 : ; i i i g ;  2 : 
i ;ABCP: : w : := 
: ~2-g~; j : . z i 1" 4 - E ~ - -  4 : : - : :h b. - i 

5 s d a g  . 
E ' X : m S %  1 : i:35 $ ; 

: . :- . . . . . . .  . . 0 4 . . , . .  . . . . . . .  . . . . . . .  . . . . . . .  Si . . . . . . .  : Uj """ . . . . . . .  . . . . . . .  d 0 c o o  . . . . . . .  . . . . . . .  I" """ . . . . . . .  2 * . * .  . " , . . . . . .  . . . . . . .  4 5 S S D  . . . . . . .  
$id li#; er 3 mu.-- I ?q$ m * 

4 cd 3 d 5  . sad 
F1 A : : w u 

per 4 g j ;  g r;j#&j- ff gj~$$, a g 

1 B 8 g g g s m s s T -  zrg 3 g $? % ~ s ,  3 --. 1 ;:- $ 
C 

'c B 
"!ispanu- 53 nisH$Ei j  D I z ~ - s Q  $1i3g,d ,,: , 

asrn 5 % . AS- $g:;E@t j, 8 8 I - - g ~ 2  B jca pa kgE-,- 13 8 ,  gg ~ j ~ ~ ~ j + ~ d ~ a ~ ~ ~  8 3 



NorrlsCfeakat NcutlsOla- 0-0 
elm. 

~L&e.Outlet,'l'aLtl 0 
Idlet. ....... 'Csrlson Lake mtlet at 
~ w b u  

~ra~er&mjeretP& 119 
b h d t W .  

. h g  bouUetat8pesl  
BlveT. ....... epal Riper 6t Port Bn* 
tlsbam. 

8elm fcak 01 sLFaam eo- 72 
tedn bend o f p o r t  
aou&lon. 

A.B. 8 ..... July 31, 1915, Z l B  ............ 
to Mar XI 
lQl7; Idiyd, 
1918. .............. ..... A . B . 8  Nm8. S t o r e  elor 

on, &- 
cmkteet . 

A . B . S  da 8 t 0 r 8 g 8  lor 60 

........................... do .............. 

Iz from beach. 
w e  M, Th- 21 A. D. 8.. ... on. 27, isl7... scn At dam dto, ................ 

Bev. 2!m 11s- 

E l d o n  of owm bkrm 95 feet. 
a TW mile & pear1 H W ~ ;  4,m feet of hmnd and 1,xo fwt of plpe h e  to Teo Earbar. 
~Developed. 
d Detenslned by IOasta G c u t i a ~  Mining Co. 
8 Elavetlm &termla& by anmold baromem. 

... ...... Mpoo... m. ....,.., Dam 60. tan- . 9  
nd; m: 

1m,m ........ 2,m.. ........ 0.m wtan- .....- 
.el:& 

............ 167 .................. 

......... ............ Dam,mitunt 1.1 
nel, 100. ......... 1 . m  .......... eo ............. z 

145LTee;k+1 ................ 1'" ............I 3 I 
end 4m fmt 

f Bep-tA b Gpael Rlw Project (Xnc.). 
P ElewUon oyponer house.500 tent. 
b ElePatlotl ofo0wt.r h a ,  50Le88~t ? 



I86  &w R E S O ~ C E S  air LUEA, ma. 

&s-& E 8 E 8 8 i g - s g g  i ~app~%c8.,I  5- -7 5 m- n- : s a- ,- i 

E w i 4 2 8 . E - . [  s g j  I c- 
% ,P %- - *  ; 

1 . . 
3 m 1 0 &  gz m . I  7 -  i '? , *  m '  . . 

I , . . 1 * : 
: . : . g ; $ i 
: : u. : i -  : . . 
I : $-g ; 5 d$ ; . - . : rj$";:-$' 

g i E  . . . . . .  - .  . . 5 . .  . . . . .  I zg ; . ; . . . . . . . . . .  U 4 . . . . . . .  . . m . ,  

I . . . . .  . * sg - pz3 4 :- : * 2 
9 
b 

e 
4 

. . . . .  . . . . . . .  . * . . . . . . .  
T .= . * . . . . . b  0 

qa . . 
(C - : ; . $  $$A 

. . . . . . . . .  as38 ass : : . . . . . . . . . . .  . a " .  . $e"" .'&.-,A . - . . . . . . .  . . . . . . . . .  . - . . . . .  . - . . . . .  5 ;  i : : " .  . 
<&;a;d8 ;:7g 8 d -  1 z - rdLr r%daU~ 8 9 ;  

z 5 E g g 3 3 i 4 5  ,!? - fi ,- 
, $ 
4 

. . . . . . 

. : . : i . i r  a ;. ; 
5 ;  I. : -+ . . . . . . : : ; . . 
g i . . . . . . igji i i $ ; i  . . .  7 . .  . . . . . . .  

d 
.o 

a - 
L 

2 
3 

E 
'a 

3 .I 
T m  
E 
$ 

2 
-5 
a 
E 
2 
C, 
e 

-IP 

3 
& 
c3 

.E 

l 
a e .  
S 

4 .  

. 

, WJq 
$2.53 

g 
3 a 

z@$l . . . . . , : : 2 ;  ; 

CI 

:$ 
11 
23 

, 4 

I 

t 
8 

. . - .  . . . . 
h .  

I .  0 .  $4 14 " .  . ,  0 ,  . . . . . , . . . . i - 6  
d 2 i d  

'9 ' 4 ' 9  
: I -. 4 7 

Q , . i i I .. 2 
. . 

z + .  . . . . .  * ,  , , + .  . , - --- 
h .  . . , . . . . . . . . . 0 .  I i d  i d 

rn rn m m  a +  m ' 6 ~ 1 : ~  

1 2 2 ;  7 %  Pi i d u i d  d z  i d 
a .  . m 

m : t f f  
R R  s ; :  . . 

d 
P - 
* 
3 

B 
a l3 



s a  Z- S- CI-C CICl 
W" m- d S dm s~ *- -- g q q  s s s s  *-N- b d 

. . . , : 2 ; a  ;a ; ; a  i i i w 8  P i 8 s 3 i ~ 1 ? i  
I . I  , . .  n .  b 8 . . . .  

O 
. . : . . . .  

- . a  . .  , .  r- . : :  . . . ; F :  r j :; i - - : 
a * . .  . , . . . .  . . . . . . . .  . . . . A  , ' , . . . " , , . . . ; $ ; i i  : :  4 ;  : $ :  4 . . . . a .  . . . . . . : : #  

i j  
.!5 - 

i s '  : . : , igzii i : . . .  : ; ; sg &-G : - : : '"a.ui . 1 . . - . ,  1 
,, , i a$d . . . .  . , . :g:: : . . , . . , , , g-p; $ 3  i g ga l i  n • a : ; 0 6 p ; + a  i $ n n  ei, t , E  . . . . . . . .  . . . . . . . . . . . . . . .  ' B . . . . . . .  . . . . . . . . . . . . . . . .  , , . .  t .  , . . . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . .  . .  , . .  0 .  0 , .  . , # . a  . . . . . . .  I .  . I .  , .  I , ,  , , I . .  . . . . . .  . . . . . . . . . . . . . . .  

a , . . . .  . . . . . . . . . . I . . " .  . . . . .  I ,. I I 
i 

. - i i  . 0 . , . .  ' * '  
, a 

: $ i i  i :  , p 4 $  5iI! i i &  . . .  0 . a - , . i g  0 i * i . . . . . . .  I .  I . .  , .  I . ,  * " L . .  . . . . . . .  . . . . . . . . . . . . . . .  ; . . . . . . .  . . . . . . . . . . . . . . .  , . * .  , .  , . . . . . . . . . . . . . . .  , , . .  , .  , . . . , . I . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . .  ; . . . . . . .  m . . . . . . . . . . . . . .  . . . . . . .  . . . a , . . . .  , .  . . *  . 
. a .  I . a .  

: 
. ,  , a , .  ;@ i i  i : :  . . : i m .  i d g  d g d d l  i 

a s  ; ;  i : , ,  : $ $ ,  - .  6 6  g p s ~ ~ z  1 m o  

w 
n h  

: a  
2 
E - 

, , . . . , 
g g  Z B $ I  1 . . 3 3 8  g $ B E  a v ~ g  

. a  d d 
, . . . . . . . . . 0 .  i 
s .  , , . , i . . . . . . . . . .  . . . . . . .  . , . , . . , . ,  , a , ,  . .  . . . . . . .  . * . .  , .  . : 6 0 I : :  . .  : : :  I . .  : : : 1 :  I . 1 1 ,  i . . I .  . I  I 

2 
E 

L %  
B . . . . . . .  : :  : :  : :  : : :  : : : : :  . . . . . . .  . . . . . . .  . . : + : :  : : $ g E ;  : : :  : : : : :  . .  . . . . . . .  . . I I I  I , + , .  

0 rn . .  : : :  : ; '  . . . . .  * " , '  
$ $  & j & i  . i . i E"kJ@ d i  $ d i d $  ; 

. .  , .  - . . . , . 0 0  
, ? d .  . ,  . . i 

3 s ;; i i  ; , : a 1 i s 3  9g i i ?  . .  , .  
. . . . . . . . .  . . . . . . .  , . . ,e.z+<: & < :  .' : . . . . .  : : 2 2 ,? as / -;a !L : -*dg . . . . . .  8 3  i i  i i  i : :  . p a 9  : ; 

. ,  ; g $ 9  : 
Zf g i R $  1: i d .  : t-t-- G - W L  . ; ,. i""i : . : . : ;  2; i z , , , , ;  + 9 z j  i i  a , -- 4 ,  s a"::  3 S 4 ;  hh x + . . . . . . .  . . . . . . . . . . . . . I ,  . . . . .  . . . . . . . . . . .  . .  0 

: 
i 6 i ;  ; . . .  . .  . &  . . , a  : : : : q 3  ; A  i : 
. . I ' : ; : : : &  : m :  . .  : . . .  i I( i . . , . .  " 
: + . .  a n  . o . . . : & ;  ; ;  ; & a  ;; i : d  i 

, .  . . . : "  . . . .  ' 1 6  i i I ; d o  i ,  i 
, . . . - . . . . . . . . .  , , . . . . . . . .  

ae - . . . . . . . .  m : g  . . .  . . . . . - . dcd sd . . : : :  4 ;  i d l  
- . . 

3 
; j  

i! 
5 * 

4 
p s 
f 
8 
C 0 

, .  O i i  ; ; :  . . i g 
n .  . ,  , 

' 3 





MIMING IN CHFTINA VALLEY. 

INTRODUCTION. 

AJl the minj, &&rich in Chitina River mlhy were visited by 
the miter in 1918 and were described in an account published as 
part of  the report on the pro- of investigations in Alaska for 
that par? Sinm then no deaription of individual min'mg propertia 
in the region has appeared in publications of the United S b t ~  
Geological S m y ,  rlthough G* C.,Markin visited gome of the prop- 
Nies in 1918 during a rapid journey through parts of Almka and 
inoorprated the results of his observations in the report on the 

' invwkigation of Alaskan mineral remmw for 1918. Material for 
present account was collected by the writer during the esrlp 

$art of September, 1919, and t.he paper is p m h d  as a report on 
progrew in mining development rather than as a detailed descrip- 
tion of ore deposits, 

Mining in this region, as in d other pads of A h b ,  waa p a y  
effected by conditions that a m  from the war. Pmqmting practi- 
cally mnwd during war t h e ,  and even the merit work on many 
claims was omitted under exemption allowed by laws passed for .the 

' relief of owners during the war. Tha scarcitg of Pahr and the high 
cmt of mining equipment rcnd supplies made it unprofitabla or at 
times impowible to carry on development work at some prope&~, 
which were allowed to l i ~  idle. 

The principal mining activity in the region in -1919 was-& K&- 
I h a  River, at Kennicott, and on Dm and Chititu cf'eeks, in the 

Nixha .district. No ssewrnent work had besn dona on Elliott Creek 
and on Kotsina River up to the later part of Ssptemlmr, but prepara- 
tions were being made to do such work before Januarg, 1920, for the 
new regulation regarding assessment work for 1919, as it was p m d  
late in the: munmer, exempted no more than five claims in one holding 
and thus msde it necessary for some claim owners to do -merit . 

. work who had not planned to do it in 1919. 
; I ~ ~ d t ,  F. H., mt= tn the low- capper IUwr basin: 0 0  El. B u  6% 
pa .18&182, ID18. 
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DeeeIopment work in the KuskuIana River valley in 1919 -was 
done principally on three properties-the Alaska Coppr Co.b prop- 
erty on Xngpt Gmk, the North Midas Copper Coh property ou 
Berg Creek, and the Chitina-Ruskdam Copper property on 
B i g h t  C&+ The North Midas Co., which produd a mall quan- 
tity .of dver m d  gold, was the only' company to do more than a- 
plonttory work Some prospecting was done en Shtka C&, where 
a little placer goId is contained in the gravela and where the pPBSence 
af float gold has been known far some t h e .  

'Xrhe Alaska Cdpper Co., which owna the claims staked on Nugget 
Creek by Jam= McCarthy in the early daya of exploration in this 
district, after making a careful mine test of the capper-bearing vein 
which originally cropped out on the Valdez claim, decided to stop ell 
development work and r e m o d  the machinery and equipment from 
the ground to Stmlna. The dwelopments on this property include 
about 4,000 feet of drifts, erosxuts, and shafts. The work dis- 
closed a weUde5ed copper-bearing fault sone, which contained 
principally bornite and chalwpyrib. The vein near the mrface can- 
sided largely of high-grade ore, a11 of which was removd and 
shipped to the smelter, but it did not maintain its high copper con- 
tent in the lower levels, and for that reason the pumd was aban- 
doned. Gold and silver are constituents of the om, md a little 
native copper accompanied the clopper sulphidea in parts of the vein. 
The pstest  depth below the outcrop of the Vsldez claim attained 
by the workineg is 420 feet, and the writer was informed by the 
manager that the relntive quantity of ,chalcopyrite as compared with 
bornite in the lower levels was Iess than in the uppr  Ieveb; Since 
1918 about 180 tans of concentrhtea and hand-sorted ore have been 
shipped to the gmelter. Previous shipen* mnsisted of about two 
aadoads of hsnd-mrted ore. 

The mine was equipped with a mi& a small ho* pmer drills, 
s drilf sharpener, and other machinery. Power for th0 drills and 
hojd wtw furnished by two semi-Did  &gin=. The mill contained 
a coam crusher, one fine crusher, two jigsts, and two tables. All this 
equipment, t.oRgther with other movable propew, wm hauled 
to Streha on automobile trucka during the lster part of the summer. 
A gmd mad snitable for automabile travel waa ooastmctd st con- 
siderable expnm between the mine and StmIna, on the Copper 
River & Northw&em Railroad, in 1917 and 1918, 8na has in 
use for the last two seamrn. T b  mad for part of its length is on 
the line of the horse trail from Sbelna into K&lam Valley, snd 
is available far um by all tb people in the d e y .  It is now in poor 



ainditioa haw of heavy traffic in wet weather and should be re- 
p a i d  if it is ta bs p-wed for automobile trayel. 

The North Mi& Copper 60.'~ property includes 18 lode claims, 4 , 
placer clrrims, and a mill site on the east aide of Kuskulsna River 12 
milas £mm Stmha The first claims staked in this vicinity mere 
located m copper claims and for several yeam were prospected in the - 

hope of 4meloping a copper mine. The om boMy now being ex- 
ploitd, however, contains silver and gold ag well as- copper and is 
mined for those matala rather than for cmppar, The mine is an the 
south side of Berg Cmk,abnt I$ milea from Kuskulans River, at an 
elevation of 850 feet above the river barn The ore body mnsista of 
quartx and a, minor qumtity of c~lcite mntainihg amnopyrite, 
pyrite, and chalcopyrita It wm d ~ p k t e c l  along a fanlt pldne, cut- 
ting m b  which are pmvaiTingly light-gray diorih, locally por- 
phyritic, md d a r k - p n  fine-flab& diorih These rocks are in one 
of the major mnes of faulting of the region and are cut by many other 
faults. &dm t b t  containing the ore body. In places the. tunnels 
also show whita silicsad limestone. The strike of the ore body is N. 
70" E., land the dip is about 46" SE. but shews &me variation. The 
th iehm of the vein ranges from less than a foot to 7 feat.. 

Mining has been conduct& on two levels 100 feet apwt and reached 
by diffemnt adits. rl, short inh~rnediate level has also k n  driven 
from the upper Ievel. The main upper and lower levels have ken 
corn&, however, and the ore from the upper level is drawn off 
through tb lower 1 4 .  More than 1,000 feet of l e d  and adits have 
been chi- 

Tbe gold nnd silver eontent is variable in diffemnf parta of the ore 
- M y  and rsnpas from a few dollam to mveraZ hundred dol lm to the 
tom % silvsr is present in gmater quantity than the gold and in 
soxmplsces has a ratio to gold AEI great as 4 to 1. The most valuable 
ore ia the oxidized part of the vein near the mrf ace, 

A cable tram quipped with buckets having a crrpacity 09 cubic 
feat oonveys the ore from the mine to the mill, which is built on s 
terraca near Kudmlrmna River. T"h mill has a capacity of.20 tons 
in 94 haum and is driven by water power furnished by Serg h k .  
A wood pipe line 2,200 feet long carries water from the intake to the 
mill, whom it sapplies both power and water for milling. Tho 
tramway was canstrachd in the spring of 1919 and wm not completed 
till the greatmt. Bow of water in Rerg Cmk was over, and mnm- 
quently the mill was operated for only a few days at the end of the 
mamn. I 

Communicntian with Stre1na has been greatly simplified by the 
,construction of the mad from Strelna to Nugm Cmk and of the 
Government 'bridge oper KmkuEans River 1% milee Mow tha mouth 



of'TFail C& The milI is only 14 milw from the bridjg and h 
been connected with the Nngget Creek road by a k c h  d 2-& 
mil= long, which leavea the maim road near the c m  of Squaw 
CreekTeek This mad is available far automobile tram1 and has- been 
used for two summers, but like the main road will require further 
expenditure of wbrk and money before it is in 6mt-cIw condition. 

The Chitina-KusMana Copper Co. m s  21 claims, 6 of which 
m miII sites, on Rigfoot Creek, between Berg and Tca3 c d ,  on 
the southeast side of Kuskulana River, abut  13 milm from Strelna. 
Bigfoot Cresk is nearly 4 miles long, and most of its c o r n  is 
through an area of light-colored porphyritic diorite. Its upper  pa^ 
cuts Triaasic s h d a  and limestone m d  Jnrmic limegtone, sandstone, 
and &de+ The mountain northeast of the creek ia dl diorits ex@ 
near the head of the stream, where Jnrss~ic wdiments overlie the 
igneous mb. Most of the daims am on the southearit side of the 
creek, where the rocks below the Juraasic dimmts heavily 
mineralized ia many places, principally with magnetite. 

Most of the development work has been done on two claims 
abi thh War Eagle and Calcib daims. The War Eagle claim and 
tunnel am on ,the mouat?in dope southwest of the c m k ,  200 feet 
above the "middle camp," or 1,300 feet above the ''~oder camp," 
which is on the bars of ~udrdana  Rimr. The tunnel b 200 or 300 
feet above timber line, about 3,400 feet above sea l a d  It ie 100 
feet under mvar and cuts a siliaad limestone c o n t a u  dark 
bands, po~sibly intrusive dik% mineralized with pyrite a d  chdmp~- 
rite and showing green copper stains. Between the turnel and the 
;base of the Jummic sandstone beds, about 200 feet higher on the 
mountain slop, are hrge expogures of magnetih, which L older 
than the maandstone, for the conglomeratic beds near the bzm contarin 
rounded peMlea of the magnetite. 

The Calcite cbim and tunnel are high on s h r p ,  narmw ridge 
separating Bigfoot Creek from a southern branch of Trail C m t  
The tunnel, 600 feet long, is at an elevation of abont 4,800 feet h i v e  
ma lewd and 1iea in or near the contract of a diorite mass on the 
north and silicified lim&ne on the south, "Ithe58 rocks'have been 
greatly dhturbed through faulting, by which the underlying Tri-ic 
lhestone and shale have been thrust in a northerly dimtion over the 
younger Jurassic sedisamts. The fault doubthm played a large 
part in the deposition of the metallic minerds of thk creek md of 
Berg Creek It strikes north-north& and &pa 95" N. to %I0 S. 

, 
It h d a  at lea& as- far $9 from Chokows, River to the west side of 
Kuskulam River, and probably farther. Both the'vhite altered he- 
&.one, of undetermined age, in the tunnel and the rmh adjoining 
the tmd are much fractured and s h d  dong: the frscture plaaw, 



d a m  them ia &y iron-dained gouge m d  more or leas laminated 
m k  containing pfih and copper-bearing p f i b  or chdcupyrih 
Copper staining is abnndant. 

The property of the Chitina-Knshlana Copper Co. is equipped 
with a power plant situated on the low, timber-covered p v e l  bars 
within a short d b b c e  of Rusknlsi~a River. This plant includes an 
80-hornpower engine, a Bbhompower wood-burning boiler, a 
62H-kilowatt 3-phase alternating-current perator, and a 74-kilowatt 
exciter, C m t  is carried to the Wsar Kagle e l a h ,  w h m  the cam- 
p n y  $sa W l e d  a 60-homepower 3-phase motor, sn air compressor, 
air receivers, two p h n  drills, jack hammers, and other necessary 
eqnipmeut, ineludmg a drill sharpener. Power drills have not yet 
been d in the Cdeite tunnel, but a B-horsepower grimline engine, 
s blower, and 600 feet of air tubing are used to provide ventilation 
~ r t  the tunnel face. 

The bars of Kuekuha River furnjsh e w ~  communication with 
the bridge over the river and thus with the road to Strelm, making 
it mnch aagier than formerly to get supplies in summer. The Gov- 

' 

ernment; bridge recently constructed by the Ala~ka Road Commjl3si~n 
is undoubtedly of p a t  b e f i t  to all the property omners on .the 
east side of Huskulana River, for its obviah the diffcdty and 
danger of fording that st-, which et timm is practically im- 
pmble .  

A 8epglgte company, named the Mount Wraagell Copper Cb. but 
under the slrme management as the Chitina-Knskahna Copper Co., 
mntrola the Copper Queen, formerly the Ram p u p  of d a b q  
sd join@ tha ,War Eagle group, and slsa two groups of claim alld 
the Broken Iag snd the Minesal King groups on Chokosna River. 
Jt is ex+ that work will be done on the B m h  h g  group in 
1920. 
Mfo M k  is a mall dxmm flowing hta Gtsiaa River fmm 

the mountains sonth of Elliott Creek It is about 9  mil^ narth- 
northwest of Streha but is reached from that plsca by traiTs can- 
siderably longer. Interest in Benib Creek lies in a gold-bearing 
quartz vein commonly known in the district as the C a h g  property, 
from the name of one of the owners who dkovemd the vein in 
1918. The property mnsigts of five mdd claims situaterd a short 
distsllce below timber line on &mito Creek and is owned by Jack 
Canning and Benito Contino. 

The vein consists of quartz and calcite, with quart% predominat- 
ing, and mnges frsm 52 to 8 feet in thickness but averages about 30 
inches. 3t dips steeply to the east and strikes N. 70"-75" W., cutting 
a succassion of dark-colored igneous rocks that inclnde bath dense 
b d t i c  members and mmr graaul~r phases, with abnndant horn- 
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blends: Thm mh grade into each other withant shvp bound- 
afies. ?hey am camiderably altered and are &eared, p d d a r l y  
near the vein. 

The vein originally appakd ir? the c& m a mam of pure 
white inarb but has now been proved by a m e o n  of five shaUow 
holes to extend for at  least 600 feet. The deepest of theae holm 
penetrated the vein 15 feet. Much dillimlty was experienced from 
watsr, which flowed along tbe pock mrface beneath the gavel oover- 
ing, and to obviate this trouble an autamatic dam wes constructed 
on the creek and two channels ranging in depth from 2 to 20 feet 
warp duid ac- the clsimg. Owing to kegularitim in the bed. 
rmk surface these cuts do not ex- the bedrock in many plaoee, 

The vein b mineralized with iron and copper sulphida, prinei- 
pally.arsenopyrite, which near the surfaoe are much o x i d s  and 
have mlorod the shattered quartz with wsty iron stains. In plaass 
the oxidized vein hns furnished mme handsome specimens of free 
p ld .  Small particles of free gold are rather common in much of the 

# 

oxidid vein md contain or are accompanied by dm?, as ia ahom 
by the assay. 

On the left-hand side of the cmk atrout 100 feet d o w m t m  from 
the vein b another qua* vein mmying areenopyrite md s b k k  
metaIlic mineral, probably hematite. This vein strikes NP3, lo0 W. 

About one claim length still farther downstream is a vein of rusty 
shattered qnarhz 8 to 9 feet wide, con- pyrite and ammopyrite. 
lSavewl open a t s s  ,have been made on this vein, bat no particularly 
encouraging ~ l k a  ham ban gainsd. 

Banito Creek at present hss no adequate means of cmnmmic~tim 
with Stcetna. It lieg on the direct muh to  Elliott C k k  end may 
be reached by any one of several trails that have h n  made ~ i n m  the 
railroad was wastwctd, The chief diffidty with all th- bib, 
which are pads traits only, is that padm of them am wnt and soft 
excapt in the dried westher or in winter, when they are not umd. 

KENPJICOTT. 

The property of the Kennecott Corpomtion near Kgnni& now 
inelndes three working m i n ~ ,  far in addition to the Sonanwl and 
Jumbo mines the corporation has q u i m d  ths Mother Lode mine, 
formerly operated from the McCsrthy C& aide of the ridge, be- 
tween Kennicott Glacier and McCarthy Creek. Formal control of the 
Mother M e  began on May 1,1919, and since that tima ore .from the 
Mother Lode has been delivered to the IIIN at Kennicott over the 
Bonanza tmtn~&~. The t h m  minas are now mmectad under- 
ground, ao- that it is pmible to  paa from one mine to any other, & 

p a t  edvantage in operation and mansgmment. The mnnectiona 



am made hm the 6W-foot level of the Bmamn fo the MX)-foot ( 9 )  
lev4 of &a 8umbo snd from tha 800-foot level of the & n m a  tbe ' 
Bhodes (?W-foot 9 )  level of the Mother T d e  mine. On the eon- 
netting levels the s l o w  of the Bonanza and Jumba mines are 4B70 

' feet a m .  The shaft of tha Mother T A B  is 1,400 feet from the 
incline of the Bonanza. 

Much work has been done in the t h m  minee to fadi tah  mining 
and handing the ore. New dopee were driven in both the Bonanza, 
snd Jumbo minea, and new dumping pockah were provided under- 
bmd.  New hoistie machinery was aEsa in&aIled. In addition 
the loading atstion of the Jumbo tram is being moved underground. 
The new station will no longer be in danger from movements of the 
Jumbo Glacier and will add greatly to the comfort of the men who 
l o d  the tram cars, for they will ba well undergraund and no l o w  
ex& to the winter storms. Development work has now baen 
carried below the 1,000-foot level of both minm, although the new 
~ ~ i r i ~  had not fully reached thgt depth at the time of visit. Thm 
is stoping ore on a11 the levels of the Jtimb mine. Mast of the ore 
of the Ron- mine above the 3OO-foot level, however, has been 
mined out except in the pillars, wkah contain, much ore a d  ham 
not been touched. Exploratory work, both by drifts and c r o m t s  
and by dismond drilIing, has been pushed in all parts of the property. 
The Bonanza and Jumbo mines amploy about 150 man eech. 

Work in the Mother Lode mine in 1919 was directed mostly toward 
exploration of the mine m d  tomad removal of the ore already mined 
and piled an the dump by the previow owners, for because of the 
met of tramportation by truck from the mine to McCarthy unly the 
highest-pde ore was ahippd and the ore of lower grade waa bft. 
Much of this lower-&a am w m  *raped up in the summer of lsl0 
and hauled by electric engines from the Motber M a  dump to the 
Bansma incline on the 800-faot level and thence mnt to the miU at 
Kehniwtt. Within the mine a p r c l s e i n g  shaft was wnk horn the 
Pittsburg (W-foot) level to s point beIow the 1,100-foot IeveI, and ' 

crosscuts wem driven to the ombaring zone. Prospecting by drifts 
and with the diamond drill waa carried on from the c m t s ;  at the 
game time. 

An i n c m  in the mpmity of the bnenza Smm to ahnt 1,000 . , 

tons a day ma& pomible the hsndling of ore fmm both the 
nrrnza and Mother Lode hinea 

Part of the ore delivered to ,the niill over the Bonanza and Jumb 
trams is sorted out and shipped as high-grade ore, but the greater 
part pa- through the mill for concentration. The mill tailings 
a11  pa^ thmugh the leaching plant, where they are deprived of the 
li~ht-weight copper-carbonate minerah left in them on Imving the 
mill. The latching plant treats (300 tons of ore a day. 



I . .PAN CHITITU CREICB. 
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1 
The gold p l w m  of Dan bnd Cbititn m h  werk ZlOt visited by the 

writar in 1919, and the few statement& aiade here am based on stab- 
men& of the ownem of the propertia or on information from other 
murcea An &mata of the gold production of Ghe two creeks is 
contained in the first part of this volume. 

Little in the way of new installation or new d i p v e q  has t h  
place on Dan Creek, ht the mining plants already instdled have 
continued operation as in previous yam The trgeat operator k 
the Dan Creek Mining Co.,'whow plant was instaIled several yeam 
ago and bas brm in operation each year sin= In addition work has 
been done on a smaller d e  by &her ownem on the bench claims 
of Dan Creek snd on claims on Coppr Creek, the southern branch 
of Dan Creek. 
me principal fact of note relating to Cbititn Creek ih3 the mnmli- 

dation of the cIaims on lower Rex Creek and part of thm on White 
Cmeh the two branches of Chititu Creek, with the daim on Chititu 
Creek .kitself. This mas brought a b u t  by the purchase of certain 
c l a h  ,on Chititu Cmek just below the j unctibn of Rex and White 
creek Mining on these claims and' on some of the claims on Chititn 
Creek has been hampered by a conflict of water rights. This difi- 
culty is now obviated by the consolidation, and a pmper exploitstion 
of the gravela involved is possible. This property now ieIudes not 
only the creek c l b a  already mentioned but also certain bench claims 
on the asst gida of Rex Creak a short distance above Chititu Creek, 
which heretofom have been worked independently ~f *he clzbima on 
Chititu Cmk, The two hydraulic plank on the Rex and Chititu 
craek claims wem in operation rts formerly. 

The work just mentioned heving been in progreas on Rex d 
Chititu creeks w w  the principal mining done on those streams in 
1919, but m e  further mining wsa done by other opemtom o n  upper 

, Rex and White creeks which contributed a m a l l  amount to the gold 
production oP tba Nizina district. 



MINING DEVErnPMENTS IN TEE MATANUSEL4 COAL * FIELDS. 

Tba d y  d - m i n i n g  activity in the Matandm Valley in 1919 w~ 
the wo~king of the Government-operated mines at Eeka and Chicka- 
loon by the Alaska Engineering Commission in charge of Gumner El. 
Smith, resident engineer. This paper is intended tts a brief state- 
ment of the aperations of the year, to supplement a more extended 
repoft on the gwlogg and developments recently publiahdl 

The princ:ipal op&tions wene at Eslra, whew. an averttgv of 86 
meu wem employed throughout the; year and ~pproximately 40,377 
tams d ma1 was mined. This ma1 was taken from all six of the 
productive beds, the Martin, Shaw , EsIta, Maitland, David, and Em- 
ery, but the greater part came from the first four named. 
The mnl depxits st Eska lie in an open agneline that hmds ap- 

pmxhtiately east, about perpen&& to the creek, which has cuut 
ncm the Ids and has expod  a n a W  Wioa The mining by the 
Madm Enginering Commission has been done only on the nodh 
limb of the syncline, abo~e  wabr level. During 1919 the Emery east 
and David east gangways were extanrled 353 and 448 feet, respc- 
tively, this work hing largely in the mtum of development. On tb 
w& giae of Eska Creek the Eska, Shaw, and Martin tunnels were ex- 
h d e d  275,407, and 86 feet, respectively. The Shaw h now u s d  as 
the main haulagew~y, and the 20-ponnd rails formerly used have 
been replaced by 60-pound mils and the tmck gage widened from 
24 to 36 inches. 

Abouk 1,660 feet f-rom the portel of the tunnel the Markin, Shaw, 
md Esh beds are. cuk 08 by a fault, whose position wm h o r n  np- 
proximately from the surface outcrops. During the open seagon 
of 1819 a careful study was made of the structure of the W s  as shown 
on the miace ~ h v e  and just byond the prewnt face of the Shaw 
wast tuuneI. The beda wsra opened by pita and at critical Iwalities 

' Chagia, Theodore, Mining developmemtn la the Matann~ka ml aeld : U. R. G e d  
W Bull. '712, 118-107. l9aO. 
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by shipping, which showed the conditions iIIuatrated: in figtire 2 
The Esb,  Shtrw, Martin, aad Emev beds were identified, and one 
or mother waa.traced for nearly 1,m fed. Betwan the position 
of thm lx& and the @tion of the p-nt worhngs, howemr, there 
is a dawnthmm fault block from 300 to 300 feet wide in which the 
coal be& are either absent or badly broken. The beds west of this 
fault bIwk a-r to be but little disturbed with reference to the posi- 
tion of the beds in the presant workings. Fmm the s t r i b  and dip of 
the ontcrops the appmximate p i t ion  of thplse on the level of the 

r- 9.- ri.~ of part oC m a  mbtt. Mame vmw, dlowlng palm ai 
tam or Bhaw. Bkn, and M a t t i a  w o r t J p ~ 8  mfnops d Faal beds, m d  mctpral 
rslatlona 

p m n t  wor3rings has been celculahd, and work is now in p r o w  
to drive the Shaw west tunnel through the f d t  blmk to connect with 
the beds WE& of the f adted ground. 

Where the Shaw tunnel entern the fault blmkit mts ra. mami- sand- 
stone which occnrs just above the E s t  coal b d  md, which haa been 
carried downward by the movement dong the fanlt. Excavation 
through this hard rock will n-arily be dow. 
On the &nth edge of the synclina open cuta and churn-drill holm 

show the p m m  of a11 six be& and indicah a conaidmb1e area of 
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minable coal from which a hrge tonnage can be mined with probably 
no greater McuZtiw than were encounbred in the present workings. 
So far d the mining has been done from wahr-level t d ,  from 

, which moms afe opened. b 
The cleaning plmt has been in operation throughout the par, and 

phm are under way for the erection of a washery. 

At Chichloon an average of 35 men ware employed in 1910 and 
approximately 4,176 tow of cod was mined incidentally to develop- 
ment opeptions. On amunt of the dificulty of using the old slope 
M a working &aft a new slope was extended along 8 at an angle 
of 32O to 46" for 238 feet, to the m n d  level, at an elevation 312 feet 
blow that of the portal, and a station was cut, from which drifts 
were extended east and w& 906 and 434 fmt respectively. 

The new dope from the first to the second level p-d from bed 8 
through a faulted mne containing mmidmb1e crushed coal into bed 
6, which k = p a d  in the ststion. In extending the dope it was not 
evident to the operatom whether a fault or a queeza in the bed ww 
being mmmhred, but when the second leva1 was reached bed 5 was 
identilied. Tt is thus evident that the fault is not marked by a definih 
plane bat by a crushed zone containing drag blocZLs of coal, m d  its 
direction is h o w n  only by the relative pwikion of beds 6 and 8. 

On the wed drift f m  the ststion the workings pass from bed 5 to 
bsd 4 abng the c y ~ h e d  zone of a low-angle fault of slight displace- 
ment similar to the one in the s lop that has cut off bed 8. 





Mining operations in the Willow C m k  district in 1919 were carried 
on at five mines, the same numbar as in 1918. Tha Gold Cord mine, 
which wss opmted in 1918, was idle, but the War Baby made ita first 
production in 1919 and was operated throughout the open season. 
Considemble prospecting was done, and some bna fide s a l ~  were 
mada The value of the gold and silver produced in 1919 was $159,458. 

The Willow C m k  district is king developed mainly for its gold- 
baring lodae, which mur  as well-defined h e  veins in quartz 
diorjlte. Two copper-bearing lades, however, one on the -tern and 
one on the northern edge of the district, have bean located recently, 
and enough annual mssment work has been done to hold the claims. 

The presence of hlluride ores in the gold-quartz mine has been 
mprted from time to time. Siawr 1913 the Survey hw tatested t h w  
s o - d e d ' h l l d d e s  with negative results. In 1919 it was agsin m- 
ported IdcaUy that telluride ores m a r  at a number of properties in, 
the Willow Creek district Tests for hlIurinm on samples submitted 
were made In the Geological Survey ofim st Anchorage, with negative 
results, and these testa were oomboratad by a m p  made on the same 
ore by the Survey chemists in Washington. It is not intended to 
sag that bUuFides do not o m  in the Willow Creek district, nor that 
thay wiIl not be found. It is not likely, however, t b t  rich d~posits 
of telluride ores occur here, for the geologic m i a t i o n  of the 
Willow Creek lodes does not favor their occurrena The known rich 
depmita of tsLIuride ores of gold and silver occnr mostly in cam- 
paratidy &allow veins in Tertiarglama The WiUow Creak I d e g  
am not sssociabd with effusive volcanic rmb and are W i v e d  to be 
nf much p t e r  depth and parsistence than the type of veins in which 
rich depsih of hllurides are usual17 found. 

The minos d prospecta on which development work is b e i i  con- 
tinued are shown on the accompanying map (PL VI). The follow- 
ing dmriptione of operatiom deal only with r a m t  developments. 
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MINES AND PROBPBCTS. 

The GoId B a o n  mine on Craigia Creek, operated by the Willow 
Cmek Mines, continued to b the most m n W t  producer in the dis- 
trict. The mine and mill were operated throughout the open mmn, 
from May 26 to October 18, emplaying from 60 to 70 f~ T h e  ore 
was supplied principdly fmm tunnels Nos. 3,4, and A Plans were 
mcantly made to erect a plant for the treatment of the shes, which 

- have been pondd since milling operations were begun. Some de- 
vhlopment work was dons on the Lucky Shot md Panhandle groups 
of claims, on which options were taken last fall by the Willow C h k  
Mines. T h e  Lucky Shot vein was traced across five claims by open 
pits and 9, short tunnel that was started to o w a t h e  vein. It strikes 
N. 6O0 E. and dips 4 6 O  NW. The Panhandle p u p  conside of four A 

claim, which cmw a vein of quartz from 8 ta 8 feat wrogg, with 
h o w  of country mk. vein s t d m  N. 8 5 O  W* and dips 38" N. 
But little work has be611 done on it. 

L The owners of the War Baby mine, on lower Craigie Creek, which 
made its fiwt production in 1919, mrnpletd the erection of a Straub 
mill and operated the mine throughout the season. The workings 
conskt of two short openings on the vein and a third. that is being 
driven to tap the vein at a low81 lmeL Underground dqvelopment 
work was c ~ m i e d  on during the winter* 

Some developntemt work was done on the Golden Light claim, an 
the aouthemt side of Cmigie Creek, d a mill was erected, but no 
production WM made. 

The h n a  and Gold King claims, nmr the head of C d g b  C!reek, 
are being davelopd by the B m l  B m  A large h u m  vein, which 
is mid ta have been traced for six claim lengths, is I9 feet a c w .  
The walls am well defined, with 6 inches of gouge on the footwall 
and 18 hchast on the hanging wdl.  The vein' is cornpod of aItered 
qua* diorite with stringers of quartz. It strikes N. 170° E. and &pa 
49" NE. Abont 100 feet below it is s paraIle1 quartz-feldspar dike 
with m e  vein qua& which carries B little gold. On the Gold King 
No. 8 and h 1 1 a  claims a number of surf- workings &ow sevem1 
small veins of rich quartz, and a tunnel is now being driven ta open 
th€w va@ 

Development work was also continued on the Wewmm and Miller . 

claims, on uppet. Craigie Creek. 
A copper pmsp& near the head of Purches Creek: is mmmd by the 

Dixie group of claims. The ore deposit mnsists of a pegmatitic vein 
89 feet wide which atrikes N. 55" E. and dips 85" S E A t  each border 
of the vein is a, m& pegmatite mrnpod of q u h  a d  orthwlmsse 
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with l a w  foils of muscovite and particles of chalmpvite. The cen- 
tml part of the vein is milky-white quartz cut by irregular stringers 
of chaEa,pyrite with s little hrnih, The depsit  ia opened at  one 
plsce by an open cut. across the vein which shows the following 
section : 

4s o m  east m Di& cIa4m. 
Ft In. 

White glmq qnarte wItb stringem of chalcopgrite and 
bornite ,I-,- - -  6 6 

s of c - - -  -- - -  5 
P e ~ a t i t e - , - , - , - - - - , - - - - - - - - - - - - - - _ - _  2 0 

The sulpbidm are ementially pure chalcopyrite and bornih, which 
w u r  as irregular mams in the quartz. 

The Little Willie claims were recently staked by Long 8; FIoUand 
on the divide between the heads of Cmigie, h h e s ,  and Fairangal 
creekrr. The principal vein crops out on Ckaigie Creek above Chigie 
Glaci& and has Geen traced across the ridge into the bead of Fair- . 
angel Creek. Thi~ vein & r i b  N. ?To W. sad dips 26" KE. It is 
composed of quarts &ringers from an inch ta 6 inches wide which 
closelg follow a green igneous &a made up entirely of secondarg 
minerals, m t i a l l y  sericite, quartz, and calcite. Originally this 
altered rock was probably granite or monzonite, composed of quartz 
and feI&par with some hornblende or mica. The qnartz vein is evi- 
dently of later date than the dike but follows it cImly dong one 
wall w the other and in pll~ws occurs ILR several parallel veins within 
the ignsous rock The vein is small but ia very @stat and from 
the mount of free gold in the au tcrop i s  apparently very rich. 

A copper-bring vein h m  1 inch to 18 incha thick ocmrs on 
Fairangel Creek on the ridge aaboe the ghcier. This vein is corn- , 
posed of p a *  and carrim gold, speck of cMcopJrpite, and'tiny 
veidm of rnolybdmih. 

The claims of tbe Blue Quartz Mining a. are near the head of the 
north fork of P&mn Creek, a northern tributary of Willow Creek 
Three parallel granitic dikes, cornpomd of quartz and orthoclase, 
with dusters of tourmaline, ertrike N. 68" E. and cut the quartz 
diorite countrJr rock. One of these dikes, 8 feet wide, gradually 
passas dong its strike into a qua* vein that carrim mme gold and 
visible particles of chalcopyrite and tetrahedrite. Intersecting this 
main quartz 6 are several short gash veins of quartz with mn- 
Gdemble pfite. These veins pinch out a short didannce from the 
main b u m .  O p  cuts have bm made on both the gash veins and 
the main vein, rand a tunnel has been started to  cut the main vein. 
The persistence af this fimm vein is not known. In one direction 
it ~pparently mar- into a granita dike, and in the other it i~ cove& 
with dhbris and h a  not been trraoed. 



On Willow Ckeek, some development work was carried on by lClila 
Kelly on the claims of the Brooklyn-W illow Creek Gold Mining Co. 

m E m E O O B :  CaElE. 

The Madm F m  Gold mhe, mill, and cyanide plant &re op- 
erated throughout the mason, working from 20 fa 30 men. Mining 
operations were continued in the old workin@, and a little work 
was done on the Eldorado claim. 

The Gold Card mine, an upper Piahhook C d ,  which yielded s lx 

pmdnction in 1917 and 1918, was not in opmtion. 

&atrol of the Talkeetna mine, near tha heed of Faimgel Creek, 
was acquired in the fall of 1918 by W. Em Hock, who operabd it 
throughout the ogsn season of 1819 and continued de~elopment work. 
Mining operations are now oon6ned to one tunnel extended abut  
800 feet along the vein, which strikes N. 4!Sa-60 " E. and dips 40°40" 
NW. For the 5rst 200 feet from the portal of the tunnel the vein 
18 from 5 f4 18 inches wide, bet it widens abrnptly and for the next 
100 feet to the face of the tunnel is from 5 to 8 f& wide and in places 
contains 5 feet of solid quartz. Above this tunnel am other veins 
which am not being developd st p m t .  Tbe om-is banded rusty 
white and gray quartz, with wmiderable g o u e  The quartz con- 
b i n s  some visible gold, and in spots the ore is very rich, but the work- 
able rock is confined to definite pay shoots within the vein, 

The Littb Gem Gold M i  Co. bonded the Webfoot claim and 
other proper@ on Archaage1 Creek and continued deveIopment work 
during the winter of 1919-20. 

The recently formed Giant Gold M h Q  Co. is -developing the 
~ a r k o t  group of claims, on Archangel Creek. Supplias' and equip- 
ment were sleddad in to the property in the fall, mid work was con- 
tinued during the winter. 

Y'unnel driving wag continued by Fern L Well during the ~pring 
of 1919 an their property on Archangel. Creek 

The Mabel mine was operated for 100 days, from May 25 ta Novem- 
h r  1, by a small crew of men, and t&a nnd mill rum were made on 

' the ore. The work of the year was mostly iatended to devef op the 
mine. A eraascut tunnel was driven for 150 feet, and drifts were 
extended for 340 feet. The opening of two new ore Wes is re- 
ported. The Loveland-Alaska Mining &., of hvelmd, Colo., has 
taken a learn and bond on tha mine md will continue adtin develop- 
ment under the management of H. J. Phillip. 



Development work wtw continued on the property of the Ia Roi 
M i  Co., on Good Hope Creek, a tributaq of Resd C d .  The 
claims are on the high divide between Reed and Good Hope creeks 
about 14 milea east of the Loveland-Alaska mine and may be reached 
from the Reed Creek road. Since this property was Imated in 1917 
development work has been carried on preparatory to d i v e  mining. 

The Skarstad cIahs, known as the Opal p u p ,  were staked in 
1919 oh the west side of Reed Creek about a mile from its mouth. 
TWO parallel veins have been trssced by surface pi& for two claim - 

lengths. The veins strike K. 60"E. and dip 5t1°NW. The outcrop of 
the upper vein ia from 3 to 4 feet wide and consists of quartz and. 
gouge along each wall inclming considerable altered &mi@ all of 
which carries gold. The hanging wall,is mineralized &orib with 
strixlgers of quartz and also contains gold. The lower vein is from 
3 t;o 5 feet wide. I t  is made up of stringers of quartz and gouge in 

* ahmd diorite and carrim nluch pyrite from which gold may be 
p d  after masting. A tunnel was started in the fall, and work 

"*as continued during a part of the winter. 
. ' - The Idamar claims, ad joining the Skarstad property w t h e  north- 
%st+, were staked by J .  B. L a r w  in 1919, md a little surf& stripping 
'f ss done. 
J. F. B m  ia developing the Mary h ' g r o u p  of cla'hs, on the 

east eide of Reed k k ,  half a mile above the mouth of Good Hope 
C& A tunnel is being driv8n to interm4 a vein that has been 
tnroed dong the m h .  It strika xlorthwsst and clips northeast. 

The Snow King claim, on the ridge west of Reed C w k ,  is being 
damelaped by J. F. Austin, to open a vein of quarts that is said ta 
have been dripped for 4.,W feet. 

The Ctold Miit proep of seven claims was recently locatad by 
3. B. Hatcher on Little Susitm River about 2 miles a h  tha mouth 
of Amhangel Creek The country rock is peissoid quartz diorite. 
h e m 1  veins iahmxt the property. Tho upper win strikes N. 80° W. 
and d i p  42" SW. It is composed of 10 ta 17 inchea of bluish-white 
quartz, with mmidemble pyrite and ehalmpyrite and mme visible 
god. The =in has been traced for some distance on the surface 
and appears fa be p ~ m h n t .  The lower vein strikes K. 30" W. and , 
dips 62" SW. Where eapcwd by several mrft~ce cuts the vein con- 
sists of milky-white quartz .with rusty streaks lana blotches from 
the oxidization of pyrite. Between these two veins nl\e two or t h e  
-&hem that strike about north. Thew are appmtIy  barren where 



wpoeed. The devdopmenta consist of a &ort funnel that is being 
driven on the upper vein and surfam pitg to prospect the veina 

The Maverick claims were Iocatd by J. B. Wilson on Lone h 
h k  on a quarts vain mparted to be 2 feet thick and airnil- in - 
appearanm to the upper Gold Mint vein. 

The M m  Creak copper claims, on tha ridge Idween tribntarian 
of Little Suaitm River and Moaw Creek, have not been vicrited by 
memhrs of the Survey, and the following information ia abstracted 
from a report by Mr. F. L T h m o n d ,  of Anchorage. The claims am 
on the eastmm border of the Willow Creek &rict, on the divide 
between LittIe Susitna River and Mmm Creak1 st elevations nrnging 
from 2400 to 4,800 feet. The proprty is reached from Moose Creek. 
A wagon mad follows the c m k  for 6 mil- to the Baxter mine, 
from which a trail extends the p r o m  on Iron CIW$ a distance 
of about 12 mileg The pmprty consists of two group of claims, 
one of four claims and an adjoining gronp of m n  claims. These 
claims were l o c a d  in 1914 and 1815 by J. H. McCallie and a m  
ciates, of Anchorage. T h e  ore d s p i t  is f m  30 to 100 feet in width, 
atrikea about N. $'ad Em, and dips about 80" SE. It d m  not appear 
to hew a well-d&d wall, however, and me- gradually into the 
qmrtz diorite m t r y  rock. At one placa 8n open cut hw made 
25 feet diagonally smssr the deposit, which at tbi9 locality co- 
of pyrih, pyrrhotik, chalcopyrite, and s p h a l d  carrging gold and 
dver. It is said to have been traced for 7,000 feef along the surftlce 

' but hlbs not bsen - p l o d  in depth. The copper, gold, and silver con- 
tents am said to be low, but the apparent size of the ore body and i& 
proximity to the railroad m d  to the coal de@h recommeqd it for 
careful exl~minatioa 



a 4 m R A L  RESOURCES OF TRE GOODNEWS BAY REGION. 

XNTRODUCTION. 

; The Cbdnews Bay region aa here considered embmsr the Bxri- 
tmy lying south of h l i c  River and draining into Kuskohim Bay. 
It fins indudes the Arolie and Goodnews river basins and the inter- 

. . mediate - Some information regarding the a m  muth of Good- 
news Bay aa far as Cape Newenham is allso included in this paper. 
.The mmqs of this mgion in 1919 covered an area of approximately 
1,400 spaare miles and extended from longitdde 169" 40' to 162O 

. west, and from latitude 59" to 5 9 O  40' north. A traveme of the 
Yukon-Kuskokwim portage was dm made. R. R, Sargent, topo- 
graphic engineer, in general chargo of the work, made the top- 
mphic surveys on which the geologic work north of Goodnews Bay 

.. . w~ based. South af Goodnems Bag charts and maps of the United 
.: &ha Coast and Geodetic S w a y  were used as a baseiESB The geologic 

impping and investigation of mineral m u r o e s  .were done by the 
, writer, A m k  and B station d a n t  to Mr. Fargent completed the 

Party. 
, a , The party left &Me on the power schooner O m  on June 59 and 

' "  mde w landiqp: in Security Cove, just esst of Cape Newenham, on 
the amsing of July 4. About twdhirds of the supplies and pm- 

. visions and alt other equipment were Ianded in the boats of the Sur- 
vey expedition at the same time. The supplies were huqm~%3 
tbmughout the sewon by boat or by back packing. A 30-foot poling 

' boat and a 20-foot dory, together with a, 2-horsepower gasoline engine 
. * of khe detachable hang-over type, were obtained at Seattle, and the 

. poling boat was used on Goodnews River, and the dory for mch shore 
mrk as was neassary. Field work ended at Kwinak (Quinhagdc 

. p& offim) on August 18. The return to Seattle .was made by way 
of Bethel and the Hnskokwim-Yukan portage, Mr. S a w :  with the 
field &stants going up the Yukon m d  the writer going down and 

,, continuing to St. Michael and Nome, where he apent a few days in 
the collection of statistics while awaiting the ~teamer Picto& 

-.' I . .  - 7kiqmrtatiou from St. Michael to Nome was afforded by the Unihd 
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States Coast h a d  cutter-Bear. Seattle wm reached ~ctuberi@ * .. '? 
sftar r 12-day kip fmm Some that included stope at St. B f i c w ;  . 
Dukh Harbor, Akuhn, and Tsanobki Strait. p* .. >;, , <. 2%. l : . 

4' 
CIENEIRBL FEATURES OF THE REGION. ;rr( 

QEOC)WiPm. I* ,Iv .. .' ". L.. . 
Appranch to this region ia difficult in times of &rm or fog* ' . .. -1 

account of the shallowness of Kwkokwim Bay, and for this re-- j*. . 
larlfer vessels must move with the tides or follow carefully .* . , , 

mmeyed channels. A small cove just west of- ~Mnrity 
affords a fair haven for small bats  from materly atoms, 
Security Cove i s  EK, shaped as to  give protection from pnct  
all directiona, Shoals and bars off C h a p n  and Gmdnews 
make entrance inta them difficult in rough weather, and, 
strong tidal currents and eddiea occur at the mouth of Godnews 
Traveling along the shore is done mostly in perilads of calm 
or when there is an offahore breeze, the shall am^ of the 
making travel ia mall boats pafiicularly unpleasant in 
weather. . . . 

From Cape Newenham to the small cove west of Security W 
and from Security Cove north to Chagvsn Bay there are 
stretches when3 it is not pmible to get along the beach e 
very low tide, snd a few where it is not possible to follow t 
even then. From C;hapn Bay to Goodnews Bay the hach 
hard, and firm arid may be followed on foot. The same 
be true of the sketch from Goodnews Ray to Carter Bay, 
Carter Bay to the northern edge of Jacbmith Bay the 
muddy and is mrt by tidal sloughs, and at low tide the mu 
flats extend out for several miles. From the north mde of 
smith Bay to  Kivinak them is another sandy beach with firm 
ing, although it appears likely that this beach, a;s well ss s 
able area of the tundm back of it, is covered at eritreme high 
or in times of heavy storms, as 10% are often found a comide 
distance back fim the beach. Tidal flats occupy a co 
portion of Goodnews Bay, the a n d  and silt brought down 
and Godnews rivers having partly filled its east end, Both 
streams are tidal in their lower C O U ~ ,  and so to a l 
are the. Amlic and Kanektok, and in aecendirig them ad 
is usuafly taken of the flood tide, as there is an apprecirtble 
on the ebb or dack tide. In their lower courses th& rive 
b e v e r .  relatively sluggish and their channels are tortuow. tlbJ 
PI. VPZ.) Farther upstream the c u m t  quickens but is by no 
uniform, BH it 'dhmately aceeleratea on the rifRm md slacke . . '. 
the stretches between. It 'was neceaslcry to  line the boat up - 7 . .  

, d* '.. 
.i . "  '. 
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r i f k ,  and it waa judged that the current was & at 
5 or 8 rnilea an hour. 

C a p  Newenhem to Chodnews Bay, except for ti &etch on 
e of Chapan Bay, the hills and low mountains rise almost 
from tho water. North of Goodnews Bay, however, the hills 

rom the maat, and them are no mom high hills or 
long Kudmkwim Bay or River south of the portageto the 
Bethel the mountains lie several mila  east of the river, 

days. Jag Mountain, east of Cape 
om the water% edge to a height, of 2@1 
ang the coast, although there lara anum- 

odnews River basin which are from 
litkle over 3,000 feet in height. Mod af the higher moun- 

sharply jagged in oxtlhe, but tho% of intermediate eleva- 
less jaged, and the lower hills are anrally well rounded, 
Zkowing a few small projecting mck points. In the aouthern 
the region there are numereus examples of terraced alti- 

forms on a relatively small s a l e ,  but elsewhere these br- 
rare, dthough not entirely absent. Their scarcity is pprob- 

that other types of erosion have been more active 
the development of them land form. 
ane areas are Iow, flat, and broad, and numerous 

ur in'the poorly drained valleys, especially in 
the p ~ n t  vslleys of the main branches of ' 

GLACIbTIOR. 

r acr waa observed there are no glaciem in the &odnews Bay 
but their former presence is made appamnt by numerous 
hir: features such as are poculiar ta glaciated regions. Near 
them is relativaly little evidence of their former prwenca, 
s BMX)UIIM for an the hypothesis that such evidence may 
destmyed by pmtglacial marine inundation. In the moun- 

coast, many of the ~ h e r t m s  h d  in typical 
tare small lakes, md U-shaped valleys laad 
larger tributary valleys of the main drain- 
ulders on divides are fairly common, and 

at elevations well above the present s trew channels 
. D e w i b  that could be definitely classed 
but it is believed that much of the mate- , 

the unconsolidated deposits between Kuakokwim Ray 
Is is of glacio-fluviatile origin. Perhaps 

material seen wm in the valley of 
am enkm Canyon Creak from the north 

deep channel cut in unconsblidatd sand snd grwel; a 
-21-BuU. f 1-14 



short distanca %lo++ their confluence the creek Bows thmogb $;* 
in the hills in a pock-cut canyon at least 75 feat deep for perhaM- :.. 
o mile befon, crwsing the wide valley of Goodnews River, into *& yt7..";: 
it finally empties. The stream now f l m s  on the south Bde d b& - 
pass, very close to the barn of the hill on that side. Numeroud.dmrH-' 
lakes, with p v e 1  banks, Iie in the pws, Thie Iabdotted d e w  b, 
inhrpmted &a being a moraine that fills the pneglmial valley bf theq. ' * .  
creek. As the glacier retreahd the &earn sought the low& p h  ' 
through the pm,  which happened to b at one side of the d w t ,  
S i ~ m  maching bedrock it h~ continued cutting until it has f- , 

the p m n t  canyon. At the mnffuence of the two s t m t m ~ ,  we,. 
both sm flowing through unconsolidated! material, the channel b ' . 

in the pasition of the preffhcial channel. 
It is hlieved that numerous changm in drainage, even o+ the bf& 

stream, wem brought about by the glglaciation of this  region$^ 
low lake-dotted pass between the forks of Godnews River wss~&bd 
ably the pmglacial charnel of that stremi. The paas has beem ., , 
with gravel, as is shown by the gravel bangs of the many lalnskb ' 
which lie in it. T h w  lakes differ from the hkm of flood-@ah' "- 

origin ,md from m e  of the lakes IJring af elevation~ above the flood 
plains, practically all of which are in m o q  bogs and have bada of . 
peat w mm.  

ImVArnOR. -: 
I . 'I 

Nivstion, or d o n  somewhat similar to glaciation b d  on ': 

smaller scale and produced by aceomulstions of snow, w h i c @ i y , \ :  
last from one emmn ta mother, haa b n  an effective a p t  U-'t& . ' 

formation of a'anmh of minor topographic features in this r&&h . , 

To nivafion is attributed the abundance of mall valleys of :. 
Udhaped cmas seetion. Such valleys were specially noted cra N*, a 

trib~rtgries of Bear and Cmyon creeks and a h  in the group of ,?dh 
on the south side of Goodnews River about 20 mil= from its met& - 

Forms tbt am probably due to nivatloa were also ohfved am t& 
slopes.af the hills in the vicinity of %curie Cove. 2 t 

At the heads of a few of the velleys the mow banks develop m~qgs 
like forms, one of which was observed near the granite-limestarrrr'ma ; 
tact in the vicinie of tbe glacial lake at the head of "runulik ' , 

< ,  
h l  ' 

-PEL kE&D T m S P D B T A m H .  ' * . .  
. "r, *" 

In many this region is one of the most i n e k . %  
A.lmb- for a small expedition. For a numbar of ymm it bas . 
neqswry to come overland from the Yukon either by the portage 
or by way of Iditad, or to travel in a kayak or canoe, or by a small 
schooner or d i n g  boat from Togiak During khe summer. o f . B U  
an 800-ton schooner wasl p l a d  on the nm beteem Seattle and I%h&i : 
and this b a t  made two trips and afforded the most g e t i a f m . '  : . . 

.I' . 
. .-,. < 

1 . -  



M g M  and p m g e r  eervice that has been avdsble fo tbe inhsbi- 
t d a  of the lower JCuskokwh for mmy year& h r m g  tb winter 
of 1918-19 them was an acute shoFtaga of pm&iona, which bsd to 
be brought at heavy e x p w  from the Yukon, on awunt  of tbe fail- 
um of one of the slzpply schooners to bring in winter provisions. 
This doonar was scheduled to bring in supplies during 1919 also 
but had not mwhd Bethel when the Geological Suniy party left 
the w o n  in September. 

Practically all supplies me Ianded at Bethel, although some of the 
d e r  y e ~ ~ 2 s  wiU land mppliea inside the spit at the entrance to 
Gboodnews Bay, as well aa at some pointa between the bay md Bethel. 
Fmm Bethel ~upplim are brought down the river m d  bay by meam 
of a launch to Kwinak and to Mumtrak, the village in tbe dcinity 
of the schmlhouse at Godnews Ray. Supplies for the Axvlic basin 

: am brought fmm Rwinak either by poling boat h the summer or by 
dog sled in the winter and early in the spring. For the mining 
operations on Waaamua Creek, which flows into a tributary of Good- 
news River, m p p h  are taken in summer up the river in poling boats 
or by Iraydm to the landing about 3 mil- from the scene of mining 
oprations, where they are transferred ko a small scow which is lined 
and poled qp to the camp at Wattamus. In wintar supplie~ may be 
bmnght by dcg teams from either Mumtrak or Kwinak, The f might 
rate on general merchandise from SeattIe to  Bathel in 1919 ww $35 a 
ton, from Bethel to Mumtrak 2 a n t s  a pound, and fFom Mumtmk to  
Wettamus Creek 5 cents a pwnd. 

&monthly msil service was in effect from Roly C m  to Bethel 
and £mm W e 1  to K w b k  during the summer of 1919. Contracts 
had slcw been Jet for a monthly winhr service from Kwinak to 

' Togiak bgr way of Goodnews Bay. In addition to E$s regular s e d c a  
- thus afforded mail is put on such scbmnens as mil from Seattle for 
the Euskokwim. A achmner, a b d y  mentioned as carrying mp- 
p h ,  was also intruded with the mail and left %attIe in July, but 
had not. m ~ ~ h e d .  Bethe1 when the Survey party left that p l m  in 
Sepknber. In addition to mail mrvice a monthly p&nger semice 
i~ afforded by the trips of the mail carrier from Holy Cross to K w b k  
aad return, his 1aunchw.and hat s  providing the most comfortable 
way of mesing the portage. 

A  ath her. B h n  station has shady been e&~b&W at the 
schoofhoum at Mumtrak. Owing to the short time during which this 
dation hmrs baen in operation relatively few metaorologie data are 
pt avaiIable. During the early part of the season of 1919 the pm- 
p%;hg  winds ware wwtarly or muthw&rly ; . lahr in the season 
easterly and mutheasterly winda were more commaa Snmys dur- 

, ing the smmn wefe p a t l y  hindered by stormy 5nd foggy weather, 



and on'many dap when it w w  nearly dear fog on the hitla on the 
~ u t h  &a of Ooodtlews Bay nnd st the head of G d a w s  River added 
tu the 'WEculties bf the topographic work As a nt le  two or three 
fair days were fdUowed by a much longer mod of cloudy and 
stormy weather, hring mpst of which no work muld be undertskea 
In spite of the camidemble mount of fog and rain it -seems likely 
that the year's bhl rainfall ig not o e r  26 inchm. Summer m- 
praturw are mild, md it is probable that in general the conditions 
throughout the year average but little different from those at St. 
Michael, for which weather w r &  are available, although it may be 
that periods of s tom are slightly more frequent in the G d m  
Bay region. The vegetation diffem but little in natera md ~momt 
in the two areas. 

The snowfall during the wintar doea not appesr to be exawive, 
but the snows drift badly and accumulate in sheltered spots, m that 
in.mme of the valleys it ia July before the creek beds 81x1 clear. 
Snow was to be m n  in 'ddh on the north aid= of the m o m t a b  
in @udy diminishing patches as the summer pro+, but in 
a number of p h  ih small amount of saow W from one p a r  to 
the next. 

It ia mid that the lower Knskakwh md the bsy are ueuallg clmr 
of ice in the middle of May and that the river does not freeze o a r  
d t i l  about the last week of October. In late BXISOIIS ice may re- 
main inside of C 8 p  Newenham until the 1st of June, 

1 .  

VECfETdrm01P. 

From C& Ndvmhmt tu Apohlq a few miles below &Is Ialmd, ' 

at the north end of K u s k o h h  Bay, neither trees nor bmhes are 
seen dong the &ore. North of the area mder dimmion, from 
ApoEcak to Bethel, the banks of the Kukkokwb show  rubb by aldem 
st first, followed by larger and larger aldem, which are gradually 
intersped with Borne of the larger varietiee of willow. The iimt 
wmce worn swn in the vicinity of Bethel, hut they are said to e x t a d  
for a few miles b low that p int ,  Cottonwood appears with the 
willows. Birch were not pem below Bethel. 

Back h r n  the beach, dong &streams and in shelted d e p ,  there 
m s few wi l low and alders, which increm in sim with the didmm . . 
from the; coast, At Security Cam they are nat over 2 or 3 fee& 
w h  on tbe slope of the mountains befweon the cove aad Brktol Bay. 
On Goodnews Rioer 30 miles upstream the willows are from 10 to 15 
feet high. Somawhat farther up cottonwood am fomd along the 
dream. Whom driftwood is not available, the ddem md willows 
are cut rrnd d r i d  for fuel. 3n drying aalmon cottonwood is preferred 
an m n n t  of tlw fa& that it b m s   lowly and d m  not m k  the 
drying fish. 



A ~ U @ ~ O I I  of plants, which incudes some mosees and lichens, was 
made during.the summer. Appmxhate'ly 125 speciea were repre- 
mted in the wltwkion, which probably cornprim the m& common 
flowering plants and grasses but should by no means be consided 
as completely representing the flora of the region, Wild rye is the 
most abundant gms at se~em1 p1- near the GO&, and it is said 
that this plant seldom grows far  from dt water. One of the 
botanicsly interesting localities is the warn, dry roce sonthwerd- 
fscing dope of BeIuka Peak, on the north side of Goodnews Bay, 
when! the yellow poppies grow abundantly and the blue forwrne- 
nots lnre mmewhat less oonspicuaus in the floral assemblage. The 
wild raw was not found in. the Oaadnews Bay region, the first speci- 
men smn on the Kuskohim being at the mouth of Tuluksak River in 
August. It ia likely, however, that the rose oemug farther down the 
Kuskokwim, probably being about coextensive with the spruce. One 
of tha common grasm of the marshes was the m-~Lled cotton g r w  ' 
(Em%pbmm), the white t u f k  of which usually served as a warning 
of suft footing. 

Berries am neither m plentiful nor so varied in this region as in 
the interior regions of Alaska, although blueberries and dwarf cran- 
berries grow fairly abundantly in a few localitiw The soft, pulpy 
yallow salmonberry is widely distributed, though nowhem abundant, 
and the dwarf amtic raspberry is mther uncommon. Zted mspbrries 
and currants were n& nrrted. 

P@rhl~pa the pImb of chief economic interest in this region am 
the lichens and mosses, upon which the reindeer feed. The carihn 
mom appws to be the most abundant. n e s e  pbnts cover p ~ i -  
d y  the entire rarea, as the willows and alders together mapy rela- 
tivsly Gall amis, and many of the bmhy areas rxrntain consider- 
. able reindmr pasture. The grasses that occur very commonly + 
close ssaociation with sldem along hill dopes and drainageways am 
aaid not to tm eaten by the dear, egoept while they am hnder, early 
in summer. 

Agricultucal operations are wldom carried on by nativm and 
In 1919 wem limited to small gardens, in which s few of the hardier 
vegetables were grown. A m-called wild rhubarb wm dm u d  as 
a substitute for rhubarb. In genera1 there appeared to be batter mil 
and vegetrablm grew be&r at Bethel' thw at Kwinak or Qwd- 
news Bay. 

rn ZmE. 

Although at cartaim masons of the year v&riow forms df mhd 
Life are abundant in this region, atlother s e a m  parts of the +cm . 
are pmctidy dmarkd. There is very littb large game. Bear 
h k  is said ta have been named from a brown bar wen them ssv- 
em1 years ago. It appears likely that in former years caribu were 
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also fhnd in thh @on, but if so theydhave bean eithibr h i  or 
driven away and dm now mpplmtad by the herds of 'reindeer (gen- 
erally called d&), from which them am o-ionaI strays. The 
open country, mlrttively free of bmsh and timber, and the compam- 
tive h d o m  from flies and rnosqnim combine to make this region 
especially mitable for reindeer pastnre. In whbr pasture is 
afforded on the ridges, from which the mow is blown 

R6imIcmr to the number of-300 or 400 are s i d  to have been M h f  
ta the Knskokwim b u t  1904, and m cstimata made in 1919 placed 
thb number then at a b u t  15,000. Several hundred deer am .owned . 
by the Government and cared for by the Bureau of Education. Sales 
of  .female deer from Government herda may l~ made only tto natives. 
A conkidamble number of natives are deer owners, and individuals 
hold from one or two t~ seveml h m h d  each, Several hundred dwr 

/ are also owned by the Momvim mission of Kwinak and Bethel. The 
ownership of the remainder of the reindeer was originally v&d in - 

ths hpps ,  who m m p e n i e d  them as herdem and instructam of the . 
natives in herding on the introduction of the mindear into t h  
region, the dem having been given to these herders st that tims. A 
large part, if not most, of these have mcently been p u r c h d  with a, . 
view to the commercial development of the herds and the shipping of 
refrigerated deer carcessas from the Ruskohvim besin. 

I 

Fish am fairly plentiful in the streams in this region. Salmon ars 
I 
, ' the most abundant, although the mn of tbe ~ a i o u s  @e@ of salmon 

in 1919 wss mid b l~ much below normal. Gmyling, :,VBPI~~ vaTie- 
ti= of ht, mUldmhitB6sh are &XI taken. In Irpinhr the natitw am 
said to catch d mall blaokfish fFom the l h  in the h?idm fm use 
w fobd. 

Rabbits do &-appear to be plantifol, but it is- rsportad'th.t.they 
e r n  ,to h i n d n g  in numbr. The list of mom mcomman fur- 
bearhg animaL includw wbib and red foxes, mink, and m u h a t .  
SguirmZs are caught in p a t  numbars, and the skim are used locally 
in the manttfwhre of parkas and other gaments. The skins of 
the raindeer are.usd both for garments and for sleepkg bap and 
r o k  The hair on skim of the reindeer fawn is much finer than 

. that of adults, m d  these ekim am used in making a better gr;rade of 
garnrents. h ot other signs of the presence of beaver were not 
o b m e d  by m e m h  of the Sumy expedition. 

Dueks and geese of several species breed in considerable numbem ' 
along the stmima and in the rrlarsfiy plad, but c r a n ~ ~  are relatidy 
acarcal Curlew and plover were frequently seen on the b m d ,  low 

. r idgg  snipe and srtnd pi pem were men along the shores of t?m streams, 
and gdh and tern were men in large numbew along the m k  shores, 
where, with t b 8 . ~ 0 m o m $  they & p p r  to XMBL E h a k k d d  
appeamd to c t w  eomewhat uncommon. A amber of smaller h d  
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b i d ~  mm o b m d ,  including but one robin. Four bids men at a 
didace were believed to be rnttgpies. Ptarmigan were o h d  at 
'mvem1 p h ,  and it is said that in the last year or two thay have 
h m w e d  considerably in numbers, although not yet as abundant as 
thay were wverd years ago: 

X x K h B I X m s .  

In .the region between Cape N e w d a m  and Kwinak, the white 
population wtls abut 25 in 1919. 7 % ~  nahve population of the same 
w o n  was probably &oat 250, including the residents at Kinigino- 
gimut, e, f l a g 0  on the largest stream emptying into Cha&m Bay, 
at Mumtrak, on C3oodnews Bay; at Kwinak; and at a h a l l  d h g e  
at the north month of Arolic River, as well as a number of single 
famiti= a d  individuds scattered over the a m .  Most of t'hese na- 
ti- were at Kwinak and M ~ t r a k ,  where native schools ham bean 
&&lished. The natives are a11 of E&mo stock 

GENERAL GEOLOGY. 

m n m  OP THE B O C ~ .  

In the G d n e m  Bay region the rock uniks as mapped (PI. VII) 
are relatively few in number but neverthelem include a comiderabIe 
rmge of typa The dimentary r d m  comprise limestone, arglllite, 
mndstone, and conglomerate, and the metsmorphosgd equivalents 
of most of t h e  A considerabl~ variety of igneous rocks are aha 
fmmd, Muding btrstalt flows, dikes that wera taken in the field to ba 
h i & ,  and intrusive panitas, with mme &ve intrusives that 
are pmhably Jrtermediata in cornpition between the granite and 
the b d t  and that have h e n  included with the granites on the map 
in this mpo&, In addition $0 these mks, some of which Have suffered 
deformation, there Is a mgaiderable area of more strongly metamor- 
p h o d  igneous rocks, apparently of a basic typa A large part of 
the region is covered by unconsolidated depdts of alluvial, glwio- 
fluviatile,' and marine origin. It appears likely that moat of the 
unwesolibtad &posits were formed by more than one agency. 

.Limihtions of transportation and of time p~ev~ptml #detailed geo- 
bgic work, and a Iack of outcrops incrensed the liability of error in 
mapping. A s  the entire are& was covered in a field -son of 45 
dam during much of which the weather was such as to prevent work, 
it will readily be seen that there were many quare milea which it was 
nwssaty to map from a distance on the basis of similarity of litho- 
logic appeamca, with regional trends as an additional help in delim- 
it- the didemnt rock nnits. 

Search was made during the mwm for f& in tha sedimentary 
beds, but without wcmq rn that no d e h i h  age wignment of the 
wclr units can be made; Only the relative age could be determid, 



d 
md mrdatiow*must be founded on data obtained from fosilifcrans 

u 

kh mf similar lithology in regions to the north. 
X t  is believed .&at the -areal distribution of the wdimenhry, and 

4: 

associated igne~ns mb, which have b a;nsumed b be of Memimic 
age, k m g ~ ~  with fair accuracy on the map. The distribu- 
tion of the lime&nes and of the metamorphic mks has hen plotted 

' from more meager data and therefore is probably I= accurate in 
detail, nevertheless it is felt that the map repmxmt,a the diskribution 
of them d s  approximately. 

STRVCmlm 
 he gmIogie map indicate the general nortbeashrly trend of the 

rocks of the reginn, and the elongation of Rreas of ~1~~01idate'd m k a  
surrounded by arms of Quaternary unconsolidated gravels and sands, 
mainly in the direction of the strike. Vwiations of drike mur,  
however, from nearly east to north, but the Ehrikes arvl mainly in 
the northeast quadrant. Where other & r i b  were a, they appear 
Eo have been p r o d u d  in the relief of local s t w m  incident to the 3 
major deformation, The dips are mainly steepfrom 6Q0 to vgrti- 
cd. Apparently southeasterly d i p  are pmvdent. It is assumed, 
from the differencw in degree of metamorphism, that the & on 
the w& side of the region are the oldest. With the younger M& 
lying to the east, the general structure of the Goodnews River valley 
is considered to  be p c l i n d ,  with the eastern limit of the sgncIine 
not ex-d in the region, unless the metamorphic rocks bf C a p  
Newmhm tsa considered to mark it. Faulting and minor folding 
am of common' iyccurrenm. The folding is especially notimable in 
the m a  of slates, and the faulting in the more arenacmw roch a d  
in the Basaltic M s  and flows. 

BEDIMENTART - 
Limestons and the melamorphomd ar@itic rock awociahd with 

it are the oldest sedimentary rocks observed in the region. Some 
of the limestoy beds are 100 feet or even more in thichess, but 
for ths m& part the series, as oobsemed, is made np of a number of 
beds h m  10 to N feeat thick, separated by d d e m b l e  thickn- 
of Ate or pbyIliW. Somti siidcsa rocks seen on the W r n  edge 
of the region itre probably to be comidered as the metamorphosed 
squidmt of thew beds. Quartzites were dm obsemd in one place 
in the series. Zocally, basic ipmw mks appear to be interndated 
with the upper portion of the limeabne ~ n d  ar@ite series, but 
probably many of t h e  are i n e m .  The firnestow m e  m a y  
dark gray but weather nearly white. Abnndant white talus d6b-h 
from the Iim-e beds giva them an undue prominence and in 
p w  conceals fie talus md surfam of the d a t e d  mse-bad and 
dark-gray slab.  Noddar cherts were obsemed in some of the Bme- 
stone beds, and other beds are reticulated with quartz; and calcite 
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vains. OverIying the limestones ia a thick series of argillite sand- 
stone and graywkke, 1ocaUy metamorphod to slate and quartzite. 
The W expmms were obrved on the narth shorn of Goodnews 
Bay at BeIuka Peak and eastward toward the mouth of T d i k  
Rim. .  At Beluka Peak the rocks are he-grained, dense, somewhat 
siliceous srgillites of a general gray-green color, which ranges through 
severa3 shades from nearly white to a slaty drab. Them argillites are 
much shattered and fractured, so fhtlt they seldom break along bed- 
ding planes. They show much minor faulting, with a lateral di- 

- 

placement a c m  the bedding which may amount @ but a few inches 
or may be 8averd feet. Some bedding planes are SLiekensided and 
rrre thus apparently planes: of movement. Calcite veinlets appear 
along many of the openings produced by movement and also q e  to 
lm noted in the fractured argillites, some of which are calcareous. 
There is a thickness of 700 feet or more of argilliteg underlying a 
300-foot bed of sandstone, which grades into a 100-foot mnglomer&e 
Id. Alternating and intergrading sandstones and conglomer~ik 
to  a total thickness of 700 or 800 feet lie above the first conglomerate. 
The larger pebbles of the conglomernte are mainly red cherts, of 
which some of tha flat, elongated boulders are 2 feet in m&mutn 
. dimdon,  but the great& diameter of the rounded cobbles is little 
over 1 foot. Green and black siliceous argillite pebbles are also 
pmsemt in thew conglomerates. The cementing materid is fine 
gmm, g r ~ y ,  and black sand. 
To the east along the beach from'the conglomerates thew is an 

abrupt change in strike from N. 50" E. to  N. 85" W., and the rocks 
am of finer gr~in, blwk argillites being snkded by lighter-colored 
siliceous srgillites which do hot have the greenish tinge of thum at 
the western edge of Belulia Peak. The lighter-colored nrgillihs are 
much netted with fine calcite veins and strike about N. 5" Em These 
rockg am mcceeded by a red and green fine-grained chert or tuff, 
muck like that in the vicinity of Arctic Island, on the lower Yukon . 
near Ruasian Mission, which &ndg far mveml h n n h d  feet to the 
east, and give way in turn to a writs of b 1 t i c  tuffs and flows that 
crop out for 1,500 fe& along the beach. 

Although most of these rocks have sn edxrly dip, the dip is very 
steep, and in addition there has been considerable faulting, so that 
while it is bliewd that, as already stnhd, yomger rocks lie sucres- 
sively toward the a&, there appears to be a possibility that ati Beluka 
Peak the roc& are mccessively younger toward the west, the beds 
being cl~ertumed, and, therefore, that the sequeace is from the red 
and green ch& or tuffs and blltck sIaty argiI l ih  through the sand- 
stones and conglomerates to the g~eenish argillitea, and that the peb- 
bles of red chert ifi the mnglmerate were derived from the chart or 
tuff mriea. 
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Esrjtt ,of the basalt tuffs and flows a w i t e  and basalt dtermh in 
severs1 wide ban@ the next to the last of which, mmkting of b w l t ,  
extend@- for 6,W fset along the north shore of Goodnews Rtty , to th0 
mouth of Tunnlik River, From the strike and dip of the flow, wbiere 
obervable, it hae been ~liculated that this band mpresent9 a thick- 
ness of at letla 2,400 f&. 

At a number of places dong the beach on the north side of &ad- 
mws Bay mall dikes, from a few inches to 5 fget in width, cut the 
bssalt and the dimentary mks just described. 

Elsawhem in the am8 outcrops of sedimentary r o c b  wem obmrved, 
but thm were of amall extent, and usually but few data, aside from 
tha strike, could be obtained from t h w  isolated outcrops. They ex- 
hibited all the p h m  alrmdy described, from black slaty argdlitts 
to conglomerates, and included at numerous plaoes ha-grained felds- 
pathic p y w m k a ,  which were not always madily separabIe from the 
basalte. Cherty m k s  appeared ta be more abundant el~ewhere than 
on Goodnews Bay, especially between Wattamus and h r  c m h .  

Between C a p  Newenham and Chaps Bay aemtr ibml @wms 
mka of a numbex of t w ,  with minor amounts of ~l~ts. The 
igneous rocks appear t o  be mainly basic mh, almost gnkirely 
sltersd b chlorita and serpntine. Some of the serpentine is appar- 
ently the source of a white kaolin or a % b h ,  taid to be obtained 
from, a n m w  band between Cape Newenham and Security Cove 
and mad as a white paint by the natives. The e i c  mch have him 
cut by later intnwip6s which appear mmewhat more dimom. 
North of Cripple River, and win nor& of Jacksmith Creek, acidic 
intraeiva appear in clme nsmciation with the limestone, 

The basaltic mks, which may include soma andegita h t r w i ~ e  
rn- and flows, am widely distributed throughout the valley of 
Goodnews River, md include tug, thin-sb& ellipidal flow, and 
thicker and mow m d v e  flows. Their occurrence with the argil- 
lit- and sand~tones and their rehtion to thm mks have already 
been noted. At -Red Mount& the mgpstion of mlmnnar struc- 
ture wen from a distance wm considered as showing the proba- 
bility that the roch there are a3m basalt, 

Thia seriw of rocks is intruded by a nmber of m a l l  batholithic 
. granite mamy at the hesd of Tunulik River, at the head of Granite 

Creek, on Olympia Creek, and on Amlic River. It is very p b a b l e  
that them sre many other intrusive masses In the mountains that 

I extmd northeastward and fom the diPide between the Goodnews 
and AmTic drainage bssins. The md&B d i h  on the north 
shore of Qoodnems Bay am not improbably related in origin to 
the i n t d o n  of the @W. 



The lsst major deformation of the region, and the pwent struc- 
.tnre were probably caused by the intrusion of the granites, which 
are a h  mwnmed to have produced the auriferoug mineralization, 
h t e r  movements have taken pl-, but not in such a manner as to 
prodnoe foldhg. 

I t  is to the cycle of events occurring within the Tertiary and Quater- 
nary @ o h  that the region owes its present tapgraphic form. TG 
thesa e m t s  also are attributed the unconsolidnted  deposit^ now found 
eo &miv~1y aver the region. It may 'be ammned that the intrusion 
of the granite and the consequent elavation of the land mfme oc- 
rmmd at  the md of the Cretmeous priod or during early Tertiaq 
time. This u b ~ i f t  multed in a range which extinded from what is 
now the mouth of Kuskokwim Bay northward to Kuskolswim River. 
The highest peaks of this range were undoubtedly many hundred 
feet higher t hm the present mats, and it9 western front KVRS &Q 

far to the west of ita p m n t  position and faced an open sea much 
deeper thm the prmmt Kuskokwim Bay and Bering Sea, with only 
a fm if my islands in what is now the Yukon-Ruskohvim delta 
region. 

The warn d n  muwd the sham line to retreat gduaUy east- 
ward until 3 ~eached approximately itg pfesent position. In the 
meantime the Wxia fmm the rapidly cutting stream had been car- 
ried to  the see and them transported to form the offshorn deposits 
which shoaled up the watam in late Tertiary time. Mature topo- 
graphic forms ~ i t h  wide valleys were developed by the beginning 
of t h  Quatmmry p r i d  During early Quatarnary time there ap. 
paers to have k e n  much gxtravasation of b l t i c  Iavm in western 
Aaeke. Nona of , thw relatively recent lavas am h a m  in this 
mgion, sough they appear ta occur on Bristol Bay and an the lower 
Yukon in the ~cinitg of Rugsien Mission, as well as farther south 
in the fngakslngwat Xourttains, in the delta region, and still farther 
muth on Nelson m d  Nunivak islands. It is extremely prob~ble that 
t h e  mtpour@ of lam in other regions were marked by changes 
of level in this ragion, so that them appam to  hhva h e n  subsidence 
in the vicinity of Gmdnews Bay. In view of the fact t h ~ t  the area 
probably then stood somewhat higher above the sea than at present, 
the subsidence that took plam appears to  have amounted to  a t  least 
300 feet, Xlmbably soon after partial emergence glaciation in the 
M a n  re~ched a maximum, Glaciers filled many of tho interior val- 
leys but appear not to have reached the. ma except in a few places, a9 
in the valley of Qdnewa  River and ~ i b l y  aalm by way of Chagvan 
Bay. With the retreat of the glaciers a great amount of glacial 
dbrh was depwited in the stmms, which were taxed to  their limits 



to transport the material to the ma. Their task sppeam ta have' h 
. made ewier by further elevation of the land surface, but at the fimt 

opportunity their load was dropped, nnd thus was built up the wide- . 
spread frontal tundracovered p v e 1  coastal plain which now lies 
betwean the mountains and Kmkokwim Bay and River. k90me of 
the materials laid down in the upper portions of soma of the &reams, 
where their vaUqs were marine emhvent s ,  are ndw being re- 
worked and tmmported to the sea. Exmmples of such reworked mn- 
teriaI are afforded by high gravels overlain by silts in the valley of 
Gmdnms River. In verification of this hypothesis as to the mod@ 
of origin of the frontal apron of the mauntains, it may be pointed out 
that the Indentation of the shore line called Jksmith Bay is oppo- 
site a stretch of mountains from which no large sthams %ow, while 
on either side the shore line has been extended westward through 
deposition by &reams. At the present time the westward advance 

' 
of the shore line memti; to be practically at a standstill, and it ia 
prbbable that in this particular embaymat, owing to the fa& that 
the shore ia made up of fine silt and peaty materia1 md is unpro- 
tected by a pawl beach, as it is to the north and south, the s h m  
line is shifting slowly eastward. Streams entering tlhe other bags sre 
fi1ling them and extending the land a m ,  obtaining their d4brjs 
through a11 the forms of erosion prevalent in mbarctic climates, in- 
'cluding mechanical disintegration by frost, nivation, and soil flows, 
as well as normal transportation by sunning water. 

ECONOMLC OEOWGY. 
m B P  OF m a .  

d mmunarg of the history of mining in the G d n a t a  Bay regian 
has bren given brg Maddren in comection with his report on the. 

- d t s  of field work in 1914. In h L  discussion he e d e r s  the entimh 
' 

vall%y of the lower Kuskokwim, including the Goodnews Bay region, : 
Thls -on a m  M have been neglected a8 a &Id for pmqketlng dnrfng 

the eady yearn of the gold excitement that ce~ptmd In the Klondlke and spread 
dong varloufi tslimtariea of the Yukon. It was not anti1 the Name boom, ie 
Sewad Pentmula, teached it# height durlng 1900 that. further attention Warr 

. dlsected toward the Knskokwlm Won. One of the rmlta of the rush of 
people to that dletrlct was the movement of a ~ m n l l  namber of men from Kome 
to the w o n  about the mouth of the Ha&okwim durlng the wmmer of l a  
and they proqirpectd In that vlclnlty far mversl yeam Places gold was dl* 
covered at a e v d  Iwallttm in the vlcinlty of W n e w a  Bay, und pmducUve 
mlnlng on a srnaIl a l e  was nndertaken on Butte CrPek, Sn the bash d 
AalaBk [Amllc] Mver near the settlement of Qulnhagat [ R w b k J ,  and b~ 
been cawed on for the last 10 yyea~a or more. 

Dnrlng $he wtnter of 1€!4&1901 a typical dogaledga sEampede to the K-0- - 
lnvfm Valley waa made by a comldemble number of meu tmm Nome. , Tae 

- - . .- 

I Maddrm, d 0.. Qold placete of the lower Enahobtm : U. 9. Grurl. Anmy Bull, 622 
pp. 2 ~ ~ 0 1 ,  I n l B .  
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v t  wan based on vagne m o m  of the dbmvw of placer gold on a 
dd-;ted " Peuaw River." but the loeation of thin Ptream Ln the Kns- 

kotwlm Valley doee not appear to have be%n epen approxhmtely Uxd. 

, From. 1901 and 1!XB them. a p p m  W have besn some mining done 
on the Arolic, but with the failure to h d  bonanzas the' majority of 
& -pders left this field, and it was not mtil IsOB tht  there 
waa another idlux. Maddm continue8 : 

The d m m y  of placer goid on the headwaters of Innoko Rber in 1PM3 
, cad a c o n s f d d l e  mrmement of prmpectors fm Nome np Kuskogwlm 
. a - BIver the followbg year. It is estLmated that several hundred persons left 
.;yome for the Innoko diggIng8 by way of the IZnBkokWh Wver during 1907. 
. . Host oi them wrlved nt tbelr dmnatlon after rarlooa delays and riab due 
.to msrrffafactory transporbtlon. e m a l l y  a m o m  Bering' Sea and lnto the 
'month of the rlver. A few of these persons, however, dta not go all the way 
to Ianoko dislrlct but Hopped at various points along Knrrkokwlm Rlver and 
tamed-their gttwtlon to proepectlng some of ita MbntarIea. 

The '' moquib  flotilla " that came up the Kuskokwim in 1906 and 
made it appear to tha traders and missionaris at Kwinak and 

Bethel rn if they were no longer on the outskirts of ,civilization, with 
but lone or two yearly boa& bringhg supplies, but were on one of the 
world's cummarcia1 highways. 

Each influx of prospectors was encouraged by the f i n b g  of gold 
in the dream they prospected, but after working for a time most 
of them failed to develop profitable ground and left. However, a 
mal l  production by a few men cantinued to be made yearly on Bntte 
Creek, and soma mining was done on Fox and Snow gulches and on 
Trail, Kowkow , and numerous other creek9 An estimate of $100,000 
for the total production to 1919 was based on an estimate of $70,000 
for Butte Cmk and $30,000 for the streams named, dl of which 
flow inEo the Arolic or one of its tributaries. Of the $30,000 a can- 
siderable proportion came from Kowkow C m k  The .&st produc- 
tion of gold on this creak was made in 1913, and a number of clahs 
on it have been held ever sin% 

Practically evev white man in tbe region hss had at aome time 
dnring the laat three years an i n t e e  in one OF mom cl* in the 
Arolic b&. Some have utiIized these claim to get a p M e  on 
which to prospect during the spring, and in 1917 s pa* of t h  

- or four men were engaged in prospecting an Besr Creek, which A o b  
into Cmyon C m k ,  a tributary of Godnews River, when a native 
&deer owner and herder called Wattamus {appamtly a mr- 

, mption af his baptismal m m s  Bartimeus) reported to one of the 
miners that he had found gold on a &earn abouf 8 milw to 
the math. Several cleims were staked on this new creek, which 

, was n~med  Wathmus after the discoverer. After staking, the own- 
ers of Djscovery claim and the two claims above and the two below 
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Discovery pooled their h k m d a ,  and these five claims have since ibesn 
held as a unit. Later comers h k e d  ground above snd below the . 
Discx~verg group A not;abb production was made during 1917 om 
the Dimvery p p  of claims, and in 1918 considerable mining wm 
done. The tatal production for the two years was about $SS,OOD, thm 
giving an approximate total for the district, prior to 1919, sf $136,000. 

. In addition to the streams abve mentioned as having been pro- 
ducers, many &hers have hen p m p e d .  Some of the streams in 
the vicinity of the granite r n m  showed fine gold but not in d- 
cient amount to warrant the underhhing of mining1 and for the 
most part titlea h claims have been sllowed to l a p .  - 

OErnBBL FEATIJIIEB. 

Them are in general two types of placers in the G d n e m  Biy 
region. Thoae of the AroLic basin are mostly in *de gravel-filled 

' valleya in the group' of low hills in the vicinity of Butte Creek or 
between these hills and the surronn- hills or mountains ta the 
muth, east, and northwest, The p l k m  of $he Grdnews  Bay drain- 
age basin, on Wattamus and Bear creeks, a m  in much more sharply 
incised valleys in the mountain ma-. The h l i c  placers probably 
represmt mncwatrstion from older valley IWngs, glacia-ff~fviatile 
or marine sediments ; the others mp-nt the concentnrt;on of gold 
by erosion of tmdrock sinea glaciation, in the bottoms of glacial' 
valleys. 

The stream tlmt yielded gald in I919 'were Kowkow, ~ e t t . m &  
. and Bear crsekg, the first in the AroIic Basin, the otbera in that of 

Goodnews Bay. .In the Amlic 'Basin title to claims in Butte md 
Trail creeks is held pending future dmIopmenta and operations. A 
number of claims in addition to those worked are also held on, 

- Kowkow Creek, On Wattamus Creek mveral claims are hdd bdlow 
the Discovery @up with a view to the, pmibility of developing 
dredging ground. 

IammCf CQmDmmB. 

Inasmuch as the placer p u n d  is shallow, open-cut mining is tha 
method in use, Am effort is made to  grbundsluim off m much of 
the overburden as pomible, usually within a foot or two of bedrock, 
hfore shoveling in. At timcrr there is a s h o w  of water for 
pundsluicing, but this difficulty is partly overcoma in various ways. 
On Wattamus Creek s dam has been ersctjrd to impound water which 
is used for L'splsghing?' On Howkow Creek ditches bring the wmter 
from the forks of 'the creek Xt is said that more mining could be 
done on Butte Creek were water available, but the neeesgity of ccm- 
dmcting ditches to bring water will mean one or two seasons of desd 
work behm mining a n  be done with other tbm Butte Creek water. 



T ~ B  mriditi- "of k o w f a l l  md the time of melting of tbe snow 
.~arg on the diffemmt creeh, but it is late in dune or even Jnly before 

. the crmh arem dc imt ly  h of mow and frost to permit ground- ' 
sluicing, which it is aimed to do while the water is abundaat. The 

, later part of September is as late as mining can usually be carried 
on, although in favorable years the mining m n  may extend into 
October. Must of the auriferoug stream gravel as well as the barren 
p v e l  owrburden lies within the reach of circulating w&hr, and 
opmtiona are therefore not impeded by the necessity for thawing. 
Howe~er, large grsnik boulders in the gmvels on the upper c l h  of 
Wmttamu Creek are a very real detriment Ito mining. It is probable 
that such boulders will also be found on the upper murses of other 
streams heading from either side against the Amlic-Goodnews divide. 

M a t  operations are conducted on a partnership basis, but the Disr 
cowry p u p  of claim on Wattnmus Cmk were being worked by 
about 10 or 11 men. W a p  in 1819 were $6 m d  board for an Show 
day. h b o r  is difficult to prormre, for a number of the permanent 
residents haw ground of their own which they work mom or Jess 
intermitbtly, and as this district is off khs main hghway of dkp~sh 
traval, the Yukon, there is little opportunity of obtaining labor from 
the drifting clam of miners. 
As no power plants were in operation in 1919 and them is no ne- 

aeepil;Jr for thawing, fuel was reguird only for camp puqiows. It 
wss obtained by gathering and stacking aldem and less preferably . ' 
wilhrw, which were used after a period of aryjng. Xrr the vicinity 
of tha  amp both alders and willows are found in d c i e n t  numbem 
ta me& immediate needs. 

Them is no spruce t h b r  in this Pegion nearer than Bethel, go 
. that lumber for sluice boxes must. be obtained from the mwmiTI st 

t h t  p b  or by whipsawing drift l o p  from the upper Kuskokwim 
fomd on the beach, chiefly in the vicinity of Carhr Spit. Spruce; 
however, is not wholly satisfactory, and whenever possible lumber is 

$ obtained £hm the Stata Cottonwod grows on the upper Good- 
n m ~  River; and cuttanwood poles, together with a few large alders 
or dom,  rue mmetimes used fAS make the trestles of the aluiw boxes. 

ORZOfN OF SYXE PL&CERB. 

The principal racks throughout the mgion are those of sedimentary 
oxigin, includhg sandstone, quartzite, s l ~ t y  or argillitic rmks, chert, 
and limshne, Associated with the sediments em lava flows, in large 
psrt b l t i c .  These rocks am intruded ut a number of places by gra- 
nitic and related acidic rock. It is believed that these intrusivw have 
c a w d  most of the auriferous mineralization of the dirnentary 
rock  Quartz veins are not unmmon,  but they are mainly narrow 
and of small extant, m that quartz pebbles and cobbles are rather rare. 
It i~ bl i evd  that some of these veinlets carried the gold from which 
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the pls&m w m .  derived. Thb hypothesis a&r& well with &a' 
h o r n  facts with mpxt b Wattamus Creek and to m e  of t b ~  other 
stream that had against granite a- and are hp~rted to arty 
gold but not m qnmtities d c i e n t  ta pay for mining. 
No acidic ignww mh were o b s e d  in the immediate vieini~ 

of the plmm on Bear Creek, nor were pebbles of thh kype df rock 
absemd in the e v e l a  in the cut on this stream, It would thus 
appear that the pboer gold is derived mainly from veinlsts that were 
probably related in o e n  to the intrusive granite found elaewhm in 
thisregion. Sofn~ashown,the  placergroundon thkcmeki~allof 
low @e, and t h m  who worked on it in former years repod that 
they could not make wages on it. 

Some massive intrusiv~s occur in the Kowkow MomCeim, south 
of Kowkow Creek, and between the crest of the ridge. and Kowkow 
and Trail creeh there is much gu& veining in the severely fractured 
rocks. No gold wras observed by the writer in eny of the quartz veins, 
13etmn Howkow and Butte creeks the bedrock is covered by a, mantle 
of unconrrolidabd gravels which is ImaLly tls much as 75 feet thick. 
A few outcrops of shattered IimestDne appear, bowaver, rising sIightly 
rabsve the @vela Associated with the limestone at the h a d  of Butte 
Creek are andmitic rocks which are apparently inhmive and wKi& 
may have had an idusnce on the occurrenca of the gold. 

The valleys of Wahmus and Bear c m b  were once -pied by 
glaciers, and any preglacial conmntrations of gold were mept mt . 
and dimminaked in the valley of Gmdnews River. The pment gold 
placer deposlits af those s t m w  are mcentrationa of the gold can- 
tained in the m b  which have been cut down by msioa since the 
glaciation. Emion hm been rapid ginm the retraat of the glaciem 
and hss consisted of rapid mechanical disintegration by fmt,  assisted 
by soil flows, which have carried the dkintegmtd rock from the 
s l o p  to the bottoms of the valleys, Thence it is removed by the 
nomnsl p- of stream transportsstion so far as the s t w s  are 
competent to.trmeport the soil and rock d a r k  

For the deposits workad in the Arolic basin the mode of tlm later 
concentmtion into workable plmem is not go readily apparent, ns the 
physiography of thnt area involves other factom in addikion to tho= 
concerned in the concentmtion p m  on WatEamw md Bear 
creeks, and the. h i h r y  of the area has by no me- been mmpletely 
decipherad. It was not &ble t;o determine wb:etber the accumu- 
lation of the plmm on Butte and Kowkow creek was preglsciaI 
or ~ ~ i a l ,  8ithough the so-called p b o  k h w k  on Kowkow 
C m k  ressmblea s reworked till. As has been stated in the considem 
tiw bf f:h geologic history, the lgnd aurfnce once s tad  at a higher 
level than at p m n t ,  rvas then depressed, pmb~bly 300 feet or mom 
below the present surface, and was then mlavated to appmxhrttely . 



IWPEB$L IKESOmCES OF MH3D-S BAT EEGTOR. 225 

- ite pkmt pmitiom The maximum glaciaticm m b l y  occurred 
shortly a f tar the period of maximum inundation and More reeleva- 
tion to the present level wxs mmpleted. During the period of these 
mrth movementsl d e p k t ~  of p v e l  wem formed by normal stream 
erosion, by the deposition of glacial d4bris, by wave action along - 

h c h q  and by combinationer of thm three proce;sses. On reeleva- 
tion of the surface to approximately its present position, normal 
stream d o n  was m m e d  in tha gravel dep i t s ,  and in places the 
underlying. bdmck w m  cut. The Arolic deposits ore therefore due 
to stream conckntration from bedrock and from the probably aurifer- 
o w  gravels that had been previously accumulated. 

During the summer of 1919 all the creeks on which mining was 
being done were visited, and some notes were made as to details 
of mining methods and other features in connection with the 
operations. 

WATT= UREEPL 
4 

Placer gold was dirscovered on Wattsmus Creek early in the 
summer of 1917 by a native who was herding reindeer in the vicinity. 
H e  reporkd the dimvery to a group of miners on Bear Creek, who 
returned with him and staked Discovery claim and Nos. 1 and 2 
above and 1 and 2 below Discovery, including one claih for the 
native. Interests ware pooled on these claims, and the native and 
one of the original atalters have since gold out tu the Dimvery I 

Mining Co., the  hareh holders of which include Charlw T h b m  and 
Jack Wilkins, who were among the original -$pup of owners. Joe 
Jean haa purchased the shares of some of the others. A number of 

' other clsims were Gtaked above and below the original group, but 
little work has h n  done on any of these except "No. 3 above.'y 
Un the dimvery of paying ground, work on Bear Cmk stopped 
~ n d  operations were transferred to Wattamns Creek, whem during 
the fall of 191'1 gold to the value of more than $10,000 waa pro- 
d u d ,  In 1918 work waa continued, chiefly on Diovery  cIaim, 
and the prdlnction was more than $20,0a3, making a total for the 
two years of about $35,000. 
In 1919 work wss  k ing  done on thx  elaims by" two plants. The I 

Dhvery  Mining Co. employed 10 or 12 man, a'bout equally divided 
between claims Nos. 1 above and 1 below Discovery, and Ryan & 
Wickert worked No. 3 above." In addition to the claims that are 
being worked, a number of other claims are M d ,  and soma of 
thase below the Diacovery group were prmpded during the winter 
of 1918-19 with a view to dredging operations. 

The width of the so-called pay streak vsries gmatly ; it is probably 
not over 20 to 80 feet on uNo. 8 above" but more than 100 feet 
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below the Dimomry group. Some of the small gulehea ~ppeir  to 
have greatly enriched the main pay dreak, and in s few places there 
is some rich pound at  the ~idee a h  the creek Ieel. The value of 
the gold in the pey dreak runs from 25 cats to $2.50 per qaam , 
foot of bedrock. The gold is reported to  assay $16M an o w e .  

A21 mining is done by open-cut methods. The material is p n d -  
sluiced to remove 2 to 5 feet or more of barren soil and gravel, lea@- 
ing from 1 to  2 feet o f  gravel to  be shoveled into the boxes, the larger , 

boulders King rolled to one side. Where the bedrock is loose and 
friable slate or smdstone, &bout 6 inch- of that is mined also. The 
bedrock consists mainly of slaty argillib, sandstone, chert; and 
b - l ~  The gravels ara predominantly of these rocks but contain 
&o pebbles of conglomerate and of a dark-colored porphyritic rock. 
with varying amounts of g ~ n i t e .  The p n i h  pebbles k c ~ e a s e  in 
gize and amaunt toward their source, at the head of the creek. Below 
Discovery claim there are relatively few bpulders more than 18 inches 
in diameter ; on clltim " No. 1 above " they are 3 to 4 feet in -test 
dimension but are not so numerous as to constitute a serious impedi- 
ment to mining* On "No. 3 aboveff the granite tebonl$ers are still 
larger m d  more numema 

From the data at hand it is estimated that tha total p d u t i o n  of 
this creek will probably be little over $250,000, unless the lower claims 
are worked by dredges, for it L doubtfuI whether the claims below 
" No. 2 below can be worhd profitably by hand. Boulders would 
probably seriously interfere with dredging operations above Dis- 
covery claim. It k not likely that the p u n d  above " No. 3 above" 
will pay wagm if worked. 

gaag oam9 
ApperentIy the f i s t  claims on Bear Creek &re 8taked in 1918, 

although they may have been staked at the time of the early rushes to 
the Amlic in 1900,1W1, and 19W-7. Little if any work waa done ' 
until 1917, when a few men we, working there. ' Some of these men . 
working claim '' NO. 1 above * report that they did not anelre wages 
and left for WaCtamus when gold ww £found on that straam. Ie 1919 
two men were working on claim No. 2 above Dhverg ,  the first work 
that had been done on that claim. 

%s stream flows into Canyon Cmk, a tribhry of -ewer 
River, and should not be confused with the Bear Creek in the ires ' 
at the head of the TuIuksak, an which some mining has a h  been done, 
nor should the Canyon Creek into which this stream flows be canfud  
with the Canyon C m k  that lies between finektok River md the 
Tulukmk-hiak mgion. 

At the head of.this creek a dark-gray fetid limestone appkrs in 
the bed of the 4 This Iimestone eppars to  grade into slaty ml- 
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ca~eol~s urgillitea Sandstones, grit, and mnglomerah, as well as 
chert.and some basic h e p i n e d  igneous rocks, are also found within 
the basin of the stream. The mck is not q a d  in the bed of the 
d where mining was be* done, but the gravels are made up of 
boddem, mbbIes, and pebbles of conglomerate, sandatone, limestone, 
and den= argillih, with e, little chert. Some of the boulders are 

' much wweathered *to a lighbyellow rock They were probably basalta 
originally. Overlying 2 to 5 feet of gravel is 2 to 3 feet of black, 
tough clayey muck, over whicb the stream flows with but little cut- 
ting. . Some 02 the grr4vels are iron stained and partly cemenkd. 

When the c m k  was visited, August 11, 1919, a cut 15 by 60 feet 
had been groundsluiced OR. The cut was made disgopslly ecross 
the creek bed, to  cut the pay streak if there was one. No boxes had 
yet ban put up, BO that it was not possible to d&&e the gold tenor 
of the gravsla from the clam-ups. However, two or three pans 
taken along the base of the gravels each gave only a few very small 
colttrs, and it ia doubtful whether the cut paid wages.. 

The firat mining in the Arolic Basin was dmne in 1900 or 1901, but 
little g ~ l d  w a ~  until after 1906. The production has come 
chiefly fmm Butte Creek. Since work was started on Kowkow Creek 
in 1913 the yearly production from that st- has probably about 
equaled that from Butte Creek and in some years has exceeded it. 
Ja 1918 a power maper was operated on Kowkow Creek In 1919 
but one chim was b i n g  worked in the Arolic basin, three partners 
opemting on claim No. I, above I)i9covey, on Kowkow ~;r&k. Sev- 
eral other'creeks in this basin have been pFospected, but their entire . 

production is n e i g i b l a  
Where mining waa being done in I919 about fl or 7 feet of aver- 

M e n  was being moved. The uppar I to 3 feet consists of mil, mass, 
and pent and overlies 3 to 4 feet of nearly black, reddish, or blue- 
gray unoementd gravel, which, in turn, overlies 8 to 15 inches of 
rather fine g a d ,  containing a little clay, This bottom layer is 
tighfly packed arrd requims considerable picking to loosen, but it 
bdup readily in running water. 'l'ha excavation is carried to  a 
false bedmk, called '' gumbo " an ~ o w k o w  and Butte creeks, which 
is a tight day that contains a very small amount of gravel and some- 
what mxmb1ea a glaciaI till. The depth to bedmk is not known. 
On Butte Creek the depth below the " gumbo " is s ~ i d  to be 15 to 25 
feet, The gravels are mostly of local origin and camist of argillite, 
b d t ,  sandstone, and some cw8rger-pined acidic igneous rocks. 
On Butte Creek hestone  gravel ia also found. The Kowkow gold ' 

is a i d  to assay $17.60 an ounce, and that from Butte C m k  somewhat 
highex, I 
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' The original daposition. of the gold in fmum d a t e d  with ' 

quartz was probably gsnetimIIy related to the Entlusion of the l a b  
Memmic grasitm into the sedimentary and ssrlier i-us rocks, 
which range from Paleozoic ta probably late b m i c  in age, 

Fmm t h e  or@d deposita the gold ha been eroded by &ram 
'md other q p c i s s ,  not including glaciation, and hm been concen- 
trated in placem by some streams, mainly those in the vicbity of the 
granites. 

Glacial erosion has removed most of the gold-placer deposits and 
has. emttered the gold widely over a considerable area in amounts: 
not mitable for profitable mining. 

Postglacial concentration has b a n  effected by eome &reams in 
connection with the erosion of the mka containing auriferous 
veina. In lother streams the placers appear b be, at least in perk, 
the d t  of reconcentration from glacial, fluPio-glacial, and marine 
deposits. In a @nerd way, both types of deposits may be found 

' in the vichity of the granites. 

CO f i  

No -1 is known in the W n e w s  Bey region, althoqh nstivm 
have brought in to the 8chml taachem and others st Mum& 
mports of " a mountain of ma1 " south of Goodnew Bay. T h e  
reports have not been verified, and it appears likely that the sup- 
p m d  coal js a, dense black chert or h-gra ined  black basalt. SmaU 
mams of cod am reported to m u r  on Hagemeiater Island and on 
the h c h  near the mouth of Krrlukak River, on the north side of 
Bristal Bay. Gosl of good quality in thick beds ia alm said to oormr 
north of the Goodnews Bay region, on Eek River, near what is 
knob as the island mountain, dewrlbed as an isolated low mom- 
t a b  rising well above the surrounding flats m d  forming rs con- 
wicuous landmerk. The murmnce of this deposit seems to ba well 
authenticated. 

bPIBn!l'EOI. 

Along the shore between Cape Newenham and k r i t y  there 
am mid to be s x ~ d  thin seams OX veins of a white material, which 
is believed to be asbestos of the vety short-fibered variety produced 
by the weath~ring of serpentinow mb. It appears ta be we~thered 
dm& to a clay, so that its commercial passibilities appear maU, 
The natives occasionally obtain small ~monnts from thii deposit 
and, mixing it with seal 03, use it as a whih paht far their kayah 
and bidrtrkas. A red paint obtained near by ia believed to be 
hydrous iron oxide precipitated from wafer -ping through pfitif- 
crow a l ~ t e  or argillite. 



hving the Bummer of 1919 climatic conditions on sew& Penin- 
d a  were &merally favorable foi. placer mining until the la& pa& 
of Ekptamber snd the fmt few days of October, when a heavy freeze 
md snow cut off the water supply and newwibtad the cl&g down 
of mmt of the plan&. A brief thaw a little later permitted r m m p  
tion of k k  for short time, but We greater number of plants were 

I 
cloatad down for the winter by the 1st of October, only the dredgea 
m d  a few of the larger plmta wntinuing mining dter that date 
md most of the latte~ working with reduced mem. Throughout 
the winter season tha labor situation was not satisfactory , and there 
was relatively little winter work. In summer the situation improved 
mmewhat, but the &hour shift was acceptad by a number of operators 
only with the p - t  reluctanm, espeddy where additional labor 
was not obtainable or other cunditions were not anch as to make a 
m n d  shift practicable. At numemas placm on the penhula 
many of the plants were obliged to work short.-handed, and a few 
used Eskimo lgbor. 

Gold, tin, and platinum were recovered thFongb Borne of the 
~Irriom metho& of placer mining. No information was obtained 
mgardmg the sa&g of mheaKta as in previous years as a by-product 
of placer mining for gold. DiEcullty had been experienced in market- 
ing the product in the pad, md this, in cumaction with the labor 
involved, appeared to make the saving not worth while. 

Gold was recovered from most of ihe operations, and tin (cas- 
i h t a )  was obtained aa nsnd from the Fork region, h in amall 
amount as a by-product of gold mining on Goodhope River. 
Platinum was recovered w i t h  gold from tbe placer aperations in the 
KO* and BuFklmd drainags area. 

h r m g  the summer work was contislued on geveral projects of 
direct or indirect bendit to the mining indwtrg. The east jetty of 
h e  S d a  River harbor wm completad, aad the charnel. wea dredged 
to parmit the entrance of s m d  schooners to a secure harbor and their 
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loading and unloading without Kghtering, an impbrtant item in the 
coaetwim trw~portation of  upp plies from Nome. I 

Work was also continued on roads throughout the p&uIa, and 
the Candle Csgek road waa c~mpleted as far as claim No. 16 above 
Discovery, Candle Creek. At Nome the road was eompletd to 
Cape Nome. A road has alao been constructed, from the landing ,on 
the KO* to the center of mining operations on Dime Creek. 
The Kougwok region appears to have the poorest trattspoimtetion 

facilities. 'At pmaent the main line of t r d t  ia the railroad, over . 
which is run the "dogmobile," No repah have b m  made an this 
&owl for sevmal years, and according to reports i b  state of disc 
repair makea tmmd over it hmardons. The nsed is acute of either 
the construction of a wagon road or the repair and operation of the 
railroad ta serve the neda of the miner% in the Koqyok R i ~ e r  and 
Iron Creek diatric*. 

Under present conditions of operation them is frequently tb short- , 
age of much needed repair parts in Nome, aa the hardware .stam 
have decreased their stocks to include only the staple and more 
quickly galable goods. This hm wo~ked a ~ e r y  great harddip on 
some operators when they w m  in need of mtings for repairs. It 
would appear that this diicultp might be met by the cooperative 
purchase of a mall electric furnace, such as has b a n  installed at 
Treadwell, for the making of emergency castings, thw doing away 
with the delay incident to shipment from Seattle. Under condi- 

f tions of shipping such as prevailed in 1919 this delay may amount 
at times b a month or more, which may be onethird of the worlmg 
88&801P. 

For some years thawing baa been one d the main problems in* 
connection with the dredging of tho low-grde edmaua graveIs of 
the Nome cowtal plain. The method of thawing by a aeries of 
drainage ditch@ arnd laterale in *onjunction with n s t d  drainage 
comas has been described in gonexrrl terms by Eakin k d  has re- 
ceived some ccwideration by ownem and engineers in charge of 
dredging aperatioas. At p m t  consideration is hmg given to the 
project of m & i q  such a drabage canal to enter Snake Rivm near the 
mouth of Cenhr Creek. T h e  initial cost and the unmrhinty rn ta 
the extent of the thawed ground that would d t ,  as well tu the, 

I divided o w n d p  of the ground, have been the main detemts  to 
the carrying out of this project and d m  l-de thawkg oper- 
ations. 

Standard ' practice in thawing f r o m  gravels throughout Aaeka 
and northern Canada has hitherto involved the use of steam. As ' 



, the tenor o# the workable gravels has d e c r e d ,  edorta to lower . 
ope~atinp: expsnsea have regd ted in changes in details of the process, 
and ewh plant bas varied the length of p~hta ,  their spacing, and the 
time of application of steam. The grea-t economies appear to 
have been effected by decreming the time during which steam h 
applied under p m m ~  m d  allowing a longer period of sweating, thus 
gecwing greater thawing &eiency for\ the heat unite applied. Ex- 
perimental work ' has proved the possibility of cold-watm thawing, 
and a number of plants have thawed frozen gravel by thin method. 

In+ISlS cold-water thawing was used by three dredges on Soward 
Peainads. Ora Candle Creek the Candle Creek Mining Corn's drodge 

I pumped w a k  to a tank on the hillside, giving it an opportunity to 
warm up goarmhat before being wod in thawing. An even prCt8dure 
w d  also insured by this method. In the Council region ditch water 
undw head was mod. At Nome the Alaska Minm Corporation 
thewed ground ia advance of dredging on Flat Creok by cold water, 
obtaining pressure by pumping direct tu the oink It is probable, 
howevar, that thb company wiU n t h  d i ~  !t watar under a hod,  
insted of pumping. Two clredgcm in the Iditarod district dm wed 
cold wahr for thawing. . 

Details of the pmcema used at all these plank are not st haad, 
but at the plant of the Alsska Mines Corporation, Norne, the tam- 
peratwe of the wgtar used for thawing wm about 65" F. 1% left the 

' 

frozen gromd at a temperature of about 34' or 35' F. After the 
ground is thawed the temperature of the wabr as it leavss is prac- 
tically the same as that at which it-enters. The rnmhnm thick- 

' n w  of gravels thawed in 1919 wm 42 feet, with aa much as 20 feet 
of clayey material. It was stetad that no trouble from unthawed 
blocks was experienced throughout the summer in the dredging 
operations. Poinb were apaced 10 feet on cenkm and left in for 7 
days, and a preasmo of 25 ppunde wae maintined by pumping. In 
ahallowtrr ground, 7 to 10 foet deop, at Counc:il, where ditch water 
ww used, pointa s p d  6 feet an centers wore left in 48 borrrs. 

PEacer goId is rocovared on Saward Peninsula by dredging, by 
derground mining, and by open-cut work including shoveling in, 
the uae of the hydraulic giant for stripping and mining, the use of the 
hy&saZic lift, and the use of the open hydraulic lift on the Ruble 
elevator. In addition to the planlts engaged in producing gold, a 
number were doing preparatory work, such as the construction of 
ditehea and the stripping of b m n  surfwe m a h d  from the aurifer- , 
ous gravds to be mined law,  and in prospecting. The prosp~ting 
mas mainly in the natwo of proving ground already held, rather than 



s semh for new depositam In gmwal, relatively httle new develop- 
ment of unprovd ground was attempted, m a ?  on account of legit+ 
lation permitting the holding of title to claims without the dbing of 
mmsrnent work. f 

- DBEDQINCf OFEEATIONEI. 

During the e m &  of 19118 a total of 22 god drew were im 
opmation for ~ q y i n g  periods, as campared with 21 in 1918. They % 

were distributed as foUom: Nome district, 7; Comd &atriot, 8; 
Solomon district, 4; Kougarok, Pairhaven, and Port Qmc8 d b  
tricts, 1 each A number of other dredges were idle for varioua 
reasons, chiefly on mount of reconstruction or moving to other 
locditiea. Somo were idle, however, while additional areas were 
bang proved or prepared for dredgmg. In the Norne district .the 
Aleska Minw Corporation operated one dredge on Flat Crmk, but the 
other dredges of tbis company were idle, though some were under- 
going mpairs and recmtruction, J- Belleme was rebuilchq s 
drdge on Dry Creek. T h e  Bangor md Haatings Creek dredgea, 
operated in 1918, were idle in 1919. Included in the list of dredgm 
in the Nome district is that aperated by William Rowe lon Snake 
River, primarily for the purpose of dmpenhg the chsnael of tha 
xivm a~ a p& of the Nome harbor project; but the dredge was dso 
operated to save the gold content of ths gravels handled. 
In the Council district the Crooked Creek m d  MeZsing CLwek 

dredgee were again working. The Moody Mining &.'s dredge waa 
idle, but the company expgcte to operate this dredge in 1920. 
Chmga~ wntermpIatd for  1920 include moving the Elkhorn dredge. 
(G. & 0. Dredging Co.) ta Warm Creek and the Camp Creek Gredge 
of the Uplift MuLlng (31. ta Galofnin. 

At Solomon four d d g e e  wme operathg, as m m p d  with five 
in 1918, the SFott & Newburg dredge being idle, One of the m b d l  
d r e d p  was dismantled for shipment to Kuakokwim River. This 
dredge was in Seettle late in 1918, awaiting tswportation. 

During the mmmer of 1818 the Kelliher dredge in the Kougmk 
waa idle, the owners being engaged in stripping gromd for future 
operations. In the Port Clarence district, neither the D o h a  dredge 
nor that of the Alaska American Gold Mining Co. (Bernerd dredge) 
hw workedregdarlyaiem 1917. During thesummer of 1919 pros- 
pecting was being done by the ownera of the Dobsoa dredge, with B 
~ e w  to the mumption of operations. A dredge reportod fo have 
&en brought from Serpentine Rimr was being reconatmcted on 
Sunaet Cmek, Teller, and is said to have been operated for a 
short time la& in September and early m Ochber. In the Eairhamn 
precinct only one dradg~ was operating, that on C m l e  Creek. Low 
water in the spring qain prevented the mo~ement of the Iver 
Johnson dredge from the Kugruk to  Candle Creek. The dredge on 
the lnmachuk wes idle also. 



It ie reported that on Ban- h k ,  a tributary of Ungalik River, 
at the b w  of h a r d  Penhule, dredgtng ground was purchased 
and soma development work was done upon it. 

The following is a lbE of gold dredgw operating in I919 on Seward 
Pimhda, in addition to which two tin dredges were ~Iso  working 
in the Port Clarence p i n e t :  

Cmk Ddghg Co.. .................... .Dexbr Creek. 
MC Cmk dredge.. .......................... .Arctic Creek. 
h t e r  Creek M g h g  Co.. .,................... -Snake River. . 
Wm. h e . .  .................................... Bnake River. 

.............................. Qninan Ames.. .Glaci%r Creek. 
Julien Hbing Co .............................. .Oshorn Creek. 
A b k a  f i e s  -tion. ..................... .Flat Creek. 

Fern@ Bt Hamon dredge ..................... ..CrooW 
WildGooseMiningtTrsdingh ..*............. QphirCreet 
Blue ie Miming Go.. ........................ .Ophir Creek. 
Northern Light Mining b.. .................... .Ophir k k .  
G. .Bd 0. dredge (formerly Elkhorn Wge). ...... h'iukluk Riwr. 
Uplift Mining Co. .............................. .Niuktuk River. 
Flume Gold Dd&g Co.. ..................... .Melmng Creek. 
Adsmu & Wik.. ................................ .(:me Creak. 

~~ Co.. ........................ ..~olwam River.' 
8 b e l  Creek Gold Dredging Co. ................ .Solomon River. 
F l o w  dredge.. ................................. SoEomon'River. 
Bartlm, I v e m  & J a h m  dredge. .............. Big H d  Creek 

h d l e  Creek Mining Co.. ...................... X d l e  Creek 

Dr. bndwws.. ................................. .Sun& h k .  

~ m t  of the ~ g e a  w e  diatillate for fuel, 'though some are wing 
m d e  d. A number of dredges am equipped with internal*ombm- 
tion engin-, and a few have been equipped for &trio operation, 
inclmding the Wild G m e  dredge at Council, which obtains hydro- 
sloctric pow= genmted by ditch water, and the F'ht Creek dredge ' 

at Nome, which obtains ite power from a ahamdriven turbgenerator 
fired with fuel oil. 

Dzlring the swnmer of 1919 a representative of the w m p q  that 
in planning to develop hydroelectric power fram a plant in the 
KigIualk Mountaim w&s in Nome making s aumey of potential power 



risers on Senrd Ftxhmla. Shodd it prove feasible to dmIop 
pa- from tfia m o m ,  at a reasonable mt, the plant a h d d  eolva 
the .often dttlicdt problem of fuel lor the dredges .of the Nome, 
Council, and Solomon districts and ehould pmve a potent fscbr in 
the dredging of the large amaa of low-grade auriferous gravels in the 
vicinity of Nome. 

It is estimated that the 22 goId dredges oa h a r d  Penineula in 
1919 employed 183 men and had a gold yield of $450,000, compared 
fRith a yield of $469,000 by 21 dredge8 in 1928. 

Thew was a very notable decmam in both ~~~dergmund and open- 
cut mining on Seward Penbule during 1917 and 1918, m d  t b  
decreme continued in 1919. It ia to be sttrihbd to s number of 
causes. 'The high-grade plmers, which can be mined pdtab ly  by 
m d + e a l e  operations, &re gradually appmdmg exhawtion. Thme 
that are not d a u s t e d  are being oonsolidated into larger holdings, 
to bs mined mom economicdy by 1arg;er operatiome extending over 
a period of yew. The incretased cmt of practically all supplica, 
of transportation, and to a legaer extent of labor have made unprofit- 
able the mining of much ground which could formerly havo been 
worked at a p d h .  The bigher wages paid in the manufacturing 
industritw in the Western S t a h  for the labor formerly employed, 
much of it sk&d or smnhkilled, hsvg ~ttrscted and held many of 
those formerly engaged in mining, so that them ia an actual shortage 
of labor for the mining industry. As a mult  there s*e fewer men 
engaged in the search for and development of new depmite during 
those seasons of the year when relatively li ttla mining is being done. 
In 1919 aboaf 17 deep placer mines- were worked in s w a r d  Penin- 

-~ula. It is estimated that 10 were worked during the winter 
and 7 in the summer, employing about 78 men. The operations 
so fm as known ware distributed as indicated in the following list : 

Dwp p- gold minm workti bn 8 d  Pas'- 191 9. 

I 

By far the hqpt pmt of the pduction from the deep placer 
minm was made during the wintar, and operations of this type were 
relatively less pmductive in the atuamer of 1918; m o m e r ,  there 
were fewer mines iu operation. 



OPEN4UT WOBK. 

h the m e r  of 1919,74 openat  minm, inclndmg 24 hydraulic 
plante, were operated, employing as approximate total of 332 men. 
O p r a h  were distributed hy districts follows: 

Opsrr-aat gold plum miwa m &wad Pm<nsuh, 1919. 

hcludd ia the hist of hydraulic operatiom are the planta using 
Ruble elevatom on Bear Creek and at Candle, in the Fairhaven dis- 
trict. Two planta h the Nome district and one on lnmachuk River 
used hydraulic Mb. Under " 'Other open-cut operations " mare placed 

'three planb, two of which were engaged in the preparation of 
p m d  for dredging and one in the construe tion of a ditch prepmatmy 
ta mining. 

PRODUCrIOlrT. 

Them w m  91 gold placer mines and 22 gold dredges operated on 
' Sew& Penineula in 19 19. Approximately 550 men were employed 
in these aperetiom, and the production is estimated at $1,400,000. 

OoId and dw pradarowI on S d  Pnainerala, 1897-1918. 



m. 
The dredgee of. tbe American Tin Mining Co. and the Ymk Tin 

Dredging Co. were both in apedion in 1919, the American on Buck 
Creek and the Pork on Grouse Creak. Three men were engaged iu 
shovehg Into duice boxes on Buck Creek above the M g e .  A total 
of 25 men were engaged in tin mining, land the pmdnction was shut  
56 tone. 
In addition ta the recovery in the Y o k  region a few hundred 

pound8 of tin concentrates were saved in connection with gold 
mining on Hmba1dt Creek, a tributary of Goodhope River. Them 
cancentsates were not shipped in 1919. 

In 1919, as in j-areviotw years, platinum wm recovered with the 
gold on Bear, Dime, and Sweepstakes c m h  at the base of Seward 
Penim'ula. Tha production was probabIy about 20 ouncea. 

M)DE XIINXNG. 

There wae relatively little lode mining on Sew& Peninsula in 
1919, kssessment work was done on a few properties, and title ta 
other claims, on whkh no assessment work waa dwe, was main- 
tainsd by the - of the necesaery affidavits. 

0H)I;D. . 

Ona gold lode near Bid is said to  have opmw during the 
winter, and the ore mined was milled daring the aummer by mesne of 
wakr power. 

A crew of tiban6 f 2 men is r e p o d  to have worked at the tin mine 
on h t  River during the winter of 191819, and about 25 men during 
the summer. The winter work c~nsisted m a y  of retimbering, 
enlargement of drifts and shafts, and deepening of shafts. A number 
of buildings were erected, and a comprmor plant w&s installed ko 
h i s 4  air for drills and for ventilation. A large wareh'ouse waa aleo 
built on the besch st the mouth of the river. A considerable ship 
ment of mining machine~g and supplies for this property wm unloaded 
at the mouth of b a t  River from the freighter C d m  in October, 

The eilver-led proapect on Kugmk River near h d e p d m c e  
Creek was further developed during 1919, a cmw of 6 to 14 men 
warking throughout the year. The work appears ta have consisted 
mainly in sinking the shaft, Data regarding the amount of laterd 
development are not at hand. A considerable amount of ore hae 
been mined during the development work but has not bgen  hipped , 



.JaRPing to difEculties of trmbnsportation. An effort is mid to have been 
made to  get a &ipment of ore down the Kugruk in d mows. 
Law water during the spring when a high stage ww axpeed pre- 

' vented them boats from getting down the river. Additional develop 
ment work was to be done during the winter of 1919-20. 

The principal daculty in operating this property swum to lie id 
the tramportation of supplies to the mine and of hhe ore from the 
$iineB The experience in 1919 indieah thwt 9hipments of ore down 
the rim will probably not prove feasible, and it will doubtla be 
nemaary to haul the ore to Candle or Deering. The Candle r o d  ha 
been wmtructed from Candle as far up Candle Creek as claim No. 
16, and it will probably prom moat economical to &end this road to 
the mine rather than to build d the way to Deering. An aerial 
tram niay prove more economical. than road haulage, should it be 
found that a 1-0 tonnage will have to be handled. The possibility of 
developing power  fa^ the operattion of the tram from the coal found 
on the Kugruk may make this method of haulage the most 
economical. 

COAL* 

Cad haa besn obtained for a number oi years from tbs Kugruk 
W beda, having been mined on Chicago b k  and an the K@ 
betweem Reindeer and Montana creeks. This mal is used tmtensimly 
in Candle and Deering at times when the aupply from British Columbia 
or Washington is insuf6cient for heating and generating power for 
mining. 

Applications for pennits to h e .  ma1 for two yeam at thme two 
I d t i e a  were made and permits granted during September, 19 19. It 
is the intantion of the operators to  mine cod for tho 1 4  use of 
Csndle d D~~ and for use at the silver-led mine on the Kngmk 
Moat of tho product of thme mines will be hauled in winter. 

A permit was dm is~ued in September, 1919, to mina mal on the 
&yak I# mila from iB mouth, presumably for use on Dime Creek. 
In 1918 h e  permits to  mine coal on lTnalal&k River for two 

yeare were iasued, and aome wal was hauled by small v m l a  to Nome 
and St. Miohad, but none was reported for 1919. 

OlL DRILLING. 

Additional drilling hm been done near Hastings Creek in the 
adsavor b find oil, a hole 350 feet in depth being reported. As 
indicated by Catbad: the drilling is being done in an area of met* 
morphic aad igneons roch-formations which contain no 03-4 the 
hopedl of obhhing oil in thia l d t y  me ill f o d e d  . 
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b b ,  with r &on on climate, by Cleveland Abba, jr ., and s topgmphk map 
and aescriptlon thereof, by R. TT. W e .  Prof&ona1 Faper 46, 1906, 327 pp. 
No mpim uvailrble. Mny h d t e d  at m y  p1161Ic lihrias. . 

Vflroer miu iq  in A l m h  in 3904, by A. H. R m h .  In B d e h  260, 1M6, pp. 
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T h a d d q f n d u s t r y h 1 9 0 5 , b y A . E . h h  bBulEetin281,180&,pp.#. 
d n i q  induatry in 1908, by A. 8. h h .  In Bulletin 314,1907, pp. 19-89. 

30 mnQ. 
T m  mining I n d m  in 1W, by A. H. B m h .  In B d & h  345,1808, pp, M. 
45 mllta. 

The  mining hidm In 1908, by A, H, B m b .  In Boll& 599, I-, pp. 2142. 
m mnta. 

VLhe mieing indmtq in Im, by A. H. h k n .  Xn Bulletin 442,1814 pp. 2d.C8. 
- 4Ocenta. 

The mining indm ia 1910, by A. 8. h h .  In B d h t h  480, 1011, pp. 21-42. 
Vshs mining in 1911, by A. H. Bmb. In Bulletin 520,1812, pp. 184. 

MI centn. 
The mining indm in 1912, by A. H. MLs. In Bulbtin 642; 1015, pp. 1&61. 
Tim A k b n  mining ind- in 1913, by A. E. h h .  In Bubdn W, 1914. 

pp. 46-74. 80 cenC8. 
The AEaskm mining Mmby In 19'14, by A. H. Bmoh. In Bd& 523, 1915, 

pp. U-iW. - Tbe Alaslcan m h h g  i n d m  in 103b, by A. H. Bmokm. In Bulletin W2, 1911, 
pp. 17-72. 

. The dlssh mWn# ind- in 1916, by A. H. Brwh. In,BulIbtln 882, 1817, 
pp. 11-82. 
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Tim A h b n  -' indlratry in 1917, by G. G. Martin. In *Bulletan 892, 1m 
pp. 11-42. 

The A h k m  m h h g  idt* h 1918, by a. C. Martin. In ~nl1& 7 r 4  IOIO, 
pp. 11-52. 

m e ~ l a ~ a n ~ i n d ~ i o 1 ~ 1 9 , b y ~ . ~ . ~ ~ a h ~ d ( i . ~ . & . '  ~n- 
tin 714, 19n, pp. S W 5 .  

Railmy routes, by A. H. B m h .  In Bulletin 2&I, 1908, ppl l&l7. 
Railway mutea fmm the Pscific -bad to Faitbks,  W, by A. H. Bmb,  
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1916, pp. -79. SO cent& . 
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River coal &pi t s ,  by G .  C. hlartin. Bulletin 250,1905,64 pp. 15 centa. 
Alaska ml and i ta udbatior~, by A. H. Emoh. Bulletin 4.la-5, neprinted 1014. 
T h e  pwrible uaa of p a t  fuel in A b h ,  by C. A. &via. In Ballatin 379, 1m, 

' pp. W e .  M) cents. 
*The prepamtion and use of p t  an a fnel, by C. A Dp*. In Bnlledn 442, 1910, 

pp. 101-132. YlO c a b .  
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Bulletin 263, 1W&, 382 pp. No m p b  available. {A-C in Bulletin 269, 1906, 
pp, 3 2 4 8 , l S  centa) 

*Pmepecting and miming ~ l d  phcm in Alask., by J. P. Hutchh. In Bulleb 
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CChpphic di- of Alaake, by B&EW b b r ;  d ditaon- pe&d by 
Jarnee McComrick. Bulletin 299,1908, 690 pp. 50 cents. 

Tin mining in A h h ,  by R . M. &%in. In Bulletin 822, I9U, pp. B l 4 .  B 
Antimony deposits of Alaska, by A. H. ~rooke. Bniletin MS', lN5; 07,pp. 
The uea of the p~no-c camem in topographic surveying, by J. W. Bdey. Bol. 

Ietin 657,1917,88 pp. 
The &ml springe of Alaslra, by O. A. W*. Wntedupply hpar  48, Isll, 

l l 4  pp. 
Alash'~ mineral s u p p ~ a ,  by A. 18. BmIm. Bulletin 666-P, 14 pp. 
Tbe future of Alaalol mining, by Ai El. Brooks, In Bulletin 714,1921, p p . ' s 7 .  

mprepanrh.  
Prel;minnrv mport~n petroleum in Almka, by 0.0. Mutin. 
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Map of A h h  (A); Bale 1 : 6,000,000; 1912, by A. H. h b .  20 arirts&taiI or 12 
cenM wholeaale. 

masp of ~ i m k a  (B); 1 : l , ~ , m ;  sia, by A. E. ~ioob R H. -nt. 
80'caata retail or 48 centa whle!ale. ' 

Map ot Alaska (0; t d e  I : 12,000,000; 1916. 1 csnt m W  & five br S mnta +hole- 
male. 

%p of AIsska ~howbg & k h t i c m  of mined W t a ;  aePle 1 : 6,fNM,600; by A. H. 
B m b .  20 centa retail or 12 cenB tPholm1e. New edifhnn hluded in B d h h  
842 and 862. 

fadex map of AEdakei, including hk of pnb11-b; d e  1 : 4000,OMI; by k 8. 
Bmah. F?xl. 
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. . WSbe PraFnpdne plactrr dlstrlct, hlmh,  by C. W. Wright. Bdletin 238, m, 35 pp. 
16 ccmta, 

*Eanomie dev~l&ta in ~theewtam A l s e h  by F. E. and C. W. wt. In 
Bulletin 259,1905, pp.47-68. 15 cenb. 

JWBIU gold belt, AEaaka, by A. C, Bpencer, pp. 1-197, and A b 
oT Admirnlty Idand, Alaska, by C. W. Wright, pp, 138-251. 'Bnlletin 287, 1908, 
1tnpp. 75 cants. 

Ideminlwinsontheaatran A- bgF. E. and C. W. Wright. InBdletin 264, 
lm, pp. M. 

Nonmetallic d e p i t a  of iton- Al-, by C. W. Wright. In Bulletin 284, 

1808, PP. w.60. 
* M e  rnlning in Bwtheaatarn A l a s 4  by C. W. Wright. In Bulletin 314, IW7, 

pp. 47-72, 90 m t a .  
*Nonmetallifeaono mineral rmourcee of m u t h e  A l a a b  by G. W. Wright. In 

Bulletin 314, 1917, pp. 1M1. 30 m Z e .  
*&nxv ' ca on the P d c  c& Smm Yakutat to h k  Ever, by Eliot Black- 

aelder. In Bdetin 314, 1907, pp. 8 M B .  30 cents. 
* M e  mining i5 sau~esstern A3mka, 1607, by G. W. Wright. In Bulletin 545, 
1m, pp. ?Hi'. 45 canb. 

T h a  building Btones and msterIDa df s o u t h e e s h  A*, by C. W. Wilght. In 
. BUR& 345, IWS, pp. 118-126. 45 cente. 
T h e  K e t c h i l m ~  and W-ll mining districts, AIaah, by F. E. and C. W. Wright. 

Bnlletin 347,1908,210 pp. 60 cents. 
m e  Ynki~tat Bay region, Alaslra; Pb@wphy and gbc% @oily, by R, B. Tarr; 

Ared geology, by R. &. T m  and 13. S. Butler. Profkon81 Paper 84, I W ,  188 pp. 
60 cente. 

in mthm by C. W. W+t. I$ Bulletin 570,1808, pp. 87-88. 
50 cants. 

+Mining in wucbewkm Alnnlra, by Adolph -1. In Bolfetin 442, 1810, pp. 
133-245.. 40 cmB. 

- ~ C B  of iron we nea Hainee, by Adolph &opt. In Btllletin 442, 1910, 
pp. 14444%. 40 cemts. 

of --power i e e o ~ ~ c e  in rn- A h b ,  bg 3. C. Hoyt. In 
Bulletin W ,  1810, pp. 147-157. 4(1 centa. 

Geo1cg-y of the Bern- Bay region, Alaalcs, by Adolph Knopt. Bull& 443, 1911, 
- 58 pp: 

Wbingin rn- AlashP, by Adolph Knopi. In Bulletin 480,1911, pp. 94-102. 
The Fagh Rivm region, by Adolph KnopI. In Bnlletin 480, 1811, pp. 105-111. 
 be h g l e  River legion, s w t h ~ m  AI- by ~ d o l p h  ~nopf. ~ a e t i n  502, 
1912, f;l pp. 

I 
The 8itkn mining dblxict, Alaeh, bp Addph Knopt. Bulletin 504, XB1.2, 32 pp. 
Tha earthquakes nt Yakubt Bay. AhnbI in September, 1899, by R. B. 'Tarr and 

UfRWpce Matt in ,  w i t h  a preface by G .  R. Gilbert. hfbd Paper 89, 1912, 
1% PP. 

Marble resowcw of Ketchigzn and Wrangell diskicte, by E. F. Bmchsrd. In Bul- 
l& 642, 1913, pp. 52-77. 

=bls reeonrcee of the Sunau, B k a p s y ,  and B i t h  Wets, by E. F. Bumhard. 
Ln Bulletin 592, 1914, pp. 95-107. 

+ barite depmit n w  Wrangell, by E. F. Burchard. Tn Bulletin 592, 1914, pp. 
l W 1 1 7 .  



mk&g in tbe K~~ d W t ,  by P. 8. Sdth. In Bulletin 692, 1014, 
pp. 75-94. 60 cemQ, 

The p1ogy and we d@Q of Copper M d  and fClslisn Pdnmh, AZaeh, 
, by C. W. Rright. hofdona l  P~per 87, l B M ,  110 pp. 
Mining in the Junew region, by H. M. Eakin. In Runstin 622, 1018, pp. 96-102. 
Ncrtea oa the geo1q-q d Gmvina laland, A h h ,  by P. 8. Smltb. In %fdd 

Paper 95, 1916, pp. 97-105. 
W n g  in south- Alaska, by 'Shedm Chspfn. h Bulletin 642,1918, pp. 

73-104. 
Wakwpmer inv-tiom in aonthmbm Al- by 8.8. CanMd. In Bdllletin 

W ,  UI8, pp. 105-127. 
Mining developments in the Kertcbbn and Wmn@ dhdcta, by Theodore Chapin. 
In B ~ l h t i n  682, 1917, pp. 63-75, 

Lade mining in the Juneau gold Wt, by H. M, E.Lin. XL Bulleth 882,1417, pp. 
71-92, 

Gold-placer d h g  in the Pwcnphe district, by H. M- -. b Bdetin 662, 
1917, pp. 93i100. 

Warn-power knv- in muthesstarn A h h ,  by G. H. -Id. Bd- 
latin 882,1917, pp. 101-154. 

*Wateocpower invdgatiom in southeastmn dhh, by I3. H, M d d .  In Bul- 
letin 692, 1919, pp. M. 50 cente. 

The ahucture and &a-phy of G m v b  grid Revillllgigedo id.ads, by 
Theodore Chapin. In hof&onal %par 120, 1918. pp. 8S100. 

, *Mining devetopmenb in the Ketchikm mining by M o r t t  Oh@.  
In Bulletin 692,1919, pp. 85-89. 50 cenb. 

T h e  ~ l o g y  and m i n d  fesomm of the weet d of Chicha@ Mmd, by R Y. 
' O v e r k k .  In Bulletin 692,1819, pp. 91-136. 50 a t e .  
The Porcupine W e t ,  byH. M. E W .  Bulletin 899, ISM. 29 pp. 
*Warn-power invdgatima in mu*- Alas& by G. H. C h a d .  In BtllIe 

tin 712, 1920, pp. 53-90. 
Lode mining in the Juneaa and Kekh&k dklrkb, by J. B. M d e ,  j ~ .  h Bde-  

tin 714, 1921, pp. 1WI28. 
, N o w  on the Unuh-8dmon Rim d o n ,  by J. B. M d  jr, In BnEath n4,1821, 

pp. l2%142. 
Watm.power in-tfmm in Almb, G. H, Canfldd: In Bulletin 
7E.4, 1921, pp. 143-187. 

In pqmtiim. 

m t e  depoxita d mmthmwhn Allah, by E. F. B&. B d l 6  882, 
Tbe Juneau district, by A. G. S p n m  and R. M. F A .  
Qdogy ot the Ghktr  Bay gad Litnys region, AInub, by F, E. and C. W. Wright. 
The Hetchikan district, A b b s ,  by Thsodora Chapin. 
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gold Mt, A h b ,  scale, 1 : 250,OW; compiled. In * B d W  237. 76 
EBnts. N o t M  oqmmtaly. 

Juneau -1 (No. M I A ) ;  &, 1 : 8!2,500; by W. 5. hbm. 10 cenb d or 6 
cents wholesale. 

Bernm Bay qedd (No. 5816); d e ,  1 : 62,800; by R. B. Oliver. 10 centa re td  
or 8 cents w h o l d .  

Rlassn Penhula, Prima of Wdm h h d  (woo W); d, 1 : 62,WO; by D. Q 
Withewpoon, R. H. m n t ,  and J. W. B#w. 10 mta retail or 8 c ~ n f  w h o b  
mle.  Aha conblnbtl in Profed& P a w  87. 
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~ o p p e r ~ a a d ~ t y , ~ r i n c e o ~ w ~ ~ p ~ . ~ ~ ~ ~ ; s c s l e , ~ : a ~  
by K. E. mt. 10 cents =tail or 6 cents whoIde .  A h  caatabd in P m  
f d m d  Papea 87. 

&&Rvmregian(Na. I l C ) ;  d e ,  1 : 6 2 , m ;  by J. W.Bsgley,C.E.Gfi%,d 
R. E. Johnmu. I n  Bulletin 602. Not hued sepmtely. 

J lmra uld virinity (No. 581D) ; scale, 1 : 24,000; contour intmd, HI k t ;  by 1). 0. 
m t k q m n .  10 mnta. 

O O m L L E B  B&Y, WILLIAM B O m ,  AND UOFFEL RITBE RE- 
GIONS. 
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.Ths mleum &Ids of the T k i t i c  mmt of Auks, with an w t  of the Baring 
Wvw c d  deposits, by G. C. Martin. Balletin 250,1906, 64 pp. 16 mnta. 

*logg of the centzd Copper River region, Aleah, by W. C. Mendenhall. Profee- 
&d Pqmr 41,1W, 133 pp. 50 CBI~C. 

%logy and, mineral mumm of Conbller Bay e o n ,  mka, by G, C, W a .  
Bulletin 3341808,141pp. No c o p k  s&bIe. May be m'OaUlbd m y  public 
Liwes. 

*Notea w ooppar of h k a  WXam Bolmd, by F. H. Wt, In Rulletin 
M, lW, pp. 17&178. 4.6 cents. 

Mineral ~~ of the Kot&dKthm w, by F. H. Moat md A. Q. Maddmn. 
Bulletin 374,1m, 103 pp. 

Tapper mining and pspxting on M c e  William k d ,  by U. S. Olant Bnd D. F. 
-,jr. lnBulIeiin379, IWD,pp.T&W. Wcenta, 

*Gold on Prince William & ~ d ,  by U. S. G m t .  In Bulletin 379, 1909, p. W. 
60 CBnb. 

Mining in the K&ba&hitina, WDocbha, and Valdez b k  redom, by F. H. 
M&t. Xa Wetin  379,1909, pp, 153460. 

Mineral memuma of the Nabma-White River district, by F. E. M d t  md Adolph 
&opt; with s mction on the Quaternary, by 8. R. CPpps. Bulletin 417, 1910, 
0-4 PP. 

M h i n g  in the Gbitina did&,  by F. H. Mofflt. In Bulletin. 442,1910, pp. IWIBS, \ 

k k m g  d pmpcthg an Ainm William h u n d  in 1909, by U. B. Gmnt. ]la Rulle- 
.tin Iwa,ISIO, pp. lWSPI. 

Recxl ' d of the geology and mineral murm of MCB Willism Sourid, Almlm, 
bp U. 6. Grant d D. F. Biggina. Bulletin 443,1QlO, RO pp. 

h l q y  and mineral reeourcea of the Niaina district, Almh, by F. E. Mofst and 8. It. - 
Capp. Bulletin 448, 1911, I l l  pp. 

Mmter regions of Gulkans and Slraime riven, A h b ,  witb accounts of tbs Valdez 
Crmk and Chbhhias placw: dhbicb, by F. H. MoWt. Bulledn 408,1912,82 pp. 

- wphe Chitina district, by F. H. Mofit. In Bullettn 620,1812, pp. 106-107. 50 cents. 
%ld d e w *  nesr Valdet, by A. H. R m h .  In Bulletin 620, 1912, pp. 1W-130. 
60 cmltn. - of m.. wil*iro S o d  ud K . 4  PWSUL. 1 : , A l ~ b ,  by 8. 
k t  and D. F. Bulletin 628,1913,35 pp. 

- /  
McKinley M e  M e ,  by Thedm Chapin. In Bulletin 642, 1915, pp. 

7840. 
kiining in C b i h  Vallep, by P. E. Motlit. In Bulletin 642,1915, ~ p .  81a. 

1 U d e p d s o f t h e  EUamudistrict, by &. R. CappesndB. XI. ~ a b .  In Bul- 
letin 642, 1913, pp. 86-124. 

The mineral dep i ta  of tba YalePtaga region, by A. G. Whn. In BdLtin 592, 
. 19l1, pp. 119-151. 



* -reportcw - .  ~ ~ ~ t e r ~ m b f m f h a n ~  -by (3.:~-and 
R. W. Dampoat. Zn Bulletin 592,1914, pp. 1S1gP. \ 

Ths Fmt Welh gold-lode d-t, by B. L. Sohnson, In Bnlietfn W!, ,1914, .pp. 
196-288, 

Mining w Prime W f i m  Sound; by B. L. Johnmm. In MB& 692, l a d ,  pp. 
237-244. 

&logy of tbe Eam@t%Bremner region, by F. H. M a t .  B n l l A  570, lP16, MI pp. 
The geology and mineral & m e  of &nai hineu1a, by G. C. -, B. L. Sobwon, 
- and Q. S. G m t .  Bulletin M17, 1916, !243 pp. 

1 
* 

%ern1 remwwa of the C b W k i t e  River district, M, by 8. 'R. C18pps. In 
Bulle'tin 822, 19l5, pp. X S S n S .  

Bdjnem1 depita of the K o ~ - K m ~  dinkict, with nobu on mining in Chitina 
Valley, by P. H. Moffit. In Bulletin 622,1916, pp. 1(1&117. 

Aariferou~ gm6ler of tbe Ne~chin&uitaa region, by W a r e  Chapin. In h b i i n  
' 

622, 1916, pp. 118130. 
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spmn, R. B. Oliver, ~ n d  J. W. Bagley. 60 cents ret911 or sO cmta wholedo. A h  
in *Bdetin 337 (25 mta) and Bull& 625. 

Fortymile quadm1e (No. 640); ecsb, 1 : 280,000; by 8. O. l3&rhd. 10 cents 
d or 6 centa w h ~ l ~ l e .  A h  in Bull* 376. 

Rampart quadmugle (No. 643); -19, I : 250,000;.by D. 0. With- R. B. - Oliver, 20 m t a  r e w  or 12 cents wholde.  Also in +Bnll& 537 (25 mte) 
and part in Bull& 695. 

M b m h  etpecilal (No. MU); d e ,  1 : K2,WO; by T. Cf. M f n e  and R. B. kgent. 
2U cents retail or 12 &nta wholesale. Alao in Bulletin B26. 

kmnifdd region; wale, 1 : 250,000; by I. W. r r P , 1 ~ ,  33.0. W w ,  and G. E. 
Giffin. In Bdletin 601. Not b e d  w&Q. 

I d i M - M y  region, reconnakmce map; scale, X : 2M),000; by 0. Q. Andereon, 
W. P. Poert, and othem. Kn Bulletin 678. Not h e 3  m C l y ,  

Middle Kuakokwim and lower Yukon region; 1 : 500,000; by G. G. h d -  
w. 8. post, and o~B-. In ~ u l l e t S s  578. aoth~~ed mpamtely. 

-White River region; wale, 1 : 250,000; by C. E. and I). 0. Wfthpk 
~poon. In Bail& 630. Not iasnd sapmtdy. 

yukon-~dyukuk-o~; de, 1: w,m; by H.M- ~.bfa   am Mi m 
h d  sep~f~te1y. 

b a d t n a  r q i q  m m m k m c e  map; &, X : a50,000; hr M. lhkb, 
C. E. G S n ,  and R. B. Oliver. ILn Blrlletjm 607. Hot k d  -. 

Iddm clstk-Cemw flpshkwim region, reco-CB map; s d q  X : m,000; 
by R. H. -& T). C. With- end G. E. m. In Bulbtia BSB. N& 
k l e d  separaCl~< 










