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RESOURCES ALASKA, 

- 
TI& volume is the nineteenth of a series of snnud bulletins" 

munmwh@ tha results achieved during the yeapin khe bastigation 
of&-mineral resDnmes of Alaska and treating of the'rniniag industry + 

of the Territar~r, especially of the statistim of mineral prodaction, 
with the mht ion  of which the Geological S w o y  ie chwd by !aw. 
The reports included in this volume are primarily intended to give 

pmmpt publication of the more important economic rmulb of the 
work of the year. The time available for their prepwtbtion do= not 
pami& full offioe study of tho field no& and specimens, and,mrne of 
the.statemmts m d a  here may q u i r e  modifici~tion when the study 
hai been cornpled. Those who me interested in any particdm 
& t r i c k  should therefore procure a copy of the cornplebe. report on 
tbat &trick as soon as it is available. 
. as for many years in the p ~ t ,  the GFeohgicaJ. Survey is 
mder + p a t  qbhgation to residents of the T h h r y  for valuable 
data. Thcmc.who have thus aided iadude tha-mssny min4 operators 
who have made reports on prodnotion as well 'as kelopmenb. 
Then3 are still some Alaskan mineral produrn, though a constantly - 
decreasing number, who fail to respond to the request for informa- 
tion, Thorefore it ie still necessary to supplement the figma obtained 
from mine operators by estimates from other reliable mwws. In 
th is  work the writor has received invaluable aid from many pmsr 
pwtore and miners, Federal and TemihriaI offici&,-enginssrs, and 
oficers af bankla aid trsns'portation and commercial cbmpanies. 

It ibt imprtwticgble to mention by name all who have aided in this . 
work, but it should be stated that without the assistance of thme 
publi~pirikd citizens the preparation of thia report would hsve been 
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impmtiaabla, Specid mention &iddB be made h- B; D. Sfewsrt, 
mident engineer of the Bureau of Mines; George*Parks, of the &a- 

' 

era1 Lmd Offioe; t be  Director and other officem of the Bumti of 
the Mint; the Dhotor asd other officem of the Burma of Minse; 
the gffim of bhe Alaskan Etghwring Co-on; thsrheriam, 
Railway Exprm Co. ; Volney Richmond, of the Northern Commer- 
cial CQ.; John C. McBride, 31. T. %pp, G .  Jensen, Ataskduneeu 
Gold Mining Co., and Jeaa Vamphem, of Juneau; Thomas Vogel, of 
Poreupins; John J. Kaznalkoff, of Sitka; B. H. mite and n o s .  6. 
White, of Katalla; W. H- Dickey, of Rua Cove; G. Howard B h h ,  
of Dm Creek; Keaneeotf Copper Corporation, of Kennimtt; J. M. 
Elmer, of Dampsey; Thorn= Lamen, of Koltsins; C. P. To lm md 
W. Q. Fentan, of Ghickaloon; IT. W. Sjnclgir, of Ehke; H. W. Nagley 
md 3Mw. McComell, of Talkeetna; T. S. Wolm tt, of Colorado ; Felix 
Brown and Ma k k a ,  of Annhorage; Fred Phiipe, of Iliamna; 
D. E. Stubbs aad Louis Huber, of f i k ;  Job Hmldmn and A. 
Steckk, of Kwindq W. F. Grwm and Peter M&ullerr, of Mdh8th; 
A. V. Thorns, of Twoha; the First National Bank, %rge Hu&- 
h n ,  J, E. Jenai3lgs, and T. 8, Deal, of Fairbanks; Fred Maupp, 
of C?h&anika; Charlm Xieke, Val Diebold, and John J. Murphy, of 
Menana; Su&n M W m ,  73-m. McRinnon, and A, M. Bainbridge, - 
of Tohana;. Alex. ,EtcbsU, of Kmtiehna; Gwrge W. Ledger, of 
k p w t ;  C. E.  Jones, of Ruby; B. B. Smith, F n d  Speljsck, and 
E d w d  Sdmeirla, of Ophir; 8. S. Wanemnker, of Nolan; W. I). 
~ q g l d ,  of W k m m ;  George M. Pilchar, of Fortuna w e ;  James 
F u z ~ c ~ ~ ,  A. W, Amm, and Fred J. Smith, of Cam; W i l l i  
Yanert, of h u g d r y ;  M M  Johnson, of D e a d d ;  J. J. Hillard 
and E, A. Robertmn, of Eagle; J. 1%. Elden, of Steel Creek; Chulae 
E. M. bole, of Jack Wade; D. P. Thornton and E d w d  B-en, of 
Chisam; A. J. Q d b ,  of Riohardson; the Miners end b3-Q 
Bank, Jack Me, A. W. Kah, Anna Dukes, snd R. W . J .  Red, of 
Name;. N. L. W@m, of tbe ,Bureau of hainss; S. M. &-yllord, of 
S o l e  bte: W. N. M m ,  of T d k ;  A, S. Tucker, of B M ;  

. I+qJJoyd, Wcbrsel Tuohy, and Jamm C, h1 of Sh-ak; and 
Qea~ga L SWey,  of K h a .  

, . - % .  - 



By ALFEED El. BROOLB and S. R. CAPPI. - 

The vdue of the t o t d  annual minera l  production of h h  
inm~ttsed from $17,004,124 in 1921 to  $19,506,365 in 1922.' Though 
thie increase was due almost entirely to the I- capper output 
from a few mines, the prosperity of the mining indashy as a whole 
w* 1 evident. 

The rather widapmad p~~ in regard to the p n t  md 
S. I p t w  prosperity of the Alagka mining industry ia not hslrd to under- 

stand. Daded by the quick forttrnes mada during the grwqmmus 
$aye of bonsba p l m x  mining, the public has failed to mark the 
steady advance of other and more pemnent  p k e s  of mining that 
not only continued during tho war but has been greatly ~ 1 m t e d  
in the last two yemtrs. The grest publicity given to the failure of -.. some of the large auriferous quartz mines near Juneau, for remons 
Iatm ki? ba discussed, hss entirely obscured the alow but steady 
de~efo~meet of other Alaska lode propertiee. The marked decline 
in the a n n d  copper output since 1917, the &t of low prices for 
the metd, has been erroneously interpretad aa rnmking the decline 
of the Alasks mppmmining industrg. The public, mjsled by widely 
c:b&ih$ md grossly exaggerated s ttbtements of the ~trlue of Alwka 
cddld,'i~l puzzled by the apparent lack of pro- in theh exploits- 
tion. Thua far, indeed, discouraging mults have met the rather 

* . meager undergroand exploration of the best Alaska cod. On the 
" - ' - - other h d ,  the furnishing of low1 coal to the region tributary to -* the Alaska Railroad is  a very important advance, even though a 
. m m e  of export cod hhas not yet bean developed. In like manner 

mamy wba have long heard of the promising murrenms of petroleum 
in dlaaka haw wondemd at the delay in its developrtieient. The 
explanation lies in the fsc t th8t oil drilling was prohibit4 from 191 0 
until ,1920, when a l e ~ i n g  law was enacted. Since 1920 B ~ & C B  

sxploktion 'of the oil fields, hm bean very active, but it takm con- 
siderable time to  e m  actual drilling in these distant fie& At the 
end of 1922 preparations for d d h g  in the Cold Bay district wew 
well under way, and since then drilling haa been started. 

1~~Widk&lnthlsmpmthavebeeampIledbyT. R.Bmch. 
S 

. . . L . - ,  

"d*j.-;; ' h i  .$ .r 
I f  . 



Even Ahkans, mmy of whom a ~ e  swvivors of the days of bonaazr 
mining, ars by no xe- hopeful of the f u t h .  Those who hrtw 
eeen minew without capital grow suddenly wealthy from placer gold 
dug out with ,their owrr hands and wha bavs behdd pmqemu~ corn-. 
munitim spring up h m t  over night are often impatient with mining 
projects thtbt CBD mmwd only by large invmtments and after yeam 
of prep -ion. 

Some ermoeoklY WSUIUEI that the mvivsl of mining in Alaakk can 
bs assured only by the discovery of a p a t  m i n e d  deposit, mch as 
a large oil pool or lr rich p2%cet fidd, and no doubt only such a & 
covev could &PB quickly the f o m  prosperity of the Territory. 
Al t~ka,  mines have produced nearly half a billion dollars' worth d 
m i n e d ,  and 98 per cent of this mount has cam from her d e p i t s  . 
of gold, dver, and copper. The estime.tad known raserpeg of these 
met& alone, without r s g d  to future d h ~ a r i a s  or other mine&, 

. such ss 02 and cod, are d c i e n t  to mum a pmperoua future for 
the ,miming hdna trg. 

&my Bppear to belime- that the bdding of the A h k s   did 
ahoyld. have immediately produced a marked boom. Now that a 
year h& Paseed since the railroad began to fnmkh transportation 
and cheaper fuel and there has been no immediate increase of mineral 
output, they sre+loud in condemning the entire project. The Gov- 
ernment railroad, as wen ae the greahr wtivity in the buildmg of 
-on rods, has &aady.g.timulated mi*, but it WU b some time 
before the d t s  of this work can be e x p d  in a notable inmm 
in minerd production. 
In ~ p i h  of all despair or doubt the A 4 a s h  mbhg indwtry is 

advancing, not mtrogd&g. In fact, though the d w  of ita present , 

product is small  lisompared with that of the paat, the industzy is now 
on a more substantial bash thaa e ~ m  before. In 1922 p m p m i & ~ ~  

- 

for: drilling were sufkientlg- advan& to msm, the begraning of 
;edergrouad k.sting in 1923 of at least one of tha A& petrolcum 
fields; the instdation of large pbx~cntining plants continued, and 
the work oa some wrrs g0 ~ 0 1 1  advanced ,as to  Basure their operation 

ld3 ; the activity in gold-lode development already noted for 1921 
wm mnfhued; the copper production wss a b u t  43 per writ latger 
than in, 1 9 8 ,  .md there was a rsvivd in the prospecting of copper 
deposits. Ale&~~s mining industry nee& capital for ih further - 
development, and d d n g  the yar  t h  were many ~COUHL& signs 
that large mining companies were turning thek attention to h k a  
as a prospective field for invmtment. 



h midsring tbe above table it &odd be remembmd b t  the ' 

summer placsr minea are opers;ted for an average period of leas then, 
100 d a p  in a year. A oomparison of the first two columns ahom 
ehaf only a mdl percentage of the man engaged in summer-plmr 
mining cau h d  similar emplopent in the wintm. As %he winter 
placer mining is all done through Bhafta and drifts it js c'tose1y related 
to lode mining. Some of the deep placer mines me operated for 
nearly the entire year and hence are included in &e total s m e r  
mines also. The lode mines include copper md goId and a few 
other metal mines, and the figures for these include only the average 
n u m b  mplop l  during the year. The fourth column show the 
slumber of men engaged in all otber f o m  of mining and qnaqhg,  
includmg the q1oitation of wal, petroleum; marble, tin, gypsum, 
and other prodno$. 
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mar, ~Bomunoa. 
19 118M3 and 1861 a Ruasim mining engineer, P. P. Do&, witb 

a 1-8 farce of men, did some placer mining in the Kemi TEiver Blrsin, 
abut  140 miles west of the pram t location of h a r d .  This projeot 
m s  wn, abandoned and, except for the exploifation of ~ o m e  @tic 
mil near Port Qraharn, was the only mining attempbd by the Rua 
aim in their American colony during the 80 yeam of ib occupation, 
Iq 1861 some gold waa found in the bars of S t h e  Rivor, but by 

subsequent surveys this locality proved to be >on the Cmadim side 
of the bound-. No important mining wm done here, bat the dis- 
cavarg d t e d . i n  the first gold stampede k~ Alaska. The Stikine 
Valley waa sow abandoned by the prospectors, however, and did 
not again sttract attention until it me. much wed k as hghway into 
the Caasiar geld dia&ct, disco& in 1871. W r w ,  in muth- 
e ~ t e i m  Alaeka, then became the coastal port for f i e  nsw p l m  c m p ,  
and praapacurs began to turn their attention to the adjacent region. 
It is reported that about thb time many t$-d dollam' worth of 
e l & -  wea mined on S h c k  River, -mptyh.g into Windham Bay, 

' 

ab& 70 miles mutb of the preeent aita of Juneau. This mprt ia 
unv&&d and pmbably h~ little foundation; in fact, mme of the 

' W-dl prospetom extended their search for gold to S i h  and 
in 1872 found d e m w  quartz in that region. The f h t  mining 
was done by Michael Haley, who had come north as a soldier but 
wasm experienced miner. In 1879 Eeurge F. Pilz, a Gemmu mining 
engin-, o p d  up the Stewart b e ,  a m  Si tk  Fib was the 
h t  educated mining enghmr, opened the k t  quartz mine, and 
built the h t  miU ia Alnaka. In 1880 Richard T. Hamin a d  Joseph 
Juneeu found auriferous qu&z and placer gold near the present site 
ofJunesum Thegreat M~wBanrninhginduatrg, thehtdpmductof 

\ 



WE& k v&d at nearly half a billion d o h ,  bagsn with gold- 
p lm'mhhg at Jmmu 42 yeam ggo. 
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GoM a d  dw p d u d  in ~hah&nk tKfmcnt munu, 188&IOtIt. 

WLD LODES. 

For many years the Alaskan gold-lode mining ind- wm almost 
entirely based on the %adwell pmperQ? in the Juneau district 
The profitable exploitation of this enomom ore body, containing 
not mom thm $2.50 worth of gold rto the ton, Iong ago brought 
proof that the cost of mining in tidewater Alaska wgs not necessdy 
ex-iva. Tbia very profitable venture led to the development d 
two other large ore bodies in the same dktrict, the AIasWuneuu 
and Pesseversnce. The metallic content of these o m  is muoh lower 
than that of the Tbdwell  ore, but it WM believed that this handicap 
could be offset by the ma of cheaper mining md d h g  methoda 
The Pemeversnce (Alsska Gastinem) plant waa completed in 1918 
ttnd the BlasktpJuneau in 19 17, and therefore at the very outset these 
plmts met the adverse indutrial ccllnditiona imp& by the World 
War. Zn addition, other diffi~ultias arme re la th  to  irregularity in 

, the atribution of gold ea w d  gs to and milling. As a con- 
sepnenm, the Pereeverenoe mine find19 closed in 1921 ; the Alaska- 
Juneau, however, by improving ita practice, increased ib output in 
1922 o ~ e r  that of 1921. 

In 1917 c m e  the T r d w d  disastm-the caving end flooding & 
twa of the three large mines. As a d t  of the abandonment of 
tbeo  of the five large mines of the Jan- distFict the value of the 
aslnud gold output decrertssd fmm $4,570,000 b 1916 to $1,573,000 
iu 1922. The mogt ancouraging fact about the Mwkm lodc~mining 
hdus* y is tha* the loss of output from these large gold mines has 
already in part bean made up by the output of the m d e r  minea of 
other diskrick The total goEd-lode output of $ l m b  in 1918 had a 
d u e  of 85,900,000 and in 1922 about $3,015,771. The reduction 
ia therefore only 47 per mnt for all Alaaka, while that of the Juns~u 
district has been 65 per cent. 

The fwts above get forth me cited b u m  many believe that the 
cloerng of some of the Juneau minm meana the end of m y  conaidertrble 
quartz mining ia A l h  This is not true even at J u I ~ ~ u ,  end in dl 



otbm Alaska lode &8tricts that are aocessible by mibad  or tide- 
water the de~elopment and pmqmting of hd-mck gold deposits 
are m'tivdy going on. 

Though the gold-silver depmita of the Salmon R i m  district am 
not yet ptoductive, the outlook for profitsble mining is good. The 
devslopment of mines in the Juneau district is more active than for 
sepersl yeare. On Chicbagof Islmd, in the Sitka district, one addi- 
tional mine, tha HhtCbichagof, begm producing in 1022, and several 
other pmpertim are being developed. The small gold mines on 
Prince William Sound wilI probably soon react to the cheapening of 
fuel by coal furnished from the Matanuska field. Th? Willow Creek 
diatrict, now accessible by rttilroad and good roads, ia m a w  excel- 
lent pmgreas in lode mining. In 1922 the ~ a l u ~  of the output Erom 
the seven small mixlew of the di~trict was $238,000, as against $11 8,000 
in. 1921 ; but more imlportmt than this gain of mom than 100 per cent 
is the fsct that at laat sgstematic undeqpund exploration has 
begun. In the Fairbanks diatrict the completion of the Alaska Rail- 
,mad and the assurance of comparatively cheap fuel from the Nenana 
cad field have stimulated lode developrnant. Five minee and 
prospecb producred gold to the value of S54,000 in 1922, ag compared 
with 330,000 .in 1921. There are in the F&banb &trict at least 
a score of lode propertias which under present conditions am worthy 
of furthor exploration. In dditioa to the productive districts, there 
are many other regions in Alaska where auriferous lodes have been 
found. 

Twenty-five gold and silver lode minss and six prospects ' were 
operated in 1922 and produmd gold, silver, and some lead m d  copper 
to a tata1 value of $3,f 38,583; in 1921 18 gold and ~ilver lode mines 
md 13 prospects were o p e ~ ~ b d  and pmdumd metals to  a total value 
'd$4,082,141, These vdum do not include ths gold and silver recov- 
erl?d from the copper lado mines. In genemil, the lods-mining indus- 
trg. in 1922 showed progress during the year, but developmen& of 
ore bodies are not yet sufficient to give any assurance that the output 
of gold from this source will increase in the immediate futm.  At 
the aame time the outlook for an early inrrease in Id+gold produc- 
tion ftom the Sitka, Willow Crwk, and Fairbankg districts is exceed- 
ingly good. 
~~pmpdwthsmh~whmtotslmstallio.oatpnt b l l l m ~ $ l # M t ~ ~ e ~ n s ~  

Ipaeta. Tbesa ldad8 OJl ~ h l ~ h  OOdda*bl* de*aloprmpt m* h &OM bat which 
have M pat ksn put on a remh prcductlm u. 
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CJotd and podumi- g o W  m- b Abb Q f 9f2, bg~ & ~ ,  

In tbe above' table are included s i l ~ e 1 d  ma as well as auriIarouu 
quartz. The are hoisted from auriferom qua& minee yielded an 
amrage of 8L23 worth of gold and dyer to the ton. k 192 1 the 
average recovery was $1.39. T h e  low m v e r y  in 1922 waa cewed 
by the large perwmtqe of the total tonnage furabhed by the Juneau 
mines. If these minea, which handle ore of very low grnde, are 
eliminated, the a v e q e  recovery from the other mima included in 
the tabla is $29.27 to  the ton. 

+ DlahM. 

P l m  mi* has been done in Alaska since 1880 and hw yielded 
goId having a total value of $230,000,000, Of t$ia fatal more thaa 
$200,000,000 has been mined since 1900, when the industry mei~ecl 
ita 6rst great stimdus by the gold output of the Nome district. Other 
'bonanza d e v i t s  were soon diemvered, and by 1906 %he value of the 
m u d  output of placer gold had r e ~ c h d  $tB,6OO,aX, md the indus- 
try employed about 8,000 men. Fmm 1906 the annual output 
declined, and by 1913 iB value was r d u d  to 810,680,000 and the 
number of miners to 4,700. It &odd be noted that this reduction 
(45 per cant) in the v h e  of the placer output took place before the 
war grid that it indicated the mpid exhaustion of the bonanza depmits. 
b h  1914 to 1917 the averRge value of annuid output of placer 
gold was about $10,#O,a00, and if the general induetrid conditions 

- 

had remained the same and railroad and road h d d i n g  and the devd- 
-t 

opmmt of corrE and petroleum had been meleratsd, the annual t", 

placer output drE probably not ham declined below tb mount. Y 

Rut  rsfter 1917 the war began to affect Alaska induatrim amiously, 
and placer mining repidly declined, reaching ita miTlimm in 1920, .. 
when the v a h  of the output was only M,873,000. Since then, 
however, it has somewhat increased. 

During the period of b n w a  placer mining the csost of opmtion 
was gradudy but constantly lowered by improved metho& of 
mining, especially in gold drdging, the output of which h m m d  in 
d n e  from S20,000 in 1903 to $2,200,000 in 1913. Dredges had been 
bairt so actively bedom the war that, in i p i h  of advme conditions, 

m. 
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t h y  omttinued to increase their output, which did not reach ih 
rntdnum until 1916, when ita value was $2,679,000. hard 
t;imes that followed led not ody to the shutting down. of drsdgm 
already built but to the abandonment of some new projecb. The 
dmdgm reached their minimum output of gold in 1920, when iB 
va;lue was $1,130,000. This rise md dmline of gold d-g befom 
1920 wes paralleled by a s a a r  though smaUer fluotuation in hydraa- 

md other mechanical mining. 
The passage from almost strictly manual to mechanical methods of 

placer mining was well under way when it was checked by the war. 
Hd it not ban thus interrupted the transition would have been 
mom gradual, and it would not have dealt so 8ev~re a blow to the 
communities supported by the returns from placer mining. 

Everyone who ia intarestad in the prosperity of Alaska, which in 
$he past hm been sw largely built upon the returns from plmr 
mirring, w3lnstu~dy ask the qasstion whether thegoldplacerragervas , 
rse .dc ient  to support again 8 indusm. h 1919 asl at- 
tempt was made to mthata the velue of the places gold still m m i m d .  
Such sn estimate cold$ not of mum take account of possible new 
hver ie9 ;  it must include only those %reas of pburifomus gravel 
that hsve been more or less prospected. Pine mlom of gold are 
likely to be fomd in most Alaska s t r ew,  but ady a fm of them 
stretuns contain worktabPo placers. A rough e s t h t e ,  which in- 
cludes d y  the ~urifemus gavel whose gold oonhnlt is Imge enough 
to ba profitably exploited by methods now d, show that there 
h std about $350,000,000 worth of plaeer gold in the p u n d  in 
Alaska. This estimate is bawd on very incomplete deta, and its 
value ahould therefore not be overrated, but it at least indicates 
the.mqnitude of the tme m, and it certainly shorn that the 

' A h h  placem are by no meana a p p m a c ~  exhaustion. 
In this -8ction an inatmctive cornpaison mRy bPI made be- 

tween the placer mining in Alaska and that in the Rlondie district, 
in the Candim Yukan. During the eight years of bonanza placer 
mining ending about 1906 this district produced ~107,000,000 in 
DM. It was then generally helieved that the days of placer mining 
them were about o ~ e r ,  but by use of hydraulic and dredgmg plants the 
dintdot baa sinm produmd gold worth more than $70,000,000. Yet 
compared with placer mining in hbe Elondike, placer mimining in 
Alaske is but in ita infancy. 

Though the outlook for la~geacale placer mining in Alaska i s  
very encouraging, yet it can not be denied that in many dietrich 
the day of profitable small operations is rapidly passing.4 Where 

.the rich placers have been mined out, as they have been in many 
oamp, the individual operator who h9s little or no capital can not 

~Emb,k.E,TblabmafAhka~ U.a.Wnl.BtawgButLnqpp.?-~t,iPat 
4 B- h. H., TM A h k m  mhimlndustry la Lg2a: U. 8. *I. h m y  Bull, zB, pp. 1447, I=. 



profitably exploit the deposits of lower-grade. If Ifgut&. deposits am 
large enough they will be wmked by mow mnomical methods, 
but if not the work on them mast be abandoned. It is &o claw 
that the opemtiom of lmge c o m p d e a - d  not suppcwt ~ettltrmenb 
that have been b d t  up on *he returns from bonanza mining. A 
dredge employing say 15 men may do the work,af s e v d  hundred 
with m e q n e n t  Ew to the bcal wmmpnity. In many districts 
this loss will be more thm offset by the busin- developed through 
lode mining or other new industrim. Some sett;loments, however, 
a m  bomd to decline, md some wilZ be .entirely abmdaned. 

The interests of placer mining can -be best sewed by &&bg 
cheaper transportation and fuel, rr f& shown by the stimulating 
effect on placer mining of only one year's opemtioa of the Alaska 
Railmd. The life of mmy of the districts in which the operations 
are small, can be much prolonged by the building of wagon r o d ,  

*which at the same time & a t  a n t e r l , h  requiring l q p  ckpital. 
Aboat 507 Alaska plscer mines, employing 2,198 men, were  ope^ 

atRd daring the summer of 1922, and 120, employing 402 men, during 
the p d i n g  winter. These mines produced gold to the value of 
$4,395,000. fn 1922 many mare men than for s e v e d  y e w  in the 
past were employed in instalhg 1-0 mining plank- that m y e t  
unproductive. It is certain that when the plmts now being in- 
stalled rn operuted ths output of placer gold fl be increased; it wi l l  
be larger in 1923 than it was in 1922. 

&*th of pIaccr mining b A- Q 19t1 mwl1Jm. 
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In:&-mly days of mining on the Yukon it wm gehmdly con- 
&hd t h t  a. p k  miner must m v e r  at least $20 a day during 
tb dmrt wokng 888g0n if be was to be profitably employed. 
&deed, fwtunea were believed to come only to thm who were 
g d n h g  s d  day a still larger quantity of gold from the gravels. 
Experience has shown that in moat Alaska districts a wage of $10 
a day from a mine operated only by m u d  methods is considered 

Y ta be a good venture. These fqum expressed in vdua per oubit: 
J ywd of gravel sluiced would bs about $4 for the old  day^ and $2 for 

the  present. In th8 %t two yeam of mining on Sewad P e d a  
the minim- profitable return was about $5 to the cubic yard; now, 
with the large uso of dredges, it averages less than 70 cents. In 
spih of the fact that much the larger part of the presenbday pltlcar 
minifig in Alaska is done on gravel carrying a lower percentage of 
gold than that of the gravel that h a  already been mined, the aver- 
age profit is much larger. % gain is of course due to the decreaged 
cost of mining, which has resulted both from improvements in the 
methods employed and from the lowering of cost of transportation, 

< .  - This @ud lowering of oost is demonstrated by the following tables, 
which m based in part on returns .made by oparators of placer 
minw m d  in part an known faoh'ar assumptions concerning the 
richnase of the gravel in the several districts. Although the tables 
are thus in part estimates, they are probably nearly corswt. The 
decline in the average gold content of the gravel mined from 1908 
b 1914 reflwta the gradual exhawtion of bonanza placers, the im- 
provement in methods of placer mining, and especially the incremed 
use of dredgea. 

GruPleE a l w k d  in A* plboeP m i a  and mlw of gold r e m d ,  19#-i994. 

Rslotha ofreaoumy of placm gold pm m&ic yad  & p-opmtion p r d i m d  by W g m .  



Now that the mmeans of trampation are imapwhg snd if ia 
becoming recognized that thpm are 1- areas of d d g h g  ground in 
Alaska, thh form of mining b be+ more widely eahnded. In the 
summer of 1922, d k r  two years of eptematie prmpcting, 6wo 
dredgm, the 3mpt in Maaka, werer built st Nome, wihh buckeb 
holding9 cubicfeetmd40 and 60foBt laddem. Aetrongcompany 
FRM dm engaged h extensive prmpecting of dPedging ground in the 
Fairbauks di~trict. Daring the summer tl dredge wm being t&en 
to G h e s  Creak, in the Innoko district, and anothar to  Minook 
h k ,  in the Rafnpart d f i c t ,  ao that four new gold dredges will be 
inatdldinAaskain1923. In19%2,23dredgespmducadgoldworth 
$1,767,753; in 19%1,24 M g e s  produced goId worth $1,582,520. Of 
the 23 dredges operated in 1922,15 were in Sewmd Bonin~uIa, 2 each 
In the Iditmad and Fairbank districts, and 1 each in the hnoko, 
M w n t  McKinley (Upper K u s k o ~ )  , Circle, and Yentna (Susitna) 
distrih. The hdga in Smmd Peninsula p r o d u d  about $609,869 
worth of gold in 1922. 

' I Gohi o p d t d  h dl& in 19% 
~P~ 

C o r m c i l ~ & .  
W k e d  Ckeek bed@ ca., Cmoked Creek. 
G d  & O v a r w ,  warm Creek. 
Northern Light Enmg Co., Ophir Creek. 
Wild SLininp & W i n g  Ca. (2 dredges), Ophir Cmk. 

gWgarok dktrict, Be- M g l n g  -tion, X o n g ~ k  Riw. 
Noma district: 

kmea & Gubn,  GEaeim W k .  
Bangor Dredging Co., Anvil Creek. 
Center Creek Mghg Co., 6nake Rvm, 
Dexter C m k  Dndging Co., Dextar Grsek. 
Frank E l l ,  Arctic Creek. 
Julien Drdging Co., Oubotn W k .  

hlomon Met: - .  
E a k o  GoId Dredging Cb,, Bolomon Bivea: - .  
Xverson & Johnwn, Big Hurrah Creek. 
Shove1 C m k  Dredging Co. (Nylm, Ha l thg ,  md &ma), B b o d  Cm&. 

Yukon basin: 
Circle dietrict, B m y  DnedgIng Co., M m o n  Creek. 
Fairbranka district, Feirbanh Gold Dredging Co. (2 dredgas), Pkirbmh Greek. 
Iditarod district: 

Beston dc Domelly, Otter C%k. 
'. J. E. Riley Xnveatment Go,, Ottea Cmk. 

Imoko district, Flume M g e  Co., Ymkm Creek. 
Kuskohim Moon:  

Mount McKinley ' W c t ,  Kmkolfwim Dredging I%., Candle Cmk. 
Cook lnIat and Sueitm &on: 

Yentpa district, &he m k  Dredgag Go., Cache C r d .  



THE ALASKAN MINING INDUSTRY IN 1922. 15 

&la p W  by &e&e mining in A h b ,  1903-1922. 

' <  Year. 

COPPER MINING. 

A little copper miniig was done at Easaan Bay, in the Ketchikan 
district, as early as 1880, but this project was soon abandoned. 
About 1899 the copper deposits of Eetchikan and Prince William 
Sound began to receive attention, and in 1900 small shipments began. 

The production of a large output of copper in Alaska began with 
the opening of the Kennecott mines after the completion of the 
Copper R i ~ e r  & Northwestern Railway in 1911. In  the next four 
years the annual output averaged 25,000,000 pounds. By 1916, 
under the stimulus of war prices, the output had been increased to 
119,654,000 pounds. Since then, in consequence of the slump in the 
ooppar market, the annual output of the metal in Alaska has in 
general gradually decreased, reaching its lowest point in 1919, when 
it was 47,000,000 pounds. In spite of the continued low price of 
wpper, the output in 1922 was 77,967,819 pounds. &$a bw m w  

%- p d u o e d  a total of 751,086,642 pounds of oopp@r. 
3-' Moat of the copper mined in 1922 was obtained from the &bee k g e  

mines of the Kennecott group in the Chitina Valley, and from the 
Beahan-Bcmanza mine, on Prince William Sound. In 1922, as in 
many other years, copper was produced also a t  the Rush & Brown 
mine, in the Ketchikan district. A small output of copper was also 
m ~ d e  from mines in the upper Euskokwim Valley and in some other 
districts. The low price of the metal has prevented the owners of 
many m a l l  mines from renewing operations, but there was some 
revival of interest in prospecting copper lodes in 1922, notably in the 
Chitina Valley. The advance in the price of copper w i l l  undoubtedly 
reanimate copper-mining activities in Alaska. 

78813"-24----2 



The average capper content bf tha ore &-ed h 1922 wm 6.7 
per cent. The orea yielded m average of $0.020 in gold and $1.07 in 
silw .to &e ton. The avenge yield in 1921 waa 5.8 per cent of topper 
and 90.024 in gold and $1.14 hi ailmr. 

C 

Of the total coppar om mined in AlaSh in 1922, 94 per cent,or * 
544,212 tom, was concentrtbted and yielded 53,572 tons of mnoen- 
tratea, which averaged 45 per cent of copper. Most of the oopper ore 
mined in 1922 was shipped to tha Tacoma smelter, but a part of that * 
mined in southwetam Alwh waa treatad ekewhere. 

No Xn~ked advances were mnde in 1922 id tbe'idmelopment of 
deposits of d e n a  The Maomhim property, the %tc,hikan di+ 
triat, long idle, was' mopend. Work was continued on the lodes of s 

the SPslmon Riper district Partland Cmal) , which carry a high con- & 

tent of silver. In the Rantisha district the p-mting of dens 
orea continued with enmuraging mults, but aptametic md large 
und~und~explorationmust await the eonstmcth ,  d r d y  bepn, 
d wagon mads ta the A l ~ k a  Railroad. So far as now known, the . 

Pemeverance claim, in the Ruby d$trict, rurd the Quigley mine, in 
the Kantisha district, were the only gdenn deposib mined in 1922. 
The output fmm these pmperkim and the by-product fmm the 
Alaskduneau wine appear to have bcerh the source of dl the lead 
prodnd  in Alaska in 1922. The Alaska l e d  output is as yet but 
mill and m &e paat has-fluctuated with the mining of gold d 



coppea. The dver produd in 1922, mt im~~kd at 729,945 ounces, 
wes only in mall part derived f m  t h e  galena deposits, far most 
of i L  wm;s by-product of gold and copper min'i. 

Ym. h 9 .  Vdue, -- 
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1m .........,... , ....... ...... Jo .........................- 
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The Hce of tin has been too low t o  encourage the further opera- 
tion of Alaska tin minas. In 1022 the only tin p r o d u d  was that 
taken from the gold placer mines of the Hot Springs dishct. About 
TOO pounds of stream tin was shipped from Nome, however, but so far 
aa known this was all mined before 1922 and has therefore been pm- 
viously included in the fitatisti- of Alaska tin pmduchioa. 

- Thermtvere no devdoprnenh during 1922 in mining the platinum 
mind in M a .  T h e  Salt Chuck copper-palladium mine, in the 
Ketchkm distriot, wats closed throughout the year. The only 
platinum produced WBB &at recovered incidentally to gold placer 
minirag by about five operetors, m d y  in Seward Peninsula aod the 
&mfb district. 

I .  
. . 
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Deposib of qaicksilver, antimony# elmmite, tungsten, and moly€+ 
denita ocmr in N m h  and have been mined in the paat. h 1922 
#e oatput of theee met& was conhed to a smdl amaunt of mheelita 
(tungsten ore) recoverd fmm gold placer mining near Nome. Some 
development work wes con thud on the nickel d-ib of Chichagof 
W d  and on the quichilver-bearing lodm in tba lower K m k o M  
River* Work w a  also done on a bismuth-be* lode in the Bonni- 
field mama) district of the Tanma Valley. 

COAL* 

In 1822 s total of 79,278.tom of eoJ  waa pmduaed in h k a ,  of 
which over 90 per cent wm the output of private mines, md the rest 
came from the GaPmment mines. In 1921 ody 30 per sent of tha 
cod mtput was produced from private mines. E~dently, therefore, 
the developnsnt of tho mining of cod far local use is well under way, 
It i& certain. t h k  Almka's c o d  consumption wi l l  egpsnd with tha 
demands of mining and other industries, and much of this inmemtmd 
use will be met by the p d u c  t of Alsskan rbina. If is not likely that 
the subbituminous and lignitic coal new locally &d can compete 
with tba imported fuel now used in south8ash Alaska. On the 
other hand, cendrd AIaaka, Inc1udieg the region dong the Alaska 
Railroad, Ken& Peninsuls, %nee William Sonnd, Mask+ Fenlnmlg 
and probably the region dong the Copper River & Northw~lstmm R a 5  
wag, form sn industrial p p m ~ c a  which shodd dmw its fuel from -* Maskan s m r c ~ .  The Industrid dwelopments under way in this 
province should won double the demand for coal, but  even then the 9 

m~rke t will not exceed 200,000 tons. Intermting psiibilitiea for the 
use of Matanuska coal fm bunkering were opened in 1922 by the 
sapplying of the U. S. collier J a m  w i t h  5,000 tons of coal from the 
Chickdoon mine. litel for Sward Peninsula ia now all imported 
and is predorninmkly petroleum. Plans have been conaidered for 
utilizing the enormaw depoeita of cod near Cape Lisbme tO supply 
the Bering Sea region. The Cape Lhbme region hcludea very high- 
grade bituminous coal m well as enormous bcdim of au'bbituniieoua 
cod, and them fom the large& cod mew8 of northwstern &h 
and probably a larger r m e  than my in wrthaashm Siberia. The 
shipping season from Cape & b m a  is only two months long, which 



+ a s&oua bmdiap to the project, but in ~pite  of the dScnlties in 
eo ih t ion ,  theee WE& wiU in Gjme be drawn upon to aupply the 
*buptrg amnd Baring Sea. 
The high-grde coals of the Baring River and &tm~blka field a ~ s  

7 not yet aufkiently developad to give asswance that they e m  fmd a 
Y 

market in competition with fuels from other fielde, which can ba 
' 

&ad m h  more cheaply. Ae they are fhe bwt coda on t h e - P d o  
seabod of North America, however, it is d y  a quation of time 
when they must be utilized. 
To summarize the Alaska coal sitnation: The mining of the lower- 

p d e  cods for locd use will increase considerably, though no large 
market for these coals can be expected in the immediate future, 
U n d q u n d  qloration of t h e  higher-grade coals of Bering River 
and Metanwka will be continued. The mining of these coals wilE 
depend on the discovery of beds that will be cheaper to mine becauw 
they are lsss disturbed than thme st present Imown, or on an bere- 
in t& h a n d  f o r  -1 on the Paciila, which would fome the mining 
of expansive fuels. Evidently such an increase in demsnd is involved 
with the future of petroleum production. If p ~ l ~  e m  not be 
drmm upon to supply the constantly incraasing demand for fuel, tho 
Maaka ood will  ham to be utilized. In this connection the pkbiz-  
ity tbt  dlamka may furnish a. large pe tmleum supply should be con- 
sidered. 

ad p m d d  lmPd owrsumsd in Ahka,  1888-1999, ia abort twas. 



In 1922 d % m  m i d  at  about 12 l d f j e s .  Soma of the oprk 
tima were s d ,  there bekg only 7 &at prodamd more than 1,000 
toria each. Ood-land exploration was cpntinned. in the Mataauska 
6eld thmaghout most of the year by either the hlasks Naval Coal 
Commission or the Alsskan Ehgheering Commission. Incidentally 
to  this work 6,297 tons of o d  was produced. The Jonea mine was 
worked until the later part of November, when operation was tern- 
p o d y  suspended on munt of w fm. Because of tbis snapemion, - 
the Eska mine of the Alaskan Engineering Commission was reopened 
and pmdncd 2,811 farm of doal before the end of the year. Some 
coal waa also produced at tb0 Bmter mine, md t h  were smdl open+ 
tions at other localities in the field. A large aample of Government 
wal £ram the Matantmka field was wmhed and hipped out for a 
nrsvd h t  in 1922. 
The only 4 mined during the year in the Bering Etiver f i d  wm 

s sample sent ont h m  the Carbon h k  b e  far naval tesh and 
some mined on the Uaska Petroleum Co.'e property incidemtally to 
development work. %me progress waa made on the project for it 
railroad from Katdla to  the heart of the field. 

Of the cad mined during 1922, 23,636 tom ww lignite; zrwad of 
which a m e  from the- Nenana l i ~ l d ,  whem two minm were operatad. 
The Bmad Pass Coal & Development Co. worked a mine from Jdy 
to December. The Realy Rivor Corporation continued ope~ating 
its mine on the west bank of Nenana River until July. It then 
t w e d  its main efforts to mother property on the east aide of the 
Nenana, to which a spur from the railmad wm completed in October, 
when card p'oduction began. 

A few mil barb were worked for l d  w e  in the Broad P~LBS 
mgion. &9 in the past, the Bluff mine, on C)ook Inlet, was operatad. 
In northern Alaska liignitio cod was mined at three l d t i ~ % ~ t  the 
Kugmk mine, on Seward Peninsula; on Kubuk River; and at Wain- 
wright Inlet for me of natives. The totd output from these oper* 
tions waa a h t  500 tons. 

Flaaa are under way for, hating by drilling in nearly all the A l d a  
oil adds, but one we11 put down by fihe St. Eliaa Oil Co. in the KaMa 
aeld is dl that ww actually accomplished in 1922. bdeanwbile the + 

project for work in the Cold Bay field, on Alaska Peninsula, was 
actively pushad, and drzUlng began in the winter of 1922-23. 
In August, 1922, two ateamera landed equipment for d d h g  at 

'Por tq~  Bay, in the &Id Bay field. The town of Eanatak, at the 
bead of P o w  Bay, wm changed within a short time from a settle- 
ment of 10 or 15 whites to a boom bwn with bnh, cabins, and frame 
bnilhgs numbering a hundred or mom and with 5 population of 



1.5.0. .toto, 200, which has been sugmenhd by still others arriving on 
ovary. h t .  Several months before the oil rigs rn landed all the 
mud for several miles from the toarn had been staked. D d h q  
is to be donemon the Pearl h k  dome, 173 miles northeast of Ksnatak, 
by the Aasocieted Oil Ce. and the Standard Oil Co. of Crrlifornis. 
The Bssociated Oil.&. has two podable Star rigs and inteads to use 
local petroleum r d u e  as fuel. The Stmdazd Oil G. hs;9 a standard 
rig and the equipment needed for M h g  to a depth of 4,000 feet. 
Power is to be furnished by R 75-horse power gmoline engin#. Imme 
diahly after the arrival of the steamers work was started on a wagan 
road that must cross two 1,000-foot dividm, and by the middle a€ 
October this road was a little more than half completed. All haul- 
ing is being done by tractors. It is reported that the Associated Oil 
Co. b d  reached a depth of 200 feet ie March, 1923, and that the 
Standard Oil Co. had started drilling about March 1. 
The work in the Cold Bay oil field is by far the most important 

event in the history of tho Al~ska petroleum lands ~inea they were 
tho* open ta leasing in 1021. Though it was the d y  ddnite 
action taken in 1922 for drilling in the prospected though undeveloped 
Alaska oil lands, p l w  for such development in other parts of the 
Territorg we under way, and applications for oil permits are sGU 
being fild. Tmt drillhg in other regions will quickly follow the 
discovery of an oil pool in the Cold Bay field or may even prewde it. 
The only oil produced in A h k n  in 1922 was thet obtained from the 
11 mall d b  on the single patented tract in the Katalla field. Thwe 
we& are owned by the Chilkst Oil Co., which h d s  a ready local 
market for its product in the form of g~o l ine  produd  at its own 
d e r y .  

It is known that there are good possibiities for the wmwenrn of 
a large oil field in the extreme northern part of h k a .  Some indi- 
cations of oil have been fomd or rep& hi the Arctic coastal-plain 
regron, in in belt soma 400 milea in width, and what is known of the 
geology suggests that the geologic conditions may be favorable for 
petroleum. It will, however, t a b  many yeare of surveys and hves- 
tigetiom befoxe any part of this vast and inaoclesaible region can be 
clawed probable oil land. If there is n large oil field in this region 
meam will Be found to develop it, but this will not be done under the 
restrictio~lls impomd by the present petroleum-land leasing law* No 
such large inpestmerit as would be required by ~ u c h  a project will be 
made nnlw the con&tions are so changed as to be very attractive 
to the investor. 

In-Fehmy, 1923, about 35,000 squm miha of the western part 
of this p i b l e  oil-bearing region was withdrawn from antry a% naval 
petroleum r = m e  No. 4. AJaskans, from bitter experience in the 
pas4 bave a weU-$rounded prejudice againat withdrawals. In this 



case, however, the withdram m a  h of no value for dewlopmat 
mdm the present land lam. The Executive order indicates the 
p-e of ths reser~ation by the fdlowiug clam: "Said lands to- 
heso resewed fw six yeam fur classification, examination, and the 

,- 

preparation of plrrns for development," and until o t h h  ordered + 

by Congrew ~r the President priwite intmsts in this region are safe  
gutwiled by tMfoIIowing clause: " The mewation hemby gstabkhed 

'L. shall h for oil md gtfs only and shall not interfern with the urn of 
the l a d s  or -tern witbin the m a  indimbd for any legal purpose in 
wnnection therewith. " In April, 1923, the Navy Dep-ent made 
a grmt to the Geological Stmey to meet the cwt of an inveatigstion 
of a p& of this merve, 

S T R U C T U m  MAT-GI, m. 

Yap.. 

T h e ~ g ~ f ~ I n t h e S i t k e p p r e c h c t w n ~ u e d o n a b a n t t h e  
same mahe m iu previous yearn. In 1922 the outpat of the marble 
quarries of Princa of Wdea Island, in the Retchikm precinct, was 
l ~ t h a n t h s t o f 1 9 2 1 .  Thesu lphurminingandm~pl l s ton  , 

llkun Z s l d  made no pdnction during the year, md no graphite, w 

barih, or gamet wm produced. 

a(l* 

The e u o ~ f l s  mht'af Alasks and ifa greatly divewZmd nGhg 
indmtry make it difficult to obtgin cornplate m& of important 
aventa in  eve^ one of the fdty-odd districts where productive min- 
ing is- being d e d  on. The m~lt M m i d  s t d  wigned to the 
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A I M ~  work of the Geological Survey under the p~esant redud 
agpnoprkkion can not reawnhe these districte a q t  at long intex- 
oak Thefore, m y  of the data, contained hthefollowjngmvi8~ 
were of necessity gained by compondence. Lf every h e r  in 
Mmka would report the results of hk work, this summary codd be 
mada mmp1et.e. UnbortunateEy this ideal has not bem attained, 
and therefore the following statermmt is nacessaril y inmmplete. As 
mmt of tha mine operators c m  be reached by mail only onco dw 
the year, prompt publication demands that this report be preprued 
by the wring following the.year which it covsrs. As a d e  data 
rmived after that can not be included. The spa& here devoted to 
m y  one district may indicate the amount of information on hand 
dating to ita mining developments rather thm its relative impor- 
tanae. 

B M f i B E A H m m  - 
T€m & e d  output of mutheastern h k a  in 1922 mw derived 

fhom B B P ~  goM and saves lode minea, one copper mine, a few small 
Pk operatiom, a gypsum mine, and a group of large marble 
quarries. The value of the total mineral output decreased from 
$3,866,160 in 1921 to $3,084,389 in 1922. !his decrease ia largely 
d m  to the d e r  produotion of the Ready Bdion mine, which was 
c l o d  in Demmber. During the year there were mmkd advances 
in gold-lode development in southeastern Alaska, sspecidly in the 
Portland Cmd region. 

'Fha Rnah & Brown mine was t h  only producing copper mine in 
southeastem Alaska In 1922. Some work was done at the Jmbo 
copper mine, p r e p m w  to reopening it, and some devdopment 
work 'RW done st the Lake Ray property. The Salt Chuck mppw 
palladim mine is in the hands of a receiver and made no produo. 
tion in 1922. No report was rewived from Julia gold mine, which 
w u  appmtly  closed. Developmerib were continued srt the For- 
Guns mina, and some k t  shipments of gold ore were made. Some 
work was &160 done on the Alaska and Free Gold properties, st Helm 
Bay. 
The mmble q u d m  near the north end of Prhm of Wdea 

h h d  were worked on a somewhat larger scale in 1922 than in pre- 
piom years. 
- &kg near H e ,  h tbe Portland Canal region, (1onskkd in the 
development of at leaet a d m n  properties carrying chidy gold, 
sil-vw, and lead ores, with some other valuable m i n d .  No ore 
w a  produced, but mme teat shipments have been made. The 
aggF€g8t43 +mount of open cub rand drifts is large, md the mulb of 



this ' work .reported t~ .be exceedingly fa~~reble.  he aevaz- 
opment of shipping h m  b m a  to be. expectad. Infamation 
about the demIopment9 on individual propertiee of the district - is 
not complete mough to justify B summmy. 

4 

No prdactive mining waa carriad on during 1922 in the W-?I 
district. The dve~r-led o m  are still being devdoped, it is said, - 
with enmum& resulk. Application has been made for patent to  
the barite d ~ i S  on Castle Island, & Duncan Canal. Them was 
no production and but little deveIopment of copper ore. 

.. 
mmxu m m .  

At Juneau mining htmst centerad on the rpansrkable mults 
xu:hie~ed ia the d i n g  of the ore of the Alaska Juneau mine. The 
mine is developed by a 7,000-foot adit and equippad with a cmmtrat-  
ingmilJ.hvhgaddycapacityof 8,000tons. Upto theendof 1922 
the total underground developmemta, exclusive of &pee, aggregated 
11 1,273 feet. The work done in 1922 comprised drifts and c m q -  

cuts, 1,071 feet; h a s ,  2,291 feet; iaterdrifts, 172 feet; powder 
drifia, ,1,907 feet; bulldozing chtmbers, 60 feet; stations, 62 feet--s 
totd of 8,663 fwt. 

P d u d b n  of AEaska Jamu mhe, 1921-ff a d  I#Sim. 

The Ready Bullion mine and 100-stamp mill m operatsd through- 
out the y w  until Ihmmber 20, when both were permanently closed. k 

During the grimmer a li ttFe gfoundsluicing wrvl done at a p l m  mine 
in Silver Bow Baein. 

The Fehrmn gold mine, north d Juneau, which hm hkn worked .I 

in a sm~Il way for many yam, waa c1& dmhg 1%. The Daiay 
Bell, a smdl mine south of Juneau, was dm closed 

- The hdin mine, rat Bemem Bay, north of Juneau, which wm o l d  
in 1917 h a m e  of war conditions, is now under leme I% the Jualin 
Bermem M i  Co. Tbh campmy in 1922 mntinued the ofd drain- 
age tunnel md gmployd eome 45 men. Dnring the last yeare of 
opmtiona, 1916 and 1917, the mine milled 25,691 tone uf om with 



m.wamge -very of $10.81 rz ton, &ving an extraction of 93 per 
mi% d-tate m y  value. 
No mpart has bwn m i m d  from the Endicott Mining & Milling 

)q QO., wbich is opeming a lode property on William EIenrg Bay, on the 
west side of Lym Canal. According to newspaper staternenta, the 
I M b p  mill waa completed jn November and started operations 

I 
before the end of the year. - 

BITKb mmm. 

Pmductiv~ mining in the Sitka district include3 the work dam at 
Ghiehagof and HiretAXchagaf gold mines, in the nortzlm part of 
Chicbagof Islmd, and the gypsum mine at Iyoukwn Cove, on the east 
shore of the island. In 1922, as in the past, the Chichagof waa the 
only l q e  producing mine. Here the underground work during the 
year consisted of 320 feet of sbafb and 2,060 feet of W t s .  The 
t&blr developments ta date axe reporid to comprise 1,570 feet of 
ehPrte, 18,680 feet of drifts, and PO,W feet of adits (six). 
' No rqmrt btw been received from the Erst-Chichagof mine. 

It is known, however, that the erection of a 10-atamp milI was 
m p l e t d ,  and the mill started oparationa during the anmmer. 
The proayting of nickel-bearing copper o m  in the northw~tern 
pert of Chichapof Island is reported as being continued. The Pinta 
Bay Mining Co. mntinued the developmemt of itsl gold property on 
Chichtgof Island, and toward the end of the year was preparing to 
instdl a mill. In the srrsne district the Falcon Bay Go. also con- 
hued work on a gold property and completed 640 feet of adit, 
At the Brown Batr group 140 feet of underground work has been 
completed, chiefly in 1922. At the Wden Copper gmup develop 

-Psaht mkbww~oontfnued during the year, md a ~ m d  mill haa been 
& t m r l l e d r  +.-!At the El Nids property, on Liaion~ki Inlet, the ore lode 
is raporbd .to have been found in the lowest crosscut, 475 f mt below 
tbe outcrop of the vein. 

t m& M S r n C r B .  
.P 

The development of gold placer mines on Porcupine, Mckdey, 
aad C.&oon m k s ,  in the Porcupine district of southeasteaP Alaska, 
continued in 1922. It is planned to exploit the placers on t h ~ e  three 
e~kebyt-wolargshydr~~celevatorplants.  Themostimportant 
developmenk.of the year were the building of s bridge acm Porcu- 
pine Qeekand the extansion of tl road up the same creek. Some work 
was also done on the Porcupine property, m aurifmus lade. About 
30 mea are reprtsd Ito hwe been employed in this development 
work. 
No reports have been b v e d  from the Lituya Bay region, but 

it is belisved that r little placer mining was done there. 



Five men were engaged in &rig the beach plwmwof Yalrndrgs 
during the s a o n  of 1922, which s x h d d  from a b u t  May ta De 
mh. Tbe actud working tjme of theas minw was between 60 md 

day, md the work wtui done by groundeluicing. It is rep& -- 
fhtlt good placer prospects hme been found away from the beach in - 

spruoe timber. The geologio information at  hand indim- a recent 
elevation of the shore h e .  If this is true, the diemvery of aooient 
beach deposite is not impmksbfe. 

COPFEE m R  B I m .  

The oontinmua opera&ion of the three lasge copper minm of t'be 
Kenneoott group and the summer placer m e  in the N h  md 
Chistnchina districts constitute nwIy d the pmduative work done 
in the Copper River bash in 1922. 
In hha wmt en$ of Chitifla Valley a m e  mining operatiom wem 

condwtedl on Elliott Creek and on Berg C b k ,  tributary to Kuddme 
River. The work at the North Midm mine, on Berg h k ,  wm dona 
by an m i a t i o n  caned the "Engineer ~yndicate.'"~ emrall 
cyaaide plant installed: near the mouth of Berg Creek was r s p l d  by 
a flotation plant, and the gold and silver bearing pyrite of the om waa 
cunmntfated to a sKpping pmduet for mdhr treatment. The 
concentrates were h a d 4  by a trwfor nearly 12 mil& fmm the mill 
to Streha and shipped on the Copper River & Northweatern Railway, 
A semi-Diesel enajne was htal Ied in the summer of 1922 aa a gource 
of auxibry power b that obtaind from Berg Reek. 

Dmelopment work on the copper pmqmts  of Elliott Creek WIIB 

&&ad principdly toward the exploration of the Cfoodysar and 
Remy Prather c l a h ,  on bin6aw Creek, and the " E n g ~  cleims," 
near the h e d  of Elljott CreeB. The principal camp is sow at  the 
mouth of Rainbow Creek, but a new c a p  was ahblished at the 
head of the Elliott Creek valley, and from thew two camp as bases 
explomtory tunnola were driven on the claims mentioned. Power 
for the compressors waa furnished by two mi-Diead enginae, and 
supplia were fraighhd by pack train from Sbrelna. -2 

The mines at Kennimtt, including the Bonanza, J a b ,  and Matlrer 
Lode, were gteady prodncem of copper throughout the year. 81- 
&oug'hthe~MotherMe~eiaoperatedbytheHemnetottCop 
ration tw a separate project, its ore iB now brought to the surface 
through the Bonanza &a and ia sent to the mill over the b n w  
tran, These mines are remarkubh because of the high gPade efl 
the ore, which consists principally of chdmcite and c l u b a k a ,  
and the low c a t  of producing copper. Development hw now been 
c d e d  down ta the 1,5Wfoot level, arid notlung hm been fomd to 
indicate how much dmper the ore bodia may be expected to sxhmd. 



Dnrirlg the eu3nmer the s h m  turbines that have heretofore fur- 
&bed power for d mine operatiom w m  supplamanted by two new 
D i d  engines capable of bearing dl the load. This improvement 
will result in a very miterial saving in the mt of fuel oil and &odd 
lead to a fvrther decrease in the cost  of producing copper. 

The foUowing etatementa on mining and milling at the Kennecott 
p u p  of mines during 1922 are taken from the annual report of the 

- company: 
d 

lC- ores m e d  M d  18!2,?26 tom, amaying 6.47 pm cent. this ton- - tZnme w m  p d u d  18,277 tong of concentrates of an amrap n y  of 49.63 per 
cent cupper. * The leading plant h t e d  217,305 tans of anill tailinga-yins 
W P B ~  cent F B I ~ C  COW, pducing 1,976.78 tom of pmipitates, containing, 
2,970,400 pwmde of copper. The development work done at Iieanecott during the 
p r  totoled 7,893 feet, as well aa 6,637 feet of diamond drilling. At the h i e  minea 
m k  wsn &rbd on a mmcut 12,000 feet long, which will mnaact with the Jumbo 
mine. 

'IbMbthe~ Lode mine, adjacent to &e KennmatbBomm, ia ~ k e d  by the aama 
campmy* Its ore i s  htd in tho Kmnecott mill. The Mo#m Lode h develqd 

- by an %@kt irdit and s 700-foot &&. 
h & b y  the moet impartant new development of the gear in the N b  Wet 
M fmm &e etmdpoint of ita potential ?meat bo the W c t  generslly, i a  the 
work at  the Green p u p ,  on Mdhrthy h x k ,  about 11 milear h m  the totan d XcCar- 
thy. A pmnkhg b d  y of chaIcmite v#a d h v s w d  in the 1 h ~ s - h ~  at the M n *  
p - 0  -tact on the esat side of hficCarthy Clleek, st a pint an the hill slope 
where the contact araa covered by elide rock. A tunnel m a  started at ~ point 
and extended into the beetone. Another tunnel was driven through the pendone 
ta the l i m h e  100 f r x t  lower than the fimt twel, md Xaiee Wa8 made to connect 
the two. Copper d&b were found in the greenetone, but the principal ore body 
m encrmnsrt?d in the Iimeetme of the upper tunnel and in the raim. xplotetion 
bad not advanced sufiicienQp at the time t h i a  property l ~ a s  tlieited to determine 
whether the ore body is large enough b yield a mine. 

In Fne Nixina plaeer district two large hydradia plants were 
qembed in both Dm and Chititu cmeka, and there were aome smaller 
sutnmer operations on Rex and Young creeks. A little winter &- 
h g  wss sPao done on Rex and Dan mseks, and some pmapecting on 
Capper Creek. A tutd of eight mines, employing 98 men, were 

+ operated in the Nhina district in the summer of 1922, and three 
* mines, employing 5 men, during the preceding winter. 

Hydraulic mining in the bench gravel on the north side of Dan 
Creek ~esulted in the discovery that the creek, at some mlier time 

A - h its history, had cut one or more krwes in &e &ale bdrmk, so 
that tho overburden baa proved ki be leas than the t o p p p h y  
seamed to indicsta, and the work of moving it will therafom be 
l a  than was expechd. Miatng an Dan Creak has been carried on 
chidy in the stream gravel, a d  mmpmtivdy lit& attention has 
been givm to the bench gravel, although it is known to be gold 
bearing. Placer mining on Chititu Creek in 1922 was done under 



difficulties becanse of difimncea bakmu the opm&m and laborem 
and because of hsemnable wedther, so.that pmbeblf 8 duztudd . . .  
outpt was made. At the time when the h t  snow om&, late in 
Augast, work on the cuts laid out for the season was mu& lees 
radvmced than is ordinarily expected at that time of the year. On ? 
Young Creek considerable prospecting and some mining was done 
in the summer, with reaulte sufficiently god to encourage the miners 
to continue their work mother senson. % 

In the Chislochina district the hydr8do plent w SInte h k ,  
emp10& 25 men, wan much the la-t in operation. One plant 
.~mpE.oying 10 men was a h  opesated on the Middle Pork of the 
Chistochina, and there were probably ather small mining activities 
that were not reported. 
The u n m d y  dry m w m  in the Nelchka district, in the wastein 

patt of the Coppar River baain, Bariously htdd with placer 
mining md almost no gold was pduced there. The A h k a  Plaeer 
Gold.&mg Co., on AIfred Creek, m d e  the largest devdopmmte. 
It built tr mile of ditch and a 4400-foot flume and installed FL hydraulic 
plent, One other mall mine WBS worked on Alfred Creek a i d  thme 
others on Albert Creek The value of the placer gold mined in the 
Copper River basin durbg 1922 was about $165,000. 

In 1922 the d y  ontpnt of m i n d  on Prince W l a m  Sound was 
"that made at the Beatam copper mine and at tlq Big .Four, Gold 
King, and Ranmay-Rutherford gold minm, near Valdez. T h h  was, 
bowemr, in ltbe nggregate considerabla pmqmcting of lode deposits. 
Accoding to the Kennecott Copper C~rporaticn,~ the hatouche prop 
&y (Beatson-Bonanza) was operaked at approximad y per cent 
capacity tboaghout the year. The mill treated 274,863 tons of om 
m y b g  1.88 per cant copper, producing 23,147 tons of mneentratm 
m y k g  18.99 per cent copper. 

A toM of 7,155 feet of development work was done at htoncho 
d e  the year. - 

No report has been mmivd from the O i r d w d  mine, adjmnt to 
the Beatson-Bonanza, which appem to have been idla Statements 
have been published in the pm~9 that thiB property WBS purchased Jn . 
1923 by the Hennecott Corporation. S 

Outside of the work st the Bestsan-Bonanza mine, the mosE impor- 
tmt dsvdoprnenh on the sound ham been made at the RIM cupper 
property, on 'lCnxght bland. This mine is  ow dePeloped by a drift 
900 feet long and a total of 750 feet of crmscuts. The crossmta are, 
~ p a c d  at 100-foot intervals. In 1922 244 feet of underground work 



was d&. Drifter and cmmcute- am a h t  1,500feet blow the higheat 
QU- of the ore body. 
.In tbdesciption of thh ore M y  published by the b E o g i d  SUP 

3- 
vey it i~ stated " that at an altitude d 750 feet the ore body " p i n c h  

-L . ant beneath over1ying greenstone flows,'%ut this statement has bean 
found to be erroneous. In fact, stme midence of the h u r e  and of 
cupper mineralization is traceable to the top of the cM, 1,500 feet 

: above the mine workings. 
The continued low price of copper bas discouraged th develop- 

ment of copper lodes on the sound, and little was done except aims- 
ment work. At the Fidalgo mine s 30-foot adit waa driven, and 
there were minor operations on other properties. 

The Rig Four gold mine, near Valdez, was operated for a part of the 
m m m .  It is developad by drifts and crosscuts and equipped with 
a small gmepecting mill, and an acrid tram ia t o  be built. The Gold 
King, dm in the Valdez district, dodoped by a&B and shafts and 
equipped. with a pmpecting ma, waa further developed during the 

. d m e r .  No report, w t ~  rewived from the Ramrsay & Ruthedord 
'mine, ia the s m e  district, It appears, however, that soma gold nsfl 

produd in this mine in the early part of 1922, though this may have 
resdtd from work done in the preceding year. .me mine, 
in tha w8ahrn part of Prince William Sound, wm reopened ahout mid- 
summer of 1922. h sir compmsor and drills were installed, and the 
old 400-foot d i t  was enlarged and regrded, and the face advanced 
160 feet, P l m ~  for a new mill were made, with the expectation of 
operations in 1923. Only assessment work is reporbed on the other 
gold lodm af Prince William Sound, 

' 

O b i y . h ~ e . p h r  mines were repartad to have been qerated on 
KenG Peniesda and in the adjacent region during 1922,. but there is 
some evirlenca that about 12 mines made more or-less g01d:~utput. 
'fhe. apparent failm of mom thm half the mine operetors to fw&h 

e 
reports makss it i m M b 1 e  to give anythmg but astimates of output, 

- bnt it is b&vd that about $40,000 worth of gold was produced. 
The largest placer mine in this region is on Crow Creek, where a 

hydraah plant waa operated Iron June 5 to October 4, ernploykg 16 
* men. ?'his is the ody large operation in the region, but aome others 

are being prepared. The largest number of produrn wss on Raw- 
- &OD Greek, hut productive mining waa &o dona on Mills, Lynx, 

Canyon, and B m  creeks. 
The Lucky Strike gold quwtz mine and mill were operated from 

the end of May to October. Underground developmenS wneist of a 

a J o f m m ,  B. L, Cqwr d@ta &the Latmcha aad m t  Idmd districts, Frim W m  SounB: 
rr .s.~.~sul l .saa,g.zu~w. 



300-foot rrdit,.bfwhichl6Sfestwas-drmenial923. A-htampmill 
was installed on Kenai Star late in the summer and is believed ta have 
been operakd for a part of the =won. Work was continued at the 
J e d  mine, nath of lbmgaki drm, and aoma ore was crushed in the 
10-damp mill. Work was slso continued at the Stmng gold quartz - - 
property, in the same general region. Some underground d8Pelop 
menf work WM done during the year at the Grmt Lake mine, but 
them was no production. So far as h o r n ,  the d y  other mining on '- 

the p m m d a  was the operation duzing the summer of the M c N d y  & 
Maitland lignitic coal mine, on Kachemak Bay (p. 20). 

M u ~ t i v e  mining in the Susitna-Metanuske mgidn included gold- 
l d e  mining in the Wdow h k  district, gold-placer mining in the 
Y e n t i  district and at a few scattered localitiw, biturninowcod 
mining in the Mntmwka, fidd, md 8 little Mte mining at a number 
of scattered localitim in the Suaitna basin. (See p, 20.) The value 
of the totd mineral production from this region wtta 1637,025 in -1921 
and $803,685 in 1922. 

Productive gold was dona on M V B ~  lode mines ia the Wdm 
Creek district. The largest r>atpui came from the Gold Bullion and 
Lucky Shot mines, controllad by the Willow Creek Mining Ca. The 
Lucky Shot mine m d  mill were operated throughout the year, 
About 4 5 0 f ~ t  of Mtagnd225fset of aditshaaebeendri~en. The 
mine is equipped with an htmmp mill. A 030-foot adit has been 
a t d  which crosscuts the ore body 450 feet below the highest level, 
and a 50-ton cyanide plant is to be ias tdd 

The smne company is developing the adjamnt War Baby <+g 
whem a mommat tunnd haa beem driven and some drifting don6 along- 
the ~ e b .  Am aerial tram haa been bailt. 

& 1922, as for many pam,  the &ld Baon &a 'and mill, using 
mter power, were operated during the open seaaon. me mine is 
developed bg 600 faet of adits arrd equipped with a, l%tamp mill, s I 

clmifyhg and amalgamstion plant, and a 5&hn cyaniding plant. 
The Kelly Mines Co. controls a group of aurifmm ppert iea  lying 

in the b a s h  of Fishhook and Wiow creeks. These properties 
include the Brooklyn, Independent, Frea Gold, and others. Among - 
them are some gold mines that have been productively worked in 
the paet in a mall way. In 1922 the company undertook a much 
deeper tmting of the veins, which had been developed only to shsl- 
low depth. Afhr a careful survey it waa decided to drive a c r o m t  - 
tunnel beneath the wins developed on tha Wlllow-Fidshmk divide. 
This long mmut is now under way. 

~ I n p a t t b d m ~ t b t r m  PhUp8.8wlth. 



A :long mmt was being driven at the R B ~ - W l a c e  property . 
$he anmmer of 1922. ?'ha mnd mill was opemhd only inter- 

naithtly. 
, Work was continned p t t  the Gold Mint (Hetchm) mhe, 8nd tbe 
mill was lun. 22 days. Here a 8bfoot shaft, a 300-foot sdit, s 5 8  
fwt croeeaut, and a 58-foot raise have been completd. 

The F- mine, on hhange l  h k ,  was operhted tkmgho~t the 
year. A 520-foot drift that bad been driven prior to 1922 wm 
rapaired.during the year and extended 178 feet. A Dease mill, haping 
a capacity of .30 tom, waa installed November 15 and operated the 
rest of the year. 

,At the Consolidated (Tdkeetna) property, on F~kmgel b k ,  
davelapment work was continued. During the year the a 1  on this 
property was used only for testing the ore derived fmm the develop 
ment work. 

Some developments warn continued st the Mabel mine, and the 
mill was used in tast rum on tha ore m v e m d  incidentally to  tllb 
@ k g q .  

'DaveTdpmdt work was continued during the year at the Opd 
CSkarstad), EIome Builder (Richter), Webfoot (Conmy), Home- 
8teeder-Martha, and many other properties from whieh there was no 
production, and asaeasment work was done on many &. The 
su- of several mines in the dhtrict and tb projects for syatematia 
work under way give p a t  hopea for the future. 

Mining wm very s u c d d  in the Yentna district in 1922. Mmt of 
the gold produd came from &e dredge on Cache Creek, which waa 
operated. on s larger s d e  than ever before, md from hydraulic 

7 g e M 0 - s  



pl-; aoma rn obtained from pick and shove1 min~. ' AItqpther 
there were produeti~e placers in the di%triot employing rrbont 96 men. 
This district contains no deep placers mitable for winter exploitation. - 
In dl, 471,986 cubic p r d ~  of gravel m mind and sluid d m  the - , 
ya'ar, with an avemge gold recovery of 44 cents to the cubic pd. In ..3 

I921 a tatd of $120,000 w d  of gold ww mined and in I922 $223,000 
worth. No platinum waa reported by any of the plwer minm of 
the district. * 

\ 

Tba omumnce of gold-be&g qmwks peins $1 the Ymtna &hiat 
has long been horn,  but so far no auriferous I d -  of commemial 
value have been developed. Mmtiel0 described soma ~bppmntly 
deitritd dqmits of aurifemw quartz on Thmder Chk. Minm 
report that whgt stay be an extemion of the same zone of metaht+ 
tion hm been traced through Ddar,  F R ~ ,  and Thnnder & 

Some pl- gold has been found on Metal Creek, a & b u q  a$ 
&&River, southeast of the town of Anchorqp. The dm-f, 
of a groap of claims was under way during 1922, and s little gold w w  
recoved incidentally. Them was in the aggregate much pmspwtitg 
of jpld and cop$ar lode claim in the region tributq to the railroad 
above Willow Creek-. !&is region includes what are p e d y  calIed 
the Ta;fkeetns or Iron h k ,  the Chulitnm, and the Broad PassL dis- 
tricts. There h~ LFI been a little plactir mining in this region, 
though no rep* from minm ham bean received. A little ]29nrt;Ia 
ma1 was mind in this region for local use. 
Oaly one placer h e  in the Vddez Chk d;strict reported in 1W2, 

though it js believed that three ar fonr were opemtd One large 
hydraulic plant on Valdez h e k  b isown to bve b e e r n . o m  
but t h ~  oompany m d e  no rep&. . .. . . I 

-The Nelcbina district is ixibdmy to the 83aaka ~ a i l d i l  but lies 
on Goppr 8iver and is d d b e d  on;page 28, 

. The crntitandmg event of 4he year in mthwestean Alaskawns the 
continued iwtivity in staking oil. claims and preparations for m, 
as b 9 d y  noted (pp. 2S21). The importmce of the outcame of thia . 
drilhng can aorarcely be ovmtimatRd, for the bringing in of a pro- 

< 

ductive oil field would immedistely iasnre a thorough invedigstion 
oE a31 possible oil-bearing h m i t ~ r y  and would stimulate drillzng in 
many ~laoes. In the Lake Iliamna region placer mining was pr- 
t icdy discontinued md lode prospecting was prosmuted on only a 
small acale. There was no production r e p o d .  Underground 
I.ma,J.B.,fr.,Mtr-gWpm~Ia-V.lley: U.8. W.mBull.W, 

pp, -4 lslfi. 



dedopment work was continued on the Duryea copper .daim md 
eoma work on tdh WM done in order to make it m b l e  ta ship out 
80ma om. 

A few men w m  engaged in bemh plmr mining at the aouth end 
af Kdiak  Tslmd land on the adjacent Trinity IsJan&, but conditions 
ware unfavorable for bemh mjning in this +cinity in 1922 a d  the 
production wm md. A little pmspecting was done on quartz 
veins on Kodiak Islmd. 

At the Apolla mine, on Unge Ialsnd, eome aqmimentd work was 
done, and a s m d  quantity of ore was mined a d  concentrahd; the 
mncmMh were shipped to the smelter, and 8 small amount of gold 
and copper was recovered. 
No sulphur was produced at the plmt on Akun Island during the 
v. 

XQXOIT BABm. 

The-due of the total minerel output of the Al& Yukon region 
in 1922 was $2,303,755, cornpad k t h  $2,093,088 in 1921. This 
b r h g  the total value of the mineral products of the Mwka Yukon 
during 37 years of mining to 8137,580,598. 

mm. Lodsdmm. T&L 

QwmtlQ. - v w  Qmntity- Vahaa ---- 
add .............. 
Wvm ................. 
Cad ..................... 
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In the summer of 1922 about 321 plaoer mines, emplo@g 1,254 
men, were operakd in the Alaska Ynkon, and daring the preceding 
whter about 99 mines, employing 321 men. The only other pro- 
ducti~e m- in this *on in 1922 was done at 8 lode Illinerr, 
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employing about 50 men, and 2 coal mines, employing a b u t  38 men. 
None of these mines were operated thoughout the year. 

Estimated value of gold prodwed from principal plmms o j  Ykkm M n  in 192% 

In the Fairbanks dis'trict placer and lode mining was continued on 
a somewhat larger scale than in 1921. The value of the total mineral 
output of the district during 20 years of mining is $74,015,674. 
Some antimony, tungsten, and lead have been produced in this 
district, but, as shown in the following table, the mineral output has 
come briefly from the placer mines. 

Fairbmh.. .................. $693,000 
Iditarod... .................. 280,000 
Innoko and Tolstoi. ......... 224,000 
Tolovana.. ................... 221,000 
Koyukuk .................... 132,000 
Ruby ........................ 123,000 

........................ Circle 121,000 

P h e r  gold and silver produced in the Fairbanks district, 1903-1932. 

Chaatdalar.. ................. $83,000 
Hot Springs .................. 55,000 
Fortymile .................... 50,000 
All others .................... 137,000 

2,119,000 

I Gold. I Silver. 

FAIRBANKS DISTRICT. 

Year. I . I value. I , I value. 

The placer output of 1922 came from 62 placer mines, employing 
392 men, in the summer and 27 mines, employing 108 men, during 
the preceding winter. In  1921 work was done at 48 summer mines, 
employing 340 men, and 14 winter mines, employing 107 men. A 
total of 516,422 cubic yards of gavel was sluiced in 1922, having an 
average gold content of abaut $1.34 to the cubic yard. The placer 
mines oomprised 45 drift mines, of which 25 were operated in the 
wintsr as well as in summer and 20 only in winter, 2 dredges, 10 



open4iut m i 9 ~  using ateam scrapers, 5 hydraulic mines, and 11 s d  
v t  minm without any sp&d mechanical equipment. The 
drift mines sluiced about 56,000 oubic yardPl of gravel can-yhg $4.65 
wrbh of gold to the cubic yard. Some 460,000 cubic yards of 
p v e l  wag sluiced f o m  the opencut mines and dredges. The gold 
r e e o v q  from this gravel w w  about 99 cents to the cubic yard. 
The t3ldrc'zng season a~emgecl about 126 d a ~ .  

The I-t single drift-mining operation was on Little Eldorado 
Creek, and the two dredges on Fairbanks Craek worn the Iargest 
opn-@ut plants. On C/aeary Creek, formerb the I~bgmt producer of 
p h m  god h the didltrict, only eight mines, most of them s d ,  
m m  in operation in 1922. A dredging company, however, has 
obtained options on a large number of claim on Clemy W k  and 
in Chtanika Vdey  near the mouth of Cleary h k  asd during 
1922 employed three Keystone drills, working tppo ~hifts, for about 
BiX months in prospecting the ground preliminary. b dredging. 
In the Goldstream Creek basin 23 placer mines, large and s d ,  
+we,~paratad in 1922. One operator in the district reporte that the 
mt of pravlsions has dmpped 30 per can& sinm 1918, &id the ope* 
of the Mash Railroad should still further reduce working costs. 
Tb.d stimulate mining on many properties that have been oper- 
ating on a n m w  margin of profit. 

Apmm& diatributhn of p h  gold pmdiwd in Pdbanh  &&kt, 1908-1999, Ly 
BwdMeB. 

GLeary Creak and tributaries. .-.............................. $23,198, Ow 
. Gold- Creek and tributaries.. ............................ 16, N, 000 
. Ester and adjaoent creeka.. .-........ ..... .................... 11,443,000 

Dome and F5.irbmks creeb.. ................................ 18,486,000 
Vault Creek and tributaries.. ................................ 2,701,000 

i :,-,;Lj.tth Ekhsdo Greek. ........................................... 2,360,000 
All  other creek#. .............................................. 700, OCO 

me production of the lode mims in the E"akb& district in I922 
&owd a gratifying inmaso over that in 1821, being in fact  large^ 
thm. in any other year sincre 1915. Aoti~e mining waa rnnducted 
on five groptwties, and prospecting and development work on a num- 
ber of others. At the Mohawk mine, on Ester Creek a tunnal 150 
feet Iwg was drivm from the meek level to tap the ore body at 
depth. The ore mined was mifled ah the cuhltom on Ewr Creek. 
A$ the Pu mine wmk was continued and the ore t ~ ~ ~ b t e d  at the 
5 - s h p  mill on the property. The Smith Broa., at their mine on 
the St. Pabriok's Creek divide, are reported to have stm& the ledge 
tawad which they had been ainkjng at the 2Wfoot l e d .  The ore 
is said to  have yielded satidactory returns, md a pump was to be 
instided in the spring of 1923 to handle the water in the main M t .  
No tungsten was mined in the Fairbanb di~trict in 1922. 



Placer mining hse baen on the decline in lthe Hot Springs &t&t 
for seymal years, the a n n d  prodnction ha* ahnrnk from $800,000 
in 1918 to $35,000 in 1921. In 1922 production hcmased some- 
what, and this may be the beginning of more pmeptmus times in the 
district, for fmight cosB have been reduced ainw the bddmg of the 
Almka R e h a d ,  and it shodd now be p i b l e  to exploit mmy prop 
edies at a pmfi t that hava not been rich enough to be workable under 
theexistingheavyoverhedchaqp. Ind,25m.ineswereopratedin 
1922, of which 18 produced mom than $1,0001 worth of gold each 
About 60 men were mplopd in mmmer and about 10 in winter 
m S q .  Oonsidembly mom gold was p d n d  by open-cut mining 
than by drift mininp. and with the incmase of hydraulic operations 
the proportion of gold recovered in this way is; likely to ahow a stiU 
further i n c m .  
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T O m V m A  m m m .  
. In. the Tolovrrna district about 25 minea in dl were operated 

- in 1!422, employing sppmximsfaly 132 men in opanat min.bg and 60 
in drift e. The gold production, as ehom in d e  eubjnined 
table, was somewhat 1-s than in 1921. An unusually heavy rainfall 
during tbe summer of 1922 favored plmer mining, yet becmse of the 
gradual depletion of tha ground fewer mines were operated and the 
pmducGon ~onssqumtl y decreesed. Livengood Creek, aa usual, 
produced a large part of the total production for the diratriet ; A m y  and 
Olive creelre followed in the order named. Tha di~oovsry on Wilbur 
Cr&, made ip 1921, proved to be somewbat disappointing, a9 the 
gold content was low and the pay streak nafrow. This creek will be 
mined by a p - c u t  methods in 1923. Proapectingin this district h~ 
bean continued and some ground found that wilE be mind in 1923. 

XUMPbRT n m m *  
 the^ production of gold €ram the Rmpsrt district ia 1922 was 

slightly less than in 1921. About 14 pmpertiea ware operated, em- 
ploying about 25 man in summer and 4 in whteF. Bs usual, the 
larg-t production came from Little Minwk Creek. The chief event 
of in-t in bhis diskkt in I922 was the preparation by the Rampmt 
Gdd Mining Co. to instdl a dredge on Minook C r d .  Tha dredge 
was in transit during the summer a d  was expected to Hkrive before 
the freeze-up. It WBB planned to erect the dredge and have it ready 
for operation in t h ~  summer of 1923. 



Dmhg 19% m&hg was eontinned in the M e  dish& on a same 
whsb:.ltugeq, d e .  than in the p r d h g  two pars. The I- 
rhdpdt of my wingle plant wna made by the dredge on Mastodon - 

I- 
Creek. summex mines, employing 42 men, and 8 winter 
mines, emplaykg 16 men, were operated, hmdbng aver 260,000 
yards of pund, With an. aveaage gold content of 46 a n t s  to the 
yard. This law aver* gold content for all mine is of oaurse due 
ta the low pade of the ground worked by the dredge. Two promis- 
ing new discoveries of p l m r  p u n d  jn thls distrfct are reported, one 
by Lee and McOrcpr on Dome Creek and mother in the h y  
Mount aim. 

' P W  @ii und dug produd in ta &k oRbl*Eet, 1894-1989. 

A ~ p e c t i u g  naa can&ad in 1922 in the Itiehudmn dist&b6& . 
a small mow%+ of gold was. produced,. though na mines wem &@a*, 
lahly operated. Many streams in this district-yiekl c o m e  gold to 
the prespector's pan, and persistent and intellgent aewch may at 
any time prove the presence of workable ground. Indicabions ware 
fomd in 1922 on Savage Gulch and Mineral Creek that were sufEi- 
ciently favorable to  warrant further investigation. * 

P h  gold d mlw in lht Richmdwn diaisid, 190tiI9tf. 



: ., fq .,the Eagle district 14 summer mines were operated ja 1922, 
mploying 28 men. tmd yielding a sdmewhat larger ouCpnt -of goId 
thm in the preoeding three yem. h usual, the l q p t  pmiuchg " mines w m  the hydraulic mines on Crooked and Alder creeks. The 
npper . b i n  of Sevent-ile River experienced an unusually dry .. 

a 

mason, WE& affectad the gold production unfavorably. 

Phaia gold & ss'1w produd i m  t.b aRd Stvtntym~Is &W, H08-1#$. 

Dtving 1922 mining was continued in the Fortpile &tFict on 
about the same scde as in the psst, 24 sumnaer mines, employing 62 
men, and 18 winfer minw, eslpIoging 33 men, being operated. Mmt 
of h s e  mines are mall, rn the average number of mlnem employed 
WM a b u t  2 to the mine. About 35,927 cubic yards of gravel wm 
handed, cmryhg an avmage gold conhnt of $1.89 to the yard. The 
peiter part of the pmduction wirs made by a few ousts, mmt of 
which enxplapd-mapers. Bn attempt st hydraulic njuinP on Wade 

- &KW aloazpdoned on account of lack of warn, aod m q m  were 
m r t a d  txt, As usual, a small amount of gold waa rewived by 
individuals working the bars of Fortymile River. 



In I922 mhhg waa carried on in the Chiaans district abod!as 
wk&&bagh  operation^ were s o m ~ h a t  curtded as the d t k f  
an ~tnamdly dry summer. Nine mines, employiug 25 men, were c - 
operated in the mmuner and moved 10,600 cubic yards of gfpund' 

. that yielded an s v q  #of $2.73 fo+%he cubic y d .  Fmcticdy 811 
mining in this m p  is now done by the w e  of nutametic dams, with 

% 

t he  aid of which the overburdm ia wasbed away, the bedrock being - 

cleaned by pick and shovel methods. 

The BonniGdd plmr &&riot extach firm N-a River eastward 
to mid including the Wood River basin and is in general wextansive 
with the Nanma cm J field. Placer mining has been carried on in this 
d&ict for 20 years, and the production, though small, has been 
steady. In 1922 two hydravlicph-bwem installed, one onTotatr 
lttnika River near the mouth of h n  Cwek d the okbar on PIatte 
Crmk. The district mntdns exhmi~e gme1 dqmita that carry 
gold, and d u l  pmepecting may reveal LElocalitim wheaecikd pw 
to mine t h ~ e  daposits on a large mde. The cod-- -opmation~ 
in t h e  region have been described on page 20. Furthar development 
work was done on a gold-bismuth quartz prapmt l1 on Eva &a&, a 
headward tributary of Moose Creek abau t 10 milea east of the railroad. 

-5 

No ore weg shipped, but m a y  returns are reported to show a large 
body of o1-e ar@g a pmmisbg conbat of gold. h 1922 seven 
p l m  minee, employing 24 men, were operated and hadled 3,500 
cubic yard9 of @ET@! carrying $2.88 in gold to the cubic yard. 
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RhNTISEXA DU3TRX:OT. 

The following notea on mining in the b t i s h n a ,  district & 1922 
are baaed on observatione by Philip S. Smith, of the Geological Sur- 
vey, who visited the dktriiot in Jdy, 1922. 
W ~ a . ~ I d  placer mining was continued in a small way, 

mddy by pick and shovel methods, on the &reams that have been 
worked for mmy yeam. The principal operations of this type were 
on Eureka W k ,  where four men were employed; in the Glen Creek 
basin, where five men were mining; in the Spruce Creek basin, where 
four men did tt little, mining; and on G1t~:ier creek, wham there . 
werem a few smaU operations. Little waa mmmpLisbed on Little 
Moose Creek in 1822. The outstmdmg developments in the district 
wem the initid mining operatiom of two large hydtrsulio plank, 
one ad M a e  Creek and one on Caribou Creek. 

The Kaitiehns Hyhuiio Mining Co. w w  mining gravela in the 
valley of M o m  Crmk near the mouth of Eldarado Creek. Thb 
;nntn& o m  daim exhading for about 3 milm downstmam 
blow EIdmado Creek. Wsbr for mining ia brought by a ditch from 
the stman &ing from Wondm Lake, but in 1822 ooddmabIe , 
difficultywas~xpeTiencedin keepingtheditahinmpair, rrndb&, - 

with consequent interruption to mining; were frequent. Sdcient  
mJ wahr wss available to operate two giants mast of the mason, and 

t'hrm,wem operated part. of the time. The ground mined is rela- . 
t i d y  shdow and full of large boulders, and the gold occurs on a 

-I 
falae bedrock of sticky blue day. Many of the bouldem am too 

" large to be road d e  and must be broken by explosives bedom they - 

can be moved. This delaye operations and adds considerably to the 
mt of '&g. The gold is ~ommvhat m t y  red, moderahly angular, 
and not very come. The Eargwt piema do not e x c d  a few doUars 
in ~ulue,  and pie- worth 5 cents are larger fitin the .amrage. A 
large amount of p a e l  was sluiced at this pltint during the seltson, 
but the rewvmy is said to have been less than p m p c t i q  had 
indicated, 



The Monk McKinley Gold Plsoere (Inc,), sftar several yesm of 
prep-- m k ,  began mining in 1922 on a lacgo holdrng of p b r  
g m d  on Caribou Creak, asme 40 men being emplopd. Water 
we4 obtained from Caribou Creek for hydraulic qmatiow, but con- 
stmetion wss under way on a higher dihh, to take water fmm the 2 

same stream near the mouth of Zasf Chanm Creek. In 1922 them 
wm aa vnusnally h e a ~  rddd, tbs 6 coneequence of which m h q  
was at times h m p d  by the high water aad dame .were washed -- 
out. SappIIa were brought to thia property from the head of launch 
navigation on Bearpaw River, at Diamond, by caterpillar tractor, 
but the bad t d  made its operation dow and expensive. I t  L m+ 
porhd Cbet this trd is now being impmvd. " At the w o r w  the 
gdd was r e c o v d  fmm s false bedrock of yellowish muddy clay, 
though true bdrock is f m d  at other places on Caribou Creek. The 

, p ~ e l  mined contained many l a p  mouldem that p a t l y  inore& 
the cost of mining. The7 gold, which in mugh and rather h e ,  o m  
in association with black sand and considerable garnet. It is said 
thtrf the large cut mined in 1922 p v e  a dls~ppointingly low $eld 
of gold. .. . 

& and todg miming:--No pmductiva Ioda mining w a ~  done 
in the Kantishna district in 1922. Underground and d a c e  pros- 
pecting was. continued on the Qujgley claims, on lower Frid~y W k ,  7, 
and aome vary prombing ore was diicbaed. No noteworthy work 
waa done on the claims at the head of Friday Creek or on the divide 
btwaen Friday and Eureka creeka. Several new lodes, the impor- -- 
tmw of which bas not been determined, Ere reporhd on Glen and 
EMorado m e h .  
In the vicinity of C o p y  Mountsin, near Muldtow G G m ,  n l a ~ g e  

number of claimlswere staked in 1921 and 1.922, but development w e  
-has so far bean conhed to  a few shallow pits and open cuts. -'Cob- 
siderable diffraulty was encountered in starting underground prospect- 

' ing tunneb on tbeae claims, far in t h w  phcm whem the moat pro& 



i q j a h m k e d  rods - found the rock wtw badly h b n ,  and IW 

tam aa en excawion was m h  the Ioosa matarid on the W a  
nouM bgm to &e. T h  n a t d y  interfered with the pmpcting 
of thwrichm m. The mineraliaation in the Coppm Mountain dis- 
tr ict waa extedve, and the geology ia Tery complex. The are occurs 
mainly as stringera in limestone nwa the contact of acidic or basic 
intrudva mb, in quwbzi te beds, or in the igneous m b  themdves. 

i Them man to have bew two distinct types of miner&tatio+a cup- 
per minerdbation that apparently was related to the basic intnmiva 
m a h  md s bdainc minedization thst was related t e  the granitic, 
mobJ There are n u m e m  faults and slips, both older and younger 
t h ~ n  the min&ation. The older ones were followed, ko some ex- , 
taut, by the m i n ~ ~  eolutions and the younger onm cut 08 and 
displaced the ore W m .  Further prospecting will be neceaqr to 
detamine the eba and value of these ore depoaih. 

E W Y  DIBTErCF. 

was s considerable falling 08 in the gold produotion of the 
Ruby district in 1922, although more mines were in operation and mom 
minew wore employed than in f 921. The dwlina was due in pert to the 
duustion of eome of the richer pd, the average gold recovery in 
1022 $3.50 ta the cubic yard, as compamd with $4.50 per yard 
in 1921. In 1922 :here wem operated 24 smmer mines, employing 
67 men, and 13 winter mines, employing 39 men The I q m t  pro- 
duction was neporhd from Poorman, Solomon, Flet, Spruce, and 

' T r d  b r ~ k a .  'She Pmeverani?e-lead~ilver lode mine produced 60 
b n s  of very high grade ore. 

- In h o k o  district 18 summer mines, employing 82 men, and 4 
wb-& d ~ ,  employing 6 men, were opema in 1922. Th8 chief 
pFodu&im caaw from Little, Ophir, Ysnkea, GaiDm, md Anvil 
cmh. Open-cmt mining predominates, but with the mntinuow 
installation of dredges it ia to be expected that t h  type of mi* 



d l  e v m t d g  -SIR in praduction the opemu~t  methods. The 
Fl~" lu rne  Dredge &.'a dredge an Yankee (?reek, h t  put hta operation. 
in 1921, mined cx)ntinuously daring the summer of 1922, and ita suol 
m w  was sufEcient to enmurage bhe wum w q a y  to start the instal- ** 
lation of a similar dredge on Little Creek, which &odd be in opera- * 

tion In 1923. A 6 4 1 0  ditch wm under construction dong b o k o  
River to provide water for a hydmlectrio plant to  supply power for 
thessdmdgee. The Innoko Dredging Co. landed the m&aie;ls for a 
s t e m  dredge st Twtna  in the fdl of 1922 a d  dedded it to  Chines 
h k d u r i n g  the xhter. It was hoped to put thk dredge t~ drgging 
in 1923. In 1922 a total of 222,500 cubioyerdsof gmvel,wasmined, 
aarrlging an average gold conknt of $1 to the yard. 
In $he Tolstoi distric,t 4 minee were operated in Bummer and 4 in 

win*. Each h e  was a one-man pmpert yf operstad by the owner 
alone. Work wns d n e d  tol Madieon, %permto, end B m  creekg, 
but it was expected that Boob Creek would be opened up in 1923, 

Them w m  13 pmduGtme mhw, employing 136 men, in the 
I d i M  district in 1922. Tba two drsdges on a t e r  Creek worked 
183 snd 167 daya and p d n c d  a lerge part -of the total gold output 
of the district. Otter, Happy, Flat, and Willow amks were the 
ahief prpdumm The average gold movery for the entire district 
WBS shut  61 cents a pd, and 647,300 y d s  of pd WM mo~ed. 
The 1- y d e g e  and a d  -avenge recovery am of ,corn the 
result of dredge mining. * 

A promising dismverg of gold quartz is mported to h w e ' b n  
made by J. Warren at the h e d  of Ohn Gulch. It k aaid that a 

' 

gtmp mi31 hta b n  installed and mnsiderable 01% miosd. . Flsar w m  
m d e  to send a ample shipment fo T a m  ta ba andkd, but tba 
b h  freight c h q p  make it Impossible to ehfp my but hnnnze 
ore fmm this district. The quickgilver mine in the headwater region 
of I d i M  diver w~ not operated in 1822. 
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.Abut 12 m.mmer mines, employing 31 men, w e a  o p M  in the 
M a d i d  dbtrkt of the lower Yukon during 1822. This d i s ~ c t  is 
hate m& to induds the Stuyahok region, about 40 northeast 
of Mmhd. Them waa very little astivi* around Marsha in 1922, 
md reports from the Stuyahok were not very encour@g. Four men 
&ad on Wisppointment Creek, near the original Marshall discovery, 
operating a hydraulic plant and a scraper. One new encowaging 
pmpact was ssid to have been found on thim No. 2. In thia dis- 
trict about 17,000 mbic yadq of ground wna mined, from which an 
average of $1.29 in gold was recoverad. 

. A m d i n g  ta rnp0rt-s m i v e d ,  4 summer mlnss, employing 15 men, 

I 
and I winter mine, mploying 10 man, were o perahd in the Chariddar 
distriat in 1922. The greatenpart of the production from the district 
came from a +B deep mine on Little Squaw Creek, operated by 
F. J. Smith, which was worked only in the winter. P l w  were made 

a d3srinqe~ge t m e l  to  thb g r ~ u ~ d ,  SO that ~ ~ l d  ba 
carried on in the summer of 1923. Big Creek was the second largest 
producer in the &trict. In the entire Chendalar district &out 
22,000 yards; of ground was mined In 1922, having an average gold 
wntent of $3.73 to the cubic yard. 



PmpctQ coakiuu~~ on the gold 1- of t b  &Get. For mhy 
p a m  promking gold qnarta I& have been held, but the remotenm 
of thia region snd the high c o s t  of bringing mhhg machinery to it 
have retarded lode-mhing de~elopments. Them are indications that L: 

emnt~~ally the Cltlraddar region d be included in the list of gold- ' ' 
lode camp. 

W the K m k  di~trict 36 mmnm p l m  mines, .emzployin% 108 
men, and 10 winter mines, smploying 25 men, wwm pm&&T+ely 
opemted i~ 1822. An average of $3.44 in gold E u  khe mbic pd 
wm recovered from the 38,350 mbic y d s  of gravel mined. ds in 
the pmt, the I a r g ~ t  output c m e  from Nolan Creek. A new piem 
of rich bench ground waa opened up w Nolan CFeek Mow the mouth 
of Smith Creek, but ita e*nt is st& &own. Some recently dis- 
1p0vmd rich a p t s  on Hsmmond River have sthdaW prospmting 
there, and some coarse gold was miad on Sixtpmtle River, a tribu- 
tary of John River. 
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Tbe '&tuna fmm the plaoef -ti- in the K t f s k o b h  region 
are still incomph, ao a full ahhnent of mining in 1922 not p i -  

- ble. Abut  30 minm, employing about 131 men, were operatad and 
i; 

produced about 4542,000. Much the I a r p t  operation was 
thatPo£ the &edge on Candle Creek near M&tL This dredge 
o p m h d  during a parid of 1454 days, digging in gronnd that aver- 

* aged 144 feet' in dmpth. h addition to  the dredging, about, 7 minw 
were opmted in the MdIidey district, 7 in the Geargetown district, 

' I1 in the Tulubk-Anhk district, and 4 ie the vicinity of Chdnem 
Bay. 

h&kg a d  dedopmimt work was continued on the Nixan mines 
of the TreadwsU Yukon Ca. Gtd.), at Nixon Fork, in the- McEidey 
district. The company mports that 200 feet of inclined shaft and 
1,690 feet of drifts md c r m t s  ware mmplehd. The lhtamp 
a m a t g w t h  sad ooncmtrating dl m t e d  in 1921, waa operated 
from Jme to September, 1922, md the mine was opmted continu- 
orialy throughout the year, Some developarent work wae done on 
the qaicksil~er depoaita of the lower K u s k o h  and on one or two 
other lode depmih. 

. Tbe ~ U E I  of the total minerd produckion of Sewerd Peninsula 
in 1922 wss $1,234,988, a fdhg off of $1!3Q,000 from the d u e  in 
1921. OI the total mount $1,265,600, aa ahom in the anbjoined 

'table, w in gold, and the rest in silver, platinum, ma& and l e d  
Na fin=waa produced in Seward Pdnsulrr in 1922. T ~ B  platinum 
o m ~ - & M y  from the Koyuk district and the -Egmtic cod from the 
Fairham district. At the Independence mine, in the Fairhaven 
district, no new ore was mined, but a, small produation was d e  by 

s. . , - workzng over the dumps of the preceding year. Thie wsw the only 
d pmduhg lode mine on the peninsula- in 1922. Some dedopment 

.work, d y  as assrassment work, W&B done on other lodes of the 
dirrtrkt, 

. - Pl;bcnR MmmQ. 
C 
* 'A tdtd of 104 p h r  nrinm, employing a h t  628 men, rn aper- 

thing on Seward Peninanla in the summer of 1922, and 11 mines, 
empIoSiSg 51 men, the precdng winter. h 1921 there were about 
126 awnmer mines, employing 622 man, and 14 winter mines, em- 
plo- 64 men. Thea minw in 1922 moved an. aggregate of about 
2,303,691 yards of ground, which yielded about 60 cents in gold to 
tbe cubic yard 

? # W - w  



Two inhmtin&; new dba6&&&&'&&~ g61dI the vdue of which 
has not yet been d e t e d d ,  are mprhd from the Buckland River 
b&, abu$25 milag above tba mouth of that metream. 

The 15  dredge^ operated on ~eward' Peninauls in 1821 dug about 
1,574,500 cubic' ytrrds, as compared with 16 gold dmdgea and about 
1,690,a)o cubic yards in 1921. T h  gold reca~ery to  the rmbic yard 
wak about 39 cents in 1922 and 41 mta in 1922. The .dredges were. 
operated from 13 to 114 daya. Those that were fully prepared at the 
begkbg  of ths operathg s e w n  worked from 10 to  114 daya. The 
most important event of mining inrtemt in the h a r d  Fetinsda 
region in 1922 was the q d g  of 1arge.drdpg-gmmd holdings, 
includhg all the propertf of the 'old Pioneer M b t g  Co., by the 
Hamxaon Consolidated Golfidds Co. The property of the Pioneer I 

. Mining Co, has been worked mainly by hydraulic gimts and devrttm. b- 

The new compal~r hm let contmc t s  for two new dredges, witk b & e h  
having a capacity of 9 cubic feet, to be erected and ready for operation 
on pound on the thhd b e d  by June, 192%. The cold-water thawing - 
method wil l  IH uaed to keep the ground t h a d  in adv- of dredgmg. 
The dredges will be electrically operated, the power being f d d  
by Diesd engines. 

The hydraulio.mino. of Sewsrd Peninsula b d l e d  about 488,327 
cubic yards of gravel and made an average gold m e q  of 9 1.3, eenta. 
A h t  21,118 cubic yards wae mined by drifting and hoiting, wiLh a 
gold recovery of about $5.24 to the cubic yard. Most of the deep 

was done in the Koyuk dhm. Ogm-mt minea o h r  thm 
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bsafaniic mined 39,792 cubic yards of ground and reeovsred $3 to 
the pmd in gold. 

a. Elllw. Qdd. sum. 
Tar. Year. 

- --- 
m..... maa U E  oar m Sa 
I-..-.., BB'bB.12 7b'000 2M 
lM..... . lS5'MLm ~ B r n ' m 3  182X 
I P a  ...... XB'7~1.25  1 7 d l U U l  27*5i# 82: 
IWI... ... I&RP 61 4 lk: 7110 24:~:~ 14,717 
lm ...... m,an.m  MI, prn z,ar 1 4 , ~  
1HtU ...... 2 1 i , W , 3  I JIU IW 21 l i l  l:I,IliZ 
IWk ...... 3Jl,-M,?.h2 .I:IM;GM 24:175 14,0:1 
a m 5  ...... n;,ax~.~rr r,m,o,rrn 2 7 , ~  1 6 , ~ r 7  

PI-r continued during 1921 in a e m d  way in dhe Kobak 
River bmin, chiefly in the Shunpak dbtrict. A b u t  6 summnr 
miam, employing 11 men, and 3 winter mines, employing 8 men, 
were opated,  most of &em for only s patt of the w o n .  l i l e r y  
and D&l creeks were the largoat producers, but the total output was 
only about 58,000 in gold. It is reported that two hydraulic p h t a  
are bsing inetded in this region, one of them on Cdif ornia Creek. 





, h r b g  1922 aevm parties were engaged in surtrep and invwtiga- 
fiona in Alaska. Th.ese parties included 7 geologisk, 2 topographem, 
2 topographic mistants, and 12 packers, cooks, and other help-. 
Five partiea were engqpd in gmlogic work, and two were combined 
geologic snd topographic. parties. 
T h e  funds available for 6eld and office work for h B B M O ~  of 1922 

M u d a d  an appropriation of $75,000, an unexpended balance of 
$8;430 from the sppropriatioa of 1921, and an allotment oi $2,000 
fmm the appropriation of 1921 for the cldcrst ion of the puhlfc 
lands. Tha subjoined tablea show the allotments, of these funds 
geographicidly by typa of work and by salaries and field expemerr. 
A bdsnce of $14,100 will be used for tha geld work of 1923. In 
these tabla the money devoted purely to  office work h a  not been 
allocated to the eemral projech, except as indicated. 

= ,  

Y 
,= 

The allotmaah shown in the subjoined Lablles as m d e  to different 
khde of work and tO dierent ragions w e  only appro5mations. To 
determine the precise Sgurea w d d  require an elaborate qost-keeping 

- s p t m  too expensive ta justify the results to be achievd Many 
prarti~ and i n d i v i d d  divide their t ime between two or more 
projects. The following table &om, in a general. way, however, on 
what projects the funds h a ~ e  been spent. The gedogio auraeys 
include work that is used in the clwi6cation of public lands. 
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In the following table & m b g  the distribution of allotment by 
regions, the overhead qmmm, iaclttding administration, am & 
t,ribukl proportionately among fbe various projecb : 

following tabla A m  the pgma of inveetigationa in A h b  
and the annual gmta of fun& sfnm systematic s m e y a  were begun, 
in 1 8 9 8 , q t  should be noted that a varying amonnt is spent em& 
year on qeciaI investigations that yield r d t e  which o m  not be ex- 
p d i n  inm of &%a. In 1917t when the United S t a b  en- 
the World War, nearly dl the Aleaka funds ware dotWd to th8 in- 
vestigation of &BTBIS such as platinum, sdphw, and antimony, 
which were then of specid importance, and few wed s m e p  were 
made. Since 1918 the redaction . of the m a 1  appropriation and - 
the increased cost of all Geld work hm not perrajtted e x t a e  
logic and topographic enrveys. Little progress has therefore been 
made in extending the topographic and geologh mapping tbst is - 
ensentid to obtain an d q u a t a  knowledge of the minerd reaoumm 
of the Tsrritory. 

1 T b a ~ ~ m d a ~ ~ o l ~ ~ ~ C d ~ o t ~ P I D M 0 1 0 ~  
~ l n l s e a a n d 0 f t h e P u 4 n ~ l n 1 8 8 B .  



Tbs chief Alaakm geologist was e n g m  in office work until June 

L. 

12, 1922, when he left W d h g t o n  for Seattle, where he joiad Ron. 

d 
C. XI. Husto11, Assistant Sacretq of Cornmeroe, md other rneanbers 
of an +@tion. sailing on the Coast Guard w ttet. hiajava to make 
invwtigationa in the northern Pacijic under the aunpim of the De 
parheat of Cammerce. With this pmty he d t s d  and mado aome 

= inveswi5ona of the. geology and mineral mureae in the coastal 
regions of M.teand.adj&(:~nt i~lands, m well as of the geology and . m a p h y  of ~~ of the coast of Siberia. While in Alaska he 
visi6ed Juneau, Seward, h c b o r q e ,  Fhbbaaka, Undeeka and Pnii- 
lof blmda, add Nome. E s  time in the o&oe was divided as follows: 
Geologic studies, 144 days; propma report, 16 days; pram bdetin, 
20 days; mineral statistics, 17 days; goology of Alsska, 24 days; 
pogrqhy and geology of eastam Siberia, 29 dap; field . p l w  an8 



orders, I4+ dam; prepmtion of repcrrt on of Point Btmm 
r e g i o n 4  plan@ fer of naval patrolemn mwme No, 4,82 ds~rs; 
a d d a h r ~ v e m d  routine mat-, the remainder. He Mt W& . 
k$$oh June 21,1823, ta make certslln inquiries in Seattle, m d  on - 
June 29 sailed far Sydney, Australis, whem be attended the Pan E -  

Pacific Conimmce m an 05cial delegab. 
George C. Martin did no field work in the mumam of 1922 and w t ~  
q@ throughout the year in geologic atudies of the Bl& M- . . 
mic formations and in dmmdrative dutiea as acting chief A l b  
geologist during the a b n c e  of Mr. B m h .  gis time waa divjdd 
as foUows: Preparation of rnmudpt on Ahaka Mwmic fom* 
tions, 121 drrgs ; revision of reports and pmparation of o+d manu- 
. mript on Awka oil fields, 32 dap; ravi8ion of 0 t h  referred m mu- 
script snd proof reading, 28 days; p a r d  edminisWiv~ dutiw, in- 
cluding coafmws, 49 dap; preparation of magusqipt of Bdminis- 
trative rep*, 8 daya ; praparation of manuscript d other data 
for Qo~ernment ofhiah outside of the Geological Survey, 14 d s p .  
The entire month of June, 1923, w~ gpant in &&ELI travel on the 
way tO the oil fislda of Maks Pethula. 

Philip S. Smith spent from June 14 h %@amber 15 in m&hg 
s p ~ i a l  inveetigatioris of the geohgg md m i n d  rwumm of. mew5 
adjacent to the Alaska Railmad. 

h d  H. MoEt waa engsged from June 14 to September 17 in a 
&ion and ex-ion of the recontlakmbnce geologic mapping of 
the Chiha Valley. The results of hia investigations wiU appeer 
in a mmmarg report on the geoIogg and mineral remurces of the 
W h  quadrangle. 

b. Bf Mertie, jr., cofitinued the ~ ~ c e  g d @ c  mapping 
of pa& of tha Rrunpart sad F a i r b h  qtdrmgles. .He spmt 
from June 27 to Septmber 3 in mapping, on the wde of 1 k~ 100,000, 
an m a  of about 1,000 aquare milea. Some time in Septanber wm 
spent in aolleoting shtist iea of m i n e d  pmdnction in the 6ciniB of 
Feirbmh. 

A. F. Buddiq@n spent h r n  June 18 to September 22 in rsoa- 
% 

timing the geologic mapping and invwtiption of m h r d  nmmcm 
of the WmngeU district. 

R. H. S q m t  wae in c h q y  of a, double party q p g d  in rscoll- 
mimmce tapogrephio and geologic mmep of &EI ail 6th of the - 
&Bra Pemiesulh Mr, S q m t  spemt from Jdnpr 15-b Sepkembm 2!2 
kt mapiping on tha scde of 1 180,000 &u area of about 3,000 
d e e  lying dong+ the of $he Alaska Peninsula between Pmtqp 
Bay md C?ugmk. H e  wss aammpanied by W. R. Smith, who msdg 
gmlogic s w e p  in the m e  district, and had general supemision 
of a p&y under the leademhip of R. K. Lynt engsged in m a w  
uuITa9& in aa ~~t m e  in tbe o3k.a Mr. Swgat wrs 



omupid I q d y  in tbe M ~ t r a t i o n  of h k a  ~pogruphic mrvqs 
ae& map compilation, in addition t& preparing his field m a p  fox 
.p!ldWtion. 
W. R. Smith, who accompanied R. & Sargent from Portage f Bay to &@k, made mnnaissmw geologic a w e p  of an ares 

of about 2,000 qw0 miles. A joint report w the rmults of hia 
invesrfigations md on those of hlr. Babr in an adjoining ate& app- .' a h h e r e  in this volume. 

R. H. L p t  spent from June 15 to September 12 ia making topa- 
p p h i c  w e y s  on the wale of 1 to 180,000 of an area of about 
1,880 square milea in the vicinity of hchmf  Laks, H e  m a  m m -  
prnied by A. A, Baker, who made geologic su~peys of an arm of 475 
aqum milee in the sans district. The r d t a  of Mr. Baker's inv- 
tigatiom are published, jointly with those of W. R. Smith, eleewhm 
in t h i~  volume. 

9. Id, Cappa, who had been on furlough since A p d  16, 1922, while 
amgaged in commercid oil work for rn 1QmBTican company in foreign 
m t r i e s ,  returned Go the Geological Survey May 1, 1923, and 
reamed the prepamtion of his report on the geology snd mineral 
reaauroea of the r e o n  tributary to the: Blaska Railroad. In June, 
1923, in the absence of Mr. Brooks md &. Martin, he took over 
d m h h h t i ~ e  charge of the Naaks branch as acting ohid Alaskan 
geologist. 

* 

C. Arthur HoUck continued his a h d i m  of the &ka T m t i q  
f d  planb, dthough ho was not regularly employed by the survey. 

Jamas McCohck wgs employed for six months in the revhion 
of the gmgmphic dictionary of Alaska. John B. Torbert h been 
-aged in Alaska cartographic work throughout the year, about 
half of hia time heving been dsvoted to map compilation. E. B. 
EU,  gssistant topographic engineer, waa engaged in work upon 
Alaska topographic maps from November 15 t o  January 23. 

Mksa Lucy M. Graves, chief clerk, hna oonhued to cafiy muoh 
. of the eIericd dminktration of the Alaske, branch and haa acted 

ss chief during ths absence of the chief Alaskan geologist end of the 
w i o r  geologist, G. C. Martin. The details of culleo ting the statiatia 
of the mineral production of Alaska have beon in the hands of T. R. - 

* 
Burch, 
Ihrring 1622 the m a y  iasued three complete bulletins relating 

;+. L 
b Alaska-Bulletin 722, "'Minerd resources of dl&, 1920," by 
Alfred H. Brooks and others; Bulletin 733, "The geology of the 
York tin deposits, Alaska," by Edward Steidtmltnn and S. H.Cath- 
cart; and Bulletin 742, '' Chmmite of Kend Peninsula, Alaaks," by 
A. C. Gill; also aome of the separah chapters from Bulletin 739, 
" Miam1 resozlrcm of Alaska, 1921," by Alfred H. Brooks and 
others, Bulletin 745, "The Ko2aina-KwWana district, Alash,'' 



inaluding hpgmphir: maps, by F. Xf. M&t m d  J::B;, Martie, jr., 
ww h d  in June, 1923. . T ~ B  mmumipts of tbree:other mprta- 
"The Ruby-Kuskokwirn region, Alaaka,'"y d. B. Mertie, jr., aait 
O. L Harriagkn (Bulletin 754), ' m e  Juneau district, M a , ' '  - 
by W. M. Ealun, m d  "The Hetchilusn district," by Theodore Chapin * 

am nearly reedy for the printer. The usual annual review of the 
mining indu~try of Blealur was ieaued on December 31, 1922. 

A now mep of Ahaka on the wde of 1 to 2,500,000 wae hsud about 
Mmh 1, 1923. A relief map on the mme scale is almost cornplea. 
The compilation of the topographic map of the w o n  tributary to 
the A h  R&d,  on a scale of 1 to 250,000, is approaching 
mp1etioe. This wdl be published in three ehmb, of which the 
sotltbem sheet (Sewd-Matmusk4 wne sent to the engraver in 
June, 1923. 



THE METALTJFEROUS DEPOSITS OF CHITINA VALLEY. 

INTRODUCTION. 

The &ern1 dsposita of the Copper River basin, partIdarly of 
Chitiea Vdey, ham been dmribed from time to time during a 
priod of m a y  yeam in papers of the United Sbtas Gm10giml 
Survey and in the scientifio and t d m i c a l  journak Tbeae papers are 
widely &red in m y  public~tions, =me of them long oat of 
print, so that much of the information they clonhin is no longer gen- 
d g  amilable. The writer expacts to w11ect into a single paper 
the general facts of the geology and minerd r e m m  of this region, 
but manthe it appeaw desirable, aspxially for the benefit of t h m  
who wish to march for new mineral deposits or t~ test the value af 
knmn deposits, to  summarize briefly the mode of occumnm of the 
mlable minerals so f a r  discovered and to point out their relation ta 
the geologic P o d o m  and stmctura ! h i s  paper is intended to 
p-nt such a summarg. It deals primarily with Chitina Valley 
but contains Borne references to &joining di&ricta. Attention is 
given m d y  to minerals and m i n e d  deposits th& are n l d y  of 
erwnomia jrnportsnce. 

Coppef, gold, and d v m  a m  the anly cmmmidly valmbie min- 
-Is that haw yet been produd in the district mder considexation. 
They are nrtmed in the order of the money value of the metal already 
mined, and the vafne of the copper far exceeds that of the gold and 
dmr. Both copper md gold m mined for th0mse1ves alone, but 

4 eilver ibl produced almost wholly in m W o n  with the mining of 
mppsr, although a much smaller quantity is obtained drom the gold 
placers and n ~ingle silver-gold vein. Gold is produced chidy from 

* placer gmvels, where it is commonly found with mn~idemble d i v e  
copper and a mall -mount of silver. It is also obtained f m the 
gold-silver vein mentioned. 

GENERAL GEOLOGY. 

Tha mlm of Chitina Valley am prevding1y sdhgntary 
such ra limestone, &ale, conglomerate, sandstone, and but 
include also intrusive roclte and a great suoc.~ssion of lam flowa 
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The oldest known r w k ~  ~f the district rtre h c l n W  in the Streha 
formation, p'bably of &kippian rage, which m p i e a  much 
of the main vallq of Chitina River. They comprise %hale or data, 
limestone,&ert,tuff,~ndba,siclavaflowsintruddbygrannlarig- ; 
n m s  rocks, iacluding grandiorite, diorite; md gabbm. Both 
copper and gold are f o d  in some of t h ~  rmks of this formation. 

Overlying the Streha formation is the NikoIai &reemtone, a - 
wid@ m m i o n  of basic lam flaws with a btal thickness of 
not less than 4,000 h t .  Tim structural relation of the Nikohi 
greenstone to the Streha formation hafl not been understowl but 
from observations made in 1922 a p p m  to be that of mconformity, 
possibly without dimrdasce in di-at is, the Streha formation 
may have undergone e d o n  without deformation Mom the Nik01ai 
b m l t  flows were p o d  out, The precise of the Nkolai green- 
stone, Eurthermore, i~ noh d e ~ i t e l y  known bat is indicated within 
Limib by the fact that the greenstone overlies Permian sandstom 
and conglomerate in the valley of Chitistone River and undmlias 
Upper Triassic lim-ne in many places Copper in smaU amounts 
is found almost everywhem in the Nih1ai gnxnstona, a fact that 
may be of p t  significance in c o m ~ o n  with khe origin of the 
copper d e w t a  

The Nikolai greenstone k averlain, without app&mnt unmafom- 
ity, by gmat btcknes of Upper %'riassic sediments, the lower park 
of which consists of limestone, long h o r n  as the Chitistone lime- 
s- and the upper part of shah, hown aa the &Carthy WB. 

. S~IW 1917, however, the name Nizina limestone has bsen applied to 
the upper two-fifths or thin-Mded part of the original C h i t h e  
limeatone of the Nbina district, and the name Chitistone he st on^ 
has been &ctd cl the lower three-fifths, &sting. of more mas- 
sive - The namc ~ & n a  formation has also hem d t . ~  
cever the Nizins limegtone md the McOarthy shale of the Kotsina- 
Kusltulana district. The Chitiatone IjmWne, in which the p a t  
copper ore bodim of Kennicott are found, hasl a t h i c h w  of about 
1$00 feet, and the over1ying Nizina limestone a thickness of about ' 
1,200 feet ,  Their oombined thickness is probably &00 feet m t e r  
tban tb thick~e88 of the o~erlyjng McCarthy &ah 

TBe Tri* end older were folded, aubjecteti to m i o n  for - 
a long perid, and then submerged in whole or in part below the 
ma, afbr which there w m  depositd on them conglomerate, w d -  
stwe, Lim&one, &ale, volcanic tuffs, and lava, flows ranging in 
from Middle Jurassic ta Tertiargr. Them later mke, with the ex- 
ception af the Cretmxms shale, which is widely developed in the 
Niaina district, me nowhem known to contain mineral dep i ta  ex- 



mpt a few thin b d s  of lignitic coal and need not be considered fur- 
tber. 

The dhtay beds invaded by gmndoriti~ &trusivm 
bowing a wide m n p  in age, texture, and color. In some p l m  

a these in-ves have played an important part in the formation of 
metallj ferous deposits 

Sometime after the formation of the youngest of ths wmlidatad 
bedded ma of the distr4etthmt is, the Tertiary Eledimmta; and 
volcanib beds-the region was elevated above the pea, This eleva- 
tion did not take place suddenly but required s long time. It rre- 
newed the p m m a  of erosion and gave opportunity for the streams 
to carve their valleys deep into the elevated sadimentary and volcanic 
beds, producing a rugged mountdnou~ district with relief campa- 
mble to th& of the present t h e .  Such conditions mmpanied by 
a 1- rigomus climate must have given rise to  much more vigorous 
circulation of underground meteoric wahrs than is p~mible now or 
hart been possible at any time sinw tho hainning of ghifition, when 
the circulation of underpund wabm was practicaIIy mppd by 
ground temperatures lower than the *zing point of water. So 
far as tbe aga of the metalliferous depits ,  except the placer deposits, 
is horn, they were dl formed before the land took on its present 
form, and themfore: many of them mngt have been subjectad to 
chemical chfinp by circulating waters in preglacial time. Sin& 
glaciation began the changes in t h  are d~psi ta  have bean mechani- 
cal rlrther than chemical, consisting of mch changca as would tw 
brought abut  by movemmts in the rocks or by glacial emion and 
the breaking up of deposits by fro& and atmospheric wmthering. 
Podglacial oxidation, except of a supeAcia1 kind, ta be en- 
timly lacking. 
The topography of the distlicf owes its p m n t  aspect in can- 

siderable memre  to glaciation. With Iittla doubt; the major topa- 
graphic features and most of the present &inage lines were 

- &bIiahed in preglncial time, but they have boem modified by ice 
" erosion and the deposition o f  ice-borne debris and the. loose material 

carried by glacid watem, Although the glaciers am now gmatly re- 
d u d ,  this period of glacial activity is not yet ended. . It is not 

. necessary to d i m  in further detail the geologic history of the die 
trict, yet it ahould be borne in mind that tho glacial epoch followed 

- a much longer period of Jmd erosion, which went on nnder milder 
climatic conditions than prevail at  p m n f  and that during this 
period of erosion mast if not all of the metdiferous deposits were 
undergoing chemical changes, which were skpped by the cold and 
iw of tbe glrtcisl epoch. This fact has nn important bearing on the 
character of ore bodies ~ u c h  as thorn at Kennicott. 



A study of the ore deposits in mmtion  with tbe gened geol& 
of the di&& laads to the conclusion that f i t h e  om bodies are to be 
r e f 4  to two or snore periods of formation. The age of different 2 
om bodim can not be stated definitely, but certain limitations of age 
cltn be determined. Gold, silver, or copper is found in the Stmlna 
formatian, in the Nikolai greenstone, and in the shale overlying the -- 

McGarthy s h a l e h a t  is, in ~ ? I S  that range in age from Wiwi&p- 
pian (lower Carboniferous) ta Upper ~ ~ t m m w .  The age of the in- 
closing c0untf.g rocks, however, tells little about the age of the *- 
em1 deposits except that the country rocb am the older. The min- 

'ern1 'deposits may haw baen formed at  some one particular period 
aftsr the rocks w e  formed, or they may have been formed at d i f f m t  
timea Moreaver, the formation of the ore bodim wm not a sudden 
pmcew, completed at a stroke, but h k  place slowly as the mineral- 
bearing w a r n  made their way through the devioua openine in the 
mks md p d u l l y  depmited their metal content. 

A number of bodim of igneous rock m u r  in XwZnzlaiia Vdliy 
thrtt were intruded into Triassic and -older mb but not into d i -  
men& overlying the Triassic mb. These intrusive bodies m& of 
pmodiorita or clotsely rehlsted r m h  In p l m  they are themlvee 
miqralized with copper ~ufphida, and in places they have pro- 
duced contact-metamorphic deposits of copper and 0 t h ~  metallic 
minarals at tbe borders of the rocks which they invaded. SemE 
ll~rge veins of magnetite were fanned in this manner on MacDoagall 
Creok. Waterworn pebbles of this magnetite have been found at the 
b w  of the Upper Jurasic ( 8 )  conglomersta that lies nnconformably 
ltbove the older 4irnent.a and the igneous intmsive at thia plsca and 
furnish e~denoe that the mineralhation here and probably near by 
on Berg Creek was lalater than Upper Triassic and earlier than 

J u r k c ,  
wte aviden% for the age of the copper rninemlizntion in the 

Xikolsi green,qtone and the CXtiabne limestone is lacking. It may 
below to either of the two periods already named or it m y  blo ig  
ta a ,third distinct period. There is no resson h o r n  ta the writer 
for supp ing  that tho original copper minedization took p l w  
at different times rather than aa one continuous p m  though - 
doubtless the copper ores were long in the ma-. 

It is unnecwsary for the purp~ae of this paper fo enbr inta a 
d i m e o n  of the m m  of the copper in the copper d e p i t s  M h e r  
than ta stste thet tbey were probably deposited from hot ascending 
eolutions. A most excellent statement concerning the source of the 
copper 8nd the manner of its deposition has been made by Beteman 



and M&nghIin l as a mult of a pimtabq study of the om 
d*ts st K9nnim-k 
In the Nizina dihict  the Upper hhceoaa &slea are-cat by. 

mmy con~icnous d i k ~  and sills of quartz diorite porphyry, and 
them dikes and sills are wsmjated with ~ e i n s  of quartz carrying 
pyrite and free gold. Molybdenite is present, and probably stibnite. 
The meek gravels yield also galena, cinnabar, barite, and mamasite 
( ?), but t h w  minerds were not %een in the veine. It is evident 
from the age of the inclosing M C ~  that &me minerah, or at Is& 
the veins mfising the gold, repmnt a period of metal depaition 
&tinct from that pre.svionaly mentioned. 

CHARACTHR OF THE DEPOISIT8. 

For convenience in description the ore deposits will be wn- 
mdered under -the headings copper, gold, and silver, although two 
or mom of the metals m u r  together at differenk localities and 

- bherefom the divisions overlap one enother in %om@ degraa 

e 

Copper is fomd in C b ; h  Vslley as lodes of native copper and 
compounds of capper and as native mppm in placer graveh The 
copper minerals thst have bean recognixed in the lode deposits in- 
clude antlerib, amnates of copper, boxnib, brochantite (?), chat 

' caaWb, .chlcopyrite, chalcocjte, co~eUiB ,  cuprite, enargite, h i -  

brgite (?), luzonite, malachite, native capper, tennantib, and tetra- 
hedrita Thw minerals are by no mmns equally abundant or every- 
where p-t. As measured by past pduction, chalcocite, covellits, 
enargi% m d  the a~rbonates szuritg and lnaIachite should be placed 
ht,-rmd; the others, except pmibly bsnite, should be r e e d e d  as 
of  Eittl~ htemk to the miner. 

The copper lode deposits may be best considered by d a d y i n g  
them in accordance with the kind of rock in which they are found. 
Two classes are thus Winguished-oopper deposits h'limestone 
and capper depasiia in lava flows, particularly in the Nilrolai green- 
stone. These two dames differ in mined  assmiations and to a 
mrtain d e p  in form, but they are believed to belong to the m e  

r period of mineralization and to be different expresslions sf a &ugh 
p m  of mineral deposition, owing their distinguishing featuses 

2. .. - t e ~ ~ i c ~ l  and physical character of the inclosing rock rather 
ihan to diffemncm in chemicd compktion of the original mineral 
~~lutionf?. - 

l B r ~ b m ~  k Y., an4 M c u u g h t h  I). H.. WIow of the we dqmltpl of ~mntcott: 
E7co& &dm, a. 15, NO. 1, January. 1920. 



The Jar@ :and Whom examples of copper deposits in h e -  
Btone are those of Kenniott, which will themhm be dew 

+ b M g  as typical of this c las  of deposits As given By Batmian: 
I& gm minemls at Kennicott, exmpt t h m  obviously due t o  oxida- 

.+ 

tion, urn chalcwite, covellite, enargite, 'bornib, ch~lmpyrita, Inzonita, . 
tmnantite, pyrite, sphalefita, md paIena. No pngae minerah am 
p m n t ,  To thiB li$t should be added other minerals that nre plainly 
due fa oxidation p-. They are malachite, limonite, m~aUite, 

. . 
mhrite, m i t e ,  amnates of copper, chalcanthite, cupri@ and 
W b l y  bxochantih. The minerals in both l i i  afa given En the 
order of their abundance. It is estimated by Batsman that the 
sulphide ores make up appmximately 35 per cent of the o m  mined 
and that of the mlphidw chalmits mmtitntea fmm 92 to  97 per 
een4 mmllih from 2 to 5 per m~t.,,md other d p h i d m  less than 1 
; per cent. '8esidea copper the ores of Kemicott carry .a oonaiderabIe 
guantib of &leer, which is recovered in smelting, Very little gold ia 
present. 
T h e  om Wee am in the lower beds of the Cbitiatme &&&a, 

which here d i p  %"-80° YY3. and iu separated from ths underlying 
gmmtane by a kt af red and green shale ranging in thickness from 
4 to 7 feat This Bhde is inconspicuous but is genetally p m n t  
thmghot~t the district. The om deposits, 'viewed in the large, have 
the Im of sloigated tsbdar bodies standing on edge with their . 

long axea approximately parallel to a0 dip of the lim&me-gr.reen- 
&one con&t. A c m  section made by a plme p s d e l  *tro theUsCrlke 
and perpendicular to ithe bedding planes of the limestone &om that 
the o h  bodies have the form of narrow wedpa with the base dowm 
nnd the thin edge np. The position and form of the principal ore 
bodies are due to two systems of faults, one of which ia & i d  md 
alrnost parallel fo the dimion of dip of the lbm&ne, them.other 
inclined and parallel to the lim&ne beds. Other f aulb  are pment  
but need not be considered, a5 they were not involved in the forms- 
tioh of the ore bodies. Idding or " flat; " faults are at the base 
of the wage-shaped ore bodim that occupy the vertical &sum. 
Batanan a says of the ore bodies : 

Tha a m p  height of the mah Bonmnm aeln irsm tht-bae to ths apex, 
mcaQtlred normal to the lncllne, is abant 2l0 feet In the ripper lmb and 150 - 
08 lOwer levels It has followed Tor a dlstance of abut 1,800 fwt, 

- 
meas- alOw I ta base, and the wldth vadee from 2 rn 50 fleer. The m a b  
Jumbo veh, exduslve of ita enlargement at the flat fault, awra- a W  3@l 
feet in height, &m 2 to 80 feet In wldth, and hae been followed down on Its 
ba* for 1,500 feet. 

* Op. tit, pp. 36, 46. 
'4p. dt, p 80. 



; ,; :figuree £or the srknsion of these ore bdiss down the dip 
of the limestone are now greater than when the paper quoted waa 

The form of th- ore bodies demmes ~pecisl attmtion, base of 
ibJ possible s i f l c s e c e  to the prospector. Bateman has shown by 
careful s u r v e ~ s  in the Bonanza mine that the ore bodies trend par- 
aJlel to the axis of a gentle transverse domfo2d in the Chitistone 
I i m a n 4 . a  fold whose axis pitches ta the northeast, in approxi- 
matdy the same direction rts the dip of the major folda. Re sug- 
gests thst the wedge-shaped form of the ore bodies results fmm thh 
transverse foldiug, by which the beda of greater radius on the outside 
of the fold were under tension and tended to aepamte along planas 
02 fracture, whgraaa the beds of shorter radius nnaarer the cenkr of 
the foid m w  under compression and tended to m a i n  closed. Fold- 
iug might wid1 result in fracturing and the formskion of wedge 
'&aped openings whose long dimensions were p a d l a 1  to the axis of 

+ .   folds and whose wid& parts tmed downward where the folds 
&a ay~lind or upward where they are anticlinaL At the Bonanza 
mine the transverse folding is s=ynclinal, and the wide parh of the 
ore bdias that occupy the fractured limestone t m  downward, a% 
would hs repuked by such a methd of fopmation. The walk of the 
f rac tm m y  never have been mpurated more than mongb to allow 
dutions to  circulate, for the folding took place slowly, and th sap-  

.;. , ration may h v e  gum on no faster than the ores wore deposihd, The 
q h i &  may-& have been enlarged by mlution as the mtm cir- 
culated through them. 
The om bodies are not rn Bimple in f o m  aa the preceding M p -  

tion m y  suggest, As pointed out by Batman: the ore deposits at 
- -&mmjcott farm vein deposits, irregularly shaped massive r e p l w  
' r n d  deposits, and stockworks in the bestone.  Bateman W h e r  
divides the replacsment de@ta into isregular massive deposit9, 
vgins, and disseminated deposits, with all gradations btwwn. 

These distinctions mBy be better d e w  if the folded h& of 
the Chitistone limastona and the peenstone m pictured gs having 
beea subjected to f o r m  that produd febulting with an unknowxl 
amqunt of mopment along. planes of the h w h n e  practically parallel 
ta the bedding and vertical fractures approximately parallel to the 
strike of f ie  beds. The joint planas and openings were not everywhere 

-c -  
simple, clean-cub md regular, The m k  in p l m  was bmkm by 

. . . - m g ~  irreguIar fractures. me ombaring &tiom made their way 
-' in main along vertical fracturas just above the bed+-plaue 

faalts but entered all other openings to which they had m The 
mineral content was depositmi partly in open cavities but mom oftan 

'OP. dL R 20. 
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by a replacement of the limmtone it&-4at %I, thb lh&tbma d t h  
which the soluticim came into contact was taken into solntion,'sad 
copper orea were deposited in place of the dimlfrsd lime-& *In 
,some Iwations the replacement of the Zimmtone is complete so that a, 
p a t  m a w  of pure copper mlnemls occupy the s p m  once filled by 
limestona Ln other Ioca2iti- as in the stockworks and diaseminatd 
deposits, the seplacement has not proceeded s far, and limestone . 
form hem s mall ar h r e  a brge part of the om. Imgularities 
of t h i c h a  of the wdgetRscpd vein dep i ta  &OW that the replaice- 
ment went on more rapidly at mme points than at others. The f o m  
of the om Wes am themfore dependent on the accidenb of frsctur- 
ing in the l imehe ,  the facility with which the circulating watam 
made their way though tha opening&, and the degne of comp1Prtenesa 
of replscament by copper minerals. 

A, common v i e n c e  in mining tbm oras is to find that an o m  
body termineh abruptly or that a tiny striner of copper m i n d s ,  
apparently of no value whatever, if followed a d c i e n t  distsDc~ 
owns out i .  a hrge mass of ore. It is therefore aecemq t~ a- 
plore every bdication of minerttlization, for otherwise valuabh ore 
may be missed. 

'She original copper deposits have andergoma oxidation m d h g  
from the chemid action of ~~rfw waters, which circulated through 
the om bodies at a time p d i n g  the beginning of glaciation but 
p&idy  to circulate when glaciation begaa No dif- 
ference in the amount of oxidation has k n  noticed as the mihe 
war- were carried deeper into the rnounbin&hat is, to the 
1,750-foot level. As noted befom, it is eatirnfited that 25 per mt of 
the ore mined ia oxidid. 
No ather om MES comparable in aim with &om at Kennicukt ah 

known in Chitina Valley, and none aimilar in sim and richnem have 
been fomd ehwhem. Small bodies similar to those at Rmimtt, 
however, have been f o d  ~t a number of places, as near by on Mc- 
Carthy Cmdc and on BowIder Creek; and althobgh they have not 
yet pto~ed to be of economic value, they offer enmumpent for + 

forther prospecting*. 
The f eaturea of the Rennimtt deposib thak m y  h of m n c e  

to p r m p b m  and ahauld be kept in mind a m  (1) fhat the only 'm 

productive ore bodies so far found in the Wct are in the Chiti- 
~ I I B  Zimatone; (2) that gsntle tranwem downf01ds or synche8 
in tlrs Chitistone limestone shonld m i v e  special attention,  bus^ 
the folding may have been accompanied by the prodnction of f m -  
tuws in the limestone favorable ta the circulation of ore-bearing 
aolntions; and (3) that ZJle most insignificant nipletS af copper 



miner& in the limsbne should not be neglected, for experience has 
shown that they may open out into large ore bodiea 

It is not intmded to imply that wmmial2y valuable capper 
* ores are unlikely to be faend in the gmmtane or that downfolds in 
is 

the l i m a b n ~  are the only plams favorable for 0% It can readily 
Im eeen that opaiqy of the same nature as thm described may be 

e 
formed on the tops of anticlina, and that strong faulh of almost 
any kind may furnish the opportnnity for ombearing mlutiom to 
cirwlate. It ia true, howe~er, that copper deposita have not been 
found in the overlying Nizina limestam, which underlies the M* 
Carthy shde. 

Copper deposits in greenstone are found chiefly in the Nikolai 
penstone but m u r  also at aeveral localities in bmltie flow of 
the S t d m  formation underlying the Nikolai greemhne. T h e  Tat- 
ter deposits b a a  not given much promise and for the m& p& re- 
semble thme in the younpr flows The copper deposits of the 
E3ikolrti gmmatone are in part contact-metamorphic deposits and in 

- .- pert .deposits produoed by the action of heated circulating ground 
wstem 

Conhcbmetamorphic deposita are known at two p h  in this 
@on, bth  in Kuskulma Valley, The greenstsn~ in the ridge be- 
tween Clear and Porcupine creeks is intruded by a mam of granodio- 
rib not readily distinguishable from the p n s t o n e  itself. Small 
+tiat. of sdphide minerals, chiefly pyrite and chal~opyrite~ are 
nearly everywhere present in the intrusive rock, but near the con- 
h c t  with the greenstune the mlphidse am much mom abundant. 
The pyrita and chalcupyrite am m i a t s d  with magnetite, horn- 
b l d e ,  md ppxene. They cwxw as veins and as disseminated -- -.which in placm form small high-pde deposits but in gen- 
eral am of low grade d wdd ke mined only by handling a gmt 
quantiq of corntry rock. 

Contact-metsmoqhc deposits occur also on MacDougall Cmk, 
'"; whee the gmlogic reitations are wmpficahd and somewhat oknre, 

but a large maes of light-colonid quartz l a t h  with associated par- 
phyritic d i h  was intmdxd into rocks that include Triassic lime- 
stone and shale and possibly some of the older rocla. Large bodies - * of magnetite were formed, and in places the conntrg. rock, especially 
the limesbne, wes silicified and gametized. Veina containing pyrite 
d ohdcopyrita cut the corntry rock in this vicinity and appamrltly 
mpmnt  part of the mineralization brought about by the intrusion, 
Some of these veins, such as that of the North Midaa mine, contain 
gold and a mmiderable quantity af silver. 



It ia &m&mitic of contactrmetmmphic deposits &at t l q  m, 
irregular in form and variable in minerel content, so that tb mi* 
of such deposits often presenh maw mmrtainties than that of vein 
depdta Dewlopmen t work on MacDougsll Creek haa not met with 
enmuraging results, and work on Clear Cmk hm only diaiclmed a 
large body of low-gade material thmt can not be mined profitably 
nndm p m n t  mnditions. 5 

The more c u m o n  copper depita ia the greemsfonm hama the form 
of veina, stmkwark~, dimminated deposih, and amygdulas or W- 
i q p  of the gas mvitiw of baealtic flows, The tern '& stringer lodes j3 

has been applied ta them. A brief consideration of the character and 
~trveture of the greenstone will mi&, in n n d e e d i n g  the form of 
t h e  coppar daposita. 

The Nikolai p m k m e ,  which contains moat, of these depmite, in- 
oludes a gnat thiclmm of brtwktic lava flow8 camring e large a m  
in Chitima Valley and p i b l y  having a much greater exhnt t h  is 
yet h w a  Individual flow8 range in thickness from a few feat % 
sewral hundred feet, but Ithe regularity of them flom is such 
@.live the greenstone the appearance of bedded mdimentwy &. 
Xinemdoghlly and hxturdy the basalt shows great ahilarity 
throughout the mwmision of flows nnd also in klm indi~idual flows. 
As s rule the taps and bottom of flow am not distinguishable by 
textural features. S c a ~ m m u s  d a m  are not recognized, and p 
avities are not -idly characteristic of the tops of the 30-- 
although in a few locslitiea this fsatnre wm noted. 

The lava flows, form hard, misht mk~, and although mry- 
wbpl chemically altered from their original condition, theg are 
mu& w1uble than the overlying. linewhm. They have 
h l d d  in the same way nnd at the sa- ti- a8 the TI '  m. - 
have r e d  differently to the deforming fo- - have sc 
m m d ~ t e d  thernwlves ta deformation in part by lxtding ma 
fa*g but d l  more by b a k i n g  into inn=& blacks of vari- 
ouq .sizes M e d  by fracture plane whose slickensided mnfwm 
&QY movement of one bIock on another, even whem weEl48hd - 
fa&+planes are not present, Such fracture9 pmvided mogt intricate 
chasnela for the circulation of mined-baaring waters, 
In the green&one depositsl are found bmite, & a l q f i h ,  pyrite, ' r 

chalmita, malachite9 azurite, nativa wpper, silver-bearing tetrahe- 
dribe (possibly in part freibergite) , cuprite, mellita, and chskan- 
thite, of which bornite, chalmpyrits, chdmch, and p f l h  sre 
abundant. The copper minerals am accompanied in plaeae 
by quartz, epidote, and cdcita .. 



A.sEudy of a large number of pmspecb in the Hote&m-Hmkdana 
dintgict led to a wp~ration of the mppr dphides in greendone into 
t h e  following classes: 

ArgentlfePalIB t m k  0- 
L Chalcocite ores. 

hrnt'te and b o r n i ~ J c o c i t e  orea 
EWrnitecheIcopyrlte rn 
Pgrit~ebalropsrtte ares. 

!l%em amxiations of minerals apparently mp-nt the original 
chmter  of the deposits, and in the few places where other c o p w  
minerah wem found with the mined8 in one of the above-named 
classes-it was fairly certain that the extm minerals were of Inter 
or igh ,  

A fev of copper deposita take the form of well-debed ~ e i n s  
of cungiderrsble extent. Such veins are fonnd in & Streha formn- 
tion as well as in tho Nikolni pnfttone. Bg far the greater number 
of .  copper deposits are of the stmkwork and dissemhated types. . .  

I.. ' . M h d - b a r i n g  solutions in circulating t w h  the gmmstone 
along available openings have depsited copper minerals and t o  a 
certain extent have replaced the greenstone. These solutions a h  
penetrated into the greenstone walls adjacent to the channels and 
r t e p m i t d  cupper mGiemIs that have no evident connection with tbe 
main veins. In this way copper deposih were farmed that am 

. , notably irregu1rl.r in form and uncertain in &nL 
- 4  

The a o p ~  filling in the vesicles of lava8 is chiefly mtim mpper. 
Them amygdrtIoida1 capper deposits ars fonnd at r;evsml Zwlities, 
of which the best hown is that on Shower Gulch. at the head of 
Kotsina River. Native copper is also found as thin sheeta or as 
slrtgs and Irregularly shaped rnaases mingled with quartz in veins 
a iti gremtona. In such places it appears to hsve resulted from 
the dtewtion of ea~lier capper m i n d .  A third mode of orxur- 
lrence of natid copper ia with gold and silmr in some of the stream 
gravels. Pla&r copper has been found whemver strearm cutting 

rl ~ k a a f t h e N i k o l a i p m h n c h a v e b e e n w o r k e d f o r . g o l d a n d j s  
p m n t  - in pieoes that ran* in size from m a l l  shot to nmmes of 
seved-hunched pmds or st one locality epsn more thm a ton. 
In the Nizina district copper has been recovered from the gold 

* placers and shipped to tha smelters but hss not been -found in 
paying quantities in bedrock. 

,9ilveekarinp tetrahedrite is known at only one Iocrtlity on Kot- 
aina Rier ,  whew it oecnrs in vein with chalcopyrih, gale% and a 
amall mount of bimnth-hring mineral, probably bismuthinite. 

'Momk F. A., and Yertle, J. B.. % o ~ K h I a r r a  M c t :  U. 9. -1. Bnrrep 
mu I#, p lw& 
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The capper depoaite in iipxmbrn are beliewd to hsve mdagone 
we9th&ng ma p i b l y  dtemtion daring the m e  period M asbed+ 
posits h-~ limestone. Like the d 8 p i t . ~  in limestone, they h5oa not, 
bean shown by mining development tm chrtogts in character rus they 
are followed downward. No reasan exists, therefore, for supposing 
that copper deposits e m  at the h c e  will became eith~r richer 
or poorer blow the ~urfam The garface expwures are dependent 
on the widenb of erosion, which mgg have pro@ only so far 
as to  expos^ the bgmmng of an om body or which may have ex- 
p d  a maximum c m  section or removed & bat the last traces of 
the body. The k t  two possibilitias stre well ill~dmted by the con- 
ditions at Kemicott When the Bonanza mine was d k ~ n F e d  a 
large &ion of the are body was exposed at the aarface, and hun- 
dreds of toes of high-grade m that hsd been eroded from the BX- 

posed vgin lay in the talus on each side of Bonanza Ridge. !the 
deposit at the Jumbo mine, on the other hmd, was little more than 
indicated by ~urface exposum, and not until mining had proceeded 
for soma time was the immense size of thst ore body disclosed. 

Gold has k m  produced in Chitink Valley from both lode de- 
e t a  and placers The production from the l d e  deposits, how- 
ever, is hsignificsnt in comparison witb that from the plmm, and 
sczchgoldashasbeenobtainedfromldaesfarbasaoetmore 
thsn its market value. 

GoZd-baring veins are known in m x b  of the StreIna formation; 
in t h ~  Valdez p u p ,  which lies em# of and adjacent to mks that 
are correlated with the Stssha formation inHmagita Valley asd, the 
momhim between Cropper River and Tomha I;ake; and $:a . 
C a m u s  shales of the Nieina district. 
It i~ believed that the gold was depodted during at least two 

periods, of which one was earlier than that of the Upper Jumasic 
( 8 )  & east of Kuegulana aver and the other n e c 4 y  l&c 
than thd af the Uppr C r e W m  ahsles indosing the w h s  of the 
Nieina district Possibly other periods am also repremttd. Epi- 
denoe for a period of gold deposition earlier than Upper Juntssio 
js not completa Possibly the pld-shl~er win% 02 lhg Cree-k not 
com&d with the contact-metamorphic copper deposits naar by on 
MacDougaL1 Chk but are of later aga If this is true the gold 
deposits may eventaally pmve to blow to ody one mod, 

All the gold vein8 so far dimved occur in m b  that am cut by 
granodioritic intrusives, and although the dependence of bne on the 
other has not been demonstFatd, the association is thought to b 



. *t. Mertie has shown the .sxistmw of such i d i o n  in the 
Yukon and K~~ regio- and ib &shw in this district 
is probable. 

% The gold-baring veins h v e  not been explored sdciently to w ~ r -  
rant a separation into distinct Qpes, yet diffemcas in manner of 
oocmnce  sre apparent. The silver-gold deposib of Berg Cmk 

* have begn mentioned. They m r  as wins of iron and copper aul- 
phidm with tr LittIa quartz and rare fomd in a body of porphyritic 
&;radiorite. Pyrite. ih: ths pmvdhg sulphide, but chalcopyrite is 

. . p m n t  and shows an irid-t stain where weathered. Mill tats 
k v e  shown that the rich& ore comes from oxidized p& of the 
veins and that silver predominates largely in quantity over the gold. 

A promising g d d  Pain on Benito Creek near the tmil from Strehe 
ta Elliott C m k  consists of quartz and a subordinate qumtiQ of 
~[l~tm1y ~ r y ~ h l l i n e  calcite, with which are misted ehalmpyrib, 
bornih, pyrite, and free gold. S t a b  of azurite and malachita have 
reaulted.from the oxidation of the capper sulphidm This ~ e i n  is 
in Toeka -of the Strelna formation. 

The gold-bring veins of the Valdm p u p ,  such as thm found 
along the lower Copper River and the Valdez road, consist, of quartz 
mmybg armnopyrite and free gold. Galena is present in plwm 
Them wins cut ~Lte  and gramace and are associated with light- 
m I o d  dikes of diorita porphyry. Some of them have yielded lgmall 
puantith of ricb gold ore, but development work hes dwaya shown 
th~t  &o high-gpd~ ore is irregularly distributed. Although such 
ores have fnrnisbed h e  specimens, no cunsidemble quantity of gold 
has yet b m  found, and none of the depmits have been worked 
profitab1y9 

The epldqmrh 6 in the C- shah of the Nizina dis- 
trict contain pyrite and frea gold with locally some molybdenita and 
probably m e  stibfita Galena, cinnabar, barite, and m m ~ i t e  may 
also be present, for they am found in the creek gravels. A mall 
win on Rex Creek was found to consist of quartz with molybd~nite 

-r d p g r i t e  and a y e d  0.18 ounm of gold and 12.80 ounces of silver 
to the km. A dike rock near this vein seemed littIa altered and con- 
&ad pyrite with t r a ~ ~ ~  of both gold and dmr. Thew murmnces - are cited to &ow the evidence for it local source of some of the gold 
in the creek gravels and to indicate that prospecting for gold lodes 
m y  ,b justified. 
&Id pIacem in this district have been mined profitably only in 

the drainage basins of Dan and Chititu creeks and on B tributary 
to the north branch of Bremner Ever muth of Chitina Valley. 

0 Yertls J. &, %e mcnrrence at mmeta.lWcrwg d e p d b  in the PaBw and E d o k m  
r-: U. B. C;leoL 1 9 ~ ~  BaU.  189, pp. 14Q-165, 1822. 
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la tbe Dm-Wtitn area the $Imr &OM bns k r i  d & d  from goM- 
bearing veins io the Cretmeg'us $hales, and in the B m e r a m r r  horn  
wins in rocks of the Valdez group, some of whish have bean proes- 
pechd. t 

The gold of Dm and Chititu creaks and tbair tributaries is nrsso- 
r 

ciaM with native copper and native silver. Natim copper, howcwc~~ 
d m  mt accompany the gold on tributa~im like the upper part of 
XCex Cmk, w h m  the Nikolsi greenstone is not expod and w h m  
foreign gramls derived from tha peenstone farther =st in Chitina 
Valley *me not bmught in by the glaciers. 

One feat- of the gold placers t h d  d w m s  apgcinl sonsid~p8tim 
ia that the m& productive gravel i s  that in which a ooncentration 
of gold from h c h  gravel has taken p l m  The deep bench gravel 
of both Dan and Ghititu creels- mntaing gold. Prmpeeting tunnels 
h m  been, driven in nunmow pf- to tmt this gravel, and it bas 
bean m i d  on both Dan and Chititu creek The h c h  g r a d  
itself may contain alder creek gravel with concentrations of gold. 
A weU-defined old charnel considerably a b m  the presmk, me& 
lwei follows the mountain slope south of Dm C d  Its buried 
mek gravel carries gold and has been mined .in a mmll way .foP ta 
namber of yoam. . + 

Most of the gold in the bench gra-1 is cancentrated near bedrock 
or in phea on " false bdrock" ak~ different h n c ~ s  above true 
Mmk. It is sdy th.88~ richer pmta of the h c h  e v e 1  thst haw 
h n  mined. Possibly tha upper pmt of the b e d  p v 0 1  b b o  
poor to be mined for its own gold contant, tw thmt the mt of ite 
remod must be borne by the lower and richer e v e 1  when the time 
comes for exploiting the bnches. 

The deep bench gravel was trenched and parks of it wemremc1ved 
or are being m o v e d  by ths p m n t  B~WIEL During ttFJapmwa the 
gold in fithe marked p p e l  meived a; further mmntraticq with the 
rest& that the creek gravel is mu& enriched. Reconcentration of 
gold from the deep bnuh p v e l  inb present h a m  gravel i~ corn- 
mon in many parts of Alaska, and the howledge of this pmmm - 
should lead tb prospectar to give special attention tu those localities 
whom streams me seen to be reworking bench gmvel. 

The ocmmmca of silver has h n  mentioned in considering m p p  
and-eld. Srlver occurs in this district in amxiation with the copper 
ores'of Kenniwtf where it is present to the amount of I4 +.a 16 ounces 
to the ton of high-grade om; in the pyrite-cbdcopyrite ~ e h ' o d  Berg 
Or&; in the btrahedrite veins on m i x l a  River.; and as n~tiae 
dwr 4 a t d  with natih copperand gold inthe gold p h m  of 
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fh8.Nieina district. Samplw tagen h p l d - h w h g  .veins in dif- 
+femnt parts of the district commonly contain ~ o m e  silver. . 
" .  For the purpose of t h i ~  paper it is not n- to d k u w  ,the 
silver recovered in melting the coppar o m  of Keanico& as %at is z plainly a by-product of copper mining. 
, The claims an Berg Creek were staked a d  pmqmkd for copper, 
but the veins now being mined were found on tq1mtion.b ba woftlh 

-, more in gold and silver than in copper. h t e r ,  when the mill was 
started, it was barned that silver predominated largely in quaatity 

"over the gold, 
, , . Silver is the o d y  metal in the silver-bearing tatrahedrite veins of 

' Batsina River that may have 8 commercial value, but exploration of 
the veins has not progressed to the stage where their value has baen 
d e m m t d  The veins are apparently in, rocks of the Strelna for- 
mation but are close to the Mikalai greenstone and not more than a 
third of a mile from a mass of granodiorite which intmda the Strelna 
mka. The country rock inclosing the &posits is much sh~ttered and 
badted. T h e  veins consist of a quartz gangue containing tetmhe- 
chi& galena, azurite, and malachite. Bismuth is p m n t  in tiny 
veinlets of bismuthinih ( 4 )  cutting the tetrahadrite. No shnilc 
v%ins haye been found elsewhere in Chitina V~lIey. 

Nuggets of silver and also of copper and silver (" half breeds") 
are frequently f onnd in the &ice boxes on Dan and Chititu c m k  
One of the largest silver nuggets from t h e  Nizina district h o r n  to 
tha writar wsa found on Ckititu Creek and consided of a maas of na- 
tive silver and quartz weighing 7 pounds. Other larga nuggets have 
been found, and some of them may hare been even larger than the 
one mentioned. Silvgr is not liksly to be pradnoed from placam in 
.@is district mmpt as a-by-product in the mining of plmr gold. No 
evidemoe is h o w n  to indicate that silver is a n p h  preat in com- 
mercial place= Doubtless t h e  coppet will lm sought in tbe placer 
gravel hfom silver, if it ever becomes profitable to mime &her 

a .  where gold is not p m n t .  

Copper, gold, and silver am being mind in Chitina V&y. PFac- 
w 

tially all the copper so far produced has come h r n  deposits in the 
ChitiEltone limestone at Kannicott. I'sacticnuy all the gold has been 
taken from the gdd pla@rs of Dan and Chititu creeks. Silver is an 
important oorditaentr of the ores from Kennimtt, is p w m t  in the 
gold placers, and has been recovered from one vein deposit, 

The only producing copper mine is jn the b a d  beds of the Chiti- 
stone limestone, but copper deposits also occur in the b d t i c  lava 
flaws of the Nikolai greenstone and in similar basaltic lavss of the 



S t d m  formatioh, which nnderliea the Nikolai Exprimca gaind 
from mhbg and horn a cowideration of the h o r n  mmmmers of 
c o p p  minm& indicah that the m& favo~bla  horizon in the 
C h i t M m e  be&ne for copper depi ta  is in the beds near the - 
NikoIai greenstona. This conclusion, however, is not u a i v d g  
npplicable, for the original outcrop of the Mother M e  mine, now 
being exploited by the K e m t t  Corporation, was mmy hundreds 
of f& stmtigmqhically above the h e  of the hmtoae, possibly 

k 

n w  the mid& of the farmation, A few copper deposits in green- 
done wmr as well-dehed fissure veins, but by far the greater num- 
ber mm f& by the deposition of copper &erala in pm&ing 
opdngs or by the mplawment of the wall mck dong irrep1ar and 
intrimte B p t e m  of fm&ma 
. ,Gold md s i lw am found in.* fommtiom rsnging fbm th fd, 
h ~ n a ,  shale, and basalt flom 02 tlm Streha formstion to the 
Crettxmna shales. Qold is prodad *hiefly from placer gravel, end , 
'dver, from the &her-bsarbg copper ares of Rmicott, but both 
rndlrla are h i n g  . p d u d  h m  vein depoait.~, ar, that the e q m t a -  
tion of finding other gold-~ilver'veins is mmnab1~ The pmbscble 
ddpmdmce of gold-silver minerdbation on the mi on of granu- 
dioritic rocks ahould be Rept in mind in proapeeting for p k r  de- 
pwits a ~ l  we11 ns for veins. 

Proapctore searching for aopper ar goEd Ides in this &ski& 
&Id not expect a n-q or probable incnwe in tha value of ore ' 

de@ta.at depth, for in g s m d  the original zone of oxidation and 
enrichment was largely m m o d  during the period of intern glacis- 
tion. The depth of the ore body and the vertical distribution of 
highqpde om are likely to depend primtiray on the midenta of 
emsioa. The richat part of the l d e  is as likely to be e x p a d  ert th6 
B u r f s ~ ~ r s t h p F e s t .  
, I the prmpdor h p b r  gold &odd pay pwtim1~r 
Wtu&ium to desp ghrvel which is being mworkcd by present &reams, 
for this p- at many AIaskm localities ha# msnlted in a raoan- 
centration of low-grade deposits and the formation of vaIuabk~ 
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GNLOGY AND MINERAL RESOURCES OF THE REGION 
TRAVERSED BY THE ALASKA RAILROADAD 

.,.. - ( I .  I .  .- ;;4: . *  By Ehmxmr R. C h  
';.I ':l' ' . 

INTRODUCTION* 

On the mmpIetion of the bridge across Tanana River, in March, 
1923, the Alaska Railroad, begun in 1915, was opened for direct 
tra5c between Seward, on the Pacific coast, nnd Fairbrtnks, in the 
heart of central Alaska, e, distance of 468 miles (fig. 1). Rarely has 

~ I ~ U E B I  1.-Inder mmp showing locatlon of the region trareraed by tbe AlaaLr WImad. 

the cmstruction af a railroad of this length so pmfoandlg aff 8(:M 
s mgiw 90 large, for not only is the country adj-t to it served, 
bat thoee great navigable rivers, the Yukon, Tanana, and Koydxuk, 
are all cunnec#ed by boat mrvice with the railroad ,ertlFbnm. and 
F&ba&a, and the t ime and expenee required in trampMdg pas- 
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mgera and freight to the basins of t h w  ptresms b v a  bssn p t l y  
decmnsed. Perhaps the a d v a n t w  of direct rsit connection with the 
coast will be a p p k a t d  by none so much as by the p imm of th* 
Ynbh bask, *he, in spite of the h h p e  of idow h b w a -  

- - 
tion in aummer and almost complete isolation in the wiuBr, have 
endeavored to devdap h e  rmurcas of the b& A few years sgo 
the Fairbanks mining man who had pmhamd supplies in Smttle - 
during the winter or spring was unable to laad them onhis pmp~rty 
much before the end of Jun~,  for it raquired threa weeks or more to 
make the journey by way of Skagway and the upper Yukon, and 
that river is not navigable until it rdns free from ice in the spring. 
Now it is p063~ibb to land a shipment at Fair- in half that t h e  
from Seattle at any season of the year. Not long ago the trip from 
Nenana to Sewad by way of Broad P m  meant weaks of $BVBTEI 

physical exertion over rs trailless counhy by pack train in summer, 
or rs bard, long trip by dog ded in wink. For weeks in the spring 
during the " b m k  up '> and in the h l l  during the up " the 
traits am practkdy impawaib1e.lto dl tmmL Now the journey ean 
be made in a few houm in comfort. Before the railrol~d was mm- 
ptetad &B miner in inbrior Aladm who in the spring or summer 
suddenly found that he needed machinery which muld be obtained 
tmly by sending to Seattle had often ta mign Hmsdf ta the fact 
t h ~ t  be mild not, supply his n d s  in time to take advantage of the 
short mmmr season that year. Now only two or three weelmmay 
be n-ry bsfm his order i s d e l i d  to him. Theeffects of the 
gtimuIus of better hnslportation are ~ h d y  evident. Ore ship- 
ments from the Yukon h i n ,  e m  from points so far east a the 
Canadian side of the internstional hundlrrg, am being diverted bo 
the new railrod. Pmnger hvel  that formerJy followed eithwr 
the nppr  or b m  Pnkon on the trip between Seattle; md interior 
pints now goee by way of Xhe lower Tgnana River and the railmad. 
By +.ha b&e+ of tnarkets farming and d m k  raising have been 
m n ~ ~  Hmy mines that were once unprofitable can now be 

+ 
apmted sk a profit, and pmqmts that w e n  worthless owing to the 
la& of transportation may now become p~y ing  mines. 

The population now served by the r u i h a d  is no index of Ule 
number of people this region may some time mpp* for the rail- c 

road has been in operation tm short a time ta do more than stad 
the inhikive development of the corntry. No one qugstions that 
central klash will ultimately expand its mining industry, for it 
con- mch  placer ground, tm lean to yield f i e  rich, quick pFDfits 
demmded in the days of bonama mining, t h t  will be exploid &y 
the h&-m& quantity methods of the dredge, the rrteam waper, and 
t b - h @ , r & ~ I ~  Zn the pssblde mining in. this region hm k n  
I A . @ ~ =  co&d te l d t j e s  that by necr mutes of wattjr trnw 



portation. The cast of transporting heavy m s ~ b m y  an8 wppSies in 
8, POB;dless muntry was h great to be borne by mall lodes of medium 

' grade. Now rail tramprhtion will m&e it possible to place mining 
and d i n g  m&ry on lodes h t  have heretofore not wasranted 
such an expenditure. The agricnltnml population of this region, 
however, may wrnetime outstrip in numbers that employed In 
mini%. Mineral murces,  even in a country rich in its mineral 
dep&t.Lq are exbustible, w h e m  farm bnds may produce In- 
definitely. It so happens that the Na&a R d r o d  fonches the two 
districts in lU&a that &re fadhest advanced in their agriaultuml 

- davdopmsnt-the Knik Arm-Mattaduska district rand the Fairbanks 
district. In each of these districts it has been conclusively dem- 
onstrated, by farming for several aucmive  years, thrtt properly 
sal&d:mp can be n u t u r d ,  that stock.can b raimd, and that a 
livelihood can h pined by tilling tire soil. . 

The 1920 census report showa that in 1910 mop from 4,473 
seres, valued at $303,502, were hamestad jn Wash. Tn 1921 m e  
&&OQh&els of spring wheat, of mod milling qumlity, wns hamwkd 
in the Fairbanks district and about 1,000 bushels in the Matsnnska 
district. It is &mat& that the Tsfiana Vnllep contains 640,000 
aom-of - land available for agriculture, and that in the Cmk Inlet- . 
Susiks region 1&?96,000 acrps is suiltsble for farming without costly 
drainage. It is therefore obvious that only a verp small fraction of 
the agr.icultml land in this +on has 6eprn taken up, and that 
far* will Increase as rapidl~ as the Alaska market, far farm 
products develops To be sum, the market far the crops m i d  in 

' these districts has been mainly limited to such adjmnt regions a% 
wers readily a d b l e .  The railroad Ius now widened t h e  rnarlrets, 
btit the main ontlet for Alaska fnrm producb, exmpt livestock, is 
a@-b w n f h .  to be found in Alaska consuming centem Stack 
mising inLAIasEra is bEleved by many to oBer great pssiMlitim fer - - 
prof t. D o m e s t i d  reindeer have for many ymm b t t  s-fully . 

, misad and famish M h  f d  and c M h i n ~  to th& ownam %me -. , ; r :  , . 
, Y 

reindeer meat has bwn shipped to the Unitad States, and it % likely 
that sa large market for this meat may be developed. Thorn am now 

. mid to be mare than 200,000 domesticated reindeerinAlmka,md thw 
qualified to judge estimate that the Territory has sufficient pastur- 
age to  upp port many millions of these animal% A v o ~ y  large ama 

. of h d  in the Picinity of Broad Pam, tributary to the Alaska Rail- 
rmd, haa already been Bhom to b ad~pted to reindeer raising. Ex- 
perimenb have ban made to tietarmine whether or not the raising af 
d e ,  sheep, id h o p  can be carried on s u c d u l l y  in Alaskn, for . 

them are large, areas in this region over which wild p s s  e m s  
Inxurbntlg. mere is no question that the native gm- wiH 
furnish excellent pxi ing during the summer, but the Al&m sum- 



mer is sh& mid the w h k z  ~ a b ~ b n ,  dnring which the a n i d  
wadd have fo be'fd, is long. It is likely tbst in t h e ,  by b e  
hardy types of animals and by the w e  ,of end- made from wild 
pq. that cattle, hogs, and sheep cm be raised mcceshIly in - 
fltvodle places in the Territory. L 

The mining industry within the region tribntaq tm-the Alaska 
Railmad is certain to expand under the p-nt improved ooditions 
of operation md marketing. In fibct, the opmtion of the coal b 

mines of the Matanuska Valley and of the d l e r  mines dong the 
m i l d  mute was impoaible until mil tmrisportatim was available, 
for the rdlroad ,furnishes the only m e w  of moving the coal to mar- 
ket. and at  p m n t  is itself the principal consumer of the ma1 pr+ 
dumd. It is .expect& that eventually th M a t a n 6  mines will 
supply coal for waling stations on the Pacific, to serve mssaPs in the 
tms-Pilcific and coastwiee trade, md thas mpport a great.@ in- 
c r e d  mining population. 

It is not yet possible to predict accurately which m&l-min'i 
mgims will be the first to mpond in a large way to the &imdm of 
r d m d  tmn~portation, but many districts have almdy been ~ t l y  
helpd, md the beneficial effect will be cumnldiva The Willow 
Creak gold lode district haa aIways profihd by its d b i l i t y  to 
water tramporktion during the m e r  but m w  has the added ad- 
vantage of year-round transportatian by rail. The Yentna district, 
dways hampered by high fmigbt c& and by s bad summer trail, 
can now ba reached st any t h e  over a road from thg r a i h d  st 
Talkwtna. The Iron Creek pmpcts, in the T d k b a  basin, here 
tofore too m o t e ,  for development at a mnmmble cast, cap now be 
made aocemible by a road, =me 40 miles in length, from Tsbatm. 
Similarly, the lode district of the West Pork of Chnlitnlr Rives, tha 
Valdez C m k  gold placer district, and the plmr and lode mimksf - 

the Nenrm basin and the K~ntishnn distbick ~m 41 gnx- helped 
by tha c~ompletian of the rail&, hut t b q  will m i v e  the fullest 

>- 

potsibla benefit d y  when wagon mads commtirg the mineral d+ 
  pa sib with t h e . & h d  are comppletd. The Fairbanks district is _ 
dready enjoyin@: the advantages of f-nent and easy contact with 
the. warat and h e r  freight chargeg and to s lesser ddegree these 
admbges h n d  to dI the central Maaka mining districts thut m 
couected with the railroad hwugh the Yukon and its mvigable 
tributaries. The Toloms gold plater district is now indirectly 
connected with the railroad by wagon road and b a t  mmiee, and the 
Hat Springs district, which contsins gold p l a m  and .pmding 

. tin deposits, win profit by its B teamb t  mmection' with the mil- 
road. As a whole, the area served directly and i n d i d y  by the ne<w 
railroad, h rich in mineral wealth. Under the primitive m p o r t a -  
tion. f militia of the pa& jthis turn. bas produd minerds worth 



$180,000,000~ In 1W the country immediatdy tributary to h e  sail- 
r o * d , p d d  gold, silver, and d worth $2,084410 and. in ddi- 
tion a mall amount of lead, copper, and tin, and if the larger a m  
indirectly benefit& by the railroad is included, the production of 
minerals in 1922 was worth O P ~ F  $3,000,060. 

Gold mining bas been carried on in Kenai Peninsnle for many 
pars. In 1922 the output was about $40,000. 

The Willow C d  lode district, north of the head of KniEE h, 
has produced over $2,000,000 worth of gold ip the k t  decade and 
in 1922 yielded $239,500 in gold md silver. The -&a -1 
hld, w m d  directly by ts branch line of the railmad, yields a high- 
grade coal for railroad and industrial uses. The Yentna placer &- 
trict, now mmeeted with the railroad by wagon mad from TaI- 
keeba, produced gold worth $223,000 in 1992. Them ara: many 
promising undeveloped copper and gold lads in the -T*tna 
Mountains and the Rangie,sauth of B d  PE&s, 8nd goEd 
p l m r  p m l s  have long been mined in the TaIdez Creek district. 
Th railroad crosses the Nenirna lignite field, w h  m m m  are 

& h a t a d  at over 9,000,000,000 tom AZready coal from this field 
has reduced the cast of mining in adjacent districts. The antishna 
district, 60 miles west of the railroad, has valuable plamr-gold de- 
posits, ZLI~ we11 &B promising gold, silver, md lead lodes. 

The Fairbanks district, at the inland terminus of the railroad, 
has gin@ its discovev produced $73,686,976 worth of mineds, 
mostly. in plmr gold but including lode gold, antimony, tungsten, 
silver, and lead, Its gold output in 1922 was valued at $693,000. 
ln 1922 the Tolovane district produced minerals worth $222,000, 

ind the Hot Springs district $55,000, mainly placer gold. 
'She completion of the railroad will greatly benefit both Alaska 

and ths ganaral public by making the Mount McKinley National 
Park m i b l e  to travelers. Tbis great park, established in 1917 
and enlarged in 1922, now includes an area of over 9,800 -re 
93;1q comprising that portion of the Alaska Range that culminates 
in Mamt MdtCinley, 20,300 feet above sea level, the loftiest peak 
an the-mtinent. Flanking Mwnt McKinley to the muth and sest 
are gmtt numbers of unnamed and unexplored snow-capped peaks, 
drained by a multitude of glaciers. Tho cres3t of the rang is ap- 
pmachsbIe £ram the north through many delightful vslleya, 
rrahwd range of thousands of bighorn shmp and caribou, numerous 
bear ,and moose, and a great variety of fur-berr-ring a n h a h .  Thia 
park affords the. visitor a remarkable oppdrtunity to study a we- 
tion of our fast disappearing wilderness, hem fortw1steIy premrved 
befom the appmsch of civilization had brought sbout the d&mc- 
tion of its wild fife. The east edge of this. pa~k l ia  ,dm ,to the. 
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railroad in N-hs T a l k j  a d  the mnstri~ctim of a eingla .*id 
already' projected from the railmad $o the Hebtishna rnining*dk 
trict dl mah eaaily accessible 100 milea of a magnscent mountain 
range, .a s6om or more of sheltered vslleys, numberlem nnoonquered 
peaks and glaciers h call the mountaineer, and a f d l i a r  contact 
with many of our noblest biggame snimal. As a permanent asset 
ta the Territaq of M&h ahd ta the Nation, this park is ]ifrely ta L 

e x d  in evedl the Pichest of. the mining d'Iskicts, for all 
mines will smmr or lahr be exhausted, but the u ~ f u l n m  and d u e  
af sue# nations1 =reation ~ ~ O I I R &  will increase indefinitely thmngh- 
out the years. 4 

Although the railroad has already gmatly improved tmsporta- 
tion throughout a great area in central Alaska, its benefita to the 
Tsfiitorg snd *its opportunities for usafuln~m are &ill k i t e d  by 
t h ~  Hculties of travel to the railroad from the mmy ontJfing 
mining asd agricultnrsl &&rich As contdmckl, the railroad 
t m w m ~  a wjlderoees that w w  almost entirely devoid of traih 
md roads. Until mads am built h m  the m k  and f%mjmsh to 
the railroad the pmdncta of these districts can not move freely;' and 
the rsrilrod can not fully meet the needs for which i b  wag designed. 
A vigorous program of mad c o d c t i o n  Wbesn starbed by %he 
Alaska Road &mission, the BUFBSI'I of Pablic Roads, and the Ter- 
ritorial Rosd Commissim, and altbngS much still remains to  be 
done; many rods nre already completed or wall admced. 
In past gears the casual tourist to Alaska has been limited to 

travel hy the few routes over which he m l d  p m m  regular ttane- 
portation, and t h  mutes were largdy water mutes. Fmm Seaktle 
regular steamship txhedules .were maintained along the coast by way 
of the '' inside pawage " to Skagway md theace westward Ito Prirrm 
Wjliarn Sound ,lend Chbk Ilnlet pmh From C o d o v ~ i  the Cdppr 
Ever.& N a r t h s  Bidwag 4 inland 196 miles to  the Ken- 
nmdt-mines, and from that mihait at Chtt ih a mad, over which 
an automobile stage was operated in summer and a h o d r a m  - 

dqt in winter, exknded to Pairbank Prom Skagway the White 
'k 

P a s  & Y u M  Railroad cnsses the mountains to the headwaters of 
Yukm Rivez, md an that river and its larger tribubries them wss 
mgular rrtembciat seraice dnring the ice-fm aerrwon. S u m r  sew- rn 

ice was also mahtaind by steamship from Seattle to Nome. The 
regular damship mum were supplemented by smaller boat l& 
a t  mriona p l a  It wiIl thus h, =seen that the ody regular main 
lines of transportation in Alaska were confined to h a t  service on 
the. eo& and on the larger navieble rivers, except for the Cop@r " 

R i m  & Northw&rn R~ilway, ~ n d  the stag3 mad between Chitinn 
and Fairbank. Dnring tbe winter stamhip sailings to Bering 



& and wper Qok Inlet ports and a4 boat gemice on the rivers 
,nreaagpendd on account of ica 

Tbe opening of the Alaska Bailmad has now made possible an 
e q  m e r  h k t  trip t ha t  includes a gmt viristg of scenery 
and a large mm of country, a trip t h d  auld  formerly have bean 
mde only a& a mach larger expenditure of time, money, and effort. 
The t f adm can now leare Seattle or Vanconver on a comfortable 
maan & m r  and journey northwestward along the '' inside pas- 
qn past Vamuver Idand rrnd through tha picturesque and 
rnggdd blmnder Archipelago to Skagway, the ocean ferninus of 
the White PRS & Yukon Railroad. A daylight trip of 112 miles 
m o s s  the coastal mountain range will bring him to the town of 
Whits Horss, Yqkon Territory, at the head of rim na~4@on in 
t h  Yukon k i n .  There river steamboats begin thm long down- 
stmm journey through Lake Lebarjp and h w a  River to the 
Yukon, past the mouth of the turbid, glacier-fed TVhib River to 
J)pws&, at the mouth of Klondike River. Continuing domstmrrm 
Be d m p  at the old seUI~menta of Fortpile, Eagle, aaid Circle and 
c m  the Arctic Circle at Fort Yukon, at the graat. northern bend 
of the Yukaa From Fort Yukon tbe river flows in many branch- 
ing ehanaeb though the Yukon Flats to tha site of old Fort Hamlin, 
whence, onm more confined to a single deep gorge borderad by high 
rock blntfs, it follows its devious course to the town of Tsnana, at 
the month df Tmans River. At this point the route leaves the 
Yakon and m n d s  its largest tributarg, the Tanmn, to Fairbanks 
the center of the p a t  Fairbanks gold-mining district and the 
lsrgest town of interior Alaska. 
' AH the j m e s  just outlined hRs been pmible for the last 25 

p r g  bnt to camplets the trip from Fairhnb back to Sehttlu has 
heratakra rqtiird either a slow upstream r e h  journey by the 
same route; a con tinuation of the d o n - Y  ukon trip through monoto- 
nous lowlands tn the river mouth and St. Michael, thenm.b Nome, 
qcl , by ocean Bteamer to Seattle ; or a atage journey by automobile 
or h o ~ r a w n  sled ta Chitina, on the Coppar River & Northws3ern 
R a n d ,  and thenw by rail to Cordova end m a n  &mer to Seattle. 
NOW the traveler can take; the train on the Alaska Railroad at 
Nenana or Fairbanks and travel southward, dopping off if he dde- 
sires at tha Mout~McXinley National Park, o m s  tha Alaska Range 
though Broad Pass, and follow down Chulitna and Snsitna valleys, 
with the T a l k h a  Mountains on the left and the p a t  sweep of 
the b a s k s  Ranm on the right, dominated by Mount McKinley, 
Americab loftiast mountain. Tha traveler then goes amund the 
head of Knik Arm through the agric~iltural lands of lower M a t -  
nmh Valley and thence sauthwmtwsd to Anchorage, .on Pacific - 

ms13~--21--~ 



w ~ t m ,  a mmmm prt on the long JCook Mst emhpn& At 
Anchoraga sltemte routs are avsihble to Sewad, either by a n -  
tinuing the milroad jotl~ney thmagh the Chpgaeh Mountains, 
skirting Turnagiin Arm and going throqgh the Kenai Mountains 

. and paat great d e y  glaciers to h a r d ,  or by blang an ocean 
steamship down Cook Inlet and around the shorn of Kenai Penin- 
sula. From Sewad mastwiw v-Is call aC Prince William Sound - 
ports, skirt the basa of Moants St. Eli= and Fairweather, with their 
mat piedmont glaciers, and enter the inside pasaga through Icy 
Straits, to mtnm by the mute already ontlbd past Jmeau, TVmn- 
ggli, and Ketchih ,  
The trip here su@, comprising 8 great Imp, has the dm- 

tage of giving the traveler in a single jonrney at least s:glimp of 
the many varied types of omtry, climate, and vegehtion to be 
found in Alaska He learn the hewily t i m b e d  idirnds of the 
coastal region, with its temperate and sornewhst rainy climate, to 
cross the rugged mow-capped coastal mountitins and enter the dry 
mmy valleys of the inbrim, The Aleska Range offam spJemdid 
glaciatred mountaha teeming with wild life; the Switna b i n  
reveals wide timbered lowlands with lofty bordering ranges; and 
the d a I  mountains with their intricate fm* tidd ghiers,snd 
towe~ing snow paka present the forbidding hrribc along the ooean 
h n t  that has aa long helped to mt~bEi~h %he mramm misconception 
that Alaska is entirely a forbidden land of mountains, ice, and mow. 

GEOGRAPHY. 

*In the journq from Seward, st the coastal tmnbus of the Alaska 
Railroadi to Fairbanh, the inland termin113 the trawler pa- 
through pa& of at  least six distinct geographic and geologic pmv-. 
in- and near the edge of s seventh. 'These p-mvinoes dig&- from 
one mother in the -essentiaE feai:ures of surf- fbrm, &irna@ soil, 
and vagetation, as well as in geology and mitiet.d resources. A$ 
each of these- fetms has a direct bearing upon the propar ut i lk-  
tion of any area, and as the combination of them in each particular 
district will determine the kind and intensity of its Mure develop- 
ment, it -s proper to d ~ r i b e  these p r o % i n ~  sparahly. 

For the Jwd I8 miles of the voyage from 8sattle to Sew~ld'the 
dmm~hip. t m d  northward np the narrow embayment of Regur- 
mtion Bay, a glacial fiord that hads well back in the rugged Ken& 
Mountains. These mountains, together with their northward and 

. eastward extension, the Chugach Mountains, all! the St. Elias-Range, 
still farther east, form t h e  great coastal barner that g i v e s ' A l ~ k a  



8o forbidd- rn aspect as viewed from the Gulf of Alaka. These 
&&I mgea are characterized by high, rugged perth and extensive 
&t~ow,fields and glwiers, and on Prince Willism Sound md muth- 
e&m Kend,Peninsula by an extremely imgdar and intricate 

23 - shore line indmted by deep and narrow glacial fiords. Some of the 
largest North Americas ice fieldq, Mahspinrt and Bering glaciers, 
the St. Elias ice cap, and the p a t  ice cap muthwest of Seward, lie 

.A in this hlt, tlsd st many plms gmat ice lobes push down to tide- 
wa&, and dischare bergs into the =sea, The stamship voyage 
dong the rim of the Gulf of Alaska in char wmther gives a pano- 
rama of magnificent subarctic mountains and glaciers that can 
marcsly be matched elsewhere. 

The dimte on the immediate border of the Gulf of A I A  is 
mrprisingIy mild, for it is tempered by the nearness of this area 
to the warm Pacific waters. At Cordova the winter temperature in 
many pears d m  not fall to Oo F. At a short distance back from the 
ao& and into: the mountainq hewever, them is a, p a t  change in the 
dimah,  with much more sevem winten The comb1 mduntains in 
gemd have a heavy precipitation, and much of it fa& as snow, 
which accuunte for #@ mu& p & r  development of glaciers near 
the ma& than in e q u y  high mouahhw in the interior. Prom 
&mrrection Bay and the Ahdm Railroad the great ice cap of 
Ksnai Paninsula ia indic~ted mainly by the glacial tonfles that 

:- stretch down toward tidewater from it. In northern Kenai Penin- 
d ~ ,  hawevw, the milroad passes clme to the foot of two fine valley 
ice lobes, Bartlett and Spencer glaciers, and within sighb of Portage 
GlaCieF. 
The name Kenai Mountains" is u d  to designate the mountains 

on Keniri Peninsula, which is limited on the north by the constric- 
&n Wween Tinmagain h and Po* Bay. The position of 
thew bya, bowemr, is due merely b the accidents of gg2acacid erosion, 
the ChllgaFh Mountains, to the north, and the Kenai Mountains bc+ 

r' . ing wnkinuons with one mather in both the character and the she- 
" > x -tar= of their pocks. They are hem included a~ beIonging to a, single - 

-graphic province. 
On & journey inland from Seward the traveler gow northward 

some 50 mile8 thmugh the Kenai Mountains to Turn* h, en- - circlw the head of that embaymsnt, follows the ~brupt and clifled 
shore of the C b m h  Mountains, and leaves the mountains to enter 
tbe m n d  gqgmphio province, the Cook Inlet-Susitna lowland. 

COO= INLET-SUSITRB L O W .  

The Cmk Inlet ernbayment, including Knik Arm, is an arm of the 
Paci&,Jlp~& extends 200 miles into the body of Alaska and with the 

- ,. Iawer portiw,o£ the Susitnw bash constitub a great.&m&uml de- 



p k o n  bordered on dl sidea except the-P&S& by high muntains. 
T h i s  d e p d o n ,  including the inkt i a f  and-.#e bordering low- 
lying amas, i~ here termed the Cook InlebSusitna lowbnd. -It 
forms a province distinGt in topography, soil, vegetation, climate, - 
,geole$g, and mbilitiea of development from the m u n d i n g  - - 
mountainous m a s  and is one of the most promking areas in Alaska 
for agrimltm and stock raising. 
In contrast to the bordering mountains, which am m m p d  of : 

hard rocks, the anderlying materials in thia lowland' a m  mainly 
mcmmlidetgd ox only 100sely cemented (Pl. I), 80 that the lend 
forms take on smoothed, rounded s h a p  generttlly free from sharp - 

peah and abrupt dopes. The late geolo@c histoq of the lowland is 
that of caxLetm&ve rather than dsstructive apcies ,  for the low- 
lnnd has rwaived the land waste .removed from the surrounding 
highlands by streams and glmiem The bench lands and inter- 
stream areas are largely floored with andratified glaciel d&hris and 
with gravel left as ooatwash f m  the p a t  g1:Iaciers that formerly 
filled thia baein. Aggradation or filing is still actively in pmgms 
in upper h k  Inlet through the discharge into tidewater by Su- 
sitna, Metanush, Rnik, and many other rivers of l a w  quantities 
of gravel, sand, and silt, mppf ed to these streems by the glakierg in 
which they head. In this way upper Chk Inlet is alowly being 
filled in, the deltas of the larger rivem are creeping seaward, and the 
lowland areas are being enlarged at the expense of the water em=. 
This: slow shrinkage of the area of Cook Inlet is somewhat offset 
by the wave sctivity in cutting back the shore cliBs in places, but 
the result of wave cutting also is to fi1 in the law p l m  of the basin, 
with a constant though slow reduction in the volume of salt wster 
in the Cook Idet embsyment. 

TIMI traveler going through this lowland by train gats rth imm 
sion of- an altenation of t r & ~  of rolling country af m d d m  alti- 
tude, timbered by medium-sized 0gruce and bisch trees and crossed 
at  hkmIs by &ream valleys trenched 100 feet OF SO beneath the 
-em1 level, with broad open marshy tracts studded with I&a - < 
or ponds, canthing only scnttered p v e s  and clumps of --and 
witli 31-defined and shallow stream valleys. h n d  Rnig.Arm and 
in Matmuska VelIsy the lmd that bas b e a  cleared and developed 
fm farming ie for the most part high and fairly level bench land - 
having a r~thm shdlew mil owlying glacirrl out~mh p v e l .  This 
land was natnnllly well hind and was w i l y  cleared and prepared 
for the plow. In many large tmh however, espielly in the lower 
Smitna Valley, extensive dr-ainage projecta will be necemary before 
the hnd can be cultivated, 
h certain wall-drained portions of the l o w h d ,  mpcially near ib 

.i~ppur e d p  and on the l o m ' - d o p ~  'bf the miroanding m.ountains, 



tssle im a mmarhb1y luxuriant growth of native gmsm, in thick 
-ds that in plwm math a height of 5 feet or more. Thia grass, 
andm f a~orabla westher conditions, can be cut and cured to hay of 

c 
1 - good quality and affords excellent forage for stock. Without doubt 

it will mmetime be ;sed for raising stock on an extensive male. 
Abore ,the junction of Talkeetna and Chulitna rivers with the 

A 
Stmi- the 8usitaa lowland narrows, is broken by r i ' w  of hi&, 
and lmma its kn-l ike aspact. The stnctural basin between the 
Tdkethm Mumbins and their northward extension, an the east, 
m d  the Alaska Range, on the west, persists, however, to Brnad Pass, 
though it tan nut there be properly termed a lowland. 

On the northward journey from Anchorage to Matanuska River 
the Chugach Mounhins rise Bteeply on the right. At the town of 
Mstanwka the main line turns wastward, to skirt the W& b m  of 
another range, the Talkeetna Mountains. The traveler can catch 
a @ i m p  eastward up Matanuska Valley, a prominent glaciated 
valleyfl without realizing that it marks the border h e  between two 
$rsat m~ll lhin r a w ,  the Chugach on the gonth and #a Talkeetnn 
on the north. Indeed, if the  question were to be decided upon sur- 
face forms alone, them seems to  be less re= for separating the 
mountains on the two sides of this valley into sepamte ranges than 
for usiug Knik River valley or some otker stmsm trough as a di- 
viding line. A study of the geology, however, both as to t he  rocks 
themselves and as to their structum, &ows that the I=hugach Moun- 
taies 4 the. TaIkeetna Mombins are cumpoeed of very different 
m&&iaEs, have had widely dserent histories, and ham 'proper~Y 
been gim distinct names. !The geology of the Talkeetna Mountains 
is d&criW on paps 91-98, but it may be stated here that in the 
Chug& Mountaina ths nxh are dominantly of sedimentary origin 
and their general structnm is p d e l  with the axis of the range, 
w&rem in the Talkeetna Mountains the mks are mainly igneous 

d a d .  haye no pronounced structnrd trend. Erosion of these two 
c l a m .  of material bas produced very Uerent effects upon the 
topographyt -8nd the granitic mb of the Talgeetna Mountains 

- show an extremely rugpd sky line, with sharp peaks and ragged, 
pinnacled ridges in the higher prrrks of the range. 

Although glaciers exist in the headward prtions of lnany vallegs 
in th Talkeetna Mountains, this mountain mass Pies behind the 
d barrier hnges and has a relatively light precipitation4, so thlrt 
ita. @&m, aa oomp&red with the p a t  ice fields of the cmataI 
pw.&, am small The sim of the present glaciers, however, 
is .no paaure of khe effect that @acid erosion hm emrcieed in 



adptnrbg the mountains b their present form, for the ex- 
glaciem are only the ahrunken mmsi~b of the emortnousl~~ m G e r  
ice fidh that mapied this part of Alaaka in glacial tima Then the 
Talkestna Mountains were so deeply buried in ice and snow that only - - 
the highest peah and ridges- projected above glacier's surface. 

- 
At that t h e  the atim basin of Susitnlt River and also the Capper 
River basin, t~ the east, were filled with enormous glaciers that ex- 

? 
tended well down the Cook Inlet depmion. Tha rnomment of them 
$reat glaciers was larply controlled by the p-inking land forms, 
the ice in general following the valleys of the preglaeial &reams, 
but the erosive effect of these ice m a m ,  hundreds and even thou. 
sands of feet thick and shod with effective grinding tools in the form 
of fragments, bids, and boulders of rock, was profound. The 
mountains now retain a conspicuous glaciated topography, chmc- 
t e W  by widg, open U-shaped valleys with hanging tributarh, 
glacial cirques and lakes, and many other avidenws of t h ~  agencies 
by which they were sculptured. 

E d  of the Tdlteetna Mountains lies another pat basin. *&an, 
of a complex @logic and physiographic history, many details of 
which still remain to b worked out. This basin is mninly tributary 
to Copper River, but a, wnsiderable area of its northwest mrnm 
draina into the Sudtna, and a small portion to Bering See by way 
of the headwaters of Nensna River. This is not the p l m  for a 
general drnripkion of the Copper R i m  bmin as s whole, for moat 
of it lim east of the region here under d&ussion, but a eodembla 
area in ita northwestern part, mainly in the Susitna drainage basin, 
lies within this mgioa. The headward tributaries of ths-  main 
Snsitna River derive their waters from the east and north&& slopas 
of the TaIkeetna Momtains, fmm a portion of the math slope of 
tha Ah&a Range, and from a nnmber of isoldd soups  of hilh 
a d  mountains that rim through a braad expanw of glacial and - 
alluvial deposits. The bagin areas-between and around them higher 

r 1md m m  can not proprly IH called lowlandq for their & u d ~  
ranges from 2,500 to 4,000 feet above esea level, bnt they ere wr- 
ronnded by mmch higher mountains, dative to which t h y  am low. - 
Their mrf a m  is p e r a l l y  mom or less rolling, m v 5 d  with fxattered 
spruce timbr, and dotted with a myrid  of amall l n k a  . h m& 
plam the majar steams have intmnched therod ves in to lib8 ancon- 
eolidsted basin deposits. Like the Cook Met-Sasitha lo.drlmd, the 
Capper-Sn9itna basin is d y  floored with detrih brought d o n  
to it by the glaciers that once poured into it fmm the moantab  on 
dl gidm-~nd with gmmI 1,dd down by the torrential stream that 



dmiaed from tho= glaciers. The details o t  the ancient drainage 
b a p e  not yet been worked out, bnt sufficient facb am at hand 60 sng- 
pRst Mrongly thrst at some past time the upper Copper River basin, 
above W d s  Canyon, d&ed to the saa by way of Susitna River, 
and the old coum of the river  alley may have been along the upper 
Xenana and Chulitna vnllegs. Them is reason to believe that the 
pmsent Susitn~ Valley for some distance above the mouth of Indian 
River is postglacial. 

The mlatively high altitude of this portion of the Copper-Susitna 
b i n ,  with its ~hoder growing season and more frequent fmsta, 
makes this area unpromising as farming land. It would, however, 
support many grazing animals in the summer season, and it is b- 
liemd .Go have important possibilities as ts nmge for reindeer. 

A X d s K 4  -GE. 

The Alaska Range mmpriw a great c m n t i c  belt of rugged and 
. &qW mountains that weep n o r t h 4  from the base of the 
klaaka Peninsula to Mount McRinley and extead t h e m  eastward 
and sauthBsstward, continued by the Nntzotin Mountains, to Cana- 
dim terxibry. b thus defined the range has a length of nearly 600 
mil= and an aversp width of 550 to 80 miles and so conskitutps one 
of the great phyeiographic feat- of North kmerica. It is visibb 
on the west from tha railroad throughout the Susitna and Chulitna 
v d e y s  and is a v s d  by way of Nenana Valley Mween Broad Pass 
and Nsnana. Of particular interns(; to the trawler is Mount Mc- 
Kinley, to be seee on clear days from favorable points in the Susitnn 
and Tmana h i m  This majestic snow-clad p& has an altitude of 
20+300 feet, &us surpassing in height all other mountains on the con- 
t;PeaL , If, fwma t h ~  mtral  object in the Mount McKinley National 
Pa& th&:bcrirdea a pst area of the finest w a r y  west of the 
railrosd. In, a &era1 way the range forms the wateded between 
the southward4owing Pacific Ocean tributaries snd those that flow 
westward .to Bering LSea, though some notabla exceptions, including 
Nenana and Delta rivers, Rave headwnd tributaries that receive 
their waters from the south side of the mountaha and cross the 
entire range through dseply cut valleys on their course to Tannna 
River. 
On ib no& fmnt the main Alaska Range is flankad by minor 

foothill rid- separated from the main mountain m by basin- 
like depmmions. T h e  foothill ridges Iie parallel to the main range 
and were formed during the same general period of mountain 
building. 
T h e  h i g h  pa t s  of the Alaska Range, notably just south and east 

of Mwnt MoKinhy, are the gathering ground for some of the k g -  



E& N d a  vdkq ghciertn. At 1-st five. of-.- graat .i& hgum 
a r e ~ 8 0 t o # m i l e s l o n g a a d f r m 2 t o 4 ~ d e ,  d t h e r e  
am innumerable maller ones; for the moat,prt unnamed and m 
explored. pra& M a c e  $oms on this range are due in larga - - 
part to the erosive action of these valley ghciers rand of their enor- 
mously greater ancestors. 

North of the &eka Range lies a broad structural lowland basin 
that is conthuom from Berjng Sea bybway of the Kwkokwim Valley 
northmstward acmss an imperceptible divide to the Tlanana Valley 
and thence eastward a c w  the Alra~klra-C~bnad~b boundary to  the 
upper YAW bssia This lowland ran- In width. from 80 W 80 
milea, has a gentle slope away from the mqp, snd is broken only 
by s few isolated hills that risa above the general level of the plsin. 
Pt is b r e d  by unconsoIidated materiah, pprevltihgly gravel, that 
hsve'been supplied by the erosion of the Alaska Range. It is;lihely 
that beneath the gravel them are extensive Tertiary de@osibg, .MGch 

, may conbin lignite. Only the larger dreams mainbin ~~ 
c h m d s  acmsa the lowland, the smaller tributmies sinking into the 
gravel to emere again as slug@, meandering creeb thlat drain 
the fiat basin. The lowland surface consists of open marshy amas 
and lakes inte~persed with patches of s p c e  and larch timber and 
is dificult to cmm in the summer. In the area here considemd 
T~nans River hugs clomly the n o r t h  border of the lowland, f o ~  
the major northward-flowing streams am glacier-fd rtnd carry large 
quantities of gravel and silt, with wbiah they have graded up the 
lowland. The tribntarim of Tananrt River from the north, by con- 
tmst, have low gmdients axid carry lltkle detritua a d  have4Itad - '  

been st s h d p a n t a g e  as mznpated with the hert~ilgt.2eaW #imam 
from the south: As a m l t ,  the valley &xis of T-ana-River has 
been shifted northwnrd and now Pollows clmly th~  &ma line 
formed by the base of the bordezing hills on that side. - 

b 

SETgOX-TAWANd mlL&PTD. 

The psrt of the Yukon-Tan- nplsnd that i a a  within khe &a 
hers considered c o d  of smoothed and rounded ridges h s h g  a - 
nort5easterly trend and rising fmm flat Iawlands by which tba 
separrate ridges are partly or entirely. ~umunded. The lowland is 
that of TmaGa River 'and its slug@& northern tributariq. and its 
timbekd and d a d y  surface has an altitude between abo and. 600 
feet. Through this expanse of flat alluvial deposits the hard k k  
ridges project ss islands or peninsalas with sinuous outlinm , The% 
cm& of the ridges have: dtitu'3e's-of 1,000 to 3,06b feet, although 



Farther north eertah peak and d a m  project above &e level of &e 
*hind surface to a height of nearly S@00 fwt, Tbi ama falls 
within the If mita of the Yukon P lahu .  The topography i~ mainly 

I that developed in a mgion of highly metamorphosed and folded 
rock by the -cia of stmam erosion and deposition, glaciers hav- 
ing d & e d  only as small ice tongues around khe higher domes. 
Them is, no evidence of even local glaciation in the part of the 
Pukol~Tanana, upland cansidered in this paper. The topography 
Qf dx& upland north of Tanana River is therefore in sharp contrast 
-ta thst of the wtim region south of the Trlnana lowland, for there 

. - ezkmsive glaciers have been developed at s u m i v e  intervals and 
have ken the controlling factor in producing the p m u t  topa- 
graphic forma North of the Tanana long-continued and minter- 
rapt& stPeam erosion, influenced by the structure o f  the underlying 
rocks, hw devslopd mtunly dimcted ridges and broad valleys 
th& lie prrralhl: to the tmnd of the prevailing m k  etFuctufe. The 
sttrhux is generally wvered by a thick mantle of mil, humus, and 
mk-dieinkgmtion products, md outcrops of rmk below the r idp  
c& are unmmmon. The main stream vallqs have wide doon 
and gentle gradients, and there is pemt ly  a thick filling ,- 
of alluvium between the p m n t  stream beds and the underlying 
badrock> q i a l l y  in the lower courses of the stmsma 

GEOLOGY. 

The mapping of the geology of the region t P i b r g  to the Alaah 
Raimad h a  bem a long and WEdt task snd is &ill incompleh. 

. .  Sinoe, 1808. whm the work was started, a large number of geologists 
heva oontributd their work wason by m n ,  until now only a rela- 
tively few small areas mmain in which the major gtsologic units have 
not at  lead been outlined. Mod of the work, hompg~:~ b been of 

- - reconnaimnce c k a d r ,  in which the -logis& covered as hg an 
nnm as possible in the short wdrking -son, and rafinmmts of map- 
ping still, remain to be made in much of the ares. It &wld be re- 
m m h d  by futam plogists, who will be able to m h  any part of 
this region within a few days fmm 4 t h  railrod, that mmt of the - 
rasdts shown on PIE& 1 ware obtained at a time whan &ere was not 
even regular steamhip service to  upper Cook Inlet, when Ehe mm- 
mm masns of inland travel were small boats propdad by hand on 
the rivers or pack horses in the uplmd mas, and when throughout a 
large part of this mgion there waa not,even.atrail to follow. In the 
exploratory work of these pologists a, large part of mob man's 

, energy wse co- in overcoming the mere physical diilioalti- 

-- . 



of' k,WveI--~hop@~g trsil th~ongh the b ~ v  brnshi fording @ 
rive- or poling a boat qekmam a@imt th% mift cumnt. T h e  
pereon who realizes these f mta will be leas miti-1 of the reaulh here 
SPB f&h than astoni~hed that so much has been mcomplishd under 
conditions so difficult. In the present wpm%. the attempt is mads to 
outline on the map (PI. I) only a few of the graat rock groups, in. 
order t . ~  emphasize their dation to the m i n d  deposits of the re- 
gion. The many geologic reports from which this paper is compiled 
have mrried the wMivi&w of the mch much further than is shown 
here. Anyone desiring mom detailed ififamtion than is gimm here 
should apply to the Diredor of the whited States Geological Survey 
for ltke l a w  report dding with the district in which he is especially 
jnh-d. 

A study of the &q@c map at o m  8imm the fact that most of 
this region is m p i e d  by m b  of only mderate p l o g i c  age,. The 
old& m h  p m t  are the mim schists that have generally been can- 
s i d e d  to be of early Pslmzoie age, though it is not unlikely that 
they am pre-Cambrian. Thw m k s  are p m n t  m s s y  ornth narth; 
flank of. the Masks Range and in the vicinity of Fsirbnks. Pakn- 

' zoic r0C:ks am rather scantily rapmuted, for m t h  of t h  Alaska 
hr ign  only a few arees of undiffermtiatd metamorphic matmiah, 
probably of P a M c  sgp, and some Devonian limestones nm h o w n .  
Worth of that range Palmzoic or older rocks are more abundant, 
murring as extensive belts of mica schist, of 1- metamorphosed 
sediments, and of ancient Lvas and associated d i i e n t a ,  dl now 
greatly altered from their original d ~ t e .  

The prev~iling rocks h m  Seward to B d  P m  sra of Memwic 
a@ They include p a t  rrreag of sf ate, shale, rind 'gmyw&;mrne of 
which are of uncertain age, =me fmiliferoua mmdshne and W e ,  

\ a litdl hestone and quwtxih, and I I T ~ B  amms of We la- and 
tuff. There am aLw, p t  masees of granitic- intrwive roch tha t  . 
have pmtmted.the earlier Mesozoic matelids as i m m m  bstho- 
lithq mch as that which forms most of the w& Talkeetna Moun- 
tains, or as mtaller mattered bodies. Tertiary mh are also present 

-. in abnndamce ma ran* in charaGter f mm the had, motmhin-build- 
ing coqlomsrate rtnd she10 of tha Cantwell fortnation through 
'basnlfic lava and intrusive dikes snd sills to the generally poorly 
consolidated sand, clay, and p v e l  af the cod-hir ing kda Wide- 

'spread deposits 6f ancient gravel slso belong with the Tediary or - 
early QuaBmary. Quaternary d@ts cover a large p&ion of 
rmgion and intluda the u n m m 1 i d d  lowland deposits of the 'txtmrns 
and shore linw and the glacial depoeik Stmm,  glaoial, shore-1Sne, 
and estuarine beds are being formed tdsg a many places in the 

.. .-. A?* . '.,. , . ., - I. ... - - I  r - - .  
. , 
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This Fagion is naturally subdivided into six geologic provinces, 
which differ in assemblage of r06b in structure, and in geologic 
history* Thea provinces am the Chugtwh md Kemi mountsins, the 
Talk&a. Momhim and their northward extension to Bmad Pass, 
the A h  Range, the Yukon-Tanma upltrsd, and the two lowland 
a- the CoppehSurritna basin and the Tanana l o w l d  The.four 

. mountain provinoes will be described separately, in the order above 
named, as that is the oder in which they will, ba ~ e e n  in B trip over 
the milroad from Sewad to Fairbark During the laat great time 
dipiaioa, the Quaternary, the mountain massas aU d m d  st approxi- 

- msMy their present positions and present altitude, and the geologic 
events that h k  place, includiug the shaping of t h ~  aurlace f o m  by 
erosion and deposition and the m a t  invasions of grscial ice, affected 
all t& region to a p a t a r  or less degsee. The Quatarnary geology 
of the whoh region will themfore be discussed as a unit,. and that 
diacumion will include the two lowland provinces, whose deposita 
are largely of Quaternary age. 

The Ghagmh-Kenai province includes the portion of the Chugsch 
Mountains north and east of Turnagain Arm and Portage Bay t h ~ t  
f slls within this +on and the structurrrlly continuous Rsnai Moun- 
tains of Kemi Peninsula and its bordering islanda T h i ~  province 

, - \I k hmdbm bounded on the north and west by Matsnuska Rivsr and 
the ~ b o k  Met-Smitna lowland and on the east and muth by Prince 
William Sound and the Pacific Ocean. Thw mountains am &ruc- 
turslly cantinnous with the great &It of coastal mountains of  oath- 
a m  sad muaheashrn Alaska, to  the &, and with Afognak and 
Gdkk-islands, to the southwe&. This part of tha great cosstei 
m u d a b  range lies at the e lhw or hinge whem the tmnd of the 
range c h a m p  from a n o r k h w ~ l y  direction through saathe&ra 
Nmka to a s o n t h w ~ 1 g  direction in -Prince WiUiam Sound, Ren~i 
PenixlmJa, and Kdiak Island. 

+ t .  

- . . .r< m m m o f ~ ?  a m  I~NEOUS -0. 

Thw&tqg& and Kenai mountains a m  corn- primarily of 
- sedimentary rocb thst show a wide mnge of character nnd varying - 

degree of m e t m o r p b  In the region between Matsnltska end 
Rtlik rivers there. are considerable meas underlain by metamorphic 
*b that originally consisted of such acidic ignecrua rnatsrials as 
andesits and andesite porphyry and of basic ro-ch including peri- 
dotig-donita, gsbbm, pyroxenite, snd vsriona tuff8 and agglomer- 
ates. :Ekewise them are msterbh in this a m  that mpmnt the 

. metamorphic equivdents of argillite, graywacke, and chert: This 



whole assemblage of materials has bsen sewmb alterad by folding, , 

faulting, and various metamorphic prtmwx and has been cut by 
bath basic md acidic dikw and sills 

me ags of this group of metamorphic mIra is nok Emom cer- 
hinly, but they are older than the slah and gragwmke that form 
most -of this. mmmtsin ranga; which am believed to be Mhmoic. 
Nothing mom can be a i d  at present than that the metamorphic 
rocka jllst d e h d  are probably pre-Meaomic and may even be -- 

p-Paleowic. They are here r e f e d  to a% Palmmic or older. 
The main rnm of the Chugach-Kenai rno~mtains is cornpod 

.predonainantly .of argillite, slate, and p y w w k c  The maferiab 
were deposited mainly ae impure sand and mud; I&r they were 
cemented ta W e  and impure aanddaw and then farther ~ltered 
during the folding of the manntaim Thy now appear comn:ody 
as hard shale, or argillite, and pywncke ,  or impure qaartzite, al- 
though IocaUy metsmorphkn has p d d  far emugh to mnwrt 
then1 to slate and schist. As a whole the r m h  of this great mom- 
tain rang, though composed dominantly of dimentarg bds, are 
almost entirely lacking in fossils by which the age of the beds rmuid 
6e m r a t e l y  dotermind. "Fhe few fossils that haw b n  hand 
are either p t 1 g  pmserved or are farms that am of donbthl value 
in correlation. h general, howevar, what e~dence them is points 
ta a Mesozoic age far much of the &imenhry .llick of the Kenai 
md Chugach mountains, Pbibly. they contain considerable areas 
of .Paleozoic mh. 

The lack of foasils, the s u m i o n  of thick series of monotunousIy 
similar arb,, and the complex h c t u m  of them mwvltaim tO@hr 
make the gwlcqg of t b  area m complicated that t h  still remains 
much ta be learned about it The of argillite m d  +gray- 
wacb m& be many thwwd feet jn thicbes, for it e - h  the 

' 

great bdk of B long range of rnomkh that is h - 5 0  to  "15 miles 
wide: and has. s .vertical &f of mom than-; 20,OW feet. In mrornc 
mtions the rocb seam to lie in rather simple folds. Elsewhem they 
are closely folded, crumpled, and contorted. The major structuml ' 

features, however, are-commonly parallel to the &a of the nmge; 
In additian to the prevailing argdlite and g r a y w d e  sf the Ohu- 

gac6 and Kt+ mountains, conglomerate and limstme m r  locally 
*, 

in minor mioUnt9 &so&.ted with these- aedimenhtry maEeritlla 
there are in place large mmes of p n s t a n e  and greenhna tuff 
that appear either interbedded With the sediments as flows or fiag- 
mental volcanic deposits, or cutting them intrusive mams. The , 

copper depo%ita of the region are werally m i s t e d  with mclz 
,3 

mpst;one kadjns. ~&itic . ,mcb~.nlso intrude $he sediments in : 
many $lac& either as"fairl$ hrge bodies or as d i h  and sills. Both 



the g~eellsb~e intro&es and the granitic rdb are pmbably of 
M m i c  age, though of conm gomewhat youndr than the mcks 
they rnvadc The p n s t o n e  flows and tuffs arm obviously of the 
m e  aga ss the mdhents with which they are interbedded 

In the Chugech and Kenai mountains Tertiary d&sitg are en- 
tirely Idring, but on their western flank Tertiary coal-baring be& 
crop out in the Cook Inlet lowland, in the southwest corner of the 
mxtmhown on the- accompanying map (PI.. I). These Tertiaq beds 
are similar b those occurring in the Susitna basin end are describerl. 
mare fully in that part of this report dealing with the Tertiary 
depmits of the Talkeetna Mountains. They consist of soft shale 
and mndstone with lignite b d a  It is likely that thia cunl-bearing 
formation has a considembly wider amal distribution h e a t h  the 
unconsolidated surface deposita than is shown on the geologic map. 

Wit& klm momtainaus areas of this province the nnmmlidated 
surface deposits, of FPeisbcene and Recent np ,  am.of reIatively smsmrtll 
volume and small am1 extent, being confined for the most part to 
the floors of the gtmm ralleys. It is not possible b show most of 
tbq , srndl  areas on rr map of the 4 s  of PIate I. Bordering the 
mountains on the w d ,  however, there is an extenEtive low-ly inp: %ma, 
the Cook Inlet-Susitna lowland, in which the surfaca is almo~t  en- 
tirely covered by a mntIe of unmnmlidatd materisls,, including 
morainal deposits left by the last great glaciers during their retreat, , 

- v£ ,nutwash &ravel deposited by ~IWIIIB beyond the edgea of thme 
glaciers, iind of the sand, gravel, and silt of river valleys, hachss, 
and tidal euarieo. 'Fhw materials vary greatly in thickness but 
in general are. thick enough to cover and mnml the underlying 
& As all the agricultural h d a  of this region occur in areas 
that am % o d  with these materials, their economic importance is 
gmL. 4:; . . 

TbLmZrnA. x m m  

93s T ~ l k ~ ~ t n a  Mountsins proper include the rugged area thnt is 
Wd on the west and north by Susitna River, on the etret by the 
Copper R i w  baein, and on the south by the M~btanwka Valley. 
Far convenienca in dascription they are also here made to  include 
the northern extBRsion of the area above defined, comprising a num- 
ber of morn or 1~ isolated mountain ridges between upper Susitna 
and Chulitna riveexm T M  mountains lie north and east of the 



raiIn#rd all the way between Matanwh and B m d  Pass, the rail- 
rmd following the ilowlmds and mi lq  that flank tb mountdm on 
the w&. 

Geologically the T~~ Momtahs mm barn& of n gm.4 
variety of rocks of widely varying ages, bnt they di&r from a11 
other mountain mngsa in this p a t  of Almka in the fact that they 
are a o m p s d  mainly of igneous material (PI. I). 

T h e  01- d mgnizea in thsse mountsins i n mica &i& in 
the Willow h k  district, at the sonth- c m n a ~  of the mountain 
masa Thie schist was probably once normal sedimentmy m k ,  such 
as &ale and gandstom, with which was U a t e d  some igneous 
material, but through a long history of s n 6 v e  periods of i n b m  
defomtion it has bean squeezed htu conhrkd fissile rock and 
mrystaUized until its original c h d T  is obscure, It bas yielded 
some smaI1 gold plmr dcposib but otherwise is at present of no 
economic importance. Little ia known of its h p  q t  that it is 
pre-Tertiary, but itEl highly metamorphic character and general 
appearanca suggests its powible correlation with the early f d d c  
or older Birch Creek schist of the Tsnana b a s i ~  
In the lower basin of T a M n a  River them ak amas of fine- 

pained whist, slate, and other metamorphic rocks which have b n  
Eittb studied and the relations of which have not been determined. 
They am hem bntetively classified as %leawic or older. 

Within the great b n d  of upper Susitna River there is a complex 
rnmblage of mb including w n a ,  d i s k ,  3imestonq slab 
quartzose rocks, and dioritie and diabasic in&vea "Fhe age of 
this assemblage is not accurately known, but it h a  bm tsntatlP'ely' 
assigned to the Paleozoic, with a suggestion that it is carboniferous 
or older. Sa far ae known these m h  have no mhomic importance. 

~ B O m I I ]  mmntzmm - 
-.. 

Memmic &nts and h p m t a l  volcanEc rnatdah are widely 
distributed in the TaIktdria ;Moutit&q t q m i d y  along their south 
snd southeast border in the headwrtrd basin of Talkeetna River and 
in tbeir northward extension beyond Talk~tna River. Theg am 
mpcially well known in M a h u s k s  Valleg and vicinity, whem they 
have beem studied with some care end ham yielded d c i e n t  fossils 
to make their identihtion certain. As d w r i M  by Martin and 
Katzl they include Lower Jurassic volanic breccia, agglomerate, 

1 g~art~n, G. C, and gab, B: J., Gen1agy rad .c#l ~ d a  at the lorm Yaana6ka V d l q ,  
Alaska: U. S. Wl. 8ur~ey Bal. 500, 1912. 



and tuff fiat are t3xtemsip~1y developed on the north side of Mato- 
mh Valley md in the headward part of the Talhtnn River basin, 
These hgmmtd materials, with soma interhided lnoes, m water- 

+ laid and w d  bedded and carry abundant marine foissila .In general - .they are of rather h p b  d r u c h  and ham not lmn p a t l y  de- 
formed 

h w e r  Csetacaarrs mb am h o r n  in this province at  only r few 
localities, w h m  mlatively small sreaa of limestone ,occur. This 
limdmne carries no foasils, but it lies nnconfomably upon ]Lower 
Jurassic volcanic mck and is provigiondy mrrelated with the b w e r  
C m w  Sedimentary beds of upper &4acews age cover a 
considarable m a  in the lower Matanuska Valley. They consist of 
shale a d  ~ ~ d h e  with a litkle mnglamerafe, have an a g p p t e  
thiohew of at  l& 4,000 feet, and ham been eonddmbly faulted, 
folded, and deformed The marine fossils found in thew bed8 show 
clmrly their Upper Cretaceous age. 
On both aides of Susitna River> above ih jnnction with Talkwtma 
,d Chulitne, rivers, and in many other areas in the northwad ex- 
bmhi 'oT the T&&a Mountains them mars an important p u p  
of dirnent8, mainly ar@;illita and p y w d c e  with minor amountz 
bf lim~stone, thak am a h a d  devoid of fossils and that have on that 
amaunt been diffrcdt to correlate. Chapin* natd them on Tsisi 
Creek and suggested a comlrrtion with the Upper Triassic: mka of 
the Valdez Crcek district. Similar m k s  m u r  gast of Ghwliha 
R i m ;  where they lie along the strike and mem to b a continuation 
of the alate and argillita of the Alaska R q ,  which have now been 
definitely shown to be, in part at least, of npper Mesozoic ama 
From their lithology and stmchre these sediments are here mapped 

. .,.- -a:& .-ic age. 

In the Memmic M d d  mk as described a h  has been. included 
a gariea of volcanic b d n ,  agglommata, and tuff, with m lava 

= flows, dl of which am of igneous origin, but having been Isid down 
in see water they am M d d  and so may lm described with the other 
mdimentary deposits. On the accompanying geologic map (Pl. I) 
the 3fmzoic and Tertiary effusive and fragmental materids have 
for simplicitg h e n  p;roupd together and mapped with a w l e  

. -.- -mi Rut far g n r p d n g  the sediments of the Talgeetns Moun- 
taida, .W in e m  and in bulk, wm the @at massas of igneous rock& 
Thrm &nmm materisls fall inta two c l a s d e  acidic, coamly 

.- - -- 

sthe- Tba N&chIma-Hasitna re- Alaska: P. EL -1. &mey B a U , B I .  
MI. 27-28. 1912. . . 

' M ~ r t l e ,  J. B., jr, PIaUuum-karbg gold placem of the Eablltna Valley: U. S. OeoL 
smw BUU m ~ ,  pm 2 8 ~ ~ .  w1e. 



granular mic mla, :dl of which were intruded endm cool& .at 
c ~ ) ~ d e r % b 1 ~  a l e p h  h l o w  themrface, to be later expoeed by erosion, 
nnd the bmic mlq commonly t m e d  graenatonq which wete 
msinly pud out upon the surface ae Xa~a~flms. Of them two : 
-ups the m t i c  m b p s t I y  prepderabl in this proPinm. The 
main mass of the Talkwtns Mountains, outlined by Chickdoon, 
Matmuska, Stwitna, and Tdkmtna rivers, consists primarily of a 
single grsat batholith of diorite, and throughout the northern exten- 

- 

sian of the mount,ains them are many smaller inkmaim mama of the 
same type, satellites of the central mass 

The age of these granitic rocks is difficult h determinek and it ia 
entirely phib le  that int&ons of similar materials have &n place 
at different times. It has been definitely established *hat the main 
Tdkeetna d i d &  intrusion kwh plwe in mid-Meswnoic time, probably 
early in the Middle Jurassic. Soma ePidence is at  hand to indicate 
t h ~ t  mme of thn outlying granitic m m m  are of Tertiary age, but 
in the lack of conclusive p d  on this point and for the sake of aim- 
plifying the geologic msp (PL I) dl the gmmitia rocks are hem 
mapped with a single prrthm and indieatad as W y  of M&soic 
f g i ~ .  The granitic mIcs of this province are important because 
in mme phca, the most mnspicuons of w X &  is the Willow Creek 
distrjct, they contain valuable gold-bearing q a h  lad- and else- 
where they &ow some copper sninemlization. . 
In addition to the M m a i c  granitic mks ,  them .are considamble 

areas of bmic i p u s  materials that are cut by the granitic intrtmiv-rn 
and are therefore older. Those in the western TaLkeetna Mountains 
have b n  d m r i M  m being characteristidy andaite greenstone 
flows with amygdules of epidote, though mne maw-grained in- 
trusive phases art. present. Farther north- in the region of tha 
great bend of Susitna Riveq. Chapin @ ohemd similar bas& and 
andesite, with m i a M  tuff and breccia, that he tantatively assigned 
to the Trimtic. It is likely that thme rocks- of the same age as 
thi, simFEar. matarids in the western ~alkmtns  Mountaim. Their 
chief economic importance lies in the fact that in p l ~ ~  notably on - 
Eon Cmk, they contain capper minerds in encouraging amounts. 

m R Y  E@BIME- " 

C 

- Sedimentary mcks of Tertiary .g am pmmt .in the Talkeetns 
h t s f n  pnrvince in only m~11 tractg (Pii I), bnt their e o o n d i t  . A 

importan- is out of all proportion to their $9 for t h y  W i n  
the coal o f ' h  Matmwka and Susitna basink The &a1 distrih- 



4im of thse beds is no doubt much .gm&r than the m p  indicates, 
;.fix &em is mason to hlieve that they have a considerable Writ 
b t h  the mmcilidrtted Quaternary dewits of the Susiha basin. 
Unlike &he BImoic beds of thia province, the Tertiary depmits are 
not marine but rn believed to have been laid down in d e p  or 
estuarits. They commonly contain the rsmain~ of' h i d  plants, 
but no marine shslh. 

The b-1 Tertiary beds in this province are m m p d  mainly of 
ark- with mme conglomerate, shale, and- sandstone, deri-pe? by 

- weatbering and e d o n  from the granitic masa of the T~lalkeetna 
Mount&% In Mhtanuska Valley thsse beds lap ap rspinst end 
overlie the edges of the pnit ic  rocks and may even have -ded 
over large areas Rom which they have now be911 removed by erosian. 
The lowsr Tertiary beds are folded and faulted and. ste intruded 
by ipewus dikes and dls, especially in Mabuska and Littla Susitna 
va11am- where they are best e x p d  This group of beds lim b 

-path .the coal-bearing portion of the Te&ry. The coal-bearing 
' -  --:- -- b& of the TaIkeetna region have been ~ s t  carefully 

studid in M s h b  Valley, whem coal mining ha9 be& carried 
on for a number of yeara. Them the cod-bearing group of beds 
bas been cd1ed the Chickalwn formation%y Martin and Kah: wha 
dmribe it sg d i u g  of a monotonous sucemsion of &de and sand- 
stone, in which p y  to drab, &her soft and w r l y  bdded shale 

, predaglina*. Tb sandstone is yellowish, rather mft, and for the 
most past- fddspathic. The formation appears to. be at lesst 2,000 
feat thick and conhim numerous c o d  beds. The Ms b e  been 
generally t i l a  and locally folded. Fadb am oommon, and the 
Pom&ion i cnt by mny dikes md sills, aome of comideraMe size. 

:: ,&kr<-h@lr.plan~ it mntains show that this fmmstiion b mrkninly 
Tertiary d . p r o b ~ ~ b l p  &cane. T h  4 ma~~mea are & m a d  in 
another place in thh  mgmt 

. At many &r places around the w&m margin of the Talkeefna 
.&bunkah, in Smitna and Ckulitna valleys9 there are mall  expo- 
sarers of Tertiary m&s, many of which contain lignite Ms. Thme 
e x p o s w  usually occur in dream bluffs where the mr&ItlE deposits 
of later ,111ahr4als have hen cut through, and they indicate a much 
wider distribution of coal-bring beds than is shown on the map 
P I The coal k without exception lignite, of parer p d e  than 

~ c k - < t Z P e  *-- k t  Matanwka GO& but compambIe with the mal from the 
Neaamt fiald. It haa no value for export, as it is too poor b quality 
for b d e r  fneI and deteriorates on hwndliag and eqmu~e,  but it 
has found some local use and will prove useful m a ldcal. he1 supply. 

- - . - - - - - .  

Ymth,'O. C., and Xats, F. J.. Quology ant! mnl field@ oi the lower Wtanndxa Val- 
. lw, AlamU;-U. S. Oml. Survey Bull, 600, pp. 42-52, 1912. 
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These aattered Tertiary beds have yielded na fossils, and their 
age is not h o r n .  It is pmibla, however, that kthe coal-Wng 
st=& m y  nltimrrte1.y be comlated with tha Chicka1.00~l formatin, 

Iduded in the arms malppedl as Tertiary (PI. I) %hem ars certain -. 
,Jqp a m  of m d v e  coxlglomerata in the h d w a t e m  of Billy Cwk 
and Ohetna and Behhina rivers, '1~hieIit are doubtla3 Tertiary but 
whose exact age is not known. The Terbilarsp as mapped likewise in- . 

clu& the heay Eska coqglommate ;of M a h u s k s  Valley, which lies 
u p  the Chickdoon formation and is overlain by Tertitsry lam and 
tuff and therefore belongs withii the Tertiary mmewhem above the 
Chickaloon formation. 

In ;the Tdhtzta Mountsin region igneaus asctivity tmk p b  at 
inhim& throughout Tertiary tinw. The igneous rocks range in 
kind from intrusive bo extmsi~e md hgm6ntal volcanic materiala 
of basic a& acidic chamder, and ia age from the earliest Tertisrg 
here represented to the latest. For the sake of eimplicity tbe 
m i a  and Tertiary lams end fragmental volmdc mataids me here 
shown on the geologic map (PL I) aa a single pattern. 
The earl ie  Tertiarg volcwk mh that have been m+ed in 

this region rwmpris certsin M t i e  1m-a flows th$t me interbedded 
with the kl Tertisrg &me in the Willow C d  district aad 
themfom am probably of Emme age. In the cent-1 TdteeEna 
 mount^&^, extsnding from Castle Mountsin norkhwestward into 
upper Talhtna Valley, them a m  extensive badtic lava Bows with 
-intercnhhd ppclastic mks that cap tIte bier momhim of the 
region and a m  believed to be yomg~r than the Eska conglomsmta 
and may be ras young as M i m e .  Csrhinly these ymger  la%%& 
am much less defomd t h  the early Tertiary aedjmenta The 
Tertiary intrusive mks of the TaUreetnls province inelude a large 
numbr of irregnlw&~ped d i k ~ ~  rsnd silk in the Ma-tanuba Valley 
that are too mdl to be shown en Plate I. They are believed to be 

+ 

of late Tertiary aga In tb northern extension of them manntnins - 
north of Su&na River there are cmstiderrtble m e a ~  of i n t d v e  mks ,  
including granite, quartz, momonite, and granite porphm, that are 
thought to be of Tertiary age. On the gwl.ogic map these rocks are .t 

groupd with the Mesozoic intmsiva 
%,+* 

r n r n r n L m A T E I l  m A m  JmmBmI* - tg '- 
"" 

'In the Talhtna Moontain province uncmmRd&M rmrfaca de- 
posits in  am^ of no&worttky size are m n h d  to  t b ~  Susitna low- 
land, to  the intsrmomtain e&w along the w&ward margin of the 
Copper-Hwitns h&n, and to namw strips a h g  the d e p  of the 



k g m  st- On e rmtp of the male of Plate I only the larger 
lrreas can tw shown. n e s e  depdta ove~lie uncnnfombIy dl the 
older rock formations md in general are pmaent only ss a surface 
mantle of no ~ e r y  great tbiches, though thick enough to conceal 
the mderlying harder d s .  In the central part of tha Suaitna 
b&& they may in plrtcea mach a thickness of a few hundmd feet, and 
in the Capper-Snsitna baain Qnaternrtry materials are prewnt in 
large v01ume, being e x p d  along the main stream valleys in blue0 
mwml hundmd feet high. The oldest of the unconsolidated Quater- 
nary materials are of glglaeial origin-either directly, having hen 

,d&&kited as moraines by the great glaciers that then overrode this - 
%ion, or indirectly, having baen deposited'as silt, mnd, and p&vel 
by glacier-fed atreams flowing fmm the ice fields into the bordering 
IowIands. Materials laid down in this way form the bulk of the 
Quaternary deposit& After the recession of the last great glaciem 
the streams began onm more the tmk of establidimg courses with 
adjastd gradients over the surface bamd by the receding ice. In 
plsces they cut sharp canyons through the valley filling, or even into 
hard m k ,  Elmwhere temporaq lakes were formed, to be Iater 
filled. The mountain streams, many of which still bema in active 
glaciem, supplied large volurnes of rack &bris which was c a r r i d  
into the lowlands and spmd out as great gravel plains. 

Emion and deposition are still vsry actiw in this province, and 
&a adjustment of the strsams h their loads and gmdients is still far 
from complete. R r d  gravel and sand plains with spreading, 
brancbg stream channels slhrnate with namw, steep-walled 
gorgas, f dls, and rapid& Qmt quantities of material a m  yearly 
ear r id  to the saa to increase the mw of the Susitna delta and up 
ths Coek Inlet embqrnent. 

The lawland areas that are f l o o d  wi tb Quaternary unrnnmfidafed 
makerials constitute tha land u p  which the future of @cnlture 
in Alaska depenck The Cbk MebSusitna lowland. has great 
aress that without doubt will some day support B lam farming 
population Already tr mnsidemble numkr of homc&ds have 
been tahm up in Matanuska ValIey and around Knik A m ,  and 
thm p i o m  have shown that a living can be won from the mil. 
The lowland gumunding Cmk Inbt and in the lower Susitna 
Tsl le~r  is one of the most promising arena in Allraka for agriculture, 
mid its develapmenh now b&reIy begun, wirl be p a t l y  stimulated 
by tbe r d v a n h p  of rail and water tranapertation. 

The lowlands on the westetern margin of the Coppar-Sueitnr basin, 
though probably m i n g  fertile soils, ,are much lem favorable for 
farming, for their altitude, about 3,OW feet above raa l e d ,  g i ~  
a much shorter p w i n g  season. Fro& may occur there durrng 



a h o a t  any month. Tkey have large psibilities, howaver, as gm%- 
ing Iands. - 

. . A I A s g k  RAXGZ. 

The portion of the Alsaske Ran@ here cqasided lim at the 
dbow OF hinge where the trend of the mountains changes from a 
west-northwesterly dimtion east of Broad Pass to a southwe&rly 
direction wwt of Snsitna and Cbulitn-na valleys. Thia range, which 
mas elevated to about its present height in late Tertiary time, rep- 
resents an sncient Iine of weaknms in the rocla and has bean the 
site of folding, close deformation, and mountain building repeatedly, 
during the geologic hktory of the continent. The present range, 
which i~ CORBP~CUOUS as one of the great physiographic features of 
North America and contains our hkhest mountain, h mlatively 
young but is almady in proms of being torn down and leveled ofl 
by rivers and glaciers. The wealma of the mlq bowever, will 
persist, and as in the past the range may be r e b d t  again and agsia. 

Undiff iwm&bhd mtQrmwpl6& mb.-The m m n c a  of mountain- 
builging pro- in this range is shown by the varying degrees 
of alteration and deformation in the mka that compose it, the 
oldest showing evidence of greateat and most numerous periods of 
dress and the youngest much less metamorphigm and compreasiw. 
The m& ancient rocks in the m p  congist of mica whist, now 
closely foldd, contorted, and mrystsllized to such n d w  that 
the character of tha sedimentav beds from which it originmted can 
scamly be m q n i d .  

These mb, called the Birch Creek *hi&, form an i m p r o m  
element of the northern flank of the m~lllt&n& Tlney contain no 
fwsils, any organic m a i n s  wh5c-h they tj'6nse' have carried 
having longago bean deetmjed:. Their age is not murately known, 
but they ere very ancient, ,probably pre-Ca'mbrian. Similar mh 
a m  in.  tlhe- Willow Creak district of the Talkeetna Mountsins; = 

Jrarrdy dascriM, and are widespmd in the Yukon-Tanana upland, 
north of Tsnana Rioer. Their economic 'importance arim from 
the fact that in many places they contain gold-bearing quartz veins, : 

~ n d  by the e d o n  of t& veins and the concentration of tbe con- 
tained gold in the &earn place= mnny rich deposits have been . 
formed, including the higbly productin plece~s of the ~a i rban l i s  
didrict. 

Rorth of, the belt of Birch Creek whisk and f o ~ n g  the northern 
r a w  of fmthills of the Nrtska Ramp k B; pamUel belt of undif- 
ferentiated metamorphic rocks that were originally mainly of igne- 



OPB origin but contain also m n s i d ~ ~ ~ ~ b l e  sedimentmy &rid. 
Tbeea rmh have been grouped as an undiE~mntiakd rxlmplex of 
metamorphic materials and called th9 Totatladm d i s k T  h e  
characteristic phrasa is an augen gneiss, with quartz and feldspar 
cryst:ala in a gromdmae of fine-pined quartz and mica; With it 
are 9asocia8ed sericite schist and mtarials of d i m e n t a q  origin, 
including black date, carhnncsous slate schist, limestona, and 
quartz conglomerate, so closely infolded and inwhed *ith the 
quartz-feldspar schist that they have not been differentiated. me 
,age of this series of r rch i  and gneiss is not accurately known, but 

- *&dimentarg phaw have hem correlated with the Tonzona rocks, 
tentatively considered as of Devonian or Silurian a p .  On the 
accompr!ying geologic map (Pl. I) the Birch Creek whist and the 
ItotstIanika schist have been p u p e d  t o ~ t h e r ,  as falling within 
the,c~tegory of undifferentiaW metamorphic rocks of Pdenzoic age 
or older. 73-m Tohtlanika schist contains a few mineralimd veins, 
mma of which carry gold in encoumging amounts, amiated with 
m p y r i t e ,  bismuth minerals, stibnite, and chdcopyrita. Thew 
veins b:g.eneral are associated with the cahnnceoua slate schist, 
are near smaLl acidic intrusive bodies, and are rela$ed to EauZEinggs 

- r Undifmntk&ed P&ozloik u~dim&a.-In the part of the Alaska 
Range that lies we& of the railroad, in the Bmad Pass region, there 
are cansidernble areas of ssdimentary m.i which .are pretty 

-4dniteEy known to be Pdeozoic but who'se age ha8 not yet been 
-oceamtdg determined. Thus, on the north flank of the main range 
and between Sanctuary and Wenma rivers there ia considerab!e 

in which the p m i l i n g  rocks are bhck shale and d e b  that have 
been completely .folded, fanlted, and contorted, although lass severely 

. ,dtam&-thm most of the beds of the  Tatina end Tonmna p u p s ,  
described. blow. Thee beds underlie the Cantwell formation un- 
conformabIy, and meivabIy they may be Mmzoic; but their p- 
era1 chrmter aild relations point somewhat more tkronglp to a 

,.c,Palmmic age, and they are here grouped with the Paleozoic aedi- 
.meiIk%s 

On the west side of Chdtna Valley, between Ohio Creak md 
Bull B i d ,  there is a belt of metamorphic rocks, mainly greenstone 
tub snd qqg1msraf.e but with associated chart and slate, t h ~ t  form 
the mrfm upcm which the Triassic materiale were anconformably 

. -11aid down. Their am is not known except that they are pm-Triassic, 
&d in the h k  of-mom definite information they are hem c l d  
with tb undifferentiated Paleozoic sediments. 
. . 

T C s p p s ,  8. R.. The Eaatlahna region, hlae$l: U. 5. Gml. S m  Bull. m, 34-87, 
1919. . . 

80*Prkk, R. M., Lode d q m h  near me Mmena coal Beid: V. 8. O e o ~  th- B n l ~  
2 662, pp. 351-382, 1918. 
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Pa&& dhwnt8.-Within the portion af the Alaska R a w  
here under dimuseion there am various arms of dimentary rockfl, 
dl more or 1- metsmorphd,  which have been dehrmined with 
some, degree of certainty to be of Palewoic qy. One mch area, 
mm-d of h d s  of the Tatina gmupp is a promiwnt element in the 
no*h flank of the Aid Range west and north of Mount McKh- 
ley md is cuntinned eastward EM B narrow strip in 'the headwaters _ 
of Kantishna River. The Tlatina group includes a thick mriw of 
limestone, black slab and argillih, chert, hale, md mndstone, dl 
intensely folded, crumpled, and deform&. In this area these roch 
have yielded no f d l a ,  but Ehey unmnformably overlie the much alder 
nirch Creek =hist and are m d e d  by the much younger Cant- 
well formation. Brooks has traced these mcks continuously south- 
westward beyond the area here considered into the uppr  Kuskohim 
basin, where he found Ordovician f d  in the base of this p u p .  
The lower part of the p u p  is therefore definitely of Ordovician 
nge, but the unfassiIiferons upper part m y  be as ywng as the 
Silurian. 

A short distance- north of the Tatina mclq in the mpper basirj, of 
Rantishns gnd Sanctuary rive- is a narmw belt of diments, lying 
par~llel to the axis of the ranpe, that consists of black argillitq date, 
and phyllits, with eom schist, gmyaacke, and chert, all much folded, 
faulted, and crumpled. These mch, which have been called the 
Tonzona p u p ,  am to be distirtguislled from the Trttina rock prin- 
cipally by the absence of limestune, although t h y  are thamdves 
more or less calcemua and are in plaoes cut by multitudes of small 
calcite and quartz veinlsts. T h y  are considered by Brooks lo to be of 
Silurian or h m r  Devoniatl aga. The88 Tohona sediments are 
believed tm b the equivalent of the d i m e n t a y  basal p h a m d  the 
T o t a t h h  schist, already dmrikd with the undifferentiated. Paleo- 
zoic mk In the Bonnifield region the Totatlasikrt whist, as de- 
scribed by- Capps:l includw met amorphio l rocks of buth sedimentary 
d ignmm ihjgin, and the m d i m t a r y  phase ia believed to mr: 
respdnd to the Tonzontn beds as studied by Brooks farther west, fb 

, . 
the igneous material was less abundant. 

At the junction of Nenana and Cantwell rimm the mi- route 
cmsses a blt.of sadimmta, including li-ne, black shte, = 
gmywacka, and chert, d m e  asmciated diorite intmivea Them 
rocke occupy the highest part of the range betweem the heads of 
Toklat and Cantwell rimrs and are contin& eastward into the 

0 Brwh,  k H.. The Mount M c f a d e ~  rOgimn, dl*: b. 8. W. S a m  w. P n p  
'1% pp. P.u-733, IBL1. 

*fd&, p 78. 
Cappe, El. R., 'She Brnlfldd -on, Alamh: 0. 8. a d  Wn. 681, PO. 84-87, 
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qiw- Nmana bsgin by mailer, Mated masses Tbe most con- 
qicnons member of tbis group is a mns3ive white limsstone, locally 
crysbdlh~ . All the dimenta have been more or lesa metamor- 

; phosed, particularly in the vicinitg of the diorite. The limestone 
i t d f  has in several p law yielded fossils of Middh Devonian age. 
The m i a M  sediments have yielded no fossils, and all that can 

Y 
be said mncerning any particular b d  in this group is that it lies 
below or stbove the Iimeatone and is therefore older or ysunpprr than 
the limestone. It seems safe to say, however, that most of them 
melts are of I)evoaian age. 

" Y  = 

BcEmmTC A m  w r  TlmmRT t ?I  B r n l M X r n .  

In th& part of the Alsska Range hem mnsidered wiimeeta,ry 
&b of Mesozoic or early Tertiary age constitute tha largest single 
element, at least in pint  bf area (PI. I). These d i m e n t s  may ba 
divided inkt two major s u b d i v i s i o ~ n e  of marine origin consisting 

, - 
primarily of shale, slate, and graywacke, with some limestone, and 

- in age from Triassic to Cmhc~ous, md the other FL conti- 
nents] d e m t ,  rxsmpbsed dominmtly of congIomerate, mndshne, and 
shale, of Iate M m d c  or ekrliest Tertiary age. The marine shale, 
slate, and graywacke are largely confined to the Susitna slope of the 
-ge. 

Triassic rocks have been identified at two diatinct localities in this 
province--one near Butte Creek,lz in the Valdez C m k  district, whem 
the rock consist prevsilingly of dark-blue and black slab with inter- 
strntifred beds of srkose and graywacke, and the other on the West 
Fork of Chnlitna River:a whera they include a mries of limestone, 
tafi, @ shala, with associated lssa flows, in which me fomd miner- 
iyizk& a m  containing copper and p l d  bearing Ides.  Thme beds 
lie unconformztbly upon a group of tuffs 8nd metamorphic sediments, 
supposedly of Pdeozoio age, and repremnt the oldest known Meso- 
zoic rocks of this region. In the valley of West Fork of Chulitna 

Y 
River there is R thick d e s  of black argillite and Jatq together with 
soI&"gmywmke and fine conglomerate, that extends across the strike 
for a d i ~ s h c e  of mom than 7 miles, with prevailing steep dips to 
northwest, These be& warn to lie stratipphic~llg above the Triwsic 

* rock and certainly are beneath the Cantwell fomntion, descr iw 
below. They are therefore probably of Memzoic age and may be- 

dB%hhg.t6 either the ,?umasic or the Cmtaceous, or in plrrt to  each. 
This mdclusion is confirmed by the strike of the beds, which wonld 

" M a t .  B. A,, The Broad Pam rcgloa, Alneka: V. R. Cml. B u w ~ y  BnlL B M ,  gp. 
M I ,  1816. 

UCn- W R., M i n d  rmrceu  o f  the upper C h u l i t ~  reglm: U. 8, C)wl, gurney 
Bull. 692. pp 219-217, 1918. 
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carry their extension southwe& to  f i e  Ygstna d iW& whem Me*u 
h a  faand fossils, determined a~ probably of Upper Cretsceoua w, 
in a W a r  wries of slats and gstrywwka It is t hue pretty definitlely 
proved that the great sedimentary =rim thd forms the southeast I 

ftan3r of the Masks Range in the Sagitma and Chuliha basins is 
mainly of Mesomic  age^ 

The m u d  p ~ t  subdivision of this Mesozoic-Tedisry klt, the 
t continental pham, embodies the Cantwell formation, a, thick series of 

mnglomerate, sandstone, and shale that forms a major element in 
the range from Muldmw Glacier eastward to end beyond the east 
margin of the region here under mnsidemtion. These mIts are hard 
and resistant to weathering, f o m  rugged mountains, and wihh the 
brqhtly colored Isvas and intrnsive rmks with which tlbey ase wm- 
ciated yield the striking scenery to be found in the upper Toklst 
basin. In gmod they w e  much less rnebnorpbd  than any of the 
older fomntions, thougl~ l d l y  they have bean inkmely cmpled  
rind broken and even d u d  to  stretched conglomemte and =hist, 
East of N$nana River the Cantwell bads have been extensively jn- 
truded by granitic rmh. 

Tbs agn of the Cantwell formstion is still open & discussion, for 
although fossil lwves, said to be of E m n ~  age, haw been collected 
from i t  in several places, there seem to be certain conflicts between 
tbe evidence h h e d  by the foesil plants and that supplied by 
stmtigmphy. There is no disagreement among the geologists who 
have studied this problem in regard to the conclusion that the 
Cantwell formation is younger than tbe Mesozoic hale, data, and 
p y w a o k e  that am go abundant OR the mutheask ,dope of the range. 
Furthermorq the Cantwell beds ttppmn mdi older, when judged on 
the basis of induration and mehnorphim, than the me& youapr 
d e w %  the Tertiary coal-bearing beds, and probably lk mcon- 
formably beneath them. Yet these loosely coasolidahd and only 
modarataly deformed coal-bearing beds c l a l y  resemble and are 
generally correlated with the ml-bearing beds of the M a t a n d a  
fidd, which are wi@ to tbe E m n o  epwh-the Rame age &gn, - 
ment that has been made for the Cantwell, It is therefom sug- 
gestad that if the coal formation in the Nsnam basin is h a 1  Eoeene, 
t h e m  tbe Cantwell mnst be as old ss Upper C t t k ~ ~ u s  If the 
Cmtwell ia Eocene, then the near-by coal fornation must be Ester 
Tertiary than the Eocsriix For the purposes of the present deseriv- 

.:-? 

tion the M m i c  formations and the Cantwell formation have bbn 
mapped with a gingle pattern on the accompanying geologic rnRp 
(PI. 13. 
-. 

u y [ a  r- a, p,, Pfatlmm'-bmg @M plreers of th6 Edlkaa Valley : U. I. -1. 
Burmy BnlL 682, pp. 286-237, IblB. 



The Terki~q cod-bearing formation, though p m n t  in the 
Madm Range only as small, irregular patch89 which even in tha 
aggregata hove no great area, is economically of gr& importance, 
for in mokk of the amas shown on Plate I it contains warhbla beds 
of lignite that together form a fuel reserve probably running into 
the bdlions of tom From the character and habit of these beds they 
OMWP generally in the Iowlands, where vegetation and younger 
-&stream and glacial deposits commonly mask the underlying rocks, 
d the outcrops are commonly found only in recent stream cuts 
of small area. Tha actual axtent af the deposits is therefore eon- 
siderably greater than is shown on the accompanying geologic map, 
w k  the formation appears d y  as small scattered dots and 
patches, except in the Nenana coal field, where the coal-baring fvr- 
bation mupies a larger surf ace a m .  

Tho .Tertiary coal- bearing f onnation consists mainly of nncon- 
.&&&ad or little como1idahd clay, sand, and h e  g r a d ,  usually 
of w~&w&&t eolor, and at nearly every place where it is well 
e x p o d  it shows the preMnce of lignitic coaL One unusually corn- 
pbta section measured on Healy Creek shows 23 distinct coal Ms 
ranging from 1 to  40 feet in thiches, with an aggrepte thickness 
of M i t e  of over 230 feet. Other sections an Renly and Hoseanna 
creeks show from 10 to 15 mite beds aggmpting 60 to 130 feet 
in t h i h m  The lignite is of goid grade, being similar in quality 
to that mined on lower Cook Inlet. It is now sometimes clnssifid 
as subbituminous. It is horn to m u r  at inkmals from the head 
of M o m  Cmk,  in the Rantisha district, eastward to and beyond 

-$&. w n  here treat& .The most mmplete1y esposed sections of 
'$&farmatjon occur in the Xenana cod Md, near the railroad, and 
this field contains sr, mnch easily m b l e  -1 that it -is unlikely 
that the smahr wtIyiag areas wiIl be exploited for ,a time to 
come, exmpt for 1-1 use. 

,The coal-bearing bEds of the Alaska Range are ~e~tainly of Tertiary 
age, but they have not yet hen Frnally assigned ta any particular 
pmt of the Tertiary. Their only fossils am pImt remeins, which 
though abundant are usually not well preserved and o m r  in in- 
'coherent mdiments t o ~  weak to stand collecting and ~hipment. 

. T h m  tbst have been examined indicate a lower Eocene To 
hh7@ogi& familiar with the cod-bearing famation of Cook 
Met md the Susitna basin, the resemblance of the beds in the 
Nema.  fieM fa those them is so atrikmg that he has little hesitation 
in correlating the two formations. The coal formation of the 

UCmm, 8. R., The Bonnifl4ld region, M a a h :  U. S. -1. % m y  Bark 601, a. 3, 
-1912. 



Suaitna basin haa yielded f k l s  thtnt have bwm defmitely identifid 
as Eocena Yet in tho Alaska Range the Cantwell formation, which 
to judge by its lithology and 'degree of deformation ia much older . 

than the coal-haring mb, is alw classified as Eocene, an the basis -r 

of its f&l plank Therefore, if fie ago of thb Cantw~U formation 
iser'aaceptd m Erne, it is necessarg to ccondnde that  the coal forma- 
tion of the h'enana field is younger than Ebcane and therefore 

+ 

younger than the coal formtltion. of the Susitna basin and not to be 
coprelated with it. Fudher facts will be necessary before this 
problem can be finally solved. 

The Mash Raw is l a r ~ l y  hdered by areas of mcan9olidated 
sudm deposits. On the north the b d  Tanma lowland, floored 
with alluvial deposita of gravel, mnd, and siLt, slmkhss northward 
to Tmana River, and m the muth and east are ather great basin areas 
in which glacial and stream deposits form a mnntle o m  the &- 
lying rock% Within the range i t ~ l f ,  too, them aar- l srp  a- in- 
cluding the d l e y  floors of the larger rivers and the basins between 
the foothills and th~he main range, in which loose materials, mainly 
gravel, are pmsent in considerable mount. On the accompanying 
geologic rnap (Pl. I). only the larpr of such areas could be shown. 
T h e  unconsolidated surface deposits, as that phmw is hem used, 

include materials of great raw in age, ~s well as in charactm and 
mods of origin. The old& heds included in this group are those of 
the Nenana pml,'"h ich m u m  over an extemive area on the north 
flmtnk of the A l d a  Rmge arid is well exposed along the l i e  of the 
railroad betwean Healy and Moow cmks, whem it may be ja 
the high bluffs on the east side of Nenana River, with the d b k i r -  
ing formation in placm &owing beneath it. This gram1 cbnsists of 
fine to mame umonsolidated stream deposits, rather poorly stratified, 
that were laid down aa a p a t  outwash apron along the north front 
of the m n p  afier the fimt p a t  Tediaty mountain uplift. The C 

deposits are deeply oxidized, in places &ow considerable foldhg, 
faulting, and tilting, and have been deepIy eroded by many of the 
northward-flowing streams that croas them. On. the mountain just a 

north of the mouth of Roseanna Cmk p v e I  of this formation is to 
bfoundatmaltitudsaf n d y 3 , 0 0 0 f e e t a h k h e a d j m n t ~ a l l q  , , 

of Nenana Rivkr. G l d  King Cmk, farther &&, bss cut m. d d b  . 
vallq 1806' feet deep into the gravel without exping  its bme. On 
la%r Realy Cmk 1,760 f& of gravel is e x p W ,  and the top olp the 
fo&ion is lacking. 

r Cappq a, g The Bonnlflela w o n ,  -: U. S. Qd. Www M L  601, pp. W 4 ,  
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Tbe variations in the structural relations of the Henma gravel 
fmm place to p l m  indicate thnt the conditiona of it.a depit ion and 
ltrtar history were not evergwhere the snme, Thus in the Nenann 
coal field Martin found that the hTenana p v e l  is p ~ m I 1 y  unaon- 
formable upon the cml-bearing Tertinry beds. In other parts of the 
region there is no recoggiznble unconformity between the two, T h e  
p m n e e  of an unconformity nt the base of the pave1 in mme places 
shows positively that at those places tho coal-bearing beds were 
eomewhat uplifted and warped and then eroded before the omdying 
p v s l  was laid down Far the north flank of the AIaska Range ns 
n whole, however, it. m y  be said that the Nenana p v e l  has been 
uplifted, folded, tilted, and fnulted to about the m e  degree as tElc 
underlying coal-baring Tertiary beds, and mod of the rnountain- 
building movements; that affected the coal-bearing formation affected 
the ppvel alm. T h i ~  justifies the statement that if the main uplift 
of tha Alaska Range took place before Quaternary time, then the 
Ymsna gravel, is Tertiary. On the other hand, the Nfinana gavel 
en~m.i )n ite surface, in places, great bouldem and blocks that &ow 
striae and dm apparently of glacial origin, and gImiatd pebbles 
have been found that may have come from the e v e 1  itself. If the 
Nenana p v e l  contains glacial pebbles, that indicates its Quaternary 
nge. Them apparently contradictory facts may be due to a different 
conception by various obsorversr as to what deposits should ba in- 
dnded in the Nenana formation, 

Within tho Alaska Range itself glaciation in Quahrnary time 
was w i d ~ p n r d ,  and the former mom extensive gleciers left in many 
f i l m  moraines or till deposik South of the range the glnciers 
mched tramendoust aim? entirely filled the internounbin areas, and 
mt tongues down Susitna and Copper rivers to the aes. Over that 
entire ares glacial deposits form s large part of the unconsolidated , 
~ u r f m  materials. On the north flank of the Alaska Range, by con- 
trast, the glaciers during Quaternary time were almost entirely eon- . 
fincd to tlte mountains or at most protruded only short dish- ,*, 

* down the larpr stream valleys inta the bordering lowland. As a . m 

camquence, glacial deposits nre much bss abundant on the north 
slope of the mnge than an its south dope, and those on, the north 
am to be found mainly in the larger stream v~l leya In the higher 
mountrrb each valley bead atill contains s glacier, and iw dreams 
~f potable size radiate from the lofty group of peaks around Mount, 
McKinley and from the high  ridge^ nwr Cathedral Mountain, Mount 
He=, and Mount Hayes. Ebeh of the glaciers is engaged in gnaw- 
ing its bed into the heart of the mountnins, and the rock debris is 
depmited as momines or delivered to the hrrential dreams to be 
luid down in the lowlands as fluviatile p v e l .  T h e  deposition of 
glacial fluviatile gravel, though still actively in prows, is now tak- 



ing place on a much smaller s a l e  than during the time of great ice 
expamion. Tmms lowlsnd north of the mge is f l o o d  with 
a great sheet of thee materials, and the aggradstion of this low- 
land with t3tma.n-brought d&ris of glacial origin is still ping on, .. 
though at  a-dower rste t b  in the past. 

S t m m  w v e l  L present also along va1h-p that no longer contain, 
glaciera and in places that have never been glnciabd. Zn such 
places the valley deposits have not even a remote glacial orgin, but 
generally in this region the strewn deposits are of complex deriva- 
tion, part being tho outwash from glaciers and part the d t  of 
normal stream erosion and deposition. 

MNEQUB ROCKS. 

.Zgneozlit rmh occur in dl the farmations of the klaslka Rang. 
fmm the mimt Birch Greek =hist to the Tertiary coal-baring 
rocks. They indnds old PaIeozoic and possibly pr*Palmaic in- 
truSive8 and flows that have been altered along with the ~dinymta, 
to form the schist and gnei~;  Mesozoic -site,. intrusive 
and sstrusiw greenstone, and greendone tuff; and late Mesozoic 
or early Tertiary rhyolite, andesite, and diabasey along with dikes 
and gills of the aame m p .  Neverthele in spita of tha many periods 
of igneous activity which this region bss experienced and the p a t  
variety in the chmcter of the igneous material, the portion of the 
AIwks Ranp  ~ h o m  on Plate I is corn@ mainly of &entary 
rocks, and the amme of igneous mks it  includes am of relatively 
mall extent. 

-OX-TAXAXA -, 

The norhhm edgm of the @on here dmribed liw on thei -5 
margin of the Yukon-Tanana upland, a broad provinm roughly 
bounded by Yukon and Tanam rivers and the A l h C a n a d a  bound- 
q. This upland mmi9ts of flat or slightly rounded, even-topped 
ri* m h i n g  altitudes of 2,800 to a,000 feet above ma Ievel, mp- 
nraM by comparatively harrow, closely spaced vslleya. This prov- 
ince b g ~  had a very &&rent gaologic history from the mountain- 
ous province8 farther sonth The mountains owe their present slti- 
tude to the defomtion of the m k q  which have been compresed " 

into p a t  foldq to be later carved by the agencies of emion, as in 
the Chugach, Kenai, and Alaska ram or to the injection beneath 
the surface of great mames of igneous mck, with accompanylq 
folding and faulting around the margins of the intrwian, a~ in tho 
Talkhtna Mountains. The present relief of the Yukon-Tanma 
upland is to be explain& in a different w ~ y .  In the mlo& past 
that region h a  been d w l y  folded at rmccwai~e periods, but a p  



p&mmtly most of the folding ceased sometime in the Tertiary perid 
and m s  followed by a, long inkmaI of time during which the agen- 
cies of erosion were wtive on t& land mtw, reducing it to a region 
of low retief. Later this area mas uplifted bodily, without genera1 
folding, and the prasent surface farms am the result of ertrerun em- 
sion upon this uplifted land mass, the smooth ridge tops repmnt-  
ing portions of the old land surface. 

'- The oldest rocks in the Yukon-Tanana upland and thoge of widest 
&rfm distribution belong to the assemblage known as the Bird1 
Creek txhistlV It includes quartzita schist alternating with quartz- 
mica kslchist,; feldapathic, carbonace~us, and amphibole schists; and 
some crystallins limestone. These rocks are mainly of sedimentary 
origiiz and are similar in e v e q  way to the Birch Creek scm as de- 
scribed in the section on the geology of the AFwka Ran- The 
stqwtae . - * -  of . this formation is very camplex, including dose over- - 

t u i n d  fu51d~ and intricate crumpling, but the genera1 strike is north- 
east. ~ h & e  schists are believed to be of pre-Odovicittn age and may 
be in p r t  as old ns pre-Csmbrian. Their areal distribution is shown 
on the amompan- geologic nap ( P1. I). As will be shown Inter, 
their chief economic importance arises frem the fact that they con- 

- tain gold-quartz, antimony. and tungsten lodes, and from them em- 
' sion h ~ b  produced rich gold plmr deposits. 

W~thin the region hem. considered the only rocks M d e s  the Birch 
M k  s o k t  that mupy large areas in the Yukon-Tanana upland 
~ r n  the M s  of the Tomna group, which have been dmribed by 
Prindle as comprising a sries of  IS^, g~ee& .and black argilhte, 
conglomerat~ and sandstone, with some chert and lime9tone. These 

: > .  . rocEEs nre a11 considerably metamorphosed and have yielded no fossils 
'in ths type mew, and their exact age is not h o w r ~  They are be- 
1iaved.b lie mconformably upon the older formations and am tents- - - 

tively dpd ta the Devoninn. They are in mmy places cut by 
numerous veins and stringem of quartz, some of which are known to 
contain gold, and the erosion of these mineralized veins snd tbe 
wmtration of their heavy metallic content in the strsam beds has 
Id ta the farmation of vaIuable gold deposib in the Hot Sp- 
distrid. 

n M d k ,  L. M., The Falrbankr quadrangle, Alaka: U. w. -1. 8nrve~  Bun. 628. rn 
s m o ,  Isis. 
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MEBOZOIC AND TEBTLBBY @ED-. 

Sedimentary mka of Mesozoic and Tertiaq age have been m g -  
nized st many places in the Yukon-Tansma region, but in that part 
of tba region here d&hd they are pnerdly lachg.m 

I G m B  BooE& 
1 

Althmgh the older %hi& of this region am mainly of sedi- 
mentary origin, t h g  contain also some igneous materials that have 
been metamorphosed along with the inclasing sediments and like 
them have been r e d u d  to schist. In addition to these altered igne- 
ous mahrials there are in the Yukon-Tanana upland many scattered 
areas of granitic intrusive roc'ks, some of which fall within the re- 
gion shown w Plah I bat most of which are too small to be shown 
on a map of thia scale. For the most psrt these intrusions consist 
of granite, momonite, ar diorite, related warn-grained rocks that 
were injected into the overlying rocks and cooled at depth. These 
int~lraive rocks sm thought to be mainly of late Mesozoic SF. Ek- 
where such intrusive masses are believed to hive caused tlia miner ali- 
zation of the sumanding country, for gold-bearing quartz veins 
are p m n t  near the rnsrghs of many mch m m .  The quarka wins 
in this @on may be genetically relafed to the"pnife intmives. 

The part of the Yukon-Tanana upland shown on the ncmrnpanyhg 
map (P1. I) borders the north edge of the Tanana lowland, which is 
R region heavily m t l e d  by unconsolidated surface deposits, includ- 
ing stream gnmpet, silt, and much1* Glacial materials am Ineking 
in -this: area, for the northward-flowing b e  tongues of tha Alaska 
Range never reaoh so far, and the Yukon-Tanma upland supported 
gl&ra at d y  a few plsces. A fuller accwnt of Quatsmary events 
;a the @on north of Tsnana River is given in .the following p- - 

PmZmOCETPE AnD BEcEm OrnLWT. 

Ia the discussims of the geology of the several reombin pi%viaces 
of this re&on mme dmription hae been givem of the nnconsolidated = 
depmits emh of them. By early Quaternsrg time the p t  rnoun- 
tab-building mwements in this part of Mmka had been largely 
completed, and the greater topographic features, including the Chu- 

m~ Tn tbe udmme morthhwtern part d the redon tbcrpl am s ~ m t  mther l a m  armm of 
hlgm fold& Mllite,  slate, nand pa&rMte tbat are now m d d e d  W Cretarrcmu, 
although they were mpidered  Paleo&oic when thh report wan wrlttea. This Information 
came to  hltnd too late to tw lncorpor~ted In the ~ccompanylng geologic map. 

'' %In& " is  a mlnw's tmm for t h  wevallh~ thick lay- of peaty w d  ofgmk 
r&l that commonly orerllea the grad In tha d m  placer dues. 



&&nai Mountains, the Talkeetna Mountains, the Alaska Range, 
a d  the. Yukon-Tanam upland, had been elevated to approximately 
their present altitudes and were surrounded, as now, by p a t  low- 

& land b a h .  Them land areas at that time must have had s very 
diflerent appearance from that we now see, however, for the agencies 
of smsion then active in sculpturing the land forms were those of a 
temperate climak+ and glwierq if present at all, existed only in the 
v d q  he& of the highest mountains and had as yet produced no 
e c t  apon the country as a whole. The, Y&m-Tsnana upland is 
an exception to the &om general statement, for in early Quaternary 
time .its appearance may hnw h n  much as it is now, except that the . 
dwp v&y filling now parnut in so many stream basins did not then 
exist, and tbe relief was greater by an amount equal to the depth of 
that fill. Then, as now, the streams throughout this region had their 
sources in the mountains, flowed by steep gradients to the lowlands, 
and there g~thered into gxeat rivers that followed Tanana and 
S d h a  valleys t o  the sea. The details of the drainage lines may 
h ~ e  bm wry different, in large end small featms, from those of 
the streams as shown on our present mapa The upper bwin of 
Copper River probably discharged its waters into what is now the 
upper Susitna or Chulitna valley. Tanana River, indead of joining 
the Yukon, probably %owed mutbwestward into the upper Kusko- 
h i m .  Cook Inlet may have reached northward a much shorter dis- 
tance than at pment, and the sauth and e& co& of Kenai Penin- 
sula md the shores of Prince William Sound were much more regu- 
Iar and were lacking in the deep fiords and nunzerous islands by 
which they are now characterized. But the general position of the 
mountain ranges and their relations to one another and to the low- 

- h d s  were in the main like thma of today. 

= me glacial epoch, occupying that portion of gmlogia time known 
as the P le i she~~e ,  was brought about by a change of climate that 
probably involved both a d e c w  in the annual temperature 
of the region and an i n m  in precipitation. The snow line in the 
mountains crept down to lower and lower altitudes, such gGem rta 

, 
, & d y  p x & d  in tha high norinkins h a m e  larger, and other val- 
ley, that had earlier been free from glaciers now received a 
!Xing of ice and snow that grew in aize and thickness from year t.u 
year. Like most other events in earth hidory this change must have 
been p d u a l ,  cumparatively warm years alhrnating with more 
frqnent md increasingly cold years. Pe~haps had there been people 
living in the region at the time, the change during my one man's l i fe 



time might have been m a d y  notiwable, yet in. the of mn- 
turies a great ahange mme abut. Each mounhin range becams &e 
nouri&ing p u n d  of a multitude of alpine glacierg one of. whi& 
farmed ih the head of each.high valley. These grew slowly larger, - 
lengthwed downward, and. joined in the trunk valley% mti1 the 
water stmama were mplamd by ice streams, differing from the d i -  
nary rivera in that instead of flowing only along Z.he valley floors, * 
they filld their basins brim full. This p w  continued until s 
very large part of the region here considered mas buried hnndredri 
and even thousands of feet deep beneath a great mass of dowly 

moving ice. The dimtion of the ice movement was conhIIed, ~ E J  

is that of atmams, by the shape of the surface over which it. moved. 
In the mountains tho ica cumnts generally foZlowed the preexisting 
valleys, and a typical glacier consisted of a main im l o b  in n larger 
vrlley, nourihed by many branching alaciers from the tributary 
valleys. In many places, however, whem them were low pagses or 
gaps in the vallsy wall% the brimming ice flowed through from m e  
valley to the next, thus giving a much mare complex drainage mrn - 
than that of odinarg stream& 

As the momtain glaciers slowly grew Iarggr and longer they 
pushed out beyond the mountain h n t s  into tha lowlands. mis 
was especially true of the glaciem on the Pacific dope, for on that 
slope the precipitation was heaviest and the growth of the glwiers 
w s  fherefom most rapid. The Copper-Susitna 'basin, completely 
sumunded by the lofty ridges of the. Chugach and Ms8ka r a m  
and the Talkwtna and Wrangell mountains, wm inundated by ice 
from a multit.ude of vigorous tributary glaciem until it was filled to 
overilowing. This p a t  Copper River glacier found many outlets 
through which to discharge its im and its waters A part of its 
drainage escaped southward through the n a m m  gorge of Copper 
River at W d s  Canyon, a gorge which is of glndal and postglacial 
origin and which .has been the outlet for the dminage of this great - 
basin only since glaciaI time. Some of the ice and water of thi~ 
glacier escaped northeastward into upper N a h a  Valley and north- 
ward through Suslota, MenWa, and Delta passea to the Tanana, - 
but a ' l awr  part of the ice probably momd westward into the Susitna 
basin by way of Matanusks Valley and aross the lodmd to th ,., 

present valley of upper Susitna River. The Copper River -glwier. 
thus formed a continuous ice field with that in the Susitna basin. 

The Susitna-Cook Inlet depression was likewisa filled with ice at 
the time of the maximum glaciation, The much larger an&= of 
the present gl!laeiers of the Alaska Range poured down their mighty 
ice stmam to coalesce in the lowland with one another, with the. over- 
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flow im from the Copper River glacier, and with the glaciers reach- 
ing down from the Talkeetna, Chugach, and Kenai mountains. The 
Susitna glacier 4Yle.d its basin with ice to a great depth, overflowed 
northward across the range through Nen~na VaUey, and pushed 
southward %el1 down the p m n t  Cook Inlet emb~pent .  At their 
p a t e s t  the glaciers south of the Alaska Rrtnge were BO h g e  land 
thick that only the highest ridges of the great mountain mmm 
projected above the surface of the ice. In th8 valleys of Chulitna 
and Susiha rivers tho main ice l o b  a t  one time stood to depths of 
3,000 and 4,000 feet, with steeply sloping tributaries p o e g  down 
tcr it from all &dm. 
On the northern, inland slope of the B l a h  Range the develop- 

mwtt of Pleistocene glaciers was much more moderate t h ~ n  on the 
muth slop. 'TI& was d w  to aeveral factors, chief of which was 
the lwer precipitation. The asymmetric pasition of &B axis of the 
me, which is much closer ta the north A d  of the mountains 
t l y  b t h e  south flank, also played a paxt, a~ i t  gave the nodward- . 

&+-&tg gladem a much smaller colIecting ground. At my rate, 
the &aim from the Maska Rmge tributary to Taamm Valley, 
though reaching far beyond their present limits, at their maximum 
mcceeded in pushing northward but a short dist~nce beyond the 
mountain front and out into the lowland. So f&r as ia now known, 
none of these ica streams stretched northward as far as the present 
~ 1 ~ .  of Tanma River, and they f a i l 4  to spread latera12y in the 
lowland dcient1-y te coalesce with one another. - 

The Yukon-Tanans upland, being a region of only moderata mlie f 
and of small precipitation, m s  at na time in the Ple&wne epoch 
extansivdy invaded by glacial ice. On a few of the highest peaks 
s+&: domes mall valley glaciem formed, bnt these new reached 
my grkat &A 

En s faw g l m  in A l d a  evideid;; hm"ben f-d of at least two 
ice advances, one much older than the lad. We know that else- 
whem on the American continent there were sevaral m&ve ice 
dvanceq, separated by periods of deglaciation, and probably the 
same thing is true of Alaska dso, but the amilable evidence on this 
point is meager, the last glaciers having to  a great extent overridden 
the deposits of their predecessom and destroyed or confused the 
evidence. Along the mum of the railroad in the Nenana Vdey,  
however, the deposits of two distinct periods of glaciation can be 
me&. 7 % ~  terminus of the ice during its last pronounced advance 
lay in the vicinitg of the j u d i o n  of Hedey and Dry creeks, with 
Nmma Biver, md a terminal moraine may be seen on the mest Bide- 
of the river north of Dry Creek. Farther nodh, near ths point &em 
the railroad emelges from the foothiIIs onto the lowland, there apa 
near the milroad tmck a number of large granite boulders that 
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were bmnght from ths mvuntdns by an older and mom mtmsi've 
glacier. The northern limit reached by that glacier ia not h o r n ,  
but it @bly.&ended mme distance out upon the lowland. 

The gldm df this region have had profound eff- on the shape 
of the land forms as we now see them, eflects which in the highlmds 
resulted mainly fmm ihe sculpturing by the vigorous, rock-studded 
ice streams of the sides md beds of their confining valleys, while iu 
the lowlands and near their termini the glaciers modified the mr- 
fa& by depositing the p a t  quantities of detritns torn fmm the 
headward portions of their beds. In all the higher mountains, when! 
the glaciers had steep gradients and relatively rapid motion, the 
valleys are now bm~dly U-shaped in cross section, h v e  wide f l o o ~  
with &ply rising wnlls, and are straight or bend only in broad, 
sw&pin): c u m .  They thus differ strikingly h r n  normal stream- 
eroded   all eye, which are V-shaped in cross section and f o h  a 
sinuous course between the spurs that descend to the vallqw , f a '  
both si'des. Glacial valleys are also cl~aractarized by amphitheater- 
like heads, with ateep surrounding cliffs, by hanging tributary val- 
leys, by lakes, and by many other features that show plainly the 
powerful erosion to which a glncier subjects its bed. 
In the lowlands the visible results of the former occupancy by 

glacicial ice are of a diflerent character. There the glaciers, h a ~ n g  
deanded to altitudes at  which the mean temperatwe was no longer 
low enough to favor the atxnmulation of ice, were gradually wasted 
by melting and so dropped their loah of d a r k  picked up fatther 
toward their heada The d6bris was.de@ted ss terminal moraine, 
of humrnockg, irregular surface, or as grcimd m o r a h  beneath the 
ice, or was fed to the torrential n t m m s  that flow4 from the melting 
ice 'and depsitea farther downstream as outwash materials. On 
the aocompanying map the lowland amas are shown as occupied by 
unconsolidated st~rface deposits, and these deposits are, in Iarp  psfi 
at lead, compmed of materials that directly or indirectly are of 
glacial origin. In many plmlces these uncunsolidated deposits are 
very thick over large areas. The stream blufls of Copper %very 
near Copper Center, and of many of its tributaria show glacial 
till, sand, silt, and gravel ta a depth of mom than 500 feet without 
ravealing the underlying bedrock, and it is safe to say that thou&- 
out that basin, an area of some 3,000 quam miles, the materials of 
glacial origin avmrtgs over 100 feet tn thickness Tha northwest 
bonder of this extensive hsin deposit lies in the mMntra1 portion 
of the area here under discussion, and the glacial materials so 
thoroughly conceal the topopplxy of the underlying bedmk that 



it is still irnpmsible to say just what coarse the pmglacial draioage 
h m  the Copper River basin foUowd to join the Susitna, but 
daubtless that, course is buried somewlbere in the upper Susitna, basin. 

= The size, s h p g  and depth of upper Cciok Inlet and the surface 
forms throughaut the Cook InlBf-Susitna lowland have been greatly 
modified by the d e ~ i t i o n  of dark  from tha glaciers. The dis- 

.# 
charge of glacial sand, gravel, and silt was doubtless much more 
activs during h periods of great ice expansion than it is naw, and 
glacial till and outwash materials were deposited in p a t  quantity 
througbut this lowland, as may be seen from the wide distribution 
of auch deposits, as shown on the accompanying map (PL I). These 
depwits have not generally been so deeply dis9eGted by &=ma as 
thorn in the Copper River basin, and their thickness can only be 
inferred, but on the east shore of Cook Inlet, from Anchor Point 
to Point P k o n ,  them are almost continuous bluffs, from 100 to 
400 feet high, that show unconsolidated surf- materials without 
generally revealing the underlying Tertiary rocks. 
. , Tday ,  during a period of ice recession, the deposition of glacial 
outwash is kill actively in progress at the mouth of Matanuska, 
Gik, and Snsitna rivers and many other smaller stream. Their 
ddtm am encroaching on kl~e sl~allow waters of Chok Inlet, and 
p e a t  volumes of silt, carried back and forth by the tides, are king 
built np ns extensive low-tida mud flats nnd ~ h o ~ l s ,  

The Tanana lowlnnd waa never extensively iavfided by glacial ice, 
h t  ita surf ace has beon greatly modified by glacial outwash brought 
down from the Alaska Range by the many glacid Btreams. By no 
means all the unconsolidated sand, gravel, and silt of that lowland, 
however, can be ascdbd to glacial erosion and extraglacial dsposi- 
tion, for the filIing of the lowland with detritus from the mountains 
hgan in preglacia1 time, perhaps about the middle of the Tertiarg 
period, when the elevation of the Alaska Range fir& began. Since 
then deposition in the lowland has beon mntinuoue, though with 

. . p t l y  varying rapidity. No doubt the ramoval of mahrial .fmm 
+ tho mountains and its transportation northward to the lowland by 

glaciprrs. and the torrential dacial streams wero tremendously stim- 
~llated at times of widqmad glaciation, and gome measure of that 

- quickening may ba gnined by observing the heavy load of detritus 
now carried by the streems that head in the greatly shrunken glmiem 

-that remain to-day. 
- $Inca mid-Tertiary time the Tanma lowland bsa been f l ld  up to 
s depth of many hundred feet with unconsolidated depbsita of p v e l ,  
sand, snd silt, mainly derived from the Alaska Range. Thia filling 
hse not only alhrpd the whole appsasanoe of the Tarsarta lowland 
bat hrts had a far-reaching economic eEect upon the gold placer de- 



pod& of the Fairbanks district. The Fairbanks gold p h r s ,  as 
well as t h m  of the Tolovsna district, are unususl in that in the had- 
ward, deep portions of the d m a r n ~  the gravel L shallow and the 
st ram flow near the bedrock floors of their valleys, wheraas in their ..- 
lower chum the bedmck Roor is deeply buried by gravel and muck, 
and the streams flow omr a valley filling whose thickness reaches 
100, 200, or even 300 feet. The cause for this deep buriaI of the 
bedmk floor and consequently of the placer gold, which usudly 
occurs in grave1 near the bedrock, is probably mmplex and may 
involve many f h m ,  including warping, but certainly one c a m  that 
may Im co~petent to explain most of the preaent conditions is the 
gradual deep filling of the Tansna lowland by dhbris from the range 
to the south. The building of alluvial farm northward into the 
Tanana lowland by such glacial gtreams as Kantishna, Nenana, 
Wood, Little Delta, and Delta rivers has crowded Tanana, River 
northward out of the valley axis, so that it now flown in a sinuous 
course that follows closely the foot of the rock hills that M e r  the 
b& on the north. The mall, sluggi~h tributaries of the Tait- '- 

from the north, carrying little d&ris, were unable ta t h w  out corn- 
parable fma, and as the valley filling from the south progm~ed their 
grsdienta mere decreead, their lower mums became marshy, and 
vegetation accumulated ta form the muck now pnerany present. 

There is avidenca in the Fairbanh district that in time past the 
alley filling was considerably deeper than it is now, but there atill 
h a i n s  a filling in the lower vslleys of Chatenilra River and other 
tributarim of the ToEooana that is at least U)O to 300 feet thick, and 
tfiis probably represents the minimum me- for the avemgv 
thicknass of m~nsolidated materials iri the Ta-nana lowland. At 
the valley a s k  thebe deposits may be very much thicker. . . 

- - 

~ ~ - # i ' t h ~  of the last p a t  glaciers sggmdation has con- 
t k u d  in many prts of the lowlands, but in the higher morn* t 

dacisrs and etraams have continued to ercda their W s  and to modie  
the unmeeml by the retmatkng ice sheeta In p l w  in the 
lowlands, too, tho stmuw have deeply intrenched themlves in the 

I 

glrreial deposits. Where changs of drainage or of gradient were 
brought about by the glaciers, the stmum ]lave cat in some places 
and filled in athers, in their attempt to reestabhh n o d  &earn 
gradients in their aa1le-y~. The shorn lines of Cmk Inlet hava been 
mdified Iiy warn. action, an& the normal agencies of stream and mb 
-rid erosicm have taken-up the efamal task of reducing the* l ~ n d  
m m  and fiUlng the depression& 



me mineral resources of the region to be served by the A h b  
Railroad comprise a p a t  variety of metallic and nonmetdic min- 
orals. Some of them have been actively exp'loited for many years. 
Others have awaited the lower cost of development and operation that 
will prevail, now that the railroad is completed. A brief statement of 
the value of minerals produced from this region up tathe end of 1922 
is given on p a p  78-77. Here, as in most other frontier countries, 
the earliest prospectors senrched for the precious metals, especially 
,for placer gold, for placer p l d  mining can be dona with simple and 
portable tools, and the metal produced can be easily taken out from 
even the most remote regions. The first attempt to mine p l d  in 
Alaska was made in this region, on the west side of Kenai Peninsula, 
by the Russians in 1848, but without much snccess, though they 
recovered a few ounces of gold. Since the early nineties, however, 
there has been continuous prospectingT and s number of gold placer 
camps have beea established. 

The'next stage to follow tha mrch for and exploitation of the 
gold-bearing stream gravels is the attempt to find the bedrock 
source of the gold fsom which the placers have ';been derived, and 
them are now a number of districts in this region in which gold 
quartz mining is carried on. alha Willow Creek district has already 
produd  over 52,000,000 worth of lode gold, tho Fairbanks district 
over $1,337,000, and them are promising though as yet little de- 
vdoped @d lodes in Kenai Peninsula, in the Rnik-Turnagain Arm 
district, and in the yentna, Talkeetns, Nest Fork of Chulitna, 
Kantisha, and Bonnifield district9. Like gold placer mining, gold 
lo20 mining a n  be carried on in rather inaccessibb regions, for 
although the c o d  of transporting such suppliw as powder, &MI, 
and machinery to the mine is often very high, the metal recovered, 
if the ore is £ree mifig,  a n  be taken out without great difficulty. 
Lode deposits of gold ore in which the gold is not free milling 
and can not bei m v e d  by amalgamation, and of such other metals 
ss silver and copper, which c ~ m m o n l ~  occur as ~ulphide o m ,  can 
pnerally not be profifably exploited without fairly good trans- 
portation facilities, for not only must all supplies and machinery 
be brought to the ore deposit, but tha heavy ore or concentrates 
produced must be transported to smeltem to be reduced. Many low- 
p d e  gold placers also, which require for their working heavy 
hydraulic equipment, steam-scmper plants, or dredges, am dependent 
on reasonable transportation costs before they can be developed at 
a profit. It is obvious that to be mined profitably a mineral depoeit 
must contain sufficient valaabIe minerals to pay not only the cost 
of mining and reducing the om and of ptting the pxuduct to the 



market but a profit to the miner as welX The valna of an om depoait 
thus depends to a large degree upon its location in respect to 
routse of transportation, as well aa upon its metal content, and an 
i n a m i b l e  ore deposit thnt would have great value if cheap trans- 
portation to it were available may be worthless. The completion 
of the Gowmment railroad from Seward to Fairbanks has greatly 
improved the transportstion to s, large number of mines and pros- 
pects in this mgion and should make pmfilble the exploitation of 
many mines whosa development could h~retofore not be undertaken. 
One of the most valuable mineral resources of thia region is coat  
High-grade bituminous ma1 is found in Matanuska Valley, and 
lignite of very fair grade occurs in a p a t  number of Iocalities on 
Cook Inlet, ia Susitaa and Chditm valI~ys, in the Nanana coal 
field, and ah many places along the n o d  flank of the Alaska Range. 
A11 these coal deposits are potentially valuable, but except for 
supplying small local markets their present value depends upon 
good transportation more than upon any other single factor. The 
p m n t  development of the coal fields is considered elsewhere, in 
this report. * 

An important mrvice that the geologist can m d e r  to the mining 
industry is in recognizing and pointing cut the relations of the 
several m k  formations ta the ore deposits, in determining which 
rocks are likely to contain valuable minerals and which hold out 
littb promise to the prospector, and in mapping the areal distribu- 
tion of the diffrent rock formations so that the pmqmtor can 
choose as the field for his search those areas t h ~ t  are no& likely 
Ito yield him the reward he seeks. A large part of the region hare 
considered has been mapped plogicallg (PI. I) in at l e ~ s t  a recon- 
naissancs way, so that the main f ~ c t s  concerning the distribution 
of the mks are known, It is therefore pertinent to summarize at  
this p l m  the. d e n t  points in regard t4 the distribution of the 
ore depositg a d  the mmciation of the diffe=ent kinds of valuabl0 
m i n e d  deposits with certain types of rocks. This summa 

sailroad from Sawad northward into interior Alaska. 
given in the general geographic order of the deposits 

Tha central and northern portions of Kenai P e n i d  are corn- 
poered mainly of a p a t  series of Paleozoic and Msazoic m k q  
;hiefly shale, data-srgillite, and graywacke, with very minor 

For 8 full &mudon of tbe m i a d  depasltn of E d  Feniawla, IWB X m  Q. C., 
Johnmn. 8. L, and Grant, Lf. E., Omlogy and mfneral remumen of Kmml -1% 
&&a : U. I. -1, 8amey Bull. 681, 1013. 



, amounts of granitic material and of greenstone. In that region there 
" are a great number of plamr mines and prospects; many gold lode 

prospects, a few of which have been mined ; and a h g e  number of 
%. copper prospects and one copper mine that bas long been one of the 

Iarge cappar producers of the territory. Plmr m i m  contain p l d  
that has been concentrated in the stream. beds from mme bedmck 

*' mum, and after the metal pwticles have been delivered to the stream 
the relation of the gold to the underlying. bedrock at tba point 
wbem it comes to rest is purely accidental. If the miner can find 
the veins from which the gold comes, however, nnd can learn the 
mlation of the veins to their country rock, he is aided in tho march 
both for other similar veins and for the stream placere derived from 

. - them.' 
WW WDEB. 

TBe gala Ida of the Chugmh-Kenai region, as #horn on Plate I, 
may be divided according to their distribut.ion into two muin 

. - . p u p m n e  h a v e  a north-sonth linesr arrangement and extending 
-from b d o n  Bay tm Turnagain Arm, and the other group being 
m d  a m n d  the &oras of Port Wells. Throughout both of thesa 
'group t h  is a striking similarity in the geologic relatiom of the" 
ore deposits, for the gold occurs in veins that cut Ch slate and gray- 
wacke in distr ih where these sediments have been intruded by 
granitic or siliwus matmials. A few exceptional veins occur in 
:hdite of granite. 
h northern Kmai Pminsula there is a aeries of ailiceom dikes &at 

,.in nnortherkg* dimtion, and the gold lodes bear a striking 
'deien t6 these dikes. Tho veins ordinarily consist of a quartz 

." - w h i n i n g ,  in addition to native gold, the ~ulphides arseno- 
pyrita,. galena, sphalerite, pyrite, pyrrhotite, chalcopy rib, and more 
rarely moly'bdenite. Tn places the ore is very rich and yields fine 
specimens, but even in the better wins the gold content is irregularly 
distributed, few minea hsve been profitably operated, and the total - yield from all the gold lodes of the region together has so far not 
&een large. 

OOLD PLAmm. 

. The gold placzers of the Kenai Peninsula-Turnwin Arm region 
are the m l t  of the erosion and concentration by the stseams of gold 
&om the lodes, and the ultimate origin of the gold of both Ides and 

' 

p k m  is themfore the same. The occurrence of placer gold, how- 
ever, depends on ph~iographic pmcesee, the most impatant of 
whioh am long-cmtinud erosion and the eoncentration by some 
stmami of the gold prtrticle~l contained in the rock d&ris hta a single 



d o t e d  channel. In thh region norma1 stream a d o n  kai ii& a 
- long h e  interrupted by the invasion of glacial ice. Probably mu& 
richer and more extensive placer dqkits existed here in preglmial 

-3 

time, but they were in large part removed and s c a t t e d  by the 
.. glacief~. It ia only in especially fwored locdltiss that workable 
'plmm now exist, either in places thak emaped glacial mur or in 
places where postglacial concentration of gold from the lodes er of * 

'wattmid gold in glacial depkts has been especially rapid. It is only 
by c l e  and inhlligent prospecting that such localities are likely 
to be dimvened. 

!The mining of gold placer grad on Kenai' Peninsula has Been 
a o n h d  largely to the valleys of the s t r e a ~ m ~  draining to  Turnagain 
Arm, though a little mining and pmqecting has h e n  done in the 
basin of Kenai River. Gold is widely distributed and hm been 
found in tew gravel, glacial deposits, and the present straam 
gravel. The earlied producing s h a m  of the region were R e s u m  
tion Creek, which through much of its length f l ~ w s  through a dmp, 
canyon-like channel,$t and Palmer Creek, ta tribdmy ,from the &. 
S i d e  Creek and its tributaries Canyon Creek and E& Fmk have 
also produced camidexable gold, and a larm h y d d i c  plant is at 
present in operation on lower Canyon Creek. 
On the north side of Turnagein Arm, in the basin i f  Crow Creak, 

a tzibutary of Glacier Creek, placer mining has long been conducted. 
& lower Crow C m k  rtn andent channel containing placer gold has 
bsan found deeply buried beneath glacial moraines and grafreh. On 
upper Crow Creek paying placers h a ~ e  bees found ie a pd-med 
basin lying behind a gIacia1 moraine of cuam boulders and till: 

The placer mines of Kenai Peninsula and the Turnagain Arm 
diatriot ham been worked more or less vigorously since about 1894, 
reached their highest yield between 1897 and 1899 with an annual 
production of $150,000 to $175,000, and thon declined rapidly to less 
than $40,000 in 1912, sinw when the annual output has rmged from 
$20,000 to $44,000. I n  1922 about a dozen gold placer minea -re 
operated, with an estimated production of $40,000. 

(30- L o r n .  
w 

fn the Chqp&-Ronai region there are only two-&portant areas 
in which copper lodes occur, one just east of Ibaamrectim Bay and 
the other farther east, on the islands of Prince Wil&m Sound and 
centering at htoucha An examination of the ac~companying geor 
logic'map (PI. I) at once draws attention to the fact that in both 
of these a m  the coppsr lodes am mmiated with Mies of grean- 

W M o f t i t ,  F. E., a n 8 B t o n a R .  W., MlneraZ-oi&wml ~enkm&Alam: U. 8. 
ctea anrpel- snu. m9, pp. 3- 1m. 



@one, which OCCUP either as htmdve mltsEpas or aa lilva flow. This 
&ation of copper depasits with basic igneous rocks interbedded 
vith or cutting 9ediment.s is general thronghwt & a h .  .me I o d ~  
that .tie just eat of Rmrrwtion Bay am as yet only prtxpch, and 
no systematic mining has hen done on them, but the copper-bearing 
suIphides, mainly chalcopyrita, occur in shear zones in the slate and 
gmywacke and in the greenston& 

T h e  krgmt and kt-equipped copper mine in the Alaska maritime 
pmvinces is the property of the Kemmtt Copper Corporation, 
genemlly known as tIrs Beatson Bonanza mine, on Latonhe Island. 
19me extensim ore deposit at this mine, as well as many other copper 
lode prospech on Latouche and 1Cnight.e iislands, is in. the slate and 
graywscke in ta district where these Padirnenb am cut by mrd inter- 
W e d  with p n s t o n a  These depmits nre descri?ml by d01m-. 
son OP aa occurring in brecciated or s h e a d  mnos in both the d i -  
mentw rocks and in the greenstone of these islands. . The ore 
b d b  are primary deposits, the sulphides impregnating or replacing 

.. w,&&ents and. p n s t o n e  and f l l inp small Practum 'and open- 
ings in the mahid of the shear zones. The orores a m  chiefly sul- 
phidm in a gangue consisting principally of crushed and altered 
country mk. Tbe commercially important copper-bearing mineral 
ia chdwpyrite, and it is associated with chalmersitm, nstive gold, 
gilver, pyrrhotit+ pyrite, sphaleritg and gdena, with looally Rome 
amnopyrite and nickeliferrnus py rrhotite, in a gangue .containing 
qnarh, feldspar ( ?), chlorite, mikerite, calcite, and epidota The 
only lare prducing mine in this p u p ,  that of the Renn~cott Cop- 
per Corporation, has been actively exploited for years and han pro- 
d u d  n large amount of copper. 
-(ConaideraMe development work has is done on a number of 

other propdies, and it is likely that soma of them will b m e  
mines. 

TAL-ETETA I&-- 

, & has already been shown, the outdsnding feature of ibe geology 
of tbe Talkentna Mountain region is s group of large and mall 
p i t i &  intrusive r n m  and smaller amounts of hi intmirm 
and flows with m i a t ~ d  frngmental volcanic materials, the *mus 
materials intruding or overlying sedimenh that range in age from 
early Paleozoic or older ta Tertiary. Plates I and .D shorn the 
Bilimi f ~ t s  abut t h ~  areal geology of the westen Talkeeha Moun- 
&ins the location of the mines and pmspeck M h l  mining in 
this -&on has b u  limited to gold placer mining at a nnfgber of 
l d t i e s  and ta the exploitation of the gold l d e s  of .the Willow 

John-, B. L. Gfslom and ore d-tn 04 -touche H Wwt ~ a l m d i  aad vldn- 
fQ, MFB W i a m  bl-: U. 8. W L  luvw BW1.- (Ln -ration). 



Creek, dktdet. Them are, however, -y other distri& in which 
are f&nd ld~~prospmts, including Pdgs carrying gold, copper, 
and antimony, .that may be developed into pducing mines. In 
additian to khe Willow Creek p l d  lode district, the principal areaa - 
that have pmmisEng ore deposits are the Im Greek district, with 
its mntaamw tapper prwpects, and the Rdchina gold placer dis- 
trick The high-grad0 wnls of Matanuska Valley and the lignite 
demta  of Susitna and Chulitna valleys are dwribed in another 
section of this repoft. 

QOm l r O m  

W W  Cm& d&M--The gold I d e a  of the Willm Cmk dk- 
trict camhitub by fmr the most important developed metd mresourc les  

in the Talkeetna ragion. Prom 1908 to 1932 thee ldas yielded o m  - 
$2,194,000 worbh of gold and silver, and the output in 1922 was 
worth $289,500: These Ides consist of quartz veins which cut 
quartz diorite.=' The diorite is generally k v s ,  coarse grakd ,  

J. 
and little a l t e d  but in p l m  is soaewhak m h W  Most of &a 
veins strike in a qpnem]. north-south dimtion, and -Qiey dip west- 
ward at an amrage angle of 39". The veins are in sharp, clean 
fi~~m in quartz diorite. They probably repmsent 6llings of early 
joint pIanes and are now paralleled and internkid by other sets 
of joints tW have no vein filling. Om has been deposited in some 
of the veins &.repeated intemals, ae is w i t n d  by the banding of 
the o m  Some movement has taken place since the ore wm depited, 
resulting in shearing, faulting, and the formation of gauge along 
many of tbe veins. 

The gold is present in the & lt~@yf-ag n&ve gold, and much -- 
of it ia recoverable dilectly by a m ~ t i o n .  !l'he Itailingem- - 
some gold entangled in tb pyrita, which is gensrally.tri?a%d by, 
cy~dstion. Assmiated with the gold in the veim are the metallic 
minerals pyrib, amenopflte, stibnite, chdmpflte, bomiby chalco- 
cita, galena, malachite, limonite, and cinnabar. Except for the limo- 
nite and malachite, which are plainly secondary after pyrite md - 
chnlmpyrite, and the cinnabary which was introduced after the g ~ d  
mineralization, the awmblage of minerals listed is charactarbtic of 
gold-bring veins of deep-sated origin, deposited by aqueous wlu- ~ l t  

tiom The d i h c t  lies in an area of severe Quateramy glaciation, 
and the oxidized zone is verg shdlow. Most of the om mined is. 
primary ore. The accompanying sketch map (PL IIZ) shows the 
disthbution d b t h  goTd lode and gold placer mines and pipspts 
inn the Willow Cmk district. The above description of the c h ~ -  
actor of the vein4 probnbly applies also to  a number of veins farther 

* ~ k p p q  B. R., me WIIIOW creek d ~ c t ,  a h :  U. a -1. & EWL g ~ ,  PP. 
6540,1915, 
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marth, in the Peters and Purches em& Wins, that have not been 
&died. 

Imn Cwek dkih4ct.-A lode in the Iron Cseek district that is val- 
nsble chiefly for ib gold content oocurs under the same conditions 
as the copper lodes in that vicinity. It carries wpper also and 
is d&hd M o w .  The Iron Cmk district lice some 40 miles 
by trail west of the railroad at Talkeetna, in the busin o f  Iron Creek 
1 I .  Stated in simplest terms, the rocks of this district include 
a d.imatary Eerie8 of limestone, marble, slate, mgillita, and qua-- 
ih, cut and overlain by busic dikes and %ws, rand both wdiments 
and basic mks extensively intruded and surrounded by great mama 
of gmnitic m k  Some basaltic lava flows are a h  present. 

The f 01Iowing description of the lodeg of the Imn C m k  district 
ia b a d  on an examination made in 1917." As no geologist of the 
h l a g i c a l  Survey has visited the district ginm that time, and aa tho 
WMdnt*bf &,report on i t  is exhausted, the lodes are hem dmribed 
in gmakr detail .than would be given if  the litemturn on them were 
more voluminous or more easily accessible. The pmitiw of the lodm 
.and the genenrl didribution of rock formations of the district are 

' 

shown on Plate II. 
The principal mInab1e minerals of the lodes are copper and gold. 

Most of the om bodies me due to the replacement, along zones of 
fadting ztnd shearing, of nndesite greenstone, but one or two, also in 
a n & s W b s t o n a ,  have some of the aspects of contact-metamorphic 

. . . . derp@ts', they lie some distanea from the mntsct of diarita 
tlrt t - i i h d e a  the greanBtone. So f a r  as is h o r n  the content of the 
o m '  in free gold is not sufficient to justify miIling them on the 
p&$ ,' Tbs base character of the ore will necassihte smelting for 
the recowry of the copper and gold. Hen- cheap tramportation to 
tt smelter is m n t i a l  before these lodes can be developed. 

Copper Qilaerr gmup.-The Copper Quean p u p  includes two 
+iiGrns that lie m the north side of Iron Cmk, 2 d e e  below the 
rn61dh of East Fork. Developrnenb at  the time of visit had hen 

, confined to atripping the vagetation from tha om body and the ex- 
cavotibn of s shallo* open cut. The countv m k  is m and&b 
greenstone with amygdnles of greenish-yellow epidoh The ore - .. .body, which lies along a s h e a d  and cmshed zone that gtrikea X. 
!IDP E. and Btands nearly vertical, h a  hen formed by the rep]-- 
ment of the s h a d  andesite, which is heavily mineralized though- 
out a, width of 91 feet across the strike, though there era many P a r e  

=Cam B. R., &llnetnl r e a w m  bf tba waestem lklkeetna Morantalnu: U. B. Qml. 
.> 
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Ienticdar horses af marly bamn countq rock. Pyrih, ,ammo- 
pyrite, and chalcopyrite are the common metallic minerals atrd m r  
as nearly pnre rnmssw of m e  or the other of t h w  wlphidea or inti- 
mately inhrgmwm with one another, Some quartz is present in the - 

ore ae gangue but is nat abundent. ' Scattered speaks and blotches 
of sulphidea occur both in the ho- *itchin themom M y  and in the 
wall m k  for some distance hsck from the mne of shearing. Thia  - 
lode is unugual in this distrid in that assays of ore from it am said 
to show a high gald content, sa that its value far gold probably 
exceeds its value for copper. 

floppw King gvwp.-Th~ &ppr King p a p  aomprieee %Ir 
claim that lie on the south valley wall of Iron Creek oppbsita the 
mouth of East Fork. The principal workinp am at  an altitude of 
about 9,300 feet, 1,500 feet above tho valley hottom, and consist of a -- 
numhr of trenches and open cut& excavated f o demonstrata the 
presenm of a long, continnous a m  body. They show thnt the andes- 
ite greemtone muntry rock ia cut by a shear zone that strikes north- 
east and dips aboat 60" E., in which the sheard.mtqiaj b b e s n  
replaced in part by metallic miner& and some qyarb. The shear 
moe ranges in width from 6 to 20 feet, :aed the degree of repla~ement 
of the sheared sndesita gre~mhne differs greatly from place ta p k  
The bast &owing of ore was in a large open cut tb& had been ex- 
cavated down to undisturbed bedmk In this cnf, tbmgh a width 
of 9 feet m m  the strike of. the shear zone, abundant cllalcopyrite 
and specular hematite with mme pyrite and a little quartz wera ex- 
paaed. The ore ia banded parallel to the direction of the &ear zone 
and consists of alternating bmds of nearly pure chalmpyrite, specu- 
lar hematite intmgmm with quartz, sbad pyfita 'The individual 
bnnds are mom or less &con.tinuoas, and the charwteriatic miaaral 
of one band may be p m n t  in m a l l  amounts $.$be, 0 t h  bands. 
Another cut near by shows mperal feet of m r Q  pam hematite with 
only mall gmomts of other mlphides. M y  some quartz is pres- 
ent in the sheer wne iu d distinck veins The ore from this 
group of claims is  aid to carry only small amounts of gold and silverf + 

Coppw W& grwup.-The Copper Wonder p u p  cornp& 
wmn claims that lie on the mnth slope of ,lm~ Creek valley south 
of tha mouth of Middle Fork. These claim were: i k k  &kd in f 

dune, 1917, and the only development work dom by Augast of that 
year was the exca~atiom of three open cuts in the b l d s  of Alder . . 
Gulch, at an elevation of ahut 2,500 feet. Thwe cuts show a zone 
of stmng s w i n g  in a-ndesite gmmshne country m k ,  but the 
ground has been. mach disturld, and in the shallow-excavation the 
strike and dip of the shear zone mdd not be definitely d e ~ ~ .  
la the l a w r  open cut the andesib greenstone is %een to  be ranch 

%. 
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&red along, the shear zone, in which there is a heavy deposit of 
qemIar hematite, together with some pyrite and bmhes of chal- 
copyrite as large as a man's fist. A .little quartz was s b  noted as 
a gangue mineral, The hematite has a thickness of 2 to 3 feet 
through an ~~QwI vertical distaace. of 20 feet, a d  &hem is con- 
siderable mppr carbonate stain In the dtared shea~mne mEerid. 
Scatbrad specks of sulphides were seen in the ~ n d w i h  country m k  
ou tside;ef the ahew eono. 
. PJLOmb group.-Ths Phoedxx group inc1ades three claim on 

Hmhm Gulch, a mall tributary of Iron Creek from the wrthca&, 
a little more than a mile above the mauth u£ Middle Fork. Tbe only 
bcality at which my noteworthy excavation had been mtadi was ~t an 
altitude of 3,600 feet, where an open cut showed a small shear zone, 52. 
to 3 inches wide, in andesite greenstone. This shear zone, OF lihe of 
faulting, strike8 S. 30° W. and dips 65" NW. It contains gunge and 
decomposed materiaIs, with a little quartz and some copper car- 
bomb stains. Tl~e andesits greenstone waII mck is, however, much 

. < ". - '@._~ggg;a&onate  and has locally been partly r e p l a d  
a y r i t e ,  bornite, speoular hematite, and quartz. The bornite 
is closely a m i a t e d  with chalcopyrite and is apparently a wrfsee 
m m n m  only, for a  hallow excavation made at the bsst showing 
of bornjta showed little bornih at a depth of a few feet below tha 
surface but an inmming abundance of chalcopyrih A number of 
namw veins of nearly pure hematite with small quantit i~  of asso- 
ciated dphidea have been found on this property. 

Blw Lode pwp.-The Blue Zode goup of five claims liea on the 
south Side of the v d e y  of Middla Fork of Iron Creek, abut  25 miles 
l~bDve the mouth of that stre- and 1 mih northeast of the Phoenix 
m. The prindpaI exmvatiw is at an altitude of 4,200 feet, 
wh&~~%4arge o m  cut has been made  long a fault or shear zone 
about 2 feet wida that strikes N. 16" E. and dips 80' v.' This 
zone is fdled with gouge, fine crushed and decomposed material, and 
wme quartz that contains chaIcopysite. 'She wall rock of this ahear 
zo<m is mdesite gmnstone, which has locally been replacid- by 
s p ~ b  and bunches of bornit8 and chalcopyrite,. Iln andesita g w n -  
stone cliff above the excavation ahows abundant stains of azurite 
and malachite. Broken surfams of .the surface well rock show 
bornite and chalcopyrite intimately intermingled, but a few feet 

- below the surface, the bomite becomes relatively scarce and chalcopy- - 
rite @ominatw, suggesting that the h m i t e  occupies only a &a]- 
low zone of enrichment and that at greater depth the chalcopyrite 

- wiU prove to be the prevailing mlphide. Another open cut farther 
do- *hi mountain shows chalcopyrite but no bornjte. This prop- 
erty was staked onIy a few weeks before it was visited, and too little 



development work had been done to d&rmine either the siae of the 
ore body or ite charachr st depth. 

Eudwkw grwlp.-The Eastview -up of two c h i m  lies in the 
basin-of Middle Fork of Iron Creek half a mib southeast of the i 

Blue ]Lode group and a b u t  the same distane northeast of the 
P h e x ,  at  an altitude of 4,500 feat. The country rock is sndwite 
gmemhne, and the workings include t h m  open cuts, from which 

a 

have been taken large lamps of banded quartz, b a t i t e ,  and cbstl- 
copyrite. In these Imps af om chalcq~yrite~ is locally abundant, 
but Be none of the cuts had been carried down to undisturbed bed- 
rock 8t the time of the writer's &it, no ore in place waB Been, and 
nothing is dehibly known about the size or p i t i o n  of the om 
body. 

T W t m  -.-The Talkeetna group of nine claims lies in the 
valley of Pmqwt Creek, about 2 mklm ahve  the mouth of that 
stream The d h  wem staked in the spring of 1916, and their 
exploration and development had been limited to strippings and 
open cub made in the endeavor to Show the absr~@, of ,the m i m  
p l ~  At the time of the writer's visit eight men &m empbyed 
on this property. Tha main om body is on the claim known as 
Talkwtna No. 2, where an extemive gwmn on the steep mounGin 
slope, at an altitude of 4,200 feet, rendem the ore d e p i t  conspicuous 
from a distance. A number of trenches a n d - o p  cub have been 
excavated through this gomn, but them were made for the purpose 
of ascertaining the character of the unoxidized om M y ,  and no 
cornistent effort had been made to outline the a m  of minedization 
or to,determine its structure and relations. The country m k  is an 
smygdaloidal andkt0 gmemtona, and the amygdda consist of 
epidote. This greenstone is cut by a ahear zone that Btrikes a p  
proximately east and dips 75" N. The shear zone has aGtad as a 
chgqml for the circulation of mineralizing solutions, m d  the shared 
material, as well as the massive waU rock, has been in part replaced 
by s ~ u l a r  hematite, chalcopyrite, pyrite, and q a h  The a m  
of ~intenm mineralization, tm far as codd be d&rmbed from the C 

workjngs, is several hundred feet long and is locally st least 30 
feat thick. Its long dimension is parallel ta thq crtrike of the sheer 
zone, vhich itself lies almost parallel to the steep mountain face, - 
so that the ore is exposed on the surfam through a ~ertical distance -- 

of at least 60 feet. The goman is only a few feet thick md i~ 
ahndantly stained with copper carbonate. 

Speeular hematite is by far the most sbmdkt wtsUia n h e & l  
and m u m  in massive aggregates many feet thick, in which the only 
other conspicuous mineral is granular quartz that is int-ly. . 
i n t e m w n  with the hematite, Another abundant type of ore con- 
ai& of an intergrown aggregate of hematite, chalcop9rite, and 



quda  ,$kt forma the matrix of a breccia and erumunds angular 
fiqments of mdesite greenstone, t h e m Z v a  partly mplaced by iron 
rrnd copper minerals. Elsewhere the ore consists of sheared and 
mhistose andesite greendons largely replaced by metallic minerals 
and banded with small quartz veinleb that include the Bame miner- 
a lepyri t~+ chalcopyrite, and hematite. Veinlets of ore shoot off 
f m  the main ore body jnto the country rock, and ~lulphjdec and 
hematite am widely disseminated in the country mck for mme dis- 
knee. .on both  id^ 02 the shear zone. These claims are being pms- 
,mtsd as a, source of copper, and a hrge smount of work must be 
done befom a proper estimate can be made of the amount of copper 
ore of any particular grade that is availublia. The principal copper 
mineral, chalcopyrite, diflers greatly in abundance from place to  
place within the ore body. k d l y  hematite ia p m n t  to the almost 
complete exclusion of the sulphidea Elsawhere chalcopyrite forms 
the bulk of the ore. In some places the chlcopysits crystsls are 
sdrrounded by a thin zone of hematite, ~ n d  that by qnartz. It is 
hhW thst asasp Show from less than 1 per wt to 8 per cent of 
'cop@< and mall smouarts of gold and silver. Ilndergmund ex- 
ploration alone; can determine the character and metallic conhut of' 
this om body at depth, but the p t  size of the. deposit may make 
&'Me the development of a mine, even if the ore is of cumpnra- 
tiwly low grade. 

Shallow excavations have been made on cruppings of metallic 
minerals on claims No. 3 snd No. ? of this same group, on the north 
eide of Pmpect Creek, where a n u m k  of open cnts, far the most 
part dmllow and in disturbed ground, show shiIsr ores, which have 
the wune gseociation of pyrite, hematite, and chaImpyrite. 

A namber t ~ f  alaims or groups of claims, in addition to thm de- 
scribed abva, have bean ~taked in the baain of Iron CmeXr, but on 
most of them little work had been done, and the d c t i o n s  of time 
hpd upon the writer made it possible ta visit only those prop- 
ertiw thrt had bm developed. The Iocation of some of thm 
grmp is shown on the acompanying map (Pl. 11). Vigorous 
pmspectiq in this di~tcict has been carried on only in@ the spring 
of 1916, and many of the claim were staked in 191'1, so that tha 
wnomt,of work that has been done on any property is not nee=- 
d y  nn index of the value of tha ore deposit, and mme of thei 
properties not visited and not described specificaIly may be of 
greeter merit than some of those that are more fully dewrib4 
here. T?I~ po~ibilities for the d i~covev  of still other ore depo&ts 
in t.his area have by no means bgen sxhauM,  and it is likely that 



other ore bodiw more valuable than any yet dim~md may lm h&ad. 
A hrge amrr in the banrina of Sherep River, Montana Cmk,  wd 
Kashwitna River has received scant attention. Hand qwimans of 

-rich mppr and gold ores have been brought out f rotn this are* by 
prospectors, but the localities from which they m e  could not be 
learned, and the deposits were not visited by the writer. Lfer in 
.the summer of 1917 reporte were aircxlated of the dimovery on a 
northward-flowing tributrtry of Talhtna  River, opposite the upper 
basin of Iron CmkI  of a large dike whose strrfaee croppings yielded 
gold u p  panning and which wss-mid to h w  an emuraging gold 
contmt upon asmy. 

m m A  nmmazr, 
The Nelehina district lies at the eastern h d e r  OF the region hme 

comidered, on the eastern dank of the Talkeetm U o u f l t h s ,  in the 
basin of Nelchina River, whom waters ma& Copper River by way 
of Talins Lake and Taelina River. !lXe portio~bof the amompamy- 
ing &etch map (PI. 1) showing the general pglogy v d  tb?, lpa. 
tiendof the gold p b i  prospects in this dfstiikt. ets'hhn f+&i She 

. first published dewription of thi~ region by Chapin,za and the de- 
scription here given is ~bstrachd froru that and a later more cum- 
p l ~ h  report by the m e  author.'8 The geologic formations in the 
neighborhood of the gold-bearing gravels include Jarassic and Cre- 
taceous conglomer&, limestone, ssndshne, and shale, a m i a t e d  

. with Jurassic andesitic greenstom and v1~5ous Tertiary lava& Ex- 
tensive Quaternarg deposits of glacial and fluvi~tile origin pave the 
valley floors and the entire Coppe~ River basin, t~ the east, 
The only known mined m u r m s  of tbia diet are the deposits 

of auriferous grad that have rekid canidekble attentian ia tha 
last eight or b e  a Gold has been found in encouraging ~ b i l a u t  

only in a amall area, confined to the tributarim of Little HeIchina 
River, Tpne Cmk, and Orihetn~ Ri~er. (Sea PL,E) So far little 
gold has b n  m o v e d  in this district. 
The badrock sourn of the placer gold is o h m e ,  but it is bs 

lieved that most of the gold htw been brought to the neqhb0rb.d 
where it is now found by glaciers, a d  that the pl- ham b n  
formed by the p&glacial ~xmoantratim by -s of the gold scab 
terd through the glsoisl deposits. 

Crooked Creek, a tributary 02 Little Rebhina R i k ,  h a  yiddd 
litk1e gold but bae Iwally been vigorously psgected. On one shim 
g shnft was eank to a depth of 180 feet, in 1914, wlthaut m h h g  
bedmck, 

-&, T ~ ~ P ~ ' A ~ W W W B  g r a d  o t  tna ~ e ~ c h i ~ ~ ~ t n a .  reg~oa U. IS, -1. 
F4-y Bull. 622 pL B, 1915. 
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.&Albert C& some miniag was done in poorly a W e d  gravel 
that ovdien a bedrock of tuff acsous sandstone and h l e ,  associated 
with volcanic mk The gold w t ~ s  found to be matbred through the 
gravel, with little or no mconmntmtion on behick, A few t h o 4  
dollsls' worth of gold is said to have been takeri from this straasl 
valley. 

C o n s i d d l e  pmspecting has beem done<fmm time to time on 
Little Ndchina Biver, Poomiln, Yncb, B o d  of July, and Daisy 
4 a d  Osheh  River, without M n g  my ltrrge deposits of 
m k a b b  p u n b  A few prospectors retain their faith in this dia 
t;rict, and some pmpecting and mining is done them a h  year. 

Within the lower hsia of Matan& Valley them ie rm extmsimi 
coal fkld that has besn widely credited as constituting m e  of tha 
country's pate& am1 m m e s  on the PacSc c a d  The &&rim 
of this coal field WM largely mponsible for the first athnpt to 
h i l d  a ~ i l r o a d  fnw Seward northward into interior Alaska and 
bsd s large influence in determining the mutn for the Alaska Rail- 
road. 

The coal-bearing beds in Msbnnska Valleya7 all occur in the 
Chickdoon formation, 8 &rim of ahale and andstoae of Tertiq, 
probably Eocene age, which is underlain Tertiary arkow, shale, 
kind conglomerate and overlain by later Tertiary mnglomerate, The 
whole series is intruded by numerous bodies of igneous rocks that 
inelude &ih, gabbra, diabw, and diorite, in fairly large maseee, 
~ n d  by many d h  aod gills, 

'The eo& of Matanuska Valley range in grade fmm low-grade 
~~ ta high-grade biturninom The low-gmde bituminous 
cads aim I m d  in the d k y s  of Young, Eska, md M o m  weeks; the 
high-grade bihnhom coals in the valleys of ChickaEoon and Kings 
rivers a d  on the south side of Matanuska River in the vicinity of 
Coal Creek. AU thase -Is are pmbrably of a b u t  the m e  
their dif ferem in chamhr being due to  differenm in khe amount 
of metamorphism which the beds have undergone from place to 
pl- The loweat-grade bituminous coals are least folded, faultad, 
and intruded, and their poorer quality is in a measure offset by the 
ease and cheapness with which they can be mined. The high-ede 
bituminous coals have been more merely folded, faulted, and in- 
truded. 

R q e c t c t j n g  on tbase coal beds waa begun 20 years ago, and in 
the spring of 1913 a ahipment of seven11 hundred tone waa mined 
*-, Q. C, rmd K&, Lr. J., Qmhgy and cPal flab of the 1- EhWasLa 

Vdleg, Alasha: U. & W. BUTW Eu13. 600, 1812. Chapin, Theodoe, Mhlnu d e l e v w  
wt~ h the Matap& coal add:  U. 8. Gml. Uurvey Bull. 712. pp 181-168, 1920. 

76813"-2- 



and tegted by the 'IJ. 5. Navg. W~th the mmnenment of d m c -  
tion rm th8 Alaska Bailmad, in 1916, pmp~ting became more 
vigorom and mining was begun, with a view to supplying fael for 
the milroad. Up to 1922 the Mitaxlala field has produced over 
305,000 Eons of coal, a w n s i d e d s  part of it fmm mines operated 
by the Government. A large amaunt of prospecting has also b n  
done. Although high-grade bituminous coab exist at many places 
in the valley? the beds so far exploited am so much faulted and 
broken that the cost of mining has remained high. Prospecting 
for more favomb1e ? A s ,  where miTliTlg can 'L3e done more cheaply, 
wi l l  continue. h the meantime the Power grade but mom easily 
mined cuds will continua to ~ u p p 1 ~  the needs of the railroad and 
other low1 demmds. 
Lwrge are= in the Mitanuska coal field are still insuiEcimtIy 

p~ospected to justify a statement a~ tn the area of c o d  there that is 
minebb under present conditions Certainly t h m  h a large ton- 
nage of coal available. Whether or not any particular araa them 
can b mined will depend on the relation M w m  of mining, 
and f i e  cost of competing fu& With %buridant chap he1 oil an 
the Pacific coast, and plentiful, more cheaply mined coals of lower 
grade available along the Alaska Railroad, ths higher grade but more 
difficn2tly mined m l s  of the Matanuska Valley may be mmarkchble. 
Yet, if a suficient demnd for high-grde coal arises, these coals 
may be mined kt supply needs that can not be met by the cheaper 
fuel& 

Exposum of ligmitic coal are h o r n  to occur at intervals around 
the entin margin of the b k  InkbSusitna hub, from lower 
Cook Inlet to Broad Pass, and the number of localities at which 
this ma1 has hen found is increasing. The distribution of 
these 4 localities and the attitude of the MB them indimk that 
caal-bearing Terhiary b d s  are of widespmad dkkribution in this 
&in, and that they contain an momnous tonnage of lignite. At 
p m n t  this fuel h a  little vaIue for other than local uses, but the 
time may come when it can be mined and sold at a profit. 

The Yentna district is on the muthead flank of the AIah Range, 
44 milw w& of the town of Tdkwtna, from which it can be reached 
by a wagon mad and M. This district has yielded a steady and 
increasing production of p l m  gold since its disco-, in 1905, 
and the suwmsful operation of a d d g e  them in m n t  years gives ' 
encomapment for the belief thttt it will long continue to be a pro- 
ductive minjnP camp. The following brief n- am abstracted 
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mports on this district by Capps ss and by Mertie,= who visited 
the district in I911 and 1917, mpcctioely. For a more complete 

- dwriptioa of the mining operations the reader is referred to the - origin4 reports. la 1922 the Yentna district. pmdumd $222,050 
worth d p l m  gold. 
The geology of this diskrid is fairly &pIe, the prewiling. rock 

- fuhations k i n g  a wries of slate and graywacke, with some quartz- 
ite, of Mascnaic ags, cut by Iwga masses and dikes of Mesozoic 
granitic mch and in part, overlain by Rocene cod-bearing beds and 
later Tmtiary p v e 1 .  There are also extensive d e p i t s  of Quater- 
nary msterials, including glacial md glaciofluviakile deposits and 
the alluvium of the present streams. The major featurn of rock 
di&rib&oa md the position of the gold placer mine8 and of one 
ma1 mine am given on Plats f Vmso 

Tbe ody important plwer-mining operations in thh district 
are on Cacbe and P&m cmks and their headward tribuhriss. 
@dy:wing for .placer gold has rn far been done, though a small 

- dhakSkf -plficer phkinum has also been recovered, and the presence 
of cassiterite (tin oxide) and scheelite (calcium tungstmte) indicates 
thak there may be workable lodes of tin and tunffsten ore in the 
d&i& The original so= of the gold is believed to be in quartz 
veins that cut the Mesozoic s lab  and graywacke. This gold was con- 
centrated, hfore the earliest Tertiary beds of this district wem 
hid down, into -dual placer deposits, which were later partLy 
m a k d  and contributed gold to the lowest Tertiary beds Later 
on the region was glaciated, and the glaciers removed and incorpo- 

. I&& into their o m  debris some of the gold-bearing g a ~ e l  h m  
tha. Ter t iq  beas and from sham p l m  The present stream- 
p I w d @ t s  are & l i e d  to haw k n  derived largely through 
tbe m o n ~ ~ ~ ~ ~ o n ,  in the M s  of the p m n t  dreams, of the gold 
from the lower Tertiary beds lsnd from the glacial deposits. In 
plafes a h  the earpi& Tertiary beds and the overlying glacial t iU 
a m  mined for placer $old. 

* Tfre largest single mining operation in the district i~ that carried 
on by the Cache Creek Dredging Co., which built s rlredge in tha 
nl ley:  of Cache C m k  at the moukh of Windy Creek in ,1917. 
Since that time the dredge has proceeded up Cache Creek, working 
p v e 1  that ran- from 8 to 7 feet in thickness and overlias the 

;- '..- .fairly soft Eocene sand, gravel, and clay. The pay ptmk is from 
150 to 300 feet wide and is believed to extend upstrewn for mveral 
miles. The d d g e  is of the flume type, with buckets of 74 cubic 

- - -. 

S. a, T9w Y H t m  dlatrl* -: U. B. G-1. I- Bull. 684, 1918. 
- M a t i &  J. B., jr.. Plaanum-bPariag gold plamm of the RkbUtna Va l le :  U. S. Qml. 

1Jat"veg Bull. BB2, pp. 233-284, 1910. 
'Mwtle, J. Iz., Jr., op dt., pl. 6. 



iW and e daily capacity 02 54,000 mbic yards It is opersted*hy 
hy-ectric po'rftm. . 

A number of hydraulic mining plsnts Sban h o p e d  w h h  
year rn Cache h k  and its prinaipal tribntarim,, N-t, Thunder, 1 

Fralla, Short, and Dollar creeks. Thunder C m k  has usually aup- 
p o d  two or threa mining plants, m d  &out that number of q r a -  
tions have b n  canductad each yeat. on the other tributaria named. o 

The magnitude and number of them oprstions are lirnikl by the 
amount of w ~ t e r  mailable far the hydraulic w z d e s .  

For a nnmber of yearn the principal mining on Thunder Creek 
hrte been done by a large hydmnlic plant, which hae been e n d  
in duicing the a t r e a n  end bench gravels of that stream. The bsnch 
p m l  mined at p l a a  reach- a thichcm of 80 feet. The bedrock 
in plam con&&- of the c ~ l - b r i n g  Emne formation, though else- 
ahm a much weathe& phase of the underlying date and gmy- 
wwke p m j d  h u g h  the coal-hsring W. 

A wry interesting condition is displapd the placwr sxoava- 
tiona on this creek Associated with the coal-b~ring f i S f i l & t b r ~  :. 
two well-defined beds of quartzme material, each averagin~ nbout 
12 feet in t h i c m  mnsisting of angular or only partly rounded 
fragmenB of quartz in a matrix of whita clayey material that 
proves to be s siliceous clay. In this material them rtm also f rag- 
ments of 4. The quarkma mrns cemy cameiderable ~ l c i  and 
have ~ I I .  mind for their gold conknt. They are e~ideatly of Ter- 
tiarg age and p m n t  the unusual condtion of a pl-I-gdd 
traltion in an early Tertiarg sedimentary series ithat is dcient ly  
rich to justify mining by hydraulic r n e t h k  Two mine  are re- 
ported to ham h operated on Thander Cmk in 1S1. 

M m r  mining has h n  done on Falls Creek for many 
varying degrees of activity, h 1917 two p1~nt8, empb* fim mmi 
altogether, were operated, one on a h u h  a h &  35 f& above the 
creek ~ n d  the ohher on the creek gravel at the month of the caaP011. 
In lSel two ainm were in operation in this v611ey. - 

Mid5ng operation8 on Dollar Creek have been carried a11 for many 
p a n ,  mainly by a single mining company. Most of the work has 
been done on claim No. 1 above Discovery, w b  on t , h  e& side of 
the m e k  them is a high bench in which the condi- mmewhat * 
r a m b l e  thm on Thunder Creek, a b v e  described. A hard bedrock 
mrn- of slate and pywacke  is overlain by a gold-beari~g . ::--' 

stratum of Tettisrg quadxme matsrial, which in turn is overlsjn by n 
M y  of gravel m d  glacial clay. The q u ~ r t z m  dratnm is a b u t  00 
feet thick in the middle of the cut snd conbins -abut q a l  amounts 
of imperfectly rounded to mgak fragments of quartz and FRY- 

wacke. At one place a bed of lignite wtrs WII l e g  upw this deposit, 
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klgm indicating ih Tertiary age. The p v ~ 1  above the quartzam 
SttEahn contains wmidemble go14 and the glacial clay a lit&, but 
most of the gold here recovmd come9 from the quartEoee deposit. 
llining is done by hydraulic meena, with water d e r  a b a d  of 200 
fwt. ! h o  properkks rn mid to have been o p e d  on Dollar Creek 
in 1991. 

Some hydraulic mining is  don^ on Windy Creek, a westward-flow- 
ing tributary of Cache Creek, on a bench depdt that consists of 
40 ta 60 feet of gravel overlain by 100 feet of glacial clay. The 
&kl occurs mainly in the lower portion of the gravel, and its caneen- 
tmtion thawfore preceded the last glacial ice advance. The gravel 
overTim the coal-bring formation. In this p v e l  some pyrih 
arpopgrita, and magnetite and a little cassiterite, n d v e  wppe~, 
and &heelite are found. 

Placer mining by pick and shovel mekhods was done in 1921 on 
Short and Gold creeks, both tributaries of Cache Greek from the 
west." In h e  Peters Cmk basin placsr mining  has^ been carried on 
-*;&p pars mom or less continuously. Gravel has been worked 
above, in, md below the cmyon through the Peters Bills. The 
large& operations have been on the stream pel and benches near 
&a ,sgputh of the mnym. In 1981 two hydraulic mine$ employing 

<. b- -- 
12 m e ~  w m  o p m h d  on Pekrs Creek and made a considerable pro- 
duction of gokl. No details are rat hand regarding the exact localities 
of thew workings. 

- :.Or~Pwm~a.n Greek, a tributary of Cotiunwood C d  in the head- 
&rd-b&n 0% Peters Cmk, one smad p1-r mine was operated by 
pick and shovel mdods  in 1921. me placer p v e l  of this stream 
-cmtains appreciable amounts of platinum In the same year one 
niinp~ww worked on Willow Creek, also a tributary of Cottonwd 
Creek -kc &her me of wahr under presraura The Willow Cmk placers 
~ i e l d  consideeable assiterite, though not in commercial qumtities. 
Bird Creek, a tributary of Peters Creek from the we&, has k n  
mined more or less regularly for many yeam, but the individual 
operations have been small. Placer mining hrts lmn carried on from 
time to.-time ttt many other p l m  in the Yentna district. The bars of 
Lake Greek and R i h l n s  River hz~ve yielded comiderable plaoer 
gold, and Mills m d  Twin creeks, tributaries of Labor Creek, still 
contain a good deal of unworked placer ground, but mining there is 

, di@cult on account of the meager supply of water. Them is much 
ground on m i l h a  River, near the mouth of Cache Cmk,  and on 
Peters Creek below the canyon tkst contains placer gold and m y  
smmkims prove to b rich onongh for d d g e  mining. 
As lm been stated, the Eocene cad-be~tring formation is widely 

distribnkd in tbe yntnfb district md at a few pl- h known to 



contain lignite of workable t h i w  On Cache Cmek newthe 
month of Short Cmk a coal Id has been worked b anpply fuel for 
a gold d d g e  md for other local rises. The coal is of a b u t  the same 
qua1 ity ag that fond  genemlly throughout the Sdtna  and Chulitna t 

vdeys an$ in the Kenana ma1 field Cml from the Yentna district 
will, probnbly never find any but a local market. 

! h e  beadw& region of Chnlitns River, often referred to as the 
Broad Pass mining district, matains copper md gold bettring l d m  
on which prospecting hact been done for many years. Most of these 
lodes lie in tho basin of West Fork of Ghulitna Eiver, only 8 or 8 
miles west of the railroad. The orighd prospecting in this country 
was done under gred dSculty, for bafore the railroad was built 
the region was wrnote and difficult of accms, and pmpecting, e s  
pecially the driving of sock tunnels and shsfts on lode deposits, 
was expensive, Now that milmad tmspofiation is bmugbt close 
to t h a  prospects they are sure to  be scrutinized h&; -apedLpr6;;' 
ducing mines will be developed if the lodes Rre dcient.ly rich to 
jugtify m4ming. 

The geologic formations present in tbe ragion of the I d e s  indlrada 
a group consisting of p n s t o n e ,  tuff, chert, d metamarphic d- 
m a t s  of pre-!Triassic age; T r i d c  mglomemt~,  tuff, greenbne, 
limestone, m d  shde, locdy cut by dikes and sills; hfesozoic dl- 
ments of po&Triasaic age, mmiding predominantly of argrllite and 
shale, with soms graywach and conglomerate, all cut by dikes; late 
Mmmic  or early Tertiary shale, argillite, and wnglomemte, with 
some intrusiws; partly consolidated sand, clay, gnrvel, and lignite 
beds, of Tertisy age; and widespread deposits of glacial moraine 
and outwash mbrials and stream gaml. The general'diMbitien 
of the rock formatiom and the location of the m i n e d  deposits are 
@horn on P l a b  V, which with the following nbtm is taken from a 
publiestionsl &a$ describes in some detail the conditions in this 
district at the time of the writsr's pisit bt 1917. 
The first mining done in thia district resulted in the m m r g  of a 

little placer gold in 1909. Since that time the infemst of the pros- 
pectors has centered on the lodes, mme of which contain gold, cop- 
per, and ~ntimony in encouraging 8momts. The ores are not fiw 
milling, however, and the prospective value of the, lodes lies in their 
possibility of yielding a large tomage of ore of moderttte richness 
rather than mall quantities of high-grade om. 
The ore bodies occur in that part of the gwap of T r i k  t d s  

and sediments in which cakamus mb am p m k ,  either as lime- 

= mpps, B. R, Miom1 rspnrces of * - ChalItna -: U. S. CIeoL Survep 
Bull. 682, pp 207-282. 1919. I 
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s h q  m b h ,  or limy &al& Furthemam, in the vicinity of the ore 
Wies there b an unusual amount of ignmus matarial, injected as 
dikes Pnta the t d ,  limestone, and shale. The om bodim themdves, 
as exposed in the w n Q  workings, am not sharply outlined. and hsve 
not g e n e d y  a d e n i h  veinlike charmtar. They appear im be irreg- 
ular m m  showing in places heavily minerslized rock that fades out 
inta les hzineralized country rock in all directions Scatted specla 

I of gulphides can be found in these mks over wide amas The princi- 
pal metallic minerals recognized include amnopyrite, pyrite, sphaler- 
ita, chlcopyrih, pyrrhotitc, stibnih, and galena, and assay returns 
show the presence of gold. Some small distinct veins cut the ore 
bodies, and these carry sdphides in a gangue of qaartz or cdcite, or 
both, but most of the ore m m s  to consist of sulphides that have re- 
plaid limy mks, or elm it mcurs as disseminated sul @id& in differ- 
ent types of material, including tuff, chert, limestone, and the dike 
rocka themselves. The information at hand therefore indicates that as 
the mult of the intrusion of acidio dikes the intruded roclrs suffered 
--metamorphism. Mineralized mlutiens from the igneous 
mass penetrated the neighboring rocks and replaced mrtain of tho 
limy beds. The calcareous beds were not alone a d a d ,  however, 
for the sulphide-baaring solutions also penetrated certain tuff and 
chert beds and mplacd parts of these beds with sulphides, but the 
larger om bodies, as at present expod ,  seem to represent the replace- 
ment of calcnreous sediments by metalic sulphides. The following 
dtwriptions of the several p u p s  of claims am abstracted from the 
kport a thjs district already cited, written as a result of a visit in 
1917. As that report is out of prinh fuller descriptions am given 
h m  than for other &rich concerning which detailad m u n t s  in 
prhkpm Eltill available. 

The .Northern Light group of three claims lies on the northeast 
side of Costal10 C m k  a short distance below the mouth of Camp 
Creek. The country rock comprises a confused mmblage of vol- 
canic tuff, impum limestone, and shale, cut by dike mcks The d i -  - merits and tuff and even the d i k ~  rocks are c a l c a m u ~  'The area of 
strongest mineralization, which is discolored to a nwty red on the 
outcrop, is irregular in outline and hm a greatest width of a b u t  30 

t 
feet. It about N. 6 5 O  W. and dips 70° SE. It is apparently 
the result of the mplscement of a limy bed by ~ulphides and contains 

. .veins and bunches of quartz. The ore ia a i d  to carry gold asd silver 
In emwruragixlg amounts. The-minerah that have been recognized 
include amnopyrite, pyrite, chalcopyrite, sphalerite, and a little 
stibnita 

The Lucmtive group, consisting of five claims, lia on Coatello 
Cmk near the mouth of Camp Cmk.  The small amount of de- 



velopment work that had been dona at t b  time of visit &owed a 
rusty mineralid vertical etochmk in a mscrs of intrusive d 
The principal metallic minerals m n  consisted of a h d a n t  a m o -  
pyrite in bluish banded quartz, with mm0  speck^ of chalcopyrita .- 
The Silver King group, consisting of two claim3 lias on the north- 

wt side of Colorado Creek about 1& miles above its month. me 
development work in 1917 consisted mlely of open C U ~  which failed - 
to penetrate to golid undisturbed m k ,  so that little d d  be m n  of 
the mlations of the ore deposit. The center of minerahtion 
seemed to be a highly dhrd dike. The dike pmb&1y cats calcare- 
ous mdimenh, for it eonhains calcita. There is apparently a large 
mass of material that mntains abundant mlphides, including amno- 
pyrite, pyrite, chalcopyrite, pyrrhotite, and stibnite, both eg mas- 
sive -gates and finely disseminated thmugh the county m k  
The gold and d v e r  content of this material was not ascertained. 

The Riverside group comprises several claims that adjoin West 
Fork of Chulitns River on its southwest side about a mile sbove 
Bryn Mawr Creek The devdopment work in '1917 ~mnsisbed.oP.a 
number of large open cuts and some short tunnels and shafts, all at  
the b w  of a s k p  m k  bluff at the edge of the gravel fiat of West 
Fork of Chnlitna River. 'P'be mks exposed include steeply dipping 
p n  to red tuff* with which are associated pale-pink, p e n ,  and 
blue-gray cherts, lmdy  banded; rasty-grsy and white marble; and 
abundant dikes of medium-grained acidic intrusive rocks. The tuff 
is hard and denm and ranges in M u r e  f m  fine gr- to very .: 

The msrble and chert are less abundant but em +dMe in 
wversl of the open cuts. TUB, chert, and calc&rsous beds are all 
more or less dtered by contnct metamorphism, as a result of t E r  
intimate intrusion by dike mk~. Such data as could be obtained 
fmm the meager surface exposum and the workinge indicate that 
hem, as at oother places in the district, the mineralizetion consists 
in the replacement of calcareous materiels by quartz and metallic 
wlphida, intmdumd by mineralizing solutions that were related 
to the intmded dike rock The ore examined contained abundant - 
snlphides, including arsenop~ts ,  pyrite, chalcopyrite, galena, and 
probably sphalerite, inclosld in a quartz gangue, and gpeckn of them 
sulphidea occur without quartz gangue in marble, tdf; and dike 
rocks. It is reportad that avemge assays taken CF-r a 1Zfoot zone 
in marble yielded encouraging amounts of gold and silver. 

The Lindfors group includes three claims at the hsad of Brgn 
Mawr Creek. No development work had been done hem in 1917 
other than aoms open cuts and strippin* The c m t r y  m k  in- 
cludes tuff, marble, and dike rock8 in diflemt stages of ~ItemCion, 
all containing some disseminated mlphidep. It is evident that on 
t h m  claims the mineralization &mists in the mplrtmment of 



&bmow d i n t s  by quartz and dPhi&s and the impmgmtion 
kf Merent t y ~  of country m k  with sulphides h t m d u d  in con- 
nection with the intrusion of acidic dikes. No large body of minable , 

ore k l  been developed on these clsims at the time they ware visited. 
The Golden Zone group of three c l s i  at the head of Byrn Mawr 

Credq is conspicuous on acoount of the --red appearance of tha 
hill m which the dsims are situate& This hill is wmpmd of a 
body of acidic rock that is intruded into an memblaga of material 
including tuff, marble, and shde. The intrnsive maas is generally 
impregnated with scatted specks of sulphides, but locally the min- 
erel i i ion haa Geen more intense and the rock is cut by small vein- 
lets  Thesa claims in 1917 were developed by many open cuts and 
221 feet of nndqmund workings. The metsllic &mah that haw 
been mgnizad on thh property M u d e  wmnopyrh, pyrik, sphal- 
mi*, galena, malachite, and probably stibnite. It is reportad that 
assays of the average m-ial removed from the tun1191 show geveml 
dollam to the ton in gold end silver, and wme rather high w a y s  
'sp.er$pdu~ed. 

fie%ektor p u p  includes two claim that Iie on the Long Creek 
side of the divide between Long C m k  and West Fork of Chnlitna 
River, opposite the head of Bryn Mawr Creek The development 

. work that had k n  done in 1917, consisting entirely of shallow open 
cuts+ mvded a =try m k  that included the metamorphic eqniva- 
len ts of siliceous &ale, gray wmke, and tuffa, intricately cut by dikes 
and sills of acidic intrusive rocks. Certain chert bands am highly 

A -,but all the other materials are limy. The ore M y  as ex- 
posed consisba of intimately mixed chalcopyrite and pyrrhotih 
rlissemjnatsd through the coarser d m e n t a  and the dike rocks. The 
sulphides have replaced certain beds, but the chert is almoet; en- 
tirely f,ee from minemlization. Ths mphides range in abundance 
from soattemd wks of chalcopyrite and pyrrhotite to masees of 
mlphides in which little rock i n  Pisible. h a y s  of the best are-- 
said to yield 17 per cent of copper, but sufficient work bad not bsen 
done to determine either the size of the om body or the avenge cop- 
per content of the ore. 
The h d y  Cash group lies on the northe& aide of Ohio Creak, 

about 3 miles above tho mouth of Christy Creek. The mnntry m k  
mn&a of interbedded rrgilEiB, grapacke, and greedone tuffs, all 
more or leas metamorphod. On this property a large quartz vein 
8 to 10 fmt wide, showing some rusty looloretion md stains of copper 
carkamh, cuts the d imeah No information was ~btaked con-. 
mmhg the m y  value of the ore at thk property, 

The Nofih Cmlina group of claims lies in the upper basin of 
Antimony Creek, a mall tributury of East Fork of ChuIitae River 
that joins that gkaam from the 1 milei above ita mouth The 



country m k  oadsta of &de, impnm i h s h e , -  and gray~~&, 
cut ;by baaic d i k a  At one place an antimony lode has h found, 

, c o d s t i n g  of Btibnite in a q u a d  w e .  me tmly opening an tho 
ore M y  wtw caved in a t  the time of visit, but t b  dump &ow& aev- * 
em1 tons of massive ~tibnite ore that included both finely granular 
gtibnite and a mixture of grander stiblnite with C O ~ I B ~ .  micular q s -  
tals of the m e  aulphide. tilome specimens contain mnsiderable 
quartz, but in others them was almost no ganpe.  The workingr C 

were insufficient to determine the & or pmition of the ore M y .  
Thmughont this general mgion them are many ather lode pm&- 

pets lthat are not here described indi~idually, either because too 
little development work had been done to demonstrate the position 
or relations of an ore M y ,  or bcause they were not d6td. They 
am of general M, however, in showing that dph ide  min- 
er& ~ r n  widely distributed in thin ..district, snd there is every 
p m s p t  that producing mines d l  be opened on ssme of the lodes 
in this general vicinity. 

Aa in su m y  places in the Susitna b k n ,  them am mmy &c&ies 
in the headwater region of Chulitna Rf ver in which ea+lyb Tertiary 
beds containing lignitic cod have beea found. Some of those locaIi- 

. ties are shown on the accompanying geologic map (Pl. I). AIthough 
the structure of the wal-bearing bPds differs from p l m  to place, the 
association of beds is everywhere s imhr,  slightly mhl idatd clay,, 
sand, and gravel being interbedded with lignite. The lignite is of 
about the same avemge quality as that mined in the Nenana field. 
At a number of localities small quantities of d hitG4I%n " '  

m i n d  for domestic fuel, and lm$e quantities of it am available, 
but it is of tm low grade for other than local usa The similarity in 
character, &mcture, and general appearance between the ma1 formi- 
tion of the upper Chulitns basin and that of other pa* of the Su- 
sitns h i n  and the Nsnana coal field suggeerts strongly thatpall these 
deposits are of about the game age. . . 

The Valdez Creek gold placer district lies at the east margin 
of the area hem under discussion, in the upper reaches of Susitna 
River. Valdez Creek joins the Susitna from the east mme 26 miles 

-C 
below the source of that stream in Susitna Glacier. Gold wru3 first 
discov-ered in this district in 1903, and although the area of workable 
gold pIacer gravel is s m d ,  mining has been carried on vigurowly 
until within tha I& few years. The conditions in thia district in 
1910 are d d M  at length by Moffit, ' a  and the folIbwing notes am 
abstracted from his report. Most of the placer gold produced has 

m Momk t,, H., Hmdwster -OM of Owl- .lid Bmltn& flm W : '0. 8. GeoL 
PWW BUIL 49% 1912. 
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begll. taken from a few claims a t  the west end of Valdez C A ,  jmt . 
. kbow the place where the canyon opens out into the ffats of Susitna 

Rivsr, and from LucQ Gdch. ' In the vicinity of the minea on Val- 
,dm Cmek that stream has cut its cmyon throngh the p ~ e l  into 
the slate h e a t h  ta a depth of 175 feet and in so dokg has inter- 
sectad an older &ravel-fiUed canyon w h m  bottom is 60 feet higher 
than the present creek level, The largest deposits of gdd placer 
grape1 were found in th6t old gravel-med canyon and in the prwent 
creek gravel blow the old canyon, indicating that the present 

gravel derived its goId from the erosion of an older, buried 
placer ,deposit. The bedrock soume of the gold is believed to be 
m d i n  iron-stain&d siliceous veins containing pH& sphalerih, 
an4 .plena., which cut Upper Triassic date. These veins, though 
h o W n  to be gold bearing, have nowhere been found t b  .be minabable 
ns gold I d e a  The plamr deposit in the old buried channel of Val- 
dakjC14Beg is of pregluial origin and is another indication that in 
the*  region south of the Alaska Rsnge them were probsbly many 
& W ~ P  depsits in preglacial time but that mogt of thew 
daposita were destroyed by the advancing ice, and the gold was 
mattered. It is only in such exceptiona1 places as the Valdez Creek 
district, where &a alder p l~cer  deposits wen butid and preserved, 

*=hi$&& few .&dk placsa where pmtg1aciaI conmntmtion of gold from 
glacial ddepcdta OF from the bdmck source has occurred, that placers 
nre now found. 

' ; -% t&-Vddm Creek mining has been mo& profitable on four or five -=--,- 
c m I % l ~ i ~ o a  which the rich& gravels have now h mined, and. 
on the Tammany hnch claim, which includes the old buried canyon. 
This old canyon was mined by a tunnel from Valdex Creek, which 
iirj1OLO waa abut 7W fwt Iong. The pay st& is 100 feet or lem 

Most of the gold is found in the lower 5 feet of the gravel 
filling. &di&k8,600 feet long was mnstPucted to bring waar to 
this c l h  for hgdmalic mining, tmd mme hydraulic mining has 
bmn done, but the remoteness of the district has matla operations 
eqmsiva, and mining has been interrupted from time to time. It 
is>& that much rich ground stiU m a i n s  to  be worked. - 

Adde from the daima on Valdez Creek, dcmribea above, the only 
other mining of conwquence in this district B I ~ S  been on Lucky Gdch, 
about 6 mil88 isst of the main camp on Valdm Creak. The bedrack 

. is the Upper Trike  slat^ mries. The gulch is narrow, and the 
t m m  deposits, consisting of ttngolar fragments and slabs of date, 
are in placns m much as 25 feet thick. The gold in this gulch is 
&aptionally coarse, n w t s  weighing 39 and 62 ounw having been 
found. 

Prospects on White and Rusty creeks give some h o p  that these 
streams a h  contain workable gold placers. 



fie ~onnifidld region is &nerdfy ss that part of tIM 
north slope of fie AImh Eange and its outlying fmthilh that ex- 
tends gastward from Nenana kiver G hit Rivar. Gold was fimt m 

dieovered in this region in 1903, and .sinca that time p I w x  mining 
has h n  carried on continuously, and the gold prdnction, though 
never larga, hss been steady. Gold l d e  +prmpta ham meived w 

some attention for more thad 16 years, and within the last half 
dozen yearn a nurnbec of I d a  wnhining gold, bismuth, and anti- 
mony have bean &aked and some development work has ban done 
on them, but no actual mining haa EQ far been done an metd-besring 
Idea. The RonIfifield region was visited by Cappem in 1910. 
In 1916 pa* of the Nerrane ma1 field were studied in d e t d  by 

Martin? t h ~  lode prospects of the region near the N e m a  m1 field 
by Ove~beEk,'~ and the gold plama of the same ,area by Maddm8'  
Tho following notes are ahetracted from t h w  mportq to  which the 
reader is referred for fuller descriptions of the individual,* 

" . .' 

The l o d i t i ~  51 which g k  gold in paying quantities has been 
found in this region all lie in the foothill belt bet- the.-"-? , 
Flats md the high schist ran@ to tbe mu& 'Ik W t - s m g  de- 
rived the gold from a variety of sources, chief of which is il heavy 
deposit of anciwt high grsvai &at is widely distriblltsd in this re- 
gion and is b w n  to contain some gold at masy placda :A~I  m e  " 
or two places, howmr, the gold of the p m t  &mms seeme to haw 
come di&1y from a bedrock source in lodes that have h e n  eroaed 
by the stmum ia I>oetglacial time. _Almost dl ths gold placer ds. 
e t a  in the Bonnifield mgion.are either in the n U q ~  of milrdtively 
small .stmar& that escaped invasion by glaciak dming the lust 
cat ice ndvmm a in petglacial valleys cut inbtbe. Nmena p a l  
and b d r w k  since the glaciers retreated. A k p t s  b v e  been made 
at many placss to mine the Nenana gravel in a arms11 way, and m e  - 
large bydmulia p h t  was installed for this purpose on Gold King 
Creek, but none of these operations have been h m c i d y  gummful, 
for qpamntly the gold in tbe Nanaua p v e l  is too widely dis- 
tributed md insufficiently cunamtmted ta ju&ify mining unless i t  
has bean mnclsntfeted by the p-nt Btreama 

According to present reports the moet extensive mining opmtiam 
in 1922 were on Moose Cmek, a tributary of N-na- Riper, and on 

@ C B d  R. EL, 'Tba ~banffle~d' r@on, dla-: U. 8. - &li;aei BmQ:abl, In2. 
'Martla, Q. C.. The Nenltaa caal flesda A l d  : Q. B. -1. Brim gall 864..1918. 
SOrrerbeek, IL M., Irode dewi t s  near the N e m a  ma1 fleld : U. 8. Wd. flnrrey Bull. 

862, pp. *Zfj?--ILBI, 1017. 
mY~ddren, A. Q., Gdd gllrrea near the 2Qm mat field: Idan, pp 



,TWanh River and its tributgsiea The plwr-gold output of 
;the BonnifieId e o n  in 1922 wss about $10,000, %md the -1 oub 
put from 1803 to 1%!2 has been a b u t  $985&8C. 

+ Thsm has no lode mining of metals in the Ihmifidd region, 
but thm am a nvmber of lode p- that &es soms promi- 
Thm indude the gold-amnopyrite-bdh lodea on M o m  and 
Eva em& a d  a few gold quarts I d e s  on M&uen Gdch and in the - basin of W d  R i m  The countrg roclr of tb I& @oy$ctp, on 
d&m and Eva c m k s  and in the T&tlm3lik% h i m  is a dark car- 

. .   us of ths Thtlanika schid whkh hw &n cut by 
igrmwp Too little wmk yet been done Its outline the om 
bdiira,,or te d W n a  whether any of them a m  Zikdy to develop 
bhminss, 

NZXAWA COA5 m. 

One of the an& ~ ~ 1 ~ 1 ~  mineral resouzw ia the region kibutarp 
,bj.j~~ fie Rdbaad is the cod of the h a n a  fiald, which h c h d e s  

- w- &as &at lie in or rear. tb bs& of Neuaaa Riwr. 
In that field oocur the thickest sections of &he cod-bearing seris$ 
that haye baen examined ~ n d  the hr@ amwat of snhble -1, 
.b& coal-bearing M s  am b o w n  to m u r  at. intervals along 

' "'%hi' 6 aorthem .fi& of the A I d e  Range, from Mldrow 
Glacier an the to the ktamatbnal boundaq on the east. 
h'aturdly Zhe availability of transportation sad the p d e  of the 

. % 
;wiU dehrmine the localitia &hat will be first davelopad, and 

t&~m w ~ ~ P O ~ M B  location of h swim of coal MS in 
the valleys of Hea1.y end Hoseanw m e b ,  dim&* adjoining the 
a w  Pailrod, will M e n  thek devoIopment, w h m - m a n y  other 
GO& beds situated at more remote points will 10% &main mde- 
d a p d  a Itt bsb will h opened to supply only lacal&. 
As a ~ i ~ i ~ n w a s m a d e b y ~ ~ ~ o f  n y e d  

~ 0 ~ 1  lands just gsst of Nenana R i m ,  only a p m a l  statement con- 
cerning this field will be given hem The coal, which is s lignite of 

U 

. A  

, . &my fair grade, occurs in s, series of Ted- = d i m  consisting 
of4ightly cmdiclated sand, clay, and gravel, which reaches s 
know* & i . c : b  d 1,200 to 1,500 k t .  The coal-baring beds sest 

e undormably upon pmCambciaa or Paleozoic =hi& and igneous 
m k w  d are weriain m~nforrndi1~  by later Tertiary or ~ n 4 e - r -  
nary gravel, 1,900 or 2,000 feet thick. The structure of f ie  cod 
W s  is fairly simple. Th0 individual coal areas consist of shdlow 
and genhly wttrped ~ & - I S  in whiah the beds fire hafly folded or 
W l k d  against the older roclcs that separate the b a s h  The dip 
am'h general not greeter than 10° or 15", thou& there are local 

=Martha 0. C, The Nenanrr wsl field, A W a :  U. &. GeoL B u m  BuIL aB4, 1919. 
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~ i n w ~ & t h e d i p i S ~ , s s ~ U w ~ a r e w i n ' ~  
the rocks lie nearly %at. No intntgiw mb are known b cut the 
coal m e m m  in the areag near Xepam River, though farther WE&, 

in the Kantiahna region, similar coal-bearing lseds contain abundant + 
fragments of igneous material and am b e l i 0 d  b be cut by dikes. 

The coal of t h ~  Nenana field occurs in many beds of different 
thickness, the thickest meamring perhaps 30 b 45 f* th~ug;h locally 

C 

some beds ham h e n  thick& by deformation to m d a r a b l y  mom 
thm that, The lignite be& are didribntd rather unif~mry through 
the coal measures, and them a m  at lead twelve ma1 beds of work- 
able fiefmeas, and six or mom measurn over 20 feet. A single =- 

- *ion measured O ~ E .  H d y  Greek showed a htal thicknwa of 230 feet 
of coal in 23 Ma, of which seven beds contain 174 feet. Analyes 
show that the c o d  is a lignite of good grade, of about the snme 
q u a 9  as that of Cook Inlet. It has been estimated that the Nensna 
coal field conteins regenes of mom thsn 0,000,000,000 tons. 

Praspecting and mining of coal is the N a ' a  field has bean 
greatly stimulated ainm milmad t r s n s p o r t & i r n ~ l a ~ ~ d ~ ~  - - .  

fhvortll cod bed4 dong Nenana River and on Rmea11na and Realy - 
creeks have bwn opend3 and B cowidedle  tonnage of am1 has 
been mined for the railroad and for general urn in N e m s  axid- the 
Fairbanks diatricL Mready the c& of hel  far d o m d  par-- 

' 

poses, for power, and for steam raising in tha Fafinks placer 
mines, where it is necesmy to thaw the fromn pound, htts been 
reduced. This mal will continue to furnish a valu~ble m d  much 
n d e d  fnel mpply for a large area in interior Alaska, but its ma~ket 
is likely to continue to be h i t a d  to that area, m .it is of too low 
grade and t6o m l e  to stand shipment outside of Masks in corn 
petition with lugher-grade coals and oil. , . I- . 
In the spring of 1923 vigoron8 developmeat waa ~ ~ ~ ~ - w ~ ~ I  
M that crops out just west of the raihd,-at .Isrile 841, near 
Paned station. The m m n c e  of d at this I d Q  is of eapecid 
in- for the coal bad Iiw in the Cantwell formation, of early 
Tediary age, and is the h t  workable w a l  bed that has been found '. 
in that formation. During the m m e r  of 1923 mjning developmerits 
demowkrated that the c o d  bed contains from 5 to 6 feet of workable 
coal lying interlddd with the skaply dipping shale, 9and&ne, * 
and conglamarate of the Cantwell formation and closely paralleled 
on its hanging d l  by a thick sill of intrusive roc8. The 4 is 
a bright, cleari, nomking bitminma cod and k apparently of 
higher quality than any of the othar coals of ths Nanana field. 
.In appamnce and In analysk it aompam farrorably with the better 
ma1 of the M h u s k a  Valley, The discovery of g d  biturnhus 
coal in the Cantwell formation opens up inhmsting passibilities, 



for &at formation is of widespread didzibntion in the Alagka Range, 
and it m y  contain worhble coal lmb ehwhere. Mining develop- 
ments on coal in tha CanheU formation arg however, a& yet far 

IC enough radvmcd to determine whether the qaalitg of t h ~  ma1 has 
been dwted fworably or unfavr)mbly by the near-by htru~ive Bill, 

-A D-CT. 
f 

The Kantishne mining district h ahat 80 W& of the mil- 
road on the north side of the Alaska Range, about 80 milea north 
of Mount Mcglnley. Gold-placer mining has h e n  mnducM there 
mtinuously each Bummer gin* 1W5, and for the last ten y e w  
or so lode mining and prospecting has attmted increasing atbention. 
Mthbugh the yield of placer gold hae never been large, it has been 
i%adf, T h e  value of the gold p r d u c d  in 1922 was %boat $38,000, 
.and the total value of the plmr output of this ~ m p  from 1903 
i.0 1922 is $509,000. 
.L%& add tbe lmatlon of the mineral de@ of this 

- - ' + ~ @ w c ~  a& e h h  on the mmpsaping map (PL VI). The bed- 
rock in the vicinity of the plmer mines ia ths Birch Creek whist, 

- .  
' 'cPhioh is cut by some acidic intrusive bodiq and the placer gold 

*-& belied b have h d e r i d  by the erosion of gold-basing quartz 
'. v & B W a k  thschist. Some of these veins a h  carry rich silver- 

hearing e l e m ,  and others ham large depoaite of $tibnite, In I921 
'-. the known minemKzed a m  in the Kantishn~ district was extanded 
.-. ;WWhw%mi nearly 20 miles by t h ~  discovery on Copper Mountain, 

just west of N u l h w  Glwier, of sdphide: veins thst occur in quartz- 
ite, limestone, and date cut by granodiorite. Thme veins c a q  gold, 
dm, and copper, 

Ths'$eologg and mineral m o u r n  of the Kantisha dhdrict wem 
studied by CapyUB in 1916, and the d e r  is referred to hie report 
for the detaile of mining developments np to that time. Them k 
given here only a brief summary of the mining activities in the dia- 

1 
trict and of developments since 1916. 

. ' .  Wid) momm. 

' f i r  &my yeare after the d i m m q  of gold in the Rantishna 
distrikt in Ig15 the inter& of miners and pmspmtors was confined 

: , ta' the gold placer p v e l s .  Miaing wssr done on many streams thal; 
h&d in the Kanti~hna Hills, but th0 chief &ivity has always 
centamd on Moose C m k  and its tributaries, Glen, Eureka, and 
FSday creeks, and on Glacier and Caribou c m b .  On aU thme 
strerkms most of the gold produced has been obtained'hm the creek 

C w e  a. a, Kan- rqlw blrrlo : 13. Wl. BIVPKV BnU. 68'1,1918. 



grad,  which is p e r s l l y  of mod& thickness mid lies on. a BCW 
b e d e m  ?"he gold in thi~dkhict is ~ 1 8 r q  n- worth as mu& 
as $900 h~ingkm found. k h  mi$ Friday a& in prticnlar 
am nded for the rough mwora ch-r of t h e k  gold, which - 
-hw evidentlg~ trawIed on13 a d~rk Mame from its bdtwk souwe. 
On the larger streams, notsbly M- Glacier, and Caribou me&; 
them are extensive depdts 6f brf& " ~ 1 6 1  dl$t are hbwn to  carry w 
gold in encancaging am-ts. and em ~~~~ of .lmge-8(:ale 
hydraulic mining. M- Creek has also much pd tkat has k m  
prospected for dredging. In 1922 two large hydraulic mines were 
opened in this district. One, the propartg of the K s n t k b  H y h u -  
lic Mining Co., is on M o m  Creek, the ground extending from a point 
near the mouth of Eureka Creek for about 3 miles downstream. 
Water is gmumd from Wonder h k a  and is brought to the mine 
through a ditch a d  a &..eel pipa TtaepZwr, p v d  is underlain by 
a fahe bedrock of sticky blue clay at a depth of 8 to 10 feet Ths 
depth ta true bedrook is not known. The liohegtgpq&&fg4nd 
near the f a h  Mrock, although s o m ~  gold ia dis tn id  'thm--: - - - 
the gra~el. Hydraulic giants with nozzles ranging from 3 to 4 
inches in .dirtmeter are used. Seven men were employed in 192a, -- 
and e large mount ai! grml was d u i d .  . <. + 

~ h ~ d r a u l i c m i n e w a s o ~ e n e d i n , l 9 % o n ~ & t o i ~ J 1  . 
&a creek gravel along Caribou C m k  for severat1 miles & large 
number of b c h  claima Mining was done on the gmvd of Caribou 
C m k  about 2 miles Mow Last Chance, the wahr being t a k a  horn 

, Caribou C& by ditch and steel pipe. A l a w  ama of bedrock is 
said ta have k n m n n c 0 d .  . 

The insta3Jation of large-wale hydrdic-mining opefatiom in t b  
Kantishna district will, if ~ u ~ f u l +  m y  h c &  the pW.p\ut -  
put from this camp and encoumga the thorough pro- ;of ohher 
 am^ which are h o r n  to be gdd bearing but h-whkh%he gold can- 
tent of *ha grab~e1 i~ too low to support mining on r sBnaa1. d e ,  

QOLD A m  @JLYER LODEB. 

For the last 10 years it haa been known that this dltrict conclontaina 
quartz vein dep& that carry a promising content of gold and ail,y~r, 
Mc& of these Ides lie within a mdl area along the high ridge of the f 

Kantkhna Rillq Istween the big band of Moosa Check ebnd Spruce 
Peark, an area uaderlai~ by ,the Birch Cheek disk, cut by a fm 
granitic intrusive masses. .The veins are fissure veins h a t  out a c r a  
the foliation of the S C ~  m deformed, and wem bberefom &+ 1 

positad a b p  Che. lost perid of deformation thxh affected the- &kt: 
They are probably pnet id ly  related to the granitic intrusive. m k s  
that cut the schists and that ime irrebund~t s fa98 nii+& *&h of this 
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saea Many of tham oein~ haw k n  p m p t d  by q r n  cub, tun- 
. . mlg and shafts, a d  the quartz has in plum been shmvn.tu carry a 

high mntent of free gold and silvezcbanring. galena. No sing has 
C bten done on veins whom chief value is in gold, but in 1919 a silver- 

bearing gnfma d e p i t ,  lying between Emka and Friday crwks, waa 
opned up, and &out 1,100 tons of hand-picked ore has bsen shipped. 

I 
This ore ymMd about 140 ounces of silver and $3.25 in gold to the 
ton+ dm m e  lead and copper. It ig believed that 8om of the richer 
gold-ail- quartz veins will be found rich enough to justifS mining, 
as gxceptiondy high assays in gold and -silver haw been obtained 
from some of them. 
In 1921 sulphide-bearing ldse cawing gold a d  silver were d b  

a 0 4  am the south flank of the Alaska Rangp some 20 d e s  sunth- 
&. of Eureka Cmk, in what is called the  Copper Momtatin dig- 
t r i&m This district lies just emt of Muldmw Glacim. Qmndiorite 
i a h e  pravadmg wnntry rock and is found in l a w  areas and as 

. m h A e %  Iimastong aad slate that are probably of 
ag.e. The ombearing u r ~ e  has been traced for about 2 

rnilrs and is characterized by abuadant gulphide minerals canen- 
'm om bodies. Some ef ththeee bodies have definite walls; in 
q @ h a  the ore p d e s  Inb the country m k .  They occur chinfly in tbe 

quartzite,. h%.eeme. am in the gnrnodiorita md others at the contact 
bet* the two. The om consists chkfly af galena, chalcopyrite, 

,++zinc blende, pyrite, and Gernite, with galena predominating. The 
i~ , e = m d  country rock, chiefly quartzite. Grab mnples 

hn~le  $&dad ~ E I  much as 270 ounma bf silver md $3 in gold to the ton 
0- 

and from 1 to 8.8 per cant of coppe. Up ta duly, 19542, litfle work 
bwd been done on these claims, and their value could not lm predicted, 
butz* eerposnm fully justified camfd p w i n g ,  

. >. , .  . . 
- LO - o m  mE8. 

A number of lodm in the Kantishna diatzkt contain cornidarable 
- deposits of stibnite, the antimony trisulphide, ~ n d  mining or develop- 

ment work has been done on at least three Bodes, with the purpose 
of dtigping the om for iks mtimony content. G e M i d y  the anti- 

+ many lodes am relahi ta the gold+ilver lodes already descrihd, 
and the veins have the m e  amhiation of minerals, but in the anti- 

s - . ,. mony lodes stibnih mum in large m w e s  oontahing only wnal 
" .am-. of gold and silver, whereae in the gold-silvar lodes anti- 

mony, dthugh mcmionally m g n i ~ & +  is a minor constituent. 
M h b m  the p m m  of considerable! mmes  of stibnite in veins 

in this disfrjet has been known since the first, p a r s  of mining, it 

B P O O ~  du H7 AI-II mlnlm~ lndustw in 1921 : D.4 EL Qml. B u m  BnlL ISB, 
.:, pa-7, In= 
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was not mtil the- demand for antimony during the World War raised 
the prim,of tthd metal to mnny timss its pnwar value tht  any 
atbnpb, wss made to eqloit them vein% h 1916 the Taylor mine,' 
on Slate C d ,  was owed,  and'by 1816 a h t  125 tons of hand- - 
picked a m  had b n  mined and preparations w m  made te ship the 
om out by way of Kantishna River to the.Tanana and &mca ito 
Seattla Before the om was ship& however, the prim of antimony I 
declined so that this ow mdd not m& the high cmt of t-rta- 
tion, and it was never marketed. In the TsyIor mine the stibnib 
formed an ore body along a well-defined h s e  in the Birch Creek 
mhi& T h e  ore body had a maximum width of 15 f& and consti- 
tuted a reticulated stackwoik of qnafiz snd dibnita with imgular 
bunch= and horn of d ~ ~ l ~ r n p d  clayey schist, all much h h n  and 
mnfud.  The stibnite occurred in veinlets and veha of almost pure 
skibnite and in irregular lenm and bunches. 

The only other ~ n t b y  lode on which my mining has been ,ntr 
tempted is on Stampede Cr& a tribuhrg 
Tok.Iat River from the southweat. There a Ia 
in 1918, dim1rnd a large M y  of nsarly pum stibnite, appmntly at 
least 1'2 feet thick Abut  M or '50 toas of selected atibniM5 thorn;  
entimly free from gangue or impuritiw had been mined and 
but none of this was ever shipped. Too little work hud been done at 
thg time of examination to disclose the size or relations of thin ore 
MY. . m 4 .- - 

A w mtimmp lode, on opper caribou CZeek, r s a  pmsppptad: - 

ia 1906 by two shsh 30 and 4 feet deep. .Thme &m&~fSMd a 
d u r n  of q n m  and stibnite in a vein cutting hornblende schist. 5 

This ore M y ,  aa.devalopd by the & m f t ~ ,  d m  not appear to be ss 
large aa aitber of the two 1odm alrsady deemiM h y s  d ~ w d  
the ore from this place to carry from a. fraction of sn omwe to 4 
ounw of silver to the ton. No ~ttempt hns been made to mina th is  
1od.e. , 

F- DrnTBfCT. ' 

The F&irb&-mining district liw on the mrbh Gde of Tanma 
Rioer, jn the extreme north- corner of tha m s  hem m8iM. * 
The town of Fairbah is the inland terminus of the Aleka Bsil- 
road. From the beginning of placer mining h 1903 to 1922 this 
district hm produced over $72,037,000 worth of .g~ld-$71,W3@0 in ' 
pl-r gold and $367,000 in lode gold+lso nearly @7?,00ft worth of 
silver,. all m m ~ s r e d  aa an d o y  with the gold. No mining ,for ailver 
as the chief metal pmduced h s  been done in .tbia &strict. 

The geology of th? Fairbanks district is shown on the m m p a n y  
ing map (Pt m). This district has k n  h i t d  by many geol- ., 

. . 
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&& of the Geological Survey, and dmcriptimvl of the mining de- 
wlopmenta year by par have h e n  published in the annual reports 
on the mined mmmxs of Alsakrr. Tbe most m p b h  mprt  on 

.. the gealogy md miners1 resonme of the Fairb& district is that 
by Prindla, Ka& and Smithto which d d b e s  in detail the minimg 
devdopments that had taken plsca up to 1912. The reader i~ re- 

? 
f e d  to that report for general infamation s h t  fhe Fairbanks 
gaadmngla The present brief account is summarized from that 
Psport ttnd h r n  the various other GmIogimI Survey publications. 

The geology of the Fairbanks district may be s t a a  in very simpb 
terma The premiling bedrock is a schist of sedimentary origin 
known as the Birch Cwek schist, cat by madembly I a q p  to small 
mmtm and dikes of p i  tic intrusive rock Most of them intrusive 

81x3 too small to be shown on the accompanying geo1ogic map 
(PI. I), but many are shown on Plate VII. Them h h l i e v d  W be a 
genetic relation between thew acidic intrusive mks md the p1d- 
h r i q q w h  -ins in the mhisrt, the erosion of which Iras supplied 

~ ~ * @ l d  ta the placer deposits. The m & n d  history of ibis district 
has h n  complex, a p d o d  of stream erosion in which deep broad 
valleys warn cut into the schist and intrusive rocb having been fol- 
bwed in late geologic time by a period of mom sluggish drainage, 
duritig which thick deposits of stream gravel, muck, and ice fill& 
t h ~  valleys to a depth of ~ v a r a l  hundred f& This 54kg mas 
onm much deeper than it is now, as ~ho-m by elevated temacas of 

> @It,,& @;ravel, but in their lower m u m  all the major streams still 
KG& m4Jm4mffbC(Yof a deep valley Wing, the bedrock lying as much 
M 1Wmpr m - 3 0 0  feat blow the p m t  strertm plain. A faller 

, wp- mf the (UL- for this deep bnriaI of the d 
f b m +  given in another section of this report. 
WPPia mmentration of placer gold in the Fairbadm M c t  

b k  plsce b e h e  the old valleys w e n  filled with their p-t great 
mcwulatioas sf materid This material is now genemlly frozen 
=lid. To pmq& and mina them old buried pay straRks, which - 
d y  am fonnd on or near bed&, it is neceassry to sink s h a h  
th- tba from valley mirig, and if paying ground is found' 
on bdnwlq then the gold-baaring e v e 1  mu& be thawed and bronght 

e to  tha surfam, and the gold a t r a c t d  by the ordinary methods of 
washing the p v e l  through sluice boxes. A large part of the gold 
recovered in this district has hen. mined in this way. In other 
phca@mwever, principally near the heads of the st- where the  

' 

aItitud~, of the bedrock floor is greater than the height to  which the 
valleys have been filled, the bedrock approaches closer to the wr- 
face, the -8 flow over a gravel filling of only moderate depth, 

"Prlndle, L M., Kats, F. J., an8 Bmla, P. S., The Falrbaaks quadrnqple, Ala*: 
-I. a. wi. s u m  -11, a24 101% 



Birch C d  schist, in genetic reMm to &tic inkwive r h .  
The metallic minerals in the antimony veim am the s m e  as in 
the gold qua* veins, the principal diffemca being in the greater 
abundance of stihnite md the smaller gold content of th veins that - 
hsva been mined for antimony. It i$ not likely that the antimony 
mines of this district wiU tqpim be actively exploilted u n l a  them 
is some gfeat increase in the prim of antimony7 and mz& an inmase 
can not be fo-. . . 

Tmxmmnr UWER. 

During the war yeam 1915 b 1917 tungsten; lib antimony, mm 
in great tbmmd and m-ded a high price, It had been h o r n  
for many years that tung8t8n-hring minerds mmr in the Fair- 
banks district, and nnder the stimulua of high prides p-ing 
for tm@m I d - m  vigorous, and in 1915 and 1918 workable I d e s  
were discovemd Aad mining begun. The principl mining was done 
on the divide at  the head of G i h m  Creek, thw pros- 
pects were also found on the divide between Fimt Ch~nce ad"*L - 
cmdm At the principal producing proprLiaa, the T u n w n  ~ n d  
&beelite claims, at  the head of Qilmore Creek, t h ~  country rock 
consists largely of crystalline limestone that is e ~ ~ p e l y  silimterl 
at certain horizons; this silicatd hestme aontaias minedmd' 
zones or ore ghoots that carry the tnnmn mimml seh9elit.a in 
amownta that constituted wo~kable om st the prim obtainable in 
1915. The scheelite is dbinated &rough the country & and 
also cecum in v t i t a .  There are two Mes of porphymtla 
'granite within two-thirds of a mile of the om d e p d ~ ,  rrnd the pres- 
ence of tm@n-bing  pe@ita + p l s h l ~  M i c a h  the pnetia 
g la ti on of the scheelite to the p n i t i c  in tdvcs .  
On the Tanem group of cl&ns, at the head of Fimt Cham w, 

a numIrer of wheelibbearing lodeg in q&ib mbi J country m k ,  
were prospected, and mme mining w&s done. The om mum in mh- 
sralized zones 3 to 8 feet thick, lying parallel to the major stmctum 
of the schist or at its contact with granitic i n h i v e  WES. T h e  a 

scheelite Is in part diagerninated in Eha m n t y  rock, in part in gold 
and dwlite batring quartz veina and v e h h  and as *halib- 
bearing pegmatite. e 

On the Black Jm and Mixpah clmhrm, on Fnirbdm h k S  xheelite 
00(:m in & gold-bmmg qua& vein in qua&& SCW; the p l d  
and the sehdta,  howem, am fomd in different plsrh of the vein. 

On at least half a d m n  other claims in the district acb.selite lodes 
have bean discovered with geo1Og;c relations W to those in the 
lades alraady described. Since 1917 all mining on tmg&en lodes in 
the Fairbanks district has ceased, as the decreased price for the metal 
has mads mining unpmfitible. 



Gold placer mining began in the Hot Sprinm district in 1909 and 
has keen continued each year sinm. The gold yield from this dis- 
trict has irggmgatad $6,268,000 up to 1922 and in mven separate years 
reached a value of $440,000 or mom, but in 1921, as a result of the 
high cost of nining, the output fell to $3k,000. In 1922 $55,000 

* worth of gold was produd,  and a further increme in output is 
likely to follow the cheapening of mining operations that will be 
possibl% now that miI-d tramportation from the coast to Tanana 
River is available, 

The most compl8te report on the geology and mining of the Hot ' 

Springs district is thst by E & a 4 V h e  following notes are ab- 
stracted from that mport and from various other late; public~tions. 

AlI the gold mined in this district has been taken frem placsr 
deposits. The bedrock souxw of the gold is believed to be in the 
slate, quartzite, and whist of the T O ~ R R  group, probably of Silu- 
rian or b w e r  Devonian age. This series' of altered mdiments is 

- txt &undant quartz ~eins ,  and although none of these veins have 
yet proved rich enough to make lode mining profitable, many of 
them am known to  canbin p l d .  Them is some evidence also that 

.g)ald wm lomrlly in the slate and quartzib without qusrtz gangue 
and in hematite bodies mar Hot Springs axld on Roughtop Moun- 
tain. No doubt all t h w  sources have contributed gold ta form the 
placer deposits. The placer gravel of Sullivan C m k  dm curries 
mmidemble amounts of the tin oxide, cassiterite. The abundance 
of caderita in the gravel d e w &  varies with their richnms in 
gold, the plaoers that contain the most gold also carrying the highest 
proportion of ~sssihrita The district hrs produced several hundred 
tons of tin ore, although the tin mwed has b n  a by-product of gold 
mining. In fact, many operators consider the tin to be a nuisance, 
iCs presmce causing ta greater increaw in the cost of separating the 
gold than its market d u e .  !r'he mrce  of the tin i~ not known, and 
no tin-bearing lodes have yet been found. 

The principal mining activities of the Hot Sprillgs district are 
centered ammd Tofty, on Sullivan Creeg; on American C m k  ; md 
in the bwin of Baker C m k ,  which lies just north of the area cov- 
e& by Plate I: and is therefore odtsid~ the field of thia dhussion. 

The gold placers in the headward portion of the Pstterson Creek 
. b i n  and on American and Wdchopper me&- am of e~pecid 

infamat in that in many places they have no evident relation to the 
p-t &reams. Much of the placer psvel mined occurs as benches 

UlBnkin+ H. I&. Ebmmabmm of the Rampart quadrangle, Alaaka : 0. 8. UaeL €4~-  
Bull. @$ti, 1918. 



on gently doping hillqides, where the we&rounded @-beaping 
gravel is overlain by silt or by black muck and silt. Much of the 
mining has been dona by drifting, and the depth to  the pay strsak 
was in plam as much ss 70 feet. 

&cent operations near Tofty include hydraulic mining after the 
ground had been thawed by the cold-water methd, and this has de- 
creased mining costs in an encouraging way. The lack of sufficient 
water for extensive mining is a serious handicap. 

On American Creek mining has recently been done by means of a 
steam =raper in ground that a ~ m q p d  about 9 or 10 feet in depth 
to bedmck before the surf w e  muck was removed by ground ~luicing, 
Some drift mining is still carried on there, 



!lTIE CULX) BAY4HIGNIK DISTRICT. 

By W. B. S m  and k Barn. 

938 area described in this report lies on the matheast side of 
the A l d e  Penin~da  west of Kodiak Idand and sxtends from a 
point 15 miles northe& of Cold Bay for 160 miles  southwest &Iong 
&@;*la to the northeast side of Chignik Bay, This area lies 
betkeen meridians 155" and 158' west and parallels 66" and 58" 
north. The northemkern portion of the %reg includes a parrt of tPle 
Gold Bay district, which has already been described by Cappi 
W, Bay I& on the southsad side of the Alaska P e r h d a  at 
Iongihde 155O 30' .we& and latitude 57" 45' norkll. The mapping 
hy the Geological Snr~eg  in 1922 is a continnation of ths mapping 

. begun by S. R. Capps and R. K Lynt in 1921. The geographic 
b u g h i e s  of the area of which a geologic map has now been made 
are, in the northeastern part, Becharof md Ugsshig likes on the 
west, the Kejulik Mountains on the north, and the coastal mountains 
from a pint new Mount Katmai to Cold B y  on the east. Between 
Cold Bay and the muthwest end of Wide Bay the mapping has been 
carrid b' the shares of Shelikaf Strait. Between Wide Bay and 
Amber Bay the area mapped is about 18 miles wide and lies west of 
the main crest of the Pacific coastal range and east of a. broad ex- 
panse of low I a d  bordering Bristol Bay. From Amber Btny to 
C h i i k  Bay the mapping has been carried to  the mast. The total 
area ,m,apped geblogically in 1922, lying between the bead of the 
JCejJjk Valley and the northeast end of Chignik Bay, includes about 
5,500 square miles. 

The 6rst extensi~e charting of the cosst fine af the peninsula was 
begun in 1827 by Capt. F. P. Lutke, who was sent out by the author- 
ities at St. Petemburg to make a careful survey of the north mast. 

' C a m  8. B, 7% Cold Bay dim& : U. 8. owl. B m  BdL 789, p. TI, 1922, 
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Sewral yeaw later the mnth mast was mapped by Ensign V&f 
Although numerous surveys of parts of the Alaska Peninsula ham 
been made since Alaska p d  into the hand of the United Statm, 
them remain stmtches of many mil- of coast line which have not I 

been charted sinm the work of Lutke and Vasilief and for all exist- 
i ng  maps of which their charts are still the bnsia 
The ocrmrrena of petroleum in dimentary mgiJ of the Alaska - 

Peninsula has been known for over half a century, bul; until the 
p ~ n t  investigation only a amall prt of the pniwuEa had b n  
mapped either plogically or topogrnphicallg. The earliest refer- 
ences to the occurrence of petroleum were made in 1889 by David- 
son " and Dall; who reported the presence of a mepage near Katmai 
Bay, nodheahst of Cold Bay. A bibliography of publications refer- 
ring to the occurrence of petroleum in Alaska, compiled by Martin: 
was published in 1921. - The only additional pnblications that have 
appeared since then am the =port on the Cold Ray district by 
Csppa6 and that on Iniskin Bay by MoffitP 

Previous m m y s  in the Cold Bay region have been o m h d  
largely to hasty reconnaissance trips along the co& and into the 
more m i b I e  parts of -the @on. Se~eral expeditions visited 
Cold Bay to study and report on the tbick stmtigraphic and struc- 
t u ~ a l  sections exposed there, and the gene& geology of the oountrg 
adjacent to the shorn of the bay has been hm for mnny years. 
During the oil excitement in 190M,  when the wells were drilled 
near Cold Bay, G. C. Martin visiM the well sites, and a report. of 
his findings h a  s p p r e d  in * v e d  publications. In 1921 9. R. 
Capps made a m n n a i w n m  survey of the country btwesn Wide 
Bag and CoId Bay, which mppfied more ac~v&te  information an 
that area. The territory immediately north of Cold Bay and muth- 
w& of Wide Bay had remained virtually unexpIorsd, as thy  had 
been VI8iW only by a fern trappers and pmqmtors. within the 
last two years many oil claims have been staked in the Kejulik River 
valley and near Aniakchak Ray. 

The country near Mount Peulik has been mmewhat betteF h o r n  * 

than that north of Cold Bay and southwest of Wide Bay, but until 
work wasdone them by Capps in 1921 no authentic geologik knowledge 
of it was available. Many pspectors were attracted to the so-calld * " west field," Jying ~outhettst of Mount Peulik, during the oil excite- 
ment in 1908-4, but no systematic mapping was undertaken and no 
accurate information was published. Privats examinations ham 

gn%vidsoa,aenrge, C o e ~ W & o f A I ~  1889.~86.  
8 nw, w, am, i a q  P IW. 
~ M m f b ,  8. C., P r e U m  om w b m  IE A h m h :  V. L & a ~  m y  W. 

710, pp. T W O ,  192L 
C s m  8. R. The Cold Eay dllltrlct: U. 1J. (lad. BtllL 189, pp 77-116, 1922. 
Moat, F. EL, Taa BBJ d W :  1- pp. ll7-1M. 



b p  made st difftmt times with the id- of dem10phg. the area if 
it held sufficient promi- of oil production. In 1918 a p1op;ist m ~ d a  
mi examination for a gnmp of claimants, and in 1921-22 pologista 
reported on this area for several diifemnt oil ampanim S m y s  
other than geologic have been carried on by the United State9 Gen- 
eral Larnd Office, which had parties in the field in 1920-21 snd west 
of Knjdik Bay in 1921-22, establishing land lines to which claim 
surveys wuld be muPate1y tied. In 1921 a mmnnakmce Zopo- 
grspl~ic map .of the region between Cold Bay and Podage Bay was 
m d e  by membera of the United Statea Geoogicd Survey. The sur- 
vey of oil-claim boundaries has been carried on so enm-geticallp that 
the vast network of claims has p d i d l y  all been mweyed. 

A geologic and topographic mmnnaknce m p  of the c~unfrg 
hordering Chignik Ray as well as the Herendm Bay and Unga 
Island region was n d e  by Atwood and Eakin in 1908, md a mport 
on the work was published the following year: and a, fuller m e  
containing plogic and b p o p p h i c  maps in 1911.' The ma1 ~ e -  

; g p m $ f  thm districts have been mentioned in severaf other publi- 
c'ations. The region lying Mwwn Wide and Chignik bays had not 
hen examined by members of the United States Geologicd Survey 
before the summer of 1922. ~ d m a  of the chief physiographic fa- 
th, ~ u c h  as Mount Chighagak and the larger lakes and streams, 
were named or indic~ted on the Russian maps, but athemwise the 
greater part of the interior was &own. The mst and the muth 
side of the mountain range between Wide Bay and Amber Bay has 
not been mapped since the aoquisition of Alaska by the United States. 

In th spring of two wmbined geaIagir: and bpopphic  pap- 
tics - organid, one in charge of R. H, Sargent with W. R. 
Smith attached as geologist and the other in charm of R. & Lynt 
with k h. Baker as geologist. Each party consisted of 6 men and 
10 paak horses, The parties sailed from Seattle June 4 and landed 
st Portage Ray June 15. Mr. Sargent's party continued westward, 
and Mr. Lynt's party made a circuit through the country surrounding 
Mount Peulik and then tied on to previous work at Cold Bay and 
carried the survey nortbeastward into the Kejulii Valley. 

Mr. Sarpnt'~ party made a topogmphic and geologic m m ~ i s -  
seam mwey for about 90 mil= prtralEeI to  the w e t  side of the mast 
range gbuthwest of Wide Bay md a m i d  at clqpik in September. 
The maeon'a work resulted in a topopphic map of an area of about 

' b twd ,  W. W,, Mloaral rrammes o f  smrthwestern dl-: U. I Qd. R a m  Bnll 
870, pp. 10&163, 1808. 

a Atwood. W, War., Geolm snd mhmal -mm ofthe hdnmk: U. FS. Qd. 
Burvey Burl. 481, 1822 



3,000 square Mes.ora a a&:of 1 : 180,000 and a gdogic exam& 
tion of an area of about 2,000 square mi la  fi Lynt's party mad& 
a bpogmghic map covering an m a  sf s h t  1900 square miles on' 
a male af 1 : 180,000, largely by photo-topographic methods, and a w- t 

conmkanm geologic map of an mm of s h u t  500 sqnam miles. The 
work of the two partia thus rtmlted in a topographic map of %bout 
w00 "gwm miles and a map of ehut  B$dO ~ u a m  miles. 
f Sea Pi. VIII.) 

* 

The vicinity of Cold Bay WM the aerie af. maoh wti.9iQ dming 
the summer of 1922, as it had been in 1921. Besides the United 
Statas Geological Su~vey pakties, S B V ~  geo1ogistn, representing tlt 
least three diflemt oil mrnpnieq were making exaniinttions of &a 
possible oil-pool locations. On8 af the companies, which later im- 
pnW driUing mpment, had semm1 men engaged in work prelimi- 
nary to drilling, mch as &owing rt hFtrbor, salecting one of several 
pwible mutes far et road, and deciding on a well site. Two diflerent 
fiurreyors had parties making: bomdarg sumeys of QB- 

Thanks are due to  R. H. Sargent and R. K. Lynt for 'ftmhhiing 
base maps in the field and for unfailing mistance in furthering the 
wribrd invsstigatiom. To Maw.. Adulf Van Hamel,  Gharh 
W e i d e m ,  snd 0. W. Olmn mknowledgment is due for supplying 
Mr. Sarpt'p, p a w  with several esseatial articles of food at Anid- 
chrsk Bay. Obligation is also aokrtmledged to the of6ei~3s- of the 
Worthwwtern Canneries Co. for the nse of a, bo& at Chignik Bay. 

GEOGRISPTTP. . - .  

The general mgrapHic ka- of the Alaska Peninsula have 
bwn so well demibed in at least two wporta that only hid m- 
m q  will be given hem The peninsula is o wdge-hped Imd 
mass extending from northeast to muthwat and tapering toward the 
southwest end, It is about 560 miles long and a t  its northersst or 
landward end 100 miles wide. The coast line is v e q  imgdarbr, hav- - 
ing many indentations and large bays which is a few plnca near 
its muthwwt end almost cut through the psbk The Aleutian 
Range runs prmtica11y the entire length of the p e h l a ,  aniI be- + 
tween Port lMoUer and the base of the peninsula it lim mnch closer 
to the Pacific snida. This aspmetric position of the mountain range 
g i ~ e s  the south ~ d e  of the peninsuls a wry hXd, rugged appear- 

. ance, but the north side k hdered by a wide Iowlmd. containing 
many lakes and swamps. 

@Atwood, W. W., Chlogg an8 dmml  rmm- ot garts of Alaaka Fmhmla: U. l4. 
-1. 8uww Bull. 481, pp. 1Z-16, 1911. Csgps, 8. 8, The Cold Ikry d W c t  : U. 8. -1. 
Survw Bnll. 389, m h  77-88, 1922. 
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;+ Tha s h a m s  %wing southeastward inta Shelhf $hi t  and the 
pacific Ocean m mostly short, turbulent monntain stme~338 with 
many hb, flowing through &ep-sided canyoqs. This is especially 

- t m  of those that reach the coast southwest of Wide Bay, whem the , 

monntains am rugged and close ta the beach. Most of the creek can 
be waded at favorable places; the larger ones, thme flowing into 

! 
Wide Bay, have ended small valleys several mi1.e.s upstream from 
their outlek and cm be wded  without danger exmpt the one at the 
southwmt and of the bay, which is a swift glacial stream. &ak- 
&&t&v& is about 25 miles long and is the 1- s k m m  on the 
,peninsula flowing toward the Pacific Omm It ri~tes in Aniakchk 
Crater and empties into the northeast end of Aniahhak Bay. For 
k h e m r  part of its course it flows through a vdey about 6 miles 
~ide+,~rvhich has been partly 1GUed with cindm thrown out from 
the cmter. Near its mouth during the Bummer the river is about 
100 feet wide and 4 feet deep. One of the tributaries, Hidden Creek, 
flows in a subtemsettn channel for 4 or 6 miles beneath Ule lava and 
&h BasE of the crater. 

The rivers and creeks %wing wast and northwest across the low- 
land into B d l  BEY pare slug@, meandering streams, subject to 
tidd changes for numy miles upstream. They rise dong the northwest 
f anlr of the main. Aleutian Range, where thy  are typical mountain 
streams for short &stances before they mter broad valleys extending 
from the lowland through wide gaps in the lower mountain range 
tgward the west. Both the valleys and the lowland contain many 

''-.md the outlets of the laser I&es are usually rivers of mod- 
erate h e .  Om of the larger bodies of fresh water in the area rmr- 
vsyed i s  Mother Goose Lake, which lie63 10 miles w& of Mount 
Cbiginagak and k v 8 ~  the glacial stmmns flowing from the w& 
side of the mountain This lake has an area of about 16 qmrs 
miles and contains.eight mall islands. Tbe Ugmhik Lakes, in the 
Cold Bay district northwest of Wide Bay, are two of the largest 
askes on the peninsula, being s u r p a d  in area only by Becharof 
and Nab& lakes, Upper Ugashik Lake is 17 miles long and has 
an area of approximately 85 square miles. h w e r  Ugrtshik Lake ia 
irmgdarly circular in outline md has an area of about 100 square 
miles. The two lakes are connected by a short, amow channel. 
On the banks of their m m m  outlet, Ugashik River, several large 

 one A. have bmn in operation during tbe &fig s w n  
Xq$$nber of years. Bechmf Lake is the l a r e  lake on the 
Af& Peniasula, as it is more than 40 miles long and  ha^ an arm 
of ahat  450 quam miles. 
The Cold Bay district lies almost entirely within the limits of the 

mountainous a m .  The lower half of the Kejulik aim valley alld 



the country north end west of Mwnt Pealik d w l d  lm wmiderrsd 
m h-ng into the lowland, In the hmdi s t e  vicinity of Cold 
Bay the mountains rim abruptly fntm the sham line and attain a 
maximum elevation of about 9,500 fmt. Retween Cold Bap and the - 
head of Kejulik River the mountainous belt m1~0ft .s .  F;*n&w 
north and west from the coa~tal  mount& is a broad valley contain- 
ing a mpIiceted network of meandering stmarns, large and mall - 
lakm md swamps, and here and them law hills standing out promi- 
nently in contrasY; ta the low temne about them The t n d  stre~m 
in this drainage network, Kejulik River, a tributary of & h f  
Lake, lies nearest the northwestern well of the valley and ia a large 
sluggjsh stream w h m  water has a milky color due to its gIneia1 
origin. This stman in its lower reschea is dsep enough for horns 
to swim. The Kejulik River valley is bounded on the n o r t h d ,  by 
a rugged ~awtooth range, the Kejulik Mountains. This range ex- 
tends northeastward from the northemtern shorn of Becharof Lab 
and joins the coastal range in the vicinity of Mount Kahai. Mount 
P e w  a ~olcanic peak nearly 5,000 feet high, lies a e m  Bmht~rof 
Lake about in line with the axis of the Kejulik Mmhins .  From 
Cold Bay to Portam Bay the coasts1 range- is not so rugged, occu- 
pying a belt extending about 10 milm inland, with mountains 2,000 
fwt: or mom high On the cape betwean P- d Wide hmys 
the mountains differ in character from those itt&edi&ly to the 
northe& and am impaesable by pack train, 96 that a thm dnyd 
detour is necessary in traveling by land from one bay to the other. 
Southwet of  Wide Bay 'there are many mountains m e  of 
peaks attain a height of 4,000 ta 5,000 beet. The c& line htwecn 
Wide and Amber bays is unbroken by any known low pa- for 80 
milea, so that the inland muntry W n d  t h m  mountsins is lees 
accessible than the area west of the coast in the Cold Bay dietrict. 
Along the upper slopes there are many permanent snow fields, and 
at several p 1 m  vigorous alpine g1wiem d m n d  almost to em level. 

The most conqGcuous topgraphic feature in the mgion muthwest 
T 

of Wide Bay is Mount Chiginagak, an active volcario at the head of 
Chigimg~k Bay which rises 2,000 feet above its neighhhg moun- 
tains and r e a c h  m altitude of nearly 7,000 feet. It is regularly 
conical in shape; the summit is d e p d ,  appamntly by an extinct * 
crater whose sida, EM viewed from the north, appear in the form of 
two symmetrical cusplike peaks, which aid in giving the mountain 
aa unusual mnie beauty. The upper 4,000 feat is slmoat 
covered with snow fields and glacier% A tbouwmd feet from the 
tup, on the north side, a white plama of vapors and d p h m n s  fumes 
rises h m  a amall fumarole in the mter of a gnow field This fea- 
tm can rarely be sm fmm the &, dtbough'it is nearer the 
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Fm& &eun than mmt of the active and extinct volcanoes tht 
mmr at irregular hhm& along the ltxisl h e  of ther Ahdm Penin- 
snla. 

-. Am exti.net volmo that is legs oonspicuoug but of oonsiderablg. 
more miaritXc interest tbm Mount Chiginagak was dimverad at the 

. head of Aniakchak River, about 28 miles west of Anirakcbak Bay. 
The crater is somewhat. similar in size and &ape to Crtater Lake, - - Ow., but differs in having a comparatively small body of water on 
its floor. The rim is almost circular in outline md has a diameter 
of 6 m i h  The mountain summits that form the rim are from 700 
b6 P$OO feet abom the crater flmr and are unbroken mcept in the 

' @w or " gatm " through which BnirJtchk River flows. Within 
the large crater? near the east side, rr. cinder cone rises 1,000 feet 
slm- the general level of the floor and can be seen from tha moun- 
tain bps northeast of the river. Thm smaUer cones d s ~  occur in 
the crater. The lab,  on the northwest side, bas an area 04 abmt 2 
quare mike; i t  is bluish p n  in w!or and d m  not s p p r  to be 

. deep. The area of the crater, including the cinder ccmm, is approxi- 
mately 25 quare milea In p l a w  the walls are nearly vertical; 
where they are not so precipitous they am covered with small glmciers 
and mow field& At the p l m  whem the w ~ U s  were =amined they 
were f o d  to be m m p d  chiefly of slightly folded dimentrrry 
rocks. The bottom of the crater is filled with rather coarse black, 
gray, and d cinders which form ridges m n d  the bwa of the large 
cone, The crater can be entered through the gorge on the southwest 
&a,lpf -the Fiver, The &ream is too turbulent to be w d e d  near the 
gorge but &in W .hmed within tha crater just below the laka 

This remarkably large crater has been named Aniakchsk, after the 
river whose mum is within its walls. Dnfortunately, little time was 
uhihb1e for the inmtigation of this interesting cratar. It wag 
risitsd a short time August 28 and a few hours August 30. On the 
lntter dab W. R. Smith and Sidney Old went into the crater and 
attempted to reach the inner cone, but walking over the cinders is - slow and difI?cult, and the summit of the wne was not reached, partly 
an account of darhea  Tha pa&y7s nearest camp w&s 6 miles from 
&e " ,,.'$ 

1 
The mounGns along the mast in the vicinity of Aniakchak and 

Ku julik bags are only 2400 feet in altitude, but, they are verg rugged 
, and scuIptuFed by d e q  gulches. 

>- _* ' Wed of and pamlleliq the main Aleutian Range ;e lower ran@ of 
r nou r iK i  extenda from Lake Ugashik to Aniakchak Crater. This 
lower range is di-ted by s h a m s  flowing west iub Baring Sea 
from the s l o y  of the main range. 

. , 



The Alaska Pehinanla his  an nn-1 cllmste, awing to its ga6: 
p p h i c  position. The most notable features of the climah are the 
pmaEmt high winds and fogs, in eqlansbtion of which Capps - - 
s a p  : 

dIfPemncee in bemmetrie pl.emre that mag exkt between the north 
Pacific k n  and aarlng Sea mult in winds that blow a m  the penlmula 
efther from the nomwmt OF from the  southeast, and a complete merml in the 
d!mtion of the wind often takes place soddenly. Furthermore, any wind that 
blows is a sea wlnd, and the air, b a r k  a high moisture cwtenk Is chilled 
on pasging over the monntatn bawler and forms fog or clouds. mas-wfndg 
daya are generally cloudg or foggy, Bud m t s d y  nay* h tbe the ' 
mountain tops are gmemIly in clouda The few clear dam &t @mJrred in the 
wmmer d 1921 were relatively mIm. 

The Alaslra Peninsula ancE the idmds to the muth ltm &n&dcmd 
by Cleveland Abbg jr.; after studying the m~rorologic records np 
to and including the year 1902, a distinct climatic province. It 
is characterized by less extremes of dimate than ttmny other pa& of 
dlsska. The nemeat meteor01a~c station8 ta the Gold Bay dkdIct 
and the county  to the southwest are at Uqp, on Dnga Island'; at 
Ugashik, at the. mouth of U M i k  River ; and at  Kodiak, on KO&& 
Jsland. The climatic mcmds are not cornplebe, but they %me. to shew 
that the precipitation is much less here thm in mtheashm Alaska 
or on the Aleutian Glands and that the extreme annual range of 
temperature is not so great aa in the interior. Ugmhik, on the west 
coast, has an annual rainfall of only 24.41 inches, and a ran@ pf 
tern- df' 124O ; Dnga Island, off the east eo* xtmipes a%; 
twice as much r a i d 8 . 7 8  inches-and has a tamperaturn range of 
only 80" or 90". 

am frequent in 'the summer, but the actual precipiktiw 
is not great, as the raina am usually in the form of a driving &st, 
with mrtsiod heavy downpours The gummer is mttlly ml- 
so wol, in fact, that on rainy day8 is tent withoat same mrt of a 
heating device is uncomfortable. Them are exceptional days, how- c 
ePer, as a tampemturn of 95" F. wm recorded in June, 1928. The 
nights were uniformly -1, and'the tempemtww dropped blow 
framing seveml nights during the later part of August. A few 
inches of mow fell during the night of August 2 in the vicinity of * 
Mother Gwm Lake, and early in September light mow fell upon 
the higher hills near Cold Bay. From June 14 to Sephmber 23, . 
1922, them were 30 clear days, moat of which were calm,-=*%'he 
region between Portage and Chignik bays. The &st wedher oc- 

'C-  8, a, The Cold Bay dlatrict: U. R. aud. Bnmeg Bull. m ; ~  85,1- 
~ ~ ~ k q h . & . . T $ e ~ ~ a o d ~ w o Z ~ : U , & Q s o L ~ ~ P r o t ~  , 

45, pp. 1% 180, 1908,. 



cnrsd during the lafer park of Jane ad the firat two w w h  of 
4aptember. 

Ther wintens are mvere, b u m  sf the mid, heavy whdq, which 
* are said to make tmve1'mg dificult m d  e m  dangemus for days 

at a t h .  The m~wfaU is a i d  to be light, rn that during law 
part of the winter there is insufficient snow for sledding. 
w~rcity of d m  it pamible ta wintar horns without p a t  

. expense, 8s the horses can fa- for themmlves during the day if 
same sort uf nigbt. delter is provided. The horses must be fed 
during- splls when the snow is deap. In mme winters, such 
BEP of 1920-21, the wowf all is 8o heavy that hay and grsin must 
lm fed throughout the bad weathr. T h e  mow u d l y  disappears 
by July 1, ex- in deep gulches and on the bigher -tin s l o p .  

-, Th m d  d m  not freeze to a great depth. 

VEGmAmOx. 

-The pdiC if the Alaska Peniada southwe of Naknek 
hh 31s complete1 J b ~ m n  of t- A rather surprising exception 
b th -ern1 lack of timber was farmd in iwmral valleys east and 
muthwest of Mother Ctoom Lake and in the immediate vicinity 
of Kejulik River. Tbwa valleys a m t a b  msny clumps of cotton- - taws, gome d which grow to a height of 35 feet and h ~ v e  
a mmimun m d  dimetor of 23 inches, The aqmge height is 
probably 25 f e ~ t  and the amrage diameter abmt 10 inches. Al- 
though the t m s  are psrtly protected from the Pacific Oman winds 
h Aleutian Rmge, which is unbroken in these areas, the tope 

of the'- tm em gnarled md h t ,  but the tmks am m d l y  
straight .urd of sufficietlt length to bB useful in the constroetion 
of amall cabins. The trees sm .Eoo far from the Cold Bay oil 
field, however, ta aid in solving the serious problem of building r n ~ -  
terial t*-& t h y  w ~ n l d  be of value only to p-m or tmp 
pers in tbe vallcp in *&ch they p w .  Tha high-bush cranbemy 
p w a  in asmiation with the cotdonwoad tm but was not swm 

.r elsewbe= 
Alder md d m  b d m  a m  unmnly distribatd in nearly all 

the valIqa arid at pI$ces on the mountain dopes 600 feet above MSI 

1 
level. In the ~ d e y  st  the southwe& end of Wide Bay alder bushw 
mach a height of 18 feet bnt am usually stunted and gnarled sro that 
it is difficult ta pnetrsta the thick* It is interesting to sae the 
a&p-pewing in small canyons with no bmnchea extending above 
the'le*l{d the canyon wall% appmring &nost as if they were con- 
&antIy trimmed back to the level of the taps of the wds, thus 
shwing the powerful effect of the hemy winds upon v&le 

=% grad At the 1mm elevatioaa thielmta of willow are ommnon and 
T 8 8 1 S * - ~ r l  

--% -, I l i  



in Bhelbd p l m  they a- .a bight af 10 or feet, but in mm 
expased places they are stunted and t w k M  by the heavy wind5 
forming den= wbistrhigh thick& 

The most abundant md conspicnow dDRn of vegetation on the 
Alaska Peninsula is g.rass, which p w s  luxuriantly in all the vally% 

1 

and lowland and also on the ~~#]tllltsln slopear to a height of 
about 1,WQ feet above the m, in plaoes where soil has ~ u m u l a t e d  
m5ciently b permit a footing for vegetation. The grass, chie8ly 
redtop, wild rye, and a smaller mount of bun&.- grows mpidl J 

- and fumkhea exoellent gmzimg from the first of June mtil it is 
kiIled by frost in September. There am thousands of grcm &+his 
grass growing to a height of 8 or 4 feett and it woald make a faii 
grade of hay except for the di5culty of curing it pmperly, owing 
to the peculiar climatic conditiom 

Severs1 varietim of moss clothe the higher dopes md even the . 
summits of the mountains that are not mered with snow or entirely 
b m  of sail. These plants, are widely d i s t f iph l  a p d , ~  sesn 
along the beach and in tb lowland areas where the gsasm andh&e8 : 
do not m w d  them out. Caribou mom (comprising various 
l i b )  is seen occasionally throughout the district and is plentiful 
on several rid- south of Mother Qocm Lake. XTild flowem in 
amazing variety grow everywhere from the wlley floors to %ha 
highest altitudes at which vegetation is found,. Nearly a hundred 
species were collected without any effort t n w d  a camful and qah 
matic march 

Several varhties of MBB are f m d  in the Cold Bay @O&I bnt 
only mcrss hmies a m  abmdmt. la ieo1st.d pmhm blnebsmieg em 
dc ient ly  plentifd to offw a we'loame addition to the,,~amper's 
d m k  of provisions The dmrf mubemy grows very abundantly 
on tb smd spit in Chi@& B&y and fonns an important artid@> of 
fmd for the na$ives. Large ydlow salrnonberrim w&md at 
placa dung Aniakchak and Kujulik bays .,but,'are not very 
pelatable. 

Vegetation has pined a footing in patdm in ths valleys fiUd F 

with cinders in the region a m d  &k&& C W r ,  but there am 
large areas in thase valleys that am entidy hdmg in plant Iife. 

The lack of timber immediahly raiw a queskion concerning fuel 
sapply. The camper must depend upon the meager supply of alder 

r 

brush for fuel, and camp BiM must be chosen with thttt in mind 
rather than for other con~aniencea Most of the permmaat Mmr 
in the country have erected build* close to the beach, .asrd +& 
supply of driftwqd ha9 heretofore been ample fir their n d s  both 
for ,building and for fuel. T h e  buildings away from the mask am - 
aU of the type c a M  &' k b a r a s , "  which wm sod bouaea h i l t  
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mmnd s framework of alder or m y  other avai1abE.e w d .  The 
,tgwn of h a t a k  is dapndent upon coal shipped in by bost for its 
fuel mpply. During t8he early idages of the boom, the driftwood 
and the alder bru~h were ~ ~ u i e n t  for all needs, but the rapidly 
growing town demanded a greaEer supply of fuel. The petmleam 
reaidme patches furnish a mall local supply of fuel that can be nsed 
under boilers. ks mentioned elsewhere, the Asmciated Oil Co. 
plans to use midue from one of the patches on the Pearl Creek 
dome for fid, During the drilling in 1903-e the residue from the 
g~e- & the head of Oil Creek, near Cold Bray, was u d  under the 
:kh-s  and in stovea with satishctary results. The mpply of alder 

, -brush and driftwod is sac ient  for the needs of the camper or for 
n srnrtll community, but a Iurge community or any commercial enter- 
prise must depend upon wal or 03. 

' " Wild'PGni1~b am not present in this part of the Alaska Peninsula 
jlfi large numbem or great variq.  The natiol~~ and a few white men 
trap far the fur-bearing animals each winter. The fox is the most 
abundant of the fur-bearing animals and is the most sought after. 
Many red fox and gome silver-gray fox are taken each winter and 
n1.e ~ s p c m d  of at the local trading pmk by the trappers Wolverine, 
mink, marten, md landotter am taken in small number& The brown 
bear is the largest animal on the peninsula and is masionlly wen by 
t-rpwlers. The baaw seem to be more numerous in the, mom remob 

. *%£ the-penhula. The large Arctic hare is probably very nnumer- 
om, to judge from the number that were seen and the tracks and 
runs in the willow &hick& Blmse, mountain goats, or shwp are not 
hown in this area. - Caribou 'formarly ranged over the ~nt im peninsula, but thy hwe 
complekly disappeared from many districts and am rarely wan on 
the* peninsula above Mother Gooss Lnkk Southwest of Mother 

T 
G m  h e  there is a mall area in which about twenty caribou wem 
seen. Farther southwest, near Aniakchak Cmter, no caribon and 
very fe* t r a c k  were seen. In the vicinity of Chignik L a p  eb 

few caribou are said to be wen occasionally. Those seen by the 
r Snrvey party wefe ususfly in pairs, but one herd of twelve came 

within a hundred feet of the pack train They were rather small and 
to the mountain type of caribou, which aeldom migrate. 

W m n c e  in a. smIl %ma is partIy due to the fwt that the 
caribou moss grow8 mom abundantly in this particulgr ama than 
eh.whem dong the mute of travel. 

Hair seals are ccaptud in the bays and form an impohnt source 
., of oil and food for the natives. The mWs are wed in the manu- 



facture of moccssins, rntl~glu* and other articles of ~Iothiag*:.' The 
nat i e '~  boa* w bidarka oonsi* of a *work of baat wihm 
oowred with tightly stretched ~ ~ & l e k i n ~  

Of the @ma birda ptarmigan warn mod plentiful in 1921 and 1929 - 
bat am mpodd  to dilsappar almost entirely far periods of yearn. 
They am heavily p e y d  upon by asgles, f o q  wulverines, nand benm 
Ducks, geese, and mane b r e d  in p e t  numbers on the Mes, in the 

I 

low marshy p h m ,  and in the Eapm along the coast. Other birds, - 
including ma gulls, sea pemts, shne, and othr eea fowl, &re very 
plentiful and find favorable breeding places in the elifis &.un $he 
islands Small birda are not numerous; wmml specie% of m & p  
were men on the beach ; watm wrens, magpies, and one or two o t k -  
sped- we- men in land now and then. 

A more favorable spawning p n n d  Par &on can acamly lm 
found anywhere than the many lakes and shmams in the lowland 
bodering Brisik1 Bay, and an extensive canning iaduatrg has hen 
established along the larger rim= The highly prizsd i4bdm.d 
d o n  is the most prolific ~ariety on the Bridal Bay coast. The 
Pacific &reams have a amnller run of red sahon, but =red .ather 
dlasirmbb varieties, including tha king salmon, are abundant and s u p  
ply the three large.anneries a t  Chi& 7%- are the only can- 
neries on the P=i& & of the peninsula. Ln 1922 the Chignik 
canneries were limited by regulation to s pack of -50,000 ewe each. 
Herring, hdibut, and d are said to b plentiful in the salt water 
along the coast. Only h o  kinds of fresh-water fish are known, the 
trout and pyling. Thm These fed  feean the &on egga and tbe 
y o q  salmon &y. 

Tbem have, been two periods during which, ontrride inter& have 
attempted to develop the Cold Bay district into a commercially pro- 
ducing oil field. The first-&tempt was in 19U&4, whnn five or six 
wells mre drilled to  depths ranging from 15 ta 1,500 feet. Two 
cumpanies operated in the -fieId at that time, making their head- I 

quadam at Cold Bay. Just b i d e  the cape at the southweat entranca 
to Cold, Bay, in a m a l l  prowted valley, one of the operating com- 
panies erected several substantial frame buil- that a m  still , 
standing and in gmd condition. A rosd 7 or 8 miles long was 
built from ths buildinjp at  Cold Bay north along the shore to 
Trail.Creek and up that dstret~ to its headwafers on the u*, 
where the wells were drilled. Drilling operations were in 
the summer of 1003 and w e n  continued until Octdm, 1904. Xo 
commercial quantity of oil was obtained 2rom my of the weFlq al- 
though a thick residual oiI was reported from S B V B ~  strata pen* 
bated by one of the deeper welk 



3bm Octoberp 1904, until the hB of 1010 no impdant oil de- 
velopenb OCI:& In 1310 dl the oil lands were withdrawn 
from entrg, no title having besn granted to m y  c l s b  in this 
@an. The next tan years ww marked by lsck of inhrest in the 
prospects for oil, In 1I120 Congrass passed an oil-Iasing Id :that 
permitted the staging end drilling of oil lands, and a great revival' 
of interest. was manifested immediately, as several prospectors has- 
tened to the Cold Ray district, and bfom the snow had disappeared 
most of tha promising oil land hsd been staked. T?-& restaking 
of oil c k b s  marked tlie beginning of the w n d  period of cornmer- 
~ M o p m e n t  of the district. 

. Prospecting and surveying. wss carried on viprowly during 
192&1922, and examinations were made by gedogish mpmt;"g 
the United States Geologic~l Survey and mwral oil cmmpmies. In 
August, 1922, two steamers landed drilling equipment at Portage 
Bay, and soon the tmwn of Kanatak, at the head of Portage Bay, waa 
the,- of p a t  activity. During two or three weelm Kanatak 
&mged from a town with a population of 10 or 1 S to 8 typical bonm 
town with a population of nearly 200 and tmb, log cabins, and 
frame buildings numbering 100 or more. Work was immediately 
b e ~  04 a road connecting Kanatak and tha sih selected far drilling, 
which is 17+ miles northwest of Kanatak The Standard Oil Co. 
of California and the a i a t e d  Oil Co. a m  now operating in the 
field. 1She Standard Oil Co. has a standad rig and the necessary 
equipment to  drill to a depth of 4,000 feet, Power is to ba furnished 
bg..+J5.-hom1pwer gasoline engine. The Agsoeialed Oil Co. llaa 
WL prtabb. Skr rigs and intends to use local petrobum reeidue 
as fuel. 

-ox- 

The popnlation of this district is nomslly small but is greatly 
influenced by oomme~~:iaI activity. During the period of active 
development work from 1902-1904 a number of pople  were en- 
& in road work and drilling. The base camp at  Cold Bay was 
constructed of m b n t i a I  frame bail* which were used as n 
tmding post until the fall of 1921. The tmding post for many 
years: was the center of activiv for the district, being the post 
office and sourn of supplies for the trsppers and the natives. The 
winter mail for Bristol Bay and Nome was formerly carried across 
* P n w l a  from Cold Ray by dog &DL Fmm 1904 until 1920 
thi *anent white population was limibd to one or two at the 
trading post and a few trnppem and prospectom In 1920 many 
prospedops went into the region to stake claim and the United 
States General Land Office established aome of tb h d  lines, so 



that the o h h a  e d d  km &hibly d d b e d :  Most of the &lY 
pnqwtop8 wh'dakd chims did nbt rrtay on the p u n d ,  ht m' 
interest in the area inc& and seved  oil companies examimd 
the pramiskg d ~ ~ Z  feat- many of thtz prospeetars returned s 

to protect their intsresta Although the only' store in the region 
waa at Cold Bay no activity was m d f e s t  thm aB it was too f ~ r  
h m  the prospective oil field. T h e  native village of Ranatak, at 
the bead of Portage Bay, b e  the center of acti~ity. In 1921 
two frame buildings were e d  there far s t ~ r e q  and several 
smdIer frame cabins were built. The post office and stem were 
moved from Cold Bay to Gnat&. Building and ppa-  
for b d -  continued on a malI  m l e  commensurate with '&av' 
@dual M u x  of people until AT&, 1922, when the clrilling 
equip- dor the oil eornpsnirzi amiwd. Tha population in- 
cm& from 10 or 15 white people to about 200 within two or 
three weeks, and tentg and frame buildin@ of all descriptions 
wem hastily m w t d  to furnh'h accommodations fm these p p l e .  
A townsite was laid wt, and an athmpt was made to reg-ulate the' 
location of buildings go that a future =adjustment would nob be 
necessary. h the fall of 1922 people were still arriving at Ranat& 
on w e r y  boat, so that it is im@bEe b give even an approxi- 
mately accumte figure for the popnlatiad The. futum popda; 
tion of the town must depend upon the s u m  attained in the - 

drilling, as them ia  no other activity in the district that auld m.w 
tain so many people. 

Southwest of Ranatak the Almka Peninsula is very spmxdy,:ia- 
hl~bited in tbra ama mved by this report. Wide adl a"iP;-- 
nik baya there am no permanent inhabitants either along the a& or 
inland, except at the canneries new thw mouth o f ,  Ugashik REmr. 
At least one whib man has l i d  at Wide Bay for the last 20 y a m  
During the winter several trappers operate inlaad from tha heads 
of some of the bays along tha Pacific coast. Thsse men find- em- 
ployment in the canneries at Chignik during the canning m n .  
Since 1920 them' have h a  several ail prospechm and land-surrey 1 

partiee staking ddms or m i n g  linss west and muthw& of Wide 
Bay and a h  we& of Asiakcbak Bay. Few of th- men remain 
in the country during the winter, as ths weather d o e  not permit 
much out-of-door work. A few people engaged in fox fa- 
occupy soma of tha smaUer islands south of aniakchak and Chignik 

- 
of the summer and employ more than 306 white man dUmme&ng the 
canning season. The& m b  'are h g h t  to the camsrim either from 
Seattle w from Francisco in the companies' ships, which mtnm 



ta the States st the end of the m n  with the m%n and a cargo of 
danmed ssImon. T'he population at Chi@ ia redud  in the winter 
to 8 or 10 whib people and 25 natim 

w 
Them is a gmall nativa settlement st Kma* which has a popula- 

tion that varies during the year. In the winter them sre PO or more 
mtivs hnddled in their mall  d houses (brtrabaras) , b d  in the sum- 
mer they scat*, mme going to the Bristol Bay side of Ghe pews - - to work in the mmieries and others to the m a l l  native village at ths 
bed o f ~ ~ f  Lake, whem they catch and dry mhon for winter 
food. Only one family of natives normally &dm at Kanatak dur- 
&g 4 b  summer. There is a ,small settlement of native at C h i k  

-. &d other small vilhm still f art he^ $ o u t h d +  75- natives be- 
long to the Aleut hibe, which inhabits tha western pa& of the Alaska 
P&ula. It is doubtful if there are any p m b l d e d  Al~uts  at 
Kahtuk and (=hignik, aa many of t h  phinly show R d a n  ad- 
mixhw,, and it *-& iag&ble that all of &em have. at least & mall 

... . ~un$,&&t&n blood. The n&im are all mem- of the Rus- . 
&'~&odox Church. Each dlage  bas a ch-4 uenaI1;~ a sub 
stantial frame building, which pmimB a gnat contrast to tha 
barabala or partly undeqpomd hub in which the people five. The 
natives still speak the Aleutian languaga, dkhough many of them 

' undemhmd Rwsirtn. They are not a thrifty aet of people, a d  their 
only s u m  of income is hunting, impping, and e g ,  with m a -  
sional odd jobs for the white men. Their main artid0 of f d is the 
dried salmon, which they put up in the snmmey, when m very 
-phnauL 

' mmdBD,TRAm& 

The Peninsula, is Mculf o'f m by lurid but mP.atioely 
sosg by boat. Trrsvel on the peniaguh in the summer time is con- 
fined to. tlte mountains, as the western lowland is practimlly impas- 
smble tbl'ban, &xpt by boat on the lsrge slnggish Btreama There 
am few pod harbors, as most of the bays are either open to the sea, 

f offering no protection 'h boats in storms, or have dangerou~ un- 
mapped 6 and reah thst make them unsafe for large boats, The 
h a p  giving pwible access to the pmqwtive oil fields are Wid% Pork 
age, and Cold bays. Thw bays were u n c ~ ~  in 1998, but they 

* were examined by repmtatives  of the oil mmpsnies, and Portage 
, B R ~  was chosen ss the most favormbb. Subsequent charting of 

:.&; . < Bay and Wide Bay by the United StsW Coast and a9o- 
b e y  has shown that Wide Bay is the better harbor, as 

it is wide md,~ deep and offers a - -we l l -proW mchoraga for 
Inrge bats Pirtage Bay o f f s  no protection fmm muth or 

- . .  . motheast winds, and ,the bay is shallow, m that large boats can 
. . not approach dm to the ghom Abut threeguarters of lr mile from 
' -*-- 



the M i f  the bay is s &f, sf, at tide, th.t e x t m d ~ ~  %the 
n& &om marly af tbe d h n m  B C ~  the b y .  
This reef gives mme protection to gmaU boa,@ h t  them is not enongh 
anchor m m  for large ha t s  between the gently sloping beach and rn 

tha reef. Them am no whmf or d d h g  f laciliti%s at PoFtsgp Ray 
or st any other bny along this part of the Gaast of the A l d a  Penin- 
sula except st the t h m  cannerrim. At Ckignik all freight must be 
handled off Ematak by mall boah or light%- which ssre privately 

L 
* 

owned. If the Pmrl Creek dome prom to ba mmm~rcially pro- 
ductim, better harbor facilities must h provided. 

Mbst of the freight and pnemngem for the Cold Bay di&M .e 
muted thmugh Seward or Kodiak. During. the summer there &H 
four p=npr b a t s  a m& from Seattle to Sewad and two a 
month to Kodink. During the mi~inh~ the wheduled n u m k  of sail- 
ings ie k The trip to Semrd requIe& seven or eight daye md to 
Kcdid eight to- twelve day% dqwndihg route followed. 
From &ward a milbmt having m m m m u d a ~ ~ ~ ~ 4 w  pa-- 
gem and a mall amount of f reigfit sails once a month &> AMba 
Peninsula p d h  From Kodiak small ha t s  can, be hixed t6 tmmfer 
p-rs or fmight to  Pmtsge Bay, the trip requiring- abut  24 
hours. In tb mepring of both 1921 snd 15122 the Seattle stebmer 
made one t ~ p  into Portage Bay, snd donbtlw the atearner wanld 
make Port* Bay a regular port of .call if the e m t  of business 
wamnted it and if lsome quick rand reliable mans of unloading 
were f urnishd. Two large freight ateamem were chartered by the 
oil companies to deliver the driw equipment at Portam Bay, aad 
both steamers lay at an& ia t b  bas'& m r s I  days snd doaded 
their freight by, lighters, Shg fortunate in having calnz weather. 

' Amy large steamer anchored in Por€q+ Bay would be campelled to 
Bterun ouk into open water in the event of a storm, as it mu@ mt+@ 
out a mvem dorm in ths &allow water of the nnpmte&&, k k -  
bound by. 

Travel w i t h  the district Is faiily e s y  by foot or with a pwdlt 
tmin, as many t$ls have Ewen hdm out by the nimmmus parties - 
that have m o d  around in the district daring the two prs .  
There am nu@ekus eesg the momtains into the in- 
tssior lowland. . Ranatak has besn the hdquarbrs of allthe parti- * 
working in the'ilistrict, and the h i l s  radiate from that point. T h e  
wagon road udder construction fmm Kana& to the well-site will 
make the country around M ~ u n t  Pedik easily acoessibl .> 

tak. A p o d  tmil for pack horses can be followed f 
to Cold Bay, &a last 7 or 8 miles be- over the wagoh road that was 
built in 1903 'bd is no longer suitable for the; & of 'w&gom. From 
the head of Cold Bay them ig an e a q  into' tb Kejulik Valley, 
but at high tEd~' k bola badland on the west &me Of Cold Bay ex- 



t&& into $he w&w and at low ti'de large bodden makm it very 
dangerous to take pack anha1s around the -point. Just south of 
khe W l m d  i~ a brge creek lrnown as Termat Cmk or Schmer 
Cmk, and near the head of ih valley an easy trail may be followed 
into the Kejulik Valley. The Kejulik Valley may also be entered 
through one or two low pa- from small bays north& of Cold 
Ray, but mmt of these bays a m  too shallow @pen for small boats at  

5 

low tida Within the Kejulik Valley itself travel is not m may an- 
less the fm#& am 1Followed domly, and e m  then swampy grand 
wiILM'some difficulty. A short  distance sway from the foothills 
m p s  ate the rule, and travel with a pack train is extremely diffi- 

-;' %lt. Kejdik R i ~ e r  is a glacial s tmm that is somewhat diftcdt to 
cross, as it is cold, swift, and deep. In its lower m h a s  it is tw 
deep for B how to wade, but in its upper paft mmy p l m  can be 
fmnd where a man a n  wade it. Over 8 large part of the valley 
mass grows l d y S  making tmvel both slow and timame. 
ThB m t r g  northwest of the mountaim between Wide and Aniak- 

chsk bays had not hen traveled by pack train before the summer of 
1922. The k t  mnte of entranca to the district f mrn the east, so far 
rrs Known, is either by the Aniakchak River vslley or by the mUey 
at the mnthwest end of Wide Bay. The count7 could easily be , 

*Hkl&l by m u m  of smaIl hosts going up the rivers from Bristol 
Ray. The mcrte followed by tha Geological Smmy party lies be- . 
twesn the main mnge alonp: the coast and the lower range to  the 
northweat. Only slight difficulties for travelrng by pack train were 
Lmmmted,  although several detours in the valleys were n-ry 
& " h i d  m p y  &mas The r i d p  or spurs extending from the 
mrrirr range toward the west are rrtrely more then 1,000 fest above 
the ~aZleys at the most favorable points of cming. S k p  slopes 

- aodd not always be amided, and as they were often obscured by 
fog traveling was slow and uncertain Occasionally short stretch- 

. . of trail had to b cut through the aldem and cottonwaoda. A tmil 
up the valley. of Lee C r ~ k  at Wide Bay and a c m  the divide - to  the W@ik Lake anticline. This is one of the k t  ron- to - 

the oil field. At Aniakchak the bast route for travel by pack train 
is along the beach, aa the rtrett between the beach and the hills b the 
weat is swampy ; but at K u  julik Bay the k t  mete is on the benches 

8 
+ back of the beach. Near the southwast end of Kujulik Bay a t r ~ i l  

leads a c m  the mountains toward the wsst. At low tide the beach 
;at+Ckpk Bay, except at  s few places, can be tmvemd. A wagon 
nnd has ken graded from the coal minm on Thompmn Creek, 
Gkignik Bay, to the littIe bunker on the beach, but it is galdom u d .  

. - A footpath follows the benches above the k h  h m  tha bunker 
, . . to the sand pit. 



ani&chas .and :~ujul& .bye .are .ancbarkd and ane aveiddi b~ 
-wing boats, although Aniakchdz h y  is mpmM to be; deep ,&> 
plaw and is p m h k d  by Sutwik W n d  from mnthwast winds. . 

The field work on which this rspart is b a d  &s undertaken pri- 
- 

marily to locate, if possible, . arsas in which : the,- structure 
b favorable fox &ha accumulation of oil, and only the pri-+,geo- 
Iogio fatures are here c o m i d d  The recent investigation  wag-;^, 

combbed m n n k n c e  topographic and @@c sumey, and d:: - 
though every dvtultage possible under the aonditiom of repid travel- 
ing was given to the writem, it was not expedient to retard the t o p -  
pph io  work greatly in good weather to afford time for making 
a close investigation of i n t e a i n g  geologic, feg- In a m n :  
naissance exarnindion of this sort little time ig a~+l& for the 
mmfd tracing of the contacts between formatiom - ,., : .: ' 

The sedimentary mka occurring on the Alsske Peniagols (k' 
PL VLI3) were deposited during the M m o i c  and Cewzoic erm 
'md range, with many interruptions in their tquence, from the 
lJPper f i w i c  to the Eecmt. A camplate d o g  of,;thawdhmbqT 
=ria does not mur.at  a single locality, ruad welation. must be 
made from one. part of the peninsula to another b &an8 of the 
foad remains oft snimals and plank Onlv a briei description of 
the formations will be given &re, as tbYwhave been d & l d  ip, 
detail in other p~blications~~ and mdated with.sxpomms in o k l q  
p~rta of the Alaska Peninsula snd with the beds at the type Imalit@, 

I * M ~ C f . C . , ~ ~ l e a m f l e l d m d ~ e M ~ d I . I * Q L L :  U.E.Ueu#;&trrey 
mi. 260. pp. Q049,19&5 : h'rtm on thepetroleum fleldsof A d a :  U. LI. U. &Irvs Ball. 
459, pp. 184-139, IWG. ~tanbn,  T. W, and MarUm, G. C, M-IC mSUm on Coog Jnlet 
& dl* Pemlnmlal &ol. Boe. A m ~ ~ l c n  Bull., mi. 18, m 39%3S1.-'ibi-, 1%. 
at- w. W.. Q d -  an8 r n w  of part# oC th+.hl- Pemlrimlt~: U. B. 
B ~ I .  Sumey m. 4a7. 1911. C a m  8. B., The Cold Bag district: U. 13. Qml. Sumeg 
B*. m, 77-118, 1022. sparr, J. E.. A r e c ~ ~ a i - ~ e  En mat- M: 
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In the ~ ~ t l t h w e h r n  part of the aaw recently investigated the 
d h n t r r y  rocks are mainly of Tertiary and Upper Jnrassic age. 
The formations bordering Chignik Bay consist of Upper Jurassic, 

T Upper Cmtaceous, arid Tertiary dimenhry rock, ov~rlain and 
intruded by igneous mcks. In the inland cumtry between the 
Cold Ray and Ch@k districts large areaa &st of volcanic. rocks 
and m& of the sedimenbxy beds are of Tertiary ag& 

t 'She Upper R i a s i c  beds s q m d  an Cape Kekurnai sm the 
-. oldest sedimantary r d m  known on lthe peninsula. The thichess of 
"kl.y*& beds ia estimated to be over 1,WO feet. They are corn- 

poeed 'of sharply folded, partly metamorphod limestone and 
cnlcamus &hale intmded by b a l t i c  dikes and silla. The limestone 
is thin bdded and is Hack t6 bluish gray when freghlp broken but 

. , h m e a  light gray upon weathering* The shale is of various colors 
froa red to light browa , 



Conformably &ova the mckn of b o r n  Wrssio sge a d m  of 
about 2,300 feet of o f s  fa exposgd along the north shore of Cald 
Buy, These roclEs have fnrniehed .fassib that are presumably of 
Lower Ju&c age though not well enough p r e s e d  for p d t i v e  f 

identification. The beds con~ist chiefly of sandstone, limy shale, 
and impure Iimwtone. The m k s  are somewhat contartad and 
faulted; their ares is small, and they have not been mmpmd on 
the Alaska Peninsnla except back of Cape H e b o i .  

Middb ( 8 )  J o m i c  r o c k  are represented by a belt of 
the RiaEagvik formation on both ddes of the muthwest end d 
?Bay. Them M s  are pltrtly covered by glacial drift, but where thy 
am expmd in contact with the overlylying Upper Juramic mch them 
is evidena of an angular unconformity. Fossils have been found 
in the Kid@ formation at many localities A fern qxcies from 
thia f~rrnstion~arb identical with cIm1y reLkd to the Tux& 
fauna of Tux& Bay, and T, W. Stanton oonsiders the KialagPik 
formation of either emrliegt Tuxdni age or slightly d m .  The 
b d s  consist of about 500 feet of sandstone, mndp shde, and h 
conglomemte. The h m  of the formation is not exposed. 

The oil seepap in the Cold Bay district wcm in the Uppr J d c  
m i e s  of rocks, which has been divided into the Shelikof and Naknek 
formation& me N b e k  f~rmation,~whi~k is t h ~  younger, is ex- 
p m d  throughout the astern Bechamf hke=nnd  Ugashik Lake 
drainage basins and extends muthwestward to the 8icinity of Mmnt - 
Chiginagak, where it is intruded by large masses of igneous rocks 
and overlain unconfomsbly by the Tertiary rocb. Small Of 
the Naknek formation are exposled m t h  of Ride Bay and &-of 
Aniakchak CWr.  Tbe SheIikof formation is very thick and fmms 
the coastal mountains Getween Cold and Portap bays and is p-t 
in the mountains west and southwest of Wide Bay. 

Along. the west shore; of Chi&nik Ray and onfinvhg n d h k  
at  least as far as Rook Bay Creek, Upper Cmtacmi~~i m b  of the 
Chi* formation are e x p a d .  Tha Chignik formation is abut 
900 k t  thick a t  Chignik Bsy. Its extant northwest of Hook Ray - 
Cmk is. unknown. The beds mst unconformsbly upan the Ndknek 
formation and are overlain in plwm by volc~nic mka. The strata. 
a m  mainly andatone, shah, md cotlgEomerate, with m e  ~ ~ I u a b l e  * 
coal seams. 

Smthwest of M m t  Chigiaagak an m a  of T&iq roch extends 
to the north side of the upper bniakchak R i ~ e r  valley. The" aws 
is about 4U milw long and from 8 to 18 milea wide. W h e ~  the 
m b  were examined, on the north and 9011th sides of the area, 
they are in contact with large m m  of intrusive ro;Ck& The de- 
posits am entirely continental so far ss oherved, and only plant 
remains wem found in them. They ara a h t  2,000 feat thick and 



rmconfo*mebly upon a measive gray sandflfone, which, s1tbaugh 
lrmo fodh w m  wen in it, is p m d  to be tbe nppr part of the 
N h e k  formation. The Tertiary beds consist of shale, saddone, - and oonglomorate md thin s e a m  of lignite. 

T$e aurfaw I.ocka ia the val1ey.s of st ream flowing fmm the 
Meuthn Bmge conskt of glacial drift, much of it in the form of - mall morainesines Most of the drift was deposited by m a t  glwiers 

A and is comgosed of ~ t m t i f i e d  mnd, clay, and boulders. Along 
the ao& gi& of Wide Bay a narrow strip extending about 1 mile 
-+is covered with older drift, which is probably of Pleistocene 

The mlley flmm of nearly all the streams within a radius 
of 20 miles from hiakchak Crater w e  filled with pumice and black 
volcmic cinders. In Lava C m k  the cinders attain a hhicknese of 
over 300 feet and form high, steep terraces above the -am. The 
hillan& and wash of *ha crater are covered to an unknown depth 
wi&+ckdm, .. 
- i*iigaw+s ;ocba on tbe Maaka P e n i d  am &eiiy of vo~mric 
&i@ and nearly all of Tertiary am In the north-central part 
of the p i n s u l s  the older intrl~sive rocks crop oat in a rrtthe~ broad 
belt extending southwestward alm& mRthuou8ly from Naknek 
hb to &EY mmtry west of Chignik Bey. Near Mount Chiginqak 
and oleo along the 80athwwk side of the Amiokchak River valley 
the centad intrswion is connected with another belt of igneous rock 
forming the core of the Aleutian Rsnge southwest of Wide Bay. 
The greater part of the cape between Port* and tVi& bsy8 is 

up of rn igneons mass extending inland as far as Lake Ruth. 
The mountaim brderiqg Ku jdik end Hobk barn are d m ~ h  entirely 
m m p d  of rocks of volcanic origin. Dikes and sills are intruded 

. ,in nearly sll the sedimentary fmations.  The ipeuua rocks differ 
ia w i t h  and texture from one tima to mother. 

%e wkx ,of.,t.h southsnst i d a  of tbe Madm Ppminsula ua 
folded into mveral mare or 1- woil dehed roughly parsuel anti- 
olinas and,syndinas whom axes extend ~wuthwe~t, in general eon- , += formity with the direction of the peninsula. W of the folds 
are brad gtructura1 features, with dips p e r a l i y  not exceeding 16". 
The anticlines &re rather pemisbt but are intempted tit p h  by 

a- igneous intrusions or by major f a d &  

- Sm-aaP Bocgs. 
,: +=+Fq, 

- sSgr(r*iZ F TRTABIO ROGBB. 

Tbe TJppet %=ic mk~ t h t  crop ant on C a p  Kthmoi, at the 
northeast es-e t.a Cold Bay P1, VILli), are the old& d- 
mentarg rocke q m d  on the Alask~ Peninsula. Beds of Trilawic 

. , w. sre not horn elsewhere on the pninwla, but it is pogsibls that 
they underlie large areas and might be mmuntemd by deep drilling 



at Wide Bay. A detailed mchn of the Upper Triaasiamka hm nd 
been made, k t .  in general the l a w  beds, which am.wnt& 
mmpM, c o d &  of hard, dense thin-bedded Zimesbm and limy 
shale cnt by dika and sille of basalt. The uppr beds became less * 

c a 1 m a . s  and mom mndy anti1 finally a derm sandstone ia en- 
oonakmd, in the upper part of which are found Jurassio f e l s .  
The transition from limestone to sand&ne is vey. grgrttdnal, and - 
them is no evidence of an unewformity; tha formation is 
therefore clonsidkred ta end where the sandy phsse:-@ra T h e  
upper beds of the =ria are not so greatly crumpled and dip 10O;e0O 
BW.; the strike is northeast, conforming in general to the s t r h  
a f the thick overlying Jurassic beds. Calcite shhgwa am abundant 
in the limestone. 

The limestone bede in the lower part of the formation contain 
large nurnhem of the widely distrihtad U p r  Triassic fossil ahell 
P ~ d a t m o t i k  d & d w G  Gabb, and rs few qmimem of s f e l  
hydromxl, St~&#ka&, ware .#ll&, &n& 4o a @@ha-hcmn 
only from this loc&Q in North Arnerioa but fomd in Trkm% - 
of Europ& 

The mntwt qf fHe W p p  Tridc and Lower I) J d o  forma- 
tiom has not h n  fallowed a m m  the cape, but the a d  &ant d 
the former is probably very mall, not axc;eeding-3 oc 4,sqrrare milea 
It is exposed along the beach at Alinchak Bay, thh next indenhtion 
northeast of Cold Bay, where the s u d o n  aa re-d by Markin 
consista of bmic igneaua r~ck at the bottom, wcceeded by conto& 
cherts thst have yielded no f a d s ,  and these in lturn arrerl&..nw 

* . I .  
' 

shale and h e s t m e  yielding Jbwhm&& . . 
. ,:A3,:,< 

. . ~~C ROlfkB. 

Most of the dimemtargr beds of this mgian were d w t d  d w  
Jurassic time. The anly hdm d i e t a r y  beds- on the pnhmla  
that are older. than Jurassic are the Triassic mks j m t  described. 

* T h e  rocks included in this p u p  m p m n t  l-ly shomw$fd 
1 

ph- of sedimentation. Limestone, which indicates deposition in 
deep water or clear &aUm water, is entimly absent above the 7%- 
amic except where it mcm gs l a w  cbncretions in the upper part 
of the Shelikof formation md as smaller c m c m t i m  in shaly M a  * 
in the Nahek formatiom Sandstone ia the most ~bnndant and is 
predominantly arkosic. f i e  coarsen= of p i n  of much of the 

- , < -  ' 
sand~hne is a good indicator of shallow-water deposition, bat W+' 
evidence mpplied by the natnre of the M d i n g  ia mow oorthld+e. 
Much of the sandshne is --bedded, a d  in many plaem it i e  inter- 
bedded with conglomerate. The maglamerate is abundant. Some 

G, C., F?eltmhw m*n * e m  in U: U. 8. M. Plaffes Bull, 
n o a  p 6.s, 1021. 
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&& m only a hw inaha thick; others occur as a seriss 1,000 feet 
nr more in thich86~ with a minor mount p f  a ~ k d c  mahrial. 'Sha 
material of which they are cornpamd ranges in cosmm- from h e  
p i t a  t.a bothders .mveral fmt in diameter. These beds of congIom- - 
erste, included in formations composed of marine d i m e n *  can rep- 
m n t  nothing- e h  than deposition in shallow water under shore 
conditions, rms these large boulders must have been deposited close 
to hir,.murce, Shale is abundant, but 1- m than the coarmr ' 

dim* m d  m n  the shale is inclined to be mndy rather than 
a-m. Still other indications of the shomard phase of sedi- 

'Jmed-ion sm the fossil plants that are f m d  in the sandstone and 
: the small lenses and sams of lignitized wood9 which indicate the 

presence of vegetation during the proem of sedimentation and there- 
fare ~hdlow-water, near-shore conditions; 

. '. ,Sjed&p$aq rock- of hwer ( 8 )  Jurassic age crop out on C a p  
' 

. &e-i, where they conformably overlie the Triassic limestones 
clkribed sbove. (See P1. VIIL) These rocks occupy a few quare 
miles in a n a m w  strip crossing the cape that sepamter;l Cold Bay 
from Alinchak Bay, to the northeast, Thia strip is the only known 

.. -, - * a p  43 b p e r  ( P Juressic rocks on the Alaska Penins& The b& 
show k gradual tmmiticin fmm the underlying Triassic 3imestone 
into the impure Iimastone and calcareous sandstone and shnle that 
form the basal part of We Lower ( ?) J-ic. There appears Eo be 
strict, cosf orrnity between the two fopmatiom, and the paucity of 
?&& makes it difEcdt to dekmim the eontact. The poorly pre- 
mrv&fo&ls collected include several ammonites which in form and 
sculpturn s-t Lower Jurassic genera, such as B&tam, Aago- 
mas, and A d t h e w ,  but it has not been pmsibla to make pmitive 
idm@cakiom. The sedimentarg beds tiitetively included in the 
h w e ~  J d c  are 8,300 feet thick. The 1,500 feet at the bottom 
may be divided inbo two part- lower part consisting mainly of 

t 
lirn&qe and limy sandstone and shale and an upper part in which 
them is +narrow mna characterized by conglornerah and sandstone 
containing abundant bright-red jasper pebbles, brightly colored 
psenstone parkiclee, and fragments of carbonacema shde. The 800 

a' feet a t  the top of the hrrnrttian is mrnpased of a black to rusty sandy 
shale with some thin beds of limestone. No fossils were found in 

but on the bams of lithology and field relations it is tent* 
'+I+ in the Lower Jurassic, 

... 7 .  

.. 
mmnm (1) mm 10- 

I U A r A I I Z  POBLCATiOI*. - TBe Kiafagpli fornaatian, of Middle 4 ? ) J d c  gge, .& 
- C_ dung the gidG of the southwed end of Wide Bay and continue8 a 

>-*<< .- -.- 



dwrt dhbce  inland along 'the basm of the. mmntains b p n d  -&he 
head of the (See Ph. Vm and XI.) Tkh formation % bf 
esp ia l  interest, .because it ormsisb of the oldest rocks e x p o d  a- 
the m& sf the Wide Bay mticlim and is the only probable repre- 7 

sentative of Middb Jurassic t b n ~  an tha peninsala. It was m e d  
the E e h g d r  formation from the ~ V B  nam for Wide Bay, along 
whose shore has hen found khe d y  d r o p  of the f m t i o n  on 
the Alasrka PeninauEa On the northmat side o$ the bay the farma- - 
tion omurn as a narrow strip h u t  a niile w 3 0  &ding Zrom a 
point near the mouth of h a  Creek to a point n d y  3 mik.up the 
broad, glacial v d e y  at the muthwast end of the bay. The bds 
exposed in the bluffs along the &om buck of the sand spit and far- 
ther rsouthweet at the base of *?m monntaiw belang to this formation. 
The mks on the northwe& side of the bay consid of aandshm, 
sandy shale, and conglomerate, which on ,Shart Crsek are intruded 
by several small dikes and sills. The. greater .part of the area ia 
covered by glacial drift and by a dense .&&tlr 'hf md 

2 3  -= prmes, so that the contact with the a d y i n g  Upper ~rn~rn~~#bVbii-  
tion is di5cu4t to follow. fn the valleys and on tha shore south- 
ea& ef .E Cmk'where the 'wntd was observed there is evidence 

- 

of aa angular mnformity  betweaa4the h o  formations. The un- 
conformity is most pmnoumd at the bluff near the mouth of hk 
flee& w h m  the shale beds of tha 'Hiala$Pik &a'S. 45" E. 
end the overlying conglmrm+ate and the beds in tbe hills west of 
tlie bay &e southwest. Wem the Kia11gFlk beds can b s t  be ex- 
mimed at low tida Toward the head of the bay they are mar17 . .id . 
horizontal or have pery sli@ dips to tbs &orth~&- 

Tbe extent of the Ealagvik formation &long the SOtlthW &be 
of the bay was not determined, but it dm& not crop oatsat he point 
of land pra j&ing bward the islands. On this side of the valley tpe 
m b  am hidden by vegetatiori. At the base of the 6rst e & : e ' i ,  
Q mmilea np the valley, only Uppa J n m ~ i c  mb' we& recognized. 
The beds of the Rialagcik finmation dip 6" S. on the southeast 
sida of the bay afrd mnsist of perhaps 200 f& of cmme andstone w 

h& '$ few thin beds of h a  knglomekte. From s & o h  distatfice 
the mb appeaf in be colored light red, but a fmh3.y broken sizr- 
f we of the sandshne is bluish. The greater part of the valley at 
the head of the b ~ y  is prnb~~bly. underlain by the Kialagvik forma- 
ti on. 

'Ibe formstion is abon&wtIy f c d l i f e r o ~ ~ .  Some of the f*,. . . 
ham led T. W. Stanton to m'rr61de &is formation with &i h e r o  
part of the type section of tha Tux& sandsbone at Tuedni Bay, 
on the west shorn of Cook Inlet, or .with b d s  slightly older-+ 
cormlation which, would indicate that th86e rockg mpmnt .only the 
IQ*& hart of the E d &  J,ur+c.> l?&q at least the grsater part 

. , .1 
, , 
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of Mid& Jmmic tiane either this portion of the A l h  Peminrrula 
.M above ma level, or else diments were laid down that were 
s n ~ u e n t l y  removed by emion. It is probable thst them waa a 
long period of emion during the latar p r t  of the Middle S d c  
epoch and that the d i m e n b  laid down early in the perid wem 
partly removed at Wide Bay and entirely relnoved at Cold Bay. 
The fossils t h w t  were collected from tb KiaEaH formation 'at 

* 
Wide Bay bsm bean determined by T. W. Stanton follows: 

118rBB.mgm ~h&omatsmrthwPlrtet~doi  WfaaBag: 
- ,  . ; &$y~&&ella mp. 

-- . Phma sp 
P e n  EP. 
Inocemmns Inciter EichwaId'l 
Trigonla sp 
Dactyllmrae? m. 
Belemnites ap. 
Thew fomU probably belong to the Klalagvik fama. 

-,Born F 14. W& shore of Wide Bay south of Short Greek Stratl- 
+WcPZPy I50 teert above coUeetlon F S1: 

Oatrea ag. 
M m l a  a, Blabrae group. 
Pmtandia gp. 
Z B o d a P  m. 
p l e ~ l ~ m ~  a m  (mte). 
Natim m 
Rammatocerrra hmdI (Whib). . r 

'Rammatweme? BtalaWkensls (White). 
Harpww?~ wbfteavesl (1Vhlte). 

. J-Y L3jjl;~:,; mniagau fauna. 
m& h. br.a, :--Me m, Wide w: - ,  . . 

Pecten m, smooth form. 
-Ma pa. 
W g m f n  ap, GIabrse group 
Pl~leuromya dtrW. (Whlb) .  

-.aNattca ap. 
bmmatmma howelll ~Whlte). 

. . Uammras k h I t e a v d  (White). 

f 
Rfalagvlk Pam. 

11m No. F 15. WIde Bay, X mile up creek eoufiwest of 6 m: 
Peeten a. mmth form 
Idma ap. relatea to L giganha 8mwtty .  
-rn lamer Eh?bwald? 

-* &en-s rrp. 

Illme f-fb appamntlg belong to the EhI&& fa- 
. . 

. ." -- 11555. No. F 16. Wide Bay, 1 mile up B h r t  Creek : 
&- ' * h x e m m u a  ladfer Kichwald? 

: 'hekemdgiks ap. 
ProbbIy KfaLgdz Saurrk 

UW?. No. IF 30. 1 mlle wrthmd et  Leeb arbla &k Wf&e H a y  : 
Znawamnrr.lndfer Ekhwaldl 

. .' Inmramgmw m. Lawr form with mm cmcmtric rlba. 
Jmmlc,  probably KialagPL& 

. . 
- .  

78813"-21l2 



i 
1- Na. F'W ,'Float LW.pa.mint at Wide Bay:. ' 1 ,: . :'P, p 

Xnwemmw;lder Ekbbwdd7 .. - 
8te~hanoceraa7 w , , 

 he fragment o f  .a i-i~ ammmlb (~tqibariofsraa?) in EbIs ~ o t  G 
c?OwTy lielatea to if nOt identl&l wltb a ionn in the -1 ~~e 
anrl. thus epwwntb i y r w  mother tle bet- tbe l b x e d ~ I  and the 
ZUa- 

The species sf the Tumdni fauna deecribd by Whits hiwe h 
ref& hy Pmqhdrj ta the .upper L i e t h a t  Is; the upper part of 
the b w e r  d& Hyatt said h t  the n a w d  rehim of the 
fauna am in the lowest parts of the Inferior Oolite, in fomtitloa 
placed by many Geman and Fmnch rtuthow in the upper Lit&?' 
On account of the mlatiomhip which tb fauna shows to the Tuedni 
fauna Stanton refers it to the lower part of the Middle Jurmic. 

B W r n  -MA+&. ' -? . t  .. = 
. .  I .  

The lower part of the mcks -of IT-r Jaraasic age in 'the t30T8 
.Bay ragion is called the Shelikof formation, from the fact that it 
is the chief outcropping formation mi the northwest s h m  of SheIi- 
kof Strait from Katmai Bay ta Wide Bay, (See PI. VIZL) The 
upper contact of this formation cnn be traoed.thmughont the diEttrict 
and is m r k d  by a heavg shale member omlain by the coaree basal 
conglomerata of the Rah& formstion. The'lower eontact was 
obsemed by Capps at only two plncee-at mde Ray, where the 
Shemof formation unconformably overliea sandstonm of Mdde 
( P ) Juraeeic age,-pad on the! r i d e & .  ahomlof.&ld Bayi wbmTlie- 
Middle ( 8 )  ; l u d c  i~ entirely absent and the Shelikof rettts on 
Lower I)  Jurassic mks. Although the lithology of the &hation 
as a whole is not constan$ the uppernost member, R massive black 
shale 700 to 1,000 feet thick, containing numerous l i m w - A n m  
and concretions, is o b e v e d  in every mtion. .mis ahale member is 
poorly fodiferous, but its position, underlying the heavy 'ba~hl eon- 
glomemh of the Nshek formation, learn no doubt corxcesning it9 
horizon. Bdow tha massive shale member ia 4,OOO to 4,706 feet' of 
makve brown ka gray sandstone with minor amomta of shale and 
conglomerate. The shale beds a m  thicker west of Wide Ray than be- 
tween Cold and Portage bays, but the ssodstone i s ~ o t  sothick, and the 
total tbicknem kt the elrtreme southwest end of Wide Ray is I- than 
at Cold Bay, The lower 1,500 feet of the formation a l o n g h  b k  
is chiefly shale with some limg and concretionaxy ph- At the 
b m  of the shnle a bed of caam conglomerate liw ersuhrmably 
upon the Kialqpik formation. A dispg massim gandstnnc, resem- 
b h g  an oil-impregnated sandstone thak occurs on 'xpper Trail C m k  



&&old Bay, ia exposed in the mountains 2 mila west of Wide Bay. 
3"h sanddone i$ about 50 feet khick in the mountains between the 
main and west branches of I h  Creek 
The andstone and &ale are locally &reous, and the sandshe 

is in places little m m  than a sandy shale. The mndsbne is a h  
concretionary in many places, the concretions ranging from smaU 
well-rounded bodies a few inches in diameter to larga irregular, . poorly defined masses. At Wide Bay the lower 1,MW feet of ths 
formation ie mostly ~ h d e  with some limy b n w  and conmtiond. 
Atq&!d Bay the lower part of the formation is mndstone with a 
'mqlorn8rat.a at the base, and below the, mglomemte .ia 800 fwt 
bf shsle that is tentatively included in the Lower ( 8 )  J u r a ~ c  as 
described above. This thick sari- of shale beds, however, contains 
no fossils by which its age could be detedned, and possibly the 

- able does not belong in the Lower Jurwic bhk is the age eguiva- 
Lnt sf the lower &tale ~b Wide Bay. 

. ; : b : ? P W & b  'bri the isla& in Wide Bay differ litholbgicdy 
;sthiar wtiom of the Shetikof formation and are not fosailiferous. 
h detsild &ion of t h  sthta along the sauthwest &om of the 
I s r e  island opposite h a  Creek is as follows : 

B d n  rn him8 h WWIde Bag. 
m6t 

Thin-bedded bfql~h shale with l e n e u  of Ifmy cdnmtlons-, 5Q 
'Coarse arkoelc sandstone wltb ~eamlets of ml a h t  1 inch 

thkk and thln M a  of sl~ale ---------A,,,, , ,--- 1110 
; ,, ! U l v e  gray sandstone and thin beda of ~hal&,,-,,,,,- 105 . 

-': 't: y-2 
r _ t l '  : h r : ~ ~ n * ~ l ~ ~ e  alternathw with beds of ohale,, 325 

Per$ m n d &  hard brawn to Ught-gray nrandstc?e,,,, 585 

Tim islands M s t  of mb of the Shelikof formation except sev- 
eral small ones nsar the northgaat entrance of the bay, which cons& 
entirely of i-ua mks. The beds on the islands and the point of 
l&$ pmjecting h m r d  the islands on the south- side of the bay 
dip 6"-24" SE. a d  form the gouthaast l a d  of the Wide Bay an- 
tielink The pmv~iling dips on the mainland m to the northwest. 
Seveml f adts, iwlnding one of prhapa 800 feet displacement, mcur 
in the vicinity of Lm Creek. Some of the shale bedrs contain 1- 
of limestone nodules which wmther to a ccwlspicuous- light-yellow 
color. A freshly broken nodule consisted of dark-blua, nearly p m  
limestone yieldiryr the c h a ~ r i d c  Upper J w i c  ammonite 

' ;.:;. g,&tmmwt. 
";-w is found through& that part of the formation below 
the uppermost shale member, and as this mme fossil ia ehamkktie  
of the C b i t n a  shale &t its type Iocslity at  Chinitna Bay, on Cook 
Inlet, this pert of the Shelikof formation can be definitely mm- 



hted with the, Chinitrut.. Tbe type, rseetion of the Chinitrita f m b  
tion j,.& BS thick as the Shelikof formstion, ead there is cmsidI$ 
able didemnce in litholom. The Chini tna attains a maximum thiclr- 
ness of 2,400 feet on Chiuitna Ray; the Shelikaf is 6,000 to 7,000 feet 

'k 

thick at Wide Bay. The type section on Chinitan Bay is composad 
predominantly of shale. The uppermost member of the Chinitna 
formation is a mrIe8 of dark massive shalm 5 0  &o 1,000 feet thick, 
containing nmmoua cmcretions and lenm of impure lirnsstone and . 
a few f& Tbe uppernost members of the C h i n h a ,  and the 
Shelikof are cxnnprrrable, but there the analogy ceirses, art t & , e  of 
the Shelikof is largely sandstone and the rest of the C h i n i b  b 
p m t i d l y  trIl &la ; mamover, as mentioned above, them is a m k  - . 

disparity in thichw.  The SheIikof formation and the Ghinitns 
&ale are approxzrimabdy contemporaneous, but the conditions of 
dmemtation in the two regions were obviowly somewhat diffemd. 

The Shelikof formation has an economic sigr&ance in the Cold 
Bay district, as it is in this formation that the h o w  far fi HqIeum 
industry are centered. Considerable black shale is intannixed .+fh 
the sandstone of the formation, and it is beIieved that this b l e  mag 
possibly be the original m u m  o f  the petroleum. Under proper 
structural conditions the heavy shab member at  the top of the Sheli- 
kof would form a good cap rock to prevent the w p e  of imprisoned 
gas and oil. Most of the mepages in the Cold Bay district Gome from 
the SheIikof formation and are approximatePy elked dong the Bear 
Creek-Sahon Cmk .anticline and its prolongation. The seepages 
near Pearl Crmk imue from the overlying Naknek formation, but it 
is po9sibh that the petroIeum has been relemd.,fma the Shelikbf' 
formation by fkum or minor h u l k  

The Nahek farmatian ie pmbably the ma& exhmsive . su- 
formation of mdkuentary mla on the A l d a  P&la. (See PI. 
. )  The term was originally appWd by Spnmf'to a -rigs of 
arkose and intamdated sills of lam in the vicinity of N h e k  Lake. Y 

but the nrune haa gince k n  uaed to include a, wt m r h  of d i -  
men& distributed m e ~  a wide ares on the Alaska PeninsaIa a d  the 
west side of Cook Inlet. The N~knek f o r m a h  attains s great 
thichm and is wdl  ex+ in the drainage basiss of Becharof and r 

TTgashik lakes and also west of Wide Bay in the vidnity of Dew 
Mountain. It probably extends mnfinuouslgr from Nab& Lake - 

to the north sida .of Mount Chiginagak, where it is infnded '6;jt 
law r n m  of igmoua rocks thd form a gwup sf mobeins north- 
erast and weat of the volcana For miles gout- of t b  mom- 



* only Te~iq r w h  were mgnimd. The N a h k  formstion 
k again exposed near the divide of Aniakchak River and h v a  Creelr. 
The ocxarrence af Upper Jumsic rocks betwean the area %bid near 
Mother Gooss M e  and the Pacific ma& was indicated by the pres- 
BCP of %at rock containing Naknek fas& at the h d  of one of the 
westward-flowing streams. 

The Jme of tbe N h e k  formation, wherever observed in this re- 
gio$ ji, characterized by a co- oonglomerab conformably owrIy- 
ing @",:upper shale member of the Shelikaf farmation and making 
khytpo formations easily =parable on the basis of lithology. The 
&qJomsmte is in places sepamtad from the shale by a varying 
amount of coarae arkosic sandstone. The conglomemb is composed 
of well-rounded boulders of granitic mataria1 in san a r h i c  matrix. 
The bauldem range in size from small pebbles to large mundd 
maam of rock 6 or 8 feet in diameter, or even larger. As would be 
expected h m comm s sedimentary deposit, there is great lataral 

g-ter of material and in the thichew of the forma- 
e conglomerate is interbedded with arkosic ~andstae ,  and 

latemlly it grades into the sandstone either by thinning out or by a 
gradual change in the aoamness of the material. Northeast of Cold 
B8y the conglomer~te itself is much h e r  than that between CoM 

-Bay and Porhage Bag, as few bouldem over a faat in diametar were 
seen, a d  the average diameter was not more than 2 or 3 inches. 
Near the crest of the range southeast of the upper pa14 of the Kejufik 
VaIiey the congIomemh at the base of the Naknek fomnpstion was 

@d to be 40 feet thick and is overlain by 500 feat of coarse 
:- = 

ar IC sapd&ne, which in turn ia overlain by w v e d  hundred feet 
of her-grained sandstone. In the vicinity of Pearl Creek them is 
a massive honglomerate nearly 900 feet thick underlain by several 
hundred feet of interbedded sandstone md congIomer& a d  over- 
lain by. ark& sandstone and massive wnglomerate, the whole series 
being approximately 8,500 feet thick. In tracing the conglomeratic 
phm of the basal Naknek southw&ad from Cold Bay it can be 
observed to thicken gradually from 600 feet near the hmd of the 
KejuliH Valley to the enormous thickness exposed in the vicinity 
of >Pearl Creek and Deer Mountain. There appears tu be na break in 
dimentrttion within the farmration, so it i s  probable that more de- 
tailed work will ahow that the thick series of cunglomerate and 
arkwe in the Pearl. Creek s m  changes into finer sediments toward 

-;aS-r)+wst, and that the mlatively h e r  ssndstono and ah& over- 
fpg the oonglomerats in the Kejulik Oatley were deposited at the 
same time BB the upper part of the coamr iwdiments. 

A congromerate lying at the base of the Naknek form~tion has 
been mapped as.a sepamte formation on the west &a of Cook 



Inlet" mb .&glmer&b is typicilly expumd .  his&- I S M  
in TU& Bap and has beeb.narn4 the Chis& '~mi@omerste:~~R 
mmm below the Wahek .  fopbation M &era mapped and omrlim 
the Ch5njtna ~hile, which is tbe equivalent of at I& a pa& of 'w 

the Shdikof fohnation, and thehfom this coaglomemte is in th6 
a a m  relative position aa the conglomertat9 e x p W  in the Cold 
Bay district; The Chisik congIomerat% el&ly regembles the con- : 
glomerate at the base of +he Nakneli formation at Cold' Bay, M 
it is composed of large well-rounded boulder0 of grmiitic..mahrisl. 
No fossils couTd be found in the conglomern6 of either'&* kt 
the stmtigr~phia position h d  lithologic chsmter of the con&ijrfi- - 

erate at Cold Ray suggest itts clorreIatioxl with the, Chisik conglomi- - 

erst& It wodd ba dficult to msp the conglomerate at Cold Bay 
as a separate unit, however, because of its p a t  lateral mriation 
in thickness and in coarseness. F u ~ h m o t e ,  it appears to b an 
integral pad of the W b e k  'formation, aria'in'a 
it should be c l a d  aa the basal part of the ~rah 
rather than distinguished by st sepamte name. 

Between Mount Peulik an$ the south arm of Becharof Lake s 
thick at ion of the Hahek formation is exposed. (See fg. 2.) 
Hem tEie bawl 2,900 feet of co4gIomeratic and arkosio beds am 
overlain by 1,W feet of sandstone that is mainly arkmic but d m  
riot contain any mhrbdded mnglomehte. ~ b v 8  t l h  sandstone 
is about 1,600 f& o f  bandy shale that Capp considered as repre- 
ljenting the highe& N&k: beds autcropphg in the region md is 
well exposed on the west &om of the southern arm of I3ecb-i 
Laka These Mi make a total t h i c h c ~  of about 5,t300 feet of%& - 
~ a ~ n e k  The' exposed rtrouhd the old crater of 310urrt Penlik 
c o d ,  hrgdlg' of h d s t o o e  &d mngloherate that are similar in char- 
acter t , ~  the conglomeratic phase of the lower part of the N h e k   fa^-. 
mation., but they contain mom sandstone, are abut  1,600' f&%lGc%, 
and am'over3ain by about 7700 feet of sandy &ale which immediately 
underlies the lava flow on the southeast side of t he  cmteer. The 
stratigraphic p i t i o n  of the beds benmth the lava flow' is somewhat r 

in doubt, but it is probable that they rtre to be aorrelaed with the 
shale M s  along the upper ~rrm of Becharof bh West 
of the old crater is expmed a =rim of srsndstone and conglomerate 
which may be lirgher in the stratigraphic =tion than the shale 
membek undArIying the Iavq Bow. Them is no great thickn- of 

' 

consolidated sgdimentaq m&s WE& of the crater between *.* ', 
of the lam flow and thb'unconmlidated Recent depaeits n'&k the 
shore af Wg~h~'L&e, utldsr which the a e 8 h t a r y  &ks dip. 

~ m m ,  O, c, w m, F. o., QWWC --.& -: 
U. 8. Wl. B u m  Bull. 486, pp. 68, fig, 1912. Modit, F. H., Tba InWirt B q  dtatrlct: 
U. S, Qml. Bum* BniL 739, p. 119. 1Qm. 









Ea.&dh mdd be found in t h  rooks; but litholagtcally they 
can not lm distinguished from the underlying rmk~j of hiom Naknek 
ap, so they are proPisionaIly included in that fofmation. Exten- 
sive fsdts were not observed around Mount Peulik, but it is prob. 

m able that considerable movement has tsken place, making the d8ter- 
m k t i o n  of the correct stratigraphic pisition of thestrata a prob- 
requiring detailed work. 

me rocks of the Nahek formation that crop out in the Hejulik 
ValIq (w P1. TX) are somewhat different in lithology from those 
Jnst described, which crop out around Maunt Peulik and on the 
Pearl Creek dome. They are of much h e r  grain considered as 

' 

.. . . zt whole and contain a p a t e r  amount of shale. The kls  appear to 
be enormou~~y thick, but the apparent great thichess is tl~ought 
ta be due in part to repetition of the m e  beds by faulh, although 

.. .only a few minor faultg were seen in the valley. An &te of the 
thickmessl mads from the dips of the beds across the vaIIg without 
ptu lat ing  fa& gives a t h i h  of 11,000 kt. 

" - ' d + h o n g ~ o m e r a t i c .  phase, as described above, thins fmm s 
series 2,500 feet thick at Pearl C m k  to about 500 feet of coafge 
nrkosic s a n h n e  with 40 feet of conglomerate near the b w  in the 
Kejulik Yalley mtion. Overlying t& coarser pbaae and con- 
tinuing across the Kejdk Valley, as far as the Barney wm carried, 
the rocks consist mainly of h e  arkosio sandstune with numerous . 
thick beds of dmk shale. This variation in the character of the 
sediments from Pearl Creek to the Kejnlik Valley is mtural in 

- vim of the differences in proximity to the mume and the rata of -Mi &, 

&bentation that must have prevailed. These rocks were mainly 
depos"rt;lbd in shallow water, as most of the sandstones are crow * 

---:* bedded and *me of them conttrin lignitized plant remains. To sup- 
ply sediments so coarse as those that make up the Naknek forma- 
tion in the Cald Bay field erosion mu& have hen  very rapid, ana 
the materid must h a ~ e  been transported by ~hort, swift stresms, as 

; this mame material could not have been moved far  from its gome.  
s Such mnditions, though commonly observed to persist during &ort 

- periods, mmly continue for so long a period aa that mpmnted by 
the basal part of the Nsknek formation. 

The foesils that were collected from the N h e k  formation in 
have h e n  determined by T. W. Stanton a~ folldm : 
1ISM. South side o f  crmk that draina KanataB Uke: 

** aterla sp 
. **-. N m l a  ep. 

Wdlmn? 
Jtmmic. Formation not detmdmble h thme i-; pimmihb 

* 
. * 

NahEIr. 



11~mglllch~fet8.80'airomibtbInmtbio*oi.B~h~: 
Andla m. related to k arcfngtwl IUabb) . 
hcteramotl sp. 
&tam BP. p. , 

P b  y Umr J. 
~ 1 ~ i t e a  np: 

Jnrasafc :, Mnelr ,  
U.325. Three milea up Teresa Creek from share: 

%ten sp. 
Pterfa sp. 
AnmHa sp. related 'to k bmnnl hhnsen.  
%mIa ;~p .  

N w m Y  m 
Jnraaslc ; Nilmek. 

I l S k  One mIk, msth oi mddle at head of Tema creek: 
ducella sp, 
Nucula sp 
Agtalfe? sp.' 
Patella np. I 

Cnd~tetmhed ma11 sl-& ga-. 1 .  .+. 'Zfh*". 
U83S. Basal NaBwk on weat dde of rrtnge a- fmq ~ l i n c - ~  . 

Anwtla s p  related to A. b m l  T ~ h w m .  
Nncnla ep. 
Pkmmyft m. 

US& ]ROO 3M 11outhwwt of jmcH(1~1 of -st Fork md KejnHk plver : 
AnreUa d l a u l  laarrsea? 
Llma sp. 
Pteria sp. 

Sumssic; N d m k  
15229. hhut  1 mlle north- of Kejullk River and 2 mllea aoutbw& of 

point where two hrge Mbnta*lea come Into river : 
m :iIr3& I ' 

Lima 8p. > >A! P- 

&tar& Eip. 
" .!+ 

Jurmlc; NgBnek. 
1198& Two m h  np hmn KsJnlik Rlvw along m&em of two hlhtaslea 

uhtioned under 1W: 
= w .  
L h a  ep. 
LlmaS 
Ancelh gp. 
M a ?  m. 
htarte  sp. 
!Curb#? QI. - 

Jarasmlc ; Naknek. 
11831. I n  canyon nmr head of 13ast Fork of Kejnllk R i m :  

h o m t a ?  . 
Limn ap. 

. F>e- 
Ancella sp, related to A. erdngtmi (Oltlbb). 

- ." Plmromya ap. 
%elemnitea a ~ .  large phra- 

anraaeIc: N a h &  
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-= NO. F H. W e  on hunk of Eejulik R t m ,  northeaat ot Becharof 
Iwge : 

Amberleya sp Tbls la a floe specha,  but the range of the mclm 
Is not b o d .  

C 1- No, F I. Xmatak From a l e  just beneath Naknek, 306 feet bigher 
mntlmphlcal4 than CrtPps Iocautf 1-m (19n 1. 

Pteda sp 
Wncula BP. 
Grammatdm sp. 
Antarte %p. 

I&pbmnitee m. 
, . Enmmlc ; nothing dfatinctive to d d d e  between ChInitna and Naknek 
+- No. F I. bcrow dlvlde at head uf ,Ugasblk C m k  

CIdarl~? m., framentary imprint. 
Pho1nAomJ9I sp 
Phyllncer~s ap, 

Jnrn'assk ; probably Naknek. 
W. No. P 8. Shale ja6t below Nalmek congIomera0e. West ?MU& at head 

of.north bmneh of Mg Crek,  Wlde Bay : 
, -4, ,= ; C'$firlsl?'- 
.: -, tL &a ED. 

Pter l~  8p. 

Qrammatodon sg. 
rnlemyn q h  

TurbQ? ap. 
Undetermloed gm-. 

Apparently belong8 to aame tam as 11w, grohably Fagnek. 
11359. No. F 3. Gat- of cmter. head of Anlakrhak River : 

Ancella pallrtsl Keggerlhg? 
Plenromga 8p. 

. , ; , Phgllocerm? 8p. 

. Nagzlek fauna 
ZXHEX-'.NO. F 34. W t l  Greek, north of Lnke Becharof. ColIectea by 

Dr. l;aymo*: 
A m l l a  panasl Kegaerllng? 

h'agnek farma. 
llSd& Na 12 Erma Bay, math of Wlde Bat: 

Lima 6p. 
ducena paII& Uhusm. 

Nakn& 
? IIW. No. F 1% '8 mUm 11011thweet of WIBe Bay : 

. AnceUa sp. related to A. emiogttml (Oahb). 
Fsa-ta of nndetermlned ammwlte and belernaita. 

Naknek fauna. 
4 113% No. F. 28 East: W, near head of Lava C m k :  

Aucella sp. reIatPd to A. bronni Zahnsen. 

.. : ' . ,. The highest part of the Naknek formation north of Mount Chigi- 
consists of a thick series of dark-yellow to brown sandy shde 

which lies abov~ the interbedded conglomerate and arkmic sandstone. 
The  hale is somewh~t similar in appearance to the shale in Ugashik 
Mountain d yields the same fossilseevend s p i e s  of 8- 



The upperm& member d the NdmeIr formation e x p a d  ngsr'fbe 
headws-tera of h i a k c b k  River and, l ave  Creek consists of about 
200 feet of mrg massive light-colomd wd&ne, which is not f a d i f -  
eroua and d m  not show any W i n g  planes. Thugbout its thick- - - 
ness it is reticulaid 6 t h  a network of calcite veinlets, which in 
plam am so numerous that f i tha rock nppaars ahtost white and can . 
be recognized froa a diahnce. Many small slickenslides m u r  in 
the wtndstom It is p s i b l y  the uppermost member pf the N h e k  
formation how11 on the peninsula. The sandstone ie overlain an- 
conformably by the Tertiary formation. The mch lying mnfom- 
nbly beneath the mndstone consist of brownish thin-bedded sandy 
shale that is similar in character to the sandy shale near Mount 
Chiginagak and Becharof h k e  and yields the same species of fossils. 
The base of th is  ahale is not e x p d  in the Aniakchak district. 
The base of the mountains forming the & dde of Anialrehak Crater 
is compowd of sedimentary rocks klonging *the N&ek forma- 
tion. Tho unconf ormity between Upper Jurassic and m7& 
can lm plainly men on part of the inner wall of the crater. The + 

extent of the formation suuthwe&ward from the crater is not 
known, but it m in the mountains at the hmd of Hook Ba~p 
Creek and inland west of Chignik Bay. 

Sedimentmy mk~ of Upper Cretmus age a m  repmaanted only 
in the extreme southwestern part of the ares examined doring. the 
summer of 1922. Thaw rocka, mwring along the west show of 
Chi& Bay, on Chignik Lagoon, and on the upper part of Ihok 
Bay Creek (w p1. VIXI), were studied and mapped in 1908 and 
Iater described by Atwood."" The Chi& formation consists of 
sandstone, shale, conglomerate, and some valuable coal seams. These 
beds rest nnconformnbly upon thei Bahek famation and m over- 
lain by vsat quantities of volcanic tuff and bmic lava flom in the ? 

Hook Bay ares north of Chignik Bay proper. T h e  aandsfoda mem- 
bers of the formation range from fine e v e n - p i n 4  sediments to  
pits, and some of the sandstone hm a lightrgreen color when fresh m 

but weathrp, to black and shades of brown, The conglomerates are 
conslpicuous members in tha series, but they ste not thick as tham 
of the lower Naknek, although similar in appearance, codshin&& , 

pebbles of p n i b ,  greenatone, and qua* as large as 4 inchk h 
diameter. Them are lenses of shale and ~nnd8tone in h e  of the 

" . A m ,  W. W.. -logs and miwwl r e r r w m  oi parta of the A m  Peainmla: 
U. 8. -1. Survrg Bull, 4 0 i ,  w. 41-48, 109;114, 1911. 



oc3agIomd layers. Concretions and ripple marks are seen at  many 
places in the wdatone beda 
T h e  gxtent of the Chignik formation northeast of the hasd of 

Hook Bay Creek was not determined, but it probably does not extend 
more than a few milea, for the socks in that area as seen from a 
mombin top wegt of KujuEik Bay appar to be volcanic. The beds 
on Hmk Bay Creek strike N. 15" E. and dip 8 O 4 0 "  SE. There is 
evidence of mnch faulting, irlthough only minor displacements were 
noted.: The beda at this l m l i g  congist chiefly of sandstone, with 
minor amounts of shale, conglomerete, and coal. 
The Upper Cretaceous sedimentary mks yield both plant and 

gheU k i l s .  Several collections of shells were made at ;the head of 
Rook Bay h k  and northwest of the sand spit on Chignik Buy. 
The Ghip ik  bus, is in part somewhat similar to that of mrtain 
beds in the Chico formation of California and in the Xmaimo on 
Vancouver bland. 
: !.L - TERTIARY ROOKB. 
~ " , i L  - 
"I'ertiarg r d s  occupy an arm of at least 600 quare mila between 

Mount Chiginagak and the north side of the Aniakchak River.vs1- 
ley. (See  PL VHI.) This ares, which is about 40 mile6 long and 
frOgl.8 to 16 miles wide, forms a narrow basin b e h m  the main 
Aleutian &a& an the muthwt and th hwer range on tha north- 
we&. Thm mounhim hrdering the Tertiary formation c o d  of 
intmiva igneous rocks. The Tertiary rocks are poesibly of late , 

. Elocene or Sliocene ag~. No invertebrate fossils were obtained from 
" 

them, bnt e v m l  lots of f d  plants, which Arthur Rollick has 
ideatifid, were collected from the upper part of the famatiw. 

The hds  in the area tietween Mount Chiginagak and AniaIrchak 
River have a total thickness of at least 8,000 feet and are composed 
of shale, conglomerate, and sandstone, with some thin seams of lig- 
nite. East of Mother &om Lake the lower BOO feet of the formation 
consists predominantly of bright-oolored shale and thin beds of 

L 
- .   ands stone, These thick beds of shale were seen only at one locality. 

The baae of these h d s  is not exposd, and their ralation to the aver- 
Iying sandstone and conglomerate waer not determined. The upper 
2 0  feet sf the shale does not yield f o ~ i l s ;  the lower beds exposed 
were not closely examined. The carbonsceous shale and thin lignite 
beds 06 the formation at other lccalities were entirely lacking in thesa 

. , hale  beds. A section of the overlying beds is as follows : - + . ,  " 7 

- T L . ,  b .  P.. . 



t3edkm of wpper  T H w  Wda Mumm M m t  U w ~ m g o k  md A m  
RCoer . 

F%Bt. 
I f m o s t  bsdr of b l t m l n ~ t ~  hale yi@ldIng fosldl pTantn; 
thin mh af ranclmme and mnglomerate - 800k 

Coarse dark rn light gray mdstone and fine eonslommte- 105 
Light-yellowldt shale wIth thln of Unite near the 

bnee ,---,,-,,-,,,--,--- W 
~ e l l o w r b ~ e ~ t h & h c h e e n m r r o f ~ ~  -,,-,, gS 

Alternating lxd~ o f  sandstone a d  s h h  ,-,-,,,,-, gO 
Chiefly shale with thin beds of pebbly ~~ndsibe----,, ~ M b  . 
Coarse rnaaslve nandatone -,,,----- ---- ---- - ------- W 
Dark thin-Wded shale ,,,,,,-,,---, 40 

The beds are not pewistent and the strntigmphic sgguence could 
not be recognized from one locality to another, except the ~&IB can- 
taining fcvssil plants, which o c m  over a large psrt of the area. 
Northeast of Aniakchak River the greater part of the &ion blow 
the foabiliferoua shale consisb of thick beds of fhe to very mame 
conglomemte. The: pebbles lare much as 3 inch- in diameter 
end am usually worn very smooth. They consist of rocks of volcmic 
origin; accaiondly a bright pebble of jasper is wen, hnd 1ocallS.' 
querta pebbles am numerous. The plebbies are cmnmtd by a matrix 
of hard coarse greenish sanddone which forms about half of the rock 
matprisE, The foIlowEng d o n  was measured near the contact of 
a larp  htrumon : 

. . 
H m t h  or, uppe* W b m  t&a I@ mUm sowthwrssl of Hot* tWm hew' 

Oosm pebbly mnmne and ~ondommG---- 
Lightcolored gandstme, flne mnglomcrate, and mlpor 

amounts of  hale-,,,-,-----,-----^+,----^^^- 
Coam masdve sandstone and me conglomerate --,,,,-- 
Sandy shale and thin beds of limg ahsle --,,,-,-,,,,,,,,- 
Pebbly arkosic nandstone and conglomerate --,,,-,------, 
Sandy blue and gellow shale d-,------+,------------------ 
Arkmic pebbly  ands stone and ~nglomamte; mme thin 

' of Bne-grained sandatane,--,,--,,-------------~--,- 
tlnexpo~aed---,-,--------,--,,,-----~---,,-,---------------- 
Bandy limentoua - 

This &ion. mpreents the highest Tertiary beds that w m  EI%+ 

amhed and i4 higher than the preceding mtion, 
The strike of the beds in the entire area is predominantly south- 

weat and the dip from s few depea to M0 NW. There nre local 
c h a m  in d d q  and in s few placaa the dips are mmrsed, but in 



g m d  th whole area hna baen tilted upwad and fonas a mono- 
cline cm the IT& f l d  of the Alautim Raw Tha formstion is 
not grestIy faulted, although a fault of considenable displacement 

I was noted southwest of Mount ChiRinagak ,Many mall intrmions 
of andesite and granodiorita in the form of dikes, siIL, and a small 
lamlith occur in the formation, A few miles northwest of the lowor 
Aniakchak River nllq the Tertiary rocks are overlain by vPst 
quantities of volcanic tuff and b m i a .  In the lowlaud at the head 
af An1akcha.k Ray there are wveral expbgureg of pebbly aandhne 
beaeath the volcanic r d s .  The age of them mks was iot  deter- 
&, but they are pmbably Tertiary. Thin beds of cual are re- 
prkd from the c a p  betwean Aniakchk and Kujnlik bays and 
indicate either Tertiary or Cretaceous mka 

The rocks w t  of Amber Bay are of dimen* origin, but t h y  
mre not examined, and their age, is unknown, Tbe upper Mrr are 
pmbbly ,Tat+rg. The strike of these mh is N. M0 E. md the * w. 

QUATERNARY D E W B m  

Th& Alaska Peninsula has been the mene of active glaciation, but 
the glacial deposits that now remain them are not very abundant, 
'Shefe sre two types of valleys, which may be c l d  as glacial and 
postghial The pastglacial valleys are relatively small and V- 
shaped, but all the largsr mountain valleys are of the typical U- 
ahapc. due to scoulring out by glacial erosion. Many of the present 
shams head in mall glacial cinpea, and ebme of the cirqam con- 
tark mall lalbes of clear water. Tha only glacial moraines3 o h 4  
in the a M , B a y  dist6ct were Mffeen Mmnt Peal& and Bechamf 
Laka The topography' of that part of the district 11s the typfcal 
morainal topogmphy, with low mounds like so many pilea of dC.bria 
and humemus h mall lakes hidden sway among the hills. The mo- 
raines wherever visited a m  composed entimly of volcanic matarfal 
of the same character as the lavns that wem poured out from Jqubnt 

.I Penlik It is believed that thme moraines represent the d e i t s  
f m  r slowly mtmating small alpine glmier thnt descended from 
the volcanic p k .  

The Kejulik Valley oontdns no terminal moraine in the me% 
visited The valley itself, during glacial time, mtainadl a h n k  
glacier fed by nurnemm small glaciers &at enfeTed fmm newly 

.G. .dl tb tributav valleys rwl the northwest side and from =me of 
*>an the muthem side. Some erratic bulders of basaltic rock 
am seen on low hills and elswhem in the main valley, regardless 
of the hpopphy .  Most of the tributaries of Kejulik River, enter- 
ing fmrn the northweat side, ROW through wide, deep, U-shaped 
valleys & o m  the mur ing  effect of the ice that previoudy almost 



M e d  &em, At m t  thtm izm ma'H tongues of ice at the heads'of 
mmt of these mlleys, and tha water of Hejulik River has the mi& 
color chaarachristic of streams of glads1 origin. 

G h i s l  drift; mme of which is probably of Plei-ne aga, occnm 
st a few localitim in the region southwest of the Cold Bay dist&t. 
Small patcha of glacial material occupy the i n h d I q  areas in the 
8lip;htly elevated imgplisr plain between the west ahom of Wide 
Rrty and the momtrtins. These deposits are not conspicnoua and are 
probably not thick, although in many places they o h m  the under- 
lying consolidated m k a  T h e  greater part of the drift is-mas- 
s o d d .  and hw the hdeqpneity of n~teriztl and size'charactaristic 
of glacial till. ?t is composed of day, gand, grawl, and l a w  - 
boddam Many of the hnldem are striated a d  are smooth 811.d 

flatYGnd on one.'+ida. I n  the higher mountains there is evidence 
of vigornus gIacibl activity during Pleishxne tima The broad, 
eteep-sided d e y s  extending inland from thei he& of B e  bays are 
undoubtedly the mt~l t  of ice muring .  Cirques, u-shapd v~Ue$$, 
and rounded, rmrfsws of barn rock am common physiopphio 
f e a t u , s  that indicate edasive glaciation in the region The p f e r  
part of the morainal mahrial was either camied directly to the sea 
or haq besn washed away by m t  streanm Msny of the valleye 
a d  q p  lowland in the northwedarn p ~ r t  of the peninsula probably 
contain mora or 1- glacial material of Pleistocem . a p  which has 
been worked over and rsdepo&ted in m n t  time. 
In the high mountains of the Aleutian Range between Wide and 

Ani&ch& bays namerow small glaciars, soma of which are twem1 
miles long, exist,at the present tima Morainal depmits at thlre b d ~  
of the valleye, especially seuthwest of Wide Bay md m ~ i n d  tho 
base of Mount Chiginwgak, are formed by thase ghciem. Most 02 
the mms that carrg the h e r  material from the gIwi%rs build 
deltas pf mad and clay in. the lakes or h y a  

W n t  dlepsits of duvium, glacial drift, b h  sand, delta sand, 
and p i c e  form the surf- material of many of tha valley bottoms 
an4 k h e s  of sea and lake shores. The z~lluvium con.&& of unmn- 
dida tad  clay md p v e l  which have resulted from the erosional 
work of streafns, w a v q  and wind Sand dune and old aea beaches 
mar d the h d  of many of tlm hap. Betwean Anhkchak Buy 
and a0 hilb to the w& nine c ~ ~ p e d  haehes can be dis- 
tinctly seen in the f o m  of low ridgee,.oonforming in direction to the 
p m n t  shore line., The natare of thaplogic work did- not ~e 
accurate mapping of the Jluvium, bat the l q r   am^ ham 
indicated on the map. (k P1. VIII.) . 
On ,#he northwest slopes of M m t  Peulik the & m ~  b ~ e  cat 

deep, marrow valleys into a thick mriw of uucomulidatd graveI, 
composed of ~ubanplar  basaltic pebbles and boulders which range 



frpm a fraction of an inch to severd feet in d i ~ e t e r ~  In -me .plrrces , 
tbe stmuma have cut 30 or 40 feet into the g r a d  This grad  ia 
believed to be ontwaih from the mountain, the streram hing @Iy 
augmented by the p a t  bankg of mow th& amumuXate on the mom- 

D 

tain side each year. Still higher on the rnouuhin boulders of bba- 
&tic rock 10 or 19 feet in diameter Ere s c a t t e d  pmmiscuaudy on 
the aurface; these were transported to their p r e a t  position by 
melting snow md the adon  of gravity. 

Large qltantltiea of pnmica and h e  v d h c  eash have been thrown 
I)& af. hiakchak CxCratR1. over the smunding wwtv in h n t  
&. 4 Much of the ~ s h  hw been washed from the mountains and 

L +  
mnmnhted in the d e y s .  (See Pl. VIII.) The thick= of thew + 

depwits ran- from an inch of h s  mshrisl 25 milw from the 
cratsr ta at l e d  200 feet. at the head of Lava. Creek, 6 d e s  from 

P., the b of the crater. The physiographic feat- of t h ~  m a  within 
a radiw of 10 h h h  the enormous amount of rnatsrial that 

a. 
was j&@d--- the mater. The Lmthrns of the Aniahhak and 
"3&& &ver valley8 hava been compTete1y EUed with a& and cin- 
ders At the p m t  time the v d e y  floors form a b- nearly 
level plain with a few imlated sharp-peaked mombins sumuuded 
by the w4-1 deposit. Since the muption the stremm have been mn- 
tinlady transporting pumice and the fine mh to the gea. Small ' 
pieces of p w i m  can lm seen moving rrspidly dong the h t h m  of 
Aniakchak River. Some of the transported mab1ia2 forms h m  in 
the bay, but much of it has been thrown back on the beach m G  has 
made a remarkable series of sea beaches. 
*iI" .'kt > 

1- . -. < 
Iammms BOcm 

A variety of igneous rocks am seen in the Cold Bay region, but 
mmt of khm am the tault of ~olcahio activity. A quartz diorite 
s t m k  forms ehe rugged Idls on the promontory between Portage 
Bay and Wide Bay. (See Ph. VUI, X, and XI.) A few dikes 
that are not shown on the maps mt the Triassic h e s b n e s  and the 

t bgds of the Sheligof formation. Mount PeuIik, the most s t r i k i n g  
topqpphia featurn in the region, ia a m t l y  extinct volmo stand- 
ing on the rim of an older crater. Lavas h n  th- mtem have 
spread over a moderate area in alI directions. North of Mount 

5 Peulik, on the mth shore of the main body of Beclrarof Lske, is 
a volcanic neck mounded by a greatly dimted cinder cone. 

,$ of Cold Bay the KejuWr Mountaixzs, with th& lava- 
cafipei3. tidges and jagged p ~ k s  of igneous rocks. 

Caw I@&, between Portage Bay and Wide Bay, with ib high, 
rugged mountaim, is composed of plutonic igneous mk. Ths in- 

; . . trusive body is about 10 miles long and 2 miles wide, elmgated in a* 
-nearly north-south -on. On the seaward $id-, except at the 



. d Cape IIgvalr, the iatrusim is W d  by a IMF 
row fhnge of d e n t a r y  mb, which ham k n  altered by the hbat 
mid % d r o t M  action glthnding the intrusion. The aedimhry' 
lxds are cut by t8e intmion but not flexed. W eexpoeuw of kh 

I 

mmtuct between the intrusive m k  md the Redinmta can be m n  
& semraI places, but easily h b l e  points am in the cirque a h v e  
Kansbk. Lake, war the head of the 1- an the wast side of 
Portage Bay, and st the haad of the lagom indentiltg the cape at  
the M h e a s t  end of Wide Bay. The most striking fatare that irn- 
presset, the obsemr from a d i m  is the rich bmwn color afl tha 
Ids edjacent to-the intrusion, which ia in marked mnh& to &ef 
more mmbr alar of the hills &whm in the region, Upn'  closer , . . 4. 

sxamination the dimanta w e  found bs be richly impregnstd with 
pyrite,, which, when exposed to the .n$pnta of -thering> becomes 
o x i d i d  and' hipwta  the familiar iron-oxide coloring. Abundant -- 
t o u d k  is hund mmr the mntact as a$&& ~ U S  aggrepte in 
thin sheets orjin masses sewrat inahgs in d iadhw&&a igneeaa . 
r .  Small veins m m p d  *almost whd1y of m w & i t e ' c u t r ~  ' 
i w  mi& ah Kanafak h k a  The ipwns m k  is a qmr& d i o r i ~  
and 21 a medium to mm grainmi IightrcoEmd rock in which 
a k h n h  black gkbning f l a b  of biotite and c r p t d s  of horn- 

' bk& can be seen on fresh mbams. Mcroecapidy the rock was 
found b oontain biotite, hornblende, quartz, and andaeine,plagiwIq 
with subordinata amounb of augite, orthmlase, magnetite, and 

The age of this intmaive ~ I U W  cam not be clmly determined, 'kt 
as it cuts the young& tdimentary beds which are included in-& 
Upper Jurasdc Naknek formation it h pmbJu&a b. the aedi- 
men& 'beds are not flexed at the contact of thra igmmm r d c ,  there 
muat have been s, heavy load of ovsrlying sediments at t h ~  time of 
the intrusion. 'Shi~l assumption is further borne out the m a d y  
e l l i n e  nature of tbe igneous rock i d f ,  which indicates slow 
cooling at considerable d~pth. Subquent to the inkmion a long 
time must have elapsed to permit the remupel of the overlying T 

d h e n t s ,  for at present the igneom m k  is well axpod,  form- 
ing high, ruggd, ~ o u n t a i n a  GIacial cirqum are cut into 6 quartz 
&rib at the heads of the valleys in seveml plum where the 
stmama and ice have cut through the bordering dimmtary beds. * 
The i n h i m  mass trends a little northwest and is thus nearly 

mrnsve~se to tbe atructurd trend of the wdimentnry x& &A$ 
Portage Bay t h  Bear C m k - S h o n  Creek anticline p l - e  
toward Cape @ak, and at Wide Bay the Wide ,Bay asticline a h  
plunges toward the cape, forming a low point or  addle Getween the 
twa parka of tha,anticline, md the i n t d v e  body of paartz diorite 
cub acrOBB the d d l e .  From tbe description of the geologic strut:, , 
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SEDIMENTARY ROCKS 

S a n h n e ,  mnglom. 
erate and ahale 

GEOLOGIC SKETCH MAP SHOWING ELEPHANT MOUNThlN ANTICLINE AND VICINJTY. 



* . 5 n  h-lCdld Bay @on (p. 196) it is & b t  nowhere else 
,b8 the w of the anticlines been folded to f orin a .saddle, and it 
m y  be -t that the intrusive mass is ssmi~kd ,kith the only 

* 
hiown fold of h kind. The interpmtatim of the mlatim&pemdS 
to-nhga &at  upon the time relstiona of @mi of fokl iq  
and the @MI of deformation, The geologic &cord is far~fFI3H1 . 

t coqletq and tlts most that can Im mrtady' stated wl& pmmnt 
hawIgdge is that both the intrusion end f i e  f0Um.g w m m d  aftar 
the dep&tion of the Upper Jake dime&,  whkh are cut by 
b: intrusive and a m  inpolvd in the folds Howev8r1 fmm 
&a &Id redations it seems probable that the period of folding p 

- +add. tbe period of intrusion, and the I d i o n  of the in t~us i~e  ma& 
L - 

h the aaddb is believed to have ho p e t i c  relation with the ddle: 
A dike at Portage Bay cuts both the Sheliko-f and Xahek f m  

, tions and is dmribed as diorite porphyry heavily impregnaw WWP 
pyrite. Thh dike is w1douMedly an offshoot f r k  the intd4ve 
--i&&ihl &om. Badtic  d i h  cut the.:Shelibf formath 

"-' -- sqdr&.Bpper Triassic limeston- at Cold Bay. Same of tEwl 
M C  may be h-va flows interbsddd with the T r h i c  limestwei 

Them are nearly thirty active or recently active volcanm lT m 
the A b h  Perhula and the Aleutian Islands, and probably mmy 

- mre than that h&ve been long extinct and mheqnently dissected; 
The Cold Bag. district prssente no excq&n to 'the bistary eF 
~olmnic activiQ so characteristia of the re& of tlrES'plnsulib. "16 
emhim no volcan6e9 that are d v a  now; but former activibg' 
-h,3eff. a dear record in the district. The- most rsclent1~ lacti*' 

- is M m t  feulit (we P1. X) , which 21 the ma& pmmlneht 
t b p g q h i c  feature on thh part af the p i h u l r ,  rising to a' 
belght of 4#@l feet, and it has eo reoently &me ex0lrrct that it 

. gtU retains its mnid shape. The p m t  ~ o l m o  stands rn thh 
Tjm of eider cmter which ie drained by Hot Spring3 Cieek; 
t . h ~ ~ @  a deep, narrow gorge cut In ita Zn W center af tlier 
cr-r a large purplish cone-shsped hill, which mpmmm 

L either the corn of the ancient vrrlano or a more .*cent aubsidw 
d m &  The walls of the mter -are c.omp& of nptnrned shrsle, mri- 
g l ~ m t e ,  and sanddm, omrhin by basaltie-lam fhm Ex@@ 
for the Hot Springs Greek gorge the rim aftha is intact rlnd 

C 14- to B height of 2,000 fmt, inciaping a geat eirealnr b&in '9 
railas acrm, in the middb of which the ddl-pn* aone kim aa 

, hi@ rrs the rim. Basltltie Ilam flows ham been pouned out8in.&ll 
w 

'd ibtht3  from the crntem of both the anciaat volckino ad-'&@ 
m a t  M w t  Peulik. I'.:. 



- , .  
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North of Mount Peulik thrw bw b ib  rim bnt of hki43ethwd 
slld a r e + b & d  40 the &ore by a nwrow strip of Imd orhi& lb 
wry low: md w*. Tbm biHb are prominent, mt kstm a$ 
their gm& WihC. but became they rim diI8ctly olrt of WB wstm 
and bacruase t h y  m a s t  stroagly d t h  the low rolling topppby - 
adjtcemt,to the dmm of tha lake. They m tb remnantg of a 
v&mk dam which h a  bwm disaeated by mion. 7% middle biilE 
of the t h  i coznprrsed of diorita porphyq and mpmsents the mte 
of the ancient ~ o l m .  The hill on the south &de of .tht~~roh&c 
meek ia r x r m p d  o-f aemmted mh and cinders, roughly &mad snd 
dipping LWIR~  from tha cora The m d e r  hill, north of the &beF 
two, wa8 not visited, as ih d&na waa not h o r n  mtil Cba.groq 
was -'from the aouCbw+ but it is do&tl~%s alaa wda up d 
mmmbed cindem and lash m p d g  another f l d  of the cinder 
cone. rc 

Tbe!Kejnlik -Ir ' ' k d  north&. a d  abant 15 m i h  
mm-thw&~ of CoId 33ag. Hew their jmction with dm U r r n a m  

is Mount M q d q  the d v e  volcano mmk to W:Ibp : - 
Gmat volumes of s4mn aacenbng a h t  3,MlO feet in the dr sm 
frequently emitted by this volmo. Fmm f avorabla place mar the 
M of Chld Bay can be ather volcanoes giving off qttrntitiee 
of Bteara, but thee  a m  all ftl* nblrthed along the penhula, in 
th vicinity of Motan* Katmai. The ICej* Mountains have a wry 
ruggsd appearaq showing lamrema jagged peaks of igneous m k  
and liavmpped ri+ KO .di&ct cmtsrs can be observed from 
the valhy, but the extant of the h- that can be seen on mny og 
~ r i d ~ ~ . t ~ ~ v a r n u d h a v e b e e n p w r s d o u t  fmmmmdA 
ope* ... The Mmmtsh, if extended mth-, 
would in&de Momk~Peulik, and the d i  ool~smo Eginpt nwt$ 
of Mcxmt;J?eul& and other vo2canie amas on the peniosula souihw.eat 
of Mount Ped& wodd line up with this smeqpneral trend. A b e  
of w d n m s  tO exi~t along the peninsu1a.h thisjFegim, 
1- the w01caaib actipity, and them must be a p a t i c  r&&m 
b t w m ~  the different. TO~C&G area& , + i 

An e-iw a m  # grani@.was mpoM to on the w d i  
&re of the muth -£ ~ ~ m f  hike XI- the month of Fwthurfg! 
Creek Bs oatcrop o j  m~kasa was found 2 or 8 milea from tb mouth 
of Fdharlg. Cre&. ia the c m k  bed, and it 5 b e h d  .that this a 

arkwe was n&hke&kfm a granite, as it wae -classed as an.arlm9e 
wi& m e  bssitatioa the field, M i a m p i c  determination, h q d  . 
ewr,:lmves no doubt   to its sedimentary orign. The tom* - 
md ~ c t u r n  of the urea adjacent to Becharof M e  doi a d  a@:@: 
g& the presence of p n i t i c  r o c k  The south arm- uf f h  lake 
lieg in a ayncline, and normally tha yoanggr d s  should be ex- 
poeed naar the & of a synche, rather tsan tlm bmwment rock  .: 



whhh &* were deposited. If the granite had been intn~ded 
dkqmt b the depagition of the Jurassic dimen% la& erosion 
tbt  wauld have uncovered it would ham cot s a y  the soft m d -  

f 
Bbene end &ale much faster than the granite, which would ha* 
k m  Bft ira m@ peaks and elevated m m e a  Snch forme do wt 
occm in the Featherly Creek mgidn, where the h e r  part of Fmth: 
arb Creek flaws thmugh a low, slightly tolling camtry, mch a6 
m d d  ba @u& by the phyeiagraphic developmanf of the 'region 
i a tZ lp tZ lpab  of my intmim masses. 
- 3 k I g n 8 0 ~ ~ 1  mdm in the area muthwaet of Wide Bay, aa in mast 

prta of the Alaska Peninsula, are chiefly of volcanic migin 
+ - atid aw composed of andmitic and basaltic flows, tn8, nand wlmie 

h c i s .  Dikes, r~illg and laccolitl~ic intfuaiona are aEso of frequent 
occummm throughant tha ~ g i o n .  

The most conspicuom mass a£ ignmus rocks mappad in the mgim 
e&n& fmm the muthwest end of b w e ~  UphiH Lake to Ani~k- 

. Chat&+ hi the central part of the peninsulk The lawer chain 
af motmtaintr we& 6f the main Meatiian Range is m m p d  entirely 
bf Ch% central igneous ma= ln the lowlands that M e r  thei 
IMhg Sea md extend w&ward from these igneous mountains 
is a mall dlated group of mountains west of Ugnshik M a  This 
gmnp n&t Mted, but from its physiogmphic expresflion and its 
positim In mqwt to the h o r n  igneous rock it is probably paft 
of the smte mafa 8pechena mmeeted from vhous  p a d  of the 
1- igne~us mass have been determined to ba andmite. Segmg~- 
4-d r&d jasper in the f o m  of stringem and mall irmgular veim 
occur ihnd#ntly in tbm rocks, snd crgstal a g e  af stilbita 
w e e  fwnd mtbmi over the uurfm of some of the mountains. 
The entire mssg of smdesite j, of a light-red or pink color, which, tol 
ge&r with the q g d  c y k  of the mountsins, distinguishes tM- 
ign- mh f&n tha dark-gray sedimentary rocks of the region. 
From a distance the igneous m k s  in several localities appear to be 
rudely &ratified, with s &rib and dip scmrdant with thom of the 
cdntiguuas &limentarg mks. 
T h e  rn- of the main range along the Pacific m& between Wide 

md GhgnIk hps  consists of litqp masm of andesite, quarh, diorite, 
* mid b l t  The emkm boundaries of thme igneaus wrsscs were 

not mrapped, bnk d c a n i c  mks of various tm are reported to dcCur 
along tSIe ma% f m m  Wide Bay to Chiginagak Bay. At the hwd of 
&a muEhwest of Wide Bay is a large mountain cornpod 
tihjst'.ent3kly of dark mlumaar hdf into which a m a l l  dacicrr' 
hbs cd &p&i-farming a W p  waU in which the b a d t  coIumna a& 
well ex@&. :They stand vertically, am  boot 1 foot in dirsmetsr, 

*' .. - apd math 20 % or rnoh  in length. 
< 



The aes of Mowt Chiginq$ak appear ta be pm%y c o w  6th 
reoent Jgvs flowm, mhich are mpwtmd to e h n d  to sea lml at dba 
had d;Chigmag& Bay. The bam of.the volcmo on the- w& &h 
i~ $04 by sdmatary rocks. A nlrrrow strip of qua* dbrite , 
abut  2 miles wihextends from tbe northwe& side of M w n t  Chi@, 
nag& m d  mwgrmbto the central igneous  am^ Un.the muth is a 
klt of .d imenhry  rocha, probably Upper Jumhic, which extend8 
to& tho ma& -These pocks are intruded norhh- Q£ Amber Bay 
by a I m p  mass of i p m a  rocks Only the weetern border of:thin 
araa m s  examin* but m y  mauntains with h e  aharp creak a r -  
wkktic of ignmw rocks were men toward the e& The s g e c i m ~  
examined fmm this m a  range in chamtar fI.om b r s l t  to djo~ts. 

T h e  l~rgest s~sa of ipm racb in the @on is f o a d  west of 
Makchak and Kujulik b ~ y q  where et least 200 aquare mi ia  is 
mmm? to *n mbwn &pth by and&tic flows md cosm ml&c 
b m h  or qglomrste, Tbia ares aden& about 16 mila up snink- 
&ak Rivar and h k d y  f m m  a poiat 2 mil= a& &..the: river 
muthwestward b t h e  northern entrance. of Chi@ Bsyi m a m a  
llirrrom toward the southwest md of Kujulik Bay but iacdudw prb 
of the paninmlm betweem Amber, biakchak, Kujulik, and Rook 
bay& The physial c h ~ m t e ~  and text- of tbe ra:IEtt vary wra+ 
w b t  thmughout the area, but. they are all .varieties of.~bomblaade 
and&te and pymxane andesita Tba gmdm part d this Igneous 
b m i a  in in the form of sngalar h g m u h  mmmtd tqpther by 
a matrix of gitoilar mmpition but in park differing in mlar £ram 
the fragment&. .Volcanic tuff aad b m i a  of this typa mm1: ia mmy 
pa* ~f the 81@a P e W a  Bs ddbed by A ~ ~ m  . - . .. 
Thw~tragrnwtb;i&?~~ded h W"tmB muge np to 20 feet in itbmt&; & 

mo~llp Ehelr blmemims vafy S to 8' feet hdlvMoa1 blaCga dl* ;U& 

, . Wker @hadm d rpd, gmn, and gray.< &me d the blocgs are dipthwtiy black 
m@ all or them show a worlaceom bxme. .fie tnir is poor4 atratliled but 
a v  to haqe been In part, at least, laid down in water. . . 

TI& dascription fits the rocka in tba ragion weat o f  Bnialrchak and 
Knjdik bays except where they a m  1- d m b l y  mWhxw.w md Y 
v - m a m i v a  Quartz mmm at .pl&tm in the f o m  of fhin.gtrjwrs 
thrqugh the At om l0~&1ity west of t$e centrat:&ore lias of 
Kuxik Bay a,qaa& vaia s h u t  8 feet wide wm nlbted. Silicified 
t& trunks fekt in diameter am embedded in the igmw11% material 
no* of the long spit on the shore of Kujuii  Bay. SrnaUer h g -  
-ta of sili& wood were found on the moankina d . g f  #E 

by, where the volcanic. mh are at, lesst 1,W feet tl+kk6 ,-)~,&i& 
p k l e d  mountain a h t  6 miles muthead. of W c W  
?peeinoh eondst.of the b d a t e d  mobrial bat is m q w d  of .massive 

**w, W. w,, -1- and rsh-1 A- of * of &'A* Fear-: 
u. a aeot. E n m S n I I .  467, p. m, 1~11. 



&ddende d e s i t e .  This m u b i n  is probably older thaP the 
t ! ~ .  
, N d y  all,& igxlwua maam mthwest of Wide Bpy are ei&r 
intradadtlaqgh~tke T d r y  mks or lave f l a w e d o u t . ~ ~ . ~  
t a d - .  Similw.i~u8 rwh in other parts of .the p m h u b  hsm 
been: considwed &ieflg of late Eocene or Miwne we. At wend 
lmdit i~ ,  mpc4Ey at the h d  of the valley southweat of Wide Bay, 
the i n M v e  maws are found only in Upper Jurassic sedimmkaq 
r+,an& pssibly be older than Tertiary? but h i r  similarity 
tor b s m  Tertisrg inimmive rocks and, in one place, their wnnwtioa 
,v%h ~ u c h  mh make it probable that they are of the same qp. 
VdCBnic activity has doubtrsdly bean aontinuaus on the Alaska 
F e n i d  since early T&hy time. 

, $h&kmct&i:n the Cold Bay district i s  sihple and is b m c t e r r -  
Wig Iarg~ features that can be d y  foMow& ih Eke mdm€ainarmS 
pi& 0% the dkttriot. Tbe sedimentary b& haw a northeast strike 
and &dominant northwest dip, but this general lat4itude is inbr- 
mptd by at lernst two and prob&ly three h e s  of folds and fml& 
that are approximktdy parallel. to one anothar mid to the coast. 
One h e  of folding extends through Wide Ray end Parhe Bay 
to  Rex Creek, a trihtary of Drg Bay9 and is mntiniwd northe&- 
w d  though C d d  Bay and wn unknown d i d a m  north& of Cold 
Bay a fault. The m n d  h e  of folding is a well-developed anti- 
cline Iying 8 to 15 miles inland m d  extmding wuthwestward from 
Bhud Burls. ''&&em these two mtichd folds lies r~.ergrn"cliplal 
Wngh exbnding n o ~ ~ w a r d  throngh the southern arm af Be+ 
ehsro* Lab sn;d possibly into tbe Keja2i Valley. f See PI, IX.4 
-l%& folds ,have h fully described by Capps,'@ but a brief dm 
scription of the, folds will be given here in order that the-reder 
.mag have a p e r d  knowbdge of tha h c t u r e  of the @om and ika 
Ahtian -,sdjment xegions. 
- The She of folding and f aullting newest the coast hwbeen divided 
hta thw parts idled the Wide Bay antieline, tbs h a r t  C a -  
Salmon C& mticlina, and the Dry Creek fault. The Wide B8y 
ankid& (m P1. XI) is &scribed in detail an p a w  201402, 
+: U Porkage Bay the d o n  of the Wide Bay b . o f  .faldugi 
-3- e Nnnging antidine that rise$o~k the east, side 0% th bsy and 
qi*.mrt- S n  8 short dkhm to form the Bear Creek-Sahm 
Greek anti&& Wis anticline, *bit& is conspicmud sand welI do- 
-yelope&, extwd&$mm PWge Bay - the bbd*ahs-of  Bear 

. .-- 
PE8Ppg a. R, The Cold Bay dktxld: U. 8. Gml. B- Bull. 7.99. pp, iO&ll&'~!&. 



C r e d ~  and 8 b h m * h k  and gmduaHy B ~ t S n s  out m r  Rex,@* 
a tributary of Dtg Bay. The southeast dank of the anticline a'@ 
OnEy Eo 59,hbGhe northm& flank dips & h u t  16O. The sdhnenfs 
t q w d  over tb %old consist of sandy shsle of 1- Shelikbf : 

near &e cmt arid progmssimly yo-r I d s  on t h  flctnh,  &e 
N- form&ion cropping out far down onn the i m t b w w t  d*. 
T b  Shelikef ie the only known oil-beating #orn&ian.h this regiow, 
md 5* iis deeply.&t by erosion on the crest of %lm, m % k h e .  The 
lower. 1,000 feet; kd the ehelikof f omation at  W e  BaFis mad& np 
pd&mtly uf shale. Little is lmom of- tM &rihtitm. &.*be 
fwnmBions belew the Shelikof, as i t  wns deposited on m e& 
snrfaQe. At Cald Bay the Shdikof is mderlain YAW& P.) 
J u M c  sediments, so f ~ r  BS h o r n ,  and at Wide Bay it ia nrrderhin 
by the Kiahgvik formation, of Mid* '? ) Jurassic age. !I&. areal 
extant of these formatiom and the podbilitg that ether one of them 
coahhs oil am not definitely Imown, but no oil has yet been hand 
in the. famsrt?m underlying the SheJihf in the Cdd Bisy 
The Bear Cr&-S~Imon h k  anticline &thm out 10ftw sf 
R ~ K ! Q ~ &  and is s u d e d  nwr the head of Tmil C d  by the Dg 
th& fa& 'Ehis faulk cuts &cross the h d  of Cold Bay, and kwo 
pamad fa& appear sn the northssst side of the bay. The csoath 
side of the f d  bss mmd down gehtiv~ to-the nerfh kde, and 
wvml o u t h a  of N t h &  mcks have baen f d .  The marrhum 
dkphwment is .be l i ed  to mur en khe west side of Cold Bay near 
tbe mouth of Twws C& and is wthwted by C~pps to be 2$OQ 
feet, The fadt continue& an uaImm dishme ;north- of CoM 
b y *  - . ; .  
T h  mxk stmc4~1tI  hvtamo&bmd of the main'liae<oP d e w -  - *des&M & the 13- Lgke qTRdine* (See %. a, pr 202,) 

!lXh is B h a d ,  open fold extending s~uthwsstw~xd from-the &h 
ern of BecPlamf Lake and ,po~&Iy mrtheastward hto the Kejdik 
VaUey. The qmline is asymmetric, haying dipa smr~ging 15" 
m ita son&& flank and only 8' on its northwest flank On. the 
mest ahore of the south arm of Becharof Like, ia the trough of the 
pcl ine ,  a s&& of sbsle beds that bontain namemna fawilifetsous 
kq m r a t i o s ~  and am &hated  I% be ovm.l,W feet thick ma7 
m-nt the hi&& Naknak beds known the mgim, The &a- + 

tion between thiB 8hah md the smdstone and mngbmsrate that 
larop.mt, a m d  Mount Pe& is not known, but if the r e l a t h  ia 
mt mmplicmtd by conaeaM fadting, ths sltn&me a d  -XI* 
mate with soma shale expa& tlmund %mt P e a  ra&Am,* 

dimmta that crop out in the Cold Bay r q b n  and may 
be Jther tbg Mgbwt N a b &  or stme unddarknd-r fomna. 



s-The Qi&k CGIt anticline lia northwest of the Becharof Idre  
m n e  and axtends wuthwestwsrd from Mount Burls. mi8 anti- 
&e .~hlows its maximum development between Mount Lee and 
Maatrt M a n  on the eaet and the old crater of Mount P e a  on 
the W, *here the strata am arched into ardome that is 10cklly 
ea!led the Pearl Crwk dome. Southwestward £mm the Pearl Cmek 
dome the antielbid fold %&ens, and in the vicinity of Deer C w k  
it ddimpprs &bimly. Tho dome is slighuy asgmmetaic, md the 
bx%& p2dm is indined to the southeast, in the same dimtion as 
the &er folds in thd @on. The southeast flank has a maximum 
dip of a h n t  30°, but dips aa high as 6 9 O  have been recorded on the 
northwest dank. The mks exposed over the dome blong ta the 
Naknek formation. Between the c m t  of the dome and M a t  
Pedik abut  4,000 feet of Nahek sediments are r s p m t e d .  Be- 
tween the crest of the dome and the axis of the Beehad h k a  
%yndine, to the Bbdthewt, about 5,000 feet of Nah& sediments am 
w d l  Wp&M. (See %. 8.) 

Wring to the gnat latern1 varidon in the diiments it was not 
to determine the exact position in the Nahek formatim 

o£ th% noelk exposed on the cr& of the domg but they m m  to 
balung iu t h  lower. part of the formation, an infemce which mema 
that tba SbeZikof formation is probably covered at the c& of the 
dome by only 200 or 300 feet of Naknek sadimenk 

The Paarl Cmk dome, which is now !king exploited, offem more 
promise of mntaining eornmez~:inI quantities of petrdenm than any 
other etrnctnrd feature in the Cord Bay field. The main featmms 
that mdm this dome the mosf, advant~geons place to driU am the 
mU-devel+ e h d  sttlldure, which is so favorable h the .-n- 
Bioq of ptm301~h, and ithe presence of the mqwed She'likof form* 
tioa, wmpsising a thiiik,&w of sandstme and interbedded ,shale 
that sonatitute potential oil-bearing be* o~erlain by 1,000 feet of 
shah that forms an impmiow cap mk 

A less Important feature of the s t r u m  of the 4 0 5 1  ia the up- - of &@ strata a m d  the old crater of Mount Psulik, Tbis 
pbmrnenon is most apparent from points within the o r a b  it&£, 
where embm has cut atream vaI1ep around the periphery of the 

e. inner me, ezpQsing the sediments that were cut through by the 
volcanic neck Around the southern half of the mbr ths b t a  dip 
h W to IS0 away from the voIcmo ; around the northern, half 
th~wdiunemtary xoeks are not @. This upturning is b l i e v d  
to  be8#swy hd, the dip of the dmentar;8 beds where they crop 
out beyond the lavs flows d m  not show any d&ih relstion to the 
volcar~s. It .is :pmb~ble that the voEcano h k e  through near the 

- wet of an &16clins and that many of the apptrrentlg i 4 s t a n t  
dip are the combined result of a change in direction of dip at the 



03, &a. &dine d the secondafg . l d  nptrrrning . of - tha 
diplwtmy h d n  smmd Mowt Psdilr. . ,= 
-. The g s n d  shuotun, of the s s d i m ~ t l t a ~  r w h  mu&- of ths 
WB Bay dish& is m011dina1, with e pmmiling mdhwest 
and dips of 4 O - 4 2 9  N W -  A n a m  a m e t r i e  fold ia mper imM 
npon lithe rnonwlipe 10 miles muthwest of the lower end of King; 
Salmsn Lake. Tbis f a d  is lax1 and can Im followed only a few 
miles smxss a hgh r i u ,  although it may m t h e  for a &ort 
dihnm in the,mUey north of the ridge. The strike of this smaZE 
aat jcb  is IN. #F. E. Tha aontheast flenk is about h Jf s milk. wide 
and dips 4"a0 3E. Th northwest flank extends a b t  2 milea 
h . t h e  a& md dips 7&015" NW. The upper strata e@ 
alonalthe anticline belong to the Tertiay formatias, which is 
at. tea& feat thick st this hality. The underlying bede are 
prphbly Upper J u d c . .  U d w  B detailed etudy r e v ~ h  more 
fsvorable. etructqml and &m&igmpbic. f eaturea or indi@ons of oil 
that were overlooked in a hastily made mnnaissanm, the p d b i l i t y  
of obtaining oil within moderate drilling depth on this anticline k~ 
-14, 

n q , * ~ r e e t  of H brond mticlin~ extmda n o ~ ~ d .  & .the 
diyidq from the north side of the upper valley af Lava Ciwk to the 
betdwatere of Cinder h k .  (Sea PI. XIL} This stmctural . 
feature, which has h n  named the E lepht  Mcmntrin snticline, i~ 
p ~ b a b l y p r t  d the mainant i~hal  fold of the Aleutian Bane .  A 
dwription of it ip given an page 2W 

. . I .  

. . 
* ' 

AREA maim OF M o m  m 
" ,  

- :m hve$ti&&d .mma tbwaa side of M m k  ~saiik.  ia. 1m 
(meb PI.. X) dfd not mpprf math Mormatioa additional to thmt 
obt~ined by Cepps in 19n, es the -far pa& of t h ~  area it+ msgged 
by bva flaws, pllsci~l d6bFi13, or mmntain outwash, making it im- 
passible to  determine the eha-racber and attitude of the sedimentary 
M. Immediatdy north of Mount Bnrls the Uphik C& anti- 

'L: clim fl a h n s  out ~bmptly snd merges hta ther northwest limbof bfre 
Becaerof Lake qncline,. Observationer on Featherly Cmak & n d  
t h t ' t h a  extends that far, although mromewbt flatbnwl, 
o m  ta the. 3isappearanoe of the anticlina : The. m a h u m  dip 
obsat9ed on th horthvmt flank of the syncIim north of the end of 
the'Ug&ik Creek anticline is lo0. One e r H e  dip of due north 
w w W n  in &h& bank of the m k  thst marks the ea&m cm€uct of 
fh ' lava  wit&& d i m e n t ~  d flow northward into tbe msih part 
d J Bechbmf d m .  No other cxmeolidatd sedimentmy & were 
wdn north of ~ o m t  Penlilt jn an ares of abut-76 @are m i l q  
With h mv& by lava flom md glscial d a r k -  West of Monnt 
- . I r >  J *  I 



W consolidated sediments a m  &vered Frfr sn tlnlraorrpn thibk- 
nsrrs of monntain outwash composed of Ute bdders. v'Outc~psl 
af mmtt l idd  sedimentary mks reappear b n d h  the iav& du& 
a& of the dd crater of Mount Psdik. The &uWop$ #re #dry 

I 

an&, md mly one WM found to have the daminant northwe9t*ardL 
dip,> B a u t h M  of the crater several odcropa s b w  a northeast' 
strikie but dip Co the southeast. These I d  obsemtiona mgg& ttn 
wtkhal fold with a northeagterly tmd md with2flanka dippihg 
25" NW, and Xba'SE. Such &n anticline, if it really exists, may h a y '  
&EI formed by the intrusion of the igne~rn core iof tha alder vol- 
~ * w ,  with which it is M closely comectsd. The form of tbis in- 
-011 .m~phcatxd the ~ y & m  of folding by bow% up the straw' . 
immadiptely anrnnd the contact, and then the outpouring of lava 
efleetively cnnceald the sedimentary rocka. On the east side of' 
Moms Peulik, near the edge of the lava flow,'the &dta*'bda. 
&p.slsnthe&, formiag the limb of tha Zhcbwof bk& &ymlirf&,%tlt 
southQlFest af Ildount Peulik the sadlmentary beds in on6 ohtcrop dip' 
mthwm. If the dominant dip in the region is north~ssterl~, & it. - to be, the sedimentary beds of tila renorthwe& limb of tb' 
Becharof h k e  syncline would natmlIy be expected to flattan but' * 

and then to dip to the northwe, in conformity with the major: 
structural trend, thus forming an anticline. The northeastward 
e h n t  of mch an m t i d i e  can not be determined, but it may extefid' 
ant into Becbarof Lake and across Sevemn'Penimda, where the' 
mdm me said ta have a iortherly dip. The other anticlbal folds in' 

- t%oe fXi3 Bay district have gently dipping souttieasfern fladks and 
m W  sW@y - dipping northwe&. f h b ,  &id tbe 8vidance: 
FW& .h&b that the suppod bdount Fe&i aticlha.'is no ax- 
e&~ A cltm examination of Sevemn Pmhu1L would'lie nwa- 

' 

wry to mrifg t h ~  existence of t b  s n t i d i  Even if it exists it is' 
not to prwa of economic importance. 

r !.The sdmmhq in the KejaliEr Pdey (& PI. &) btr$ nut- 
b n  hMed inw- definite anticbeg and sgadine9, liki, thb be&' in' 
the &mas frr+thar southwest just d&bed. The d u r d u ~ ~  sthi*' 

- turn1 fsatum is a aorthwe9twsrd-dipping monocline showhg dd). 
varistioncl in thh amount of dip. The highest dip mrdd is 2!j0,' 

. .d from this dip the angle decreases with minor variations nntil 
tb W a  become horizontal, and still farther northwest the drab- 
sf&~k&&l up t 4  other way, giving low dips te the southeast, away 
f b m  €h&'Kejnlik Mountaim. T h e  conm&ent ahd unif o m  itips and 
*elldeve@ed folds that occur muthwmt bf Cold Bay and Bech- 
q r ~ f  Lake do n ~ t  per&& into the Kejulig Vallq. . It is e b l e  thsr 
tha Becharof M e  syncline ia a persistent ptruhrd featurn &end- 



iq@; dateg &a & side of the math a m  of Beiharof. 
t h m  hta the ;kefulik VaLIeg. If SO the S I I O U ~ ~  which -7 

pi* n&1 j the enfb d e y  rep-rife the mutb limb of the qm&m 
ZfbB area of momdins1 dip may ba divided into fow irnea-two 

of eh~~ps1: dips q d  two of mlativeb  lo^ dips. Steep dips cmm ah 
the extreme uou- MI@ of the ~alle;y,ia the high hills immediak4.y 
n o d  of the heed,of Coid Bay. A dip of 23" wrrs tecoded at the 
ooptach of the Sbelhf  and Nsthek formations at &he mest of om 
of thea hills. Tba fir& mne of steep dips Ea abodt %& mila wi&, 
from the hills at the head of Portage Creek t~ a line mtmding fmm 
the forb of M m ~ p m t  Creek to the head of Mbrt C m k  Within 
tb ,zone the dim gradually d ~ m a e a  h m  2 3 O  on the southe& aide, 
to 8 O  at the northwad. This low dip is m b i t d j  ammd to mark 
the beginning of the h t  zone of flatter dip, which ie a little aver 
amile.wide. 4bqt  !2$mileshmthe.head of Albert h k  thedip 
i~mesaa ratbar abmptly from 10° to WO, thus -king the end of 
the zone of law dips The ataep dip of 2 2 O  awe, wt'pm& d 
gradnay d m  to So or 9 O  within 6 milas, BO that the second eooe, 
of rehtively !3bp dips en& at 8 fin& drawn N. 66" E. from the j w  . 

, tion of the East Fork with Kajulik Rivsr. Northwmb ~f thiis lins. 
the dips are all hw, avenging a b u t  To in a zone s h u t  4 milw wid% 
Kejulik River flows thmugh this zone, This northw-n limit of 
the valley and of €be monocline is marlPed by ,ae upturning of the 
strata ,againat thB Kejnlik Mountains. This upturning ie prticu- 
larly noticeabla at the head of the vallay. Thia resulting trough mgy 
rep-nt the d o n  of the Bechmof Lake qnc1he, or it may hb; 
~ o t i q U y  m M  to ~ e '  f o k  tbat a a d  the inttwion of .&: 
ipmm d imp the J£ejdik Mountains, Fatme infr&@a 

* may determine tb exact M i e n  of the sdmenta to the igneous 
mk, but so mucb low lsOd with no rock outcrops interne- bL 
tween Bmhamf Lake and the uppr pert of the Kejulilt Vdey 
it h a  not been po4ble to tram the m k  strnctnra between the two 
m. The p d n a l  regional %a&ning of the dip from the south- 
gaat tawad the Kejulik Mountain8 would suggest that tbe . m w d  T 

of tb,dip is 8 structural feature which io not primirri!y d&d hi 
% napuntahs but which, may ham been- d i w y  modified by tb. 
intrwion of &e, igneous. . The &im may m p d  the 
extamion of the Becharof Lake a~mcine, aad the upbming of the - 
-to agPjnst the mountah may represent one. limb of an snLicb:  
along., which the -igneous mks wem intruded %and which knight bo. 
d q d e d  to join the anticJim mpposed und~~fia Meunt P e w . ,  
This hypoheais is supportad by obsewatiom made farther n & M  
on, peninsul* by Spurr,PO who says: . .I. . 

WB-. J. m. I - 2 A i - W  b - m &  m : V; k &t.-&& 4-- 
WPept,pt~tp).1442aS,1BOA: . . 4 i 



C O W  BbY+EnCfJIE D m - ,  mk.! 

- kaeb gJde Dt tbb cbrle of ~olcancm whfeh f i rm the a& bi tbe range tb 
sk .pW.  mh dip away veq Eentlg and are rtlightlg anduht3ng. 
9% H n e  of voleanaes b along a belt whefe thh lava hae brokan up through 
tBe mdilmatary Inramkc rocks, ttltlng these very gently on both aides away 

- from the hrasm. " 

Tha %ones of low dip and of relati~ely steep dip do not form 1 s t ~  
piononnced structural featurn but simply show minor variations 
of tbe. monoclinal dip. The arik.9 of the m h  would marry thm 
zones across the cortstal mountains into an area not wwred by this 
rep&, snd within the valley the evidence for some of the mncs ie 
based &.pan only a few outcrops. Owing to mxttered -tic dips . 
&d tb grading of one zone into anotherd the placing of the border - lines of each zone is samewhat arbitrary, but it ia hBeved that the 
descriptions given essentially repmnt  the conditions e&mg in 
the valley. 

,. , - WIDE E4.Y A m -  
, .  

qmdklw =ticline (see Pl Xl) is a fold af Jsrge dhwiom, 
bnt unfortunately tbe greater part of ita crest liee bneath the watera 
of tha bay, and the details of the anticline can not be studied. Thia 
anticline is s continuation of the Bear C&-Salmon Creek antiofina 
which &ends nmthwest,ward from Portage Bay. On the cape be- 
t m n  *Po*sge- and Wide bays the line of folding is intarrupted by . 
a large i p m u ~  ht;ragiot~ From the northe& ~ n d  of Wide Bay the 
anticline extends to the head of the mllq at the mtonthwest end of 
the -bag. The southeast flanlr is mpmnted by th0 group of idands 
&point af land partly inclosing the bay. The northwe& flank is 
frnm 5 ta 8 milea wide and is formed by tha w&a&diPpbg beds 
in the mtrantaiaa on ,the &and. The asticline is ikmifi&ted at 
the head of the vaney southwe& of the bay I a q p  m a m  of igntmna 
&k' SOme of  the igneous rmks, wpeciidly the b l t ,  may bo only 
mirfiuw flow, but a large intnrsion of quartz diorite new this locality 
is pmbably deep seated. Farther southwest the mks were not, ex- 
amined, but it is quite likely that the anticline reappears, immmuch 

= aa the crest df the Aleutian R a n g  is structumlly a great anticline or 
atttikliborith, However, the mountainous country between W~de 
and hber ba$ is wry rugged and difficult of accsas. 

The lowest b e b  exposed on the Wide Bay anticlin~ am part of 
the Kiatagvik fornation, of Middle ( P )  Juriissic ag& These hds 

--mi% . . v d  Xmm the banks and bluff close to the beach southwest of 
&,--'-Y ' W W  to and beyond the head of the bay. The t h i c h  of this 

AlF&&d mid the chamcter rind a.ga of the. underlying beds are 
not km*. Tiie Shelikof formation, of Upper Jarassic a g ~ ,  over-' 
lies the Iddid* formation unlconformably. The unconfamitym 
&ows that and deformation of the Middle (S) durrLsdi~ 
& o c c d  before the Upper Jurassic mdiments wem depited. 



H f d h g  to& place bafore Upper Jmmic time it m y  haw- 
slight and. l d d ;  bht it woula have significanm in the accnm@&idix 
of oil; provided oil is p m n t  beneath the Wide Bay anticline, <, The' 
beds of the KialsgPik formation for half a mile nokheast alaog the. 

and.'dip to th0~omrIying Shdikof 
Iwlities tke lower ' arb, 

discordant with the Upper 
3 '-Jurassic: be&. Tho apparent .irregul3ities of the 
a Iawer beds, which in plaw., strike traaavem 4.o the 

axis of the Wide Bay anticline, may tm of such mag- 

, . &odd be &ken in selecting a well ~6ta .. . .  , 

The exact lma4ion of the t a i s  of tb Wide Bq , 

At seveml p k  along 
bay~$he Ids  we marly 

id& dip 6O-24O SE,, i- ,md are probably wall down va the southeost:+de. - . 
% r : 2 ,?:.I+~? 

, , . ~ ' - . . . ' ~~  . ..r;.. . 
- . I  . I .  . :  7 . :  * 

m A ,  p r o n i i e ~  #old i the +&ti&& ; 
in mmsrcial ip thiathia,pagi9q. is tb 

k Creek anticbe. (%, Pl. X and -&&5.'"2.) 
t h e  extsnds fmb, burlis Mountain, ,pear 
of F W L ~ ~ & I ~  creek, ~ ~ t h w - ~ d  - 

- 
which h nqw being W e d  for d, ia e well-developed ,"-.  I ?  .+ 1 

dqw, rd& to above aa the F d  Creek dome, on which t h q q  
&d and two patches af oil residue, S p q d  *, . 
ww given duripg the reaent investigation to the &hymt md uf: the 
+line. mm the fdd c@+B C m k d  Cresg lmqs&%Pbq! dip 12O, 

the dipe . b c o m ~  gradually lw toward the mt&wes$,,.until .at . > < 



Cre&-th mtiche dia out into s. ma~milime 6 t h  ody' b e h -  
- w& dips, . . . ;, . . , 

The axes of the Becharof W e  p c E n a  end the Uphik  Creek 
1 rnticline, which a h  about 5 mileu apatt *kwesn upper Becharof 

T&.e md tb Pawl, Craek dome,' consew in thei vicinity .d Mmm 
b w k  until they a& only 3,000 f&, apart. . Where; .tha qncliqal 
ikis &hroaches the mticli4e a thmsq. fimt of considamble diqlace- 
n~$& @'im s l a g  the, crest, bb tho antiuliag 4, parallel . te the 
-p$ ;$,th?,s~dneline. Thebedamtheporthwest8mkof theariticli* 

: at &wm. creek are undisturbed sed dip Lo NW. .. The . o ~ e r # h d  
- ' phich are- cumpawl of mnglomerste and arkmie amdstme, 

19°450 SE. The angle of the fault plme ia about Ps0, which. 
w ~ u l d ' ~ ~ r o f & t  the fault down the 4odmwt .flank, leaving the. cseet 
af the, astiche ,andisturbed a t  n mdemte depth: . .Zhwww, ths 
'wjs.~~hi&&il,~ld accumnlate on the muthwst- f l ak  is, 

, h b ~ ~ *  tbs ,dips on the .northwest 8snk sre *We but exbend 
. ,&,~,,&a,U.gasbikI&ke. The fault wmt& sbont .SEmdtiles. 

yssH@y& of Mmre Cmek the syncline s w j w  ta the mu&, b w s d  
m. :Mqpteinm : The anticine continuas aa far as Decr c&, bm 
i$ is@w ia?the.nat~mof a m  than a wall-develop4 fold .. 

&.fie N b & . f o m t i o n  W n d  over theentimaraa, af.We .<, i, 1: 

Wgashik Creek anticline except near the n&heust end, ,whei.a 
,+eow,mcks ampy  a sum11 a m ,  in tbe vilrinie of h t + P e i l i k ,  
Taaard, the mat$& end of the antiam the . s u b  rocks me-corn- - I  
,ppJ 4, muglomarate, arkosic = h e ,  and thin beds af B&, 

" ' *$ &mh ,mgwmnt the muglomerake st the barn af tM ETahek 
! " ,.*mi h l ' & ~ ~ m ~ t e ~  of h Nh&.h % 

=Mi.- AtColdRayitiaodFnly:70&t:W~~ong 
z : -  . - J.a -hi& ,WL& B q  tlae =be. is mpmted  by at - l a & ~ ~  

' &+& ~~ and ark& aad . pebblf .mnt3mmb1. ' In ulm 
d b y  .of Deer Crdmew Deer Mmmtain'2,W feet .of rather m-ve 

. conglomerate ,is e. Whm the anticine : c & m  l 7 g d I k  
Mountain the beds dip .southwest,, forming part of the Pearl Creek 
dome. These beda am not exposed on the anticline southwest of the 
m @ i q a W p e  dtihde iwno matar thsg.at U- GNk 
Em- &~)er,dnlliwg wodd proprtbly be n-rg, qn,tbe ea t id ink  

.. .- to  the W h y &  than on the .dome. I _ ,  , 
, " I  ! 

.F 
& ~ i w 4 1 s  that are now King d d h l  .at the moat fa- iw 

g.5 ,'.. &odd d a ~ ~ t m h  w b t h ~ .  the ~ t h t a -  r paz$ .of 
C&k anticline i s  worthy of a test by drilling. :By 

meas%,ob3w#:~og and a detailed stratigmphic study of the.&- jh 

<. 
;Uga&kl&ur&ain, end a l o n ~  the anticline fartber m n t h w e  :with 

', .$he ths+&g afcthe, N h e k  amgbmerste in, mind, i b  shoddfbn 
. ., , .  .I ~ 3 1  '; :- 6 .  : ,-'I 2, ,.;: ;- ! -::- - . . . . . . > :d2 +2:. ic  ' ; a  



pmmible to make .fnirl; accamta &nh of th de@& ~ o '  WJMI 
horizon at diffmmt l d t i e s .  . . I ,  

. .  - 
I .  1 I ' :  . . * :  , > I ' . 

, i l - d ~ o ~ ~ . ~ ~ m  ~ + i i v R , , t ,  6 

Blepllant Mountain to tlm h d m h  of Cinder Creek. X%& &@try 
Mad Lam ' C d t  in the dmctim of the anticline ?sf &rs*Lrirtjg$4 
.awl,irame of &, mouotalns zm komposed of igtikous "mb. ' "fjeidw 
:intmsive dikes and sills ocmrr along the. west mand on the X d s l  of 

;anticline; .The extreme ankr flanks of the anticline an Lapa 
*OR& a d  ldh &d& psrt of &nj,hhak River dip IS0 ,to 4Se and 

d l e r r  w ~ . .  B M h ' h h m  be &h'm'J?5h& Moan- 
'Iriol Along, *ha axis bt.thb m&£h ilht5elitib & '&& $fp"@&!.tld 
the rbedg are h2dd into seveml m a l l  ant icjmes wid *ch&'&& 
Axed roughly @faIbE the marin Iii of folding. Them m*r&Wd 
folde.am d M l b  to h l b w M t h i a  mgg~d mtry! Theata&'bf 
one .of the mall a h t i a h  ie nemr3y paraHe1' with We +ally: 6f 
W i l r  C!rdzfi find the fliu~ka, of this antidine, ~ : i i ~ w ,  &th 
d i p  of 9. to f3', I .I .. . , 
.: The m e i a ' ~ o f ~ f o 1 : d ~ %  pmbb'fg. p;srt. .of?& @&!ipal ittiti- 
diue of th~&uthu~ Rang& This &ru&ud festa- al&au& 
. h k m  in m m d  plmq e*& through tfre gmhr part d dbB 
-1Uwslrrr Peninanle. le the -,- ~ v * ~  '4 i!www& . 
~ ~ 4 ~ ~ i n s  rim and fhtteae&ll-m 0 M d r o o b b s ~  
-?fie, C-. PG tbe art$i&n~ s-rs.~part bP 'W-k q m e r t k  
,Tbm M a  w q ~  out,h.s d azavarlthd ;neath dddof Uw keeg: 
d l e y  and jlraalsmral memtaiBs kmshl.tb.mnth- i m h ~ w a b  
pytb side oft tho cmtm rim. .,W s a r f h  mks over thd &&r 

of ths Ele~hant Bmth diaHne ama Thnry .  : 

& -m~& &&.C&l&gbyb'&&+& G:&w:w 
-by mvwe fidtimg. m OMy .i&&&d ed,& &f'*i~-riin&% $i%' 33 - 
the one d&M by Cappq w h M  &roshs '&b Urd. bf '€hid Bay. - 
-This fa& h h  s mmximrim '&placement o+Z,m & on the weet 
ehm of Cogd Bay, bat thegthrow m m s  b.&mmt+ .- ~ :, A 

dd no~%hearrt Prom that point. T h e  mi~thipestwsd &A&' 
$:It is not h w n ,  bnt i 6  & Ie& to the badi  bf'w 'WL ; . 
noPtheast d &Id Bay the +an& has not h n  f ollow8d: .' dr faw small 
Ydb *re~e dw mnppd~%atrthwe& of CHd ;$agi'bi& &I ak them am 
of 1 4  &mt. Nortb of &Id Bay, in the Kejalilt Valley, a iew 



-fault mm men near the poiat of uptrrraing of the di- 
mmia wnbt the Keulik Mow* but nowhem is &am much 
if any dirsplbdment along these faults. 3n &BP p l m  ia tha valley 

1 
- 40 dips were m that may mpmm.k Eacal bdting, but no,fetdt 
.- r p l ~ w e r a ~ ~ . i n c ; o ~ l j u n c t i o n  with t h e  North of bhnnB3"euLik 
dm d j n & b r y  mks do not crop out and if faults are preeent they 
~ n o f - b e ~ o n t h e ~ u r i ~  

. . 
L '-;, " rn- 
.me .p&m of petroleum in the dw &.of &e Ahdm 

is &clod by =paps that have been reported at metal 
,phc+s;€mrn t ime to time. The ear l i e  reference to petroleum w 
the p e n i d  was mede by hvidson 41 and D& in 1889,. when 

rqprtd a =pap '''neaz ICatmsi B a y , ' ~ u I m q q d y  ssepabcwr 
.,WW s&n ,hi the Cold Bay region and kave beem.mported mund 
&&qhak Bay and Cbignik. M a t  of. the m p q p  ~eported bsve 

jn the e o n .  ht has b m e  popularly known ps tbe. Cors ' 

where patches of residqe and seep- havs-,bm .man 
at+v.erJ,phes. , - I  * . . 

'&q, , p e t s o l e u t u A ~  in ths Cold Bay fisld bars bm w w  
*y Cappgqa d- tse foUowing .d&ptions ars ~ , % n ~ i ~  

from his report. The seepages are in two groups dong tlre 
' 
h~ h e s  of anticlinal folding. Several m p ~ g e s  hnwe been x q m h d  

' @Q Bear CkwIr-Salmon Creek anticline and new the axtensin ,* - - 9  

- $$.&$+ at the b 4  of C)Jl,.G+ fro mapages m n r  en the 
W , + k  dome,. a part of the Ugashtk Creek antidk.. ($ee 
..&g,. 2)-:. , Xlw 3wgwt aeepaga is fowd at the head of Oil in 
&:$+.fiela, w h e m o i l , g m , d  water- laes:mwg&ring 
4-h evapromtion af the mom volatile mnstimb. qf ;bb. ~ $ 3  + 

z- ; 
has left a large .ares of a v h w ,  black d d n e  1 &a 8 *#., 

" - ,Tbg,dov ,of' thia mpqp *.s estimated by Cappa .t ;Mf. B - 
? b m d  of oil day.. .@ Ofl CSreak blow the residm @a&& there lane 

q~eral  s e e m  tbat yield a mdl flow of oil. 0 t h  dee- a ~ s  
mpocfed from. th4q"Swth Fafk o f , b  Crereb:and omreach f m m  

t 
up- $ear Clreek,snd Salmon Cmk All tks map- me on 
the Bear -Crd-Wmon Crwk .antiche, but they e a ~ a ~ g s  ,fmn 

*- of the Shelikof formation well dawn on %&&f & 
' . w,rf:\r.4 

.. Twq,,@due pstchea m r  m the Pearl Gmk dom& Om rmm 
thamoath,ef B& C m k  on ita n&h side is hilsl: in 



&m to *p.aoh on Oil QA. rh rotud point of,-* 
d: &cod muPeZ&A. b tswn, Iwb mate .  aaaning dong. a drain* 
I?&: t~~~ t&dns O O ~  r.~&h .&thick hk-. OIL ' 
-Ek&w msiddpkh, ~ W c k  Is gigrnewhst m s k l  Jim in:the#w f 

ofi Cr&k ~€i&~t a &la.'bortheasti of the 1- pat&;+ ~o: 'b i l  )'. 
wnsr mm -erg+@ brom the m k ,  h t  a thick bmwn oiS~mma 3mi11 
the residue and flows down the creek. The m b  ~derlykg t h  

. two midm pakhes balong in the lower part of the Nrrbek foma- 
t o .  Other small &@a@'hdvb h n  m p d M  to w u r  in tihe valley . 

of Pearl C l ~ k .  7 : i, 
No seepages [have been repoked to occur in the region aqynd 

i&dt F&lik,'&&pt rtt tlib 'Pearl Crdz dome, and none 'M h 
'rhiti* the m e r  of 'I& In the Kejnlik Valley rtlm nb'.bil 
~ ~ p q ! p  w e i y V W *  altBaugll' m&e hkve btwn w p o ~ ~ ~ ~  gas 
*pa$ f m4mnitkar ?he h d  of the East Fdkk of Rbjdik'Rivm. 
+~WI@ &dq@sfbit 'two. p11m m m l  hndl.Pidx ftv+ iif&rt,l bth - st 

+ ,:.< ' "  

- 
~ I ~ B ' ~ ~ ~ D C * C * ~ M ~ $  on the edge of a narrow oaTt8y. :Mki@. W s  

2,- . .  . , .+- 'WL ha~ly'~cmi&ihoas stream of bubblw and has b a t  Up ;k ' i d ~  
' . r.. , ' bladni!Firm~t& orifiw. Evidently mnsidersbl& mter ie ~tudtt##. . 

I - I  

. Wth Qkaygw; & ~ h ; e  rrionnd'is cumpoed bf a'tk~ft bud s m t l r k d d l i y  
.an otherwise dry  alley floor4s?a a s q l l  ,dream of w&.flhvbd+d'jr 

' 

kdh5 w &i$+ Thb M s '  f drinhg :the W bMagtMie of' 
.. 'tbb ? h e $  sdd WdtiklyWv +lib mall+ 'bel&& 8' kh# lo%+] '&rk bf 

WA ~ k n e k l r b h d t i o d .  ' - -  I .[ . . I  I I >  , 

$ & l ~ ~ & * f h e ;  th&&r*, and sny petroleum ' . . 

I ? *  
kbxdthk!i &&&&'in t h  &imeht# uMerlghg the ~ b i ' u l i ~  Vlt%& 

. .d&&ipMbly -dhe' tb ~ k h  fent'uigrr. A .ehafrg~~ %;podty W e  
"' - &,Jw,*. w-$ek Of the *&pa8w,&, l i ; $ h a  

I 

. pkd*  +?tk'~to '& axldtibri in thlre'akdowt 'df c~r6elitin'g ~maWit& t 

W@&W ;ph&ih 'of 1&6icuI&~ b d i h  of ailnd&&e a+ all, &a- 
ft&it k r d f  Mm~4m&h~3S t'hiir I in&a4kd uph && ?&I- 

- ~ i e s i h a t d  athrmuhtiadaf petmletm. Thel+d@h @%ki~jt $$a + 
& + ' i p m ~ ~  tW1enm of brrdprtond am likdlf' b$dl  6f 'in& "m- 
x~@h i$ Mnienta &$&I tbd in ~ h l l o w  at&* bnd hdar tb 
such as most of the sediments in the Cold Bay district. 
%iP a h  &the sbw are asutI1y of c o a w  g d n .  
;dwM f m r  out, b u d w  may grade laterallg'iiita b t B ~ *  fin:&- --- . g m n d  sedirrnents with~uf anj! dietinct break, and:*b'rit '&Ky do 
thew itl; a gradual change in tha effective & the 14 
%&t~~&&%llpon petmeadng Iiquids &ad 'P&oIbUm mbht 



' & thrangh a, loma, porous reservoir and, kt 3 . t '  w d  be- 
. ,- d a m  and fine grained the p&letunv & no, bnger.:BZjgrate 
:kbnm& ibmd will wcumulate in the coarser part o&A~-t>Bd if it is - 

P jndd in impervious sediments. The mdimmiu Ih the ..W. Bay 
~iiidxriat am h ~ w n  ta differ greatly in didernat prts 05th distarictp 
,bur it is impossibh- to predict just whew the perode h changed 
s & W y  to c a m  mumulstion, and heme it is lhpwibh to pm- 

r 

diak h , lmt ion  of ,memoirs formed in this way. . c . :,. 

~~~ ,1Par ia t ion  in the amount of cementing maEsritt1 t h y  dm be 
i-atimpwtant factor in determining the locstion and e - h t  of nn oil 
-aimmoird A san&ons may be tightly cemented so &at it contains 
little effective pore space, or a sandstone uomposed of g r a b  of the , 

m e -  sim may be very l m l y  cemented, t h u ~  having a high a£Emti~~ 
. +ty, .The first sandsbn~ would not kaka r @ : m e i r ,  hat, 
the m n d  one might make an mmIlent reervoir,. . : h a :  

, 'Ehmhlam ,Ed varkkions in tHe d e w  of wam&&m,kiBbfn s 
bed, and *his feat& is of particular inter& in mxi- 

-aioaClrbg tlYe paibilities of oil mmmdatian on a mmlim- me 
mmma f r  the difTemntia1 cementing- is nat walk undeFstod., hut. it 

' =wlqtrdrmeb'ty exista In a tightly.cmented sanddan~ tha existing 
- , ,porn space may wnsist of wids  so maiI that the rock is mhtively 

:impemiou& So migrating petroleurn, owing, to the high frictianal d 
uspihry & b e e .  In many places the tighklp. c ~ m n h d  pads uf 
a mdstone em in the form of thin mama paralleling 8 tha .Wiag  

,.pbwb but in other pl- they are arranged irregularly. A tightly 
~cawmt&d: p a t  may m u r  in such a position. as k ~ ,  efPect n& mumula- 

I 

j$mpF ,petrol- in the more poroug s d s t o n e  J g i ~  d o n g  t&h~ .dip 
.hdow $4 .giving ri% to what is known in 5tbtlb coil .men's wmqlrq;l' 
~ae.rr.Y,spat@~sand,~' The dekerminrrtion ~f,thaIbcation gf,au& amqa 
rigrfeven.:mom ;.*It &an that of the Iaeral v a h t h n  h the 
. Mhdogg ~f sandetame .beds, sa that this featurn is .of no, assi&anm 

K .i& pmdiptiq the oil d b i l i t i a  of the Kejnlik V41ey. ,: .', I 
#:,, - . : , ;me third feature'that was mentiod aboye as hrtving m b l e  

f . -j&luam on' the aodumulation of oil ih -the preseRce ,&.: &n&ibulw , , . 
bod* of3 .mWns. Such bodies am M e d y  ,&paWl ,under . 1 .- 
,&_~llow*ater: d i t i m s ,  .where &me ourma& d @ipW ,-b I '-' . 

"L 
a may b& be'nctive in forming bars and delta% The samd Ila=- may 
;b:tSi&k %having s, IatemE Wntsof  .several, milm, and if 

. w &ldd witbin B shale m e m h ~  of the formation that mntains 
. w W  lm&ar in wilkient abundance to supply petroleum to the 
isduuhhm lenses, large ammulatiom may be formed. Seven1 fidde 
, i~ theJ b i t &  States huve produced petroleum h r n  lmticular.aads, 

k l l .  &the feature& above mt forth are difficdt of de!kmain&- . 
. &g~ .in 706, &illhg, bu& all thm, may :haye 5# &- 

+ ,  
dhwwe-upon kb wwuulatian ~i ptroIeum ypw. rt mwdiw. z l ' h a  

TBB18*-pl11 



mkdrthat cmp aat in the Kejali4c Vdley rn l i r g ~ 1 ~  d l & e  3W&'k& 
4omwtion and.hoverlie the ~Shdibf  fopmation, which ia~the.&l: 
bearhg - fam&h in the other pa* of the Cold :Brsyi&d& 
A l t h g h  no OK seepages wew seen ia the valley it le smableltw c 

that th8 I Ghslikof . fbrmatian,l underlying an 101 &P $2 
milee' from the marest I m m  mp*, containr, p d d e u m ,  w W  
undm the p e r  skmctoral and physics1 ~ d i t i o n a  would fmm 
aacumnlationa In the Kejulik Vallety them is no horn dm~$unrl 
$eaturn of the n4ypes th&t am nw&lly considered , [hiarable I for 
petmleurn arxtlmulationg but vnriom cuditions of aadflwnWm 
may have pmhced the sune m I t .  The dip of the gtrsb.earqjes 
the BheIikef formation to s midenable de@h below the N&i& 
fmrmhtion within a shod distance, so that it is o d p  clmm to the 
. abtrtktsh sida.-of. the d e y  that the Shelilrd farmation liae mar 
enough ta the surfam fa be d e d  by the drill - . 

,?&a flattenimg~sf dip of s momline f o m s  tha9troetara;r httm 
known as a t e r m  In the Ptmql~amia, Ohio-Zadinnq Oklrlroaw- 

d l b m m ,  and many other W ~ B  petmbum has been obtoined fmm 
'te-,buDes mmmonly a d  the term'."terrrsce" inekdee my 
'minor flattening of the dip of a monoc3ine, so that*;the ~ n o e  
of *r temce dm# not d y  mean, the p m w  1 of rmtmiot~w 

; f w m b l e  to &he .accumulation of oil. Such an accumlatim m rr 
t a m  inyoher many. h r h m  that mnke its pdiution d a d &  ' 

-Thdefie&\of chimp in pomaity and lenticdar mn& ia *.same 
ss at a momlSae. (Sea p. 907.) The d e w  of ch- of dip i e  
tae mitical .facbr, rrs the oil ammulatee at and h d i 8 b l p '  belaw 
t h  pint w ~ r n ~ ~  kliiwign of .the &mta b w  chungsd deieatily 

. .ta p v e n t  MBT mi@m The ebenga of dip nacemwq t.m dffer 
-m& s batrierzis depadentr nprm thehchancter..of -the ~ d , . ~ t h ~  
i ~ i t h l  inclhtian of the monocline, ther h e .  M i h d  fhe:mmdt 
of the phPeum, and msdy BII tlm other nS&am that ~fn&1dih  
rnigmtion. Zn general me dcwer th flivbtend b d s  appr&h to €ha 

~bdmmW,of-h a m m r d  dip-&* p s t &  the M a r  they deer 
,.,$ .-go the farther %niption' of petmfeua. I n  MdimenS having 8 ' h ? ~  

' . 'di@t:&tterli&g of only b f ew d- rnayfuririeh an e%&& 
bMmt *kePedbilf t&hfmwa;rew-*ni igIrt  
Psvetolfla&nrrgrertmrt~y*~estom&thahaa&.indip 
sffmtivL as r hrrier. Zn #e Kejul4r Vd1egb tha  of I%- 
dip& &.~ndhgmm the b&d.rrsfers of A l k t  h e k  'hm d i p  W 
to  Mu f l a th~  khtm the mne of ateepar d i p  northwest of Tt. LH-, 
.es &a Jess -ply inclhed' mdirnents dip So to 100, lit b~#i%p.ed 
.that the rehtive decreasec in the amount o* dip & h&&imt to 
m tb e fil*her m i f l 8 t h  of the petr~~eo~,libh -&nation 
-*& th$ other4 fadom that' iaflumca the 96(:muiath petrolma 
-Qai's I t h P d d a c w r u g  in di may brko aa hportanw tbbt 



*+.adv m w  be SMJI or predicted. The fact that the dip may 
,yitl&~ s shod distance carry the oil-baring fomrrtiom tO a depth 
,broad ma& bf the drill must lm emphasbwd. It is only mm the 

o m~&mshrn. edge. of the v s l lq  that the .Sh&Sd anddonee lie 
mmmgb b the d a m  to be mached by the ddU, m r d i n g  to 
&Q aomw m e a l  practical in which the limit of depth is 
wuo feet. 

A dPIp oh-tiom nerd of Mount 6 d k  augpat the existporn of 
na ~hia l iae  (m. PL X) , but its sim and satent and erren iter a- 
<&pea ma only be aonjectured. Further, the ignews mstarisr in- 

. -, - '- ,Wved .in the ,formntion of Mount Peulk k beE0ve.d ta have been 
3:2 through a . c b e l  extending down thmwh the cmst of the 

.anticline, and tha heat and pressure exerted by this material may 

.ham severely metamorphosed the d i m a h  and. Mww away any 
d they m y  have amhaind. It ia apparent that ths. emu around 
&b@ Peu& oon not be recommended aa probably mntsining 
- m A b b  ail .accumulations. 
f I ,:Oil 'mpqes were reportsd to occnr m r  the M of Moore CFeek, 
hub &&IF ,ware not found by members of Mr. hrgent'~ party. 4lmg 
;th fault at  Moore Creek them are a e m l   spring^ g i ~ g  ofT.mlphl~r 

i 
&o~ide.gu,~whkh has 8 very c ~ ~ i s t i c :  odor a d  foma a wbib  

\ mun on lthe watar. .A&F the scum has k m  in cunhct with the air 
for mm 4ime it beaomerr bl~ck. The Mack &Wmce hars the appear- 
ance of an oil midue, but its phyical properties differ, sad it osn 
&J be distinguisfted from oil residue by ita peculiar ador and 

! " w e .  %veral pools sf wahr with. an ir idemt scum of 
..W. c l s q l r l u  migk be mistaka ,f QF oil. wem in i$e mmll 
,f* in %his ~ w a l  ,i4Cality. . . .' - ' ;  

, 1 
OiZ =pegem were ,ndt,mmv on #e Elapht. Mountain mticlise, 

'h .d ~ 4 e  have b =ported to wur . a t q  this fold, atthough them 
-M-been .mng r e w  of ~ p o g e  west of hiakehak Bay and on the 

L eape.bstween Aniakahak and Amber bay& Some of t k  m p p d  
I 

/.eep$ges warn found b be film of iron, oxide on pwls of water aPs 
. ,@ i~oa.akins%m mk~. The seep- reported on the cap were not 
. -&mh&, T b  d e i m  that b v e  h n  d&ed in the W b k  dw 

tdb- n9t &hm&iraEand as far m the c& oft?marr~diqefalthough - some of the cl8:h mil7 include psrt of the imtthw w,, whim - * " 

tho diper'axs h 3 l y  4 5 O  m. TBa JorresEb& eqmd;on the -ti- 
A, those in the upper p r t  *f the Nab& fonaa* .- pmbb1y . 
.hmmnds of feet .abve the mppeeed oi l -bring bda in the Cdd 
..Eby:dhthk, HQ~VBX, ow@.t=o the variable thkkneas of the streta, 
sspebihlly r b ~ n g 1 0 ~ m t a  beds 60 miles to the northwest, itisr k- 
pmislo~b.&e& the depth to any prrbiaultw horiwn bslaw $he 

I .@&we sai &+Slqhen& M o d i n  d i d h e .  It k j e t ~ i x m p b r r b  
.nhpt W am d - b r i n g  mka in Ehe Upper.Jurweic &qi tbab ore 



n d t  Mo- . Tha'bil in thB,ci,lil B q  Wri& &mpp3&a b'b & 
r i d  h m  .the;SWihf hmatiox1, ImtXhe & n & ' ~ o x l ~ k ~ d &  
A st~igmpak; &dy of, the Fegim mhthwsst of bniahhak C m b ~ ,  
whmlJumssic Wkks a h  thought ta ba expod; may h i &  $&?or- % 

#m&ioh rqprdw .the m k i a n  bmath the E ! q h b & : M e i n  
antiane. AlthodgZz at on t i  arfticlh~ tb stmdumt eon& 
tiom are f avomble for the suxnmulstion of oil, udi l  indiclttidnrs iwl 
Ifomb%r some! of %he mp&&of &teprt& in thb geaeml m&d a m  
-trerifiid them icf no?remn W Mieve thrtt thie anticline m~bias  earn- 
m ~ ~ i u l  ~ p l s  cvf: oil. Fma p-nt hm1edge of tba s$wimm ; I 

jthe,@bility of mch pools within ariuhg depth 11p r n I a t i v s l y f ~ _  - 
'.. Oil deqqwh& been mprked:f~~m the country west d )knit&-' 
kh& Bay and gaBt of the Mgh mountains in the central -pert of the 
' p i ~ d s ,  aad'haag claims hme been them. It was le~~nad 
in thehld tha* of thu claims hsd-been &M*by OIW man. By 
'&~'thb greater namber of claims are lwatsd in an i g m ~ ~  
rock  or in the v d l q  of hiakchak R i m ,  Whidh is e i # i y . ~  
,. ej&d from the &er a+ .the head of tb~. valley. The 0 0 ~ I i d ~  
w b  bedeath CAe cinded;are probably sLso of ignmir&wrt&j[da 
%he , anntains;ba- both mde~ of the hwer part 'of the 1 f d l q  d d  
* e e d  mall' m&op withh the Wley m i &  of d ~ w ~ r u i k  
.-Mat :d# 'the' mbb oo& of vaIcrmnic dad h d h  ~&ieb lham 
-WaWir[lt over tbtsetlimektaq roeka " Tlre tlGch& 06 b h  dcrmnic 
-mstb&~ is not h e w n  but is thought to h aeoeml tho~leand feet. 
4% b ? i h h &  mdoubbdly ~ i e s  'from p h + . b  p l m  owing fb the 
;irmgtdmi$ie9 of +b u'wr WW t h ~ ~ m & ~ i d  d a d  TI& ' 

!%1tadc) ah* w , h t  wsalinbk 3eaakd: A fkw hWtblWk8 
of Badimgntaq k k s ,  dippingn very %&plyi iberiath 'thi i jpmm 
dw&4a1, mu@te%e tathdbmk ~t.higkchrrk~Bwy..~:.~*: 1.1 

. ~~f*~Poa'ks of 'sh&~t& sir'iWIM%M Hdh. 'an.:** a m  ld h 
' . 

*&ME +wte. fbuikdl'i-fl the arear7df igmmi .mW, mar %b'ltmt&&is 
hwzldtd~~me~age$lw& WW to k r ,  Oil - p a p  M b s b  
rr(6prM oh t&w wpe bWesr~~:Amb~~hd -M&k&ak. bsp. - Elwe 

C - 
'seepap %w+m a& <fimri&B;lLbut,.'&~ary. mcb of- tdmom '~ge 
mapy.' part of .tb cape. "I-&:&' sea* --En t h h  gmeral~ dia- 

J * Q ~  ,W dt~pm~b1j40 M. 30-d PE ~t#a ~ i l r g - e f  ~ I A W P B U ~  
* .  ?$jj&&*&*&&&-'$&&&&~'B$y"* H* . I .. 

* 
-1 ; r%*:.*..Jg&juj& V** ?th*.lrsgion $ia(8i .Id &.. d 
&ja~tPe@ik~&&~rin$ &Ma&@ M klme)o@ &ml, b W e s  
!df dhe -byps that  m wdkg h i d e r t d  Ifsvmb1e lfor tha d. 
- t h  efijpotd-'.b be mmmmnded as good place tn drWh*e& 

d i m e n t a r y h : ~ h s  r s f + h t  KejuZik Valley have bh .ffMW 
*f* &-&meefjla &mcturaI fmm thattbas p d ,  b.b~frMnctive 
& d l ~  .the% &I el fla.eide'in lthe.Sta but b 4 U ~ & b y - , b  .ds- 

dip j~-yrat-.b1bvd~to be-&&nb~.trd-Ikhnr~.s mmdh 



+it is ~~ by other feat- mdh spr ce- conditions 
of dimentation and cementstion that can not be prdctd. If 

 potty" sands am present in this area, no one drill hole would 
prove the nonexistence of an oil m o b .  hrth'dir, the oil-bearing 

; Shdilmf fmrmtion, except for a narrow belt at the sonthat& margin 
of the vslley, is tm deepIy buried below the . N a b k  formation to. 
be maabed by the drill. In view of the axpew of drilling ia a new 
region ,and. the .n&r of holm that w d d  be necessarg to test the 
field 't60roighly, the pmqmts of obtaining oil .me xlot good enough 
to a k n t  drilltng. The geologic structure in. tha region north aad 
west pf, Mount PeuliZr i~ not as well h o r n  as the ~truckure in tlre 
Xejnjik Vdley, as the bedrock is concealed .by gravel and ~olcania. 
matmial, biit some observations and the regional relations suggest 

I 
tbe presence of an anticline extan* northeastwPr;d- t&wugh Mount 

I 
P~ulik, p a d e l  t~ the trend of the other fo& me,dirneniarg 
&la that &op out amund tha old crater of Mount Pedik me rur. 
the cFeat of this suppssd anticline and are belje+ed to b possibly 
high in the Naknek formation. Tha oil-bewing S h W f  mndmnes 
may,',therefom be buried under m v d  thousand feet of youngar 
sediments, and e m  if the formation contains oil an this; anticline it  
may Tie beyond 4 of the d d l .  

The fhtura of the' Cold Bay district depends very l+y upon the 
mult  of tha drilling on the Pearl Cmk dm% as that ia the most, 
promi~ling structural feature in the region, and tba s u c w  or failure 
of the work them will probably govern tha amount of later ex- 
. pZorstory work. 

The comtrg muthwest of Wide Bay, . v i d I y  fie,-b;ehk 
M~"1 kopeJfled by large a m  of +eons mh, &;which oil does 
not &dr. Z'tre'sedimentary m b  are mostly Tertiary arid of a 
character that mskea the pmibility of the m m c e  of oil in com- ' 
merciak qnmtities iK them very slight, T h e  anticlines ~m not as 
pronounced as those in the Cold B R ~  district, and tho- &st &m 
OM am amall or nnfavombl~ feat- 

? mffi ' - :  

Tbe 'distribution and economic prdbilities of tb ad, the 
Ch@k Bay region am set forth by Atwoo&* who gim detailed 

P sectiollg and deacrih the developments up to and indding ,3908 
- S h e  1912 little coal has been mind, dthough some development 

, . : work bas ken dona, eqmially at a mine on Thompn Creek, where 
mine Gildin@ were erectad and B mall b&r built on the beaqh. 
No' aal ,  %owever, hag been m1d from this mine. Tbe following 

, : ,  

.*.rT.~ Wow md m i n d  m w c w  of of tkm &uka. E-. i ;  
w..~ .  aeol. L r i e y  Wlft 4 7 ,  VP. l(n-106, 1W119 1~11. 

, , ,  ! 7 . . .  v J  :, 



dearigcion of the md near is mmpild by G.-C. M A  
from the account by .Atwd, 'd th  sligM:dfiuttiom - , I . , 

. J '  
. . 

.r$aoLmIO m - -QE 1 ' .  

I 
The bitrmnindtxi coal in therChig& Bay region ia of Vppr ' C b  

bcmub age and berlongs to the Chifl formation. Tb cod me& 
ares consist of mmdstona, hale, and conglomerah that m u r  in the 
middle portion of t h e  fornation and are underlain and o~mlai~j' by 
thin Mu of s a n t h h e  md shale. The ripper Cmtacmfls (Chignik ' 
formation) in this +on mta mmnformably upon the Uppr 
Jurassic (XJabk formati&), but it i~ overlain mnformsbly by 
mcks of E-B sga This &ion is shown along C h l o i k   id'. 
and along the h c m a  of Chignik Lagoon. 

The h o r n  a- of bituminous ma1 in th i~  field d m  not exOBea, 
16 aqabm mile%, but fmm the diatribdtiofl of the cad o m  and" 
the general gpioIo&d structure in the field it is pmW1e tbt  coal' 
pnderlies an area of 44 to TO quare miles. I , ?  

A feirp thin lignite m QCCW bi the TerEiarg m b  on the mh- ' 
we% &e of Chignik Bay, The a w l  extent of t h w  li@td 
is pkohbly between 10 and 20 w a r e  miles, but the quality. of" this 
material is not such as to make it of economic value. 

The developed d a  are at Chignik River, Whalem CreBk, %omP 
m River, and riorthwesf of Hook Bay. 3otne detdld  wctions of 
theae cads are gim in the following paragraph 

0-1 R&q&*Ay&.& ,& that * been *orLsd 
the sivar blue 3 milea above'ths head qf Cb@k L a w n  pnd .h& 
been t m d  id.a?ad for a, little mom-tbb half a mile. At &s. 
lmaliiy it &F&W N. 2 O  E, and dips 24" E. A ~ O D .  of the bed 
111eaaud in the drift is as follows: , , 

, . kt fa 
Drp bone, with W n  -1 drdmi ---,-,--,,,--- 8 

. . . . . L 
, -, .:, , . :? 

. kb 3, > . i 6 T  ;. 
'T'hs'mf, whioh.21 of sbalcnjth thin laGe of d omlsin by 

a n d m e ,  is v a ~ y  even. The floor, homver, is not so mphtr, d 
the .dl or swelling in it d u r n  the tJ&zhcm oP>.th$ .b&* kkt, the and 
of therlriftfmm 5 feetto9 inch= Iiispassible thatiherol1,which 



id to be rather long, may be n m w ,  and that a ahort tunnel 
through it would discover tbe f d l  thickness of the coal bed 

on the other side. 
The aoal .is d i d  d bright snd comes out in @-&MI pima 

When d under s bailer it ha9 to h stoked very frequently ta keep 
it,buming freely. It is a fairly satisfactory steaming eoal when it 
is pmprly handled, but it makes a largo a m m t  of ash, and the 
fires have to be cleaned often. .Am snaIysia of this coal is given on 
pqge 918, 

The CEeSgPilt River mine was formerly'workd thro~hout the yem 
by &WQ men witbut machinery, the coal being undercut by hand md 
shot dewa Coal onttmps appear at aeverd other p l w  on the 
north bank of Chignik River east of the mine, but tbe beds do not 
smm to be of as good grade ~ L B  that at the mine and have not been 
worked. 

W h d m  0d.-Whalers C& is a mmll dream entering Chi@ 
I q m m  f$em the %nor& a ahort did- below the mouth of Chignik 
River. : -,Cod is exposed for 600 feet along the norkhemm& of thn - 
three main branches of the creak, the exposure bsing along the strike 
of the a d  meaaums, which outcmp at the coal mine on CBignik 
River. The ~htriks of the m l  is N. 5" E. and the dip is 2 2 O  E. The 
&iom of thrs c o d  is as follows : 

8eatloa or W k a k a  Ureek ma2 bad. 

Rhalg 8mdabonb rod. m tm. 
- L Cnaly ~h~le-----,---,,,,,-~------------i-~-~~ 10 

2 ahale,- -----,,,,,,,-+---- - - - - - - - - - - - - -  8 
3. Coal,-,,-- ,,,,,,, ------*---..-LL - - - ,. 1 
iL Coalg shale ,,,,,,,,,,,,,-----------d, 4 
5. Sandy shale -,,,,,,,,,,,*-------- I 
a Cml d t h  slab partlnm ,,,----------- ---* 5 ' 

7. h l y  shale ,,,,,,,-, -* - -  6 
& Sanantone --,,,,,,,- ---------..I]-I]-~4- 1 ' 6 
9, 1 - -  * - -  1 10 

10. ShaEy coa3 - - - - - - - - -  ------------ 14 
Ik C o ~ l - , -  * -,--------,,, ------------ -------- 3 4 

Fane -flwr. 

Tha dope, which has ban drimn 130 feet on the 4, f&w; tha 
lower part of the bed and includes the strata numbsred 8 to 11 in 
the above d o n .  The coal k d  (Nos. 9 ta 11) wm sampled in the 
tlwfsl way and analyzad, with tha mdt givm on page 218 (labra- 

<ikq ,.,8955). 
Tha Deal is bright, black, md blaeb, very much lib &kt n&ed st 

Chi& Ever, but: at this 1mIity the section of the coal is better in 
that the pa* are thin, A nearly vertical fault, about. SW feet, 
downstrsam Prom the mine opening, probably cuts 08 the ,seal bed 



On the npstmgl sids, a b u t  40 feet from the openirrg, a adid 
fault throws the umI down B.f&t, a d  115 feet upstream .Brom'ths 
mine anather fanlt, which cuts off the cod, hw h n  

Although £a& ham disturbed the coal mmewhat, therb ~apprs ,  
mverthele* ta a v e q  k d e r a b l e  body of good coal availrrble.' I 

The hation of[-this c a d  favors shipment; on smalllbaats down 
C h q p k  Lagom m kyd, A railway might be built mmss Chip 
nik &ver a &orb di-me a h a  the mouth and thence a c m  a, 

lowland area to the head of Kuiukta Bay, where excellent herbor 
facilities am mprted. Th6 distance from malera C I W ~  to the 
b a d  of Kui* Bay by the prop& railmy ronta is'rbout 6 mi)ePr. ' 

God h b n *  ~ y r t e d  ta o~itcrop at mverd plmm: high a ~ z  the- 
mountsin sbpm 'northeast of the oukmpn of coal in Whalers Creek. 
The I d t i e s  e t e d  out in the field by prospectors am along the 
general strike of the c o d  measures and presumably contain the 
-beds th& me e x p o d  ekwhem in the field. 

T h p 8 m  Td&y.7Th;ompmn Valley lies northwd d #& ' 

ern portion of n i g n i k  Bay and is a broad, open, flat-httomd' 
d I q ,  heading among the high mountsins at  least 10 miles from' 
tb b c h ,  C d  is exposed on the northwwtem s lop  I f  mib from 
the beach and 300 fet a h  the valley floor. The &riko of the 
beds is N. d l 0  E. and the dip is 21° NW- TTRlb worhMe coal lbeda 
are exposed for at last a mile, and their extent is probably much 
greater, Where the tributary streams to Thornpsw Valley cross 
 the^ coals them are falls or ascadss in their c a m e +  The detailed 
memmments of thm beds am given below: . . . - -  

- - - - . W h  *f V&&g -- ..--:--:: !-::.': -. - 
. *. . .: !$ . -,-; :. --: : , - 

- .  
. . 

.- ba. - -.--: . -...:-- .. . 
Sandy aliak-ot . .- .. - , .: : r. &j.& 

L Coal,, I.. . 8 

'8. Bone r - 1  

. - 
:.a Shale ,,,-----c---,--,-- , . , .  . ,-----+. -: i .CJ 

;-.&.Cody sb* ---,- -- -------- ,- - ------ - .  .* 
I' . . - -  4 -y7%'.,. 

- -  : 1 . . . ..', - . - . , Ir, --?- ' 1  
. .. . . . 5 c . j  ;. . - . .  7. hay' ----I-: --------,---,,,--,-I,, 1 
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m .  St. h. 
3'; ' 8. &k- -----------------------------+ LJ--- 2 8 

a comb sbuk~ - I----f- ------ 1 - -  8 ' 

30. ma1 --- --- ------ -,* -,---,,,,,,,,, 4 . 
- , ,, It m e  -----,-,------+--,-I-lr--- --------.----..- 8 
12.m- --L,-l--------------rr-I---**----- "-"--.  ti . 
13. ana~e,,,---------------------------d--~---- 5 .. I 
l a  Bony - i f ,  ,----- - ,-----,---,- ,r_f -----+--.---------.. S ' 

, T h e  snalysid bf b sampletaken fmm the beds numbered 6,. 6, and 
10 in tb f-ing section of the upper coal ia given on page 218 
'{hh&t'ory &a. 6956). ' 

A largp body of p d  coal is available a t  thh lmaliQ. The mn- 
+ditiom for, mining are favorable, and the space at t h . ~  bw of the 
bluff i d  ample for mine buildings and mine bunkers. The chief 
hificulty in the way of exploiting this coal is-in makin& smmge- a 

menh for shipping. The beach at the mouth of Thompson Valley 
is exposed to the severe s t o m  from the Pacsc Ocean. A railway 
fmm the valley to Chignik L p n  conld be e d y  built, for the 
route would be over a lowland area and not mom than 9 miIes in 
fengtb. The conditions in Chipik hgoon, however, are.not favor- 
able for:loading large ocean-going vessels. Hence it would probably 
bs neoessary ta continue the railway along the northwest shore of 
the lagoon and-then by the srma route as that from Whalert3 C m k  
to the head of Kuiukta Bay, as slmdy desdribed. 

Hook Bq.-Hook Bey is in ths northern part of &a field exam-, 
h e &  The cad in this vicinity occurs near the headwaters of the 
iighkBand branch of the stream entering Kook Bay P m  the west 
&a. b 'the fmthilh of the main mountain range. The, p11erg.1 &r&pl 

of the W a  is N. Ilo E. and the dip 34" E. Ths:&ion 05 the,cea;l 
is w foUows: 

~ s o ~ a k  of Hook Bay -1 b&. 

m m  8m&&m? rmt m. ' in. . ' 

i,,." kkdh thie bed is an 8-fnt bed(& sandstaw averl&'by .a thin 
lay&, of corl,. . Below the main bed of coal lies a Cfoot layer of 
shaly gandlrtona, underlain by a bfoot bed of d, in the middla 
of which is s '&inch parting of The qmmm in the tunneh 
shhw the cue1 to be uniform in thickness and quality. 



In mnplrng,thk bed a cut was made acmm NOW 5 to 8, inoldm, 
in the above d o n .  me ansly& is given on page, I;l8..(1abmtor;g 
No. 6952). I 

The strjke, so far as the M s  cwld be examine& k 'nniforni I 
ancE appua to mntinw without notable break for at least half n 
mile to the northeast. The tunnel opening ie 60 fwt above the 
stream botiom, where there is space for mine buildhgsl. At premnt 
thsm is a wagbn road from Hook Bay to the coal croppiingxt, dong 
rt stream bottom whm the general gradient snd s p b e  waul4 be 
favmb1~1 to  railway construction. Hook Rag i~ an em11'ent mall 
k b r  and I lmrdered by fs~orable sibs for w h s m  and bunkplrs. 
The di-nce f i ~ m  the harbor to the mZ is abut  8 miles. Four 
claims ware &akd in thh field, and development vork was being 
dons-in 1W M ~ W  the auspices of the Alaskg Peninsula W n g  & 
w g  Co* 

~ ~ O F T B B 6 0 b t .  
' 1 '  

The cod fmm the ChigniB: River mine is bright b h k  " S d  &f 
medium hachesa It was worked out in lumps as much tu $0 br 
12 i m b  in dimwkr. The seam, aa exposed Iat& in the m&on of 
1908, showed m e  cruahing at the front wall and at the end of 
the tamel. ma W i o n  in the mine shows sufficient; &ale partings 
and bony & m ~ h  to iddicate the p e m l  bedded gt,mctum of the 
coal, which comkponds to the, generd dip of the formations in that 
prrrt of the %Id. . The coal, when taken from the mine, was dumped 
trpon k harp mm the entrance of the %mnt31 and was unloaded 
fmmthe ba~ge- &d dumped i n b  the coal bins at the csmrg, where 
i k w  u d  .kb the .processes of handling the ma1 usually b m i ~  
broken into fragments, the l a w  3 or 4.inches in diametsr. This 
coal dms not appear ta slack badly. The best exposum in Whalers 
Creeg. are in a prospecting tunnel, where the coaI seam is h and 
the bedded dmcture pronounced, the structure being ernphiaed 
by w i n  shale partins The coal is a dull black on the weathered 

a surfaces but is bright in fresh expornma. The Thompsw Valley 
exposuras are only a little beneath the ~urface and not beyond 
the wne of weathering. This coal, however, is in a heavy h bed, 
mom residant than the shale and andstone asaociatd with it, as; + 

is inhated by the rapidts or falls where streams e m  the coal seam 
In the short tunnel in the coal northwest from the b e d  of Hook 

Bay the coaI is in =ma 18 inches or less in thicheq mpaq@d 
by thin beds of .shale. Thw shale partings indicate the '&iiral 
bedded condition' of ths d iments  and cormpond with: '&a -;84eral 
dip of the &slae& T h e  upper pbrtion of the ma& 2; bright and 
blmk - a d  df dh hardness and appeam to  be a kigh grade of 



h h n b ~ l l f  d The lower portion of the msm has more bony 
&mak~ but would average a fair grade of bitnminans coal. 

The following table gives the results of the andyms of ~ o m e  of the 
Y mII8 fmm the Chignik field. The samples were obtained at the fol- 

lowing lwlities: 
8852 -1 bed on west dde of mah &mttm& 7 milm northweat of Hook my, 

east rdde of7CMgnlk Bay, Alaska Pmlnda. 
r 

gehW. W i i h  Bay, Thompson Valley, thmfoerthe of a mlle above mouth of 
sheam. 

h Odgnik Iagmn, WhaleIS cm34q three-fourths of a mile above mouth. 
g65. Gh@nik Mverl nom side, 2 mllm below Cbigblk Laka 
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