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MINERAL RESOURCES OF AMSXCA, 1915. 

By ALFRED H. RROOKR and othera. 

PREFACE. 

This volume is the twelfth of a series of annual bdetins treating 
of the mining industry of Ahka  and s u m a r h g  the results achieved 
during tho p a r  in the hvmtigatian of the minerd resourcw of the 
Territory. In pmpwing these reports the aim is prompt pu);ljcation 
of tho most important economic results of the par. Tha short, time 
availahla for tboir preparation does not permit full office study of 
the field noha and spocinacns, md, some of the statements m d e  
here may be abject to modification when the study htts been com- 
pletcd. Those intemkl in any particular district &re therdore 
q e d  to procure a copy of the complete report on that district as soon 
as it i4 avdable. 
This voIume, like thoso previously issued, contains both prclhi- 

nay statamenh on investigations m d e  during the year and awnma- 
rim of the condition of the mining industry, including  tati is tics of 
minard production. It is intender! that this d e s  af reports ahall 
serve as convenient reference works on the mining indusltry for tho 
years which they cover. L a ~ k  of funds preveuh a visit ta awry 
mining district each year by a member of the Survey, and thefore 
the data used h preparing the summary on mining development are 
in part bnsed on information gleaned from various reliable swrces. 

Again, as in previ~ns years, the writer is uhdcr great obligatiom to 
many midents of the Territory for valuable. data, Those who have 
thus aided him include many mine operators, engineers, prospcbrs, 
Federal officials, and officen of b m b  and of transportation and corn- 
mewid companim. It is impossible tm enumerate dl who h m  
contributed information, but apecia1 wknowledgmen t should ho msde 
to the Director of the Mint; tho Wells-Faqo Express (20, ; the Alaska 
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Mexican Gald Mining Go., Alaska United Gold Mining Go., and Alaska 
Treadwell Gold Mining Co., of Treadwell; Arthur G. Thompson, of 
KataUa; George M. Estmly, of Nizina; Stephen Birch, of Kemicott; 
James Q. Godfrey, of McCarthy; John A. Rowe, of Chikina; Geom 
B. Goshaw, of Chiaana ; T+ E. Phillips, of Jack Wade; John L. Abrams, 
of Fortpule; J. J. Hillard, of Eagle; P r d  A. Reynolds, of Circle; 
R. C. Wood, J. A. Fairburn, George Hutchiion, A. Bruning, American 
B d ,  &t National B d ,  Albert Johnson, R. J. S o m e m ,  and 
C. W. Joynt, of Fairbanks; Jay Livengood, N. R. Hudson, Harry 
Pattemon, C. P. Keen, W. Ahark,  and J. P. Norich, of Livengood; 
George W. Ledgex and W. B. Ballnu, of Rmpart; Adolph Bock and 
S. S. Rowd,  of Hot Springs; A. J. Day, of Ruby; Alexander Cameron, 
of Poorman; W. A. Vind and H. F. Fothergdl, of Ophir; C. P. Wood, 
of Iditmod; J. C. F&, of Hughes; 0. R. W W m ,  of Nolan; Frank 
R. Waakey, of M m h d ;  Henry Howard, of h i & ;  J. W. Felder, of 
Bethel; William Loiselle, of Quinhagak; R. W. 8. Rmd, of Nome; 
G. A; A d a s ,  of Council; Dm L. McDonald, of Candle; F. H. Thomas, 
of Shdton; Lars Gundemon, of Golovin; M. F. Morm and h w i a  
Lloyd, of Shmgnak; and Edward Wood, of Kima. 

The arrangement and manner of treatment in th i~  voIumg are the 
same as in those previously isaued. Fist a paper dacribing the 
general status of the mining industry L presented, followed by those 
treating of special districts, arranged geogr&phically from ~outh to 
north. Thig bulletin contains twelve papers by nina authors. One 
of them papem d& with dmhbtr~tivo matters, one is a general 
m a r y  of the mining industry, and the remainder deal mom speei- 
ficaUy with the economic geology of certain districts. In the geologic 
papers emphnsh is laid on the conclusions having immediate interest 
to the miner. T h e  conclusiom &e discussed here briefly but will 
be more fully treated in reports now in prnpmatbn. The need of 
prompt public~tion roquires that the illustrations in this volume be of 
tho simplmt h d .  



INTRODUCTION. 

T w h  parties were engaged during 1915 in Alaska survep and 
inv~~ltigatiom. T$e length of the field season varied from three. to - 
eight month, being determined both by the needs of the work and by 
the climatic conditions prevailing in different parts of the Territory. 
The partias h c h d e d  10 geologists, 4 topagraphem, I enginear, and 30 
pwkem, mob, and other auxilisries. In addition to thoso, some 
gage readers wwe employed, who gave only part of their time ta the 
work. Six of the parties wero engaged in geologic work, 2 in both 
goologic and topographic surveys, 2 i~ topographic surveys, and 
2 in investigating water resourecs. 

The area covered by geologio raconnakance m e p ,  on a acale of 
1:250,000 (4 milea to tho inch), \V&S 10,700 squaro miles; by detailed 
geologio surveys, on a scals nf 1:62,600 (1 mile .to the inch), 200 
square miles. Much of tho timo of the geologists was de~oted  to tho 
invwtigation of special field prohloms in the principal mining dis- 
triots, tho resdts of which can not be presented areany. About 
10,400 squwe mil@ were covmd by topographio reconnaissance sur- 
vap, on a scder of 1 :250,000 (4 miles to the inch), and 12.5 squrrro 
miles by detailed tapographio a w e p ,  on a wale of 1 : 24,000 (2.64 
miles to tho inch). 
In cooperation with the Fomt &mice the investigation of water 

powem of southeastern Alwka was 6- in May, and during the 
summer eighk ~utomatic gaging stations were installed and main- 
tained until the hlme d the year. Records 6f discharge wem a h  
kept at another station. 
To atate the work geographicaUy, three p&im worked in muth- 

emtern Alaska, one in the Copper River brain, one on Prince William 
Sound, two in the Cook Inlot-Susitna, region, .thee in the Yukon 
basin, one in the Yukon-Kuskohim region, while one was engaged 
in g e n d  investigations which included southeastern Almka, tb 
Yukon bmin, and Sward Pcninsuls. 

Among the important results of the year wm c reconnaissance 
m e y  of the upper Chitha basin, the completion of the detailed 

7 
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geologic survey of the Valdez district, the exploration of the Cosna- 
Nowitna region, and the tying together of the reconnaissance surveys 
of the Ruby, Innoko, and Iditarod districts. 

The following table shows the aUotments, including both field and 
ofice work, of the total appropriation of $100,000 for the fiscal year 
1916 to the regions investigated. In  addition to this a balance of 
about $1 1,000 from last year's appropriation was expended in equip- 
ping the parties for the season's field work. In preparing this table 
the general office expenses are apportioned to the several allotments, 
account being taken of variations in character of work. The results 
are expressed in round numbers. The "general investigations" in- 
clude, among other things, the cost of collecting mineral statistics 
and of office work relating to the field investigations of previous 
seasons. A balance of about $6,000 will be utilized for equipping the 
field parties in 1916. 

Approximate geographic distribution of appropriation for Alaska investigations, 1915. 

Southeastern Alaska. ........................................ $16,300 
Copper River ................................................ 10,400 
Prince William Sound.. ...................................... 5, o0o 
Cook Inlet region. ................................. _ ....... 13,500 
Yukon and Kuekokwim baeim.. ............................. 40,500 
General investigations.. ..................................... 8,300 
To be allotted to field work, 1916 ............................. 6, 000 

100,000 

In the following table the approximate amount of money devoted 
to each class of investigations and surveys is indicated. It is not 
possible to give the exact figures, as the same party or even the same 
man may have carried on the different kinds of work, but this state- 
ment will serve to elucidate a later table, which will summarize the 
complete areal surveys. 

Approximate a l lo tmts  to diferent kinds of surveys and invest$ations, 1915. 

Geologic reconnaissance surveys.. ............................ $28,000 
Detailed geologic sufveys.. .................................. 3,800 
Special geologic investigations.. ............................... 9,600 
Reconnaissance topographic surveys.. ......................... 26,000 
Detailed topographic surveys.. ................................ 3, oo0 
Water-resofirce investigations.. ................................ 5, o0o 
Collection of mineral statistics.. .............................. 1,300 
Miiscellaneous, inchding administration, inspection, clerical sal- 

. aries, office supplies and equipment, and map compilation.. 17,300 
.......................... To be allotted to field work, 1916.. 6, 

100,000 



ScientXc d technicrtl dsties.. ............................ $35,918 
Field ex penaee... ........................................... 42,332 
Clerical a d  other d c e  and miscelhneoua expmew.. ......... 15,i'W 

............................ Ta be allotted te field work, 11116 61 om 

The following table exbibi ts the progrew of investigations in Alaska 
and the annual grant of fmds since sptematio surveys wefe begun 
in 1898. It should be noted that a varying amount ia apont ew.11 
year on special investigations that yield d t a  which can not be 
expressed in t a m s  of m a .  

Areasrnvmd by 
w g l c  surveys. 

A ~ M - ~ Y -  
*n- nnvspr 
tjgn- 
ZhaR 

ol 
wotw 
re 

WI). 

- 
................ ............. Im 

1m ............. ........ ............. 1800 ........ ............. nsni 
,m ............. ........................ ................................ ........ I ~ M U  ............. 

- 

Tbm Coasr nod Owdulo B m v e g  International Roandarg Bnmy, and a m  Isad Mmhsve UISO 
msde topmphio  swm ln Alan k The armrs wrered hy t h m  s u r P b n  nm of clmmrs not included In 

The writer was engaged in office work until JuIy 9, when hn stwbd 
for Alaska. H e  held n coderenm with Mr. Canfield at Ketchikm, 
and devoted 1 Q days to the study of the geology and mineral rmtrGes 
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of the Iditarod district, five days to the Hot Spriw district, and 
sixteen days to the Fairbanks district. He returned to Waahingbn 
October 14. 

During the cdmdm yew 1915 the writer dwohd 46 days of bie 
time in the office to geologio wtudiw* 24 d a p  to writing the progress 
report, 18 days to reading and rmising manuscripta, 15 days to 
minerd statistim, 15 drip to work of various mmmittees, 9 days to 
field plans, and 8 clap to  prepamtion of the annual prcm bulletin 
on mining in Alaska. 
To G .  A. Waring wtu assigned tho task of making a reconnais- 

sance of the more uccossiblo mineral springs of Mtllrtska. H e  c h e d  
on fidd work in ~outhe~~tarn Alasks from June 15 to July 2, in the 
Yukon basin from July 10 t o  August 17, and in Scward Peninsula 
from August 28 to SRptomber 9. During this time he investigated 
.IS hot ~prings and 6 othor springs and collochd 37 s t u n p l ~  of sur- 
face waters. A report of rmults has bmn submitted far pubhation.1 
G. C. Martin and A. Q. Mrtddran were engaged the entire yew in 

o%co work. 'Fhis respite from lidd work ww necmaary owing h 
tho awumulation of a large amount of field d n h  that had not been 
completely worked up. Mr. Mardin was ~ngnged chiefly in continu- 
ing his st,udios of the Meaozoic stratigraphy-of Alaska, rand Mr. 
Mt~ddren was employed in propwing reports on the lowcr Kusko- 
kwim rogion and on the internationdl boudary region of northoastcrn - 
Alnskn. 

R. R. Sawnt continued the gsnoral supemision of tho Maaka 
topographic surrreys and map compilation in addi tlion to carrying on 
his own field work. k 

E. M. Aten continued as office ~BiCltant to the goologist in charge 
and supamised the offico work dufing t h ~  writer's absence in the 
fidd. He aIso mntinucd to assist in coUocting statistics af produc- 
tion of preciona metals in Alaska. 

Tha detailed tapopaphic m y  of the mgion adjacent to Juneau 
was continued by D. C. Witherspow. Field work WAS begun on May 
12 and continued, so far M weather permitted, until Ootoher 7. The 
large ~ca le  adopted for this base map 11 : 24,000, or about 2.64 inchm 
to  the mile), the rugged characbr of the count.ry, and the vogotation 
dl combine to make the work excaodinptly dirmlt. In ~lpite of the 
a d w ~  conditions Mr. Witherspoon cornplated the mapping of 12.5 
square miles. He also occupied I6 triangulation stations, ran 3 
milas of ~ . B v B ~ ,  m d  set two permanent bench marks. 

--.-- 
tw&ug, ~ . ~ . , ~ a p r ~ o I A l e s h , d t h ~ ~ o n l h e q u r l l Z g o F w r h - t e R  byR B . h b  

and k 0. ChmM U. 8. QmI. B w u p  Wetar-8apply Paps+ 418 (b p p m t l o n ) .  



The ~ t e m a t i c  geologic sumy of the Rekhikan district, begun in 
1913 but inhmrupkd in 1014, wns continued in 191 5 by Theodore 
Chapin. Field work was begun an May 16 rind continued un ti1 Oat* 
ber 23,- A gmoline lamoh was usad for trrrmsportation, and ahout 420 
8¶UBrO milm was coemd, bmides which specid inmcltigations of 
mineral resources were made. Some of the d t a  are summized 
eIsewharo in this volume. 

Under a coopemtive agreement with the Forest Seraice tbs invosti- 
gation of t h ~  wrttor pmem of southeastem Alaska was bgnn jn 1 91 5. 
G. H. Canfiold, who had charge of this work, established his head- 
quartem st Kehchikan in May and continued the water measurements 
throughout the rest of the year. Eight automatic gaging stations 
and ono other station warn installed, in addition to which many  mi^- 
cellaneous measmmanthg worn made. Recard3 af stream flow mill 
have t o  be obtained through a pnriod of ye= before accurate data on 
run-off are avsilrrblo. 

Meanwhile the mcords thus far o b ~ n e d  a-re not without value and 
are summarized eIsewhere in this volume. Many members of the 
For& SRrvice have aidcd in this work, but rrpeciaI achopirledgment 

' should btl ma& to  William Q. Weigle, supemisor at Kehhikan, and 
to Leonmd Lundpn, diskrict ongineer !rk Portland, Oreg. 

Though much the larger part of tho Coppor River basin had been 
c o m d  hy reconnaisance s u m p -  and somo detailed geologic surveys 
had been made, there still rorn~ined a considerable area in the upper 
Chitins basin, which was geologicaUy unhown. F. R. Moffit, 
assided by R. M. Overbeck, wns detailod to this investigation. A 
journey was made with pack train up tho north side of the Cfiith 
Valley to th pint  within 10 milw of tho intornationel boundary. FieId 
work h e w  on June 20 and anded September 25, and a geologic recon- 
n aisqntrct! of about 900 square milm was completed. Tho topographic 
map made by the International Boundary Commission was used a~ a 
base and W ~ B  supplemented by topographic reconnaissance mays of 
an adjacent %ma of about 360 square miles. The economic mdts am 
~uznmtlrized in thia volume, and the complete report ia in preparation. 

The detailed gologic s w e y  and study of mined rcmmm of the 
Port Valtlm district, hegun in 1914, was completed in 19 15 by B. L. 
John~on. Ila began field work on June 5 and continued it until 
OGtober 26. report is now in prepamtion. . 
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COOK m T - 8 U S - A  REaXOm. 

The construction of tho Government railroad from Sew& to 
Fairbanla ha4 led to a deipand for infurmation about the tributarg 
regions. Most of them h d  been mapped m d  inmatigated in pre- 
vious years, but there were some areas east of 'En& Arm m d  in the 
Talkeetna Mountains about which little was hm. Two padies 
ware dehiled to explore those regions. 
J. ;W. Bagley devoted the early part of the s e w n  to extending 

tha bpographic reca&mw north of the previously mapped 
arm in the Tdkeetna Mountains over an area of 835 square miles. 
He al%o surveyed an area of 150 gquare milea in the Knik and T w -  
again Arm region. Pwk-train transportation was wed, and field . 
work began on June 6 and continued until September 5. Mr. Bag- 
ley's sursreys were much hampered by the smoke of forest fkes in 
the early part of the season, and later he lost nearly t h  weeks 
bmawe of the nondelivery of some supplies, owing to an accident 
that Gas caused by no fault of the contractor. 

S. R. Capps, with a pack train and two men, studied the geology 
of the && and Tdmagain Arm region, investigating the gaology, 
of m area of ahout 1,200 squam &. From June 14 to September 
12 was devoted t o  Ereldwork, but about a week of this time was spent 
in investigating the mining devalopmsnte of the Willow Creek district. 
The results of Mr. Cappa's work are presented elsewhere in this volume. 

The general featurns of the geology of the upper part of the Yukon 
basin in A h k a  aro fairly well known through the vaioue recon- 
naissance survey3 that have been made in the past. At best, how- 
ever, the stratigmphic quence and structure have been determined 
only on broad general liiea, and pment knowledge contains many 
gaps which ws fatal to correlation. Owing to the rapid mining 
develapment a more detailed knowledge is imperative, As a p m  
liminary memure some stratigraphic m d  structural. studies of this 
region wBre undertaken in 1915 by Eliot Rltmkwdder. The work 
was dono by a boat trip from Eagle to Circle and thence with pack 
train to the White Mountains, 100 miles .to &e southwe~it. The 
gork was considerably hampered by the bss of the pack train in 
midsummer, but some significant stratigraphic and structural resulk 
were achieved. The return to the Yukon was made by raft down 
Beaver and Birch creeks, and it was thus possible to  make traversss 
of those stmms, whose comss through the flats were previously 
ualmm. The geologio rmulta are to be summarized in a publica- 
tion now in preparatioa 

Before the surveys of 1915 much of the area lying between the 
Ruby district, on the southweat, and Tanana River, on the northat ,  



was practinally unknown. H. M. Eakin was assigned ~AI the work of 
-gqloring this field. He left the mouth of Cosna River, a southern 

' tribntary of the Tanma, with a pack tra,h on June 16 and &ed 
\ a geologic and topographic exploratory survey northwmt to the 

Nowib. Here the lhorssa were shot, m d  the party continued the 
journey to the Yukon on a raft, arriving there on September 3. 
Though he bad no technical assistance, Mr. Eakin made geologic 
exploratory surveya of an area of 2,600 square miles and topographic 
~upveya of an an of 3,000 squsre m h .  

A large area was &o aurpeyed in the region including the Ruby 
district on the no& and Iditarod on the southwest and extendmg 
southeastward to the mouth of Takotna River, a tributary fo the 
Kuskolywim. The nodern party in this field, which included C. E. 
Gfi, topographic enginger in charge, with G. L. Hmington as ggeol- 
ogist, coverad some 2,400 square miles by geologic and topographic 
remmissanca surveys, besides revising the old surveys of some 1,000 
square miles. The traveling was done by pack train and the field 
season extended from June 11 to September 11. R. E. Sargent, 
h p o p p h i c  anginmp had charge of the southern party, with J, B. 
Mertie as geologist, and worked from June 13 to  September 7. This 
party made topographic md geologic recomissanw m e y s  of 3,520 
square milas and revised the prsvi01.1~ 8 W e P  of 490 squm mih.  
Thh work was acmmpliahed between 'June 13 and September 7. 

The collection of statistics of precious-metal production was 
continued by the writer, assisted by dBerent membem of the field 
s t a 8  but principally by Mr. Aten, as in previous yeaw. Mine opera- 
tors have shown an increasing interast in this work by furnishing 
statements of m i n d  production. Them are still soms who fail to  
make returns, thereby decreasing the accuracy of the figurea on 
produotion for the different districts. Fortunately other sourca 
of idomation w e  avdabl~ ,  and, than& to the public spirit shown 
by many residents of the Territory, it is possible to obtain data on 
which reliable estimates of mined  production can be based. Until 
d the mine operators m+o returns, howaver, it is not pasib10 to 
obtain entirely accurate *. The delinquenb are chiefly placer 
minors, for practically dl tha gold md capper lode operators make 
annual returns on output. As haa been the practice in the past, 
a p m s  bulletin was imued an the h t  of January aumm&ing the 
estimates of mineral production and mining developmmts of the 
previous par. Though the fgums on production then published 
vary ~omewhat from the final fijprm included in this report, yet they 
were near enough to the truth to serve the immediate purpose of those 
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in t emtd  in. the mining industry of M A .  The prompt publica- 
tion makes the data available when they are most needed. 

M n g  1915 &e S m y  published one profwional paper, six 
bdotins, and one watersupply paper relating to  Alaska. Another 
wabr+upply paper was published in February, 1916. In addition, 
two bulletins are in p m ,  end ten repom, including this volume, 
wsra in pmgms at the end of the year. Eight topogrpbic m a p  
were published dnring the year, and thma others we in p m .  

hf&d Pap? 87. Geology and ore d@ts of Copper Mountain and W 
Peninsula, hl~~ka ,  by C. W. Wright; including detailed geologic d W p h i c  mapa. 

Bulletin 576. Gwlogy of the HsnsgiwBremner region, Alaska, by F. H. hioffit; 
including topographic and geologic r e c o n d i c e  map. 

Bulletin 587. Geolcgy and mineral murcea of Kenai Ptxbda, A k b ,  by Q. G. 
Manin, 3. L. J o h n ,  and D. S . G m t ;  including geologic and -phic mmn- 
naieeance map. 

Bulletin 605. The Ellamar &kt, A h a h ,  by 5. R. C a p  and B. L, J o b ;  
Including detailed p l o g i c  and topgraphic map. 

BuHetinBD7. The W l o w  Creek d f i c t ,  Aaalm, by B. R. w; hTuding 
dehited geologic and topographic m a p .  

BuHetin 608. The Broad Pwa region, Maah, by F. E. M a t ,  with eectioner on 
Quaternary  deposit^, igneous mh, and glaciation by J .  E. Fogue; includiq g e ~  

logic md topgmphic reconrabmce map. 
Bulletin 622. M W  r k a s  of Alaska: Report on progrese of inv&g&on~ in. 

1954. 
Water-Supply P e p  342. Burface wstm ~npply of the Yuh-Tansna @on, 

Alaska, by C. E. Ellaworth and R. W. Davenport; including tqqpmphic m n n n i a  
m c e  map. 

BEPORT8 IN PBEBB. 

W~terSupply Paper 572. A w & e ~ p w e r  p e c o ~ c e  in wuthantrsl Alaslca, 
byC.E,ElhorthmdR.W.Davmprt. (htblishedFebruary4,19Ptl.) 

The Chka&Whita River district, Alaaka, by S, R. Cappa (Bulletin LW), 
TheYukon-Kq-ukuk reon,  Alaska, by B. M. Eakin (Enllotin g3 1 ). 

RRPORm flP PREPARATION. 

Geology of the Glacier Bay and Lituya regionj hlaaka, by F. E. Wright and C. W. 
Wright; including geologic recoruahme mnp. 

G e o l w  of the @on along the inhmatioaal boundary from Porcupine River to the 
k c t i c  Ocean, by A. G. Maddren; including detailed geologic map. 
The upper Matanmka baain, by G. C* Martin. 
'She antimony d e p i t a  of Almka, by Alfred B. Dmka (Bulletin 649). 
The minemi springs of Alaska, by G, A. Waring (Water Bapply Paper 418). 
The KoteiwICuskulana district, by F n, Mofft. 
The Lake CIark-Central Ruekohirn +on, by Philip 8. Eimith. 
The lower Kuekokim rcgion, by A. G. Madd~en. 
Tha NelchinaSmitm region, by Thdore  h p i a  
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TOPOGRAPHIC YAPS ISSUED. 

General map of Alaka, by R. H. Sargent; scale, 1: 500,000. Sale edition. 
Port Valdez district, by J. W. Bagley and C. E. Giffin; scale, 1:62,500; contour 

interval 50 feet. Sale edition. 
Index map of Alaska; including list of publications; scale, 1: 5,000,000. 
Xenai Peninsula, by R. H. Sargent and J. W. Bagley; scale, 1: 250,000; contour 

interval 200 feet. (Plate 11, Bulletin 587.) 
Moose Pass and vicinity, by J. W. Bagley; scale, 1: 62,500; contour interval 50 feet. 

(Plate IV, Bulletin 587.) 
Willow Creek district, by C. E. Giffin; scale, 1 : 62,500; contour interval 100 feet. 

(Plate 11, Bulletin 607.) 
Ellamar district, by R. H. Sargent and C. E. Giffin; scale, 1:62,5M); contour 

interval 100 feet. (Plate I, Bulletin 605.) 
Broad Pw region, by J. W. Bagley; scale 1:250,000; contow: interval 200 feet. 

(Plate I, Bulletin 608.) 
TOPOGRAF'HIO MAPS IN PRESS. 

Lower Matsnuska Valley, by R. H. Sargent; scale, 1:62,500; contour interval 
50 feet. Sale edition. 

ChiaanacWhite River district, by C. E. Giffin; scale, 1: 250,000; contour interval 
200 feet. (Plate I, Bulletin 630.) 

Yukon-Koyukuk region, by H. M. Eakin; scale, 1: 500,000; contour interval 400 feet. 
(Plate I, Bulletin 631.) 
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WW, BTLVER, D COPPER. 

The fb'Howhg teble gives an ostimate of the total production of . 
gold, ~ P M ,  and copper since the beginning of mining in 1880. For 
the e d e r  years, cspccially for silver, the figures are probably far 
from being correct, but they are base.d on the best information now 
available. 

&Li, silver, and copper m t c e d  in Alaska, 1880-1916. 



In the subjoined table tho total gold production is distributed 
according to  districts so ftbr as the information at hand will permit. 
The error in distribution of total production previous to the year 1905, 
when the systematic collection of statistics on Alaska's mineral 
output was begun, is believed to be lass than 10 per cent. Conpleh 
statistical returns from aZI producers are not even now available 
130 that there is probably still some error in the distribution of the 
totah to the variova districts. Tbia error, however, is believed to 
be 1- than 3 per cent, and it is hoped that in the future it may be 
eliminated alhogether. 

The gold produced in the Pacific coast belt is derived chiefly from 
lodw in southeashrn Alaska and the Prince William Sowad region, 
but includes a small output from gold placers. Previous to 1885 the 
placers of the Juneau district yielded mn~iderable gold, and since 
1899 the Porcupine placer district, in southeastern Alwka, has been 
a smdl  producer. The beach placers dong the Pacifia seaboard have 
been worked spasmodically since about 1588. 

Up to I!#l9 all the gold from the Copper River and Cook Inlet 
region was derived from gold placers; since then them has been a 
mmidemb1e output from the auriferous lodes of Willow Creek and 
a smaller output from those of Kenai Peninsula. The gold output 
of Seward Peninsula is practically all derivsd from plwera, though 
there has been a little lode minipg. Since 19 10 thoro has been a 
small lode production from the Fairbanla district, which in 1916 
amounted to about 7.5 per cent of the totd. 

Some gold has been recovered each yew since 1910 from plaoors 
in the lower Kwkokwim hasin. In the table which follow, this 
is included in the output of tho Yukon bnsin. It should be noted 
that the gold output credited to the Yukon is only that from the 
Alaska camps and of course does not include that of the Klondike 
and other Canadian districts. 

Value of gold p d w d  in A h b ,  d appr028~fiaate &tratrabt&m, 183&1916. 
. - . - - - - - 



r IncIudes a Bmall propoction from the KuskO- bin. 

%ward Fmh- 
Yssr. 

The subjoined table gives an estimate, based on the beat avail- 
able data, of the source of the gold and silver produced in Alaska 
since mining began in 1880. About $65,100,000 worth of gold, or 
nearly one-third of the total estimated output, was produced before 
1905, md there is but scant information about its source. For the 
perid since that time fairly complete statistical returns are avail- 
able, and it is probable that the 5guw presented in the following 
tabla are near enough to the truth to be valuable. The figures 
givm for the silver xecovered from plmer gold and from siliceous 
oras are pmbably less accurate than those for tha gold. Copper 
mining did not begin in Alaakrr until 1901, and the f i v  for gold 
and silver derived from this industry, as now presented, are there- 
fore s close approximation to the actual output. 

lM.. ................. 
1887. .................. 
urn ..........*........ 
13m. .................. 
IW ................... 
~ g o f .  ............... .. . 
~DVA.. ................. 
1 ~ 7 . .  ................. 
1W.. .. d.. .......... .. 
1905.. ................. 
19DtI.. ................. 
IWT.. ................. 
WS.. ................. ................... 1WJ 
1';110. .................. 
1'311.. ................. 
1912 ................... 
1'313 ................... 
1914.. ................. 
I915 ................... 

The above table shows that about 29 per cent of the total gold 
production of Alaska has been obtained from the lode mines. In 
1915 the lode-gold production waa 38 per cent; in 1914,32 per cent; 
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in 1913, 31 -6 per cent; and in 1912, 29 per cent. These f i r e s  indi- 
cate a gradual transition from placer to lodr: mining. In the follow-. 
ing table the production of precious metals in 1915 has been dig- 
tributed as to sources: 

Qold. Sllve. 

Twen ty-t!igh t gold-lcda mines, iinclud ing mveml propertim that 
m d e  only small outputs, wem operakd tho whole or a part of tho 
ycar 1915 in Alaska, t,he sama number in 1914. Work WRS dalso 
done on many gold pmspects,'some of which prdrumd a little gold. 
Of the producing mines thirmn were in southeastern Alaska, five 
an Prince William Sounrl, four in Kenai Peninsula, thrce in the 
Waow Creak digtrict, nnd thrce in the Fairbanks district. In 1814 
the avorage value of the gold and silver contents Tor dl tho olea 
mined wns $2.79 a ton; thc averago for 1015 was $2.02. 

Thirteen capper mines werro opcrat~d in Almka for a whole or a 
part of the ysnr 1015, comparrd with six in 1914. Of those, six 
wera in the Hetchikan district, four on Prince William Sound, and 
thrse in tho Kotsina-Chitincb district. The aver* copper conknt 
of the ore was 11.7 per wnt ~ n d  the value of tho gold and ~ilvor 
recovered about $1.65 to  tho ton. Tho awr!rrcp for 1914 wes 6.98 
per cent of copper and $2.04 to the ton in p l i l  and silver. 

It is estim~tcd by S m o r  Smith, tho Federal mine inspmtor for 
the Territory of Alaska, that during tho fiscnl yoar ending June 3Q, 
1916, 4,400 mon wore cngagnrl in lodo rn in in~ .~  Though this figure 
reprasents the fiscal ant1 not tho c~lcndar year, it B C ~ V C S  ta indic~te 
approximately tho numhor of mnn omploycd in 1515. 

The ~ e l u e  of tho placor gold prduood in 1915 was $10,480,000; 
in 6914 it was $10,730,000. Compared with the previous year tlwm 
was a decrease in tho placor-goItI output from the Ruby, EIot Springs, 
Fairbanks, and Chia~na districts and an incraase from the Scwsrd 
Peninsula, Koyukulc~ Circlo, and Nixina districts, tbs well as from 
some of the smaller camps. I t  ia mtimated that about 700 pl~cer 
mines werb operated in 1915, hut many for bdy n part of the season; 
the number wlls 730 in 1914. About 4,575 men were engaged in 

. - - - -. - - - 

I Bur. Ylw Ftlth Ann. Rmpt., p. 64,1015, 



produative placer mining, most of them for only a small part of the 
year. In addition 8t lemt'500 men were e m w e d  in prospeoting 
and other nonpro$uative work relathg to placer mining. 

No new placer districts ware discovsd in 19 15, though new ground 
wm openecI up in regions previously h o w n  to be gold bearing, The 
most noteworthy of these operations was the de~e lopmnt  of placers 
in the Tolevana district, which is now productive. Soma placors 
wore a h  developed on Dime Creek, in the aoutheaahrn part of 
Seward Peninsula and on Canyon Creek, in the lower KuskoMm 
region. 
In accordmce with past practice s table is given here to crhow 

approximately the total bulk of gravel mind annudl y in Alaska 
aud the value of the gold recoverad. table is based on mrtain 
assumptions which do not now admit of proof but which am s u p  
ported hg a large number of facts. Therefore, although the table 
is only sppraximatelg correct, it indicates the order of magnitude 
of the trua figures. 

Yew. 

leaR ....... . .... .... .. ..... 
1WI ....................... 
11111). ....... .... .... .. .... . 
1911 ...................... 

The increase in value of gold recovwed per cubic yard from $1.28 
in 1914 to $1.29 in 1915, as shown in the above tahle, ia n reflection 
of the fact that tho dredging industry of the Sewmd Peninsula has 
declined somewhat. This increase, though very slight, is significant 
as being the h t  in the eight yeam shown in tho tfihlc, improved 
methods of mining having previously gradually reduced tho averago 
recovery per cubic yard. In other words, the larger plants havs 
made it possible to mine placers of lessor vdue. It iu not to be s u p  
posed, however, that the minimum average rreovorg has yet been 
reached, for the value of $1.29 a cubic yard is many times the aver- 
age xecovery of placer mining in the States. 

Thirty-five gold dredges were operated in Alaska, during 191 5. Of 
t h w  31 were on %ward Peninsula, 2 in the IdiEamd district, 1 in 
the Fairbmks, and 1 in tho Birch Creek district. Two of the Sewad 
Perinsah dredges were working on placers containing both gold and 
tin. Two dredges engaged in tin mining exclusively am not includd 
in the above total, nor is a gold dredge which wag installed and o w -  



ated on Smile Creek, in Remi Peniusuh, far s ahprt time during 
1915. 

It is estimated that the gold dredges handled 4,600,000 cubic pards 
of p v e l  snd made a gold recovery worth 62,330,000. In the pre- 
d i n g  year 42 gold dredgw handled 4,450,00(1 cubic yards of gravel 
and reco~sred gold tn the value of $2,350,000. % average gold 
rccoveG per cuhic yard was tnetefore a b u t  51 Gents in 191 5 and 50 
cents- in 1914. The gold d d g w  of Sewsnrd Peninadit made an aver- 
age recovery of 35 eents a cubic yard in 1915 and 40 mnB in 1914. 
Most of the dredges of the Yukon districts are working on place- 
of relatively hgh goM tenor, and their average recovery in 19 15 was 
about 80 cents a yard. 

The dredges of Seward Peninsula that worked f d  time during 
1015 were opemtd about 100 days in the more isolahd camps, while 
st least ono near Nome was operated for 144 days. In the Alaska 
Yukon the dredging season, so far as determined hy the few macllinw 
operated, ia from 120 to 196 days. The large dredg8.9 of the Klon- 
dike, where the climatic conditions are if anything less fwor~ble  - 
than in the lower Yukon basin, are operated for at letbst 180 days, 
and same have even worked for 270 days. 

The fol1owing table, prepared by the Yukon Gold Co., summarizes 
the results of the first three years' work of its dredgo operated on 
Plat Creek, in the Iditarod district : 

A later statement ' covers the work of 1915: 

The Xditamd d d p  in AlBaks began o p d o n a  cm May 4 md cloaed d m  on 
November 17. During thia operating - of 196 daya the dmdw handled 928,958 
nihic pr& for a gold return of W5,W8, an average of 9I .3 cwta per cubic yard for 
the p. Tbe average mt, including depmiat.ion, 38.7 cents per cubic yard, 
wbich waa Iowa  than in 1914 by 11.5 cent5 per cubic yard. The yadage handled in 
1915 m e  258,219 cubic yards greater than d m  the previous m n .  The dredge 
q e m M  92.64 pes cent of the @hie time and averaged 4,717 cul,ic yards por clay. 
Tho daily output of tbe dredge was 1,216 yards more than during tho 1911 nnd 
arm due to better dredging conditions and ta improvement in the hmdlimg af sands 

P m ,  0. 8., and lq&mHckbg In 19l5 by Yukon Gold Co.: Eng, md MO. Jarr., pol. 101, 
p.560, IILer.25,1815. 



24 M'TNERAK, RESOURCES OF ALABEA, 19l5. 

The ~n~ at mtumIly thawed ground in-d only 49,9M rqsquare yardn, about 
36 per 'ceni having ta to tl~awed by &mm. Sand elevator0 were imtalltd on the 
I d i t a d  drorlgeduringthe yeartorqlacethepurnpe previously inuw for this p u v .  

In view of the importance t.o the Alaska p2mer-mining industry of 
the development of economic methods of dredging frozen pound, 
the following extrach are given from a paper by the general manager 
of the Yukon Gold Go.,= who has had very e h n s i v a  cxperienco in this 
form of mining: 

ThiIe the short mximn and sevm d c e  have 1 4  to nummous improvemerite in 
detail and to increaeas in h n g t h  and siw of the dredgea m d  continus to offer probleme 
which the dredge operator muat meet, the p t e &  clmelopment in the Yrikon aa 
cornparod to the  ordinary dredging opmtion baa come in the handling of fmm 
grolrnd. The heavy bedmk encowntmed on the m k ~  and the n d t y  af digging 
it Co comiderabls depth to recover the gold were in thens~elves aerioun ma-. No 
experienced dredp operator wmId have thought, in the Idnning ,  that any dredge 
mtlld handle tho bedrock which the m h i n e ~  are d i e n g  bday  J:th cornparntfve 
eastt. When tho budness wmkther cornplic~ted by hnvinp: largn mtidly frozen, 
the problem of dredging mkh a m ~ 9  at a prpro fitmwne ono of extrcmo difficulty. The 
m l t a  of atihmpts to dredge partly thawed nrem and frozen hedrcrck were enough to 
show that the frozen condition must be completely chrvlgod before dmdging could be 
mcmrsful. Necdty mmpeIled the adoption ai tho ptemnt method of thawing, 
wkich in  the development on a wholmle plan of the method which was in use in the 
drift mines in tho Rlondike More drcdgen were thought, of. h p w i n g  the ground 
for dredging by thawing with steam was an entidy new feature of dredge mining, 
and the alccem of the method ham made rnilliane of yarrla of gravel available for dredg. 
ing which could not otherwise Iw worked at a profit. 
The eteam pint aa wiggaily umd wm a nhort piece of &inch pipe drawn down at 

one end to a pint, mipith an orifice left for tho ptmm to emape; the ~ t h e r  or hmd end 
h d  n nipple welded ta it for d m - h o e e  connsction. The point with gtsam turned 
w wna m u a l l  y driven into the face of the drift, then allowed to Bteam until the bed- 
m k  and pave1 wem thawed &the height of the drift. F m  two to mx points w~1.e 

u d  in ekh hreaat, n p d  from I to 2 feet a@. Thh sirnpfe operation contained 
the e m t i a t  Iea- of the method whereby o m  3,000,000 prds of gmwl are now 
being thawed in a -11. 
In the thawing opemtion for dredging, tho p h t a  are driven from the wrfw d m  

thmugh muck and gravel and inta the hdrock h 4 t9 6 ieet. The +bare grad- 
ually lengthened in practice, firat; to 2-4 feet, thw to 30, and I& acas~n were being mc- 
b v e l y  devm 40 fwt to bedrock. Thepcinbm mode up o l ~ p l c  c x h  h~avy 
hydraulic pipe with drop-for@ head snd tool-8Eee2 tip. The .amall boil= firat used 
have been replaced by I q r  Rizcs until t h e  boiler equipment now comprkn eight 
 plant^ with a -1 h i l e r  hormpower of over 2,000. The 150-hmpawm locomotive 
type bas been adopbd aathe unit, and the plant8 umlEy con& of a pair or rrrmetimee 
throe auch boilera. 

The preliminary w o ~ k  for tho matm takw B e  f o l l o h g  form: (1) The dwdgeable 
ahaad of each boat ie barred for fro&. From the hat-hole remlte the naturalEy 

t h a w d  and from arom aro blocked out. The baa tests are checked by ddling w h m  
thought npccmmy. (2) Surveyors "pick up" the thawed mas, which are mapped, 
and planimeter mearmremonta are mnde of the frozen m. (3) The &ah3 course 
of the b03t IR 1Rid out for year and ita prebbb position calculated for each month 
of the 8eam. ( 4 )  Tho totd quare ynda of frown ground which the dredg~ will dig 

t gmy, 0. B., Wmt ob d d & g  tn the Yukm Tmltmy: Eng. and Mia, Jwr., vol. lm, pp. 
W l W ,  Dsc. m,1m. 
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in r segew is rnmmmd from the map on which the m n ' 8  work is laid out, and the 
necessary d for thawing i8 detprnlind nnd i tA Incntion decided. 

The "sweating" ol the naturally thawwl p u n t !  milst alm h heken intu account. 
The duty per rod, both in thawing and in mmtin~ ,  to c l i m p m  of the mtrface k t  hm 
been detennind by experience. Knowing the sq i~aro  yrtrrls of frozen p u n d  to be 
thewed and the area of natutally thawed p m n d  to IN "~wmted" and the duty per 
cord of fuel, the total fuel nqi~irern~nt fm the wason ia a 8bpla  computation , 

The thawing opwation haa heen d d b e d  daowhcrc, no that 1 neod on1 y give the 
gequence of wentm in a normal opmation: (I) Shm-line boxpa nro ~trung out by 
horsee, if they me available, otherwiw men me umd ; (2) -neck boxes and h d m  
caupled w; (3) bar boIa tor dartma put down; (4) &arm u~ed ta thaw 1101~~ n h u t  8 
feet deep; ( 5 )  Bt85tBT~ pulled and long points placed in m r  holm; (6) points driven 
down through graveland into bedmk; (7 )  pointsallowcd IoHclnm in bodmrk from 12 to 
48 houm, dependhg on the formation; (8) points pulled, cleanotl, ~ n d  artraightened; (9) 
header moved and atartera put down and c y r l ~  Iqun @n. 

The irnprovementa that have bcen made in etenm thawing ~ i n m  it was mlu)opt~rl for 
laqpwale dredging operations me too many to attempt tn dabB in a ~hort  pnper. 
' Ihoy have hken the following general lines: (1) Rerlurtion in f u d ;  (2) inrrcnw in 
effiliency of hnso and points; (3) reduction in &of driving. 

The fuol has heen recluced by improving the quality, rcdurin~ tho mtlialion l m ,  
pudying the Seed water, and improving the combmtion. Experiments wwo mndn 
h t h  with coal and fuel oil 8a R mbstituts for w m l .  Thc p i n b  havo boen jpwtly 
improvad in miiterial and manufacture, and the h w  b= been impmved in quality 
and i ~ s  life increwd. Meal hose has been wed for this wmk with aucceaa. Thc mt 
of driving hm been reducod by imp'wement in the nrethd of dri~-ing,  #&#pCiIlg 

of pointrr, md comct p m r e  and m o u n t  of steam. 
Tho qumtion moRt often asked in connection with rlred&g in tho North ia, What 

d m  it mt to thaw and dredge frozen p u n d ?  Thhks difimlt q u d o n  to a n m r  on 
account of the wide ~wiation in cnnditiom. A11 of the creek d c p i t a  mtnin  same 
m of naturally thawed gmund. The perrentage of Iroren and thawed a r m  varies 
on the ~ a m c  ptream,  and ptil l wider \%riatiom occur from one &earn to mother. T hia 
variation mflecb iMlf in the coet per cubic yad, the & going up or down na the pcr- 
mtege of I m ~ n  gmunil inme- or dirninifiea. 

Another vari~brs fwtor is the cost of thawing or preparing the h m n  ground for 
dretlgin~. Thawing on llunker C b t ,  tot example, i s  a much more dificult mrl ex- 
~ a i v s  operation tbsn tilawing on Honnn~a. Jn I911 the thawing for dredge No. 4 
on HunkerMkroRt$Z.lR per quare y d ,  ~~apindS1.0%5&md of KO. 5 on Boattnza. 
The depth being pmtically the mme, the cost of thawing per ruhic yxdwaa t d r e  as 
great in the one CB.W a~ in the other. M I y  lml conditiorw govern tbia cmt, B U C ~  na 
depth of ground, cbnmct~r  of mntodol, ewe or dificutty in driving, eime of nteaming, 
cmt of duel, sit. Since the gold, pmrticdly qmking, is nlI confined to tbe bodmk, 
the cmt per quare yard of bcllmk t h c d  bccomea the controlling Iwhr in deter- 
miniag what. ground c m  be dredged at a profit and what must be left. 

The appended tablea show tho th~wing and dredging cmt for the Isat mx years of 
the E*ukon Gold Con's operatian. Ts1)Ie 4 ahom the variation in working coat for the 
different dredgm in ono mmn.  AB tho conditions rhrmg-e, tbe dredge hojding the 
lowmt coat for one ~ e m n  mny ahow the highest coet for the next. TVhen the ooata for 
the eight dredgea ate tobled and avompd the re8ulta over m v d  wasone are r e m k -  
ably uniform. 

While Table 1 shorn a m u a l  roclurtion in the thrrwin~ cost, it d m  not reflect the 
improvement in efficiency , which  ha^ boen mntkctl . T t ia a ram oncurrenee now for a 
dredge tn Btrike a piece of po~mrl thnt itl not thorotrghly thawed. The improvement 
in t h i ~  directiomis &own by the pin in du1.y per dmdphour, which in& from 
162 cubic yarda per hour in 1910 to 204 cubic yarcle per I~nur Isat year. 
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TABLE I.-Thmiag mat, Ywkm Gbld a,, 1909-15414. 
AMP aorlted. 

Test. Nntiually thawed. 

Per 

1m .................... .,. ........... 
1030 ..............................--.--.. 
1911 .................. ............ ...... 
11112 
10I3 ............................... 
I914 ...................... .. ............ 

TABLE S.-DetaiE of M n g  cases, Y u h  Gold Ca., 1913. 

Ym?. 

1- .................................................... 
1910 .................................................... 
1911 ................................................... 
1312 .................................................... 
1913 .................................................. 
1814 ................................ ,... .............. 

Bq- gardP t h a w 4  &, ,077; number oi poln& ddr-en, 89,001; oolrt per plnt &van, S10. a 
TABLE 4.-!lbwiag and Wrag costa of in&* 1 &&tx of YulEwr GoEd Co. 

lbedmat 
psr  cubic 

("Brits). 

J~hawkw & ,m mbc 

Cobla Jrards 
dr&ed. 

2 381 W 
d ' a d  ~ A R  
1'151'248 
s'ladwa 
6'12'575 
4 : $ ~ : 7 k l  

yard. 

-. 

a.45 
14-11 
17.62 
nw 
1857 
12.18 

PercaDta 
of t o t a p  
mt. ---- 

I&B7 
1.67 
49.72 
49.w 
45.81 
44.4KI 

81.81 
3L W 
85.43 
30.64 
Zg, G3 
27.82 



Some attempts at gold dredging were made in h k a  as early as 
1900. This f o m  of mining did not, however, reach a profitable s t a p  
until 1903, when two srnull dredgea were s u ~ f u l l y  operrsted in 
Seward Peninsda, Dredging began in the Fortpile district in 1907 
and in the I d i t a ~ d ,  Birch Umk, and Fairbanks districtg In 1912. 
Up to the end of 1915 gold h the d u e  of $12,430,894 haa been 
mined by d r e d g ~ .  'She distribution of this oatput by years is 
shown in tho following table: 

Wzimate of gold p m h d j n r m  6mlp mininq in AEosEa, 1905-IQi6, 

TIN. 

Z'he Alaska minw pmduccd 102 tons of matdic tin, d u d  at 
678,846, in 1915, comp&~~(i with 104 tam, vdud at $6,680, in 1914. 
Thare was aome increase in tho output from the York district snd a 
very decided fd ing  off in the tin re~mvemd fmm the gold placer 
mhm of the Hoot Springs district. No lode tin was produced in 
1915, though developmenh of tin-bearing Ides continued. l 'he sub- 
joined tab10 shows the tin pmduetinn of Almka since mining b ~ g m  
in 1902. The figures for the sdier  years are not a c c m h  but are 
baaed on the beat information available. The values given in the 
table are based on the aversgo price of metallic tin for eaeb year and 
do not m p m t  tho amount rtctnally ruceivotl for the crude om hy 
the producer. The average price of metnllic tin during 1914 wm 
35.70 cents a pound; during 1915, 38.86 wntg a pound.' 

Yenr. 

1m.. ..................... 
Ian ....................... 
tm-. ..................... 
~m.;.. ..................... 
1!W1?.. ..................... 
1W.. ............. .. ...... 
l'l(n..:. ................... 
1!110 ....................... 

I Informatlon Imm Frank L. Ew, 0f tha C. QeakodesE S m g .  

Numbsr 
of drdgw , o p 3 W l .  

n 
3 1 ~  
30 
t a  
85 

Vnlor of 
mlsl mat- 

pllt. -- 
11mw 
a'am'1ll~1 ~'~IIAII~XM) 
~':~:W'~UMI 
2:33~:~l)l) 

l2,4W,W 

Numbsr 
ot drerlgcs 
o p m t e r l  

3 
3 
a 
3 
4 
4 

I 4  
is 

I 

Valusof 
golrl o u t  

put. -- 
w,m 
25 1m 
40'00 
IDJ'MO 
~ f i f l r ~  
170,9Il 
4Z4,WS 
en,m 

I 
Ymr. 

l e I l . .  ..................... ....................... iwia ................... 1813 .... 
1914 ....................... ....................... 1915 



The York Dredging Co., which iq tha largeat producer, opersted. ita 
dredge for 87 d e p  on Buck Creek. Its season of operations wm 
somewbt shortor than the normal season, owing to s Ish spring afld 
oarly fall. The Akerican Tin Dredging Co. installed a double-flume 
meen dredgo having buckets sf 2 cubic feet capacity on npper Buck 
Creek in f 915. T"hs machine ia oporakd by an 80-horsepower dis- 
tillate engine md has an mrtimakd daily mpacity of 800 cubic y d s .  
The dredge was completed in Sophmhcr and operated for the rwt of 
the open season. Tho American Gold Dredging Co, o p t e d  two 
dredgesonAnikovlkRivordzlrhg2915. Oneof themisof &double- 
flume screen type quipped with bucket3 holding 2 cubic feet; the 
othor is a ningle-flue dredge with 13-foot buckets. Tbe p v e l s  
m i n d  by those dreclges cwry both placer gold and tin. Operations 
ware begun on June 15 and continued until Octuber 15. The fnur 
ddges mentioned srnployd about 50 men. It is repbrhd that 
some tin-bearing gravels were sluiced on Sutter Creek, which flows , 

into Buck Creek. 
Dovelopmenta were contimd at several of tba lodetin proper- 

ties in the York district during 1915. The noteworthy operations 
were the continuation of work at the mine of the Jamma syndicate, 
on Lost River, m d  claims of the Bartellj~ Tin Mining Co. ant1 the 
United States Tin h k b g  Co., on the, emten elope, of Capo Mountain. 
In the Hot Springs district eight operators w p M d  the.rocovcry 

of m a l l  quantities of stream tin incidental ta gold placer mining. 
A chum drill was nserl extensively during 19 15 ta prospect for stresm 
tin on KilEarrtey Creek, a tributary of Baker Creek. 

Although silver-gglenle deposits we, mong the first arm to attraot 
attention in Alaska, practically none of them have been developd on 

productive basis. Canaidorablo l o 4  haa been produced, bowevw, 
iacidentdly to the mining of lodm thet wem valuable chiefly for their 
gold content. 
In 1915 -the Alaake mines produced 437 fons of bad, valved at 

$41,118, compaFed with R p-oduction in 1914 of 28 tons, d u d  at 
51,344." 

1 VnIuefalculatwI on theamp prlwdlsa8 dwhg the two y e ,  which- & G. E. 8Iebmtld, 
ofthe U. B. Ciodog6cal Survey, was 4.7 cemts a pwnd in In16 md x.amta h 1914. 
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The following table shows the lead production of Almka, so far as 
can be determined from the available data: 

Estimate of lead produced in Alaska, 1892-1915. 

Year. 
Quantity I 
(tons). / Quantity value. 

(tons). 

ANTIMONY.' 

There has in the past been considerable prospecting of deposits of 
antimony (stibnite) in Alaska, notably at  the Sliscovich mine, in tho 
Nome district, from which a few test shipments of ore were made as 
early as 1906. Until 1915, however, there was no commercial pro- 
duction in the Territory. The high price of antimony during the last 
two years has stimulated the development of stibnite deposits, and in 
1915 shipments of stibnite ore were made from six Alaska mines. 
The records are incomplete as to the total ore produced, but the 
shipments were 833 short tons, valued at about $74,000. This ore 
probably averaged 58 per cent of metallic antimony. I t  is difficult 
from the information at hand to obtain any exact valuation of the 
stibnite ore shipped from Alaska. The evidence indicates that the 
producer received from $1.25 to $1.75 per unit of antimony and that 
the crude stibnite ore probably sold at  an average price of $86 a ton 
at San Francisco, to which all the shipments were made. From this 
average has been computed the value of the total output given above. 

Of the six antimony mines, four are in the Fairbanks district and 
two in the Nome district. The producing Fairbanks mines are the 
Scrafford, in the Treasure Creek basin; the Stibnite, in the Eva Creek 
basin; the Gilmer, in the Vault Creek basin; and the &atham Creek 
mine. All the operations at these mines were on a small scale. The 
mining consisted chiefly of making open cuts and digging out the ore, 
which occurs in shoots, kidneys, and irregular masses along zones of 
fissuring. Most of the ore was broken and hand sorted, and no ore 
carrying leas than 50 per cent of antimony mas shipped. The ore 
was hauled to the railway by wagons and then sent by rail to Fairbanks 

1 Brooks, A. H., Antimony deposits of Alaska: U. 8. Geol. Surrey Bull. 649 (in press). 



and over the all-w~ter route to  %n Francbco. The traasportation 
companies offered II low freight rate to encourage the new industry. 
Somo work was also done ofi other stibnite lodes in Fairbanks district. 

Davelopmenh were continued on the Sliscovich mine, in the Nome 
district. The ore from this propedy carries gold, and the mine has 
been worked for the goid content. h 191 5,  however, the ens*& 
of the operators were directed toward getting out stibnita ore. Some 
stibnite wm also mined at the Eed & S t m d  property, a. few milw 
north of the Sliscovich mine. Some developments are reported cm 
othar stibnite-bearing lodes in the Nome district. 

Stibnite is not an uncommon mineral in Alaska, and the mxmt . 
demand for antimony has led to the prospecting of stibnite deposits 
in the Rmtishatn dkttiot, on Prince William Sound, on &mi 
Peninsula, and in the Yentna district. 

MINERAL FUEL@; 

There were no important developments in the cod or oil field9 of 
Alaska during 19 15. Under tb new leming law a numb= of permits 

'were grmted to mine cod in 10-acre tracts or lew, and w a mult 
somo b t i c  c o d  was mined at a number of localities to  supply a local 
market. Tho largest of thase operations wm at the Bluff Point mim, 
on the north side of Kachemak Bay, an eastern indentation of Cook 
Inlet. Ths property was operatod for most of the year, and its prod- 
uct was marketed at Seward, Anchorage, and other places near by. 
S d e r  operations were ctlrried on to supply ma1 to placer miniry: 
plants in the Yentm and Fairhaven districts and probably at other 
Iocfbzities. It is estimated that the total production was about 1,400 
tons, valued fit $3,300. 

The subjoined table shows the ma1 consumption of Alaska, includ; 
ing both imports and local production, since 1899. Most of the coal 
thuq fm mined is +te. There was, however, in 1906, a small pro- 
duction of bituminous wal from the seaward end of the Bering River 
field. The table doas not include 855 tam of cod mind in the 
Bering River field in. 1912 and 1,100 tons mined in the Matanuska 
field in 1913 for the United States Nmy. Most of the f o r e b  cod 
shipped to  Atwka is bituminous, only a little being anthracite. In 
19 15, 1,771 tons of foreign anthracite was imported into AZaska. 
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Coal cm.w.mcd in A h k a ,  1899 te 1915, in dvrt tam. 
- 

Tatnl lw- 
sipp cod, 

cnienp ~ o t a !  
Ysar. mbirllu- %$y biturnma coa1crm- 

minor= sumed. 
BihmC 
PMls. uite.. lurnbhb ---- 

1888 ........................... a10000 ............ claOO 11aoO 60120 61310 
lm.. .......... ,... ... ..... 1 ~ ~ 0 4 8  ............ c i m  laJm 48'$2,7 nisi1 ............ 1Wt ........................... f24:WI el:300 251300 f7:6i4 102974 
19 m... .................... ... e w , m ~  ............ s 212 42,218 6~ 383 110'575 
190.3. .......................... M.BL5 1 1'447 f& 073 i W ' ~ 5  1 d 6 7 8  ............ 18114 ......................... 36,WY 4 38'383 7c i :~ l ;  115'1g~ 
1VO.i ...................... ..... ti7 707 B 3 4 71'4h7 SZ,%7 144:a$4 
ISM.. ......................... ~ d o l i  533 5i141 75:034 47 590 122 A24 
lW7 .................... ....... 15;170 1,118 10,138 56,8M R3'5cltl l#4:'35l 
I tnn  ........................... W t0z 491 3 107 72:871 8(1 MI 
IWQ ............................ 33:~2 ............ 2'800 74 116 110:228 ............ inro ........................... a2 Ins I:W 3 3 3 : ~ ~  73:804 1 0 7 , ~  
1811.. .............. .... .. 32: !&5 -. .. ... .. ... NM 33.1% ?A 573 121 72.8 
1912.. .................. ... ... ............ x ax,12a a'wr 87: 
1913 ........................... ............ 2,m a w  m:w izn, j r f i  
1014 ........................... ........................ 3 7 : ~ ~  21 m2 59,944 
1915 ........................... ............ e 1 , 4 0 0  12,7G $ R ~ X  i9, ma - 

W,Q% 2,1471 40,388 703,443 1,(#17,741 1,'181,1X3 

Of the coal shipped f o Alaska in 191 5,  4,409 tans went to Nome 
and represents the total wal consumption of Seward Peninsula, 
exmpt for & little Lignite mined on Chicago Crwk. The small can- 
sumption is due to the fact that most of the dredges, which are the 
largest consumers of fuel, use either crude oil or gasolis. About 50 
tons of coal is shipped oach year to St. hlichad, which indudas the 
local msumption and the blacksmith wal for the Yukon camps. 

'Sbe pwwe of the coal-leasing act has sgain attrachd athntion to 
the development of tho Alaska fields. As a -consequence some s y ~ -  
h a t i c  invsstigations were made by those who conkmplatd orppli- 
cation for learns, notably in the Matanuska fieid, wbich will soon be 
rendered accessible by the Government r s i h d  now under con- 
struchim. 

The Nenana field (see Pl. I) h&s ah? attracted some attention, for 
on the de~obpmont of this fidd rash the future of tho Fairbanks gold 
plwars, where che~per f u d  is a primo nocessi ty. As but few analyses 
of the Nenana coals h a m  been published, the following, which have 
been furnished through the courtesy of &he Director of the Bureau of 
Mines, nre given: 

Dab 7- through tba aourtesy a1 tb deputy wllector of  custom^ ut Noma 
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Amlyaea of W E  fm NemmjeM, A l d a .  

[By 3arsaa ofI6he.l 
t 

miing value. 

1. Wmt bnk ol N ~ I I ~ Z U  River 14 mih M o w  LigDiEa Creak. 
2. HPslg Cmk 4 mil- Imn honth. 
3,4. ~glocr creek, tributary t o  Healy Creak, 6 dies from month. 

The sample from Menma River was wllected by Thomas R i m ,  jr., 
of the Alaskan Engineering Comni~sion, md the writer is indebted 
to bim for thi3 following notes on the occurrence. Tha sampla wss 
t&m from a 5-foot bed of lignitic cod exposed on the west cut bank 
of tbe river about 1+ milesl below Lignite &ek. It appears that the 
ma1 bed was much thicker hut only the upper 5 fwt was exposed. 
The bed dips about 15' hW. and hss a roof of cemented gravel. and n 
floor of sandstone. Mi. Riggs states that this particular outcrop 
would be covered at high water. The sample wm sealcd in an air- 
tight can two days after it was collected. 
The other three samples were collected in 1913 by the late Dr. 

Joseph A. Hohes, and u;lfortunately details regsrding localities and 
methods of sampling are not avdable. They seme, however, to 
indicate the composition of the lignitic coda of the Nenana field, t he  
gmlogic condition8 of which have been dascribed by Capps.' 

Roporta on all the accessible A k k a  coal fields hme been published 
by the k l o g i c d  S p e y ,  and the Matanuska and Bering River fields 
have been sumeyed in detail. In view of the present interest in 
lllaska coal the following reference list, which indudes the principal 
Survey publications relating ta thia matter Baa been prepad. 
The publications marked with an asterisk (*) sm out of stack at the 
Survey office but may be purchased from the Suphtenda'xlt of Doe 
umentn, Waslungton, D. C., at t he  pricea atated. The other publi- 
cations may be obtained free (except as indicated) w application to 
the Survey. 
Atwood, W. W., Geology and mineral teswrcse of parh of the A h k a  P h I a :  

Bull. 487, 1911. Detwibea the Herendeen Bay, Cbignik Bay, and Unp bland 
fieldn, and i s  accompmied by topogmpbic and gealogic recommktncs map, 
- -  - - .  - - -  

1 Cappa, 8. R., Tho BamMeId re- A b b :  U. t3. W. m y  Bull. 501, IQlZ. 



*Pmh, A. H., The Orcle precincl.: Bull. 314, 1m7. Deecrik the ma1 at m'mh- 
ington h k ,  m the upper Yllkon. h i r e  30 cants. 
- A l s s h  d and its utilieation: Bull. 4424, 1910. D d k  b s y  the d 

fielde of Alseka. 
*- The Alssbn mining induetry in 1913: Bull. W, pp. 4574,1914. D & h  

an acmmnce at can1 near Id i tad .  Price 60 ceata. 
Qppe, S. R., The Bonnifield rqion, Alaska: Rull. 501,1912. D e b =  the Nenana 

coal field and is accornpanitxl hy geologic mud kqmgmphic reconnaimce map. 
+Collier, A. S., The real rewnirccs of the Yukon: Bull. 218, 1903, Dacribes the mls 

of the Yukon River and ia amompanid by gmlogic reconmkmce map. Price 
15 cenu. 

*- Geology and toel reeoutcea of the Cspe Lkbume region, Alaaka: Bull. 278, 
I W .  Deacribaa the Corwin and Cape ljaburne coal fielde. Accompied by 
geologic reconnknce  mep. Prim 15 cents. 

"IIemhaw, F. F., Mining in  the Fairhaven district: Bd. 379, IW, pp. 355-369. 
Dwcribes the C h i c n ~ )  Creek ma1 mine. Price 50 cents. 

Maddwn, A. G., M i n e d  drhprritn of the Yahtaga dbtrict: Bull. 5 9 2 4 ,  1914. 
Dwribea the Yukataga cant fidd and is tlrcompsnied by economic and recon- 
naimncn map. 

*Martin, C. C., Ceolo~y and minernl rcsourcee of the Contmner Bay d m ,  Alaeh: 
Dull. 335, 1908. D w r i h  tho nering River real field and incIudw detailed 
geologic, economic, and topsgraphic map. Price 70 centa. 
- Mup of Boring River coal field ~Iiowing distribution nf the varim kin& of 

coal and lwtion of the wtiona and ~ 0 3 1  w p l e e  d d b e d  in Edletin 335. 
For BBEO by Gorhogical Survey, price 25 cenb.  

f i r t i n ,  G. C., and Ratz, F, 5., Geology and coal field8 of the lower Mahnwka Valley, 
Almka: Bull. liOO, 1812. Dascribm the ml fieidn of the lower Matanwka Valley, 
including the Chickaloon a m .  hport includea detailed =logic, economic, 
and topographic maps. < 

Menin,  G .  C., and M d e ,  3. B., jt., Miamal reeounm of the uppw Matanueka a d  
Melcbina vsllep: Bull. $%?-IT, 1914, M b e a  tho cad fields of the upper 
blatanwka Valloy. Accompanied by a small-Ie economic map. 

Mmtb, G. C., Johnsw, U. L., and Grant, U. S., Geology and mineral murcea d 
Renai Penineula, &aka: Bull. 587, 1915. D & k  the &hem& Bay coal 
field of Cook Inlet and i~ amompenid by geologic and tqqppbic  ~ ~ c e  

-PB. 
*Mo%t, F. R., The Fairhaven @d placem, lSerrard Fenhaul+ A h b :  Bull 247,1906. 

W d b e a  the occurran- ot coal at Chi* Craek. Accompanied by p10gic 
and topgmphic reconoahn~w map.  Price 40 mots. 

Whradar, F. C., A reconnairnraoce-in northern Alaska aawa the RBCky Mountains, 
along Koyukuk, John, Anaktuvuk, and Colvi2le riwm, and tbe Arctic 
to, Cape Lisbume, in  1901, with notm by W. J .  Po t~a:  Pmf. Paper 20, 1W. 
D&bm the occurrence of -1 in the Cdvilte Valley. kccompanied by gwl+c 
and topographic reconnahnce map.  Price 40 cents. 

Plmith, 8. S., The NmtPk-Kobuk +on, AImb: Huil. 538, 1913. D e i b m  the 
occurrence of coel in the Kobuk \.'dIey. Accompanied by plogic and bpo- 
p p h i c  m n m h n c e  map. 

Smith, P. S., and Ealdn, H .  K., A gmtogic reermnaiassnce in mtheaetem B e d  
Penkulaand the Norton Bay-Nulato region, Alaaka: Bull. 449,1911. M b m  
the c d  d e e t a  of Norton Bay wgion and is accompsnied by geolcgic and topw 

% graphic reconnaissance map. E r e  40 centa. 
Tpenwr, A. C., The Juneau gold belt; Wright, C. W,, A mxnnaGmnce of Admiralty 

Island: BuII. 287,1906. Ilasctibea the Kootet~~hao Inlet coal lield on Admiralty 
Island. Accompanid by geologic reconnaimca map. Prico 76 cent.  

41354a-Bull. 642-1- 



The form of tbe 1- and mgdations go~e- the mme b v e  
m n t l y  been made pubEc by the Secretary of the Inhim.' In 
view of the widespread interest on the part of the Mmka mining 
pubic in the development of the cod, the following dab me p m n t d ,  
stating the conditions under which lemm are granted' 

 at^. k n i ~ m  OF LEASE, entered into, in qllintu- 
plicab, this-- - -  -, -, -,-- - -  - -  - -  -, day of ,- -, ,, ,, ,, ,- 
a D, i ~ ,  by md bet- the w t e d  ~ t a m  of ~me; 
im, acting m this behalf by ,- ,- --,- --  ,- ,- ,, ,- ,, ,, ,, 

m ~ .  -, -, -, ,, -, -, -, -, -, --, h t q  of the Iaterior pmty 
of the first part, hereinafter c d e d  the 1ea30, and, - - - - , 
* - - , - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - = - - - - - - -  

party of the gecond part, heminafter called the 1- 
under and pursuant to the act of ~I~nymm: approved 
October 20, 1914' (38 Stat., 7411, entit cd An act  to 
provide for the leasing of co J lands in the Territory of 
Alaska and for other purpm,'"hereinafter called the 
"cod Lasing act," 

mat the lessor, in consideration of the rents and 
royalties to be paid and the covenmLq to be ohsomed 
ELS herehafhr set forth, does ho~eby pant and 1 ~ - a  to 
the besee, for the par id  of fifty yare from the d a b  

Pmwm. hemof, the sxclusivo right and pnvilep to mmina and 
dispwe of dl the ma1 arid associated n1inera.h in, upon 
or under tbe followin described tracts of land, situabd 9 in thn Territory of , mka, to  wit: -. ,, +. ,. -. ,. ., ,. -, 

D=dptlon of -- -- -- -*  - -  - -  -- - -  - -  - -  - _  -, - _  - -  - _  - _  _ _  ,_ - -  - _  ,_ - _  ,.* w. 
containing , - , - -, , - acrea, mom w Zm, e t h e r  with 

ieceyd;pds* the right to mmtm~t coke ovens briquetthg plants, 
by-p~dukta plants, and all such other woks ar may be 
neeaasq and conv~niexlt for the mining and repara- 
tion of coal and aesociatbtod minerals for mar R ot, the 
rnmufacture of coke or othor roducta of cod, and to 
use ao much of the surface an A' the sand, stone, timbnr 
and water thereon as may reaalonably be bequired in 
the exercise of the rights and privi lep herein granted, 
the use of such timber to be subject t o  such regulations 
ae may be preacribd by the Secretary of the Tntnrior 
under the act appioved Mug 14, 1898 (30 Stat., .464), 
and the acb mendatmy themof. 
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Rights -ed S E ~ N  1. The lessor eqmssly rwama unko iMW,-. 
the right to grant or use such easemonk3 in over, t b u g h  
or upon the land lewd, entered, l ocad ,  occupied, or 
used as may be n m a r y  or a propriate to the work- fl ing of the a m  or othar cod Ian s by or under auth0rit.y 
of tho Government and for other urpcxses; also the right 
touse,l~asfl, o r d k p a o b  somuc 1 of thesurfaceof tho 
snid 1mds as may not be actually needed, or -pied by 
the lessee in the conduct of miniog operations. 

rubject  Ir is rassly mdmtood and &, that this loam, g'w wa~ 

is -3 subjeot in d mpeots to the eonditions,~ct.~* 
lirn~tations, a pelidties and pmvkions contained in the 
"Coal h m m g  Act,'' which act is hewhy made a put 
hereof to the same extent as if incorporated herein. 

lt is fnrther expesly understood and agTeed that tbehw,r'$z 
rights and rideges leased as aforesaid s h a l l ~ ~ t p l l  
to and inelu cl' e only coal md d a t e d  minerel*, 

as hominaftF,r defined, a d  that no rights or pt-iviIep 
mspct8ing any other kind or character of mineral, or 
minord substsnce whatmevex, are granted or intended 
to be granted by t h i ~  la*. 

The lessee in consideration of the lem of the sights 
and rivileges domeaid hereby covenants and apes  

fl - as fo o m :  
S R ~ I Q N  1. TO invwt in actual min'i operations upon xm-mmt- 

tbe leasing block included hemin, the sum of .. .. ,, -, 
- . - - - - - * - - - - - - - - - 4 - - - - - + - - - - - - - - - - - -  .- - - - - -  .. - - - - - - -  
dollars, of which sum not less than on8-fifth s h d  be so 
expended during the &st year succesdin t.he execu- 
tion of this instrument, and n like sum ear % s u m d i n  
year for the period of four yeam; to l-lish a boncf 
within 10 da after signaturn of the l e ~ o ,  in thsaum ir of ons-hd t e amount to he ex nded each year, con- 
ditioned upon the expenditure o P" such sum within said 
period, md submit m u d y ,  at the expiration of each 
p a x  for the aaid period, an itemized statement, aa ta 
the amount a d  chmacter of tho eqnditure during 
said par, 
SEC. 2. TO pay as ap m a 1  rental for emh. acre or 

part hersof covered by this Icaso, bhe sum of 35 cents 
er acre for the first yew, payment of which mount  is 

{ereb acknowledged, the sum of 50 cents p r  acro por 
year 3 or the second, third, fourth, and fifth pars ,  and 
$I per acre for tho slxth and oach succaeding year during 



the Iife of this lettsa, dl such annual payments of rentd 
to be made on the anniversav of the date hereof, and 
to bo crerlited on the first roydtie~ to become due hew- 
under during the poar for which said rental was paid. 

m. SEO. 3. To pay B, royalty of 2 cent3 on every ton of 
2,000'punda of c o d  ah1 p d  or removed from the leased 
land? or manufnotunf into cob, briquet! or other 
proclucts of cod, or coa<umed on the pmmmq during 
the first fiva years succmding the execution of tZus lease, 
and 5 conta pPr ton for the next 20 yew. R o y d t i n a  
shdi IM payah1~ at the end of each edendar month 
noxt auccsodi~ig that of the sdd shipment, removal, 
donation, rnm fmtlm or consumption. 

mass to -P SEO. 4. To accurutclg weigh dl mat shipped or 
rswrrl of all colll 
ah[pr&. romoved from tho hmcd prereisw soldt or donated t~ 

local tmdtr rnanufaeturcd into coke, briquets, or other . pmducb of cod, OT o ~ . ~ o ~ ~ B  consumed or utihcd, and 
to accuratdy enter tllc weight or weighb thereof in due 
form in booh to be kapt and rescrvtd b the I p ~ a e  for 
suol~ purpose, to nthar wit11 t a car nurnLm, if any, of 
tho coal sEd prd 7 17 rnil. 

R 
n g p o ~ a  to M SEC. 5. 3 o filmin11 in manner and form md at mch 

~J-8i',",".0'Lt%e during oach calendar month as the leseor s h d  pre- 
.scribe but in no event later than  the last d8y thereof, 
the fnbowing written re o r b  cor~ring the month imme- 
diately preceding, oert8ed undcr onth by the superin- 
tandent IIC the mine, or by sl~ch other ent on tho 
ro rty having p~lrronsl knowlc.tlgo of the "i: ncta a. r n q  

go  Gignated by the lmwo for nurh purpose, to wit: 
A report copied from the hooks re uirPd to be kc t at 

the mino under aection 4 of this tlrtir 'f s showing the !? acts 
required to bo entcrctl tlllcrcin - n rcport of the numbm 
of mine cam of mine-run coal lhoistccl or trammed from 
each coal bed of each Re arnto mine; R re ort showin 
the qumtitp, size, and c!nmcter of me1 use fi 
for ower p q s a s  and loase consumption; onated to 
emp f o y e ,  manufaotrrred in to  coke,+ hriqueM, or other 
products or by-products of conl; in ~tnrtiga on the 
premiuc.u, with thc uantity of cntll of vtbrirluu sizes d d e d  a thereto and taken t erefmm durblg tho month. 

P- for rn It is mutually mderstood and n p e d  that the lmox 
UdJustmwt 
royalty. "'shd have the right to readjust nntI fur the royalties 

ayable boreunder at  the end of 25 years from tho dttto 
Emof,  and at the end of 15 pnhm tlromnftar, and them- 
after at  the end of each succoaditrg 10-yoar period durin F the continumce of this lease: Pmriil~d, That in any sue 1 
readjustment the royalty h e d  shall not oxcoed 5 per con t 
of the average selling price of cod OE like chttrwtrr nt tho 
mine, per ton of 2,000 pounds in the coal field embracing 
t h e  tracts covered by thi loam, at shown by the bookq 
of the lessees operating in said fidd during a period of 
five years naxb proceding such roatijutmcnt. 
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ARTICLE TI. 

This lease is made subject to the followin p&ons, 

perform and observe: 
B which &he 1- accepts and mvanmts aztbfully to 

SECTION 1. The 1- diligently p r o d  to ~ r m - ~ , " d , ~ ~ o p ~  
ct  for, develop, and Hline the c o d  in or upon the l e ~ e d ~ t h ~ l ~  me Edn; shnll carry on all mining operations in a goad and cu"al. 

worlm~nXke mmer ,  hading due regard to  the hsdth 
and safety of miners and other employees; and s h d  
leave no avdablc ma1 abandoned wlucI~ could be recov- . 
ared by the most ap roved methods of mining when in 

the rT lap coum o f mining 0 ations the time shall 
amivo or mining such cod. E m i n e ,  entry, levd, ~ ~ ~ ; z g ~ s  
grou of mans or worlungs ah11 be permanently aband- unte 
oneBand ~mdered inaowssiblo, save with the approval""nmM0- 
of the authorimd re rasentative of the lessor. K SEO. 2. And also s s;ll develop and mine the cod in the p te l imi  tlarp 

ofmlntn to leased lands iu accordanm with a systam t~ bB shown by=t,rnitt$in 
tb prezimina~ lan on a wale of not anre t h ~ n  200 feet B 

udvauce of o lm-  
tlona on n corn- 

to the inch an a writtcn dssctiption tl~creof, which plmmnrciat scnle. 
and description shall he submittad for approval by tha 
authorized re rmntntive of the l e ~ o r .  

S E ~ .  3. An $ dso wliem more t laa  one bed of coal is whew- two or 
known to exiqt in, the letwed lands ahall not draw or itla, in lower kmb* OiWt remove the pillars m any lower bed, before the available ,,, ;ab::%; 
coal in any or dl up er bods h ~ ~ s  been mined, udoss i t b ~ ~ ; ; ; ; ~ d .  

rl shall be decided by t e autllorixed re mentative of the 
ad' lessor that the workin@ in any or of the upper beds 

will not be se~iously mjmd by tho cXtracti0~ of theb$;~~hz5z 
piuar coal in the lower wor . Where mining opera- m n M  V A ~ ~ U ,  

tions are being carried on in 9 a ed that liw either below under upper w. pillam in 
or above another bed in which mining has been or is 
being carried an and in which the pillas hrave not been 

g ulled, and where the vertical distsnce between the two 
ads b lass than fifteen times the thicknm.s of the lower of 

the two beds, the bmee shihnll, as far as practicable so 
arrange the pinam thak thoao irr the lowar bed h a d  ho 
verticnU, heneath irhoAsa in the uppar bed. Where prm- 
tir,ablo, g y reason of czther comm~l.ria2 or mininv cnndi- 
tions, tho mailable cad in tho nppw beds s11& be ex- 
hausted before the cad in tho lower bods is mined. 

Sm. 4. Ancl dm sh& not, without tho commt in writ- wtp-~mt bar- 
ing of the authorized reprmontative of the 1.-r h t  rlet pillars. 

had and obtained, mine any mnl, or chirye m y  under- 
und w o r m ,  or drU any 1aterd bore hole witkin 50 Et of any of the outside boundnry LIM of the lensed 

Itmds, nor within such greater distance of such boundary 
lines, as the said repr'~~entntive shaQ prescribe for tfie 
proteetion of the propcrty or the safeguarding of mining 
Q emtiom hen:&=; but in h e  event the cod U to b e e  may be 20 .like barrier in adjoining prmisss shell have reen i~~!$  $m%: 
work~d out and exhausted, nnci the water therein shallamflaoar 
h m  been lowered below %he worhng l e d  of the opera- 
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tiom on the same bed on tZls lands covered b the lame, 
the 1- hereunder bwby agrees, upon t 5 e written 
demand of said repmntative, to mine out and remove 
all the arailahle cod in such barriers, both in the lands 
covered by this letrse and an the adjoining premises, 
whenever m s  c ~ n  be mined without hatdshp to the 
1 ~ s e e  and where the cod-mining right9 in such adjoining 
premises aro owned b the Icssor. 1 LM- d SSC. 6. And also w era the "mom-and-pillar,'' or my 

%"$%%other system of mining is followed which requira advance 
wnrHnfl* workin in tho solid coal, hc1udir1g entries, break- "rmm -and - ptl- I? ler"ayshsm. t h u g  9, and room, instead of a aptem of mining u n d e ~  

which dl the c o d  is mined out and extracted ss the work 
advmccs, shsll not, without the consent in writing of the 
lessor being fimt bad ttnd obtained, mine and remove from 
R U C ~  advance workings more than tha followin maximum 
percnntngos of the coal area for the specifiei depths of 
COQOT, vix: 

Not more tbn  70 per cent where the mver & 100. feet 
or over but lms than 200 feet in depth; not more thm 65 

er c m t  where the cover is 200 feet or over but less than 
- &I0 foet in depth; not more than 60 per cent where the 

cover is 300 foot or ovor but less thm 400 fmt in depth; 
not more thnn 65 er cent, whore the mver is 400 feet or 
over hut lorn than l 00 feet in depth; not more than 50 per 
cent where %he cover is 500 feot or ovor but 1- than '750 
foot in depth; not more than 45 por cent whom the cover 
is 750 feet or over bn t less &an 1,000 feet in depth; not 
rnoro than 40 ccnt where the cover is 1,000 feet or 
over but law t K" an 1,250 feet in depth; not more than 35 

or cent where tlia cover is 1,250 feet or over but lsss than 
f, 500 foot in depth; not more than 30 er cent where the 
cover is 1,500 feet or over but laas t %i an 1,750 feet in 
depth ; not more than 25 per cent mhm the coTer is 1,750 
feot or over but loss than 2,000 feet in de th; not more P thm 20 per cent where the covor is 2,000 eet or over. 

' h e  smci ma1 arms shall mean an area parallel with the 
nafillrnm ordip or raise of the coal bad. The percentaiges of coal 

t"R"v"weroas or wen. spociGecl ahdl nqean the percentages of cod to be 
mined m tho are= comprised in the advance workings 
cornparod with the pcrcent as of cod to be left standing 
in such woskityp and sh 3 not be con~tmed to mean 
the preantngs oi  the total amount of coal in any such 
area of any such bed, where ~ u c h  bed in such ares, is 
thicker than the height of any such workmgs, nor s h d  
such percen !n of a r m  be held to include the coal ex- 

mamtebs  ra tmchd from t e pillam in any such area, p~nel, or &- 
movrul m rspidlg 

""h 
, p o s ~ ~ , ~ a .  tri~t of tho mine, as it ia the intent of the parties hereto 

E X W ~ I ~ .  t ha t  S R V ~  as otherwise provided in this lease, and exce t - 
F whore the retention of pill- shaU be n-ary for t 10 

maintenmce of main roacls or assageways or for the pro- 
tmt.ion of the pro em, all suc pillam ahall be && and d E 
removed rapi y as proper mrning will permit. 



Seo. 6. And slso shall not, save as hereinafter author- p,~btt~m - 
bed, light, keep, or maintain any 6ra in any mine or a t r -  
ping, except as approved by the authorized mprwmb 
tlvn of the 1-r or underground in any mine, or in eon- 
tact  with the cod in place or in or along the outcrop of 
any coal bed. Failum ta take prom t and v' rous st- 
for the extiq+.hment of any such H re s h d  f e suficient 

ountl for the entry of the lessor and the cmdlation 0 2  
%q -4e~ao. 

S E ~  7. And a h  shall pmmpfly notify the authorized , ~ U R ~ m l l l ~ ;  

rn r~sentative of the lessor of the discovery of an vdn P J -I&?$mI'"" ah s mineral or minerd substance other than co in the,,,, 
coume of mining operations heremnderz and s h d  n o t  1 raq.um to ha\-e 

fTC* U.W 0 l  fire mine or remove same unlass the same m an asmciakd clSy mturn~ 
mineral. 54 hereinafter defined: PmfdVl&d, That such qum- EJF lWo pur- 
titim of fire da ahalo, or gas fmm the cod measure a s d ; t ~ d ~ ; n ~  
msy be roquiroJby the lessee in the conduct of o erations d.d c aerapt. 
hereunder r n ~  y be removed ~ n d  used witbou t HUG R writtan 

ermission m d  without payment of royalty 
h e  lesaee shall keep careful and accurate record in, man- 
ner and form as may be pmcribed by the Pwsor of all 
such mmiated minerds mined, used, or camid away, 
and ahdl pay such ram of royaIt thereon as may be 
b e d  by the said lwor, except ss afmve provided. 
SEU. 8. And also ah& keep at tho mme office ~ I a s r , ~ y e ;  

accurate, and dotailed maps on a scda of 100 feat to themtrhemine&. 
inch, in the form of a. harizontd projection on tracing 
cloth, of tho workings m each ma2 bed in etlch mparattl 
mine on the leaacd lands a ~eparate map ta he m ~ d o  for 
each such bed, and for the sudnce imrndatelp ovor the 
underground workinp, and to be eo arr~nged with refer- 
ence to a public land corner t,hat the maps cfin be r e a d y  
su m p s a d .  

E"wh map of the workiw in any cod bed shall show 
O r ~  the location of al l  openin comectq  such W with the %- 

workings in m y  othnr be j j f  or with any dj went mine, or g:fwp.p at 
with tha aurface; the location of all entries, EAnFags, 
rooms, or brewti and any other narrow or wide-woi*, 
including the o u h c s  of nbandoned wor , and record 
of whether wcwsibla OF ir~accnwibln; dso 9 arrier pi!lws* 
rcfugo chambers st,nppmp, ventilating doors, overcarh, 
undwasta, regdatoru, nnti direotion of air c m n &  at  the 
time of making map ; location of stationary hauleo end 
hob ting engint* ; p ~ m a n e ~ \  t electrical gonorat&, dyna- 
mos, nnd kransformera; indications of trolley mads 
throughout t h ~ i r  axtent; also fire walls, ~wps, and largo 
bodies of atandrng water; osition of main pum and 

T; 3 fire ips lines; there shall so be markad on RucFmnps 
thee evations above or balow sea level or a roved datum PP at poinhnot over2OOfeet apart horiz011ta y, orover 100 
feet apart vertically, in all main &pa, entries, levels, or 

, togethor with the thickness of coal beds at  such 
inbrv hnadinf 9, and the dev&tions at the tOp and bottoms of 
all shafts, slopes, and inclines. 



The ma of the d a c e  immediady over the mine 
0.m wm*. W O T ~  s R d  show a mmioent topogra hic featurn 

and cu turs, section an%tamship h e s ,  t ? le elevetions 
above aea level or an a proved datum, and mntoum st 
vertical inbmale of25 !' cet  of such topo aphic features. 
Such map, to ether with the ma s of t 0 underground B B T 
workings, sha be brought up to ate not Ems than once 
in eve? six months. 

re-  Tho  msee shall ahomakeand keepat themineoffice, 
n l r s d  ta be 

%ow*n on ~ ~ s r a l  at such time ~ f t c r  tho commencement of mining opera- 
pp;g;~[~;;,~",f on9 hs t t e  authorized representative of the les~lor may 
omccl. direct, a clesr and accurnto generul map of the entire 

Irmed lands, on tl ~ c d e  of 400 feet t,o tho inch. Such mn 
shnll ahow all prominent topographical fuatures nnd c 2  
turc; the locatton of tho surlnc~ are= immediately over 
the mine worki~igs 0 h o m  on tho dctailed surface map 
h~reinbefore required ; township, scction, and property 
lines; the locstion of high-watcr marks; the outlino of 
caal outcrops whrre k n o w n ;  the outlines of the chief mine 
workings, indic~ting the workings in each ~eparat~e coal 
h ~ d  by distinguishin  narks and the el~vatioas ahve sea 
level or tm approvr f datum, a ~ i d  cantours at vertical in-  
tern& of 25 fcet of tho chief topographic fe&turea. Such 
r n q  shall he brought up ta dnte not less thm once in 
eve aix months, 

Prints of m s ~ a  ~ E E ~  rin ts  OP reprod~ctions jn du licate of the mapa 
t& be m s h d  
IWW. require c f  as nforesatd a h d  be furnis YI od the authorized 

repr~senttat~ive of the lmmr when made, and aup Ic- 
mental prinbs or reproductions in duplic~te furnishe c? on 
or hefom January 1 of each succmding p a r ,  showing the 
extensions, additions, nnd cban ss ~ir l re  the lwt mnn or 
supplement was submitted. d r n i n n  prog- maps k q t  
hy tha lessoa ahdl  at nI1 tirnea be subjoct t80 examination 
by said represen tativs. 

A b A n a on Th 0 lessee whenever m mim, or any workin meas t o  be sur- 
V R Y ~ ~  * a d am to ha abnndoncd or in ofinitely closod, and bo ore same 
map pod. 

K pi" 
shall be nbnndon~d or clos~d, or a h w e d  to bacoms in- 
acce,sibh, ~i?nll  make n survey theroof so aR to accli- 
mtely @how the entire worknd-oat area ar areas, arid shall 
extend t8he rfiq11Its of such asmvry on thho map or maps of 

the undo=F ound workinp herainbefore pquimd, and 
promptly orwwcl bluo prints or repmducthone thereof in 
rlu licrtte to  the said re rcnentative. 

f f  the.lesaee shall fa, 5 to m ~ k e  or furnish my ma 

11t3h. 

7 OF ;:P~;";~I;~ ommextensinn or revision as herein mquirorl within 90 rays 
after demand tharefor shdl E-ruve heen made by tho au- 
thorized wpresentstive of the lossor, such reprnsent~tiva 
may employ a cornpebnt engineer to m ~ k e  a Rurvay of 
the mine, and plat the same RS above provided the ex- 
peme theroof to  be paid by tho lessee, and in the event 
that the lessee shall fail to make such paymentwithin 60 
days af t~r  demand therdor by the authorized r~pxesenta- 
tive of tho lassor uurh failure s h d  constitute a cauge of 
forfeiture of this !lease. 
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SEU. 9. h d  also shell, where more than ten men aresnr[$tOct$ 
employed underground on any one shift in anv separate ~ : ~ ~ ~ ~ ; ; g 2  
mine provido an escapeway or second exit to the surf~ca, ,,,,toy* , . 
which s h d  be se arated at the ~urface from tho firstmft- P exit by not less t ban 50 fcet of strata in case of drift, 
slope, or tunnel workinp, or in case of vertical shafts, or 
of d i n e d  shafts having a pikh of more than 45", by not 
1 ~ 9 s  than 200 feet of strata. An escapewa OT outleta??t;t%E 
through an adjoining mine shall be xegarde ‘? aa a sntis-sumcleat m p l c  
factory cornplimce with this requirement if kept at nLlmc" 
time in propsr condition for use. If such adjoining m i n o  
m hall be ahandonet1 at any t h e ,  or shall ceaw to aperate 
intlnfinitelv, the lessee hereuncler ahall be so1el-y respon- 
sihlo for the cost md expenso of maintainin* such out.let, 
and in the event R U C ~  outlet shall he abanhnad or per- 
mitted to  become unsafe for use, the nurnb~r of men em- 
plo ed on any one shift s h d  bo reduced below ten until 
~ u c  . . % -time as a. second exit or escapeway shall be pro- 
vided. 

SKU, 10, And dm shall not employ m m  than five f12i~mt;~;; 
mon underground on any one shift in an new working of ,,b~ 1, ,, 
any mine udesa such new working ~h d be so  connected^",^&\^ 
with adjacent, workings as to provide two distinct a n d p m v ~ e a ,  
~a arate means of osscpe from suoh new workin : Pro- Rxwk. 
~&t, That with tho approval of the authorieeRrepre- 
scn bntivo of tho lessor, not exceeding ten men may be so 
clnploycd in advaflco oI the mtJring of such second open- 
ing, but in no cave ehdl  any rooms, drifkq, or slopes b 
opened or worked until such aacond opening is mu- 
strutted. 

SEC. 11. And &o &all not conatwct or maintain any 
structure of infiamablo material mithin 75 feet of any te,ial to t, ,*- 
mino o oning; nor within said d i s h ~  permit r n ~  stme ~ ~ ~ D ~ R n ~ ~ ~ , "  

ture o ? noninffammable mntcrinl to be comscte t o  any 
other structure by mcans of any structure or erection of 
inRmable  mettarial, or to  br! connected to any struc- 
ture Zxyond said distance which shall he constructed of 
inflmab.ble matwial, except as follows, that is to say: 

( a )  An open timlmr framework or headframe of tirn- ~ * e a p b .  

ber ma bc constructed over a shaft, slope, or incline. 
( 8 )  ?&ho pasts, studs, and raftem of any such atructurs 

may be of wood if the cclvcrirl or lining is made of non- 
inflammable rnatennl, but un iF er no c.ireumstances shdl 
wood flooring be used, excapt in tipple and tregtle strue 
tures. 

SEX. 12. And nlso,. except in a prospect opening shall ,.f:&r%tn,$t;E 
sapmate the main rntake and return airww and all 22 p F ~ o a ~ ~  
workings pttraIIeI to such &a by not Jess than 50th , ,  50 i,t ,t 
fpot of s t ~ t a  except for hw.k-tKughs or crossouts for mW1 s"Bh 
wntilation or h a u l ~ ?  and shall pm~ide for such 
pn te r  distanoa brtw~en such airnays or between nny . 
such airway and mallel workn as may be mqaired 
in the judgment o ? the authorizeFrepresenhtive of the 



m b t o b e l & l m .  The lessee a g w a  that, the pitlara thus provided ntmding on t I l 
prior to mi for shall ba left atanding until in the roper murse of 
saandonmmt of - - 
mine. operations the time shall d v e  ! or their removal 

prior to the fioal atmntianment of the work- 
in that articular cod bed. 

v5$Ym. 13. Ll to be p d a b  shall whemmr more than bn men 
whme more tbnn BTB emplo ed underground on any one shift provido a 
mm"~F1Oy"dfm m ot er mechanical means for akda t  o a a m  Z 

amount of ventilating ourrent m may be requid T y such my 
law of the United States or of the Temito of Alaska 
now or hereafter onmtad, or by tha rules tan H regulations 
presoribed b the lessor, moh fan or othor mcchanicd 
me- and tL connection betweon same and the point 
of tho entrance of the air current into the mine to be 

:a &? math of nonoombustible materid - and the 1 e ~ e e  shall not 
Fine wtth set 9-8 in line with the axis of' any mine o ning, but g.  hall p l w  a w e  at a dietmm of not lass t an 15 feet 

from, the projection of *he nearest side 05 auch opening, 
and s h d  provide explosion doors of the fulI area of the 
air shaft or airway, in din&, h e  with any tbns all such 
mine o e m n p  in order to mtect aaid fan or othar me- 
chanic $ means of air circu P ntion in case of a mine explo- 

with e g i o n :  P d e d ,  That dub R ~ c P ~  time aa the mine is w m  d lea- 
='a mwmt~-beiag opened up and less t an tmi men ars employed 
tip* f l l t l l ~ ~ ~  mag. 

ph 
be used inr vent* under ground m p  one shift, and with the written. ap- 
KpIIz;;t"d,~ mval of the authakd representative of the lessor, a 

Purnsce may be wed for ventilntion in a nongsseaw 
mine If the fire box thereof is inclosed b brick,- rack, or 
concrete walls, and a tiaweway asom such lnclmure 3 c i  
at lemt twofeet in& thprovided: And p0Wlde.d fu&, 
Th& if a wooden staok is used in oomeotion with such 
f~maae the Jwaee ehdl not permit such staok to be in aon- 
tmt with m y  ooal bed or with any inlhrmnable shale. 

$1 Sm. 14. And also ahall make suoh pro&iow for the 
p o r m w n o t  disposal of the waste, slack, and refuse of the mine that 

h-e B pub. th 
licm mmtenuC B 8-B ~ h d  not be a n & m ~ ,  ~ c o ~ T ~ ~ o I I ~ ~ ,  or 0b 
sanm atruetion to any right of wwray, stream, or other means of 

tramportation or travel, or to any private or pubh 
Imda, or embanass the op~ahion of any ather m e  o n  
the leased Jan&, or on adjoining lands, or in any manner 
masion prirete or pu bIic damage, nuisance, or mconven- 
ience. All waste oonhbing practically no cod shall 
be deposited separate and apart from wash mntahhg 
cod and in ammrdaaoe with tho directions of the author- 
A d  representative of the lossor. 

Abandoned s t o b e  SEO. 16, And also shll upon abandonment enbstan- 
= m t e m .  tisU fenoe, fill in, cover, or close dl surfme openine or 

nor&@ where emom or animals are likely to be in- 
jurod h y falling t { erein, or endtbn red by ac~umulations 

% ge of RS, except as the lessor shal otherwise din&; and 
sha maintain all such fencing or co~arhg in a secure 
condition during the tam hereof. 



SHY. 16. And aIso e reasly T e a  that dl minjng r m r E 1 , " , ~ ~ ~ &  
relatad opereti- sh13) be sub ect t o  the inspection of of I-.., mpra h authorized reprmntatives of t e ltasor, md that s t ~ c h ~ ~ " ~ ' ' " ~  
repment atives, with aU proper and necessary sssistanh, 
may at dl mm~nablo t h e s  enter into and upon the 
leased l aah  and survey and examins same and aU sur- 
face ~ n d  undnr und hprovemcnts, worh, mrtcbin~ry, P i 

h s s e e  to fm equipment, an operations, and further expfes-1 agmcsmiBh Blr 
to furnish said repmntatives and wistanta a neces=-. 
amy mistance, conveniences, and fmibtiss in making 
an moh ~wre  and examination. 

$kceo. 17. An d aLqo shall permit sn ruthmixed repre-,~-~& 
sentative of the lessor to examine d b o o k s  and records or 0013 for ur- 

pase of ehec!ing prtalning fa operations under this lew,  md to rnakemdt,,,-. 
copics of and extracts f m  ~ n v  or dl of same, if dmind. 
The information so derived Go b held can6dentid. 

SEG. 18. And &Ego 8haU pmit the lmor ite I-, o r w ~ ~ " , ~  
tmsfemes to make and USH upon or under the k ~ ~ ~ d t h e r e i n  map be 
lands any werkinp nermnry for freeing any 0 t h ~  mine used lor pnrpwrs 

ot wodarlng o 
from water, osusing as littln dtunnge or interferema as;;;,"/:' 

mqibla to or with tho mine or mIn~n operations of t h e m o r n  JBIO: ~ i i r h  

k3.e hereunder. Any such use by a 8 mee or trarisfe~oo t ~ c n  tn ha roru- 
pnsnted for. 

s h d  he conditioned upon tho pa ent to the l ~ e e  
herounder of the amount of r t ~ t t i a  im damrips sustt-t~nod 
thereby and sclequate compens~tion fnr such use. 
SEC. 19. And also s h d  accurately weigh or rneasure ,~pBEC~ 

in bha cnr and t~-uly account for tho con1 mined andrat% l ~ e i ~ h t s  or 
loaded by each miner, where tho miners are paid either m e a m m ~ n t s  W I  m l n 4  ant1 oi 
by the weight of their output or u on tho b ~ i s  of t h s ~ d  min- 

rnessurement of the cod in the car; i eep s correct record 
of dl coal so weighed or mswured; ost or displa such 
record d d y  for the inspection of t R e rninem anBother 
interested pemons; and require the weigbrrrm or person welgmsn to 

appointed to memnro the coal ie the car where tho taka mth tot 
hlthfal d k b u g e  

miners are paid upon the basis thmof, hfom c.ntering or duties 
upon hia duties, to make and subscribe to an oath before 
some pemoa duly authurized tn administers oaths thnlt he 
will accurately wei h or rnpnsnre and keep truo record of % t8he coal. so weighe or measured and credit same to the 
miner entitled thereto such affidavit to be kept mu- 
spicuoudy posted at the place of ~eqhing,  if my, but 
nothing contained herein s h d l  be construed t~ prevent 
the I-, in case rock and bono is loaded by the miner* 
from wtimating or separ;rat~ly wei hing and deductin d the mount thoreof from the wnidt,  of c o d  aecredi 
to such miner. The 1-ee herchy "grpea thftt if a$ml% t2 

of tho minm employed on tho lensed Zanda sa g$hm",",40t-, 

deaw maj"'it~ t ey shdl he pemtted to employ at their o m  
expense one of their fellow employees to sea that the coal 

weiqhed or memurod and that a correct 
account o sama 3s kept, and agrees to ttffo~i such pemn is 
every facdity t o  certlfy the weights and memummonta 
while the weighing or measuring is heing done: P r e  
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m ~ : ~ ~ ~ $ $ ;  dd8  That the 1- a h d  not be requimd ta so do rmlm 
r r  fdthlur nis-such pernoxi before entering upon his duties, shall make 
c h q  of h l a  
duti-. and subwrihe to ao oath helare some perJon aukhoked 

to administor oaths t h ~ t  he will faithfully digchargo the 
dutirs of his positian, RU& oath tO be kept conspicuo~lsly 
posbd at the placo of wei &ng, if any: 

%"wa ka SPJU. 20, h d  also sha pay aU miners and other 
paid In Iawfal 
money. . 

fi 
an lopes, both &hove m d  bdow ground, at least twice 

YI eac month in lawful money of the United Stat- and 
&RU emit such miners and other em loyecs f u .  and 

Frseaom orcomp eta freedom of purchase, but wit a view to in- 
parchase to be 
allorawl. 

f E 
creming safety this provision shaU not apply to the 
purchase of explosives, detonahrs or fuses, and shall not 
require or pennit miners or other mp1oyees, except in 
ease of emergency, to work underpund for more thnn 

efght-hsareighh consecutive hours in m y  one calendar day, -not 
mrk asy re- 
qurrerl. including t h e  for lunch or meals, or the time requ~red 

to roach tho usual working place. 
mh to be SEG. 21. And also shall, at the expiration or earlier ter- ~wnsndnrd In 

mper condltlnn mination of this lease, deliver up to the lmor the lands 
For ronthrl~nce n i  
minius covered by this lease, together with all fixtures, improve- 
tion$. men is, and appurtenmc~s, aave as hereinafter provided, 

in such a secure and proper state that mihing operations 
may be continued immediataly to the full extent and 
capacity of such mine. 

It is further mntnally understood and & as f o U m :  
8u c m h  fl SECTION I. That the suspension of mining operations by apem%onrr t o r  

moro than three the l-ee for a longer penod than three months without 
z E ;  ~ ~ h " ~ ~ t h e  consent in writing of the lessor or its authorized 

01 iodeit-representatives shall be causo of forfeiture of this lease. 
If the lessee s h d  be unable to continue the operation of 

\ the mine for any c a w ,  no t  due to the fault or n~gl i~mca 
upom app~lca-of the 18958&, he shall be entitl~d t o  the auspenaion of 

t1ou aoonsent far 
lor erations lor such a length of time, and upon 

specifled PQM o such minimum royalties, and such ot8her con itions as 
may be obtnlrwl. P Jnpment 

may be a eeified In the order of auspenaion, hut the 
issuance o ! any such order ahrtll not excme the payment 
of any renta or roynlties due under this lease, or prevent 
forfeiture for failurn to pa same, and the w e  tmce of 
any such renf or royalty s all not waivo any ot er right 
of the Iessor hereunder. 

i % 
L m n o t t o b s  SEC. 2. That the lmee s h d  not assign this lease or vdtthoat 

-sent of lessor. my interest therein, nor sublet any portion of the leased 
premises, or any of the rights and privilege. herein 

anted, with0u.t the written consent a the lessor being Kt had and obtainad. 
& SEC. 3. That the lessor or ita authorimd repmanta- 
w a i ~ d  in arlt-tive may by notice in writing waive any breach of the 
hr.  covenants and conditions cor~tained herein,. excapt such 

as are required by the a f b r e ~ ~ i d  "coal leaslag act," but 
my such waiver s h d  extend only to the pmticultb~ 
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breach so waived, and shall not limit the rights of the 
Zegsor with rss ect to any future breach. No waiver not 
in writing sha i' 1 be in any way bin* upon the lessor. 
$ED. 4. That tbe lessee ma &pate tbis l e ~ s e  at my tsF; lma~ t: 

time upon eving four montL' nptloe in -king to the m y  time w o n  
lessor or its tvuthomed reprmntatlvo, and upon aymon t gcye"t"rs"t"r 
of dl mnh, royaltiss, and other debts due an 6 payable 
to the lessor, and upon payment of aU wages or moneys 
due and payable to tho workmen em loyod by the lessoe, 
but in no case shall such termiriatior~ ! e effective until the nze;m:p$,!,! 
lessee s h d  hare made ro~ision for the rwmation of u\.e untu pmp 

any mine on the lease 2 lands in amor c! ance with the "y es-l.cl. 
provisions of this lease: Pr&, That in such cme tho 
right of valuation and purchase, accorded the lessor in the 
section next followirlg ( 5 ) ,  s b d  be exercised within naid 
period of four months. 

SEC. 5. That at the expiration or earlier tarmination of tg~ 5 6;; 
this leme dl tooh, machnery, and equipment including $ ~3 p u t t h ~  
traoks, rails, and pipe laced by the lmee in the mine or 5, 

h g  equipment 
etc,, nn t n r m i d  

on the property, shall dore removal f ram normal posi- tim 01 lease. 
tion, if requested by the lowor or iits authorized r e p -  
aenbtives, be ~tzlued by thrm d i s h b ~ t e d  md comp- 

chosen in tha manner hereinafhr pro- ' 
of axbitratom, the valuation of 
of them to be conclusive of tho 

value of any or all of the said ro erty; and tho lessor or 
its sent ,  hsnsce, or lnsseo sgalfhaw the right la pur- 
chase witbin four months thereafter any or all such tooh, 
machinery, equi ment or materi ah at the said valuation, 
deducting theref om d rmts, royalties, or othar pa 
st that time dun and payable by the lesseo. If s u o ~ ~ ~  ,T-yb;; 
ation ahall not he requested or tho purchase shall not be ~n mr* 
made within sdd timo h e  lmsee shall have the pridege 
of removing same from the premises within one year from 
tha eKpiratmn or tnrmintttlon of this lew,  provided all 
debts and moneys s acSed in aection 4 of thiis article shall 
have been paid. lPho lessos shall not, md hemby 0 0 ~ 0 -  

nmts not to, remove any minp supports, timbrs, or prop 
in place. All buildin and improvt3ments orectod upon r t,he lomod lmds shall ecome a part of the property, and 
machinery and oquipmen t shall 110 t bo rornovod therefrom 
in such a way as to cause my permment injury to such 
buildings or mprovmenh. 

SEU. 6. That if the lmee shall make default in the ,&we * 
parformanca or observance of any of the term covenants, 
and stipulstions of thia less*, and such daf a& shall con- 
tinue for 60 days after service of written notice tharaof by 
the lessor or its authorized representatives, then all the 
rights and priviIoges of the lossea cease and doterminn, 
and the lawor may, 'by appro riate proceadin , ham this 
Pease forfeited and cancele in a court o competent 
jurisdiction. 

B P 
A w a i ~ ~ r  of my articular cause of forfeiture shall not & prevent the cance ti011 and forfeiture of ti& lease for 



any &her mu88 of fodeiem or for the 8ame oanae wmr- 
* at any other h e .  

Uaat'OE?!!aa. 7. TbatinoaaeanpdqteshaU&betweenthe  EL a~ Imor and ]=see as to any quastion of fact or sa ta the 
reasonablencw of any regmmmt made ky the lessor 
undm the proPi.joris of this base, in the matter of opera- 
tion, moth&, mema, expenditures, of easements, 
compmsgtion for joint occupancy by another lessee of a 
portion of the leased premises, or such other questions as 
are not debmined by ex resa ~ t a t u h y  revision, such 
qumtions or disputes shall !I e settled by ar 1 itration in the 
manner provided for by this section, and the lessor and 
lessee hemby covenant and agree each with the other to 
prom tEy comply with m d  ca out the decision or 
awa 2 of etbch and every board o arbitration appointed 
under this section. 

7 
mmw Of Questions in dispute ta be determined by rarbitration 
Etlng "* hereunder s h d  be referredl to  a b o d  of arbitration con- 

sistin of three competent persons, one of which arsons 
shall %e salmtsd by the lessor or its authorize8 repre- 
sentative, and one Ibg the Immse, and the third by the two 
thw selected : P W e d ,  Thah the lmor and lesm may 

ee upon one sole ~ r b i  trator or upon the third arbitrator. 
?fte pparty dmiring such arbitration shall give written 
notice of the a m  to the other arty, atsting therein 
definitely the oint or pointa in 8sputq and neme fhe 
person solecte 2' by such pmty hereto w i t h  20 da s after 
rocerving auch notics to  name an abitrator; an B in the 
evont it doos not do so, the party serving such notice ma 
select the second arbitrator and the two thus named sha h 
select the third arbitrator. The arhierators thus chosen 
shall give to each of the parties herato writtan notice of 
the time and place of heanng, which he~ring shall not ba 
more %h&n 30 days thereafter, and nt the time and place 
appointed s h d  procoed with tho haring ~ I B S  for some 
good cause of which the arhitr~tors or a majority of 
them s h d  be the judp, it shall bo postponed until some 
later day or date w i t h  a remonrtble time. Both parties 
heroto shall have full opportunity to be heard on p y  
question thus submitted, and the writton detarminatlon 
of the board of arbitration thus constituted or of any two 
members thereof or, in case of the failure of any two 

,gagg&"f member3 to e, than the determination of the third 
to be-. arbitrator s h  "ii" be fmal rtnd oonclusive upon the arties 

in ref~rrence to the questions khus submitted. A8 such 
daterminations shall be in writing, and a copy theroof 
shU be delivered to each of such partias. 

. 2sW&ard 2 I t  is fmthor agmd tht in the event ol the failwe of 
*vent of faare the leaor and lessee, or of the two arbi tratom selected as 
oferbftrators k t  
~1~tedteEh~eaforesaid by the arties hereto, witkin 20 dn s from 
a thled. notice to them of t !i eir selection, to  ragroe upon t K e third 
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arbikafor, then ths k h r y  a€ the Interior a h d  appoint 
such arbitrabr. 

The said third arbitmtor shall receive not to excesd 
$15 gar d ~ y  as f31 corn nsation for his aerviws and for I? a31 expens- connet3.d t ercwith,sxdusivo of trans orh- 
tion chargm; but such compensation shdl not \e in 
excess of $150 for an arhitrdon. Tho loqing party ta  
such arbitration shd I be linkls for tho pawont of such 
compensation and transportation expensea of such third 
arbitrator. 

SEC, 8. That an noti- in writing as to any matter T m~ntioned in thi4 ease, a d d m i l  to tho l m e  and left 
n on the w i t h  the supwintnndnnt, manllgor, 
c f erk, or other pomn le charge of the mine or of the 
offica, or, in t h s  absence of srly surh p ~ n , p n e t e d  on the 
door of the offico, shsll havo the snmo forra and eflcct ns 
if sewed u on the Iewm, and 15 drip shall he conaidored P a ramonah 8 notice, udm R 10ngt-r notice be horeh pro- 
vided for or bs so proricied in such notice. 

It ie further expressly a g r d  and d d d  thet the 
terms and phrmes hareinafter mentioned shall have tho 
meanings beroindte~ 896igncd ud- the context s h d  
otherwise roquiw, that i3 to say: 

(a) The plra-q.qa " avnil~bla coal " as llsed in this lease 
shnll mcsn merchantable cud from 
when reached in the prosecution 
heroundor, can b minod at n 
use of machinefy rind methods 
modern nnd efficrenb. . 

( b )  T h e  term " nine " as u d  herein shdl mean and 
include d und ound workings now or hemafter . 
opened or worked P or the purpose of mining and remor- 
ing c o d  and assodated miner&, together with an b d d -  
ings,mac:hinery,+and uipment,abaveandbdowpund, 
wad in connect~on mt 5 such mining operations. 

(c) 'Tha h m  I' pit " 'or " open p~ t " shdl mean snd 
indudo stripping operations or an open-air workings. l Id) The t e r ~  "cod" as used orein s h d  mean and 
indude anthacite, semiantbracite, 9emibituminous, bitmu- 
minous, subbiturninow, hpM,  a n d r p h i t i c  coal, lig- 
nitct, naturtd coke, and such bony ca as is suitable for 
use as a fuel, 

(el The term "wociated minscals" m nsed herein 
shll m0m s;nd include h clay, shde, sandstone, and the 
beddad materids of the cod measures, exclusi~e of gvld- 

metalliferow da osits. 
e tern "18ssee " rts used \ erein shan mean and 

hairs executors, administrators, succassols, 
or aa4igns of the jesses hersinbefore specifisd. 



Tt is further mutudy covenantad and that 
eech obi-mation hereund or shall extend to  and?Pinding 
upon, an$ eveq  benefit hemf shall ins- to, the h i m ,  
executors, ttdrninistratoa, succmsnrs, or assigns of the 
respect ire part ics hereto. 

It i4 also further a,md that no m m b r  of or delegate 
to Cory;ress or resident commissione~, afhr  his dection 
or ap omtment, or either before or nftm ho has qualified, 
and c f  uriry: his cant,inu&nc~ in OEM, and that no officer, 

' agent or employee of the Department of the Interior, 
s h d  b e  admitted to  any share or part in this lease, or 
derive any henefit th~bt mn, arise t)herefrom, and the 

roviaions of section 3741 e ? tho Revised Statutes of thr, 
bnited States and sections 114, 1 1 16 of the Codifion- 
tioa of the Penal LW'B of the Wnltad States a p p o ~ o d  
M a d  4, 1909 (35 Stat., 1109) relatin to ~ o n t s a c t ~ s  entar 
int,a and form a pwt of this learn so HT w tho a w e  may 
be applicable. 

P 
]Cn witnms whereof- 

THE U ~ E B  STATES OF Anmnra~, 
By -,-,-...-..-- * -,..--. * .....,-.,. [L.s.] 

Bscrdrtry of tb htertw. 
W i t n e w :  

APPUCATTON P'QR COAL--@ LEASE. 

The undernipad, -, -, + -  -- -- -, - -  - -  - - _. - -  - -  - - - -  .-, . ,, ., ., ,, ,-, 
a resident of-- - -  ,- -- -- -- - -  - -  -- _ -  - -  -. _ -  - -  ._ ,. _ _  .- -. -. .- - -  _ _  - * 1 

a -,-,- --,-- -,,,,.. --,-- - - - - - -  -. - -  .- .- - -  -. .- .- - -  .-,- .. - -  - -  - -  
(Natfw bmn a i f  the I&&, fwd& tzrCIn08te.) 

- - 1 

citizen d the United States, over 21 g e m  of sge, hereby applies, 
under the pmpisions of the ant of Ootohr 20, 1914 (38 Stat., 7411, 
for a mining lesse of the certain leasin block, or trmtcts, of coal 
lands, to wt: Block -- - - , embraoing t % e following spcified legal 
subdivisions -,_ - - - -, - - - - - - - - - - - - - - _ - - - - , . - . , - . . _ - - . . , . _ - _ - . . - 
-- - - - - -  - -  - - - -  -- ---, - - - - - -  - - - - - -  - -  - -  - - + -  - -  - -  - -  -. - -  - -  - -  * -  - -  - -  - -  
aggregating --,- a m ~ .  If I secure said lease, I propose to invest 
not iws than .- -- .. -- -. - - doflws in active, productive m i y  o r e  
tiom tondu~ted upon sibid leme; the active development m I gin 
not later tbm - - _ =  - , , , - --,- --  - -  - -  -- --. My experience in coal- 
mining operations rs as f011m: - - - -  . . . - . . - - . _ . . . . . - . - , . , . - . . . _ 
- - - - - - - - - - - - - - - _ _ _  _ - _ - _ _ - - - _  - -  - -  - - - -  .- - -  - - - +  - -  .- r -  * -  . - - -  

I neither own nor hold m y  inter&, either as a etuckhoider or other- 
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&nI in any lease under this act, or in my a plioation for such a 
!ewe, save snd exoept ths ~pplicat~on now m d  ; and I bmby refer 

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ * _ r - * - - * - d - - * - - - - - * - * - - * - - - - - * - *  - - - - - -  - - - - - -  
as to  my h n c i d  standmg. 

If 1 am awarded a leaso, 1 will supply a sskkfaotqy bond &B r e  
quired in section 9 of tho*regulations. 
My post-office addrm m - - - -  - -  -. -, -, -- - -  -- - -  - -  -. --  ,- --. - - -  -, 

_ _ _ _ _ _ _ _ _ _ _ _ * _ _ _  _ - - + _  - - - - - -  + - * * + -  - -  - - - * - -  - - - -  - -  - -  - - * -  - -  _ _  - -  _ +  

(Signed) - - - . - - - - - - - - - - - - - - - - - . - - - - - - - - 
Subscribed and sworn to befom mo, a . - - -  - -  - - - -  - -  - - . . . . , - - - - - 

* - + -  - - - + - -  * -  - - - + - - ,  on thE3 - - - -  - -  - -  - - - -  ------..--- - - -  - +  av d 

'BEQtTLdTTOh'B OOVEMINCI THE I€!=SUAKCE OF l'ERHm8 W R  FREIO 
UBE OF GOAL M THE ~ R E S E B V E D  PUBLIC U N D 8  EM ALASKA, 

Section 10 of the ect of October 20,1914 (Pubiic 216), pmvidm: 
That in ordm to p v i d e  tor the BU ly of attictly lad and domestic n& for fuel 

the Secrwhty of the Interior nuy, unrE such rula. a d  regulat~ooa na he may @be 
in admnce, u ~ n o  te any applicant qualified under section three of thia ad s Eimited 
license or permit granting the r i ~ h t  to pmpoct for, mine, and dispoee of ml belonging 
to tho 1lrutetl Stat- on specified h r b  not to exceed ten acres to any one person or 
association of pemnsin nny ono cod lielll fur a period not excwding ten yeam, on eutbh 
conditions not inconnistent with this art o~ in hia opinion will saleguard tho public 
interest without payment oi royalty for the coal mined or for the land occupied: 
Provirlad, T h a t  tho ncquimhon of holding of a Penm under the preceding mctiorla of 
this act shsll be no bm to t h e  ecqdtion, holding, or o tikg under tho limibd 
licenee in this eoctjon rmitted. And the holding of ~ ~ E c e n s e  shall be no hsr to 
the wquiition or of euch a 1- or intermt therein. 

Owing to them bei no settlements or PocaI indmtriee in or adja- 
cant to the Rering or "pa. fatmuska coal fields, and the contemplntod 
leasing oifer of coal lanrls in said fiolds, thoso replatiom ant! tho 
permits revided for s h d  not at present apply ta coal depmits in 
those 6 E! ds. 

Qml@&.-Under tha bm29 of the act, expreswd in section 3 
thibrmf, only citizens of the Unit& States above tho 
associ ~tions of such ci tkm, mrpratians, and mmicipa T ties Of organized 21 
undor the laws of the Unikd S t a b  OF of any Stah or Tarrito 
thereof, provided the majorj t of Lhe stock of such carporations s h 3  i at ah t~rnea bbe owned and hod by c i t k  of the U n i d  Statos, are 
elig~bh to receive a permit to mpect for and mine cod from the 
unrmervsd public h x ~ s  in ~ a a  R a. 

Who m y  mine d f m  mi%.--AJI prmitt%e~ may mine mal for sale 
excnpt &ads and common carricrrs, who by the t e rn  of =tion 3 
of t,he act are mtricbd to the acquirement of only such an amount 
of c o d  as ma be rquired and used for their awn wmumption. 

D z l m t i a  &i~s.--~ermiB will bo granted for two years, bcrgin- 
at date of filing, if filed in penon or hy attorney, or date of 
, if sent by r 'stered lettor, subjbjoct to the approval of the 

of tho &wal Land mee, snd upon application and 
41'354'-BuU. 642-1- 
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satiafacwry showing as to the necessi therefor, may bo extended 
by the eommisgioner lor s longer pri$ subject to such conditions 
nwxwar;y for the pmtmtion of the public intermt as may be hp"ed 

rior to or at the time of the extension. Misrepresentation, care- f-m, wsste, injury to property, the chsrgn of unreasonable prim 
for cod, or mataris3 Piohtion of such rulea and regulations go~emi 
operation as ahdl ham hen.  rescribed in dvmm of the iwuanm o 
a permit, will be dmmed su 2 cient cause for revocation. 

T 
L . l m W a  of area.-Ths act limits the m a  to be covexed in any 

one permit to 10 acrm. It is not ta ba 3nfomed from this, however, 
that the pennits granted themunder shall nemwdy cover that area. 
The ground C O V W ~  by a parmit must be squm in form and should 
be limited to an area reasonably s f i c i m t  to supply the quantity of 
coal needed. 

Scope of pm.it.-Permits issued d e r  section 10 of the act of 
October 20 1914, grant d y  a license to proapect for, mias, and 
remove cod free of cherge from the unresemd ublic cod in 
Alwksb, and do not authorize the mining of any o er form of mora l  
de osit, nor the cutting or removd of tmber. 

fh  

h to proceed to obtain a pewnit.-The ap -cation should be duly 
execuhd on Farm 4-420, md the m e  shou s" d either be transmi ttgd 
b registered mail to, or fled in pemn with, the register and receiver 
o r  thn United Statea land ofbee of the district in which the land is 
situated. Prior to  the execution of the ap lication the appGerant 
must have gone upon the land, plainly mmk ~2 the boundaries thereof 
by substantial monuments, and po&d a notice setting forth his 
intention of mining cod therefrom. The a plication must contkin 
the statement thst thw requiremmta have teen comp~d  with and 
the d~cript~iion of the land as @van in the application m u ~ t  cornpond 
with t h ~  deacri tion as marked on the ground. Tho pemt, if 
granted, &odd g e recorded with the local mi district seclard~r, 
~f the lmd is situated within an o q m i z d  mining: -% istriet. 

IQhm eoaZ may be mink? befoTe zssuanca o a permit,-In view of 
the fact that by reason of long distances an d .Simted means of tram 

ortation man a plicants m&y be unable to appear in emn at the 
!hiked States 7 an X ofEoe to fdo their application? it hwteen deemed 
dvi~Lable to allow such ap licmts $he privil e 0) mini coal ss soon 

%# as their applications have eon duly e x m u 3  and sent 5 y re 'sterai  
mail to the proper Unitnd States land ofice. Should an spp%cstbn 
be reject&, upon receipt of notice theraof all prjvileg~ under this 
p q a p h  &nab and the ~ppl i c~n  t must cease mi- the wal. 

Action by register.-The reglstor will keep a propor r m d  of all 
applications received and dl wtions taken thereon in a book provided 
for Ghat purpose. If thera q p a r  no reason why the &ppht ion  
should not be dowed, the lstsr d issue a permit on the form 
provided for that purpose. %odd any objection appesr either a. 
to tho qualificatiam of tho applicant or applicants, ar in the substance 
or sutficiency of the applicatma, tho register may r~ject the ap lie& on 
or suspend r t for wrrection or supphmental showing under t !I o usud 
rules of roeedure, aub'eet to appeal to tho Comnissioaer of the 
General L d  OfEce. hpon the Isnuance of s permit the r 
win promptly forwmd to the CoTnmisiomr of the General ?-  and 
Offiw. by special .letter, tbs original application and a copy of the 



t co ies t h d  to the Chief af the Alaskan Field 
ivlsion, and ta She loc 8 r~presentativex of the United States Ramnu 

of Mjna, for their inlormation. 
Nm.-Thwm mpdationa are intended mereIy ae a tsmporary armnpmmt to meet 

h i m d a t a  newmitierr, rra authotiz+ by wtion 10 of the act of October 20,1914, and 
are not to be conntrr~~ed na a plpng to tho Iszwiog of public coal h d s  in A k k s  
provided in ather wctmna of tpc act. 

APFLTGATION FOR C O G - G  PI!-. 

Th Cmmisaimar of th G e d  I f id  O cs, 
Was t f f ;  ~inoton. .D. 0. " 

SIR : The undersigned, , , . , ,, ,, - , - - . - - . . , . , - , - - - - , , , - +, - - - - - - 
( N m a  otapplhut.1 

- - - - - - - - - - -  ..----- - - - -  - - -  . - - - m - - * - - *  - - - - -  - - - - - - - - - - -  - - - -  - - - - -  
of _-_--_--_--,...,,..--...,,._.-, hereby appl for apermit to 

( ~ k d l l ~ a d d r s s ? h )  
prospect for, &a, and remova coal from the f c ~ U o w i n g a ~ r i W  land: 

- - - - - - - - - - -  * - - + - - - - - * - - * - * - - - - - *  - - - - * - -  * - + *  - - - - - - - - - - - - - - - - -  
maaemt mtym1 latldmarx ii !lmurvad.~ 
qontainmg ap roxm~tely -, ,- ,- ,, , , -, am, situated within the 
.. -. . . . - -. -. fand district, .. .. . . -. miles . . . . . - . . d . . . . .- -- - - . - 

(Dfwtlw.) 
Almka, and in sup ort of this application maks the foUawing rep- 
sentation BS to  qu & cations to  receive a permit: , , . - - - . , -, - - , . --, - 

(cl-1~ of e m  crr appw 

- - *_  - - _ -  - - - -  ---- -- - - * -  - -  -- -- -- - -  - -  - - - -  - -  - -*  - -  - -  *. *- * -  - _  - -  - -  
The applicmt further m p m n t  that , , - , , , , - . , , -, , , ha not, 

(He, D a y ,  or It.) 
applied for or received FL permit to  mine 

of section 10 of the act of Octdmrn20, 1 91 4, 
the land described in this apphcation is - .  

~ i t u a t d ,  , , . - - - - - ,, ,- , - -- - - - - - - - - - -'- - - - - - - - -, -. - - . - - - - - - - . . -. 
(S te t eempth  here, Ilmy.1 - -  - - - - - - - -  -*..- - - - - - -  *.. - * - -  ..- - - - - - -  - -  - -  - - - -  - +  -*--,- - -  - -  - -  - -  - +  

and that the coal herein applied for is to be mined for the purpose of 
supplying the following demands, for which approximately , - . - - - -. 
tons aro required annudy: - -  - -  - -  -- - -  - -  _ _ - -  --, - _ - , - -. . . , - . - - _  -. 

( H m  ltemiae the rarbus uses to wbkh the d b t o b  hppllsd. 

----, -.--- ,,**-,-- ---.---- - - - + -  - - + - - + - - - - - - - -  - - - -  - - - - - - - * - - *  

It is further reprssenhd that the boundaries of the tmct described 
in this ap lication ham been plainly rnerked by substantid monu- 
ments, ant P that a proper notice descrihmg the land and showing the 
intantlon of the apphcant ,t a apply ffo r free permit to mine coal 
themfrom bw bean posted m a conspicuous place upon the land, 
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~ e t r o h m  pradhrtr & p p f  b Ahdxtfmm &t? pn?a of th h&d #lo&, 1905-1916. 

&?BUC= MATERIATI AND MIRCE-OUS 
MINERAL PRODUCTS. 

Two marble quarries, one in Retddtan and one ia the W m @  
district, and one gypsum mibe, in the S i t h  district, were operated 
in  outh he astern Alaska during 1915. Some shipmmb of bstrih were 
made from a deposit on the west mast of Prince of Wdes Island, 
a d  the garnet mine near Wrangell was operated during We year. 
Some graphite d e p i t a  in Sewad Peninsula were prospected, but 
no shipments were made from' t h m .  

. I- 
RWfEW BY DISTRICTS, 

The subjoinkd review is hhndod ta ~~e briefly the prin- 
cipd dmelopmenh in all the districts. The information at hand 
&bout mining in some of the distnfcta is very scant, and gome are 
ha at greater length jn other sections of th i~  volume. The space 
here devoted to my district is therefora not necessarily an indica- 
tion of its mlati~e imporbme. - The rrmgcmen t is geographio from 
south Go north. 

S O Q T B E A E T E R N A L B ~ .  . 

!l%btmn gal&lde mines, including sevml which made only a 
~a~all outpuh, six copper mines, three plsccr mines, Gwo marble 
qaarriee, and one gypsum mine were operated in muthewtern 
Alaska in 1915. Beaides these operations Borne ahipment.9 of garnet 
and barite were mdc.  The value of the mineral production from 
these mines is as follows: Gold, $5,435,536; copper (1,728,182 
pounds), $302,431 ; silver, marble, l e d ,  gypmn, eta,, $352,554; 
total, $6,090,571. Det~ils in regard to the mining devdopmenta are 
presented &ewhem in thEs report. 



On considemtion that s, permit be granted, the applicant hereby 
agree : 

1. To exercise rewonable ddipnce, precaution, and skill in the 
operation of the mine, with a view to the prevention of injury to 
workmen, of coal damage to Government property, and to 
comply substantially wih Clle instructions and the d w  and r e d *  
t iom rin ted on the back of this application. 

2. $0 charge only such prices for coal sold to  0 t h  sa rep-nt s 
f& return for tho labor expended and masonable earning value to 
which the investment in the enterprise is entitlsd, without including 
any chttrge for the cod itself. 

3. Not to mine or dispose of, either directly or indimctlg, any cod 
from the, area covered b said permit for export or any .purpose other 
than "strictly local and $ omestlc needs for fuel.'' 

4. To leave the remises  in good cendi tjon upon the termination of 
the permit, with % mine rops rand timbom in the mine intact, end 
with the undergmund w o r k p  free fmm ref use and in condition for 
mntioued mining operatiom. - 

Signatmure of applimt - + - - , - - , - - , - . - - - - - - - - - - - - - 
'She foregoing applica~lon was signed by, - - , - . . - . , , , , . . . , , . , , . . , 

- - - * - - -  - - - - - - - -  - - - - - - - - - - - - - - + - +  * *  - - * - - - * - - - - -  - - - * " - - " - - - " - -  

of - - , - , , -, -, -, , , , - , , , , , , , , , the applicant therein ip the p m n c e  
of the nndemigned, who, at ,. . . . . .. . . request and m -. . . . - .. - . 

(Eh W t h e  (Rb O? tb6k.) 
pmance and in the prwenee of each otker, have subscribed our names 
as witnesm to the execution thereof. 

Dated this ,, ,, .- - -  day of ,, ,, ,, ,. ,, ,., 19 , at ,, ,, ,, ,, ,, ,, ,, 
Territory of Maaka. 
Name - - , - , , . , , , , . , . , , , , , , Residence - - --,I,,, . , . . , , , , . ,. 
N m  -, ,,,,,,,,., --,- ,,,, Resitlence . , - , , , -, , , , , , , , - - , - - 

There were no important developments in the Mash oil fidds 
during 181 6. The company that has been pmduciog oil and rndcing 
gamlino tmt Hatda went into the hm& of a receiver and wm reor- 
ganized. Operations wero not interrupted, hawevar, and the pro- 
duction of cnrde petroleum and gasdine m~ continued as in previous 
yem.  According to c m p t  reports an oil seepage wtbs discovered 
in rlorthern Alaska near Wainmight Metlet, abont 100 miles muthmt 
of Point Barrow. (See P1. I.) If th i s r epor t i s eohd , i t  ispmb 
ably a matem &omion of the oil field muthwest of Smith Bay.' 
b the Alaska petroleum is a refining oil aimilar % that of Pem- 

sylvania and bas a high percentage of volst.ila compounds, the present 
market conditiom would seem to justify the systematic prospecting 
of the more acceaaible fields of the Territory. No doubt if tho fields 
are opened by a leasing law such as is now under cornideration this 
work will be undertaken. Meanwhile large quantities of petroleum 
and petroleum pmducts are annually shipped to Alwka, as shown in 
the fdowing table: 

1 B w  A. E., 'lb miuing indmky [ m a ]  in lW: U. 8. GmL $wey BUS%, pp. 614.180B. 



PRmm WatLIAM BOUND. 

F m  copper mines and five gold-lode minea were operated on . 

Prince William Sound in 1915. The value of the total mineral 
pduction from this region, i n d n d i  gold, copper, and silver, was 
$1,340,996 in 1915, oompared with $1,198,742 in 1914. Details in 
mgard to mining developments on Prince William Saund are pre- 
senhd elmhero in this volume. 

Plrepmtions for placer mining on a larger scale than in p"pious 
y m  were continued on Kenai Peninsula during 1915. For the most 
part t h e  developmente did not reach a productive atage, though 
there vaa an incfeaso in placer mining compared with previous 
years. Pm~peating of dredging pound oontinud, but the dredge 
on Kenai River wm idla in 1916, md tha one on Six-mile h k  ww 
operated for only a short time. 

The prospecting of auriferous lodes continued, but them were no 
notable  development^ of this fonn of mining. %ma work was sku 
done on stihnits d e p i h ,  though, so far as known, no shipments 
of antimony om were made. It is reported that an antimony lode 
was discovered on Bear Creek (luring the year, and there is dalso an 
wurrence of stibnita on Renai Lake which has long b m  known." 

Unfortunately, some of the mine operators in Kenai Peninsula 
fajl to make returns of production and developmmts, hence no exact 
iigmm on the gold output tlre availsblc. The information at hand 
indicates that gold to the value of about $88,123 was produced in 
1915, of which $70,000 is to be credited to the p h e r  mines. It is 
believed that about 25 p l m r  mines wem commercially productive, 
and some gold was dm wan incidentally ta the pmpecting of other 
properties. About s dozen hydraulic plants, largo and d l ,  were 
operatd during the mining seeson, which in Kenrri Peninsula is 
about 150 days in length. The lmgmt plants are on Crow,a Boar, 
Res-tion, and Canyon creeks, hut placer mining wm also done 
on Siwzile, Miller, Quartz, Cooper, Winner, Gulch, and Lynx weeks. 
A dredge was built on S d e  Creek and operated for a short time. 
A steam shovel was installed on Bssmection (=reek toward the 
end of the mining season. 

Some production was made from four a u r i f m s  Ides, basidea 
sgldEer outputs from other properties incidentally to development 
work. 

1 Martfa, Q. C., Jahnsgq 5. L., a d  G m t ,  U. B., G e o l w  and m i a d  r- oi Kmni Penltmla, 
m a :  U. 8. O d .  Survey Bd. 5F7, p. 110,1916. 

3 Thermtpnt ol the hydrsulic mtne rmCtow Creek bb~dudedwtth that dth~ geaai Pmbmlaplaea$ 
t b w h  It Is locetsd nwth a1 Turmgh Arm. 



At the Bluebll mine work has b n  continued on two dits, 
which have mwhd a total length of 350 feet. A e a I 1  mill on this 
property waa operated for a part of the time. Work waa cuntinued 
at the Henai-Alaska on the dQ~-foot  lml, m d  a htd of 385 feet of 
underground work was done during the year. Tha B t m p  mill 
waa operated from August ta November. About 75 feet of drifting 
was done rtt  the Lucky Strike mine. THe plant, hduding a listamp 
mill, waa operated from May to O o b e r .  In the Moose P m  region 
devdopmenta were continued on the Gilpatrick cdaima. h i d e r -  
able development work wes also done on the SkeenStevensorr 
property, in the aame region, md eoma rich ore was found, which 
w w  treated in m arraatre. Beeides the work noted above rrsseaa- 
ment and d~veIopment work wm done on many other lode claims. 

Some coal W&B produced at the Bluff Poht mine, w Cook Inlet, 
during 1915. Goal beds located nsar Point Womnzof and near 
MeNeil Cmk, both on the west hido of Kend Penineula, were also 
prospected. 

I ' f fBWA-BUTmHKA REGION. 

The productive rpineraZ resow- of the Susitna-as8tanuska region 
include thoso in the Willow Chek gold-lode district a d  the Yentna 
and Valdez Creek plaer didrich. A little placer mining has also 
been done on Willow Creek and on tributaries of the upper Chickaloon. 
Three gold lode mines md 25 placer mines were operated in this +on 

. during 1915 and produced gold to the value of $327,267. The three 
lode minss are in the Willow Creek district,' where there is also one 
placer mine, which ie described elsewhere in this volume. About 
twenty placer minw were operated in the Yentna district and five in 
the Valdex Greek distriot, employing about 90 men in aIL The 
Iagmt operations were those of the Valdee Creek P h e x  Minrng Co., 
whzch operatad a Luge hydraulic p h t .  

No h t  information as to the minlng dovelopmonk in the Iliamna 
region, K d a k  Island, or the Alaska Peninsula is available. Tt ia 
known, however, that h h  mining continued on %did and Popof 
islands on about the s m e  scale as in prePiow y m .  Them wero 
probdily some lode developments in the Iliamna region and an 
Kodiak Island. Tho sulphur deposita of Edakuabin volcano, on 
Unalasks Mand, havs been prospected to some extent. 



m o a  B A B ~ .  

G m L  F l 3 i k T u F t ~ .  

The value of the p h - g o l d  output of the A h d m  Yzrkan distriots 
m 1915 is mtimated ta ham been $7,050,000, compared with 
$7,570,000 in 1914. About 460 placer ninw ware openrhd in 1915, 
giving emp1oyment t~ about 2,900 man. Only t h  l d o  mines were 
productive in the Yukon basin in 1915, and thsse were all in the 
Qairbanh district, 'but several other lode properti= producod some 
gold incidentally to development. The following tablo gives tho 
athated gold output of the prinupd Yukon placer camps in 1916: 

Ed& d u d  of gold p r o d d f m m  p h a  in bhs Y u h  MA, 1915. 

The Yukon placer mines also producod 81,118 worth of gilver. 
The above @m do not include tho output of the lode mines, which 
in 19 15 produced gdd to  the value of $2 17,776 and silver to tho valuo 
of $910. There was a380 a amall output of tin from the Hot Sprinp 
dis t r ic t  (stla p. 271, and considerable antimony om was  hipped from 
Fairhanks district (see p. 29). The -total value of the entire mineral 
production from tho Alaska Yukon in 1915 was $7,423,352. 

~ b f & I U h =  DY8TBTa. 

The h t  placer mining in the Fairbanla diatriat conshted of same 
small operations in 3 903. Owing to the exhsuation of the bonanza 
depwih the placer-gold output has been on tha decline since 1908. 
In these 13 yearn of mining gold to  the value of about 165,490,000 has 
been won from the placers. The production of gold and silver from 
tha placers ia shown in the following table. Silver ocmm ss an 
impurity in the placer gold, and tho fgms given for silver are based 
on an mtirnfits of its prrcenbnge. 

P M  gold d mlw pduccd in the ~ n i d m a b  m, IXM-19I5. 
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The dsta relating to the source of gold by crwka are not very 
sccurate. An attempt hhas been made in the following table, however, 
to distribute the tats1 p ~ ~ - g o E d  production of the Fairbanks distrIot 
by the creeks on which the minss me located. 

CIesrg h k  and &1"buts&. ............................. 
Gwld&mm W k , a n d  tribntariea. ..... =,na,m ................... 13, w, w0 
EBter Creek and tributaries. ............... , ............ 10,880,000 
Dome Creek and tributaries ............................... 7,670,000 
Fairk& Creek and tributarim. ......................... 6,970,000 
Vault Creek and tributaries.. ............................. 2,610,000 
Lithe ~ldorsdo ~ w k . .  .................................. 1,870,000 
All other cmh. ........................................ 570,000 

The above tables show only the phcer output of the distaict im- , 
mediately tributary to F a i r b d .  They do'not indude the output 
of R o d e l d ,  Tenderfoot, Salchaket, and other m11er csmps wbich 
nre supplied from Fairbanks and whose gold H sent to Fairbanks. 
Several other districts, such M Hot Sprjngs and Ruby, send a part 
of their gold output to Bairbanh. All them districts have cantrib 
uted from $500,000 to $1,000,000 of gold to the total  which annually 
passes through Fairbanks. 

Lode mining began at Fairbanlm in 1910, and since that time gold 
to the VRIUB of $1,068,845 has haen- produced by this hdmtry. 
'fierefore, the total gold production of Fairbanks district, includmg 
both lode and placer production, is about 368,500,000. The lode 
output is shown in the following table, which is based on more accurate 
data than those wed for the plmr production: 

goLi d dw podrrad in the Fairhmka w, 9910-1916. 

It is est.imated that about 115 plaoer minw were o p t e d  in 
the distriot during 1915, employing about 1,050 men. Of the total. 
value of tha plmr gold produced about $500,M30 was taken out 
during the wintor. Tho minm of Cleary Creek basin and adjacent 
parts of the Chatanika Flats am still the largest pdnoers, but thrrsa 
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of Goldsham h k  and i h  tribntaiies, including Pedro and Sfilmora 
m k s ,  made nearly as l a w  a gold output in 1915. 

The p l m  on lower Cleary, Vault, Dome, and Eldorsdo creeh 
m r  ~9 deep ch-eh, so that here the minirig is done by undefi 
ground methods. On Qolds l tm,  P d o ,  Gilmm, and Fdrbanh 
creeks the operations are carried on chiefly by open-cut methods, 
and the steam scraper ie largely wed. On Ester Greek both open- 
cut and d e p  mining is p m t i d .  The dredge on Fairbmb Creek 
wea opershd throughout the setwan. T h e  SUM of this enterprim 
should encomge tho investigation of the many other large deposits 
of auriferous g a v ~ l s  in the dlgtriot whioh are of too low grade to. 
mine by themethods now in use. Nodoubt Iargermhingventures 
will be undertaken as Boon as the Government mihad now being 
construotad to  Fairbanks cheapens the mt of fuel and other operat- 
ing expemm. Meanwhile them is little hope that the placer mining 
industry will expand. During the last two yesrs many of the 
operators have hwn developing the narrowor p ~ y  streah on smaller 
aeeka that were formorly h~lievod not tO be available for wonomic 
exploitation. Last summer suoh mining was done on WoIf, Chatham, 
Happy, Eva, Wildoat, Big Eldomdo, Steamboat, flume, Twin, and 
other small weeks, and a consitlonrhle quantity of gold was produd. 
Another significant festure of the year's opcrrationa was the reworking 
of a elk in tha middle part of Clearg Clrwk by open-cat methods, 
Though this olaim was said to h v a  been worked out years ago, the 
new operations yielded g o d  returna. There is no doubt that a 
large, amount of gold left in many of the mines that have been worked 
in the past, especially where it is not W deep for mining by open 
cub, w i l l  in the future be taken ont. Tho pmenm of large W e s  of 
g m d  1- gold than can be reeovemd under efhting oondi- 
tiom is ~ Q Q  well known to need anention again.l 
The conditions chat have led to n d d n e  in p l m  mining have 

&o halted the exploitation of lodes. There b no hope of the dovolop- 
ment of a lode-miuing industry until operating costa are reduced. 
3n spite of the adverse conditions, some lade miners have pembtd, 
and i t  is entidy due to the enterprise of a few indivEduals that tho 
F b a n k s  dietri~t may still be daased as a lode camp. 

The salient feature of the lode development in 1915 w a ~  tho 
shipment of some 685 tans of antimony om mined on four properties. 
Thia development of stibnite om was passible only hceuse of tho high 
value of antimony and the low freight rates offered by the transpor- 
tation companies to San Franaisoo, bo whioh d the ore was ahipped. 
TILO ~tibnite depdta of Fairbanks bave been d d b e d  in d o t d  
eLsewbore f and nod not be oonaidered here. (Sse dso p. 29.) 

1 PrMk,  L.M., A g d @  r- d tbe Falrbmb qa-la, A b h ,  wfth a dataM 
thud tho F & W n ~ i ~ t .  by t. M. F'rtndle and F. J. Katr, mdan ~ocamt of I& d e m  FFaL; 
w, by P. B. Bmltn: U. 8. a d .  t h m p  null. m, 1913. 

Brwks, A. M., 'Cha luture d gold pl-r d d n g  in A m  v. 8. (%d+ &wey pp. ma, 1 U E  
* Droob, A. H., Antimony depmltq o l  AIa%'a: U. R. Qd 8wsg Bd. 649 (h-1. 
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Daring 1915 h e  auriferous lodo mine8 wem operated on a seg- 
dar productive baais in the Fairbanks district. Thme lue the 
Rhoada & Hall, on Cleary Creek, and the Gilmore 86 S t B w  md 
Cki- & Fddman, on Fairbanks Creek. Thnro  wse also mnsidmble 
development on other gmpertiea, incidentally to which some gold 
ores were produced fmm at least half a dozen. The ores were 
treated at s m d  cnstom mills. 
The Rhoads & H d  mine and mill were operated to September 

10 md then were dosed until. cheaper apemting costa ixlsure greater 
returns. Most of the mining dona in 1916 ww on the h t  level, 
and about 200 feet of underground work ww oomphted. Some of 
the tailings were treated in a smal l  tube mill of local manufacture. 
The Crites & Fe1dman m h e  and d l  were operated throughout the 
year. The mina is developed by two d t s ,  the upper of which ia 
700 feet and the lower 400 feet long, a d  is quipped with a b-stamp 
mill, an air cornpmor, md a sawmill Most of the om milled in 
19 15 oama from the l o r n  level. Nars, h d e m  & Gibbs have con- 
tinued work on their claims at the h d  of M m e  Creek, a tribu- 
tary of F a i r b d  Creek. Tha developments consist of a 100-foot 
e M t  and R 100-f oat adit. Gilmore & Ste~ensrm installed a %tamp 
mill on upper Fairbank Creek, which was operated f m  SeptAmber 
1 to the end of the par. This mill waa supplied with om from the 
Ohio p u p  of claims, as well as from other properties in the vicin- 
ity. At the North Star claim near bya 30-foot incline was d, 
60 feet of drifting on the vein was done, and some ore waa dd. 

Dewlopmerit9 wem continued on the Mizpah find adjacent claim, 
also in the upper valley of Fairbanks Creok. Some ore was produced 
and treated at a amall'mtoma mill near by. A 100-foot shaft has 
been smk on the Rob & Roy claima, at the head of Too Much Gold 
Creek, a tributary of Fairbanka Creek. In addition 170 feet of drif tr 
ing WRS dona on the 70 and 100 foot lavela and Borne ore was pro- 
duced md mind. 

At the American Esgle claim, at the head of Fairbanke Creek, a 
shaft 107 feet deep has W n  sunk, and an adit planned t o  cut fie 
vsin underground has been driven about 400 feet. Some work Is 
slso reported by the Territorial mine hapectorhn the McCwty 
property, at the head of Fairbanka Creek; at the Homestake mine, 
at tho bead of Wolf CreElk; at the Co10mdo clrtims, on Bedrmk 
Crwk; and at the Sao and Wild Rose claims, on Dome Chk. 
An adit about 30 fmt long was driven on the Independence claim, 

on Twin Crenk. Here tho bedrock is c o r n  porphyritic granite, 

I m-, Wnliam, Repwt d the Terrltmlal &e h p s a b m  to tlse p v e m a  of A l s b  ior tbs rn 1816, 
pp. 14-15, Junesu, 1810. 
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md the lode owaists of a zone of fracture s t r i b g  about east and 
s b d h g  vertical, which hss h n  permeated and mineralid by 

.oein qnarte. The quartz wins appear to be lenses or wedgwhaped 
maaaers cut off by joint plan= that are nearly at right mglw to  lode. 
Them joint planas rn themel- mineralized, and some of the jointa 
m fled with vein quartz. The rock broalrs out in rhombohedml 
forms, including both quartz and mineralized granib. At the face 
of the adit in September, 1915, 3 to 4 feet of quartz and more or 
bss minerdzed granite wem expased, bounded on the north by a ' 

we l l -dehd wall but having no sharp h e  of demarcation on the 
south side. Wikhin this 3 or 4 feet there is, probably a total of 22 
to 15 inch@ of quarts exposed, occurring in several stringem. Martin 
Harrais, the owner, reports that the quartz stringers assay ns high 
aa $38 a ton and the mineralized zone from $4 to $22 a ton. About 
threequartera of the gold is mid to be in the concentrates. The 
win has been t r d  about 1,500 feet eaat of Twin Creekf to 
khe granite and schist contaict. It hm also been found in the 
schist, but thia part of it is reported to c m y  no gold. The vein 
quartz ia glassy to white in m2or and includas some we11-developed 
cyst&. .Besides the gold tho win carrim pyrite, ameuopyrits, 
and galena. 

Though there are a number of promising p r t z  veias in the 
Ester Creek basin, only a few claims were under development 
during 1916. The principal dovelopmenta in this part of the field 
wore o a d a h w  owned by Tyndall, Finn & McGlauglin, and most 
of the work wm done on the Bondholder group and on Mohawk 
clairn. The Mohawk G I ~  is developed by two shafts, one of which 
was examinsd and is about 50 feet deep. In this shaft a welldefined 
9ode.2 feet or more in width is exposed. On the Bondholder claim 
work waa continued on the lower adit, which ia now nearly 6M) faeh 
long. It cuts some narrow mineralized shear zones, but the maia 
lodo has not yot been reachod. Work ww also continued on the 
dsim controlled by McGlone & Smith, which srljoin those of Tga- 
dall & Finn, but details in regard to this work are bcking. 
In Septsmbar, 191 5, Albort Johnson discovered a lode mmyhg 

acheelite (tugstate of calcium) on the divide between ths h 0 h  of 
Gilmore and Srnall~ood creeks, about 15 miles northmat of Fair- 
ban&. This deposit has not been examined by m y  member of the 
S m y ,  but W. Johnson baa kindly furnished a very complete 
description of it, on which the folIowlhg nates are based, 

The country ruck in the vicinity of the discovery is schist, but the 
tungsten 1ode.k in a bed of crystalhe l i m ~ t o n e  25 to  50 feet wide. 
It occura close to a greenstone band, which is described as B dike 
intruded along the contact of the schist and limestone, The lode 



iWEf, which appeam h be a pegmatite intrusive, m m m  w%thin the 
crptalline limeetme. It strikes about east and dip 40" N, an$ 
has been on the d a c e  by pits for a dkhmce of some 200 
feet. !h fm ga determined, the lode ranges- h m  a few inchw to 4 
f ~ t  in width. It hss hem opened to a depth of 40 feet by an incline, 
dong which it is reported to be about 4 feet wide for the full depth. 

A specimen of the ore furaished by Mr. Johnson ~howed it tO be 
made up of quartz, augite, acheelih, apatite, titmite, and a little 
biotite and hornblende, the last three chloritkd. Thb m k  appears 
to be a pepskite in which the scheelite is a primary mineral. The 
scheefitm is said to occur in part in emdl rich Iensss or shoota, but 
mmt of the ore is of &nmntrsting g d e .  Mr. Johnson reports that 
one malysis of concen tmte yielded 72.82 per cent of tungsten triox- 
ide. Though this is the only tungsten lode yet discovered in the 
district, the ocrmrrence af mheelite in some of the Fairbanks placers 
'bas been reported. Scheek is not, however, as common a miners1 
in this district as it i a  in some of the placers of I d i m d  and Pu'oma. 

About 17 mince- wem operated in lthe Chisma dktriict d k g  the 
summer of 191 5 and 2 in, the previous winter. Thma employed abut  
I 10 men in the crummer and 8 in the winter. The total gold outpmt 
of the camp waa 8160,000, af which abovt $150,000 came fmm the 
p l m m  of Bonanza Creek. Sluicing began on June 25 and can- 
t i n u d  until about the middle of September. There w- however, 
some interruption, owing: to  the lack of water because of & d r y  Beason. 
Besidm the operations on Bonanza Creek m i n i i  was done on Little 
Eldordo, Skookum, Gold Run, Big Eldorado, and Coarse Money 
creeks. A high-line ditch ww sumeyed and partly built on Bonanza 
m e k .  

FOR- AND EAQtE DIBTBICna. 

It is estimated that during 191 5 about 30 placer mines were operated 
in the For'tpille and Eagle districts, employing about 110 men. In 
addition to this work many men were engaged in prospecting, and 
as uaual R number were employed in working on the baa% of Forty- 
mile River an$ produced some gold. Extad. information in regard 
to  the value of the gaM output ia lacking, but it &I probably about 
880,000. 

In the Fortpile district the principal producing creeks am Wade, 
Chicken, and Lost Chicken. 'There was also some mining on Ingle, 
Camp, Squaw, and Flat creeks and Franklin Gulch. Good p m -  
pects are said to have been found on Liberty b k  but are unde- 
vsloped. Plans are said to ham been made to  qdevslop soma placers 
on Dome Creek, a tributary of 07Brien Creek. Some deep holw 
were sunk on the bench- of Wade Creek with a view of hding a 



buried chamel. A s h a m  scraper wns operated on Squaw M k ,  
Besides the usual nnmber of " snipers'9here were some larger min- 
ing plants dong Fort-pile River. Tbw include some extensive 
groundsluicing out6ts near Atwabr Bar# a a m  scraper below 
Steel Creek, and a small hydraulic plant near by. 
In the Fngle district t h  mines were worked on Americ~n Creek, 

and mining was continued on about the same a d e  in the Seventy- 
mile region as in the previous year. A new diacovory of placer gold 
is said to Imva bgen made on Fox Creek, in the Seventymilo bwin. 

CIRCLE PRECINCT. 

The Cincle p ~ i n c  t includes the Birch Creek district and the placem 
of Woodchopper and Beaver creeks. It is estimated that gold ta 
the value of $230,000 wacl produced here from 50 mines ornploying 
some 200 men, The principal event of the year was the inatallation 
of a new d r d g ~  on Mammoth Creek, which began operations about 
Juno 1 arld continued ta the end of the semon. This dredge is 
equipped with buckets of 33 cubic feet, has a daily capacity of 2,1300 
cubic: y mds, and is capable of digging gronnd E 5 feet deep. Wood' 
is wad as fuel. ZIydrauEc plants were operated on Switch, Mas- 
todon, Deadwood, and 3ch.gIe creeks; deep gravel mining was clone 
on Woodchoppsr, Coal, and Deadwood creeks; and open-cut oper- 
stions on Woo#chopper, Coal, m d  adjacent creeks were unusually 
successful. 1%e large& output came f mrn Mammoth h k ,  and the 
largsst number of operations wpre on Deadwood Ck.sek. 

Workable gold placer p u n d  was discovered on Livengood h k ,  
in the Tobvana district, July 24, 1914. As a r d t ,  there was a 
considerable influx of pmpwtom and miners into the new di~trict 
during 1915. A deep ebnne2 was opened on Livengood C m k  and 
traced for seved milm, ancl this has been tha sourco of most of the 
gold produd. There has been, bowever, some open-cut mining on 
tributaries- of Zrivengoocl Creek and &o on Olive h k ,  which flows 
directly into Tolovana R i ~ e r .  Good prospects have also been found 
in the adjacent Hess Croak hasin, hut hero thore was no productive 
mining. 

It is probable that sbout 40 or 50 c h i i s  were more or less a e m -  
aticdy prospected in this district during 1915. Qf them about 10 
can be classed aa productive minw, which produced gold to tho value. 
of abouh $80,000. Livengood (see PI. I, in partrait), the distribu- 
ting point of the district, has a post office, a h I w s  station, and a 
United States commissioner's ofice. It can he reached by a horse 
trail and winter mad &out 55 miles long f r m  Olnes, a railway st* 
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tion near F a i r b h .  hother route available in summer ia by 
launch up Tolovana River to the Log Jam and thence ovmhd. 
The h g  Jam is 8bmt 15 & from Livengood. A more debired 
account of the Tolovans district will be fomd e k h e r e  in this bud.. 
letin. 

HOT BPRINEfS DTSTRIGT. 

About 30 p h r  &ES, employing some 275 men, were operated 
in the Hot Springs district during the year. Thae yielcld gold* to 
the vdua of about $610,000, and incidentdy some s t m m  tin wss 
won from the p h m .  The tin developments are described on pagea 
27-28. The most important development was the opening and min- 
ing of aome plamm on the lower part of Woodchopper Creek. Large 
plants were also operated on Oakley Creek, on the Lieber & File 
claims, Midnight Sun group, and an American Creek. A largo by- 
draulio plant was operated on Eureka Creek, in the northern part of 
the district. There were smaller operations on Miller, Cache, Bod- 
dm, Sullivan, Patterson, Ddton, and Gold Run weeks. Much of 

. the mining in tb district is that of deep channels, in which opera- 
tiom are carried on both in summer and winter. 

RABfFART DISTRICT. 

M i  continued in the Rampart district on about the game acale 
as in recent yearn. In the district proper about 15 mines were oper- 
ated on I3unter, Little Minook, Hoosier, Slate, Big Minook, Quail, 
and Ruby ma&. Gold to the d u e  of about $35,000 was recovered 
from these operations, which were d an a s m d  scale. A little winter 
mining was dwe on ~everd cree'ks. SwXm%r operations were ham- 
pered by lack of water. Considerable prospecting wm done in the 
Dan and Hod- river basins, and some enmuraging mults were 
reported, though there was no productive mining. 

EOl'UKUK DISTRICT. 

About 35 minas, employing probably 150 men, were o p t e d  
during 1915 in the Koyukuk district, including the Indian River 
region. The gold produced in thew operations is mtimated to have 
a value of $290,000. Of this amount about $225,000 was taken from 
the deep mines during the win&. The deep minw of Hammond 
River made the largest prodnetion, but winter mbbg waa also done 

* on Nolan, Linda, and Gold creeks. Some of the Hsmmond Creek 
deep placer p u n d  is wet md owing to lack of pump of a f i c i e n t  
size could not be mined. In 1915 some 4-inch sbam pumps were 
brought in, and their succassful opration makea it probable thab deep 
mining win increase in the district. 
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The 1-t gummer production was obtained from the plmera of 
Jay Creek, which were discovered in 191 5. Jay Creek flows into Rye 
h k ,  which is a tributary of Wild River. The pay st& is said ta 
be rtbout 30 feet wide and 4 feet thick, and gold hss bwn found on 
five claims. Placer prospectis have aIso h n  found on Rye Creek. 
Nolan Creek made the mond lsrgsst summer output, but productive 
mining was alsa dona on Gold, Linda, Smith, Mfle, md Crevice 
creeka. A little gold was won from the gravels of the South Fork and 
ita tributaries. About $15,000 worth of gold waa t&en from the 
placera of Indim River and vicinity. This came chiefly from Indian 
River and its tributaries, bnt there ww 8190 a little mining on Black 
and Utopia creeks. 

RUBY DI8TRIm. 

Sixty~ne placer mines were worked in the Ruby district during 
1915, and the value of the gold produced is estimated at $700,000. 
The meet extensive mining was dam on Long and Poorman creeka 
and their tributaries, The principal, event of the yoar consisted in 
the preparrntions to  install s dredge on Greenstone Creek, which will 
ba in operation in 1916. Det.ails in regard to the operations in this 
district are contained elsewhere in this volume. 

In spite of the dry weather during the summer, which resulted in 
m e  ahortqe of water, mining was active in the Inoko district. 
There was during the year a notable ad-ca in the installation of 
larger mhkg planta than had beem previously d, which augurs 
w d  for future gold produotion. It is estimated that 38 mines wore 
operated in the Innoko dhtric t, including the Cripple Moanfain region, 
during 1918, employing about 140 men and prodncing gold to the 
vdue of $190,000. This mining waa done on Yankee, Littlc, Spruce, 
Ophir, and Ganw creehcs, named in the order of the size of thoir 
gold output. Two aham scrapers were used on Y d e a  Creek, and a 
sham boisthg plant with self &par on Spruce Creek. Late in the 
mrmner s, mall mraping plant wos installed on Ganes Creek and o p  
erated for a short tima. Trim waa t h o  some extensive prospecting 
withchurndrillonGmesGreek. Preparatiomweromdefor~lfing 
a hydraulic plant on Liiittle Creek. There wm considerable ditch 
building on Ophir and Spruce creeb. Some daep placer pound waa 
f o d  on Dodge (=reek, and preparation waa made for winter mining, 
Mining c o n h w d  in a small way in the Cripple Creek Bfountain region. 

Twelve plants, employing about 40 men, were opomted during the 
winter on fi ttle, bphir, and Ganes c m b  md produced gold to the 
value of a b u t  $40,000. 

413&1°-B~ll. 6 6 1 -  



!C'wenty-four mines were operated in the Iditmod &Mot  in 1915, 
employing about 400 men md producing gold to the d u e  of 
$2,060,000. The largest operations were those of the two dredges mi 
flat and Ottm om&. There were also some extensive operatiow 
by o p a t  methods on Otter Creek nem Discovery, and laxge 
pJmh were operated near the h d s  of Flat, Chicken, and Rrsppg 
creeks. The largeat quantity of gold was obtained from Otter md 
Flat cneeks. 

A drag-line excavator, the h t  uagd in Alaska, was installed at a 
mine on Waow Creek during the ~ummer and sum&Uy operated. 
At bhis  mine the frozen muck, about 10 feet deep, had during ths 
previous yew beaa ground-sluiced from m area about 1,500 by 100 
feet, forming n cut to the grtbvda, which me 3 tO 4 feet deep. It ia 
tltk gravel which, having thawed out, is ta be handed by the excav* 
tor and dumped into elevated sluice boxes. The m a c h e  has a 
60-foot boom and a 1% cubio foot bucket and is equipped with a 
60-homepower boiler. It is expected that the average daily capacity 
will exceed 1,OOQ cubic yards. This new method of &bg, which 
promises to  ba a succm, may have an important uaa in minjns. some 
of the Alaska placers. 
No lode mining has been done in the Iditwmd district, though some 

antimony-bearing qu&z veias have been prospectedml Some of thae 
depmita carry chihabar, which with scheelite is w.bmdant jn same of 
the concentrates from placer &ng. These erntimony+inaabarlodes, 
which also o q  gold, are worthy of further pmpecting. I t  k aug- 
gested that, on account of the present high price of tungaten, the 
placer miners might well comider the remvery of the scheelite from 
the mncentmta. The plamr-mining operations at  the head of Flat 
Creek, on the Upgrade claims, have revealed some quartP; atrhg~rs 
c a q b g  considerable gold that cut the monzonite bedrock. Some. 
of this material was dug out last year and  hipped and represents 
the first production of lode gold f row the Iditarod district. T h e  d i  
tribution of placem at the heads of Flat, Happy, and c=hi~ken creeks 
clearly ind ica t~  that there are Bones of minerdhtion in the mon- 
aonite stock in which th- creek have their beach, It is possible 
that the gold may be sufEciently concentrated in aame of thee0 zonea 
to justify lode develapment. Ia any event, there can be no quation 
that there bean much ademus  minemhation in p& of this 
rnomniee. The geology of the Iditarod dis t r ic t  ~ &owed else 
where in this bulletin. 

1 lL H., Antimony d@ta of A l e  U. 8. Qeol. Survey Bull. 840 (in press). 



h tbe Chandalsr district thore were no demeIopmenb of importance 
in 1915. In the wmmm eight or ten men workod on abont five 
c l a d  and mads a gold output of $4,000 to $5,000. The mining, as 
in y m ,  wm dono on St. M q ,  Squaw, md Big creeks. 
Some winter doep mining at the mouth of St Merya Creek wns 
~1,lsnned. No lodo mining waa done, but some promising discoverim 
of a u r i f m  quartz are reported. 

Abo-trt 10 minss, employing abut 30 mm, w m  opmtod in the 
Tmdadoot and Sdchakot r ~ g i w .  In tb& w o n  mining is reported 
on Tsnderfoo t, Caribou, and No Grub cmb. Them wns a h  a little 
mining on Kenpn Greek, in the Healy River diwtrict. Some small 
placer-mining operations were continued in the basin of Chena River, 
which was the BGene of cornidarable prospecting during tha yoar. 
The above-mentioned operations yielded gold to the value of about 
$95,000. 

continued in the Bannifield and Kantiahna districts an 
about the same scale as in previous y oars, with a t o t d  gold produc- 
tion of abotlt $40,000. Most of the mining is pick and shovel work, 
but some automatic dams and small hydraulic plants are in we. 
Some investigations wore made during the year with the view of 
installing larger plants In the Kantishaa district. 'fbe gold 
antimony bearing lodes of this district ' are a h  receiving some 
attention, thaugh none ar,re yet productive. In all, some 1,200 feot 
of underground work baa been done on these lodw. 

W d e  Hampton precinct lies in the lower Yukon basin, sen- 
tering on the sottlemsnt of Marsha (see PI. I), but the exact location 
of its boruldariea is not h o r n  at  this writing. Gold was discovered 
on Wilson Creek, which enters the Yukon at  Marshall, in 1913. In 
tho foll~wing yoar soma claims were opened on this stream and on its 
tributary Disappointment Crmk, and about 515,000 worth of gold was 
mwvered. Memwhilo gold pmpocta had been discavored on sevaral 
other areeks in tho district. It k reported that in 1915 some mvon 
clams woro opened a d  that the gold produeed had a valno of about 
$25,000. In 191 5 ono placer dab on W i h n  Creek, ona on Dis- 
 appointment Creek, and four on Willow Creek were worked by opcn- 
cut methods, and one bench c h  on Willow Creek wtts workod by 
drifting.' ConsiderabIe prospecting was done during the summer 
with churn drills on Elephant Creek. A amall qu&z vein, said to 
crtrry oollgiderabPe gold and silver, was found on Willow CreekJ and a 
test Eihipment of ore was mado. A vein c&myhg gold, galena, uld 

- 

r R&, A. H.. Anthomy d-ts or Naska: U. 8. -1. S t a ~ a ~  Ed. (in p m ) .  
r Malrmsg, Wflliam, Rsport Ot the ~ I E o r i c d  miti0 m t c K  to the gDvernor of Aleshs its the 1915, 

p. 18, Juueaa, 1916. 



mdyldenite is said h have been f o d  on the divide between 
- Disappointment and Willow c m b .  

Placer gold has bean mined at savemI locslitiea in the Kusk~kwim 
won dong rn ifldehed belt stretching northeastward from tho 
vicinity of G;oodnews Bay for some 300 miles to T~kotna River. 
(Ses Pl. I.) !The northern part of this belt includes the Takotna 
district and the p h r s  of the Georgetown region, described elmhers 
in thia volume. In the muthern part are the Tuldwak-Ani& and 
Goodnews Bay districts.' In this mne also are earns quicksilver 
deposits a on which some small d d o p m e n b  were probably con- 
tinued during 1916, though no reporla about them b v e  been receivad 
st this writing. 

In the Tulukaak-Aniak district five claims wem worked by I6 men 
on Rear,' Spruco, Bonanza, and Marvel croeh. h e  s m d  plant was 
oporatod on New York Cmk, tributary .to the Kwkok~@ from the 
north, above the settlament; of Aniak. Thsmmt importmt devdop- 
monta of the year in the lower Eu~kokwim region were on Canyon 
Crook, which forms a part of the Kwikluk drainage basin. Hsre five 
minos wore operated during the year, and some fairly rich plmcra 
were developed, Thoro was also a ZittIe mining on Rainy and Rapon 
m l r e  in the e r n e  district.. Good prqecta are reported to have 
bean f o d  on Fork and Windy creeks, also in the Kwikluk River 
bnain. Tho benches on Fork b c k  are said to carry gold. Mining 
continued in the Goodnews Bay district on a small scale, aa in pmvi- 
om yoars. The gtbvoIs of the lower Kuskokwim region a m  not 
frozen, and it appeam that some of them are worthy of invmtigation 
for development by dredges. 

It is estimated that in a11 abut 25 minsa were operated in the Kua- 
kokwim mgion in 1915, ompPoyhg about 80 men, and Ohat they pro- 
duced gold to the d u o  of about $100,O(XE. In addition to tho men 
omployed in productive mining, a Iarger number were engagad in 
prospecGng and devdnpment work. 

The estimsted value of the gold output fmm Sew& Peninsals iq 
1915 is S3,9M),OOO; tbet of tho 1924 output was $2,700,0#. 'Sin, 
mtimony, and ma1 wore pmducod on &ward Peninda in 1915 to 
the value of about $84,000. Absolutdy reliable statistics of gold 
production of the peninsula rrre far from being cornplate, but t he  fol- 
lowing Sable, baaed on the best data avdabie, ~ i v k  an estimate of 
the output sbco mining bgan in 1897. - 

1 W d r s n , ~ .  G., Ooldpbesnofthslo*raK~Mm,rltbawtatmco~fn theRnastanMmntab: 
U. S, Om!. 8araep BuU. €22, pp. W M ,  1915. 

~ 8 m l t ~ P . 9 . , a n d M a d d r a n , A . C ) . , ~ n v a d e p o d t s o f t b e ~ t r & o ~ ~ :  0 .8 .WLbrvey 
m. 63, pp. mai, lais. 
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Gold mad silver produced &a & w a d  Peninsula, 1897-1915. 

M& of this gold was taken from placers, although from I 903 tci 
1407 the Big Hurrah lode mine produced some gold, and small out- 
put,~ h a w  bwn obtained from seveml lodes tit diflerent times. 

A 4 amount of silver-lead ore was shipped from the Omltlik 
mine, in the Fish River basin, as early as 1881, and several other 
shipments of ore have been made from this property, but these are 
not included in the table. The silver output above noted has Imply 
bmn recovered from the placer gold. The only other mineral 
murces  of the peninsula that have bees developed we some coal 
deposits in the Fairhaven district that have heen mined in a s m d  
way a& 1W2 ; the Sork tin deposits, fmt developed in 1900 ; and 
the an&ony deposits, h t  exploited on a commercial scale in 1915. 

The most imporhut advances made on the peninsula during tho 
year were the revival of deep mining and the development of antimony 
lode3. Gold dredging continued on a large scale but was not as pro- 
duckive as in the preceding yew. Thirty-one gold dredge8 were 
operrmtd and handled about 3,000,000 cuhio yard3 of gravel, yielding 
gold to the d u e  of $1,0.50,000. In 1914, 30 dredgea dug about 
3,400,000 cubic ymda of gravel and mcavered $1,281F,000 w&h af 
gold. The total gold recovered by d r w  s k c e  this method of 
mining was h t  introduced in 1903 has an estimated value of 
$8,850,000. Of the 31 dredgm operated in 1915 twa were engaged 
in mining p h  in the York district that carry gold as well w tin. 
In addition to the gold drdgm, two tin dredges were operated in the 
York district in 1915, m&ng 33 dredges in all on Seward Peninsula. 
Three gold dredges and one tin &edge were built during the year. 

Ye3r. 
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The cause of the decrease in production ot dredge gold is not clear, 
as there are h m  to be hrge areas of aurifmua gravels on the 
peninsula which appsar to be suitable for profitable exploitation by 
dredges. One mason, howwer, is that most of the succmsful 
appear to have worked on placera d rather high grado, and thek 
succw has been due to this fact rather than to sconomical mining by 
Inrgo operations. Little attempt has been made to work the perma- 
nently frozen placers, as has heen so aumssfuUy done in tho Mwka 
and Canadian Yukon. In the Yukon region wmd costs from $9 to 
$14 a cord, which is   lea^ expensive per heat unit than the r e t d  price 
of c o d  at Nome, &out $20 a, ton. Tbe cost of fuel oil per heat unit 
14 m i d  to be still less. To this price must be msdded the expense of 
hauling the fuel to  the dredge. It would Reem that there is in %ward 
Peninsula a field for strong companies that could introduce economies 
in the operation of dredging and thawing. 

Some phcem were developed during 1015 in the southtern part 
of the peniniula. It hw long been known that placer gold oc- in 
this region,a hut until recently mining has been only intermittent. 
Tbe following  note^ en the new developments are b a d  I q e l y  on 
information fantished by Mr. Lam Gundemon, who resides in the 
district. 
The developed plaeem were on Dime Crsek, which joins ~ & u k  

River about 40 m i E ~  from Xortdn Bay by the windings of the stream. 
Tbe bedrock of the district is schist with some crystalline limestone. 
Gold placer3 are said to have been found on nine contiguous claims 
on Dime h k , w h i c h  would m r k  R pay streak ahout 2 mil- in length. 
P h r  gold has aho been mined at different timm in the adjacent 
region. 

Though little productive mining has yet been done on Dime Creek, 
nearly f3,1)00 is said to hare been taken out of three claim'. Some 
o l  the gold is said to be worth over % 19 an ounce. A wttlemmt hm 
been mtablbished on Dime Creek, and provisiono md mining supplies, 
inchding boilem, have been brought in. The sjwtematjc opening 
of the placer ground is therefore assured. 

Including the g ~ l d  dredges, it b mtimated that 120 placer mine% 
were operated on the penitmula in 1915, employing abon t 1,200 men. 
Thesa d a not include the placer tin mines, of which there wme three, 
employing 40 men. The distribution of the gold production by 
districts is shown in the following statement, which, howover, 
owing to the failure of some of the operators t.m make returns, is 
only an approximation. 
. 

1Cflisr,A.f,,Hm,F.L.,Bmlth,P.B.,dBr~,A.B.,~~&pl-d~alMPmb 
aula, A&, jncludlng Wle Nome, CuanclE, Kagarok, Port C l m w ,  and Gaodh- prsclnd: G'. 8. 
Oeol. Bntvey Bull. 3%, pp. 111-135,1908. 

Br-, A. II., T h e  luimenl gold placer minlng fn- U. S. Oeol. B d . r n ,  pP. Wig, 19H. 
* Brnlth, P. R., mi1 RBUn, I?. H., A -logic rmmmbmm In smthmstmn Ssward Psmiatula and tha 

Norton Rnflulatoredon, hlmka: U. 5. Geol. Bun-ey Bull. 419,1911. 
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Appmha le  distrttrthtiora of gold prod& in S m r d  Pen<wula, 19 15. 

Nome district ............................................. $2, MO, 000 
........................................ Council dietrict.. 686, WO 

...................................... Fairhaven a 6 ~ t . .  250, 000 
......................................... hlomon diBtTict.. 250,000 
....................................... &ugs~ok W c t , .  140,000 

pork C h c s  and d l e r  districts.. ........................ 75,000 

2, w> om 
More deep placer mining was done at Nome during; 1915 thm 

there has been for many years. About 36 deep plwer mines, em- 
ploying about 250 men, were operated in the Nome district during 
the winter of 1914-15, and the value of their gold output and that 
of the mines operated in summer was about $300,000. Though 
there was a shortage of water in the peninsula during August, in 
general the serason was favorable to placer-mining operations. 
The SZismvitch mine was opened late in the summer, and some 

antimony ore was shipped from it. Soma antimony ore was also 
shipped from the Hed & Strand mine, about 3 miles north of the 
Sbwvitch. htimony-bearing lodes were prospected at other 
localities in the peninsula, notably on Anvil Creek. A summary 
of the antimony resources of the peninsula is in presa. a The de- 
vslopmenta in tin mining are noted elsewhere in this volume. (See 
pp. 27-28.) 

Some gold was pmbtbbly recovered incidentally to  the mining of 
antimony  deposit^, but there appears to have been no other lode 
production, .though prospecting of aurif emus quartz veins continued. 
A gold-bearing vein was found on Boulder Creek, in the Nome 
district, and is said to have been traced for a considerable distance. 
Y h  are under way for prospecting this deposit. 

Placer mining in a small way continued in the Eobuk region 
during 1915. Four claims were worked on Klery Creek, in the 
Squirrel River distpict, and four clftims on Dall, Shungnak, and Lynx 
creeks, in the Shungnak district. An 8Jpmnce nugget was found 
on Khry Creek. In the Shungnnk distric.t two dams with auto- 
matic gates were installed. The entire gold output of the Kobuk 
region is estimated to havs tt valua of $20,000. 

1 B m ,  A. H., Antlmony deposits 01 M: U. R. Qml. B m e y  Bull. &98. 





A considerable advance in both capper md gold lode mining was 
made in southewtorn Alaska in 1915, The development cumkited 
in the opening up of large bodies of ofgold-bearing om, in the installn- 
tion of mining machinery and powordeveloping plank for its ex- 
poli tation, and in tho resumption of operations in a number of copper 
minaa. This revival of activity was felt t h g h m t  the pegion ex- 
tending from Eetchikan i;o Bornm Ray. 

Juneau, which has long ranked as an importmt gdd producer 
owing in large part to the production of tha Treadwell group of 
mines on Douglas Idand, now bids fair to surpsss all previous records 
in tbe production of ore. The extensive deposita of low-grade ore 
that for yearn have been know to exist on the msinlsnd are now 
being actively exploited. Tho opening of the Alaska-Gastineau mill 
and the breakhg of ground for the new mill of the Alaska-Juneau 
Gold Mining CQ., part of an axbnsivo plan of development which 
will place this cornpan y am- the principal producers of the region, 

' ' are notable developments of the you. Other eventa are the p m -  
Qscting operations of the Alaska Gold Bdt Co. in the Shoap Creek 
Basin, the formation of the Almk*Taku Co. with holdinp on Taku 
Inlet nnd Gastineau Chmel, and consolidations and plans for active 
davelopments in tha Eagle Rivar and Rernem Bay district. Those 
activities are the natural response to the su-ful mining of low- 
grade ore% on a large scale. 
The gold produd  in southeastern Alaska is won largely from lode 

minm. The only known productive placer mining in 1915 waa in 
ths Porcupine district, where several cornpanics operated with good 
success. Pllrcer development work, however, wtw dona at Sumdm 
and on Chichagof Idmd. 
In tha Kek.hikm district the intermt centers largely in copper 

mininp, which was done on a larger scale than in any other year 
since 1907, the m r d  year of copper production in southeastern 
Alaska. Several gold mines in this district were productive also. 
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Intereat in the development of marble continues, especially in the 
muthem part of the regiw. Other nonmetallifernus deposits that 
have bmm worked for some time am gypsum and garneta, and in 
1915 a small qamtity of barib ww produced. 

The location of the mines and prospects of southeastern Maaka i 
~ h o m  on PlaW TX and ZII. 

The vatue of tbe htal minerd outpnt of southeaatenz AIaska for 
1915 was 86,090,571, distributed as follows: W d ,  $5,435,586; 
cupper, $302,431; saver, marble, led, and gypawn, $352,554. 

aOLD MINES AND PIt081PECTB. 

A-wtw. 

year. .J)". a& MW. 
k-t. V h c  Amarat.  Valna 

A m t .  V h  A W .  Vdoa 

Tny. Fine Plw 

W U G L k &  IBIAND. 

The Treadwall group of mining companies, cornpriahg the h k a -  
Treadwell, Mmk~Mexiam, and Alaska-United, opcmting on Dough 
faland, continued their lmga+oale operations throughout the ye=. . , 
Over 25,000 feet of underground development work wm sacom- 
plished, of which about equal amounts were in vein matter and in 
wash. Tbese operations extended over 22 levels but wera confined 
principally to the lower levels. Over 4,300 feet of work was done 
on the 2,100-foo t level in the Tredwell, Mexi- and Seven Hundred 
Foot mines; extensive deedopment was also continued on ths 1,570- 
foot, 1,750-foot, and 2,200-foot levels. The centrd ahaft was ex- 
tended to the 2,400-foot level, and development work was started. 
During January 30 stamps w m  added to the mill of the hvon 
Hundred Foot mine, and in October a like addition was made t o  the 
Ready-Bullion mill, bringing the -gate number up to 960. 

All four mills of the Treadwell group were in newly continuous 
opamtion throughout the year, except in parts of June md July, 
when an accid~mt to the hoist caused a curtailment of operatione 
at the Treadwell a d  Mexican mills. A total of 1,650,058 tons of 
ore was crushed, and 35,502.2 tons of concantretea w w  ~aved. 
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!!?he Alaska Consolidated Goldfield Go. is a new oompmy formed 
an the reorganization of the Alaalra Treasure Gold Mining Co., who- 
holdings are on Ne~ada Creek, 4 miles mutheast of Treadwell. Davel- 
opment work was mumd in October, 1915, a crew of man being 
put to work on surface impmvmenh, with the intention of resum- 
ing the underground work soon with a larger force. The present 
devdapments con&& of a mile of undeqpund openings. The first - 

work will be to extand the lowsr d i t  and raise to connect with the 
upper workings. 

MAWLAND. 

The most notable achievement of the year was the completion of 
the new Blwka-Gastineau mill at Thane, near the mouth of Sheep 
Creek. The mill was designed to treat 6,000 tons daily, but tests 
&ow that it is capable of handling 8,000 to 10,000 tom. It is a 
mncentrating plant that produces four grades of concenhte for 
shipment to the smelhrs. A retreatment plant is in course of 
construction. Om is hauled from the Perseverance raine over an 
elechc railway for more than 3 milea, ptbrt of which is through the 
Sheep Creek dit.  

The h t  unit of the mill waB completed in February, and during 
the year the output gradually increased t o  nearly the full capacity. 
DuPing the year an estimated total of about 1,200,000 tons of ore 
was treated. The amage value per ton was somewhat lower than 
was originally estimated, by reason of a lwge horse of alate on tb 
fifth level, wbre  high-grade om was h l i e v ~ d  to occur. Power for 
the mill and m h  is furnished by $he company's hydroelectric plants 
on Salmon h e k .  Another plant, known as the Annex power project, 
under construction in 1916, will furni~h additional power. It is 
de~igned fo run a 1-30CLfoot tunno1 to tap Annex Lake 100 feet below 
its surface, thus avoiding the naceaity of a dam and outlet. &om 
tho mouth of the tunnel a p i p  lina wiU carry the water 8,000 feet 
to  the generating plant. The company employs 1,300 men. 

The Alaskduneau Gold Mining Ca. has recently appropriated 
$2,500,000 to c q  out an extensive plan of mine development asd 
improvements, which include the construction of a l m e  mill and 
powor plant, aZrettdg under way. The plans call for a bd-type miU 
to Be built in four sections, each of which will have a daily capacity 
of 2,000 tons. It is expected that the first unit wiU be in operation 
by January 1, 1917, and that the mill win be camplated three months 
latar. The 5 W t q  built two yeam ago will eventually be 
equipped with b d  milla. A power plmt and oil tanks, oquippd -- 
with two 6,000-Mowatt turbo generators, will be built near the 
present site of the AlmkaJuneau offices. This plan of development 



obviously invo1v~ also extensive underground work tO f m i ~ h  a 
sufficient supply .of are. 
No pmductiw mjning wss in progresB at the Al&Ebner mine, 

and owing to litigation the workings were not open to i n m i o n ,  but 
undewound development work is being continued. 

Development of the  holding^ af the Abks Gold Belt Cb. is being 
actively pushed. An a& t is being driven in the upper part of Sheep 
Creek basin to cut the ore body, and if feastble a s a ~ l e v e ~  working 
adit TRiU be run later. During the year 2,500 feet of the upper adit 
was driven and work was continued on powor installation and tbe 
mill ~i t e  on Gastineau Chmel, 

The Alaska-Taku group of claims has recently been located and is 
now being daveloped. It comprises 43 lode claims and eight dl 
sites on Grindstone and Rhein creeks and the di~ride between these 
creeka and Sheep Creek The Jode claims adjoin those of h e  Alwska 
Gold Bolt CQ. and extend along the strike of the formations for 4 
miles, nearly to the pahnted claims of the Penn-Mash Mjning Co. 
on Taku Inlet. Five raj3l. sibs cover the cmp and power sitea at 
the mouth of Rhein and Grin&tone oreeb, m d  two d sibs on 
Gastbeau Channel afford sitaf~ for a crosscut adit near sea level. 
The ore deposits were xiot examined but are said to be stringer Iodoa 
s d a r  in charachr fo the Parsoverance lode. The locatione covor 
the main greenstone and slate contact and a cansiderab1e part of the 
averlying b l ~ k  alate. 

% k g  operations were continued on the PekoviEh dahq on 
h t e r  Bay, Admiralty Island. Th.e Masks Gold Mining Co., 
recently formed to exploit this property, will install new machinery 
and hcmase the present output. 

The mining property on Windham Bay, including mill ~ i h s  and 
wahr rights, was recently sold to the Almka Bond & Development 
Go., which will start work in the spring. 

A company was recentIy formed to take over and develop a group 
of c111irns on WilIiam Henry B8y. It is announced that work will 
commen:13CB 80011. 

The development of the E d e  Riwr mine, which bas been. in 
progress for a number of years ahcs  the old workings were dosed, 
was actively continued in 1915, and a considerable production wag 

also made. Recent work htts been direchd towad driving an adit 
at an elevation of 400 feet above the mill and 600 feet below the old 
&e workings, This was designed b prospect the ground and to 
serve as a working adit. In placea it drifts along the lode and in 
others mta m s a .  In. ad&tion to stopes 2,600 feet of underground 
workings have been driven. The adit cuts a wide deerdhed zone 
containing ore bodies of more or less irregular shape. Several ore 
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bodies have been opened and two stopes mmomd. Tho are con~ists 
of quartz with galens, pyrita, arsenoppite, and pyrshotih. From 
lthe portaI tha ore is trammed to tho h o d  of a 1,2(S0-foot surface 
tram that leads to the miU. The mill begnn op~rationa in June. . 

Aswwment work hw been kept up on several claims on Montana 
Basin and Yankea Cave. The old AB claims have heen mlocahd ~LB 

the Morningstar group and am being developed in a rnodarsto way. 
The Peterson mine, on Pearl Harbor, has been davelopod more or 

less throughout khe year. A 40-foot adit was recently driven on a 
voin 7 feet in width, composed of irregular masses of banded quartz. 
This ore oontaina considerable free gold, one panful of dirt taken 
from the lodo exposed at &he face of the adit ~ielcling a long string 
of calare. Work has aIso been done on the Cmnonhall claim. An 
d i t  has been driven for 80 feet along a stringer lode of qaartz pen+ 
trating slah. This lode carries pyrite and amnopyrito and canbins 
specks of froa gold. It strikw owt and dips south at a sbep angle. - 

. Other lmge voim of quartz occur on the property, but development 
has not yot baen extcnsivo enough to determine their extant or value. 
The lodes are easily mined and contain considerable freo gold that 
is readily won in a homemade mil2. The surfsee indications are 
promising enough to justify a thorough investigation of the property. 
On Berners Ray the principal developments were in the Jualin 

mine. During the winter of 1014-1 5 sampling and examination were 
carried on preparatory to active operations in the spring. The pra- 
ent openings consist of an adit lovel nearly a m& in length and work- 
ings on the 60-foot, 160-foot, rand 310-foot levels, aggregating 13,000 
feet. Recent development work comists of a number of raises from 
the 160-foot level and the extension of all tho levels. On the 3 I O-foot 
levd the back and intermediate veins havo beon reached. A new 
lode called the. " unknown vein" has been openod on the 160-foot 
levet and two raises have been started to explore it. This lodo is 
northeast of the other ore bodies and has not yot boon found on ths 
other lev&. The stamp mill started early in summer. Tho failure 
of adequtbte water power during winter and dry seasons hrts nacB- 
aitshd t h ~  enlargement of tho present hydroelectric plant and also 
the erection of an emergency power plant, which in October, 1915, 
wae nearing completion. It is 14 piles below the mine and corn- 
prism four oil engines of 160 horsepower each. Fuel for these cn- 
gines will be piped part way and h d e d  by wagons the remainder. 
At this mins 75 men are employed. 

The Kensingtm, Bear, and Comet pmpwtiea ham been consofi- 
dahd by the Hayden-Stone interests m d  ma being actively dove]- 
oped. The Kensington adit has been driven 5,000 feet on through 
the J o h n  Eode, which has been explored by 1,600 feet of drift% 



trnd mmmta. It is similar to the Eureka and Kensington Idea but 
o w w s  in the -tone. The adit c ~ w s e s  the granite and greenstone 
contact 3,200 feet from, the portal. A new surface tram hw replaced 
the old switchback b h m n  the mine and the coast. Work at preaen t 
is confined mainly to the Kensington, but the Bear and Comet are 
included in the general scheme of development. The erection of a 
500-ton mi t of a flohtjon mill was plwmed for the spring of 19 16. 

'E'be Tamma group of clsims ia on one of the tributaries of Sawma 
h k  7,000 f& from Sawmill Cove, at an elevation of about 1,000 
feet. The developments consist of mnml ahort openings on two or 

. more lodes. The country rock is black slate of the Rerners formation, 
which strikes N. 60° W. md dip steeply northeast. A 70-foot adit 
hss been o p e d  to explore 8 quartz fissure win striking east and 
dipping 75" N, The foetwall side of the lode is a lsrgs vein of quartz 
strongly minsraw with pyrite. Its thickness was not determinable, 
, .as the adit does not expose the footwall and the ~ e i n  on tha surface is 

covered with &de material. A 2-foot vein of quartz occum on the 
hanging wall of the lode and is separated from the footwall =in by a 
horse of sIah. Overlying the hanging wall is a mineralized zone of 
date with many stringem of quartz, forming a &ringer lode sewrat 
feet thick, minerdhed with dieseminatad pyrih. Southwest of 
this lode on the footwall side, but some distance from j t, is a similar 
stringer lode. An opening htaa also been made on m %foot quartz 
vein. Shte, country rock,+md vein all strike N. 45' W., and a short 
adi t ahowa the ~ e i n  to be horizontal at the surface. The vein rnahrial 
is rusky brecciated quartz containing much pyrite. 

Considerable prospecting and some de~elopment work were done 
in the vicinity of Auk Bay. 

The only productiw mining in the Sitka &trict in 1915 was done 
at the Chichsgof mine, on mag Bay, on the west coast of Chichagof 
Island, 50 milea south of Sitka. The mining and miUing facilitla 
here bava recmtly been increased by additional stamp, a tube mill, 
and ta. new compressor plant. The mine and d i n g  plant were 
operated mntinuoualy throughout the y w ,  and mining has reachad 
the 700-foot bvd. Shaft sinking was continued on the Fleming 
gold-copper property, 14 mileg from the Chichagof mine. 
h the Wrangell district den10pment work waa continued by the 

Olympic Mmhg Ce. on the Helen S. group, on Woe~vodski Island; 
on the Berg claims, on Blake Channel, and on the Maid of Mexico 
mine, The Groundhog propertim were sold in the faU, and the new 
owners began development work, which, it was said, would be carried 
forward in the spring on a large scale. (See @. 1.1 



In the Ketchikan district four gold mines were in operetion during 
1915, and three other properties not classed as mines made a mall  
production. The greater part of the gold produced in this district, 
however, wa8 derived from the copper ores, all of which carry gold 
md silver in varying amounts. 

The old FuyaIInp mine, on Prince of Wales Island, is now called 
the Ready Bulbon. It is about 14 miles northwest of Hollis Cove, 

with which it is connected by a tramway. The mine is on a narrow 
vein of quartz inclosed in altered tuffs, slate, and quartaib, "She 
win is bodered by seams of gouge along two well-dofinod walls, from 
whch it brertka away essily. The win where exmined ranges in 
width from 3 to 18 inches, and it is srtld to be 3 feet wide in places. 
It9 a m r w  is about 6 or 7 inches. The hangrng wall is stoped out 
for working spaoe, and the vein matter Is broken do= md let fall 
on canvas, care being neceaaxy in axtmcting the rich ore ~hoots. 
The present developments consist of an d i t  1,160 feet long, driven 
along the vein, a 212-foot d t  200 feet above, and a 312-foot adit 
T O  feet below the long adit. Fmm the portal of the main adit for o 
distance of 1,000 feet tba ere has been ataped above the adit for 



a vertical. height of 150 to  nearly 200 feet, the s t o p  in gltreas remL 
ing the surface; at 840 feet from the portal a raise extends ta the 
surface. 

Tha mine is eqnipped with cabins, a btschith shop, and a 
&stamp Rid00 m a .  A Pelton wheel runs the mill, compressor, 
and electrielrght plant. T h e  gold, most of which is caught in the 
amalgam, is retorhd and blocked at the mill; the concentrateEl are 
ahippcd. 

Devclopmenf work was continued during the, p a r  at the Cracker- 
jack-Hollis p u p  of c!&, adjoining tho Ready Bulfion on tKe south- 
west. ?She country rock is black data, having a general strike of 
about N. 30" W- and a steep southwesterly dip. Several large, 
pcrsiaknt veins h ~ v e  been explored by R, numbor of undsrground 
workings and surface trenches. Recsnt work has uncowrcd an 
18-foot lode formed along two porphyry dikes. A prominent feature 

-- . of thrrae lodes is the marked interrelation of the quartz and porphyq 
dikes that are rn common in thia region. 

The Dunbn mine, also known as the Rogers and previously as 
the Julia, is an Harris Creek, about 2 miles from Hollis. Develop 
ment work wm continued hem throughout the yemr, but little milling 
was done, na attantion was m h e d  particularly to  the underground 
prmpecting, the results of which are reported fo be aatisfnchry. 
The p m n t  workings consist of a 300-foot incline and drifts and 
s t o p  on four levels. The property i s  equipped with a h t m p  mill 
+en by power furnished by three water-driven turbines. The 
count~g rock ia predominantly black slate with a LttIe interbeddad 
gmgwa&a. The lode is composed of quartz string- penetrating 
the black slate and rangw from 2 to 8 feet in width. The walh Bra 
well defined and the ore breaks away easily. The ore occurs in 
shoots, and there are barren places in the vein, but the wall rock ia 
aaid to  contain mnsiderahle gold. 

The Tremupo p u p  of claims, on Granite Mount&, was relocated 
in 1912 as the Last Chance 1,2, and 3. Thew claims are on Grrtni~e 
Mountain and may be roached by trail from either Karh Bey or 
IIoUis. At aa altitude of 2,400 foet an adit has been driven for about 
50 feet in a mass of bracciatsd granite. Magsea of qguartz occur hem, 
but the vein in place hae not been located. Above the adit the vein 
baa bmn traced for s e ~ e r d  hundred feet by surface pits and shod 
d t s .  In mme placos it pinches to  a mere gouge seam, and in others 
it swells to  3 feet; the average width is about 18 inches. Outcrops 
of what ~ppoam t o  be the same vein have been traced jar 2 miles. 
The vein strikm N. 45" W. and dips northeat at  varykg q l e s .  
The vein matter is m t y  cavemow quartz with considerable free 
gold. In p l w  pyrilta is ahtmdant, end a little chalcopyrite also 
occurs. The muntry rock is granite. It is planned to trest the 
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om krnpody in an arrastre, which in Ssptamher, 1915, was in 
c o r n  of construction. Other veins galena, chalcopsrite, 
and pyrite and contdnhg both silver and gold havc bow opened, and 
~onsiderablo ore bas been extracted from them, but at prosent they 
am nbt being worked. 

An arrastre has a h  been built on the Snowdrift claim, aI3out 
2 milas west of the Crackerjack, at an altitude of 1,650 feet. On this 
claim a %foot stringer vein is heing prospected by a short adit driven 
along the vein. The vein strikes N. 60" E. and d i p   teep ply south- 
smt. The arraatra was constructed to  k t  the ore on this and the 
Cascade claim, hut no gold 11- yet been produced. 

The Valparah mino is on Paul Lake, in the vicinity gf Dolomi. 
For the I& three yeam it has made little or no production, but 
development of power end the mine plant has been c h e d  on 
actively. Tho mnin ahsit is 330 feet deep, and drifta on the first, 
second, and third levels aggregate over 1,600 feet. A &ainqe d i t  
was recently driven from the shore of the lake to t.hs intersection 
of the vein on the mcond level, e distance of 400 feet. 
In the vicinity of tho Valpamiso mine aasesgmt work is being 

h p t  up on the Jumbo, Wellfleet, and Amazon cIahs. R e m t  
locations are the Standby and Cook claims. The Standby daim, 
about 1,000 feet north of the cabins of the Golden Fleece mine at 
the head of James Lnke, is heing drvaloped on a a+-foot lode com- 
posed of ~tringers of quartz in silicified lirnatone. Pyrite is abundant, 
and in places free gold mum in lenticular quartz stringem. 

The Chicago Kid ddtiim is south of the Golden Flooce, on the shore 
of James Lake. A shallow opening has been made on ra 5-foot yein 
compwed of b m i a k d  limestone axmentad with veinlets and masses 
of quartz c a q b g  pyrite and htrahedrite. It strikes N. 60" E. and 
d i p  70" SE. At the foot of Jmm h k o  am tho Fortune, Moonshine, 
and other claims, located on anocher Iweccin lode or vain that strikas . 
N. 60' W. and dips n0rth-t. The country rock is bandod blue 
limestone md schist, and tho lode is cumposed of block of limestone 

' 

and whist with a network of quartz veins carrying dissominatod chal- 
copyrite and pyrite. The developmanta consist of a number of open- 
ings from 50 to 100 fmt in length, extending acmss the lode. Tho 
Now Era claim, on the southwest shore of James hh, is on a 30-foot 
quartz *in carrying d b m i n a M  pJrrite. An arli t extends amow 
the vain, which strikes N. 30' W. and stands about vertical. 

hessment work was continued on Chohonddey Sound at a 
number of places, but no gold was produced. Four claims, the Port- 
land, froattla 1, Seattle 2, and Kmetonka, lie dong a mineralized zone 
extending from Minerd Lake to  Dora Lake. The main workings rn 
on the Seettlo 1, wbero a crosscut adit has been driven 280 feet to the 
vain, which waa followed by a 70-foot drift and a 25-foot raise. Open 
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cuts and surface trenches eqme the vein at a number of places, It 
strikes generally-abwt north and &dips east. Tfie m t r y  rock ia 
limestone and schist, and the lode is a kmm vein of banded pus- 
with considerable galena, sphslerih, chalcopyrite, and pyrite ctwryhg 
gold and silver. The lode varies in width from plam to plwel Tho 
narrowest parb nowd is in an open cut on the Portland claim, where 
it crosses the linestone country mck. Here the vein contains con- 
siderable calcite. At some places it widens to 9 fwt. 

Work was &o done en the Hope and Moonshine gronps, on the 
huth Arm of Cholmondeby Sound, and on sevard properties on 
' K i t h  Bay, 

MAINLAND AND REVI'LtgQIQEDO IHLAND- 

The Sea L e d  mine, at the head of Thorue Arm, has not been worked 
for a number of years, although attempts have been made to reopen it. 
Last year an option was taken on the property, the tram robuilt, and 
the mine partly pumped out, when work was discontinued, The 
adjoining group of daims, the Majestin, Googoo, and Golden Rule, 
have been relocated as the Googoo 1,2, and 3, and some development 
work has hem dono on them. The vein, which ~trikss N. 60' E., has 
heen s x p l o d  for 2,000 feet by a 35-foot shaft and cmwmt and 
several surIace cuts. It is composed of white glassy quartz with 
large crystab and bunches of pyrite, which in places- penetrate the 
wall rock. Rich pockets of 5ne gold occur in places. One auch 
pocket reaantly mined in an open cut waa profitably extawtd with 
a long tam, 

The Gold Standmi mine, on Helm Bay, wm m r k d  on a lome, 
and the lessew made several shipments of ore. Adjoining the Gold 
Standard property ia the South Lakeview claim, on an eastward- 
trending vein dipping north. The vein is 18 to 24 inchea wide m d  
is composed of rusty bandd quartz with chalmpyrita and s little 
pyrite. Gold occurs free and in the chalcopyrite and is mostly eon- 
fined tcr B pay streak about 3 i n c h  wide. The vein is bordered on 
both sides by gouge, and cub p m t o n e  schi~t striking N. 40" W. 
and dipping steeply northeast. 

Severd low-grade ore bodies are being exploited in this vibiv. 
On the Bay View and West Bay View claims a nnmber of open cuts 
have disclosed a mineralized zone, which in p l w  is 150 feet across. 
Its general strike is north, but at the north end of its exposures it 
swings f owmd the northwest. It is composed of greenstone schist 
and more siliceous schist f l e d  with bodies of quartz ranging from 
mere stringers ta some 18 inches thick The greenstone aad schist 
bordering the quartz contain considarable pyrite, although the 
qnartz itsdf does not appear fo be strongly met*. Other lsrge 
low-gr~de bodia are being opened near by. 
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(30113 lodes waociahd with deposits of copper and silver occurring 
in the Salmon River region aro described under the head of '"pper 
mines and prospects" {pp. gti-08). 

The 6.oldstream mine, on Gravinrr Idand, was l~nw~tersd late in 
tho fd of 1915 with the intention of rmrnjng operfitj~nf3, hut no 
-pmductive mining was in progress nn Gruvinn Island. Lodes con- 
taining both gold and copper occurring on t h j ~  islnnd are described 
below, under "Copper mines and prospacts." 

COPPER MINER AND PRORPECTGI. 

K~saan Peninsula and the region adjoining Reaaan BAY were 
again the center of copper mining in sout,hcas.ltern Alaska in 1915. 
The Granby Consolidated Mining, Smelting & Power Co. (Ltd*) 
took over the ~ a m h  and It minm and for a portion of the yenr pro- 
clucod over 260 tons of ore a day. m o  Rush & Brown mino was 
oporated thro~qbout the year about as usual. Developmot work 
WRS continued nt the Mount Andrew mine, and ore was produced. 
Tho Jumbo mine on Hotta Inlet was oporahd on about the usual, 
ncda, and shipments of ore wcre made &o from the Gondro and 
Cymm pmpertim. The general distribution of copper-bearing 
lodes i a  uhom on PEatm 111 (in pocket). 

Copper, gotd, and and#@ p d u d  Jm mpper mine ofmuthmtsra A&, 1915. 

Ore mined. ...........................-............. .tom.. 60,408 
%per: 

Qnantity ............................... .pomda.. 1,728,182 
Vdue. .  .......................................... l$302,431 

Gold : 
Quantity. ........................... .fino ouncerr.. 1,321.90 
Value.. ............................-............. $27,326 

Silver: 
.. ........................... Quantity.. fine ouncepl 10,938 

Value. .............. .. ...................... ' 8 , 5 1 5  

The copper p~duetion was an onorrnnua incrome over that of 
the prweding year, in naturtd rwponse to the inkwified demand 
and high price. Only two capper minm wem operating in 1914, 
and therefore bhe production for that year is not published, as it 
might reveal the output of the indivitluttl mines. 



Chsidemble ore left around tho borden of the old atopes was ex- 
trtwtad by stmting at the bottoms of the stopes and fiUmg thm as 
they came up on wdla of ore. Ore w~ also discovered in the shaft 
betwmri the 100-fmt arid 150-foot levols. In the meantime active 
prospecting has been carried on along tho contach of quartz diorite 
dikas and lirnmtone. W o ~ k  was carried on ~irnultaneoudy at ttble 
Dean claim of the It group, which was purchased outright by the 
Granby Co. Besides copper, the ore cwriw notahle mounts of gold. 

An &homepower gwline motor is used to fou l  the ore from the 
mine t o  the beach, s distance of thrcnquwtsm of a mile, over a 
a d a c e  tramway, Deapite the g a d e  on the tram it is considerd a 
success, as high as 150 tons to tho shift being hauled to tho b e d .  
Ore is shipped to the smelter at h y o x ,  Briti~h Columbia. About 
40 men are employed nt tho mino. 
T h e  Gaodro mine is near tho head of Karta Bny, abbut hdf a mile 

north of tho "Sdt C h u c k . ' q t  is entared hy an d i t  200 feat long, 
which C U ~ R  the are body 150 feet from tho portal. At  this point a 
winze has been sunk for 100 feet, from the bottom of which M t s  
h ~ v e  been opened along the ore body in 'tmth directions. A shaft 
from the surfme opens into n chambor from which a winze also 
exten& d o n  to the adit. From this sfope ore waa extracted in 
1915. The ore trends northesut. It is composd essentially of 
bornite, with lasser amounts of othcr copper sulphide~, and the 
country rock is gabbro, Ore from the mino is trammed by hmd 
300 feet to the ore bins, where tho shipping ore is sorted out and 
trammed to the wharf, to bo loadod on harga. 
T h e  Librant claints are a qua* of a mile west of the Goodm 

mhe. An d i t ,  whch at the time of visit ww inmmsaible, is said to 
be 100 feet in length, with an 18-foot shaft, It is driven along a 
v e i c d  fault atrilnng N. 36" E. A t  the mouth of the adit the 
oomtry rock i a  gabbm minershed with chlorite and spidoh. Speci- 
mens of similar rock taken from the dump contain considerable quartz 
with particles of dimemhated bORljta and chdwpyrik. Other 
d a c e  openings are close by, 
The Mount An* mine made several shipments of ore, although 

the activities of the operatmom wem directed more to the de~elopmenk 
of the mino than to the production of oro. Proepecting hns con- 
tin& on the Jim, Rim, and Peacock claims, which have been con- 
nected with the main workings by an aerial tmm. The present d e  
velopments consist of about, 4,000 feet of andergmund workings and 
a nnmber of l)a% glov holes and other sur f~co  openings. The oro 
bodies am composed of magnctite-chalcopyrite xock. Bmidos the 
ore rich enough in copper to be mined for J l~t  metal, there are lerge 
bodiw of l o w e e  meterid that would br~oma valuable for their 
iron cantent if facilities were available for magne ti0 eeparation. 



The Ymmm group of claims b on the southwest shore of Kaaaaa 
Peninsula, 2 d e s  northwest of Kmaan, with which it ie, connected 
by a trail nesr the bcac.h. A surface tram 2,500 fmt in length con- 
nmta the workings with the cabins at tidewater. T h e  trem is now 
in poor repair, but a good t d  leads to the workinge. !!"he om bodies, 
which consist of magnetite with a m a l l  coppor content, am of inter- 
e ~ t  a4 po8sible h n  o m ,  The d h  have been prospeotod by sev- 
eral short ad& and open tmnchm &van in B norhheasterly &F- 
tion. Near the blacksmith shop at the end of the tnrm is an adit 
80 feet long in which a body of mapatito i cut 40 feet from the 
portal and continues to the fam, A few feet to the south 8 90-foot 
adit oromcuts what is apparently the usme body of rnqnetite. At 
the face a shaft &&ends 30 feot to the surface and 60 feet below the 
levelof t1leadit: Anotheradit50f0etlongisall~magneti~~ South 
d these working two open tmches, 150 and 60 feet in length, are 
both entirely in magnetite om. %nth of the trenches is a lnsge 
outmp of magnet it^, and northomt of tho &aft for a dishmice of 50.0 
feet are numerous outcropa and surfam pits, indicating a considerable 
width to the m ~ e t i t e  ore zone. North of the Pooman property 
are the Kansas and Blackhid claima of the Coleman p u p .  
The Rush & B m m ~  mine has proved the most persistent copper pro- 

ducer in southea.stcm Alaska. It is on two lodes, known as the 
mwetita and ~ulphide om hdies, which have been worked to tho 
250-foot level. The magnetite ore body is a contact deposit occuming 
a h g  tho border of intrusive diorita and dtered eedimenh. It has 
been developed by a glory hole 100 feet deep and by wclrkinga on 
the underground leveb. Surf- e x p m e s  of ore northemt and 
east of the developed lode indicats either a greater length and width 
of the ore body than was at first expockd or large are bodies near by 
that have not yet been explored by the mine workha. These 
surface expos- are re~ealed by s h h w  pita opened t h g h  the 
overburden. Magnetit~halcopyrite 0x0 o c c m  in s. small pit north of 
the em$ end of the glory hole, and similar ore is found in the excava- 
tiom of the om bins about 25 f ~ e t  to tho west. (Sea fig. 2.) Mag- 
netite ore occurs also in 8 recently opened pit 78 feet eaet of h glory 
hale, shut  in line with the other pita. The size of the body is not 
&dent, as ore occum a m s  the entire width of the pit, about I f feat. 
It is ma* magnetitechatcopyrite ore, with a little native capper 
and seam of copper carbonats. 

The relation of these outcmps of copper-bearing mck to one another 
or to  the known ore hodies is not evident, but their position indic~tes 
either an extension of the old om bodies or new lodes of considerable 
s k .  In either casn thc probability of an increased area of productive 
ground ia strong. The glory hole and surface pits show ore more 
or less continuou~ for nearly 200 feet, and the p r m m  of bodies of 
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magnetite southeast of the known lodes has been shown by magnetic 
m e y a .  

The srulphide om body is a shear-zone deposit inched in metti- 
moqhmd sediments. Chalcopyrite i the principal metallic mineral, 
and the ore contains subordinate amounts of pgrrite, pphotite, and 
magnetite; the gangue is albred country rock. This lode b been 
opened to a depth of 250 feat and with incremiq depth bewmea more 
more nearly v&iaal, It is from 4 to 14 feet wide. 

h t h e r  Iode, Bnom m the No. 3 ore body, bas bean trenched 
for a &ort distance at a point 150 feet south of the glory hole. It 
is a shear-zone deposit composed of veinleb of chalcopyrite, pyrite, 
and magnetite. This lode has not been opened by underground 
war@. 

Urn BAT, 

The McCulIougb prospect, near Lake Bay, on the northwest coast 
of Prince of Wdes Island, comprises the Jackson 1 and 2, Horseshoe, 

m o m  S . - S k h  map sholaiag location oi McLWwgh Bay. 

Lake Bay, and Copper claims7 which vere lomted 10 yeara ago. At 
that time some prospecting was done and 4 tans of ore wm shipped 
for treatment, the results of which were satisfactory enough ta encour- 
age further development. A aubstmtid building houses the hoist, 
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sawmill, andablacksmith shop. The power house is equipped with 
an 8-foot Pelton wheel, which develops electric power for the hoist 
and sawmill. 

The claims are about 6,dOO feet southwest of the beach of a salt- 
water lagoon connecting Sweet and Barnes lakes, which empty into 
Lake Bay. (See fig. 3.) An excellent plank tram has been built 
part of the way from the mine to the cabin on the lagoon and can be 
extended at easy grade to the lagoon, which at high tide may be 
reached from Lake Bay by boats of light draft. The underground 
developments consist of some caved workings and a well-timbered 
shaft, which in 1915 was extended to a depth of 61 feet. This shaft 
was not accessible. The material on the dump is composed of fine- 
grained graywacke, intricately veined with calcite. This rock is 
apparently not metallized, but similar rock said to be taken from the 
lower part of this shaft contains considerable chalcopyrite. The ore 
body is exposed on the surface at only one place. Here i t  is a breccia 
lode, composed essentially of quartz inclosing angular pieces of black 
slate and argillite and bearing considerable chalcopyrite and pyrite. 
The size of the ore body is not evident. A caved crosscut is said to 
extend 35 feet across the lode, the length of which is claimed to have 
been proved for 300 feet in a northwesterly direction by test pits, now 
inaccessible. Rock from one of these old workings is black argillite 
breccia cemented with calcite. The country rock is black slate, 
argillite, and banded graywacke. 

Development work was resumed in 1915 by a crew of men but was 
not continued throughout the season. Some ore taken from the old 
workings is ready for shipment. 

XOXBA s o m .  

The only productive mining on Moira Sound was a t  the Cymru 
mine, on Mineral Lake, three-quarters of a mile from the head of 
North Arm. The mine is on a lode striking N. 60' W. and dipping 
about 60' SW., inclosed in limestone. The present workings consist 
of an inclined shaft opened along the lode for 100 feet and drifts on 
the 30-foot and 90-foot levels. The lower drift extends southeastward 
along the vein for 96 feet, and a t  its end a small stope has been opened. 
The workings on the upper level are more extensive. A drift extends 
northwestward from the shaft for 30 feet, and a short crosscut has been 
driven to cut the vein. Southeast of the shaft the drift extends for 
400 feet, and for the greater part of this distance the vein is stoped to 
the surface. An adit extends from the surface near the shore of 
Mineral Lake to this level, which it reaches about 60 feet from the 
shaft. The ore is hoisted through the shaft and trammed to the ore 
bunkers on tidewater, a distance of about three-quarters of a mile. 
After lying idle for some time this mine was worked on a lease during 
the summer of 1915, and some shipments of ore were made. The 
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mine is equipped with good mine buildings and a substantial, wharf 
and bunkers on tidewater, which are connectd with the mine by a 
tramway. 

No mini was done ifl 1915 at the Niblack mine, but investiga- 
tiona relative to the development of water power were made. Aa- 
sezsment work waB continued on the Wakefield group and other 
claims near by. Workings on the Westcott claim haye exposed a 
body of low-grade ore 120 feet across, inclosed in quartssericite 
schist. The lode is essentially p-yrite, with a little chalcopyrite 
inclosed in a ~ i E m u a  gmgne. 

On &Lean Arm, 20 miles south of Moira Sound, development 
work has been in progress for a number of yearn. 

The Jumbo mine, which is on Copper Mountain, near the head of 
Retta Inlet, was the only productive mine in this vicinity in 1915. 
The mine is connected by an aerial tram with the campany's wharf 
and ore bunkers at tidewater. T h e  ore bodies rtre contact deposits 
containing chalmpyribpgrrh~tite ore of irregular sim and shape, 
with a footwall of diorite and hanging wdl of crystdzine limestone, 
silicsed schist, or banded quartzite.' 

Operations proceeded about as mud in 1915. Shipments of ore 
were ~tarted early in the summer and wcsrc maintained throughout 
the remainder of the year. Tho present dovclopmenth4 consist of 
10,000 feet of underground workings. Recent work ha9 proved the 
large ore bodim to be more extensive than was at fimt expected. 

A proapct near the head of Keets Inlet has been developed 
recanfly on a coppar-Ismring lode striking N. 20' W. and dipping 
60" NE. The lod0 i~ being opened by an incline, which below the 
10-foot level was covered with water and inaccessible at the time of 
viait. The ore is a shear-zone deposit containing disseminated 
particlea and lenses of chdmpJrrite and pyrite in ailiceous beds 
occurring in greenstone schist. On the dump were samples of 
quartz veins caxrying b o d e  and chdcopyrite, but similar rock was 
not seen in place. The property is a short distance from tidewaixr 
and ia equipped with a blacksmith shap and cabins built on a small 
cope;. 

The Marion and Ella claims are on the northwmt shore of Nutkws 
Lagoon, threequartera of a mile from the head. Nutkwa'L~goon 
is a body of water 3) miles long separated fmm the head of N u t h a  
Inlet by a " skookum chuck," which is navigable only at slilack tide and 
then only with a boat of shallo~v draft. The claim is being developed 
on s vein trending N. 25" W. and dipping from 85' SW, to nearly 

1 Wrlgbt, C. W,, &urn and om deposlia of C o p  bbountsfn and Kmm Pmhlh, U. 8. 
Qed. Bmvey PmL Pap" 87, p. 80,1916. 



vertical. It ha8 been followed for 400 feet by an adit, from which a 
wime has been sunk for 50 feot at a point about 200 feet from the 
mouth. Tba ore body is a quartz vein about 6 feet in width, carry- 
ing chalcopflta and a little galena. At the month of the sdit a 
schist horse fills about half of the vein, but s short distance from the 
portaI the vein maberid fillrs tho f imm. An aerial tram leds  from 
the workings to the beach of the lake, a distance of about 200 yards. 
On the beach m mbins and a blttcksmith shop, 

Tbe Goodhope claim is half a mile by trail from the b r a d  of Hun- 
ters Bay, on the west comt of Prince of Wales Ialand. The ore is 
rnagnetita and chalcopyrite, occurring in irregular bunch& in green- 
stone near the contact of granitic rocks. The development work 
consists of an adit drivon for 40 fcot northwestward, cutting a lens 
of ore, A trail, connects the workinga and blacksmith ahop with 
the bet&, half a, milo away. 

Work on the property of the Alnakn Consolidated E n g  & Smelt- 
ing Ca. at Coppemount has bosn suspcndod temporarily, but appli- 
cation is being mads for patent on five claim, and plans for future 
mine development are being worked out hy the engineer Ia charge. 

WEST OOABT. - 

The Big Harbor mine is on the west coast of Prince of Wales Island, 
on Trocadero Bay, locauy h a m  trs Big Harbor, though this name 
i~ ueed more specScdly for the inner pert of the bay. Tha daims 
were staked in 1907 by M. Z i e m a n  md later acquired by the 
Northland Development Co., the present owners. TEze compriny was 
organized in March, 1908, under the management of A. B. Hill, C. D. 
Cttlhoun, andl P. A. Tucker. Since that time co138iderabEe develop 
msnt work b s  been done. The mine has not been a stmdy producer, 
but small shipmen& were made in 2912 and 1913. Work was again 
~tarted in 1915, but no shipments wero made. The property consists 
of I1 claims located along the ore body hdf a mile from the beach and 
two mill-site dajm at tidewater. The underground de~elopmente 
conkt of worldngs on 3 claims, aggregating 650 feet of adita, cross- 
cuts, and shaft, 'Cabins have been erected on the beach and at the 
workhgs. An aerial tram connects the wharf aite with tha main 
w o r m  at a distance of 2,400 feet. The beach claims occupy a 
~helhrtld harbor offering no diffimt tias to  wharf construction or the 
approach of seagoing vessels, 
T h e  ore boditls form the hanging wall of a minerabed zone of green- 

atana several hundred feet wide, within which are s hear zones carrying 
lenses of chdcopyrita ore and stringer lodes. The mineralization was 
accompanied by intensa silification of the mwtry rock, which bas 
affected in greater or less d e p  the entire mne. This mne strikes 
N. 60" E. and dips 60" NW., about paranel to the individual lodee 



mntsined within it. The country rock hrmed greenstone ie com- 
pased of altered ignmun rocks, which beyond the f ootwall of the lode 
pass downward into doformed arenaceous and celcarmu~ sediments. 
On the hanging-wall side the wall rock is greenstone schist, composed 
mntially of albita with a little seridte, chlorite, calcite, and mag- 
netite. It is evidently an altered lava flow. 
On the Northland No. I claim .an adit has been driven 120 feet ta 

ths hmging wdl of the lode, drifts extended to the northeast and 
southwest, md a number of crosscub drivm. An inclined shaft 62 
feet long connects this drift with the ~urfm, (See fig. 4.) The 
relations revealed by these wor)nng4 and e u r f m  outcropa will he 

briefly s e t  forth. k p m a t d  
from a well-defmed banging 
wdl by about4feet of quartz- 
sencite rock is a copper-bear 
ing lode composed of schia- 
tose greemtone in which oc- 
curs lenses of chalmpynite in 
a greemtene gangue acorn- 
panied by blebs of quartz and 
a little c~lcite. One B U C ~  om 
shoot from 2 to 6 feet wide 
has been stoped out for 40 
feet. Another one 43 fmt 
wide was cut in the adit, and 
it.e e b 1 e  extension ww 
opened in a rrosscut at the 

* 0 
.*' end of the northeast drift. - ID0 Rat 

Southeast of the weenstme 
Roonr I.--& ol m*p on Notthhd No. 1 C h h ,  ig lodewof 

Blg Harim mine. 
- and silicified mastone  120 

feet in width and beyond t h  for s distance of 700 Lt am- the 
@trike occur s series of stringer Id= which, wit,h the intervening 
sillcilied greenstone, form the minm%d zone. Thme stringer lodm 
contain disseminated pyrite a d  chalcopyrite with some gold. The 
hanging WRU is marked by the zone of copper ore. The footwall is 
not ao well defined and'is marked only by a dmreasa in the number 
of quartz, atringers and degree of aiEidkation. 

Other developments consist of working an Northland Noe. 2 and 3 
claims. A shaft an the end line between the two claims has been 
driven for 117 feet and cmscuts extended at 30 rrnd 80 feet below 
the d t ,  which cuta the  haft 17 feet from the surface, This d i t  
for ita e n t b  distance i s  in rock similar to the disseminated sulphide 
ore exposed in the adit of the main workings. The lower part of the 
shaft wss not eccesaible at the time of Pisit. Chalmp*te ore on the 
dump waa said to have come from the ehaft. 



- The mine at pmmt ia boing exploited solely for the copper con- 
tent of the ore. It i a  suggatd, however, that the stringer lodss 
ahould IM thorwghly prospectad for gold-bearing portions. 

Tbe Nancy c h h  is about 2 miles up the creek that enters the head 
of Tmsdem Bay. The country rock is greenstone with interbedded 
argillite and mnglornsrates. Shallow surface workings along the 
stream show a ahcar zone about 25 feet wide composed of silicified 
greenstone impregnated with pyrito tuld chalcopyrite. Withiu this 
shmr zone am more definite ore lodes separated by horses and bmmn 
places. Near the center of tho shear zone ia a vein of pyrite about 
18 inches thick borderad on both sidos by seams of gougo and inclosed 
in grmnstone with d isserninatd pyrite and chalcopyrite. Within 
the shear zonn are other masscs of silicified greenstone in which lie 
stringers of quertz carrying pyrito md chalcopyrite, Ono such lode, 
apparently in place, is a foot, in thickness, Uthor brecciatad masses 
are too much faulted and cruahed to show t h ~ k  relations. About 
100 yards up the crook this lode is again oxpogad for a distance of 150 
feet, At this pltm it is a qurtrtxase lode with much pyrite and 
chalcopyrite, avenging about 6 fnct in thichosa. Tho lode strikes 
N. 70' E. and dips 45" NW. 

Considerable, pro~pecting ~ R B  beon done in s rninaralized zone said 
ta extend from Sea Otter Rarbol; on tho west mast of Dall Island, 
to the head of Coco Harbor, on the east coast. On the ridge south 
of Sea Otter Hsrbor two adjmnt groups of claims in h;estons are 
baing developed. Prospecting has a h  bean done an Coco Harbor. 

Pmqmting and devdnpmeut work has bmm continued by Sanford 
& I;bote on a group of claims on a mineralized zone extending from 
Ddi B8y to Seat Govo, on the south end of Grsvina bland. The 
SanforcI d a b ,  n short distance from D d  Bay, ia being doadoped by n 
gllaf t opened on a shear zone in green clitorite schist, On the Algon- 
quin 2 claim a shear zone in sckishse greenstone is boing prospected 
by several open cuh. Thelode is essentially quartz carryingchd- 
copyrite. It is about 50 feet wido where exposed and strikw N. 30' E. 
hother:  vein that croaaes the main lode at a sharp mgle occupies a 
fracture zone and is composed of banded quartz and ~pecular jron. 
The north end of this group of claims lies in an area of pmitic rocks, 
lightcolored intrusim co&posed essentially of quartz and feldspar 
and in places porphyritic. Here the lode averages about 50 f cot in 
width. It hahs been traced for 1,500 feet by open cuts. TIne gfiugue 
is quartz with stringers of specularie and oarrieq chalcopyrite and a 



little bornite. Smaller parrillal veins 8 to  10 f oet in width border the 
main lode in plwehs. 

Adjoining the patanted claim of the Victory Copper Mjning Co. on 
Seal Cove are the Tiernm and Lhote groups of claims, comprising the 
Anthony, Lizzia L., and %er Lodge 1,2, and 3. Them claims have 
boen held for a number of yeam without active dmdopmcmt but ars 
now being prospected by surface twnching with a view of developing 
creverd large bodies of Jow-pde ore recently uncovercld. Four or 
five almost pardel and nearly vertical main lodes strike about N. 
20°W. Where e-d by surface trenches they range in thickness 
from 30 to 75 fwk and have an w e g a t e  thicknass uf over 200 feet. 
The quartz lodes am inclosed in greenatons md c q  disaeminlrted 
pyrite, chlilcopyrite, m d  spoculm hematite, Bwidea the copper 
content the ore is said to carry gold. 

Assessment work was &o continued on a p u p  of daims on the 
west coast of Gravintb Islend, on the cave direcay w m  the idand 
from the head of Dall Bay. 

M m m .  

w o w  m nmmm - f m m  

No sxttmive coppsr miping ia done on the mainland of the Ketcbi- 
k m  district, and little prospecting has been carried on except in the 
Salmon River baain, where a number of claims have beenlocated and a 
small has been mada by t h ~  selective mining af Ggh-grade 
deposits. 

The term Sdman River district ia here used for the Alaskan part of 
the S h o n  River basin. It joim the Salmon River mining district 
of British Columbia. Salmon River is a lwga stream entering Port- 
land Cand 2 d m  from its h e d  on the American side, The main 
part of the stream lies within Almkan territory but is joiiod near the 
internationd line by tributarim from British Columbia. (See fig. 5.) 
The ore depoaits of the Salmon River district and tho adjoining 

Baar River district on the Chnadian side were discovered in 1898, 
during the ruah to Dawson. The position of the international 
boundary wes for a time in doubt and many of the loctrtions then 
made in what was supposed t o  be Alaska proved later to be in 
British CoIumbia. With the opening of the property of the Fort- 
land Canal Mining Co. in the Bear River district in 191907, Portland 
City w a ~  laid out on the tide f l~ t  aat the mouth of Salmon River, 
during a short-lived boom which r e t d e d  the development of the 
region. 

The beetdeveloped minedid area of tho Salmon River hmin 
lies in Britieh CoSumbia, but this area is accessible thmugh Alaskan 



ferrifary, and the recant constntclion by the Dominion Govern- 
ment of a trail to the upper part of the district has stimulated interest 
end made more rrcmmible the entire region, indudkg the Alaskan 
district, whem s ~ u m l ~ e r  of promising claims have been located. 

The principal s o m  of Salmon River is Salmon Glwier, n f q  ice 
atrenm crossed by tho ao' 
inhmational boundarg 
near its foot, Its prin- 
cipd tributaries nro 
Tcxm &ak, issuing 
from Texas Glacinr on 
tho Nasrknn sidida, ~ n d  
Cascade Crettk, whrrh 
lios almost entirgly in 
Britjdi Cdumbirr nnd 
flows into  Snlmon 
Rivor near tho I~ounrl- 
ary, F i ~ h  C r e o k ,  
another tributmy , en- 
tom Salmon River 5 
rnilos abovo its rnoutll. 
Salmon Rivor occupies 
rt rlahbottomed glsci- 
attld vdley botweon 
high mountains that  
risa Go a l t i tudaa  of 
5,000 feet and show I 3 \ 

cliffs and 
ruggacl ~ J O P O F ~ P ~ Y .  

tip to altitudes of 
3,000 feat the hills are 
timbered with hernlwk 
md spruco of good 1 
grade, in quantity ade- 
quata for a11 mining 
and building needs, 13d 

Hemlock is "the mom 0 5 Miles 

&rndmt. The p m i -  ~ G W R E  5 . - g l C R t C b ~ m ~ ~ i ~  lmtkinofeIaimson h h n  
Rlwr and gmagie relatbtw. hilities for developing . .< 

wetar power, though not examined in detail, are regarded as a c i e n t  
for the needs of tho district. 
An option on the Big Missouri group of daims and other properties 

on the Candim side laas bwn taken reeently by the Alaska-Gas- 
tinesu Mining Co. Tho emtion of the contemplated mduc tion plant 
for the deveIapment of these Enrge deposits and the pnmhion of rail- 



road f d t i e s  betweon tidewstar and the international. h e  would 
further stimulate p m p t i n g  on the American side. The name of 
Portland City hm recently heon changed to Hyder, and a post office 
hras been odered mhblished. The Salmon River district may bo 
mwhed by boat to Hydor and thrnce by trail. At pmsent no mgdsr 
boat mrpice is maintained, but pmenprewrying boats make occa- 
sional trip, and boatv for charter arp always available. ' RLe dis- 
tmce is about 155 milea from Kotchiktan and 135 d m  fmm Prince 
Rupert, British Columbia. 

I 

Cmlogy. 

The Salmon River basin Lies on tho east border of the Coast Range. 
On tho Canadian side the mineralized park of the district mcur for 
the mosf part in the '(Bear River formation,'" aeries of massi~e and 
frqpcn tal gmen~tonm asid by McConnell to include " h a ,  medium, 
and cosrsa voloanic breccias or agglorncrates, tuffs, bands, and areas 
of m a ~ i v o  porphyrites, and occosiond argillaceous bands." !This 
same formation extends to the American side of tho district and for 
the moat part indoses the mineral deposits, Prominent members 
are green frqmental tufla, fhe-grainod aphmitic flows, and diorite 
pwphgrg with feldspar c v t a l s  set  In tb dense drtrk groundmass, 
volcanic brewins, block w g i b t e s ,  and crptalltlline  schist^. The "Bear 
River" m b  ma invnclod by masses of quartz diorite and associated 
granitic mb, membnw of the Cowt Rango intnlsiva seritss. Along 
the contmt n a m w  tongues of the granitic rocks have penetrated 
the "Bear River formation," and isolated masses occur within it. 

Ore deposits of two t y p a  occur in this distr iMsseminated de- 
poait~ of low metallic content and veins carrying shook of very high- 
g d e  ore, The d i i m i n a h d  deposits hnve not been exploited afi- 
ciently to debrmine thoir extent or value. One such deposit appaam 
to he roughly tabular in shape but without dckite outline, merging 
graduaUy into the countq  rock. At other placm the minerdhation is 
of even more diEuscd naturo. The vein dcposits occupy hsurm and 
zone4 of bmiation. Those examined rmge in width from a fm 
inch= to 6 or 8 feet. The g m p e  is quartz. Qden a, the most abundant 
sulphide, is accompanied by chalcopyrite, tctrtrhedrito, sphaleritc, 
pyrite, and pyrrhotite. The occurrence of rich seams of wlphide om 
penetrating the quarts gangue, a mmmon feature 01 the vein deposits, 
is evidence of mrsro than one period of minerdizntion. An older system 
of QU&X v& containing chalcopyrite and pyrite is believed to bo 
connectred genetically with the Coast Range intrusive rocks. The 
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8dphids enrichment is regarded as belonging to a later perid of mie- 
ernhation in which some of the quartz veins were reopened and 
enriched by sulphidm of lead, antimony, and oopper, in part gold and 
silver bewing. 

l'bepmductionof thisdistrictha9sof&rbbeen&ight. Atonepros- 
pect a lton of high-grade galena ore was sacked ready for shipment. 
At another pmporty a amall shipmont is reported. The lack of trans- 
portation facilitim haa &muraged the exploitation of any pmpertiea 
except thoso carrying high-grde om. 

w. 
A group of claims atending from Sovrrmndo, on Sahm R i ~ e r ,  to  

Fish Crook, haa been locatod, But only two of them havo been devel- 
oped. Or? hhe Riverside daim a tunnel 1QO feet a b o ~ e  the river flat 
has barn driven for 140 fcct along a strong fissure vein. The vein 
aver%= about 4 feet irl width but pinches to 18 inchm and in plscm 
widenu to  6 feot. Both walls aro well dofind. T h e  wall rock is s o m e  
what altared hut contains TittIo gouge. Tho vein filling b quartz 
with abundant aulphides. Pj~ita is t'he most abundant along the 
hanging wall and awurs in solid bunchil and in disseminated particl~ 
nssociated with chalcopyrite. O n  the footwall galena is the most 
plentiful aulphide. Tho country rock iq crystalline schist.. On a 
plrrallcl lode of much tho a m e  charactar the Rivcrvicw claim is being 
dmelopd. The vein strikm X .  60' IT. and dips allout 60" NE. .An 
adit harj been rErivon for 17 fmt, exposing a vein that varies from 1 foot 
to 4 feet in width. At the mouth of the opening it is 2 feet wido on 
the roo1 and widens Oo 4 feet on the floor of the ndit. At the fwo it 
is from 12 te 18 inch- in width. Although the vein sweb  md nar- 
rows from place to place, the walls are well defined. 

At Elevenmile a little prospecting has been done, and mveral 
claims ham been located. On the Elevenmile and Iron clsima a 
number of open pih have exposed an iron-stained lode that follows 
a brecciahd zone flled with veins of quartz cnrrging chalcopyrite, 
aphalerite, and gdens. Stringers of sdphidcs form shoo& of very 
rich ore with high silver content. On the Imn claim a ton of this 
bigh-grsde ore has been sacked ready for shipment, The lode strikes 
northeftst and dips 9teep3y northwest. On the hillside abovo Eloven- 
mdq at an altitude of 1 9 0  foet, the Berhha and Western claims nre 
being developed on a nofiheastward-trendlug lode. One surface cut 
shows the lode to be at least 15 feet in width. It consists of silicified 
schistose green tuff of the " Bear River formation," with disseminated 
pyrite, chalcopyrite, galena, and sphalerite. A number of claims 
have been staked on a zone of disseminated deposifg exposed along 
Salmon River at Eightmile and Nioemile but only a little work has 
boen done. 

41354"-BnrC M2-1-7 



Some promising h u r e  lodes have been located by. Murphy & St* 
v a n  an Fish Creek and its tributary Skookum Creek, where more 
than the neceasq m o m t  of mswment work has been done. Near 
the mouth of Skookum Creek an adit waa driven for 25 feet along a 
h u m  that had been traced by surf- trench- for 2,000 feet. The 
vein is 4Jd feet wide, stsikw N. 40" E., and dips about 5 5 O  SE. The 
quarh g q u e  oarrim galena, chalcopyrite, tetrahedrite, sphalerits, 
and pyrite in veinlets and i~~egulm patches. It ia bhg exploited 
mainly for its gold and silver content. 

Near the head of Skmkurn Creek, at an altitude of 1,600 feet, a 
h e  vein baa bmn opened by an adit 320 feet in length and mveral 
wwcuta and inclines. The gangue is quartz. Metallic sulphides 
present are tetrahedrite, chalcopyrite, galena, sphderite, and pyrite 
in blebs and ~einZets penetrating the quartz, rrnd the richest ore 
occurs in veinlets of tetrahedrite and galena. The country rock is 
porphyry and achistose tuff of the "Bear River formation." The 
lode strikes N. 5 5 O  W. m d  dips 4Ei0 SW. At the porbal it is about 18 . 
inchm wide. At 70 feet from the portal only a part of the win ia 
exposed, as the ore has been removed to a wall within the vein. At 
this place the vein ia 3 feet wide plus an unknown width in the wall 
of the adit. At various plaoes portions of the vein said to be very 
rich have been atoped out. At 300 feet from the adit mouth the lode 
is abruptly cut by s vertical. fault trending nearly perpendicular to 
the lode md short drifts along the fault plane in both directions had 
not shorn the position of the faulted lode. Samples of ore said to 
come from a near-by prospect, which was not visited, conkin par- 
t icla of free gold in a siliceous gangue. 

Sevmal c Z a h  have been staked on Texaa fieek. The ore bodies 
me reportad to be quartz vehs c~rrying seams of tetrahedrite pene- 
trating granite and pegmatito. Little work hrrs been done in this 
locality. 

MISCEI&KNEO'[S8 OPEIRATIONW. 

No metals other than those won f m  the mines operated for their 
g ~ l d  and copper content were produced in southeastern Alaska in 
1915, but promise of future output is given by a number of prospects, 
includmg some an lodm Garrlging silver, lead, zinc, antimony, and 
molybdenum. A notable amount of lead produced at the Persever- 
ance and AlasWuneau mines is obtained from the gdena_concen- 
trates. Silver-lead deposib occur at the head of Chohondeley 
Sound, on Eastam Passage, on Coronation Islands, and on Whiting 
River. The Groundhog Basin property lies between the Cow% Range 
and Eastern Pamsge, in a minernlised belt of slate atend achist pene- 
trated by dikes of acidic porphyry and aplitie rock and mineralized 
by galena, zinc blende. pyrite and chalcopyrite carrying gold and 



MIWING DEVELOPMENTS IN SOUTHEASTERN A U S K A .  99 

eilver in varying amounts.' Thk property changed hands in f 9 1 5 
and work was started tomrd ita development. 

A s m d  ontput bas been made from the silver-lead deposits of the , 

Moonskiine and Rope groups, near the head of South Arm of Chol- 
mondeley Sound. No productive mining was in progress in 1915, but 
some development work was continued. The only workings acces- 
sible ahen examined were surface cub. The ore bodies exposed 
consisted of irregular masses of galena, epidote, and garnot, all 
replawmmt deposita in limestone and evidently connmted with fis- 
sure veins. A small production has been also obtained from galcna 
depositg occurring on Coronation Island, on the west coast of Prince 
of Wales Idand,  but these workings were idle in 191 5. 

C7aim.ara reported to have been located recently on. the south side 
of Whiting River 10 miles from ita mouth, on silver-bearing galena 
om occurring in s quartz vein 6 to 8 feet in width. Samples of the 
ore said to be taken from this lode are oomposed esssentidy of 
galena carrying a notable amount of silver. 
On Salmon Rivor near the b e d  of Podand Canal a number of 

cairns exploited ss copper properties contain rich sil~er-bearing 
lodes. .On tho Elevenmile and Iron claims, at Elevenmile, is an 
irondtained lodo following a hreccinted zone filled with veins of quartz 
c"rying chalcopyrite, zinc blonde, and galena. W b m  the galena 
predominates this sulphide forms stringers of very rich silver ore. 
On the Iron claim s ton of this high-grade ore was sacked ready far 
shipment. Another copper lode in this -ricinity is the f iwm vein at 
the head of. S k w h  Creek, desrrifd with the copper deposits. 
Ths metallic sulpPlides presenb m tetrahdrite, chaIcop~te, galena, 
zinc blende, and pysite in Mebs and veinlets penetrating the qua~tz; 
gmg~e.  Among thasa are silver-bearing veinlets composed essen- 
tially of tetrahedrite and galena, rich enough ta be mined and the ore 
sod for shipment. 

The lodes of this re$w cany more or lese zinc blonde. Where 
this mineral occurs in ernall amounts i t  is masidered a detriment, as 
it introduces rnetdufgic &fficulties in itR treatment. There, are now 
h h g  exploited, bowever, in tho SsEmoa Kiver district of Dritish 
Columbia large lodes containing suIphides of zinc, lead, and copper 
carrying gold and silver, in which zinc is the principd valuable metdlic 
cons titumt. A large body of ore carrying 14 per cent of zinc m d  lesser 
amonnts of gold and copper was recently reported to have been d i 5  
covered on Tracy Arm. 

The discovery of motybdenitc-bearing lodas in the vicinity of 
Skagway was recently announced? BIocks of granitic mck contain- 

1 W*, F. E. and C. W., TIM Ketchlkm nnd Wmnw11 minln~ dldrlcts. A t s b :  U. 8.OwI.Surrrep 
BdL 347.180& 
' Alaska and Ncdmw& W. Jcur., r o l .  7, p. g8,1911, 
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ing malybdenite found in the vicinity of Mile 6 on the Whita Pluns 

Rdway led to the dkuve ry  of the l d m  in place. The vein, known 
as the Combination lode, is said to crop out 3,000 feet north of 
Denver station. It is compmed of white quartz and is inclosed in 
"grmit4 gnak travemed by diorite dikes." A mile and a half north 
of this lode is tbe Combination No. 12 lode, a 50-foot ledge of quartz- 
feldspar pegmatite impregnated with molybdeite. 

The region north of the east fork of Skagway River extending from 
Mjle 6 enstward for 8 milas ie said to contain molybdenib-bearing 
float. Molybdenite lodes we known in British Columbia at Lako 
~ennet f ,  where wveral veins have been opened. 

The rnmb1e quarry of the Vermont Marble CO., at Tokeen, was 
operated as usual. T h i ~  company has recently opened a quarry on 
daim bonded from Wood bridge & Lowery, The new camp, known aa 
Skynrs, is on the west shore of Red Bay, on the north end of P&CB of 
Wtass bland. 

Intmmt in tbe development of marble properti- mntinuds, mpe 
ciaZIy in tbe Ketchikan district. The Alaska Marble Co. did con- 
siderable devalapment work on ita claim at Calder, also some pros- 
pecting on Dry Pass, with aatisfactary results. 

Marble pmpcting has been continued at other plnces on Dan 
bland, Long Island, and Revillagigedo Island, and some commercial 
marble of very good grade has been located. These m a l e  deposits 
will be describd .in more detail in a forthcoming bulletin." 

A r n ~ 1 1 t  work is h e ' i  continued hy Lhote, Ickia, md others 
on marble depoeita near the head of Waterfall Bay, on the wwt coast 
of Dall Island. The property comprisw 20 claims, including the 
Eurus, Marble He&, St. Angwthe, and Marble Bay groups. Tho 
claims are on the steep hillaida only a ~hort distanm from the head of 
the bay. 

The geology of the region is simple. South of the bay the m k  is 
limestone. The dominant color ia blue to black, but the marmarized 
portions ars hghter. Schishsa graemtone overlies the limestone with 
apparent conformity; it contains conglomernte bed8 and occupiea 
tho north shore of the bay. The; contaot extends about N. 75" E. 
from the cabin at tho head of the bay. Both limestone and green- 
atone beds stand nearly vertical but dip northwest at high axlgIes 
except where they are overturned. The best marble noted occn- 
pies s belt of varying width along the greenstone contact. At one 

.. 

I Bwchrd, E. F., Xnrbls of mtbaastm Alasb.  U. 8.0~1.  lareuy ButI, - <h pPBlb  
tion). 



locality the outcrop has 8 measurable width of 400 feet, besides n 
mmiderable thickmess of seicryshdhc limeatone. The marble 
hss been exposed by surface stripping for several hundred feet horn 
the bead of the bay. At an altitude of 220 feet the fallowing seation 
is eqmed: 

8& of marble on W M a n  Bay JOO f r d f r m  mgn. 

G-. PB& 
Bluiab-gray marble (dad o n b o p  only). ................... 900 (7) ............................... Btue and white mottled m b b . .  4 
Pike.. ......................................................... 3 ..... Thin-bedded white marble, with black e p b  m d  white dm. 4 
Pink-mottled white w b 1 e  ..................................... 13 
DIua and white mottled marble, b c o n c d d .  

Tha finest comeraid marble in this section i~ tha 13-foot bed 
of pink-mottled white marble. The upper and lower perts of the 
bed are men-textured, medium to fine grained white rnarblo, mottl cd 
with a very delicttt:te pink tint and veined with irregular thadl iko 
veinlabs of yellow. In the oentrd part of the bsd the pink color is 
more pronounced and the rock contains much white mica, B com- 
bination that produces a handmme rock. 

A short distance beyond thrs point, at irn dtituda of 490 fmt, 
the following section is exposed: 

Schist3se greenstone. Feet. 
Bluinh-gray marble, in psrt mottled and veined with black.. ...... 300 
Fine-pined white w b t s  with bmwn veinleta carrying mim and 

pyrito.. ...................................................... 26 
White ~ b t e  with green patch- and bmwn wideta.. ............ 7 
White marble with b m  and green veideta carrying mica and 

pyrite, iinegrained, with few large eryEitala of calcite. ........... 9 
Whiteand pinkmatblewithgreen8iesa ......................... 11 
Fine-gminPd white matblo with pyrite in tiny veinleta 4 dis 

~ e m i n a k d  in pwticlm.. ....................................... 16 
Quartz erliist containing pyrite,.. ................................ 1 
White marble with pyrita and much chlodw in tiny stringem and 

veinleb ....................................................... 10 
Dike ......................................................... 2 
C o d e d  ...................................................... 15 
Blue l i h m  with M r  of white marble and s c W  beds, 4% 

d o m d  into fwdliferwus limaatono. 

ThR be& of w b h  and pink rnarblo with mottled p e n  are= are 
very handsome and are suweptible of a high polish except where 
the green h e m l a  predominate. Tho greater part of the bed is whih 
and pink marble, compomd of nearly pum calcite of very fine grain, 
the individud minerds averaging about 0.05 millimeter in diameter. 
The base m d  top of the bed are variegated wiOh green amas which, 
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combined with the pink-mottled white rock, give a very striking 
effect. Under the microscope the green areas are seen to be sericitc, 
q u b ,  and chlorite; the white and pink rock is ewentislly calcite. 
The thick mass of bluiah-gray marble at tho top of the measured 
sections containa beds of ornamentaI rnmblo of commercial vduo, 
These beds rrre black m d  white, mottled in very intricah pattern, 
&d bluish white with black veinleta. This rock takes a smooth 
polish. 

Marble amps out at severd places dong tho aouth ashore of the bay 
between the cabin arid the greenstone contwt. Ncar the cabin 
an opening has been made on a bed of fhe-grained, even-hxtured 
whih marble carrying flakes of whib mica. Another cornmemid 
marble on this bay is a fine-grained black variety that takes a good 
polish. 'She polished surfwe shorn a black 5eld with whi te-mo ttlod 
m a s  and irregular veinlets of white calcite that give it a plcaeing 
appearmce. 

Marble deposits occur at a number of p l a w  on the east coast of 
Dall Island. Near the head of View Cove a stream that enbm from 
the southwest flows in a gorge following joint plan- in the marble. 
This stream was traversed from the bebeach for half a mile, and for 
that distance the beds str ike about northweat, directly amass the 
course of the stream, m d  stand nearly vertical. Most of the marble 
wen jg pearl t o  gray in color, mottled and veined with white. At 
one lomli ty occm a $-foot b h d  of yellow marble with a green stripe, 
and bordering it is white marble, mottled with yellow. The yellow 
marble takes a good polish and has s warm, soft tone. Associated 
with these beds is a little bluish-black marble. A polished specimen 
~howa a black field vrtrisgated with dsrk-gsag- are= and tiny ~einleta 
of white calcite. 

Marble wns alno noted on the northwat side of Coca Harbor, half 
a mile from the head, Where it crop out along the beach it is evi- 
dently faultad against gmy limestone. Back from the beach the out- 
mops are too few to determine it& relations accurately. The mmbL 
is white to gray. Much of it is very h e  grained md pwe white, 
and sornc~ parb are coarsely crystalhe, with lsrge fishing cqatals 
of calcite. Pyrite is not abundant but was noted in phew as veinlets 
and dissemjnatd particlss. 

Marble claims are held at a nnmber of other localities on Dd 
Islsnd, but they were not visited in 1915. 

Depasit.9 of marble have recently been located near the northwmt 
and of h a g  Island, 3 to 4 miles north of Howkan, on two small 
bays known locally tm Waters and Gotmsgni bays. At this locality 
the brush is very thick along the shore and outcmps are few, making 
prospecting difficult, but the physical condition3 fawr the exploita- 
tion of the deposits. The shore of the island ri&es abruptly from 



tbe beach, the timber is plentiful and of an axeeptionally good grade, 
md the deposit9 occur on sheltered harbors which afford easy m e s s  
to 'bo&t5. 

On Waters Bay three dainzs, the Lily, ]Long bland, mid Whih 
Cloud, have been located, m d  wessrnent work has bean done on 
them. Most of the marble exposed bas 8 bluish-white field with . 
white-mottled areas and blue-black stripes, Under the microscope 
the rock is seen to be composed essehtidly of twinned cnlcite crptals 
ranging in size from 0.25 to 0.7 millimeter, indosed in e network 

of finely granular calcite averaging about. 0.05 millimeter in diameter 
and forming with the large calcite cqstds an intarsertal fabric. The 
large calcite crystah are bent and fractured. They are evidently 
m h e d  fragments wund which the fine-grained calcite has recry* 
tallizd. The black a t r i p  are composed of opaque particlea of 
carbonsceous material, probably graphits. Associated with the 
striped marble are beds of medimgrained white marble of even 
texture and aha beds of b l u ~ l a u d e d  white marble with yellow 
patehes. ThEs rock takes an excellent polish. 

On Ga Wngni Bay marble occurs on the @as t shore threequarters of 
a M e  from tho head. On the beach are outmops of come-grained, 
even-textured white mmbla. A short distance back from the beach 
and soparatad fmm the white marble by a. brush-concealed area is 
a large body of blui~h-wbite marble with black stripes. The rock 



ia medium grained and even textured. It takm s good polish and 
in apparently frtw from quartz. 

A deposit of white marble is being developed near C a d  Inlelt 
by a. E. Dickinaon and B. Bell. The c l a h  are located on Marble 
Creek, s stseam entering a cove on Carroll Inlet from the east about 
10 milea from ib head. h r n  this cove a trail loads to tho cl~irns, 
a distance of about 13 miles. (See Q. 6.) The rock ia exposed by 
surface cuta at  severd places and along Marble Creek for half s mile, 
the width covered by the claim locntions. For t h i ~  distance tho 
rock shows little variation. It mnsists of white c~ystd2ine marble 
of even texture and of very h e  grade. No ann.lysi3 wss mada of the 
rock, but to j udge from its slight eff erpwcence with acid it k pmb- 
ably dolomite. 

Timber auitable for cabim and other consfruction work grown on 
the claims. The fall of 300 feet between the c l h  and beach in B 

distance of 14 d m  offers no serious difficulty in tram wnahctian. 

A deposit of barite s~oently dimvered in the Ketchikm district is 
now being exploited. It occurs on Lime Point, the south end of ths 
p&uIe between Hetta and Nntkwa inlets, on the wmt coast of 
Prince of Walea Idand. The tmuutry rock h sdcryatauine blue- 
weathering white limestone, interbedded with talc schist. The lime- 
stone has s general northerly strike and dips about 80' W. An 
opening hns been made dong the deposit for 100 feet, exposing a 
body of barite about 30 feob wide. It is roughly tabular in ahape 
and s tmds  nearly vertical, conforming to the bedding of the inclosing 
hastone. The barite appears to be a replacement of the limestone. 
It is a finely crytallhe white rock containing practically no visible 
impurities. Some of the barite WM shipped to  San Francism and 
tested with satisfactory rasulta. 

Det* regading the operations of the Pacific Conat Gypsum CQ. 
st Gypswn, Chichqof Island, are lacking, but it is roportod that the 
mine was operated on about the usual scdo. 

GARHETB. 

The mine 6f the Alaska Garnet Mining & Manufacturing Co. on 
Stikine River near WrmpU wa8 operated part of the yetar. The 
gamete are almandite, the iron-mpwium variety (Fe, rYlgII)A&(SiO,),. 
The best ston= are used for gems and the waste materid for foundry 
powder. A shop for the  ale of gem garnetg from the mine is mdn- 
tained on the wharf at Wrmgell. 
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WATER-POWER JNVESTIGATIONS IN SO-N 
ALASKA.' 

The streams of MBBka have been important factors in it9 industrial 
growth. The swccmq of placar mining in northern and central 
Alaska has depended primarily an the water available for hydrtbulick- 
ing and dredging, and in ~outheashm Alaska water power has long 
bean used by mines, canneries, samniIls, and other industries, although 
un ti1 r e m  tly most of tho plants h n w  heen smd.  

Since 1906 the Unibd States Geologicd Survey has made system- 
atic studies of the wator resources of Alaska. Inveshgations with 
special reference to placer mining have been made in Seward Pen- 
insula = and the Yukon-Tanana region: and reconnaisssnce surveys 
for water powers have been made about Prince William Sound, 
Copper River, Ken~ i  Peninsula, and in other p a w  of southermtmn 
Alaska. 

In the wmmer a€ 1914 Leonard Lundgmn, central district engineer 
of the Fomt Semite, made a reconnaissance of water-power sites in 
southeastern Alaska to determino the possibility of gstahlishing the 
pulp industry in the Tong- National Forest, which covnm a large 
part of southeas tern U k a .  In mnnection with this remnnltissance 
a consus of water powem ww taken (mo following tsblo), which has 
been mGed by Mr. Lwdgren to Januarg 1, 191R, md is here pub  
lished by courtesy of the Forester. 

In v t h  with the United B h W  Forest Service. 
I Hmbsrr, F. F.. snd Pwker, G. L., nater m m l y  of L d  Panbuk with a W b  or the 

gmgmphy nnd wogy by P. S.  Sdth, and a d m t t a n  OF mstboda of pbeer mtnfag by A. 11. Broolrfl: 
U. 8. Cleol. Survey Wster4wpply Paperll4,1913. 

r EIhorW, C. E., and Damport, R. W., G u r h  water supply d the Yotab'hmm mglon, Alwka: 
U. 8. Gad. A m e y  Wnter-Elupply Paper 342, 1915: A writer-pow re~~nal4slmcs In seuth-eontd 
AssIra, wjth s mctbn m rnutheastan AlrrsgR by J. O. Aoyt: U. 8. Oml. S m y  Wata8upply Pnper 
nn. EPIB. 
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Truner Lake outlet, Taku Inlet.# 
S p l  fiver, S p l  River project, Port Snettiaham.* 
Grindatone Creek, north shore of Stephem R ~ m g e . ~  
Rhein Creek, wrth &ore of Btephen~ P q . 2  
h o g  ]Lake ontlet, Speel River projnct, Port SnBtti~hBm,~ 
Chtm Lake outlet, S w I  River project, Port S n e t W ?  a 
T w  h k a  outlet, Sped Riwr project, Port Sncttbharn. 
Sweetheart Falla Creek, south arm nf Port SnettCW.' 
Port Houghton, Stephem P-. 
Farrayt Bsy, Frederick S o d .  
Mill Creek, near FI:ran@U? 
8radfieEd Ganal, upper end of Cleveland Poninaula. 
Rrnngglem Cove, mutheaat shore of CIevaland PenineuIa. 
Helm Bay, muthat ~hore of Cleveland Peninrmla. 
Sh~Iockham Lake outlet, D d c y  Bay.4 
Chickamin River, east shore of Behm Cansl. 
Rudyerd Bay, eaet shora of Bchm Canal. 

Port Conclueion, southmt cosst. 
h t t a m n  Bay, eaet coset. 
Rod Bluff Bay, eaet &. 
Cascade Bay, eaat c w t .  
Baranof Lake outlet, Warm Spring Bay, esat coast.' 
Ragnyh I3ay, eaat coast. 
Green ]Lake outlet, Silver Bay, w e d  mast.' 
Kcckcr nay, west w t .  
Deep or Redoubt Lake, weat ma&. 

Slcmm Arm, weat maat. 
Buloia Bay, Peril Strait. 
Khan Ray, w e d  catst. 
Freehwater Bay, asat M. 
Gitkoh Bay, aouthesst c a d .  
Banket Bay, muthesmt W. 

K m t d w  Inlet, w&. c&. 
Tt& Bay, weat c&. 

lhrh RivmI Karts Bay.' 
Whale P q ,  behind Thome Ishnd, nottheemt coast. 
Myrtle Lake outlet, near Niblack p a t  office. 
Reynolds Creek, near C~ppermount.~ 

Orchard h k s  outlet, at Ghrimp Ray.' 
Beaver Falls, Gaorge Inlet, 

1 ( l & s k t I m m  kb1P(18Bnd180shyAhk~Raa8wll O d d M M w C o .  
* Boe lkt d -1-r m l l n m p n t s  st end of report. 
I a @ n ~  s m t h  nmht%laed s h e  Janmry, 191a, by t h ~  $pl Rtvw m m t  d J-. 
*Gagii~statmn maiot&ed 1,s Oeolrhgkal B m y .  



White River, Qecase, hlet. 
Creek, eaet shore near bead of Carroll Inlet.' 
Pieh h k ,  Thome Arm.# 
Qobtchin Creek, Thome Arm.' 
Katchikan Cneek, at K e t c M k ~ . ~  

Lack of definite information in regard to the quantity of water 
available and other physical factom that dohrmine the femibility of a 
power site hm been one of the principal impediments to development. 
For this reason a aystematio investigation, dosigned to detamhe 
the location and the feasibility of w ~ t e ~ p a w e r  sites in aouthemtern 
Alaska, waa b o p  by the Geological Survey, in cooperstion with 
the Forest ServicaI in the spring of f 915. 

The practic&bility of a water-power sib depends on (1) the quantity 
. of water available, (2) the faU, and (3) the pwibility of storing water. 

Information in r e g d  to fall and storage can be obtained by m m e p  
at any timo, but the volume and distribution of flow can be deter- 
mined only by obscmations atending over several yeam, BB Euturs 
flow must be predicted fram that of the paat. In boginning the 
invostigatione, therefore, the collectiou of stream-flow d a t ~  wa9 given 
precedence and collatituted the principal work of the year. Some 
general information, however, has been obtained, and in the fall of 
191 5 a few rainfall stations worn established at higher elevations to 
eupplement obRervations at mean sea love1 by the United States 
Weath~r Bursau. As a result of the investigutionq records of flow 
are now available for nine gaging stations, n.a ~hown by the following 
list, and indicated by corresponding numbem on Plate IV. The 
d ~ t e  of establishment is indicated in parenthasas. 
1. Fmh Creek near Sea Level, ILevillagigedo Island (May 19, 181E). 
2. Retehi kan Creek st K e t c h i h  (~tsblished Nov. I, EW, diecontinued June 30, 

1812; rw4ab1'iehed July 1,1915). 
3. Rsrta River at Rarta Bay, Prince of Wales Inland (July 16, 1915)- 
4. Orchard Lake outlet at Shrimp Bay, Revillagigedo laland (May 28, 1915). 
5. Shelockham Lake outlet at Bailey nay (June 4, 1915). 
B. Mill Creek on mainland neat Wmngell (June 17, 1915). 
7. Sweetheart Falls Creek near Snettisharn (July 31, 1916). 
8. Baranof Lake o ~ t l e t  at Warm Spring Ray, B m o f  bland (Tune 28,1816'1. 
9. Green Lake outlet ~t Silver Ray, near S i th  (hug. 22,1915). 

The available power sitm in each ama were carefdy con~idered, 
and gaging atations were atablished at those which appamntty 
afTorded the greatest opportunities for development. 

The racords have benn cdlect;*d in acmdanm wi& lthe standard 
methods used eCFlswhcre in the United States by the Geological Survey, 



Owing to the haccamibility of the stations, w a t e ~ t a g e  meorders were 
nsed at dl the sbtions except that on Ketchikan Creek, and cables 
hme h a  instdled fmm which discharge rnetlgurements are mde.  
S p W  ammgernents were made for ohs~!wations through the winter 
to obtain a record of the low-wahr flow which occurs at that season. 

The data collected at khe gaging  station^ are presented in the fol- 
lowing pages, and include a g.oncrd description of each station and 
t a b l ~  showing the rssu1t.a of discharge me~urement~  m d  the oom- 
puted daily discharge. 

Much of *be work has been medo possibla by the use of the Forest 
Serpice launch@, on which transportation bas h e n  furnished to the 
enginears and others ~ngaged, in inqtalling md maintaining the 
stations, Tho load knowledge of the Fomt Service employees hm 
also been of great wistance in cmying on tho work, nnd special 
acknowledgment is due to Mr. W. G .  Weigh, f o r d  supcmisor rtt 
Kctchikan, who has represen te(1 the For= t Service in the cooporation ; 
to Leonard Lundgren, diatrict engineer; H R ~  to George L. Drake, 
J. W. W~okoff, C. T. Gardner, George H. Pekmnn, Jnrnes Allen, 
W. R. Babbitt, Lyle Blodgett, and Milo Csughrean, who have 
asshed in various ways. 

Assistance in measuring s t r e m a  in the vicinity of Sped Rivcr htw 
been furnished by W. P. Lrtss. The gage roadings for Kotclrik~n 
Creek were furnished by J. C. Barber, manager of Ohs Citizens Light, 
Power & Water Co., of Kotchikan. 

XARTA RIVER A T  KARTA BAY, PRIXCE OF WALEB IRWLND. 

h ~ m ~ . - - I o  Iatitude 55- 34' Pi., longitnde 1 3 2 O  37' W., at head of Karta Ray, mu 
grm of Kasaan Bay, on east mast of Prince of Walm bland, 42 miIm by water 
acroae Clarence Wait from Ketchikan. 

Dsatn~oa A R R A . + ~ . ~  aquare milm CEJ. 8. forerrt W o e  mmmaknm map of 
R i m  of wden Island, 1914). 

RECORD~ AVAII.ABLC.-JUE~ 1,1915, tO Februwy 29, 1916. 
GA~E.-Stevene water* mmder on left bank, half a mile above tidewater, nt 

hesd of Eiarta Hay and 14 milea M o w  outlet of Little Salmon M e .  Two per 
cent of total drainege of Harta River entem betwen outlet of 1 P e  and gage. 

Dreca~aoe n t ~ h a v ~ ~ ~ s ~ ~ e . - A t  medium and high shgea mads from cabla nc1-0~ 
river ,W feet upntream fwm g y p ;  at low Btagee by wading at cabIe 6 0 1 1 .  

C a ~ ~ t b  AND CONTROL.-E'MUI Zittlo 8almon Lake, X i  milea from tidewater, the 
river d m n d a  180 feat in a sorice of rspida in a wide, &allow charnel, the banks 
of which are low but do not overflow. The bed ie of coame gravel andbawlders; 
rock mops out only at outlet of lake. Gage and cable are at a pool of atilI water 
formed by e riffle of coassa wvel that makes e welldefined and permanent control. 

 EXTREME^ OP DISCFURGE .-Maximum atage- recorded during perid, 4.4 feet, O d o b r  
16 ( d k h m ,  3,340 aeconrl-feet); minimum flow, eetirnaw h n  dkbaxgs rn- 
umment, gage d, and climatic data, 21 aecond-feet, Februsry U. 

W I ~ R  ~ ~ o w . - I l k ~  relation affected by ice, 
Accua~o~.-Reaulta uppmntly pod,  as canvol ia psrmmmt and rating c m  

fairly well defined. 



The combined area of Little Bdmw M e  at elevation 180 feet, and Balmon M e  
st e l d m  185 feet, is 1,800 gaee. The elopea dong the right &om of lakee and at 
he& of Salmon Lake are gentle, and the included by the 250.foot contour 
above lake outlet is 6,500 acres. The diaitrap &ma to elevati~n 2,000 feet js 
heavily c o d  with timber and denae u n d e v t b ,  of f a ,  bmh, and ddm. 
The upper parts of the mountaim are mveml with thin mil and brush. Only a 
few p& at an elmtion of 3,,m leet are bare. Thin large lake and flat mxm mand 
thick vegetrJ cover afford cweidpJab10 natural atorap, which, Bfter heavy precipi- 
tation, maintab a pd tun-off. The mow urmally melte by the end of June, 
and the nin-ofl bemmefl very low during a d r y ,  hot nummer. 

Dischqt memwmm& of Kwia Rivtr at Kmtu Bay dura'ng the pmhd July if, 1915, 
lo Feb. 29, 1916. 

my I ................. ......... ..... ................. ..... do ................. 
Bspt. 7 ..... .............. ..... do.. ............... 

I7 B.)ZM- d..... 

and one discharge rn-mt. 



WA!l!'JM-FQwPB IlWESTTOATLON8 IN 80UTHEABTERN ALAS- If 1 

Y d l p  of Km~o Rhw at Karta Bay for &u pmwd July 1, 1915, to Fd. fgt9, 
1916. 

FIBH CREEK NEAR IRA TXIEL, REVILLAGIQEW ISLANI), 

Month. 

Jay.. ................... .. ............................. 
A m t  ............................................ 
&p tetatmr... ....................................... 
O c t o h . .  ......................................... 
K O V ~ W .  ........................................ 
D-h ......................................... 
January. .......................................... 
Februsw. ......................................... 

Ths pabd... 

T&~'FIoN.-In latitude 65' 24/ ., longitude 131° 12' W ., near outlet of Loner Lake 
on Fkh Creek, 800 feet from tidewater at head of Thome Am, 2 milen esorthweet 
of mine at Sea LeveI, and 25 mil- by water from KeChiBan. 

DUIO.E AREA.-Not measured. 
R w o ~ a a  AT AIL ABLE.-%^^^ 18,1916, Februarg 29,l%l6. 
O~ae.--Stevem WB- d e a  on rjph.2, ahore of Lower h k e .  200 feat a h v e  

outlet. - 
Drsc~haoe MEAS~BEXRHTB.-A~ medium and high Btaffee  made from cable amm 

creek, 1 mile updream hm gage and 500 feet abwc head of Lower L~ke; at low 
@err made by wading at cable. Only one mall  creek enbra Lower Uke, at 
point opp i te  gnge, between the cable Rita ant1 conti-01 nection. 

CFUNNEL AND como~.-The lake in about 50(1 feet wide apposite the gage. Outlet 
c m m h  of two c b ~ I s ,  each about 80 feet *de, mparatad by an iaW 40 feet 
wide. Fmm the lake to tidewaterI 200 feet, the creek falls 20 feet. Bedrock ex- 
pased st the outlet of the lake fomre; a well-defined and permanent control. 

E m x r c ~ e e  0 s  nrsnt~aoe.-Maximum stags record& during period, 4.94 feet at 3 
a, m. O c b k r  15 (approximate discharge, computd from an extension of the 
rating curve, 3,700 mond-feet); minimum staRo r ecdcd ,  0.50 fmt Fe- 11 
(diecharge, 21 ~ c o n d - f ~ t ) .  

W ~ R  mw.-Lmm Lake freezes uver, but M gage ia aet bwk in the bank ice doae 

D I s r m l n & - I M .  

wt form in well, and the relstively wsrm water from the Lakg and the swift current 

I Rm 
{tototslta 
m"'eet)- 

6 W O B  
dm 
la,? 
02 r l l O  
ss:w 
4.53MW 
5,ENI 

14- ltm 

m m .  

I,% 
3,m 
I,FO 
17W 

2lM 
6: R 

keep the control open. 
A w a ~ ~ c ~ . - - R e ~ u l t a  apparently good, a~ cmlm1 is permanent, rating cttrve fairly 

well defined, and grqpheigbt record nearly unbroken. 

"ON- 

A: 
G. 
C. 
n. 
B .  
C. 
D. 

There are threa larga laka H the upper w e  bmin: Big Lake, 2 milea from 
beach at elevahon 275 feat covere 1,700 wrm, Third Lake, 250 scres, and M h r  h k e ,  
at elevation 1,000 feet, 80a MTW. W t h i r d a  of the drainage baain is covered with s 
thick p w d  of timber and b m h  i n t e w p c d  with occasional patthee of beaver m m p  
andmusk-. Wythetopaof thehi~hmtmountainoarebare. Thialarge-of lnke 
d a c e  and vqehtion, notwithstanding the ateep slopes and sballow mil, afforda a 

' ................................................................ 

Ylnhmn. 

82 
I 4  
71 

5: 
2110 

90 
21 

little ground Btorage and after a heavy precipitation'maintah a p a d  run-ofi. During 
a dry, hot period in nunmer, however, after the mow hm melted, the %ow becornem 
very  lo^ because of Iack oi ice or glmim in the dreinaga baain. 

./ 218, rn 
I' 

M-, ----- 
6 

W? 
JT 

17;;: 

7:VJ 
U1.6 

245 
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Dailg dhJlmge, in p z d $ & ,  01 SliChkhm h h  ab Baib  Bq for the @id 
Jwm 1,1915, to &b. $9, 1916. 

. . 

l-7. 

1 ........................... 
2. .......................... 
3. .......................... ........ 
4 .......................... ................ 
6. .......................... I 

.......................... 
9 ........................... ........ ............... 
0 ........................... 

10 ........................... ...... 
11 ........................... ......................... 
la . .  ......................... 
13.., ........................ ........ ........ ........ 
14 ........................... 1% 4 4  ........ ........ 
15 ........................... 199 1 4 1  ........ 

I 

Nora.-DkcharCa dstsrmid from a mth m a  wen dettnml atme 25 mectmd-rwt. June 1-8 dis- 
Eharteestimated. 4 8 toScpt. 1 4   an^ Sept. #I bo Ott. 4, paerlockat ped. discbar arllmatwl by%nrn- 

rLwm 01 hyflm&%lm t h  ssthca d t h  that for station er ~rchsrd%ko'm#tlet. G. 23 to Psh. D Ira 
Rawa well, dl-harffe =timated from ~CErnatIc ward9 ~t Cetcbiken md Irom rukpulsoo nl hydro&h 
for tthrs sts f  Ion arth that for Orchard Iaku  outlet. 

dC&& d k k q e  af She- h k c  ouflel at Bailey Rq fm the p d  June 1, 2916, 
to Feh. :9,1916. 

Jon&. .-....--........... .... .. ,. ............... 
July ............................................... I (R 
xurmst ...................................... I .  ........................ 1'22 
Bepamlm ............... ,. PIX1 
October.. ................................... 2,1113 /. ........... 40I 
Nnvemher.. ....................................... W 115 ...................................... 1)ecemM.. 35 lIIl 
Imlllup .......................................... .I 1 I  181 
Fel~mrup.... .................................. 1-22 & 111 

I--- ........ The perm.. ............................... -1.. ...................... [. 



BAEANQF OaTtET AT W A U  BPFSNO BAT, RAEANOP I&UWD. 

Locrhmow.--ln latitode 57" 6' M,, longitude 134' 64' W., at tnwmita of Barand, st 
head of Warm Spring Bay, eaat coast of Barenof Ieland, I& milee a t  of S i t h  
germ island, but 96 miles horn Bitkr bp mter thmugh Peril Strait. 

Dsmaaa a n ~ ~ . - N o t  memured. 
Reconns rrar~mm.-June 28,1914 to February 29, 2916. 
Gha~.;S&mns water9tage recorder on right bank 700 feet beIow Baranof h k e  and 

800 feet above tidewater at bend of Warm Spring Bay. 
D m a ~ ~ o l c  Y E A B Q R E M E H T B . - ? ~ ~ C  fmm cable aCraRa dram 100 feet below lake and 

600 faet above pge. 
CH~NNR L  AH^ CQWTROL-FCOm Barsmf Cake, at elevation I30 feet above sea. level, 

and 1,600 feet imm tidewater, the 8tmm deemnds in s, serieu of rapids and nmall 
falb and entarn the bay in a caseads of about 1013 feet concentmted fall. The 
bed h of glacial drift, bowldm, and m k  outcrop. The gage is in an eddy 50 feet 
clownatream from the foot of a small tall end 100 Ieot upetresm from a rime which 
forms a wetldedncd control. 

Esrrcsat~a OF ~ I A c F I A R O R , - M & X ~ ~ U ~  s b g e  rmrded dwing period, 5.3 feet kwmt 
, 10 (apptoximnta dhcha*, compuCd from extension of rnting curve, 3,350 

second-Soot); minimum flow estimated by dkharge measurement and climatic 
data, 28 smad-feet an February 13. 

W ~ R  PLOW.-BBC~W of the swift c u m M  and flow of mlatively warm water from 
tha hb, the mtrasm remsim opw. 

Drvsm~o~a.-The ff ume to Oleen'a mwmill diverts from the dream 200 feet below 
gage only sufficient aster to 0pmt.e a 2&hompmpr Pulton water wheel, 

Acmn~~.~.--I38ting CWB well defined, control permanent and not affected by ice in 
winter; rem~lta apparent1 y good. 

The. drabage area ia mugh gnd ptecipitow, and the vegetable and mil cover i s  thin, 
even on the fdhillm of the mountaine. The run-off ia rapid and the ground 8tow 
is s d l .  During a drg, hot period, however, the flow is p~estEy uugmented by 
melting ice from eevml small ~Iaciers nnd icacappd mountnine. 

~ ~ t e  oJ Buranof S a k  oubk.1 at Bmmrof during #e padod J m  98, 
191-5, lo Peb. 29,1916. 
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Daily &&qw, in &-feed, of Btimnqf h k  &kt at Bmaslof Jor th petiod June 98, 
1916, to Peb. $9, 1916. 

h'am--DImhwg@ &Wml@ horn a mu ourvm well defined lmlm ~ ~ d b t .  An . 11 ta w. I e h r  %pa: aunhus. d m d  b compdm 01 n y d w . r  BI tar ~ h t h  r8 r h a s  
[or other iask shtloos from cllmatle dats an$ from mlnimtmrn stage lo3lcatsd by record 
Ant. 11-31 wtlrnatd ~ ' m o n d - ~ o e t .  ban. 2d t o  Fob. 13 water hmen in well: d h h w e  e s t l m ? k  
clfriiaistlcrecords md diwharge mwmment  d Peb. 13. 



ORCKARD LAKE OVTLET AT B- BAY, B E V l U G ! O E W  TSTAMD. 

L~AFION.-In latitude 65' W N., longitude 231' 27' W., at outlet of Orchard h k e ,  
one-tbird mile fmm tidewater at hsad of Shrimp hy, and mn of Behm Ganal, 48 
milea by mter from K e t c h i h .  

D ~ a c t a  axm~.--Not memured. 
RECORIM~ AVAIUBLE.-MB~ 2R, 1915, b February 24 1918. 
~ A O E . - - ~ ~ W ~ W  wntm @er on rigbt hank 300 feet below Orchard Lake and 

100 feet above site of timbrqsib dam, which m built in 1914 for pmpwred pulp 
d l ,  and d e d  out by hi& water August 10, 1915. Datum of gnge- lowered 2 
feet Beptembet 15. Gage hcigbta May 29 to Auguat 10 referred to old datum; 
Augwt 11 to Feb- 29,1916, to new datum. 

D r a m a ~ o ~  m ~ a a r r r r ~ ~ ~ m . - A t  medium and high 8taw made horn cable 50 feet 
dom-  from gage; at low slagca h y wnding near cable. 

~ N E L  AND com~t.-FrOm Orchard h k a ,  at elevation 134 feet above high tide, 
the & m w n  dee~~nds  in a neriea of rapide for 1,000 feet though a narrow gage, then 
dividee inCo two channels and entem the bay in two &es of 1Da-Ioot vertical 
fall. Oppcmite the gage the water is deep and the current duggigh. kt thedte of 
the oId dam bedrock L ex@, but for 30 feet uptratm the channel L filled in 
with 1- rock and b d  placed duhgmnatruction of dam. Thk mataria1 forms 
e rifle which wta ra a m b o l  for mtm &e at gage and ia probably permanent. 

E ~ E M E B  or ~lscsa~a~.-hiaxirnum etage record4 during period, 8.4 feet at. 2 
B. m. &tabor I6 (diecbarge, 6,230 mnd-feet ) ;  minimum, eetimated, 20 ~econd- 
feet Febmary 11. 

W m u  s l a w  .-Ice form on Q d a d  Lske, but became of mift m n t  and relatively 
warm water from lake the outlet and control remain open. 

ACCIYRACY.-Resuttn apparently good. RBting c w e  tor new dstum well defined for 
all w; mtion ot curve tor oId datum &hated by meenm of the new curve; 
t h e  dhharge mmmremente made before dam went out. 

The high& mountaim on this diaina$e bwin are only 3,500 feet above wa level 
and nm cove& to an elevation of 2,.W feet by a heavy stand of timber and a thick 
nnde~tholbnrsl~,ferns,aldere,anrl devil'a-club. Thetopqnphyianotmruggerl 
aa that of the area ourround ing Shelockham W e ,  snd the pmportion of vegetation. mil 
cover, and lake area i a p w r ,  so that more wateriaetored and tha flow in the Orchard 
M e  drainwe baain ia better matsined . 

Data. 

-- 
........ Yi '5% 

6.78 4:- ..... .................. 6.26 
2,z ..... ;.... do ............. ..,... - .34 

Id ..... do .................. 
1 

~ a t u m o i g s g a l ~ a i e e t ~ t . 1 5 p r ~ t o ~ ~ m ~ t .  
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Doilgr dkhqy, in -I&, of Otdlord I;a8t outkt at 8hrimp Bay far bks p W  Yay 
98,191.5, le Feb. 29, 1916. 

N o ' m - D ~  Map I to Ans 10 detamlnd fmm a rath~ cums well d&& W o w  2 WO m a d -  
lest and b a g  11 ro Fab. 28 from s well-defined m t h ~  -s e-r as [o~ iow:  Float rwmb lo Mottorn 
of &I Aup, & to Bept. 2; h m  estbmted from prsdplistion records mid nlo e 01 hydrograph lor 
p a r ~ d s  pnor to Aug. 'B sad a f h r  t. 2. I'ounterpocue mught Nov. 3-18. diu3lar estimated Imm 
cllmstlcwcwdsa?d minrmumstaw Scsted by the rmrdw. Ice In well, ~h. 3 to peh. 13; dkharge 
m y t i m a t e d  Imm cllmstle mrds  and ons d w b r ~ e  mwurement.  

DiaCll8rg@ hl d - I & .  
Rm& 

Haatli. - (totalin AaOU= 
acrefaot). 'BEY- 

Yag31M1 ......................................... 
aum ............................................... 
July ............................... 
AIL&. ........................................... 
&pmnbca. ........................................ 
rjctoher ............................................ 
Novnmtm ............ ............................ 
DecErnmr ............... ...,... .......... 
Jmnntirv ........................................... 
~ot>ru&y .......................................... --- 

The plcul..  



KETCECKAN OREEK AT KETCHfKAN. 

h c ~ ~ ~ o ~ , - - O n ~ f o u r t h  mile below power h o w  of Citizens Light, Power & Water 
Co., one-third mile norheast of Ketcbikan p t  odce, downstPeam 200 feet trom 
mouth of Schoenbar Creek, entering from right, 1+ mil- fm mouth of Gmnits 
Baain Cteek, entering from left, md 1) mil- h m  outkt of K&chikm Lake. 

D F ~ A W A ~ E  AREA.-Not m d .  
RECORM ATAW~E.--November 1,1909, to June 39,1912; June 9,1915, to February 

29, 1916. 
GAGE.-Vertical ~hff f m b n d  tn a telephone pole near hard  walk an left bank at 

bend of creek 200 ieet downs- from mouth of Schoenbar Cmk; red once 
daily between 7 and 8 a. m. by employee of the Citizens Light, Power & Water 
Go. The gage u d  &ca June 9, 19W, conskta of the standard United Stattes 
Geological Survey enameled g a p  section graduated in hundredh, half-tentha, 
and tenthe fmm zero tu 10 feet. Tho original g a p  established November, 1909, 
and reed until June 30, 1912, i a  at m e  location and m e  datum. It ia a staff. 
with graduntione painted evcty tenth. 

D~BCEXARGE M E A B U R E Y E ~ . - ~ ~  medium and high a- fmm footbridge about 500 
feet uptrenm From mwuriog eection p r ,  as the bridge makea an angle of 
20" with the current, and at high daga h e  flow is broken by large tumpa near 
left bank and at middle of bridgu; at low e @ ~ ,  by wading 50 feet below bridge 
or at another section 1 0  fmt above gage. Tho flow of Schoanbar Creek hsa been 
sdded tu o b b h  total flow p t  gage. 

CH~WNEL ILND M I N T B O L . - G ~ ~ ~  iS located in a large deep pool of &ill water at ra bend 
in creek, The bed of the stream at tho outlet of this p l  i~ a d i d  m k  ledge, 
which £ o m  an excellent permanent control at the gage. 

EXTR~MER ~ ~ B c R A R Q E . - ~ ~ B ~ ~ ~ ~ ~ I I ~  s w  recodad during- {June 9 to Decembea 
31), 7 feet Auyet 10 (discharge, 2,140 eecond-feet); minimum etage recorded, 
0.28 foot September 24 (dkhargw, 34 second-feet). 
l9Oil-1915: Maximum recorded, 8.2 feet December 2, 1911 ( d i a c h w ,  

2,700 mend-feet); minimum stag% recorded, 0.28 foot September 24, 1916 {& 
charge, 34 second-feet) . 

WINTER FMW.-ICO f m  &long banke but control remaim open. 
~ ~ a r o x a . - - k  small quantity d wnter ia diverted &we the l a t ion  for the WE of 

the town of Hstchikm, the New Englsnd Pkh Go., and the Btandml Oil Co. 
~rnmAmo~.--Srnall timber dam and hoadptm me ~OCB.M at outlet of Ketchikan 

Lake. Water diverted through power hause ia returned to m k  above gage but 
cauw very little diurnal fluctuntion. nuring low water the flow ia increw4 by 
water fmm the reservoir. 

Aocmt~cy .--hulta apparent1 y fair. Control is well ddned, but the conditiom for 
making discharge measurements ebe poor. The rating curve ie defined by dis- 
chaw mwurementa only to gage height 3.0 feet but is extended to gage height 
8.2 feet. 

COOPE~MTIORT.-G~@ tead by the Citizene Light, Pawer & water &. 

Di.&artp mmmmmnls of K&h&n Crcek at Ketchhn during Lhe period Jam 9,1915, 
to  Feb. 29, 1916. 

Date. 

- 
hme 9 
July 17 
@apt. la 
OCt, 27 

HW-DWum meesmmmu& laclude 0 1 t h ~  ~~ or wthate(l Bow of m W  Cwk 

M d e  by- 

C a d d  sadwgEM.. 
Canfield and Gardw.. 
0, H. ~ d e ~  ......... 

a.H.canMd ........, 
M e l d  and D e e . .  . . 
Hojt and Cmfkld.. . . . 
CanRstd md WyCM.. 

2%. 
Fed. 

1.B 
-1 
.44 

c&%. -- 
Ism.- l hi 

38 
LQ 

3,9$ 
.MI 
-43 

2-82 

--- 
5rc.p 

45 
04 
63 

622 

~ c t .  ao 
Jam 16 

n 



Dmly d i d w q c .  in b # e ~ t .  OJ Ketahihm at K4tdiCtun fur yam ending Sepi . 80. 
1910-1919. and July. 1916. lo F e h r y .  1916 . 

July . hug . Bspt . 
-- I I- 

70 
174 
234 
241 
ion 

153 
llKt 
148 
321 
103 

1M 
1'3 
W-l 
46: 
K35 ....... 
174 
184 
128 
121 
121 

98 
U l  
R8 
B t 
'at 

91 
u4 
99 

4'32 
316 



Doily disdimyy, iro &&, o KtW1iKan Creek at Kdrhtaan, or yeare d n g  Kept. $0, f 191S19f9, d d y ,  1915, to Pehmy, 2916 A& ntinued. 

N m  - ~ ~ M f m m a r e t  ~ n r v a k i r l y ~ l ~ W w ~ 4 O m U ~ a ~ ~ m d - f w t .  No 
ngst&ngaNm.8-5 R l b 1 5 1 7 2 0 2 1 % 2 B a S 2 9 D s c 8 1 R i O S I a S M a n d  l W J a n 2 l O  f a ,   la,^, an, 22, u ~ e b t  9: 11 li, 16 id, 2jl-25, dsr:~, b, ib, is: 19, hf A '  r.b, 4, e 8% 21 ind 6681 8: 

1810; discbarga w t h s ~ .  ~lschargs eaclrnatsd Irom Nlmetld records m f & m :  ~&:14 to har.17,1&1: 
 nu. ~ 1 4 ,  I&%, am. a to ~ e b .  18, Peb. 17 t o  xar. a, a d  MW. t-7, ma 

m- 
1mI-n. 

I ........................... 
9 ................... ..,..... 
3 ......................... 
4 ................... ........ 
6 ...................... ..... 
6 ........................... 
'1 ................. .......... 
8 ........................... 

Sum. 

ian 
174 
155 
121 
1 s  

in 
137 
105 

Mm. 

n 
n 
M 
BI 
M 

M 
H 
M 

M. 1 NOT. ( Ds. Ssn. Feb. 

tm ~t m 981 m 
L ~ I  91 , 313 
105 % ?E 84 155 
213 1'17 51% 77 1s 

9 ........................... 174 81 nd :o zcr at  113 
10 ...................... .... 174 77 2s M W 51 

fl ........................ ... 1 a w 319 51 . 
12.. .............. ...... .... 105 
1, ....................... 
14 .................. ,.. ..... 
16 ........................... 

,277 

w 
348 
m 

18 ........................... 
17 ........................... 
18 ........................... 
18 ........................... 
Zr) ........................... 
a ........................... 
aa ........................... 
23 ........................... 
24 .......................... 
25 ........................... 
26 ........................... 

Apr. ----- 
174 
10s 
121 
1 
1% 

181 
121 
w 

May. 

si 
t~ 

146 
2Q3 
244 

373 

IM, 

iu 

tn.5 
105 
fifi 

137 
15.5 
1?1 
323 
193 

1% 
121 
121 
121 
121 

1IU 
n ................ .. ........ IM 
2d ................. ,. .... .... la5 
2J ........................... 1M I ao ........................... 91 
31. ........................... 81 - .- 

m 

21s 
413 
117 

In 
3% 
Z i 7  
110 
113 

tw 
a n  
442 
395 
30cl 

a4 
213 
I i 4  
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n 
n 
n 
77 

IRI 
103 
218 
2lU 
193 

~r nr 
!A33 
174 
121 

lm 

Day. I ~ d y .  Ang. mt. 1 ~ c t ,  ~ m .  ( ~ a c .  ~ m . -  ~eb. ---- -- 
191&18. i 1 ....................................Fa B P W 4 4 9 9 B P  40 

121 

IM 
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174 

% 
9'1 
91 

2 .................................... 
8 .................. ... ............. 
4 .................................... 
6 ................... , ................ 
.................................... 

7 ................................ ,... 
8 .................................... 
P .................................... 

10. ................................... 
11 .................................... 
12 .................................... 
13 .................................... 
14 .................................... 
15 .................................... 
16 .................................... 
17 ................................... 
18 .................................... 
I9 .................................... 
20...- .............. ....- ............. 
21 .................................... .................................... 
n .................................... 
B .  ..................................- 
U. . .  ................................. 
1. ................................... 

w 
6 i  
R4 
111 
M 

417 
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174 
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4x7 
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a3 
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221 

2 7  ......... 
.. - 

'Rl 
77 Z%3 417 RB 4 0  

m r~ n m a r 6  ao l o  
10s M s5 M 193 nr a7 40 

2 1 3  
4 1 7  

IM 
337 
121 
105 
1W 

m 
in 
121 
121 
1% 

1%1 

e l  
D l  - 

191 
l'J7 
121 

W 
83 
77 
7a 
69 

M 
89 
W 
80 
60 

5% 
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W 

27.. .................................- E I  :I 
28.- .................................. W 41 ". ................................... i 41 do. ................................... 41 
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91 
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44 
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40 

44 

442 
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?Q5 
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n7 
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YB 
89 
(iZ 
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4s 
11 
4 1  

E 
M 

........ 
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1%5 
6% 
81 

105 

RI 
77 
77 
M 
64 

64 
M 
61 

64 

W 
77 
so 
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48 
1 4  
l a  
b4 
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4 1  
41 
41 
Y9 
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sr 
31 
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49a 
21-1 
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91 

121 17 
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2a3 
193 
4 
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1% 

2 
174 
1 
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1.u I 
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aFn 
iW 
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3f18 
41il 
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aY14 
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IK5 
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01 
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84 
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137 
121 

M 
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77 
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77 
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3IrJ 
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3UO 
rA 
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171 
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HJ 
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FJ 
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111 
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Lq 
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1W1 
1 

:: 
45 
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40 
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1PfM1. 
NoFsmlH? ............................................... 
D-ber.. .............................................. 
3anuary.. ................................................ 
Fnimnrg ............................................... 
Usrch .................................................... 
A y d  ..................................................... 
YRJ* ...................................................... 
June ......................................... .. .......... 
July ...................................................... 
A n w t  ..................................... .. ........... 
Bnptemlmr ............................................... 

T h  w.. ............................... ..... .. 
ootober.. ................................................ 
November. ........................................ .., .... 

Theyenr ......................... .................. 
Islal3. 

outoh. ................................................. 
Novemlar ............................................... 
December.. ...................*.....*-................... 
Irrrl~llry.. ................................................ 
Fe'bn~ary. ............................................ ... 
Msrrh .................................................... pH ........................ .- ....................... 

n? .................................................... .. 
June. ........................... ,.. .. ..-. ............... 

Ths p#ld. .  ....................................... 
1 W 6 .  

no-ernkr.. ........................................... ,. . "y;;& ............................................... : ................................................ 
Th pfd ........................... ..... ....... ............ 

OWEEI?BEART FALL8 CREEK NEkR PHETlTSBAM. 

];oc~no~.-Xn: Istituda 57' 56Y N., longitude 133" 41) W., on east Bhm 1 mils from 
head of south larm of Port Snmttisham, 3 mil= south of mouth oi Whiting River, 7 
milea by water from $nettidam, and 42 m i l a  by water from Jmeau. No large 
trihutarie~ outer river between gaging ststion and outlet of large lake, 21. mil- 
upstream. 

D w a o e  A R E A . - ~ ~  mquare milen, meemrkd on the United Statm aeOlogicd Survey 
topopphic map at the Juneau Gold Belt, 1905. 

R~ooans ~ v ~ r t a e ~ x . ~ u l y  31,1915, to Febmw 29,1916. 
Gbos.4tevens waterdap rerorder on right bank 300 feet upst- from tide- 

water on sast &ore of Port Snettkham. 
Dmamc~  nrummx~t~~e.-Mlrde from die m riva one-fouttb mlle u- 

from gpgs. 
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CHANNEL rm co~~rrao~.-Fmn the outlet of laka nt an elevation of 520 feet above eea 
level and 24 milee from tidewater, the river deecende in a Berim of rapida and fdla 
throwgh a narrow deep.cmyon. Gage i a  in a pool at foot of two Mla, each 25 feet 
higb, which h o w n  aa Sweetheart Falls; outlet of paol ifl a m t d  rock weir, 
which f o r m  a well defined and permanent control for gage. ' Exm~nr~s OF ~ m m ~ ~ ~ ~ . - M a x i m u r n  stage recorded during perid, 4.2 feet 14 
(approximate discharge, computed from an extension of the rating m e ,  2,100 
m u d  feet); minimum flow, estimabl from &charge mmmmment and c h t i c  
data, I5 wcond-feet February I 1. 

W ~ E R  mow.-Dkharge relation not d o m y  ~ f f  ected by ice, 
ilacaa~m.-Rmlte apparently excellent for Wea below 2 feet, t h e  for higher 

st- only approximate, M the rating c u m  i a  extended by estimation. 

In the fall and winter the run-off is d bbecause the precipitation b in tho form of 
mow aad because of the mall mount of ground &rage; during B hot, dry period 
the low run-off from tbe ground and lake atmagel augmentad by melting ice from one 
glacier. 

[Made by 0. A. Caaileld.1 

' Ddly dbchrge,  in . l ad - f ee t  of Sweethawt Polk Creek nscsr Bmtthbrn for tlae p p i d  
$1, 1915, to Feb. 29, 1916. 

~ e y .  1 rub. hug. ~spt .  OIA. ~ o s .  ------ 
1 ................................. I . . . .  478 2W 835 190 
2 .................. .. ....................... 412 515 lM 
3 ............................................ 361 1,080 4!24 214 145 
4 ............................................ 335 9% % 2RO 138 18 
5 I ........ 3W 661 (139 380 19 124 

-- height. ~b@. 

180$ Fed. Sec.-fd. 1W. Pt& *.-f#. ......... ......... 198 
......... ......... 

I .  I 1 I I I I 

No.--e detarmined hm s d i n g  m e  d l  deU~~sd m and Sao wmnd-ht Ww. 
611 @qg dock no* rumins. dkahnqe atImated, 3m. 18 0 Peb. 99, dhatmw d t r d  bmme al 
Iw, ma dbhsrge mw&ant and dlmatic rewrda, 

ha. 

19U. 
Feb.5 .......... 

&Tt. 
Fsrf. 
u 0 . m  

C G ,  -- 
8 ~ r  L X s  
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h & h I g  dkhmpe of S w b 1  Falb ChcsE mu? 8w6t&h1 f# the pnbd July $1, 
1915, to Feb. 29, 1916. 

MILL CREEK NEAE WXANGEU. 

him&, 

JnlJ 31 .............................................................. ............................................ Augnst ...................................... Bnptem b... 
OctoM.. ......................................... 
Xovernb tr... ...................................... 
I)e~ember. ........................................ 
January. .:. ....................................... 
February.. ........................................ 
. Taeperloa ........................................................... 

Lochflo~.-In latitude 58' 28' N., longitude 132O 12' W., near outlet of W e  Vk- 
g h b  on east ahom of Eastern Pmw, a m w  channel bctwmn W m q p l l  I n l a  
sod majnlmd, 6 miles by water from Wrangell. 

DUINAO~~, ~ I t ~ p . 4 8  square ~ B B  (measured on g. 8. b w t  and Oebdetic 8 m y  
chart No. 8'400). 

RECORN ~ v h l l l ~ ~ ~ ~ a . J u n e  17,1915, to Pebmq 29,1916. 
G A Q E . S W ~ ~ ~  writer- recorder on left bank one-fourth mile below hb Yiqinin 

and three-fomha miIa above tidewater. 
D t ~ o m a a  la~aswsut~m.-bfdw from cable amars crwk, 10 feet u m  from 

CIUNNEL AND cumo~.-PPOrn the outlet of the me, at an eIevation of 100 feet sbove 
wa level and at a d h c e  of 1 mile from tidewater, the creek deecends in a mrielr 
of rapids and falls. The bed h glacial drift and bowlders at the mpida and rock 
outcrop at pointe of concentrat& fall. The g q y  is in a pool of still water created 
by a mall fall nt a contracted p i n t  of channel. This fall makes a well-defined, 
permanent, and vmy ~enaitive contml. 

EXTREMRR aP n ~ s c ~ ~ ~ o ~ . - M d r n u m  d q e  recOrded during period, 8.0 feet October 
I6 (nppmxirnate dischmge, mmputed h m  a t e d o n  of rating curve, 3,160 
aemnd-fcet); minimum atage recorded, 0.02 foot February 11 (&barge, 16 
eocond-feet). 

W ~ R  rmw .-Ice formn on the lake, at grrge, and along the bmb, but the wift cur- 
rent and flow of relative1 y warm w&r Fmm the 1&a keep the conbl  open. 

A m c y  . - R d a  apparently fair. The Wing curve is well defined to a of 
2.5 k t ,  above which it b extended by -titimation and the recornled diercharge 
in on1 y approximate. 

The drainage bmin ia covered with a heavy stand of timber to to elevatiw of 2,WO 
Imt and B dense undergrowth of ferns, brueh, aldem, and devil's club, but b w w  of 
the Bteep alopm and thin mil the run-off after heavy rains ia rapid and the ground 
&rage ie m n f l .  Daring n dry, hot period in sumrnor tbe flow ia augmented by 
melting ica from glaciers at tho besdwatere of two ol the tributary &refam. 

D w l m g e i n s ~ f ~ e t .  

Maximum. MMmum. Ibm. ----- 

Ilil. 
S 
K.8 -. 

I ......... 

Bmd 
(toWia 

we-f-tl- 

1 W  
dm 
ss:@m 
W W  
io'mm 
6'210 
2 ' 3 ~ 0  / 1i.w 

m,m 

A- 
m 

B 
I B: 
A n: 
A 
l3: 
D. 



m y  dhhrg8, th -#st, o j  hfa h k  ~ a r  W d  far & pcFiod h 17,1919, 
to Fth. f9,1916. 

N-7- UsLaminsd ~ W I  mt l~E  deIlned MIOW 8W ~ ~ d - I e e t .  Gags & ~ k -  
trig -17 M .  5 b Nov. 2 (papm not lee8la ); disx2hCbr~~ estimated from .maximum and mhimum 

IndIcatd b recorder f r o m  co~nperlson of RydroRrap~h for this statinn m t h  t h m  fw Orah~rd h k e  2% and s-t&att FBI$ Cmk, nnrl rrnm cllrnstir records. Dw. 1%2I pnpt wound on dnlm mrE 
clwk stop@), dm-e mte hatetl. lVnEer troeen 111 wnil Jan. 23 to deb. 11; diwhcharge astirnatpd 
Imm one drscharPe mcasnrcmaxnd c l i rnn l i~  records. 

M d y  dimharp of Mill h e k  near WranguEE,fm &e @od J w  17,1915, ha Feb. t9, 
1916. 

=a- 

I .................................... 
9 .................................... 
9 .................. .. 
4 .................................... 
6 .................................... 
6 .................................... 
T . . .  ................................. 
8 .................................... 
9 .................................... 

10 ...................... ,...,. 
11 .................. ... 
la .................................... 

1- 

................ 

........ 
............. 

13 .................................... 
1 4  ........................ .... 
15 .................................... 
I6 .................................... 
17 ............................ 
1R ......................... ... 
19 ............................ 
20 ....................... ..,.. 
a ............................ 
Zt ............................ 
a3 ............................ 
a4 ........................ .... 
25 ............................ 
............................ 

YZ ............................ 
2P ............................ 
29 ............................ 
30 ............................ 
31 ................. .. ................ 

~ d y .  

418 
d€4 
492 
1 6 ~  
520 

575 
4 5 1  
394 
384 
325 

291 
331 

........ 

iM!l 
675 
492 
5% 

MJ 
625 
491 
4~ 
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MU 
a97 
319 
34A 
3 5  

lr 
-- 

m 
82 
b1 
55 
54 

64 
61 
45 
43 
41 

u 
4a 
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a55 
319 

358 
3 3  
75 
340 
3s 

roe 
510 
5% 
rm 
4 

rn 
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tl0 
,5;8 
525 
4 f i l  

Feb. 

a 
18 
I8 
18 
18 

37 
17 
10 
16 
14 

u 
m 

40 
42 
40 

40 
37 
3s 
aa 
32 

30 
30 
a8 

ZR 

as 
n 
28 
L5 
21 
22 

Am. 1 4L 1 M. 1 lov. 1 Dm 

25 
72 

253 
XS 
1% 
a x  
715 

412 
!&3 
2W 
170 
168 

100 
140 
124 
109 ........ ........ 

--- 
cn 
337 
325 
aw 1 
2i8 

355 
451 
610 
870 

1,fllD 

l,mo 
1 WJ 
1'910 
1:310 
1 , 4 t i  

a50 
Mil 
- 0  
4c 
3M 

ES 
325 

340 
2-52 
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a1 
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3W 

m 
010 

1 HI0 
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Rt8 
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4lRl 
3L5 
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ass 
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8iZ 

9 2  
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4m 

BSB 
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t o  
SO 
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BQ 
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1SI 
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1Kl 
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1m 
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It33 
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13: 
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116 
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1UZ 
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a75 
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MI 
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mi 
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A U I  
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ruo 
UIO 
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$~'AI  
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l i S  
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3W 
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12i 
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310 

253 
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158 
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1W 
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1 
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GREEN IAKE OWTLET AT SfLTEE BABY, NEAR BlTKA. 

Lwano~.-In latitude SBO W N,, lom$tuae 135- w w., st outlet of O m  hb, 
at h a d  of Silver B y ,  1 9  mila by watm south of Bitka 

DR~MAOB ARM.-EJO~ measured. 
R ~ c o w a  ~ ~ m n m . - A u g - u t  22, lQl5, to Feb- 29, 1916. 
Gaot.--8&wene water atage recorder on right bank at outlet of lake, reaehed by a 

t d  which learn the beach onefourth mile north of mouth of -am, mmda 
a BW-foot ridge, and then drop down to the outlet of the lake. 

Dmcrurroa HMBURE~€ENT€I . -M~~~  from able smam outlet 30 feet below gage. 
C g a ~ s t ~  aNn mumot.--From Green h k e ,  249 feet above ma lave1 and 1,800 feet 

from tidewakr, the stream deacande in a d e e  of falls and rapids through a ma- 
row canyon whosa e x p d  m k  walh rim perp~ndiculsrly more than a hundred 
fmt. 

Exmmxe OF a r a w ~ . - ~ u m  stage &ed during period, 8.15 fmt at midnight 
October 15; binhum ~tage, mthated from known utqp Tannary 35, and cli- 
matic data, -1.5 f e t  February 4. 

- .  W ~ E R  mow.-Ice form on lake and at gage, but because of current md flow of 
relatively w m n  water from the lake- tho control remaim open. 

Data inauEcient for estimpb of daily m d  monthly discharge. 
In the fall and winter, the flow in low becpuee there is little ground atomge 8nd on 

moat of the drrrinage a~sa the precipitation in in the form of wow. Thia accumu- 
latad sww produrn a large run-off during the spring, and the meltkg ice h m  the 
glacier and the ice-apped mountains rsu~rnent the rtln-off from precipitation during 
the summer. Tbe area of Green Lake is eurtimnted to be only TO acrea. 

D k h y a  msaaafirPdntr of G m  L& outELt at Silver Bay, nam 6&, &ng fhs paiod 
~ u g .  f2,1sr5, to ~ c b ,  es, 191s. 

M y  ht ight ,  in jd, o Urem Luks mtlcl at R{a"luer Bay, nmr 8<tBo, for tlbd period .&. 92, 1915, lo  Fdb. 19, 1016. 

N o ~ a ; + N o ~ ~ i % . n t o N w . 8 1 : ~ M s t o p p e d .  W a t s r b s l ~ * d ~ f i f ~ . ! ~  
Feb. 14; gga r - -V. iVto~t  Jan. 15. 

Data. 

Aag. !PI 
NOT. aa 

a A trw top ~odgsd on the ~ b r o i  a a t m  b m t m  or aa r o ~ t  mt mm. 

~~b~ 

a. H. C d l d  ......... ..... do.. ............... 

h S t .  

$.% 
1. I 

Den. A 
~ e b .  la 

2:*. --- 
Em& 

130 

Maeby- 

. G.R.  C d e I d . .  ...... ..... do.. ............... 

h:rL 

%5 
.47 

Db 

-- 
a=% 

g~ 



Dat5. stmaul. r n r n ~ ~ ~ ~ ~  
ehqblg  into-- -tr. 

........ Cappsr Hsrba.. ...... Juat sbDm m- ........ 
from right amr tidewater, 
U m m ! o W s  mllo from 

Am. 3 CrataLaks ode t . .  ... Pat Snetttslmm ...... 6 station at outlet oi 3.48 897 

d 

1818. 
Jaa.  11 

#I 

Feb. 4 

1 

5 

'I 

7 

Img hkemtlet... ... 

UmramsdCreelt ....... 

G o k s m C ~ &  ....... 

Lcmphkeoutret ...... 
CFB* Lelre &.. ... 

SpmlRiver ................. 

Q r W h m  Creak.. .... 

RhehCIsel... ............. 

Bpeel R i m  ........... 

CamlIMet .......-... 

Thme Arm.. ..... 
BpemIRIver ........... 

Port gnatttSh%m .-.... 

do.. .............. 

Stepheas m.. ... 

do ...................... 

Qwbg station at outlet of 
Long Laka Bpwl River 
prnj~ct, on &inhnd. 

I milsl~pstrsam~~m  be&^ 
on ~ a s t  shore and 1 mild 
from head 01 Carrollfniet, 
Kov~llagktulo Island. 

Low tide nt m o u b  olcmeR 
anelourlh rnllncnst of 8- 
U v ~ l ,  Rnvilklgl ortulalaad. 

Now m ~ i n . ~  sl;llfon l>elow 
Bmnrl Ixrkc, Rp~.cl  Hivrr 

2 . B  

........ 

........ 

........ 

ggl 

M 

1% 

29 

6 

1W 

8.2 

t d  

prnjrhct. 
Low tld8 8t mourn Oi8Mm 

Irnm Crater I.&@, Bpuol 
Rivor projrct. 

Tbln flatantSpmlPofntdm- 
Irrx low tidv wehdlmila 
from mhl& 01 the &MI 
Rivur project. 

Low t ~ l e  ~ b t  rnorith oistmm 
h e t w m  Polnt Bnbbw 
and ~ o h t  13Luho$, nnrd 
BhomBi~pWns I'aFsape il 
milrq mnth~wt 01 J UTICLU. 

d o  .......................... 

........ 

........ 
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MINERAL RESOURCES OF THE UPPER Cl3lTINA VALLEY.' 

INTRODUCTION. 

Upper Chitina Valley is, a part of the Copper River drainage 
basin, which has been visited infrequently and concerning which not 
much is haws A few pmpedors and bunkers have gone lnto it 
nearly awry yew since gold was discovered in the Nizina district 
but have found little aside from game fo reward their labor, In 
1919 nnd 1913, however; members of the +llaskm Boundary Delimi- 
tation Commission, while determining and m a r l g  the international 
boundary between Mount N a b h a t  and Mount St. Elias, spent ssv- 
erul months iu tths district. After carrying their system of triangu- 
lation from the upper White to the uppr  Chitina by way of Skolsi 
Pass and Nizina River they established a base camp near the foot of 
Chitina Glacier, f m  which they completed their surveys of this 
section of the boundary. As part of the work they made a tap+ 
graphic map, still unpublished, of Chitiria Glacier and part of 
Chitina River. The map irrclndes Cbitins Valley eastward from 
Canyon Creek to the boundary line but represents only a nnarrow 
strip of territory adjacent to the river and the three principal 
branches af the glacier. This survey constitutes the ody work done 
by the Federal Government in the upper Ckitina Vnlley until 1913. 

The work that wrves as basis for this report was undertaken in 
order to extend the knowledge of this part of Aids by a study of 
its geology and by making such additions to  the topographic mnp 
jmt mentioned as were found necessary to represent the distribution 
of geologic formations and the mineral reresources. ' Both the topo- 
graphic and geologic mapping were of a monnaissmm nature. 

The district anmined has an area of about 900 quare miles. It 
d m  not include all the territory shown on the map made by the 
Alaskan Boundary Delimitation Commission, but on the other hand 
it includes a considerable area not shown on that map. The addi- 

- ---- 
I A more ertended account of thls distrlct will appeaf la b fntnrq bullet- 
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tions r e p ~ n t  the tapographic mapping done in 1a5, which mered 
an area of about 360 square miles* Most of this-newly sum@ yed area 
lies north of Chitina River at the.head of Young Creek, on Cnnyon 
Creek, and in the glacier valleys east of Canyon Crssk, 3 g h  water 
msde it practically impossible to cross Chitina River with horw 
during most of the summer, and the lack of time and equipment for 
traveling on glaciers prevented a visit to the higher parts of the 
ralley Inter in the seaaon. 

The field party consisted of five men and was equipped with a 
pack train mnd with provisions for 90 daya The party ltmded at 
McCerthy June 14 and left that place, after completing its work, on 
Sptember 22. It thus had s field sewn of nearly 100 days, 17 of 
which were spent in arranging packs nt the beginning of the season 
and repacking at i t s  end, in traveling tg ~ n d  from the Cbitina, and 
in visiting the placer mina of Dan and Chititu creeks. 

The weather during the summer was exceptionally favorable. The 
days were warm and clear md lj tde rain fell. Conditions, however, 
were favorable for f omt  firm, end for two weeks in July topopphic 
work was carried on with djficulty owing t o  the den- smoke that 
was brought up the vaUey by westerly winds. 
Mr. R. M. Overbeck assisted the writer with the mapping in the 

field and with the preparation of this report. 

fJEO8RAPBP. 

The map (P1. V) repmnta the region under discudw and shows 
its lmtjon with reference tO McCarthy and the Copper River & 
Northwestern Railway. A trail leads from McC~rthy to  Clarkins 
Road Houm at the mouth of May Creek on the ~ast  side of Nizina 
River, from which point dther one of two routes to Chitina River 
may "oe then. The ronb commonly u d  follows Chititu Creek 
to Blei Gulch, crosses the ridge to Young Creek and dhen, after 
ascending Yonng Creek to the bend, p a w  over the mountains south 
of Young Creek to the bars of the Chitinrt. This trail js well marked! 
and good, except that it ne~essitatesl crossing two high r i d w .  A 
wcond trail m n d s  Young Creek from the Nizina far 6 or 8 miles 
and there crosses a low wooded ridge ta the Chitina. It has k e n  
used principally -by prospectors going to or returning from Kiagna 
River, one of the muthem tributaries of the Chitina. Recause it is 
shorter and has ea~ier grades this t d  would pmbably become the 
principal route to Chitins River if any considerable travel should 
develop in that direction in the futum. No well-dehd trail manests 
the Chitina ends of these two trails, and elthough the river bars 
furnish p d  traveling for part of the distance the river hqp in 
against its north bank in plsm so that wdderab1e timber and 



brush would have to be cut if the comcction were made. The only 
obtmctions to h v e l  on the north side of Chikina River above the 
Chitina-Young neek trail are glacial &reams. Travel ia not possi- 
ble up the south side of the river above Canyon Cmk 

The upper Chikina Valley is s region of rugged mountains. On 
the north the highest peaks rise to a height of 15,000 feat or mom 
To the east snd southeast Mount Logan and Mount St. E l k  reach 
heights of 19,539 feet and 18,024 feet respectively, Many lesser 
penks stand well above the snow line. The relief of the region is 
great, for Chitina River at its souroe is only 8,000 feet above the se& 

All tile larger valleys tributary to Chitina Valley above Cmyon 
Creek are occupied wholly or partly by ice, For this reasan it is 
impracticable or impossible to  travel with any mnsiderabls 
dis tana away from the bars of the main river* For this reason, 
alsa, travel is difficult in warm weather, when the streams am flooded 
by the malting ice 

Chitina River follows a conme slightly north of west from the 
g1acie.r almost to the Tana, its largest tributary above the Nizina. 
There it  wings nearly to the northwest and so continues to the 
mouth of the Nizina. Kiegna River, Goat Creek mnd an unnamed 
stream corning into the main rdley nwr tha glacier are the largest 
wutbern tributaries above Tans River. They are torrential dreams, 
fed by melting snow and ice nnd flowing in deep, canyon-like valleys. 
Canyon Creek and the s1101.t dreams flowing from beneath the '< first " 
and the ''second" glnciers are. the principal northern tributaries 
above the Nixintr. Canyon Creek flows out fmm its upper valley to  
the Chitina through a cllasm more than 2,000 feet deep. This stream 
and the ' ' k t  glacier7' stream can be forded with little diaicultg 
where they spread out on the bars just stfore joining the Chi tha ,  
The second glacier " stream, frequently craUad Short River, is a rag- 
ing h m n t ,  wholly impassable with horn in times of high water 
like midsummer in 1915, though a crossing, dificult and at  t i m ~  
somewhat dangerous for horses, can be made on the i& at ih hmd, - 

The flood plain of upper Chitina River ia from 3 ta 4 miles wide 
and i broken only by e few spruce-covered islands, the taps of rocky 
points that project through the deep p v d s .  Nassly all this wide 
flood plain was covered by the river daring high wnkr  in the late 
part of July and the early part of Angust, 1915. Along the margins 
of the plain are low benches, parts of an older flood plain, overgrown 
with pea vine and brush or with scrubby timber. The gravels of the 
Amd plain and the low benches sre saturated with water, which flows 
through them with' rt strong current and isrmes st the surface in an- 
rneroas clear-wabr dreams that unite to form deep channels and 
h l l y  lose themselves again in the milky water of the river. 



The experience of a few weeks in one summer does not warrant 
a very definite statement about the climate of this region. The 
valley is a basin hemmed in on all sides but the west by high moun- 
tains. The precipitation takes place in large part on the mountains 
themselves and there maintains the snow fields and supplies ice to 
the glaciers. No evidence was seen in the lower valleys to indicate 
much snowfall in winter or much rain in summer. On the other 
hand, it is believed that the precipitatioi is light in both winter and 
summer. The dreams, hovever, are kept full in summer by water 
from melting snow and ice in the high mountains, It is reported 
that very little snow fell in Chitins Valley in the wintar af 191P15. 

The summer of 1915 was remarkably dry rand warm. Practically 
no rain fell ti11 late in August, and for ten days in July the ther- 
mometer indicated a ternpwature near or above 85' F. in the middb 
of the day. 

Spruce timber covers the lower slopes of the mountains h an 
elevation of more than 4,000 feet, fully 1,000 fmt higher than the 
timber line in most of the Copper River busin. Probably no better 
timber can be found in the interior of Alaska  an that which grows 
in pads of the upper Chitina Valley. Fine, straight trees from 18 
inches to 2 feet in diameter and from 75 ta 90 feet high were seen 
at a number af plates. Thia timber seeme to indicate that the winds 
are less severe here than otr Copper River, but the members of the 
Alaskan Boundary Delimitation Commission's party report that 
they experienced such winds early in the spring. Spruce also grows 
on the benches bordering the river, but for the most part it is neither 
large nor of good quality. Arws of dead trees, untouched by fire, 
were notiwd, and are thought to have resulted from the r a v a p  of 
insects. 

Grass is not at  dl plentiful in thb part of Chikina V d q ,  even 
at timber line, where in most of the Copper Eiver basin it grows 
abundantly, yet excellent f e d  for hams is provided by the pea vine 
th&t covers many acres of the old river flood plain. This plant 
furnishes forage not only in summer but throughout most of the 
year, so that ho19~8 are driven here and turned loose for wintering. 

The principal rocks in the upper Chitina Valley include shale, 
slate, srkose, limestone, conglomerate, sandstone, altered basaltio 
lava, tufls, and granite. They range in age from Carboniferous to 
Cretaceous. Their general distribution is represented on the sketch 
map (PI. V, p. 130). All the rocks are folded and much faulted. 
Some of &em are locaUy achistose. Deformation and alteratiog 
however, are much gBeatar in the older formations than in the 
younger. 



So far as known the oldest rocks are coarse fossiliferous arkose, 
more or 1- albred limestone, tuffs, and larva flows. Possibly some 
af the mconglomemb should be included with them. They are the 
pmvailing rocks east, of Canyon Creek and north of Chitin& River, 
and of them the lava flows and their associated tuff beds are the 
most abundant. The arkosic beds and much* of the massive limestone 
are believed to  nnderlic the lava flows and if this conclusion is cor- 
rect are probably the oldest rocks af the region. Large exposures of 
the limestone are present nenr Chitinn Glacier and along the '' second 
glacier.'' In places the lirnwtone is recrystallized and it nowhere 
yielded fossils. Tbe arkom lies deep within the high mountains and 
is imperfectly known, although it must have considerabIe develop- 
ment there, for the glaciers bring down numcrona fmsiliferous 
bowlders derived from it. 
The lavs flows nnd closely nssminted rocks rppresent in pnrt if not 

wholly the eastward continuntion of the Nikolni greenstone of the 
lower Chitina Valley. They nre well exposed between Canyon 
C m k  and Cbitina Glacier and show n lower part that consists of 
fine-grained bamJta and h ~ f f t i c m ~ ~ s  beds overlain by an upper part 
made up of coarser-grained amygdnloidnl flows. This eorrespands 
well with the section of the Kikolai preenstone nnd anderlying tt~iTs 
and basalts of the K o h - K u s h l ~ n a  district. Like the greenstones 
in that district, these rocks are copper bearing. 

The next younger mks are limestone (the Chitistone limestone) 
and shale (McCarthy forination), both ~f which are of Upper Tri- 
assic age. 

The known Jnragsic Mcks are gray and brownish sanddones, ex- 
p& in a few isolakd areas, They were not distinguished in the 
field from the litbologimlly similar Cmtaceous sandstones found 
near them and were separated from the Cretaceous rocks on the evi. 
denwr of the fossils. Their principal exposures occur west of the mouth 
of Canyon Creel< md on the tops of the high mo~~ntains between t l~c  
" first glacier " end Chitina Glacier. They rest unconformably on 
the older m k s  and are of unknown thickness. 
The sandstones west of Canyon Creek are folded and fmlted, but 

those mst of the " fimt glaci~r'' lie horizmtnlly and appear to lx 
little disturbed. 
The rocks definitely known to be Cretaceous include brown and 

grayish sandstone and R p a t  thicknes of black and red shales, 
These rocks fire be& exposed on Young h k .  With them are in- 
cluded a succession of conglomerates, mndstms, ~brkoses, and shales 
that have their p a t e &  stdevelopment in the ridge between Young 
Creek and Chitin& River but are expwed in some of the highr 
mountains north of Young Creek. These rmks merlie the black and 
red shale% but their age is not definitely d e t e h e d .  They hare a 
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thibw of n t  I& than 2,000 feet muth df Young Creek. This suc- 
d o n  of mrrw f ~ s p e n h l  beds is the youngest of the hard-rock 
formations that has been recognized in the district. 

The prevailing structud lirlaa of the sedimenturp rocks in this 
district in ~ n e r a l  parallel the course of Chitina River, but have a 
tendency to  swing a little more to the northwest. The principal 
fault liws also have this direction. 

Granite is the prevailing m k  south of Chitina River and east of 
the JCingna It forms most of the mountains there, hut is associated 
in places with lava flonls that are correlt~ttd with the b~salts north 
of the river. Intrusions of granite in the, sedimentary rocks md 
lava flows north of the river form severnl lgrnnitic hadies of large 
size. The numerous quartz porphyry dilres of Yonng Creek am of 
Upper Cretaceous or later age nnd are believed to be younger than 
the large granite bodies north and south of Chitinn Hirer to  the east. 
They are thought to  11avc3 m genetic relation to the gold mineralize- 
tion of the Cretaceous &ale& 

Immense quantitiw of e v e 1  have been spread over the door sf 
Chitina Valley, forming the present flood plain and older f l d  
plains only a. few feet ~b0t.s it. The larger tributary streams also 
have built up wide fan-shaped accnmulations of gnvel  nt their 
months, yet elevated 'bench gravels are sinplarly absent in the 
valley. It is evident that if they ever existed they were swept out 
by the farmer Chitinn Glacier. Morainal degosita are present at  the 
ends of the glaciers, but other than these'are not conspicuous in the 
~ ~ I l e p .  

MINERAL IUESOUIRCEB. 

Upper Chitina Valley he3 not given particular promise of bedoming 
an imporhnt mineral-producing district, yet it should be stated that 
the valley hns not been well prospected. Both gold and copper have 
been found there, btlt neither has been produced in paying quantity. 

Native copper and copper sulphides, such as chalcocite, chalcopy- 
rib, and bornite, are present in,frrlcture planes and shear m n ~  in 
the basaltic lava flows Them minerals were m n  in places distant 
from the contsct of the flows with the limegtone and sIso near the 
contact. In their m u m n c e  they memble the deposits of the mme 
minemls in the Nikolai greenstone farther west in Chitina Valley. 
Copper minerals were noted in greenstone on the west side of the 
"first glacier" near  it^ fmt, between the 6'fir&" and " m n d  
glacier," and east of the lower end of tho second glacier." A num- 
ber of claim have been staked, but so far ns the writer ~ O W S  only 
thme west of the " first glacier" have had assessment work done on 
them. Native copper and m~lphides are fo~znd in fractured gmn-  
stone at this place. 



GEOLOGIC 8KEfCH MAP OF UPPER CHlTlNA VALLEY. 

By F. H. Moffit. I 



Gold in reported from at  least thm localities. in the districG 
Biagan River, the mouth ef Canyon Cmk, and the first southern 
tFibuhq of Chitina River below the glacier. The writer was in- 
formed that float. gold ore had k n  taken from the bars at  the month 
of Canyba Creek, and that coarse gold had been obtained fmm the 
rim rock i& the canyon. Eflorts were made to sink a shft  ta bed- 
rock in the gmvel a short distanm below the; mouth of the canyon. 
This was attempted both in winter and in summer, but was not suc- 
cessfuZ 
The Indians who hnnt in this region have reported gold in the 

gravel of the unnamed creek near Chitiria Glacier, previously men- 
tioned, It appears that no attempt has been made to confirm this 
report. 

The presenca of placer gold on Eagna River has been laown for w 
good many years, probably tw early as 1904 or 1905, or shortly after 
the h'izina rush took place. A few men who crossed the glacier 
from Yakataga Beach worked on the head of K i a p a  River for sev- 
eral s n m e m  after that time in the expectation of discovering gravel 
rich enoegh to be mined with profit. A smaIE shmpede took place 
to  the Kjngna in the fa11 and winter of 1914, but these efforts met 
with dimppointment and tha men left the stream, so that it was 
dmrted in the mmmer of 1915. 

The, prevailing rocks of the mountains east and south of Riagna 
River are granite. The granite, however, is associated with green- 
stone and with &ales, some of which are locally altered to schist. 
Most of the prospecting hns been done on streams that cut the shales, 
yet gold is reported from the granite. The location of the shale sug- 
gests that, possibly it may bs the eastward extension of the gold-bear- 
ing sedimentary M a  of Golconda Creek in the Bmmner River dis- 
trict, but this, however, is no more than s conjecture. 

A vein of rnolybdenik was found in the Summer of 1915 about 8 
mil= up the glacier of the largest eastern tributary to Canyon 
Creek. The country rock is granite. The valley is narrow and 
inclcsed by steep walls, so th&t the property is somewhat difficult of 
access. According to the statement of the locators, the vein is 8 feet 
wide and comists of quartz and molybdenite. The molybdenite 
occurs as a d i d  vein 12 inches thick between the quartz and the 
hanging wall, as stringers and bunches through the quartz, and as 
diaserninatd flakes in the quartz. There is no timber near the prop- 
erty, and the bast source of sllpply is Young Creek, which is s q a -  
rated from Canyon Creek by a low, fiat divide that is easily tmvemed. 
Any ore produced from this vein will have to  be brousht out in 
wintar and hanled ta McCarthy in sleds unless the value of the prop- 
erty should prove sufficientIy p a t  to warrant the construction of 
wagon roads or a railroad. 



NtAough no mining projats have yet ';been established in upper 
Chitina Valley, it mny be said that some important conditions are 
favorable to mining in this district. The transportation of freight 
into my part of Chitina Valley is now mucll simpler than it wm 
before the railrhad was constructed, and if there were tmffic to war- 
rant it a branch bf the railroad could be buift to Ehe river and 
extended to the glacier without having to solve any unusual engineer- 
ing problems. The chief difficulty probably mould be found in 
crossing Nizina River. Excellent timber for mining is found all 
along the north side of the valley and would supply all probable 
needs for many years. The length of the eummer mason and the 
general climatic conditions aIso rlppear favorable, 



MKNING ON PRINCE WILLIAlM SOUND. 

a m  FTMTUREB. 

.The minernlization of the Prince William Sound region followed 
the intrusion of granitic rocks (Jurassic?) into the cIwIy  folded 
dirnents (Meswaaic 7 )  bordering Prince William Sound, These 
dimentary rocks may be gathered into two great group-ne con- 
d i n g  dominantly of gr~ywacke and argillite, nnd the other in- 
eltiding bluck slates, dark-lcolomd limestones, eherts, g r e e k n e s ,  
argillites, jasper, and gmymncke. The minernls in tmlucd  during 
this period of mineralization included gold, silrer, chalcopyrite, 
pyrite, p ~ h o t i t e ,  ersenopyrite, gnlenn, sphnlcrite, stibnite, quartz, 
epidote, dbite, chlorite, calcite, and siderite. The .r~luabIe metals 
of the ores are copper, gold, nnd silvor. The gold is native. The 
copper occurs chiefly as chalcopyrite, but another copper-iron sul- 
phide containing a t m t  16 per cent of copper has b n  recognized 
~t I;andl& Siher has been noted only as sn alloy with the native 
gold. 

The ore deposits of this region may be broadly grouped into two 
c l a w p p e r  deposits and gold-baring quartz Ides. The min- 
eral associations in h t h  gold and copper deposits are in general the 
same, the dominant chnrncteristics of the deposits depending on the 
relative abundance of the different minerals. The capper mines pro- 
duce large amorlnts of gold or silver, or both, and chalmpyrite is 
present in ~rnall ~ m o u n h  in many of the goId quartz veins, 

This ~epnrat ion of t l ~ c  ~ynlaahletninernl d e p i t s  into two classes 
is carried further by the natural grouping of ench of the c2a,wm 
in certain &rich that correspond closeIp with the biparkite group- - ing of the rock formations of the rcginn. The gold qtiartz lodes 
occur in the arena of folded a d  brolccn grnywacke and nrgillite, 
whemas the mlphide ores are regtrictecl to  the areas of sheared slate, 
limestone, and peenstone. The gold qanrtz lode districts occur in 
a belt concave southward, bordering tho inner shores of the Somd 
and snrroanding the southern belt, which contains the copper emps. 

The gold quartz ores nro free milling. Thcy are t ~ a t e d  locally 
in mall stamp or roller mills, with amaalgamation. The mncentrah 

l.37 
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' nre shipped to the smelter at !himma, Wash. The copper oms am 
base and require melting, with or without previous concentration. 
No local smelters being available, the mpper ores ttnd copper-baaring 
concentfates are shipped to Tacoma by water. Their gold and silver 
content is movered in the melting p m  

The productive mines. on Prince !XilIiam Sound in 1915 so far as 
known inclzided four copper mines and five gold mines. A much 
lnrger tonnage of copper ore than of gold quartz was miped and 
treated, and Ithe tow value of the metals produced from the cupper 
ores was a h a t  five times that obtained from the gold quartz ores. 
T h e  value of the total mineral production of the Prince mlIiam 
Sound region in 1915 was $1,340,896, compared with $1,198,742 in 
1914. 

COPPER M-Q. 

hn increamd activity in copper mining over tho preceding year 
mas evident in 1915, and although no appwciabla h o r n  mupred 
there was also considerable interest manifested in copper p-t- 
ing, and it is reported that a few new discoveries were made in 
Passage Canal and in the distri~t between T'aldee and Port Welle. 
50mo of the nld copper pmpertim on Knight Island w e  rastnkd, 
Both of the regular produrers, the Beabon Copper Co,, at Latouche, 
and the Ellnrnar Mining Co., a t  Ellamar,-made large shipments ns 
usuaL The Threeman Mining Co., on Landlocked Ray, resumed 
shipments after two yeers, and the Fidalgo Mining Ca, w Port 
Fidalgo, also shipped ore to  the smelter. Development work w m  
done on some of the nonproducing copper properties on Solomon 
Gulch, Landlocked Bay, Port Bidalp, and Knights Island, end 
assessment work is reported on many others. All the copper are 
shipped con@sted of crude sulphide ore, in which the copper-bearing 
mineral was dominantly chalcopyrite. Much of the copper ore 
mined also carries either p l d  or silver, OF botb. . 

An increased quantity of copper ore was mined on Prince William 
Sound in 1915, but the average ade of the ore fell from $12.60 s 
ton in 1014 to about $8.07 in 19E The total produetion d capper, 
gold, and silver from the copper ores was for each metal less than 
in 1914, but because of the high prim of copper the total value of 
the metals recovered from the copper ores in 1915 was slightly 
gre~ ter  than in the preceding year, 

Tile future position of Prince William Sound as an important 
copper appears to depend on the succemful tre~tment of 
the lower-pde copper ores by concentration or by a marked lower- 
ing of the mining or met~llurgic &s though some rndicnl change 
from the methods in use in the past. The completion and operation 



of a mechanical coneenltration process, chiefly by flotation, at the 
Eeatson-Bonanza mine, on h h u c h e  Island, for the recovery of the 
~sluabla metals in the ore marks a step in this d i d o n .  

The Beatson Copper Co. operated the Beatson-Bonaaza mine, on . 
Latauche Island, tllrougho~~ t the year. ibout 150 men were employed 
at the camp, half of whom were at work at the mine. Development 
work wns continued as  usunl by open cuts, tunnels, and drifts, and 
more ore wna mined thnn in previous yeam A brgs plant for the 
concentration of the lower-gade ores, chiefly by an oil flotation 
p r m ,  is reported to hnve stnrted operations early in the spring of 
1015 nnd to have been in full operntion during the later part; of the 
yenr. Considerable crude mlpllide ore was skipped to the Tamma 
smelter, as in previous years, but a much larger qunntity mas put 
through the cone&ntmting plant nt  htouche, and the concentmtes 
from this plant were shipped to Tncomn. One la- cargo of con- 
centrates mas lost at %a on the way to the smelter. 
On the property of the Lntoache Island Copper Mining Co. (Ltd.), 

on Latouche Island, only assessment work was done in 1915, and 
this work was m4ricted to srrrfncs derelop~llent 

Development wor1.c is reported to have been stnrted in August, 
1915r on the Pnndom property? on the Bay of Isles, and ta have 
continued steadily during the fall with a crew of several man. The 
work done in 1915 included the deepening of the shaft r& feet and 
the hiring of 10 feet of c r m u t s  and 14 feet of drifts on the 90-foot 
level. The total underground de-ielopments now are reporka to 
include a #-foot shaft, 139-feet of drifts, and a 15-f& adit* A 
wide chalco~yrite-bearing ore zone is said to be developed by these 
workings. 

On n. copper properQ on Drier Bsy.mnsiderable open-cut work 
is said t~ ham been dme and 60 feet of tunnel driven during 1915, 

M y  openat  assessment work was done in 1915 an the property 
of the Rnigbt Island Copper 3f ining Co. 

PQfLTACtE BAY. 

The discovery of a copper lode on the north side of the Portage 
Glhcier Pass is reported, but no development, work b known to  hnve 
been done on it. 

U'W- IKLET, WELLS BAY, LOWG BAY, GLACIER n. 
Only nssesseWent worlt is reported on the copper prospects on 

Unakwik Inlet, Wells Bay, Long Bay, nnd Glncier Island. 



No development work was in p r o m  at fithe Midas mine of the 
Granby Consolidated Mining, Smelting & Power Co. (La) ,on Solo- 
mon Gulch, during the winter of 191446. Such work as was n-- 
srary to complete the asrial tramway, the mine terminal of the trm- 
way, and the buildings at the mine and to fill in about the pi16 
foundations of the shipping bins at the wharf was darted in April, 
1915, and was about completed at  the end of the season. The aerial 
tramway was rwrnpleteil late in A u p t  and run ink&thtlg dur- 
ing the fall. Considemble om from the mine and dump wae mnt 
down on the tramway and stored in the ore bunlrem on the wharf, 
but no shipmeata to smelters were made. Abut  60 men were em- 
ployed on the property. Underground development work at the 
mine' started late in June, and an avemp force of 10 men were 
at work in the mine during the rest of the ~ e a ~ w o ,  Two shifts 
were at work all summer, the night shift consisting of two men. 
The lowest tunnel an the lodo was extended ta a length of about 
410 feet (Oct. 81, 1815), and a, 50-foat crawnt was driven w the 
next higher l e d .  The buildings at the mine, besidm the mine 
teminnl of the tramway and the ore b~mkem and blacksmith shop, 
include a l a r g  cook and bunk horn, t h ~  ~0th- three &HIS, and 
an air-compressor building. 

A large low-grade copper prospect, known locally as the A d h n  
Powell property, sitaated on Sulphide Gdch about 4 mila from its 
junction with Lowe River, was relmted in the spring of 1915. 
About 150 feet of open cuts and dripping and 100 feet of tunnel 
are reported ta constitute the development work done during the year. 
The principal copper mineral in the ore from this property is chal- 
copyrite, but some malachite is fonnd. A little gold is also reported. 

A copper lode is said to have been' found on the south gide of 
h w e  River abont 15 miles east of Valdez. 

Only assessment work was done in 1916 on the property of the 
Galena Bay Mining Go., near the head of Galena Bay. 

At Ellamar the plant of the Ellamar Mining Co. was operated 
throughout the year, and a larp  quantitg of om was mined and 
shipped. The underground work included the driving of additional 
crosscut& Raises in. the shta country rock at this mine in rement 
years are reported to have encountered explosive ems, the exact 
composition of which hns not been determined. 
The Threeman Mining Co. mrried on operations from June to 

December and made several shipments of ore. C m t a  were also 
driven on the Keystone and A. C. claims. A force of 10 men are 
reported to have been workkg for this company. 
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Two men are said to haw been engaged in development work at 
the mine of the Landlock Bay Copper Mining Co. (Dolan & Rystrom 
property), on Landlocked By, but no shipments are lmown to have 
been made during 1915. 
No work was done on fhe Standard C o p  Mines- ground on ];and- 

locked Bay. 
PORT Fa)-. 

Some development work was in p r o m  in 1015 at all thrae of the 
copper mines on Port Fidalgo. The Fidnlgo Mining Go, worked a 

' 

small crew of men from June 1 to December 15, and shipped mveral 
hundred tons of ore to the Tamma smslter. Mining was restricted to 
the footwall pay shoot. 

Underground development work was started in the fall on the 
Schlow~r property. The wharves and ore bunkers are repodd to 
have been rebuilt, and a ghipment of om is said to have been sent to 
Tacoma near the end of the yew. 

The Mason L Gleamn mine, now the property of the Dickey 
Copper Co., was operated only during November and Deoomber, ' 

1915. Ore bunkers and a wharf were erected on Irish Cove. 

GENERAL CONDITIONS. 

The gold produced in the Prince William Sound region, other 
than that from the gold-bearing copper om,  cornea from both gold 
quartz, lodes and gold placers. The plmr depositg becrtum of the 
recent intense glaciation of the region and the comquent lack of 
concentration of the widely digtributed gold, a m  few, smalI, and 
irmgularly distributed. They are worked only intermithnkly, on a 
very mall male, and contribub little ta the gold production. The 
producing gold qnarte lodes are in the Part Wells and Port, Valdez 
districts. In I915 the Port Wells district was the larger producer, 
although most of the producing properties are in the Port Valdex 
district. The Granite mine, an Port Wells, made the largest con- 
tribution to the gold ontpllt of the region, nnd second place was held 
by the Barnsay-Rutherford mine,  in the Port Valdee didrich 

POBT WYZIZS DISmCT. .. 

The p I o g y  and economic features of the gold depmits of the 
Port Wells district, together with the developments up to and in- 
cluding 1914, have been described in recent reporkl The Granite 
mine is the most productive properky in the district and the largest 

*Johnwm, 8. L., The Port Wells gold lode diatrlct : U. 13. &I. Rnmy Bull. 592, pp. . 
195-2a13,1914 ; Mlnhg on Prince Wllllam lomd : U. 8. CfeoL Warvey Bull. 822, pp. 131-139, 
1916. 
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producsr among the gold quartz mines of the Prince Wrlliam Sound 
region. Underground development and a m a n t  work was done 
on several other properties in this district in 1915, and a few n m  
l d e  discoveries are reported. h - g o i n g  steamers continued their 
 isi its to  Port Wells, nnd a regular mail and pnssenFr =mice was 
maintained between Valdez and semral points on Pod Wells. The 
district was not visited by Survey p r t i a  in 1915, and few notes have 
been ohinsd regarding the daveloprnents of the year. 

The Granite mine was under development throughout the year. 
Besides the work nmsal.g to take out om for the mill, a crosscut 
tunnel, reported to be 800 feet in length, waa ran at  a lower Ic~el ,  
and tt long raise was made from this tunnel to the ~ e i n .  In addition 
t~ the mdergronnd work at  the mine, a substantid wharf was built 
for large boats, a new oil-burning power plant was jnstaIled on 
Hobo Bay, and a power line 4,800 feet Iong was erected betwaen this 
plant nnd the auxiliary power plmt near the milZ A 10-stamp 
mill, added to the milling plant in the spring of 1915, mas in oper- 
ation about seven months. The Lane mill wns also reported in oper- 
ation for several months. From 50 to 70 men mere employed on the 
property during the year. 

Considerable development work is reported on properties: adjacent 
to tha Granite mine. 

Development work is reported on the North Star dairn, on Awry 
River. 

The Cordova Mining C De~elopment Co. started the installation 
of s. 5-stamp mill and an aerial tram on the Nugget and Golden 
Wonder NQ. 9 c l a h ,  near Golden, with a form of nbout 25 men. 
Some anderground development work is also reported to have been 
done by this company on t h w  claim& Later in the gear, after the 
erection of the mill house, opemtions were discontinued, and the 
plant is r e p o d  to have been rnored off the ground, 

The Golden Eagle mill, at  Golden, was idle in 1915, but some 
underground development work is said to have been done on this 
claim during the preceding winter. A tunnel mas driven on the 
Wagner pros- near Golden, and in the spring a crew of 15 men 
started to sink a &aft on the Keynote claim. 
On Hummer Bay mrface stripping and openmt work is reported 

on the prospect of Bennett, Bailey d Reine. On Pigot Bay 100 feet 
of t m e I  is said to have been driven on the Hadton property. 
Other properties on this bay were under development. 

The Thomas Culrmg M d n g  Ca did some underground develop- 
ment work on i& claims o~lculross Island and is reported to have 
made a mall shipment of ore to Tamma. 
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Only -ent work was dme on the Mineral C d  Iodw in 
1915, and the mills on the Mount~in King and Big Four properU;iss, 
which had been in operation the previous year, lay idle. 

Oa Gold Cmk mme underground development work was done on 
the McCallnm claims, near the head of the creek, where the owner 
was at work during part of the summer. 

The upper workin@ of the Cliff mine were under lease to John. E. 
Hughes, and the property was operated from May to December. A- 
new rein, occupying a weu-defined fissure ttnd showing from 1 to R 
inches of quartz, was dimvered an the cmst of the hill, Am edit 
175 feet in length was driven, and the vein was stoped for about 
75 feet. Severnl tans of the ore were milled in the Cliff mill, three 
stamps and t w o  tables being used. Some underground work was 
also donne under the original discoverer of the property, H. E, Ellis, 
in the old working m>he 100-foot and 200-foot levels, and some om 
from these workinga iis said to have been milled. An avemge form 
of 20 men were employed during the season. 
No work was dona on the Three in One group during the first 

half of the year, but l a b  in the summer two men were at  work 
developing the property. 
On the Sealey-Davis Mining Co?s claims, on Shoup Bny, m e  man 

wm at work during the wmmer and is reported to  haw done 200 
feet of drifting in the middle tunnel, extending this tunnel to a tiotal 
length of about 815 feet. 

I+'our men were engaged in driving 8 25-foot mise near the end 
of the long tunnel on the property of the Seacoast Mining Co. in the 
summer of 1915. A 4;E-foot vein was c ~ ~ t  in this raise about 18 feet 
above the tnnnel. 

On the Bald Mountain group one mnn was engaged in development 
work. 
On the claim of the Cameron-Johnson Gold Mining Ca from 

two to six men were employed for a short time during the later part 
of the summer. The mill on the property was not opemted during 
the year and no production was made. In the fall the company was 
placcd jn a receiver's hnnds and later was reorganized aa the Valdez 
Gold Cb* 

Awsment  work is reported on the Alice, N p m d ,  and Renm 
McDonald claima 

The Gold King claims reverted to  the original owners, and the 
propee  was worked by them during the summer. The was run 
for about a month during lths spring, and seven w eight men were 
employed on the property st that tima During most of the mmmer, 
however, but one man remained on the propee, and the develop- 
writ work waa mricted to the driving of a cr-ut in the Iong 
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lower tunnel. In W b e r  three men were reported a t  work on the 
P ~ o P @ ~ ~ Y .  

Akesment work is reporhd on tho Mayfidd and National claims. 
A.160-foot tunnel is said to have been driven during the winter of 

191615 on a gold quartz property on the south side of Port Valdez, 
about a mile back from the Eight Mile Reach. 4 

Tha entire valley of Lowe River from Reygtone Canyon to tl10 
head of the river was located in the spring of 1915 RS possible placer 
ground, and Borne of the claims were tested with a churn drill, ap- 
pucently with unsatisfactory results, as no further work is reported 
to have hen done. The 13ud Mining Co. on Gold Creek did not 
operate in 1915, and only nmssment work is known to have been 
done on the Mineral Crcclc plncers. 

ANTIMONY MINING. 

Soma prospecting for untin~ony wns in progress on Prince Wil- 
liam Sound in 1915, and soma new stibnite-Ilearing prospects are 
mid to have bean located in tho l'srt Valdez and l'ort TTJells dig  
tricts. No antimony Bhipmonta &re known to have been made, and 
no extensive developments of antimony lodes were in pro- 
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TELE !KRNAGAJN-KNlX REGION. 

LOCATION. 

The Turnagain-Knik region, as here defined, includes the area 
bordered on the north and nol-thwest by Ih ik  River and Knik Arm 
and on the south by Turnagain Arm, Portage Creek, and Partage 
Glacier. As thus outlined the region is rougldy triangular in shape 
and Lies between latitude 60" 48' and 61" 30' and longitude 148" 30' 
and 150" 5'. (See P1. VI.) On its eastern edge the m a  studied 
is bordered by rugged unexplored mountains with glacier-filled val- 
leys, in which travel is slow and difficult. The area of the present 
investigation was limited in that direction to the. more accessible 
valleys, with the objcct of covering as much ground as possible 
within the fieId season. 

The fir& geologic investigation in this region was made in 1898, 
when N. C. Mendenhall: who was attached to a War Department 
expedition in charge of Cnpt. E. F. Glenn, crossed from Portage 
Bay over Partap Glacier and descended Ports@ Creek for a few 
miles before mt~lming by the snms route. A few weeks later he 
traveled up Glacier Creek and ik tributary Crow Creek to the divide 
and descended R a v a  Creek and Eagle Riwr (Yukla Creek) to its 
mouth. In 1904 F. H. Noffit, while str~dying the g ~ 3 d  placers of 
the Turnagain Arm regiona visited the placer mines on Crow 
Creek and prepared a full description of the mining developments 
at that time. In 1911 R. L. Johnson and later A. H. BrooIrs, G. C. 
Martin, and B. L Johnson made obserrations from Kern Creek to 
the head of Crow Creek and for a -few miles into the head of Raven 
C m k  valley. The infomntion then obtained by them and p m r e d  
from other sources was embodied in a description of the mining 

* Mendenhall, W. C., A reconnal~wnce from Rewarmtion Bey to Tanam Rlwr. A l m a  : 
U. U.a *I. Suwer m t l e t h  Ann. RepL, pt. 7, pp. 26L340, 1900. 

PYomt, 5'. E., aald fieids 05 the Tornapafn Arm region : €7. S, M I .  Bnrvey Bull. 27b 
W, 7-62, 1007. 
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operations in the Gl~cier Creek basin.' TopograpEcaUy a large 
part of this district is still unmapped. In 1898 Mmdenhal12 
sketched the topography along his mute, and in later years R A. 
H a m i l h ,  R. H. Ssrgent, nnd 'T* G. Gerdme sketched the portions 
of the mountain front that were visible fnom tidewater. B. L. 
Johnsun also elaborated hlendenhal13s mapping of the Crow C m k  
bash. 

FXEZg W O E  

With the announwment that the Sewad-Fairbanks ronte had been 
chosen for the Government milrmd, attention was immediately at- 
tracted to those portions of AIaskn that would be directly served 
by this milmad. The route, following the north side of Turnagain 
h and the southenst side of Hnik Arm, will bring railroad trans- 
portation withip easy reach of the entire Turnagain-Knik ragion, 
and a Inrge influx of people attracted both by the work incident to 
bailding the railroad and by the agricultural possibilities wm readily 
foreseen, It wus determinod, therefore, to survey the entire region, 
both topographically and geoloRicdly. For this purpose two parties 
were organized, one in charge of .J. W. 13agley to conduct the t o p -  
graphic surveys, and the othar in charge of the writar to carry on the 
geologic work Mr. Dngley landed at  Ship Creek on June 3, 1915. 
At that time a tent town had already sprung into existenm, and 
active construction on the railrond hnd begun. In burning the tim- 
ber and vegetation on ths ri&t of wny, however, n great amount of 
smoke was formed, and this w s s  increased by numerous forest fires. 
The smoke was so mrious a detriment ta topographic work that on 
June 13 Mr- Bagley transferred his party to the TaFkeetna M o m  
tains. H e  returned to Anchorage in September and succeeded in 
extending the topographic mapping lrp Ship Creek, down Indian 
Creek to Turnagnin Arm, eastward along the ~ r m  to Glacier Cmk,  
up that stream and its tributary Crow Creek to the divide, and 
thence down Raven Creek and Engle River to Rnik Arm. 

The writer, with a party consisting of a packer and a m k  and 
five pack horses, arrived a t  Anchorage June 14, 1915, and remained 
in the district until September 1. Although the thick smoke caused 
considerable annoyance and delay, an area of about l,44M quare 
miles was mapped geologically. Unfortunately no tapogsaphic 
base map mas available for  a part of this area, and the mapping of 
the rock formations, as shown on Plate TTXII, is the result of work 
on &etch matps made under unfavorable condition& The outlines 
a m  therefore subject to  modificaltien when a more accurate barn msp 

1 Martin, G. C., Johnson, B. L., and Grant, lJ. 8, Omlam and mlooml remums of Kennl 
Penlnwla, Alaaka : U. 8. -1. l a r v e ~  Bull. 687, pp. 173-1'18, 188-103, 1Q16, 

a Op, cit., map 18. 





becomes available, The microscopic study of the rocks hem describd 
was made in the office by J. B. Mertie, jr. 

QEOC+aaPmC FEATURES. 

The Turnagain-Knik region may be di~ided into two provinces of 
distinctive and sharply contrnsting topography. The smaller 
province consista af the lowIand that borders 1W A m  throughout 
its length and Turnagain Arm for  12 miles southeast of Point Camp- 
bell. The lowland area hns a maximum width of about 10 miles at 
its muthwest border, near Point Campbell, but narrows gradually . 

northwestward to the mouth of Mnik River, where the river flows 
directly a p h d  the barn of the rnountnins. This lowland is in fact 
an extension of the great lowl~nd of the lower Susitna Valley, 
though sapsrated from it by the shallow waters of Ih ik  Arm. It 
conaists of tidal flats nenr the water's edge and terraces and low rolLing 
hills, commonly not exceeding 500 feet in elevation, farther inland. 
The tidal flats may be divided into two close-those inundated at 
ordinary flood tides and those cco~erei2 only nt extreme tides but gener- 
ally above tide level. !The flatsmithin the range of the average tides are 
expanses of blue-gray, sticky silt, bare of vegetation nnd cut by 
canyon-like gullies. In this area the extreme tidal range is great, 
being 33;6 feet at  Fire IsIand and 38 feet at  Anchorage, and as bath 
Knik and Turnagain arms are shallow, wide areas dong  their shores 
am laid barn at low tide. Above the height reached by ordinary 
tidm but below the level of the extreme tides there are, especially 
near the mouths of streams, flats that are inundntad only at  long 
intervals These flats form grassy meadows or marshes but carry 
Little or no timber. The remainder of the lowland area consists of 
flat-toppad ternices and rolling hills, which graduaIly increase in 
elevation teward the mountains but show a sharp topographic break 
dong the mountain fnce. They nre generally timbered, though the 
forests are broken by marshes ahd meadows in the areas of poor 
d r s i n a e  
The other topographic province, which is much the hrger of the 

two, consists of the mountainous part of the are& Turnagain Am, 
an its south border, is a glacial fiord dong which the mountains 
descend precipitously to  sen leveI, there being practically no lowland 
except along the lower courses of the larger streams However, a con- 
mderabla area of bare tidal flats is exposed during low tide. Themoun- 
tains are the westward extension of the Chugach M o u n w  which 
reach from Cook Inlet to Mennt St. Efas and which are continued 
to the east by the SL Elias Mountains and to the southeast by the 
Kenai Mountains. They are distindly alpine in character? a11 the 
larger streams that flow from them heading in glaciers. The higher 



peaks in the mtm of the district reach elevations of 5,000 to 7,000 
feet or mom 
As the district is bordered on the south and northweat by tide- 

water, the streams in general have direct mums t o  the ma, are of 
steep grade, and have few tributaries. The valleys all show plainly 
the effects of severe glaciation. Knik River is much the largest 
stream, although only about 30 miles long. It heads in the great 

A' 

Knik Glacier and flows in a westerly direction to the head or' Knik -. 
Arm. All itsl tributaries from the south, except one unnamed stream 
7 miles below the glacier, are comparatively small. Eklutna, Creek, 
Peters Creek, and Eagle River (Yukla Creek) all flow northwest- 
ward to Knik h. Each heads in ice fields, and the w ~ b r s  of 
Eklutna Creek and Eagle River are predominantly of gIacial origin. 
A few gmaller streams, the largest of which is Ship Croek, flow from b 

this mountain mass into either lower Knik Arm or Turnagain Arm. - 
Turnagain h has several large tributaries from the north and v 

east, Portrae Creek drains Portage Glacier and ~ w e r a l  smaller im , 

tongues and, although only 6 miles long, carries at times a large 
volume of water. TwentymLIe River emerges from two large ice 
tongues and joins Tnmagain Arm et its head from the northeast. 
Glacier Creek, ss its name implies, is fed by a number of small gla- 
ciers, and Bird and Indim creeks a h  carry portions of the drnin- 
age from the momtain msss to Turnagain A m .  In genera1 the 
strmnm tributafy to Turnsgab A-rm are much shorter than those 
flowing to the northwest. 

aOITTES OF TltATTz. 

This part of Alaska is amesi'6Ie only by ocean damship, and two 
Sines mhta in  regulm schedules between Seattle grid ports on the 
Gulf of Alaska, During the summer seamu steamships make regular 

. calls at Anchorage, on Rnik Arm, and although no dmh had yet 
been mnstructd in 1915, pEtssenger and freight were discharged at 
receiving b a r w  and taken ashore by small boat& Fmm Anchorage 
small launches connect with all ubper Cook Inlet points and make 
trips up Susitna R i ~ e r  as far as the mouth of Talkeetna River. 
Anchorage is the mummer terminus of the new Government railroad 
from the coast to Fairbanh, by way of Susitna Valley. The rails on 
thh line were laid from Anchorage to Eage River in 1915. The 
ultimata cowM &minus of this railroad is Sewrird, and during the 
winter, when ice f o m  in upper Cook Idet and navigation is clmd, 
all travelers bound for the Knik-Turnwin district land at Seward. 
The old Alaeka Northern Railroad, now incorpomtsd into the GOT- 
mment railroad system, extends from Seward northward for 71 
miles to Kern Creek, on the north side of Turnagain A m ,  beyond 
which it had not been mmpletsd in 1915. When in operation this 



road conld be nsed by travelers from Seward to Kern Cmk, but for. 
the last two or three years it hns not been regularly operated. The 
route of tha milrod line was used, however, by winter  traveler^ * 

journeying afoot or by dog sled from Seward to  upper Cook Inlet 
and thence across the Mash Range ia Kuskokwim and lower 
Yukon rivers, and the mail was carried by dog sled over this route. 
From the terminus of the railroad at Kern Creek the winter trail 
follows the north &OW of Turnagain Arm enstward to Indian 
Creek, m d s  that stream to its head, crosses the divide to Ship 
Creek, follows that stream down t o  the base of the mountains, and 
thence goes around the shore of Knik A m  to the town of Knik. 
The old winter trail ascended Glacier and Crow creeks to Crow 
Creek Pass and thence followed Raven Creek down to Eagh River 
and that stream down t o  Rnik Arm. This trail was well graded, 
at the cost of much labor, but the high winds pmvai1ing at  Crow 
C m k  P w  in the winter led to its abandonment in fwor of the 
Indim Creek and Ship Creek rouh In the fall of 1915 the work 
of reopening the raiIroad from Sewad to Kern Creek w&s begun, 
and ru3 soon as the line is built between Kern Creek and Anchorage 
the dhtrict will have rail communication with Seward the year 
around. A telephone line from Seward to Anchornge is already in 
operation. 
As throughout the whiter foot travel to thk &ict has heen slow 

nnd difficult and the cost of transporting freight almost prohibitive, 
and a8 even water transportation during the munmer bas until 
recently been irregular and unreliable, the completion of a railroad 
with continuous service to the region wiIl be of inestimable value in 
the development of its agriculture and mineral resources. 

Within the area here described timber occurs 'throughout the low- 
Innds, in the m?lsys of the larger streams, and on the lower slopes of 
the mountains. Yo general statement of the height of timber line can 
be made, for it varies grently from place to  place. The lowlar~d 
between Point Campbell nnd the head of E k  Arm consists of tim- 
bered areas intersped with Emless meadows and marshes. Tim- 
h r  in general extends up the mowtain slopes to altitudes between 
1,500 and 2,000 feet. The prevailing trees are spruce nnd birch. 18 
hchm or Im in diameter. Lacally there are mthnwood groves, 
gome of the trees in which attain a diameter of 4 or 5 feet. Timber 
is found along the lower slopes of Knik River vaIley almost to the 
glacier md also extends up the valleys of Eklutna, Peters, and Ship 
creeks and Eagle River for many miles above the mountain front. 
Tn general it may be mid that the timber of tha &nil< Arm basin is 
too w a l l  to furnish lumber for other than local needs. In the Turn* 



gain Arm basin the t i m M  m a  is mill, but the treea are sf much 
greater size. Along the lower s l o p  of the mountain and in the 
larger tributary valleys there is a good stand of spruce and hedock, 
in which individual trees attain 4 feet in diameter. Plate VII shows 
the distribution of timber in this region. 

A hat of the trees and larger bushes seen includes spruce (two 
species) , birch, hemloclr, cottonwood, aspen, several varieties of wil- 
lows, alder, and mountain rash, and the smaller bushes include devila 
club, cursant, high-bush cranberry, mspberry , buck brush, blueberry, 
nnd roses, . 

Grass for forage is abundant on the highest tidal flats but is scam 
in the timbered and marshy lowlands. On the timbered mountain 
sides sufficient grass of the variety known as red t o p  can near1 J every- 
where be found and near timbor line is usually present in great 
nbundance. At still higher altitudes bunch grass is to be found 
Iocally, so that pasturage for stock is plentiful in all the larger 
rnmtain valleys 

QAXE 

Some big game still exists in this district, although it is not par- 
tiwImly abundant. Moose range the Knik lowbnd and its tributary 
valleys, althottgh it is to be expected that they will rapidly disappear 
from tha ridnity of the milroad. Mountain ~heep mere seen in the 
rugged mountains at the heads of Peters and Elrlutna creek nnd of 
Engle.and Rnilr rivers, and goats occupy much the same range as the 
sheep, Black? brown, and grizzly bears are occnsionally seen. Trout 
may be cnught from nenrly any clear stream, and grouse are fairly 
nbundnnt in tha spruce forests. Both wiIIom and mck ptarmigan 
occur in grent numbers nbore timber line; the willow ptarmigan 
hnnnt the arc= of willow brush and high grass, and the rock 
ptnmignn prefer the high, nearly barren talus dopes and glacial 
moraines. 

BAPTVES. 

Very fern Indians mere aeen during the summer, as at thak swmn 
they move to their favorilta streams to catch and dry salmon for win- 
tcr use. At Old ICnik, near tha head of Knik Arm, there is ra village 
containing a few dozen houses and a church, all deserted at the time 
of the writer's visit. The natives are said to return to  their homes 
in the fall and to spend the winter in trapping and hunting. 

GEOLOGY. 

PRINCIPBL FEBTmEEK 

The rocker of the Turnagain-Knik region m m p h  a wide variety 
of materials and ipclnde sedimentary m k s  in Jarge volnme rind also 
~ h n d a n t  material of igneous origin, ranging h m  coarsely granular 
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intusiv~ w k s  to surface lava flows and beds of fragmental tlollcanic 
material. A study of the field relations of the rock formations has 
yielded some definib data in regard to their relative sge, but actual 
age dehrmimtions have not yet been mad& The accuracy with 
which any rmk formation can be pIaced in its proper position in the 
geologic time scale must depend upon the fads found in it or upon 
its relation to other fossil-bearing rocks. Unf ortunntely, the rocks 
of the region here discussed are peculiarly barren of fossils. Fossils 
have been found in only one formation and only a small arm where 
specimens of a single species of doubtful diagnostic value were 
obtained. The age of the hard-rock formntjons is therefom &ill 
uncertain and must remain so until either mtisfachry fossil oollec- 
tions are procured or the structural relations to s o w  other asociated 
formations, the affa of which has been determined, are made out. 

Plata VIII (p. 188) is n sketch map showing the geology of the 
region hare discussed. 

What are apparently the old& rocks of the region occur along the 
west end of the mountains, in a belt that varies in width from north 
to muth, being narrowest RE it8 north end, near the mouth of Ih ik  
River, and widest toward Turnagain Arm. This belt probably con- 
tinues sol~thwnrd on the south side of Turnagain Arm, but its exten- 
e on in that direction Is only surmised. The rocks in this belt .csn not 
be referred to m y  singlo rock type, for they comprise a wide vuriety 
of materials, all more or less metamorphosed. They incIude basic 
intrusive roch, locally altered ta serpentines, and altewd intrusive 
rocks of a more gcidic character, m i r t t e d  with much altered and 
wusl~ed materials that are probnbly of sedimentary origin and m e  
less altered slates ?'his whole assemblage has apparently been meta- 
morphosed together, so that its structure is obscure. It comas i n b  
contact with both the slate and graywacke series and the p n s t o n e  
tuffs described later and appsrs to be older than either. 

Succeeding the metmmorphic series is a p n t  nggregation of fiargil- 
litas, slates, and graywackes, with m i ~ o r  nrnounts of conglornemte. 
Thw beds prevail dong the north shore of Turnagain A m  from 
Indian Creek eastward to Portage Glncicr and extend northward to 
the basing of Peters md Elrluha creeks and Rnik River. They com- 
monly strike in a northeast direction, have s a p  dips, and have 
locally been closely folded and faulted. They are known to contain 
beds of Mmmic age, but their age limits have not been determined. 

Next younger than the argillites and grapwackes is Rn nssambla* 
of greenstone and rhyolite tuffs, agglomerates, and flows, with some 
included clastic sediments They occupy en area in the hendwrtrd 
bagins of Eagle River and Peters and Elrlutnrl, cresks and also oocur 
w the south side of lower Hnik River. These roclrm am = m a 1  
thousand feet thick and lie with apparent unconformitg upon both 



the tirgillite and graywake =aeries and the older undifferentiated 
mb. 

The yonngest deposits of the region consist of unconsolidated ma- 
terials, including morainal and outwash deposits laid down by the 
greater glaciers that formerly occupied the region and by the e x b b  
ing ice dreams and also the gravels, sm&, and silts of the present 
streams and the silts now accumulating in Rnik and Turnagain 
arms. The unmnmlidated deposits are most abundant in the lew- 
land3 of Hnik River and f i i k  Arm, where they mantle the surface 
nnd attain a considerable thickness. It is not unlikely, however, that 
bedded rn~teriab of Tertiary age docur within this a m ,  Jthough 
for the mod part covered by younger beds. Reports have been re- 
ceived that coal beds crop out along the shore of Rnik Arm between 
Ship Creek and Point Woronzof, but them reporta have not been 
confirmed. 

Df8TRIBOTION AND ~~ 
The western part of the mountaihons province of this region ia 

occupied by an undiflerentiated mrnblage of rocks all of which 
show the effecta of regional metamorphism. The area in which they 
O ~ U F  is widest a t  the south and n a m K s  gradually toward the north, 
ending in a point along the muth side of lower Knik River. It in- 
cludm all the mountainous portions of the basins of Rabbit, Camp- 
bell, a i d  Chester creeks, most of the basin of Ship Greek, and parts 
of the lower basins of Eagle River and Peters and Eklutna creeks. 
The south shore of Turnagain h, west of Hope, has not been 
~tudied gmlogicdly, but such information as could be obtained indi- 

- cates that this belt of undifferentiated rocks extends southwestward 
across Turnaguh Arm. It is entirely possible that the area of thew 
mks shown on Plate VIII includes also some rocks that should prop- 
erly be cIassfRd with the greenstones and greenstone tuffs described 
on pages 161-165, for time wns not availnble in the investigation on 
which this repork is based to follow out accurately the contra& of 
the severnl lithologic units. 

The undifferentjnted rocks of this asamblnge cornprim a wide 
variety of materials. They include altared igneous rocks of acidic 
composition that under the microscapb prove to be altered mdwika 
and andesite porphyries and basic rocks consisting of peridotite, 
dunite, serpentine, pyroxenih, altered gabbrm, and tuffs and ag- 
glomerates of igneous origin. They also include altered argillites, 
graywackes, and, cherts of mdirnentary origin. This whole mrn- 
blage has bmn cut by both baaic and acidic dikes and-probably by ths 
bossas of diorite, that project through t;he unoonmlideted deposits 
near the'mouth of lKnilt River. 



As a whole this ammblage of rocks is di f f idt  to study in the field, 
for even in the members of sedimentary origin the strmcture is 
obscure, and the igneous members have apparently no consistent rela- 
tion to the sediments. Furthemom, all the rock are generally so 
altered and weathered that determinnble specimens are not easily 
obhined. As sean from a distance, however, the mountains~com- 
posed of these rocks locally display a semblance of structure, due in 
part to jointing and p m i l d ~  in part to the bidding of the included 
=sediments, that m to pardlel in gtrike the line of contact with the 
younger bordering formations. On close inspection this structure is 
1- evident. Along the shore of Turnagain Arm west of Indian 
Creek the contact betwesn this e~wrnblnge of rock9 and the argillites 
and graywackes to the east has been the a i h  of intense deformation, 
with shearing and brecciation. Bunches of argillita and graywacke 
am apparentIy squeezed and infolded into the xnetamorphic rocks, 
and the linear arrangement of these included haterials is roughly 
parallel to the line of contact. 
No definite figurn for the thickness of thew materials were ob- 

tained. The belt which they occupy has a maximum width of 10 h 
12 miles, and near Turnagnin Arm mountains compoaed entirely of 
them m c h  altitudes of 5,000 feet. The rocks certainly have a thick- 
ness of several thousand fcet, even though the present mrface area 
is the m l t  of redr~plication by faulting and folding. 

The ago of this ammblnge of undifferentiated rocks is still unde- 
termined. The most that can now be said concerning their age is that 
they lie with apparent unmnformity below rocks of the Sunrise 
group, which are known to be in part of Mesozoic age. The Sunrise 
group may, however, contain also some Paleozoic sediments, though 
as yet no Pa,leozoic fossils have h e n  .certainly identified. As the Sun- 
rise h~raup is h o r n  to contain fossils of either Jurassic or Cretac~ow 
age, the undifferentiated mcks here discussed may be mid b be cer- 
tainly older than the Iate Mesozoic, and go far as the evidence now 
available goezs they may be Paleozoic or even oIder. 

That part of the Turnagain-Knik region lying east of a line con- 
necting the mouth of Indian C m k  and the mouth of G k  River 
consists predominantly of rnetamorphmd d h e n t a v  rocks, inclnd- 
ixy: nrgillites, slatea, and graywaekq with minor amounts of congIom- 
er~te, quarkzite, a d  limedone. (See PI. m.1 Within this 



them are =me mall& a m s  of younger igneous rocks, but the di- 
nents form the base upon which the igneous m h  wem poured out 
or the host into which they wem intruded, and the sedimentary series 
is believed to be continuous thronghout the area outlined, elthough it 
is locally covered by the younger deposits. 

The materials of this great sedimentary seriee were laid down in 
cornpamtkely shalIow writer, and with the exception of a very small 
amount of impure limestone, they represent the elastic materiala de- 
rived from mme old Iaud mass, the position of which is not now 
definitely known. The sedimenb as deposited consisted of muds, 
feldspathic ssnds, and gavels, but these materials were later con- 
verted through the agencies of heat and pmssura, by ementation and 
by regional metamorphism, into shales and slaw, graywackes, m d  
conglomerates, with here and them small areas of schist. 

The comnronest member of this series cunsists of thinly interbedded 
argillites and graywsc kes. The graywackes are of lighter culor thsn 
the argillites and fie two premnt a banded, ribbon-li k'e appearance, 
Locally the alternating bands are thin, ranging from a fraction of an 
irlch to a few inches in thickness, but every gradstiw from thinly 
bedded materials to massive beds of argi1lit.e or of p y w n c k e  ,100 
feet or more in thicknew may be found. Within certain ma11 areas 
either the argillite or the p y w a c k e  mey predominate, but the mriw 
BS a whoIe contains argiUiW and graywackes in approximately -1 
amomts. 
The sediments of this wries have b a n  beenetamorphod in ~erying 

d e w s  and fire now all h a d  rock The metamorphism is madly 
that resulting from cementation and from regionaI folding and tilt- 
ing, and on1 y l m l l p  h~ there been notable wntact metamorphism 
along the margins of hodies of intrusive rocks. The rmks resn1ting 
from the met;arnorphisrn of the ori&ly incohemt shallow-water 
d i m e n t s  a m  quite different in appearance from the materials as 
they were firsf laid down. The fsldspathic sands 11we been changed 
by mentation to hard graywackes, the muds to dense argi2litq and 
the e v d  beds to conglomerates. Deformation has p r o d u d  in 
places a secondary slaty cleavn~e, and the gmup term " ~IateR and 
pywackes" has been much used to d d h  this p a t  series sf racks. 
T a k a  as a whole, however, rocks with a well-developed daty c h v -  
~ g e  form only a small proportion of the mries, so that the term 
"slates" as applied to this series is not well chosen. The term 
'' argillih,'' u d  to denote s hard siliceous mud stone, without well- 

. developed slaty dewage, is Gelieved to be more appropriate, and the 
group term " argil1it.e~ and p y w n c k e s  " is therefom here n d  to 
describe this =rim of sediments. The local development of slaty 
cleavage in rocks within this region craa in most plabes be attributed 
to the position of the slaty bed in relation to folds. In general, the 
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T h e  graywick contain seoondary calcite, both as a mwtitnent of 
the rock mas and in the f m n  of veinlets filling f d u m  Qua* 
mrs also as a vein filling, and -me veinlets consist of nn intaw- 
growth of qua* and mlcite. At the locality near the head of 
Knik River d m d y  mentioned, the m&re gmywacke blufls are cat 
by an intricats network of veinlets of quartz and calcite. In p 2 m  
the pywncke carries scatterad grsjns of selphides, chiefly pyrite 
and ammopyrite. 

A AND^^ 

The argillitm and slates of this gromp of &sediments consist of the 
h e r  c a i c  rnateriaIs driven from the same soume as that which 
yielded the graywackes, and in composition they are not unlike the 
coarser s s m i a t d  sediments In general Itha argillites and slates are 
darker than the gcaywackes, ranging in color from dark gray kt 
black, and the contrast in color i s  especially conspicuous where rwks 
of the t w o  types are interbedded in thin layers. The darker color is 
due to the fact that the typical argillites and slates contain more 
csrbomceous material than the graywackea They also contain more 
clayey material, but they p d e  imperceptibly through increasingly 
coarser pham into fine graywwkes, so that no sharp lines of distinc- 
tion can be dmwn. 

Tha proportion of argillites and slates to grrmvackes necessarily 
varies from place to placa Locally the argillites are predominant 
and the graywackes almost or entirely absent. At other places the 
argillites and slates are p m n t  only In thin, widely spaced beds, the 
gmywackss forming the greater part of the series. Considernble 
meas were seen in which the slates or argillib were almost unmixed 
with the coarser sandy materials, and in this respect the rmks of the 
Turnagain-Knik region are like those of tbdjoining areas in #e 
Priqm Willism Sound region, to the etast. 

The hdding of the argillik is usually distinct wherever they nre 
well exposed. In the slaty phaaes, however, the secondary cbavage 
generally obsrmres the bedding, and the structure of the series at 
places where these phases m r  mud be determined from the more 
massive gsywackes. TZle metamorphic procams that have caused 
the development of sIaty cleavage in the h e ,  clayey mdimenta have 
pnersUy left the more residant graywrtckes: littIe altered, and it is 
apparwtt that the rock dowage has taken place primarily along the 
less mistant finegrained beds. The cleavage planes in the slates in 
many places run at n n g l ~  a c m  the bedding and terminate again& 
an adjoining gaywacka bed. 

Both the shM and the pywackes &re a t  at many placas by dikas 
a d  intruded by sills of acidic crystalline rocks. They aIso caw 
many veins and veidets of quartz and calcite, which are ~ i a l l y  



fine-grained mudstones have received a mmdary cleavage more 
readily t b  the cmmr graywackes, and a well-developed bed of 
slate may be bordered, both above and below, By m k v e  graywacke 
beds that &ow no wch cleavage. Within small areas, however, all 
the rocks have become gomewhat schistose, and a secondary cleavage 
is present in the slates, graywackes, and conglomerates. 

ORAYWACKEg. 

The graywackesl of the Turnagain-Knik region are similar in all 
essential characteridies to those in the Prince William Sound and 
Kenai Peninsula regions, which have been so often described. They 
consist chiefly of angular grains of quartz and a variety of feldspars 
with fragments of other minerals and of bits of rock of vttrio~~s 
Binds, inclossd in a matrix of clayey material and cuntaining m m  
or less secondary silim as a cement. In texture they grade imper- 
ceptibly from the finer argiUitw tbrough h e  and medium grained 
sands to cowm gritty beds and mnglomel.ates. The f r h m  of 
many of the particles of feldspar and ferromagnesian minerals and 
tha dative abundmw of particles of these rather easily decomposed 
mahisla indicate that the detritus from which thew clastic deposits 
were derived came from a land mass in which erosion was more 
active than chemical decay. From psrticlas of rock .found in the 
graywackes and from pebbles in the interbedded conglomerates it 
ia known tha4 this land m a s  contained andesitss, diorirites, banded 
nrgillitert, graywackes, and a good deal af qr~arte. The graywackes 
rare generally of a grayish mlar. 
h same places within this region the pywacka beds are so 

numerous and are individually so thick that the argillites form onIy 
an inconsiderable proportion of the beds exposed. In working out 
the of the F O F ~  the attempt was made to use certain mas- 
sive gmywacke beds as horizon markers and by following their out- 
crops to decipher the stmctr~re of the whole series of sediments, but 
the result was disappointing, for each massive bed of graywacke 
was found not to  be continuous along the strike for any great 3s- 
tanm but to thin out latemlly, giving place to  other similar lenticu- 
lar beds. P m m a b l y  .the ar@Ilite beds also are lenticular. Along 
the edge of the Amam flat south of Knik River, near Knik GIacier, 
gmywacke beds are p m n t  in great abundance and form prominent 
bluffs. At this place, however, as well as along other stream valleys 
and on the north shore of Turnagain Arm, the ~ a y w a c k e  Beds are 
mom conspicuous with relation to  the argiIlites than their actual 
promion in the series would justify, for they resist erosion more 
strongly than the softer argillites md stand out in prominent clifls 
and bluffs, whereas the argillites have been eroded, and their areas 
are now represented by depmwionp. 



162 MKNERAL RESOURCES OF ALASKA, 1915. 

south side of lower IIaik River are -pied predominantly by frag- 
mental volcanic materials, here referred to as tuffs. These amas are 
shown on the accompanying sketch map (Pl. VIE) , but the tuffs 
doubtless extend eastward into the unmapped area. Bowlders of 
these characteristic rocks have been found along the shorn of Port 
WeUs, showing that they occur in the Prince William Sound basin, 
though the ~utcrops there have not been observed. 

Although this series of roch contains minor amounts of slate ttnd 
gmywacke and doubtless also wme lava flows, it consists emtial ly  
of the products of ~4olent volcanic eruption, the material having been 
ejected from the vents by expIosions and the comminuted fragments 
having fallen into bodies of water in which they sank and were laid 
down as thick beds of tuff. In general the supply of volcmic ma- 
terial was 50 abundant that the ordinary forms of sediments, such 
as the sands and muds derived h r n  stream erosion upon the land 
and brought down to be deposited in ths waters to  which the streams 
were tributary, constituted only a small percentage of the material 
being laid down, and these normal sedimenb form only an iincon- 
spicuous element in the series. In places thin shaly beds ~ p a r a t e  
the tuff layers md so indicate the water-laid charachr of the tuffs. 
Here nnd thkre shale beds wveral feet thick were seen interbedded 
with the tuft% but in most of the gections observed the tuaaceous 
materials am present ~~lmost to the exclusion of the ordinary mdi- 
m& 

The tuffs vary in appearmca from fine-grained rocks of green or 
gray color to coarser rnatttterials that might well be called aggromer- 
ates. Most of the exposures examind had a d&ded dark-green cast, 
although locally lighter shades prevail. At some places the rock is 
gray and its finer phases closely resemble eaywackes. In fact, some 
of the  tuff^ rewrnble certain graywackes EU closely in appearance, 
both in the hand specimen and under the microscope, that it is difi- 
cult or impoasibIe to distinguish them. The most common phase of 
tuff, however, is ao characteristic in appearance that it can be immedi- 
ately identified. It consists of a k e  to warm grained matrix through 
which are scattered abundant angular fragments of black argillite or 
slate. In different beds or in different parts of the same bed the argillih 
fragments may vary greatly in size, but in any one block of rock the 
fragments show a general uniformity of dimensions. The uniformity 
in size of these fragments and in the way in which they are dis- 
tributed throughout a great t h i c h s  of the tu8s and over large twew 
is not easily explained. The argill ih and d a b  probably formed 
the vents through which the explosive material reached the rrurfcs, 
and no doubt quantities of such rocks were broken and thmm out 
with thR materials of igneous origin, but it is inEeresfing to 8pecuIate 
how the mpply of these materials should have been maintained so 
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steadily throughout what rn~~st have been a considerable period of 
time, and how they shouId hare been broken to so nearly a uniform 
size and distributed so evenly through many cubic miles of tuffs. 

As examined in thin section under the microwope the fragmental 
rocks prove to be dominantly greenstone tuffs and in minor degme 
rhyolite tuff% The constituent particks consist of angular to sub- 
a ~ l a r  or rounded fragments of igneous rock in which am com- 
monly inclosed fragments of argillite, slats, graywacke, and other 
mnterials. In tha greenstone tuffs the rock minerals composing the 
particIes are commonly altered, Kut in the groundmass original 
plagioclam feldspar, hornblende, pyroxene, and quartz have been 
identified, and secondary quartz, calcite, chlorite, serpentinous 
products: and zeoIitas are genernlly present. The rhyolite tuffs show 
some quartz and orthoclase phenocrysts in a fmegrained, feebly 
polarizing groundmaw. 

Some rhyolih flows are associated with the rhyolite tuffs, and mjame 
basaltic flows occur with the greenstone tuffs, but the fragmental 
r& preponderate greatly over the lavas, 

m C T W E 3 3  AND THICKNFSS. 

The rmks of the tuff series have been sometvhat folded and faulhd, 
but as n whole they are less deformed than the underlying forma- 
tions. The beds are generally massive, interbedded elastic sediments 
are pmsent only in small amounts, and in most plsces the jointing is 
more wnspicuws than the bedding, so that the structure is not 
easily 'determined. From a study of the contact relations with the 
underlying rocks and of such sediments as are present in the series, 
however, it Bppears th'at the large area of tufls that occupies the 
central part of this region is in the form of a rather simple synclinal 
bash, in which the prevailing strike is parnlld to the outer border 
of the tuff area rand the beds dip from the margins toward the mter 
of the bnsin. T k i a  relation exists in Eagle River valIay and in 
both Peters and Eklutntt creek basins, where the dips near the border 
range from 20" to 30'. Ah some places the tuffs gem to lie con- 
formably upon the slates and paywackes, but at other places there is 
a distinct angular unconformity, and the two series are believed to 
be generally unconformable. On acco~~nt of the great variety of 
strikes and dips observed in the argilliks and gmywackes it is prob- 
able that in some places the bedding of the tuffs paraUels that of 
the underlying srgillites and gr~ywsckm, although the uncon formity 
doubtless represents an erosion interval between the two formations. 
Furthemom, if the fragments of wgillite a d  slate found so abun- 
dantly in the tuffs were derived from the underlying fornation it is 
certain that they had been indurated and somewhat .tetamorphosed 
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before the beginning of the period of volcanic activity that gave rise 
to the tufEs. 
In the smaller ama of tuff bordering lower E($ik River on the 

muth side the tuffs are either nearly flat or dip to the north. This 
area was apparently once continuous with the Iawr a* fo the 
muth d has baen separated by the erosion of the tuffs from the 
intervening district. fi 

It is impossible now to estimate ammtRly the thichesg of the 
tuffa. In the center of the main area of tuff, mountains having a 
relief betwmn 4,000 and 5,000 f e d  are made up ontireIy of these 
rmlq and as no overIying materials are present, an ~ o w a  thick- 
ness of tuffs hbas b=n removd from these mountains by armion. 
Even if allomanax is made for possible reduplication by folding, the 
series can not well be less than n mila thick. 

AGE AND C O m m N .  

Although no fossils were fonnd in the mcks of the tuff wries, oer- 
tain conclusions respecting their age may be made. The tuffs overlie 
argillites and grayapnackes in the upper basin of Eagle River a d  
are therefore younger thnn those bd& As already stated (p. 161) 
fossils have been collected from the argillites and graywackes at 
the htsads of Crow and Raven creeks, and these fossils have been 
provisionally assigned to the Jurassic or Cretaceous. AppamtEg 
the sediments lying beneath the tuffs of upper Eagle River are con- 
tinuous with and a. part of the same group of rocks as those from 
which the fossils were obtained. I f  this is true, then the tuffs a m  at  
least of pasbJurassic and pmi'bly of post-Cretaceous age. 
In sever~I places around Cmk Inlet and-the SusiBa basin them 

are lignite-hring beds of Eocene ~ g e ,  known as the Kenai forma- 
tion. These M s  consist largely of  shale^, sands, arkoses, and con- 
glomerates, with lignita. In their induration, metamorphism, and 
geneml chamcter they sesm quite clenrPy to be younger than the 
tuffs here under consideration, althor~gh so far as h o r n  the two 
formations nowhere come into contact. If it is a m m d  that the 
tnffs are older than the Kenai and are younger than the argilliites 
find grayweckes of Crow C m k  Pass, then they must be p l d  some- 
where. in the geologic colltmn htwesn the Jurassic and the part of the 
Eocene repmnted by the Kenai. It should be added, however, that 
the only formations found jn this general province which resemble 
these volcanic rock ma some partly altered bmias ,  aggIomerates, 
md tuffs described by Martin and Rshl as occurring in the Mata- 
nush basin. These rocks carry Lower Jurassic fossils. The nearest 

1Martla. 0. C., und KntB, F. 3.. Gmlom and -1 fields ot the lower Matsnnska Taller, 
h l d a : ' D .  I. -01. Survey Bdl.  600, pp. 17-19, 1012. 
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or marine  depdts. h U y ,  t h w  materisk accumulated to a 
thickness sf several thowand feet. They wero thickest in the lowest 
depressions and thinned out Irmhrally as they overlapped the lower 
s l o p  of the bordering hills, Their ammnlation was ended by the - 
uplift of the surrounding mountains, and the beds were in mmy 
places tilted, folded, snd faulted. Deposits representing this perid 
a£ Tertiary deposition are present in hlatnnuslra Valley ; in the 
Willow Creak district, ody 10 miles north of the region here con- 
tidered; at  many places on the east shore of Cook Inlet; and in 
the areas bordering the Susitna lowland. The major uplift and tilt- 
ing of the Tertiary beds, which doubtlw affected the mountains of 
the Turnagain-Knilr region also, was followed by a long period 
during which the ordinary proceses of land erosion were active. 
Great trunk valleys were formed or reexcrtvated, and the mountains 
were dissected to u mature topography. It is believed that n t  the 
end of this period of stream erosion dl the main valleys new present 
were estabIished. The streams in removing the rwk mnste from 
' their basins had handled great quantities of rnnbrial, and in mme 

of this material thcra was a mall quantity of native gold, contained 
in quartz veim and veinlets. The gold, being chemically inert and 
of high specific gravity, remained in the stream beds, nnd in thoso 
basins in which gold-bearing veins wore especially abundant gold- 
placer deposih were formed. 

The glacid epoch was ushered in by a change in dirnaltic condi- 
tions that resulted in incmased snowfall. The accumulation of wow 
and ice n a t u d y  took place first in the higher mountains, and mall 
glrlciers were formed. These grew and lengthened down the valleys, 
tributary glaciers joined the main dminnp lines, and the larger ice 
streams pushed onward as they increwd in tl~ickness until all the 
mountain valleys contained vigorous glaciers. h the ice advance 
approached its climax the mountains mere so deeply submerged by 
glacial ice that only the higher pmks and ridges projected above 
its mrfsce. Tfie ice streams from Tnrnapin Arm and from Knik 
and Matannska river valleys pushed into upper Cook Inlet, there 
joined the southward-moving glacier from the Su&na basin, and 
advanced down Cook Inlet an unknown distance but at least as far 
as tha forelands Some idea of the magnitude of these great glaciem 
may be gained from the facts that at the mouth of Glacier Creek the 
Turnagain Arm depression was filled with ice to a height of at lenst 
3,400 feet above sea level, and ttt the point whers Petars Creek leilves 
the mountains the surface of the Rnik Arm glacier stood nearly 



9,000. feet above sea level. From t h w  aurfaces the slopes of the 
tributary valley glaciers upstream were &wp, probably more than 
fOO feet b She mile, so that little of the mountsin mass ww visible 
above the ice surf ace. 

The last great period of glaciation in Alaska is believed to have 
been contempomeous with the Wisconsin stage of glaciation in the 
Unitad States and Canada. In the main body of the continent 
there were sevmal periods in Quaternary time during which the 
glaciers reached large size and moved southward into the Northern 
Stam. It is now known that in Alaska also there were at least two 
rtnd pmibly more distinct dages of glaciation, and the last great ice 
advance has been rather definitely cornlatad with the Wisconsin 
stage." 
Jn the Turnagain-Rnik region evidences of only one great ice 

advance have been recognized. There may have been eartier glacial 
stages, but the laat great glaciers became so large and their erosive 
eflects were so profoimd that they went fnr toward obliterating the 
evidence of any former glticiers that may have been present. 

TEe flooding of a mo~lntain region, such as that here discussed, 
by glacial ice. involves great changcs in the shape of the lsnd surface. 
The preglacisl topography of this r*on was of the type resulting 
primarily from stream erosion. The valleys were brmdly V-shaped 
in c m  &ion; the streams flowed in ~omewhat devious courses 
nmund the ends of the rnnuntnin spurs thnt projected into the ral- 
leys from either side; chemiml decomposition and phpsiml disin- 
tegration had joined forces in breaking down the rocks and in causing 
the aacumulation of exhnsive deposits of residllal soils and of prod- 
ucts of rock disintegration; and each strenm flowed oTer a bed in 
which the gradient was adjusted to the size of tho stream and to 
its Id. 

When the glacial epwh had begun tho newborn mountain glaciers 
jn advancing down the valleys found them ndjllsted trr s t m m  cutting 
and degradation but not at nll adjushd tcr ocmrpmcy by glaciers. 
To them glaciers, therefom, fell tho task of modeling the valleys to 
shapes best suited to ice movement, and for this work they were we11 
equipped. In their forward and downward pro- they pushed 
before them or overrode such Iooss materials zts they encountered and 
rapidly stripped awsp soil, talus, nnd stream grnrels. Much of this 
detritus wss incoprated into the body of the glaciers themselves, 
and ach fragment, held firmly in the ice, *wed ns ra tml with which 
the moving glacier mu1 d attack its bed. By the removal of obstruct- 
ing spurs and by undercutting the valley aides the glaciers tended 

Capp, 5. R. An eatlMte d the n ~ e  ot the Iant meat ~lndatlm fn Manh : Wnnhlafion 
A d .  Sc l .  Jonr.. voL 5. p p  10%115, 1915; Two Kladal rtrws In Alaeka: Soar. Omlogg, 
VOI. 2:. pp. 748-75a, 191fi. 



to  develop straight, wide-flmrd, troughlike valleys. Cirques were 
formed at the valley heads, and as the cirqucs were cut headward 
the dividm within the higher monntain masses were attacked and 
seduced to sharp-peaked ridges. 

Although the topography was p t l y  modified by the glacial 
erosion, neverthelm it is believed that most of the glaciers, in spmd- 
ing downward from the higher mountains, followed the preexisting 
valleys. Locally ice poured over divides and reduced them, so that 
new valleys having mnms at variance with those of the preglacial 
streams were formed, but in the main the presnt drainage lines, 
although bearing unmistakable widen= of ice erosion, are believed 
to follow the valleys eshblished by the streams befom the glacial 
epoch. 

Within the lowlands beyond the borders of the mountains the 
effects of the ice invasion were also notable, but of a very different 
character. No longer d e d  within restraining walls, the glaciers 
spread out laterally to form great, mmparatively flat ice plains. 
With lower gradients and -tar width the rate of movement was 
~llso dmeased, and the ice, no longer able to erode vigorously, began 
to deposit its burden of deti-itus as a she& of glaciel till, Still 
farther down, at the ice front, the surface dhbris and that within 
the main ice mass was dropped as a h r m k l  moraine or supplied to 
the streams to be deposited as glacial outwash. 

EETEEAP 0i" THE WE. 

After the glaciers had reached their greatest development there 
came about another change in clirnah, with increaw in mean annual 
tempemtm and decreaw in snowfall. As the supply of snow in the 
llaadward portions of the glaciers b e  less, they bmme progres- 
sively shoder and thinner. The lower ends shrank back and bared 
ground previously covered by ice. The upper valley walls, scored 
and moothed by glacial er&on, hgan to emerge along the flanks of 
the ice tongues. As melting and shrinkage continued the valley 
glaciers became separated from the lowland glaciers and from one 
another, the lowlands gradually became frea from ice, and glaciers 
were able to maintain them~lves  only in the high mauntains and in 
basins somewhat protected from the sun% rays 

As &a glaciers retreated, streams fed by the melting ice ~t once 
began to flow over the uncovered areaa The valleys w m ,  however, 
rlo longer adjusted to dream drainage, and the strmms immediately 
commenced to make this adjustment, which is still far from accom- 
plished. Law, iweroded basins became lakes, many of whieh erere 
later filled with stream gmvels. Rock barriers were; intrenched, and 
now form canyona The mount and character of this readjustment 
are discuwd under the heading '' Postg1;lncial arosion " (p. 172). 



higher mountains of this region dill support vigorous glaciers. 
T ~ B  l a r e  of these is KRik Glacier, at the head of G i k  River, 
It ia 3 milmiles wide at its terminus, and a b u t  4 miles above that point 
it divides into two large tributaries, one heading astward and the 
othe~ southward. The upper portion of this ~lncier is unsurveyd 
md itw srea is dmown,  bult without doubt it incIt~dgs the ice from 
part of the northern f~ont  of the high mountain rnnp that epplies 
FQ many muthwad-moving glmciers ts College Fiord. It is likeIy 
also that it rmeives ice f m  an mnsire  ~InciaI field lying southeast 
of the heads of Peters and Eklutnrs c m k  basins and northeast of the 
hegd of the Eagle River bssin. Natives and prospectors report a 
lake many miles long that occupies a valley ~ h g  the east side of the 

' 

muthwest fork of KRik Glacier. This lake fills gradually and at 
intervals of six or e v e n  years breaks out through 3 h i k  Glacier and . 

sends great floods of water down Knik River and Knik Arm. Such 
o flood took place early in Septernbr, 1915, deeplp inundating the 
flat valley floor of Knik River and causing considerable damage at 
the mnstruction camps of the Government railroad, at the Ih ik  
River d g .  
N6 facts were o b ~ r v e d  that would indicate any great amomt of 

recant retreat of Knik Glacier. In July, 1915, there were no large 
streams flowing along the western edge of the ice front, yet the dump 
moraine was very small, indicating that thore may have hen a rmnt  
readvance af the ice. The rock bluffs on the valley wall 200 feet. 
from the ice edge and below the Ievel of the frontal ica d s s  rn 
covered with brnsh, and scraggy old dead spruce trees stand on tha 
bluffs 50 feet above the gravel bars and 200 yardsr beyond the ice edge. 
The preencb of them hushes and trees so near the ice front shoma 
conclusively that the glacier is now almost as far advanmd BS it has 
been for msny years. 

Rklutna C m k  above the lake forks into two branches, both of 
which are glacier fed, The muth fork emerges from beneath a long, 
narrow ice tongue, and the volume of the stream indicates that the 
headwed portion of the g1:lacier is much larger than the lower por- 

I tion, which can be viewed from the terminus. The southeast fork of 
Fklutna Creek is also large, and its turbid waters are certainly of 
glacial origin, though the glacier at  its source was not seen. 
T h e  Peters C m k  basin contains at least four glrtciem, all mall. 
Eqle River heads in Eagle River glacisr, an ice field 1 O or 15 miles 

long and between a quarter and half a mile wide at its lower end. It 
~howa whih ice throughout it9 length, but has m e  prominent and 
another less caqicuous line of surface moraine on its lower portion. 
From half to three-quarters of a mile below the glacier there are two 
distinct c m n t i c  Tines of terminal moraine crossing the valley, and 
a strong lateral moraine appears along the northeast margin of the 
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glacier, Within thest moraines there is little vegetation, and the ice 
has apparently retreated, possibly as much as three-quarters of a mile, 
within recent yes% 

R s ~ e n  Cmk, the largest headward tributaq of Eagle River, heads 
in a Emall but vigorous glacier. The bare slopes a 1 0 6  it9 lower 
fl& and beyond its terminus indicate a moderate amount of recent 
retreat. 
The southeast fork of Ship Creek and the mnin bnmnch of Bird 

Creek originate in ma11 glaciers, tha westernmost within this dis- 
trict. Glacier Creek, as its name implies, has its source in several 
m n I l  glaciers, as has also its principal trilbntary, Crow Creek. 
The Twentymile River basin contains two vigorous ice streams, 

and Portage River is fed by several small ica tongues and by Poftage 
Glacier, which also sends some of its drainage eastward to Passage 
Canal. 

The easkrn, unwmeyed portion of the district inc1ude-s Qe highest 
rnountaina and the l ~ r g e s t  glaciers, n number of which flow eastward 
into Hamiman Fiord. 

5 m A x  nEFomT8, 

Within the mountain valIeys the ancient glaciers had cornpara- 
tively steep gradients and were confined within abrupt valley wans, 
and their movement was consequently more rapid than in the low- 
lands. The characteristic affect of glaciation upon the mountains is 
therefore Za be observed from the erosional results produced rather 
than from the constructional topographic forms buiIt from the de- 
posits of glacial dCbris. There are, however, certain distinctive gla- 
cial deposits left by the ice during its retreat or built by tho glaciers 
after they had taken their stands near the positions in which they 
now remain. The most easiIy recognizable ~1aciaI deposita in the 
mountains are the lnhrsl and 'terminal moraines. They f orrn damps 
of p t  blocks and bowlders mixed prornisct~oudy with finer mate- 
rials and having an irregular surfam* They are not present in s11 
the g l ~ c i ~ t e d  valleys, but amre well developed at  the edges of some of 
the existing glaeim and may bo seen at somo distance from the ice 
edge in a few valleys, notably in Crow C m k  basin and near the 
head of Eagle River. The more prevalent but less conspicuous gla- 
cial material occurs as a. sheet or veneer of glacial till mating the 
floors and sides of many valleys but presenting no easily recognizable 
topographic form. It can Im beet identified in the cut banks of 
streams and gulches; elsewhere it ia likely to be o b m d  by a cover- 
ing of vegetation. 

The lowland areas received the greater part of the detritus re- 
moved from the mountains and transported downward by the mov- 
ing ice, and practically all the surface deposits in the lowlands are 
ramposed of material supplied directly by the ice or by streams that 



imed &om the glaciers and brought down the products of glacial 
erosion. Thus the flat aslley of Knik River, from the glacier to the 
p i n t  at which the tides are effective, is floored with heavy deposits 
of p a v d  and sand. The material supplied to the river by the ice is 
so abundant that t h s  stream is constantly loaded to its capacity, and 
it is dowly aggrading its valley floor. The finer materials, consist- 
ing of some sand and abundant silt, are carried down to tidewater 
In Knik Arm and depo&ed as mud flats. Like Rnik Eiver, all the 
other glacier-fed streams have more or less extensive god-plain 
deposits of glacial ontwnsh gravel. Similar gravel deposits occur 
throughout much of the h'nik h lowland, though locally  the,^ 
attain altitudes of severd hundred feet above sea level. This out- 
wagh gave l  could not have been deposited in its present p&tiod 
under the existing drainage conditions, but was laid down in front 
of the retreating glacier that once filled Knik h, in much the 
same way as the present deposits in Knik River valley. The @ng 
operations along the line of the new railroad through the lowland 
 how that the gravels are present in great abundance, In the basin 
of Eklutna Creek, between Eklutna Lake and the rock canyon, 5 
milea below, the stream is intrenched to  a depth of several hundred 
feet in stratified gravels, probably deposited at a, time when the 
mouth of this valIey was blocked by the great glacier in the basin of 
Knik Arm and when Elrlutna Glacier had retreated to about the 
present position of the lalre. The next stream southwest of Eklntm 
Creek shows similar thick deposits of gravel. Glacial till, laid down 
directly by the ice, is also present in the lowland and probably occurs 
in extensive sheek beneath the covering of g a v e l  outwash. Both 
the gravel-covered areas and those occupied by glacial till have fer- m 

tile soils and give promisa of productive farms along the railroad. 
The 'results of the im iwasion, including erosion in the motan- 

tsina and deposiltion in the lowlands of the material removed from 
the mounttains, have had a very meat influence on the economic de- 
velopment of this district. Within the mountains the ice, in over- 
riding the preglacial stream gravels, removed them and the gold 
placer concentrations that they contained, and the gold was scattered 
far bnd wide in the mornind and outwash deposits of the lowlands. 
In a few especially protected localities some small areas of the pre- 
glacial stream gravels, with their included goId, may have been pre- 
served and may some time add to the gold prduction of the &strict. 
In most of the stream basins, however, no pseglacial placers were 
left, and such pl~cer deposita as are now present are the result either 
of podglacial strenm conwntrs tion of gold fmm the glacial deposits 
or of original concentration f rorn bedrock. 
In the Iowland areas the results of glaciation, dthongh of a dif- 

ferent chnrackr, will exercise an even greater influence on the eco- 



nomie development of the district. The futnm development of the 
lowhnds is largely concerned with their sgricultural pkbilities. 
From the mouth of Rnik River to Turnagain Arm the lowland lying 
southeast of Rnik krm is covered with p v e l s ,  silts, and glacial 
days depopitad directly by the ice or in the rivers md embaymenta 
beyond the ice front, In general these materials are fertile, are well 
drsinad, and afford goad soil for the production of crops, Climatic 
conditions also appar to be favorable, so that there is a strong pmh- 
ability that this lowland, now tapped by the new Government rail- 
road, will support a considerfibla ~gsicul turd popala tion. 

Upon ths h a 1  of the glacial ice from any part of the area 
which it had covemd, the lagencia of eubaerial erosion immediately 
h m e  operative, and these rtgencies have continued h be effective 
in p t e r  or Iess degree ever since. Nevertheleaa, in temm of earth, 
history, the period since the waning of the ice has been short, land 
in its larger features the lsnd surfam now to be seen is that devalopd 
and modified by the action of the glaciem. As the ice first &mated 
from the lowlands ab upper Cook Inlet and gradually withdrew up 
each tributary valley, the Ievlands and the lower parts of the valleys 
have been subject to postglaci~l e d o n  mnch longer than the upper 
parts, In fact, as the wrnnsnts of the old ice sheet still occupy con- 
siderable a m a  in the higher vslleys, these areas may be considered 
to be still in the glacial epoch, and beneath the ice them has been 
no pmtg1acial erosion. 

Naturally emion has been greatest along the line8 of the major 
streams and along the margins of tidewater. The glacial widening 
and deepening of the floor of f i i k  A m  and Knik R i ~ e r  d e y  left 
all the tributary streams from the south and southeast m p y i n g  
hanging valleys, with very steep gradients a t  the mountain front, 
In these oversteepened portiogs the streruns have cut canyons in the 
unconsolidated materials and in bedrocks, in their effod to reestab- 
lish norma1 gradients. Higher up the valleys them are also places 
at which the shams ,  in crossing rock barriers, have cut canyons, 
and their minor tributaries likewise, ocrmpying hanging valleys of 
the second order, have cut their beds deeply in readjusting their 
grades h a l I y  between the oversteepsned md canyoned portions 
of the valleys there are basins that now contain lakw, as, for ex- 
ampIe, Eklntna Lake, ar am med with dream gravels. 

The larger triinhries of Turnagain Arm from the nofih and east 
p e r a l l y  lie in valleys the lower portions of which were eroded by 
the ice to or below tide level, and the typical hanging valIeys rrre 
not abnndant. In fact, the lower valIeys of Glacier, Twentymile, md 



Portage creeb were fiords when fkst bared of ice, as Turnagain 
Arm is now, but were filled to ma level by detritus from the glaciaI 
dmarns that discharged into them 

Marine erosion has rmtxeeded in postglacial time in cutting bmk 
the m~lzsolidated deposits between Point Pmmion and the month 
of Knik River, so that  the shore h e  is generally bordered by h p  
gravel bluffs. At Point Woromof the bluff stands 200 feet above 
mean tide. At the town of Anchorage the top of the Muff has an 
altitude of 110 feet, The distance horimntally that the blu%6 have 
retraated before the cutting of the waves is not known. On Turn- 
spin Arm similar gravel bluffs errtend from Point Campbell south- 
eastward for 12 milea, ant1 thence to Twentynile Riwr there rtra 
nearly continuous sea cliffs cut into the hard slates and graywackes. 
It is apparent, however, that wave cutting has done no more than to 
not& the base of the rocky waIls t ha t  border this bash. 
In addition to the work of streams and waves, the mechanical d i s  

integration of the rugged mountains, especially in those places where 
they reach altitudes above the line to which vegetation grows freely, 
has been rapid, and mnsiderable quantities of talus have accumu- 
latedl at the bases of steep s l o w  Chemical decay, however, has 
been relatively ineffective in postglacial time. No residual mils have 
been formed, and many glacially scouracl rock surfacw still &ow the 
smoothness of contour given to them by the; ice. 

I?RJWENT STREAM AND MARINl DFSORITB. 

+ 

M& of the large streams within this region have their m u m  
in glaciers, and their gravels are derived in part from materid sup- 
plied by the ice, and in part from material supplied by the direct 
emion of the streams upon their beds and banks. On such s t m  
it is impomible to  separate the present stream gravels ham those of 
glacial origin, and no attempt has h n  made to dkriminata between 
them on the accompanying map (Pl. VIII). Likewise the marine or 
estuarine ~iIts'and sands now accurnuIsting so rapidly in Knik and 
Turnagain a F g  tLre in part of glacial origin and in part the prod- 
uct of stream erosion, The arnotint of fine material brought down 
ko tidewater by the largcr ghcial streams is great, and ithe filling 
in of thsse arms of the sea must be proceeding at a rapid pace. The 
estuarine deposits now sccumulathg, if consolidated and somewhat 
metamorphod, would yield a group of sedimentary r o c k  re- 
sembling in many ways the nqi l l i t e s  and gra~rw&es so abundantly 
represented in this general region. 
The tidal variation in Knik Arrn is p a t ,  and the watem are shal- 

low, EO that at low tide many square miIes of tidal flats are leid barn. 
In addition to the areas within range of the daily tidm there sm 
mud flats, particularly at the mouth o f  Hnik River, between the In- 



known outcrop of these beds is about 30 miles north& of the 
kagrt in-Hnik  region, and the intervening ares has not been 
mapped. A denite correlation between these two volcanic forma- 
tions is therefom not. justified, especially as the locsl elvidenee indi- 
cates that the volcanic rocks of the Turnagain-Knik region are of 
p& Jurassic age. 

r n R U 8 I V E  Born. 

Intrusive rocks occur within all the hard-rock formatiom of this 
o n .  The oldest group of roclts, which in this report is not differ- 
entiated into its constituent elements, oontains s large proportion 
of intrusive materials! including dioriten and quartz diorites, perido- 
ti&, pyroxenite, dun~te, mcl their altered equivalents. These have 
already been briefly described, The series as a whole, as me11 as the 
overlying nrgillihs and graywackes, have in places been intricately 
cut by younger dikes and sills of acidic character. These younger 
intrusive rocks haire been found on microscopic study to include 
andesite porphyry, dacite, nnd diorita, Projecting through the un- 
consolidated deposits near the village of Old Knik are some small 
bilk of coarseIp crystalline quartz diorite. No other considerable 
bodies of grnnitic intrusive rocks were observed in this district, but 
in not far d ishnt  areas on Prince William Sound, in the Talkeetna 
Mountains, and a t  many other places in Alaska them are similar 
granitic intrusivas that are generally believed to be of Mesozoic age. 
It was p~obab~y'during this genera2 period of granitic intrusion and 
in relation to larger ma.- of granitic rocks, some of which did not 
penetrab near enough to the surface to be p t  revealed by erosion, 
that the numerous acidic dikes md sills of this region were injected. 

Tho youngest hard rocks that have been m g n i ~ d  in this region I 

are the penstones and greenstone tuffs, and they am very old 
compared with the unconsoEidated Quaternary matsrials, the next 
younger depasits. It may be that after the deposition of the green- 
stones and t-one tuffs the region wss submerged and covered 
with younger sediments, but in the absence of younger rocks it is 
unlikely that such a mbmergence, took plam. During early Tertiary 
b e  m great lowland is known to have cxisted along the present 
Cook Met and Susitna Valley d e p ~ s i o n ,  and from this lowland 
valleys reached back into the surrounding upland. In the lowland 
snd its tributary valley8 much sedimentary material, comprising 
muds, sends, gravels, and nrlroses derived from the m o u n d i n g  
highlands, and considecable beds of peat were Inid down as lowland 



Crow Crwk i monomicaUy the mmt importmt tributary of 
Q h i e r  Creak. The mountains at its head are high and rugged and 
form the divide between the waters that flow to Turnagnin Arm 
and them tributary to Knik Arm. They are broken at the head of 
Crow Creek by Crow Creek Pass at an altitude of about 3,400 feet, 
which affords a fairly good route from Crow Creek to Raven Creek, 
a tributary of Eagle River. From its source in the pass to ih mouth 
Crow Creek is abut 5 miles Iong. Near itsl head it is precipitous, 
descending in waterfalls and rapids for a vertical diatanoe of over 
1,000 feet within 1 miIe of the pass. fk is fed by several small 
glaciers, and during the summer its waters ar.rs turbid. Below the 
pues the stream emerges from its narrow stream-cut gorge into a 
gr~vel-filled basin. Tho bmin is bordered a t  its lower end by a 
hBrminal moraine from a lateral valley, and the gravel fill is the 
result of the lessened gradient behind this morainal dam. Through 
its bowldery channel across the moraine the sEream descends in 
rapids, to emerge into a narrow p v e l - f l o o d  valley bordered by 
benchlike terraces of gravel and ~howing no rock outcrops. These 
conditions prevail to a point within half a mile of the mouth of the 
mIlay, where the dream en&rs a m k  canyon, with nearly vertical 
walls, that extends. to i S  mouth, . 

Throughout the basin of Crow Cmk the bedrock consids pdomi- 
nently of interbedded argilIites or shales and grayw~ckes, with some 
conglornemtes, cut by numerous granitic dikes and sills. Locally the 
shale beds have h n  metamorphosed, with the development of daty 
cleavage, and in places the metamorphi- has bean intense enodgh to 
produce a samewhat schistom structnm. The p,ravaiIing strike of the 
beds in this basin is northeast, but locally the beds diverge consid- 
erably from this general trend. Sear the mouth of Crow Creek they 
dip pm~ailingly a t  high angles to the southeast, but at the head of 
the valley folding has occmed, ~ n d  the general trend of tha structure 
swings around to an easterly direction. 

The physiographic history of Crow Creek is highly cnmplax, but 
fortunatdy the deep excavations made during the progress of mining 
have yielded much valuable information concerning it. As the dis- 
tribution and concentr~tion of placer gold are in large measure de- 
pendent on the erosional history of the amas in which they occur, 
and as the bash of Crow Creek contains the most productive mining 
camp of this region, it seems proper ta d i ~ u s s  here in some d a t d  
the main physiographic events that have had an influence on the 
development of this s h a m  basin and on the formation of its @Id- 
bearing gravela 
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Before, the earliest of the Pleistmene glacis1 ttdvanms had taken 
pIace the ordinary processes of stream erosion had carved dwp val- 
leys into the mountain& These valleys lay in much the same @- 
tions as those now occupied by Glacier and Crow creeks and their 
tributaries, but instead of being wide, straight V-shaped .troughs 
snch as we now me, each was H, narrower V-shapad valley with a 
normal stream gradient and folZowed n somewtlat sinuous course be- 
tween the spurs that projected into it from either side. It 
mrtain that during this long period of pregla-cisl dream erosion 
stream placer deposits were famed contnining the gold that had 

- hen present in thezocks which the stream had removed. 
In Pleistocene time glacier8 formed in the valley heads and 

gradually &ended downstream, uniting to form an ice tongue that 
filled the Glacier Creek valley and mched Turnagain Arm, there 
to join the great ice stream moving westward to Cmk Inlet. In 
other parts of Alaska there have been a t  least two distinct ice ad- 

Rowam 10.-BeFtlou on northeast side of the " big at," h e r  Crow Cnek, shorrlng the 
mkUona of the giacial till and graver to bsdmck. 

vgnces: and them may have h n  more. It is probable that the 
upper h k  Inlet region also has been glncirated two or more times, 
but this hes not been ~ n c l u s i ~ e l y  proved, for the last glaciers by 
their severe erosion m o v e d  the conspicuous evidences of the; work 
of any glaciers that may have preceded them. It is therefore pas- 
sibla that the record of many sly events of great importanoe in 
the erosional h h r y  of the region is now so obscure that their infl~r- 
encs cnn not at present he properly estimated. The record of the 
more recent e-rents is still distinct enough to be read with some 
confidencla 

The first glaciem by their erosion profoundly altered ths shape of 
the basins through which they moved. They widened md straight- 
ened the valley floors and &eepened the side slopes, giving the val- 
leys a broadly U-shaped era& section. They also had a tendency to 
erode more rapidly at the basin heads than below, thus developing 
cirques, and left the gradient flattened below the cirques. During 

'Capps, R. R., TWO g1acSaI stages In Alaska : Spur, Geology, vol. 23, gp 14% 788, 1015, ' 



ther glacial eroion and resl~aping of the vaIleys 'the unconsolidated 
stream gmv~1s wera readily removed by the ice, and with them the 
contained placer gold, which was scattered among all the glneier- 
borne d6bria It is presumed that such altarations were made in the 
Glacier and Crow creek valleys before the present m k  canyon of 
lower Crow C m k  was cut and alsa before the cutting of the old bed- 
rock channels now exposed by the placer workings. 

With the retreat of these earlier glaciers the valley floor8 were 
again exposed to stream erosion. AppsrentIy the flmr of the QIacier 
Creek basin had been deepened by glacial scour at the mouth of the 
Crow Creek valley, and Crow Creek thus had an svmtaepened 
gradient in its lower mume and began to intrench itself in that por- 
tion of its valley and cut B deep canyon into bedrock. That canyon 
now appears as the deepest old channel uncovered by the pIacer-min- 
ing operations It appears to be too s h p  walled and to have too 
narrow a door to be the bothin of the pq1aiaI  outlet, from the Crow 
Creek basin. The suggestion is therefore made that it wns erded 
in the interglacial stage between the last great ice rdvance and 
another that preceded it. Evidently, however, the cutting of the old 
canyon was not accomplished without intemption, for associated 
with it L P ~  other buried channels, similar b the deepest one, but not 
so well developed or m continuous. They represent episodes in the 
development of the main old channel, but indicate that during its 
erosion it was at times dammed somewhere below, probably by the 
awi1lating edge of the Glacier Creek glacier. When obstn~cted the 
bedrock canyon was filled by stream gravels. When the obstruction 
was removed the stream a b ~ i n  intrenched itself along the same gen- 

. eral conrsa, h t  cutting through the gravel fill and then Fnto the bed- 
rock Throughout mod of its course snch succe~ive m y o n  coincided 
in alignment with the original one, and when bedrock was reached the 
despening of t h ~  old canyon continued. M I y ,  however, loops of 
the later canyons departed somewhat from the course of the min 
than nel, and in this way ct network of buried canyons was developed. 
(See fig. 9.) Within these rmk canyons and along the stream bed 
above and belaw them the placer gold from the eroded glacial till and 
the outwash e v e 1  was again concentrated, though pdabIy in de- 
pmiB much 1- rich than those of preglacial time. 

After the deepest old channel was eroded to its present dimensions 
this region w m  aiain subjected to intense glaciation, in which the 
ica further mdified the land forms, in some places widening and 
deepening the valleys and in others depositing quantities of glacial 
d6bris either as morainal material or as stream-borne outwash gravel. 
Under the influence of the advancing Crow Creek glacier and im- 
pedd by a dam formod by the ice tongue in Glacier Creek valley, 
the rock canyons on lower Crow C~eek  were filled with &ream 



gravel8 m d  later completely overridden by the p a t  glaciers that 
filIed this whale basin- 

The h a 1  retreat of the g l d e m  to their present pmitions wsa not 
' a single continuom proms but comhkd of s long seriea of owilla- 

tions backward and forward, the sum tottll of the remiom being 
greater than that of the advance& The critical &age during this 
retre~t, so far as the unconsolidated deposits of lower Craw Creek 
are concerned, was ithe time during which the Glacier Creek and 
Craw Greek glaciers had separated but were still not far apart. At.  
this time an adwnce of only m d m t e  extent by the ice in Glacier 
Creek w&s sufficient to impede the drainnjp from Crow Cmk, ~ n d  
similarly a mcderate rmslion of that ice tongue allowed the free 
empa of the Crow Creek w a h  That such oscillations actually oc- 
cllrred is plainly ahown, by the &ion exposed on lower Crow Creek. 
8 6 7.) There the deposits of glacial till can mean only that the 
ice advanced over this area at Ileast t h m  times and that in the intar- 
vnls between the advan- shmm gravels were laid down. Further- 
more, it L believed that the unconsolidated materials there represent 
only the deposits made during the last great glaciation, and most of 
them were doubtless laid down during the linal stages of retreat of 
the glaciers, tho summsi~e  till deposits representing minor oscills- 
tions of the ice tongues. Whether the till beds were laid down by 
the ioe lobe from Glacier Creek or by that from Crow Creek, or 
whether they came in ptlrt from m e  of these murces and in part 
from the other, can not now be detwrmind. The included bowldm 
and blocks of m k  might have wme from either basin, aa mks of 
a11 the o b s e r d  typs am p m n t  in both Crow Creek and Glacier 
Creek basin& 

Upon the final withdmwsl of the glmiers Gwrw Creek f lswd aver 
a broad valley floor of gravels and glacial rnahrids t h ~ t  ccompletaly 
filled the bedrock channel of that &ream and buried the rock crtnyona 
near its mouth. These unconsolidated materials locally had a thick- 
ness of over 260 feet. As the former. obstruction to Crow Creak 
caused by the ice in Glacier Creek h d  been permanently removed, 
lower Crow Creek had a very steep gradient to its junction with 
GI&w C m k  and descended in a series of rapids and falls. Erosion 
by the swift strsan was rapid, the channel was soon cut to  bedrock, 
and the excavation of the present bedrock canyon b e g a ~  Except 
in that portion of its course which lies in the p m t  rock canyon, 
Crow Creek had the =me alignment as it had before the channel 
was daeply filled with glacial till and gravers. Xn reducing its valley 
again, under the stimulus of a lowered and unimpeded outlet it 
quickly cleared away the ~~ilrficial deposits near its mouth, but in 
the hard rock of its clanyon it made slower progrm, and that canyon 
at it8 upper end still lacks about 80 feet of being cut down to the 



level of the adjoining buried rock channeI. Above the canyon Ithe 
dream gravels could be removed only as fsst as the canyon bed was 
lowered, and the presence of s heavy fill of gravel in the valley 
bottom, extending from the head of the muyon up t;o the mouth of 
Crow Gulch, is the result of the protection'from erosion given to it 
by the rwhhnt rocks of the canyon. 

Tha mcmsolidatsd deposits of Crow Craek basin may be roughly 
divided into three classes, which differ in age as well as in appear- 
a m .  The oldest deposits are the lowest gravels found in the  alley 
bottom above the mnyon and in the bottoms of the d d ,  buried rock 
canyons, and are observable only in the excavations made dunng 
the progress of placer mining. They consid, primariIy of rather 
coarse stream gravels and reprmnt the material in process of trans- 
portation by the strewn at  the time when it occupied the deepest 
buried channel. They are thought to be older than the time of 
the last great ice advance, or at least to have bsen laid down during 
periods of temporary retreat during thst glaciation. Next younger 
and lying immediately above the Iowest gravels is a thick, irregular 
series of gravels, smdg snd morainal materials. These materials f o m  
the bulk of the unconsolidahd deposits, were laid down as glaciaI 
outwmh or by the ice directly, and are to be correlated with the last 
stage of glaciation. Above the rock canyon they now appear at the 
surface as high benches on both sides of the stream channel which 
has been emled into them and in one place as a distinct morainic 
~idge. 

The third class of deposits comprims the gravels of the p m t  
skeam. In -era1 they are only a few fwt thick and form hhe door 
of the trench .cut by the st- into the high bench gfa~els. They 
consist of a mixture of reworked bench gravels with whatever new 
materia1 the stream hns derived by erosion in its upper basin or 
from tha glaciem in which it heads. 

A few claim have been staked in the main valley of Glacier Greek, 
but little or no actual mining has been done on them. The economic 
importanm of this basin now lies in the tributarieg of Glacier Creek, 
three of which--Cr:row, Winner, and Califomis c m b h s v e  pro- 
duced gold in mmrnercial quantities, and Cmw h k  has been the 
acme of e&ve mining. 

crow cm!k 

The first claisns to IE located on Crow Creek are smrid to Have been 
staked in 1897, near the mouth of the st- and on the sib of tha 
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p m t  placer workings. The early history of this ground B not 
clear, but it is known that eight partnew locally h o w n  as the '' Crow 
Creek boys," were mining in 1904 in the vicinity of the rock canyon 
on the lower portion of the stream. Ltar the (=row Creek Cmsoli- 
dahd Mining Co. was organized and oprated until 1306. In 1907 
the property was mld to the Nuttsr-Dawson Ca., and in 1914 this con- 
mrn was reorgiiniaed into the. Alaaka Crow Creek Mining Co. me 
gxkn claims now included in this propem extend in a double tier 
from Glacier Creek, at the mouth of Winner Creek, up Crow Creek 
for the length of seven claima, with two additional overlapping claims 
above. (See k. 9.) 
In the yersr~, p d n g  1908 most of the mining was done by pick 

and shovel on the most easily accessible gold-bearing gravels me 
ground mined included the so-called Eagan bar, near the mouth of 
the &ream, the premnt rock canyon, and some of the gnrface. g a d s  
above. the canyon. IQ 1903 and 1904 hydraulic methds were used, 
but difficulty wag experienced in reaching bedrock above the rock 
canyon. h t e  in 1904 an old, deeply filled rock channel lying north- 
east of the present canyon was discovered, and from 1905 to 1914 the 
efforts of the seveml campanies operating at this place were in large 
p8t.t directed to moving the gmveIs above and in this old channel 
fur the parpose of obtaining a bedrock drain to the gravel basin above 
the present canyon. This was a Iwrge underhkng, for the gravel 
ming contained little gold and the n e c e s r q  excavation had a length 
of over 1,000 feet and a mimimum depth of nearly 250 feet. During 
the work of clearing this old channel other buried pock charnels 
branching from the main one were disclwd, and these have not yet 
been complehly excavated. 

The areas of gravels that had been mined by the fall. of 1915 are 
shown in figure 9. At the time of visit mining was being done at but 
two l a d t i e e t h e  lower at the junction of two suBsidisry buried 
channels and the upper in the pwl-f i l led basin of Crow Creek, a 
few hundred feet above the camp. T h e  underlying bedrock consists 
of black sletea intarbedded with grttywacke and conglomerate, and 
theae beds strike in a general northeasterly direction arid dip at angles 
approaching the vertical. In the lower workings the umonm1idat.d 
mmteriotls above the kdrwk form a complex series of inhrbedded 
gravels, sands, and glacial tiU The upper workings in the premt 
creek b d  show 80 feet of gravels and sands. 

Mining is now crtrried on by hydraulic methds. The water is ob- 
tained from Crow Creek near the upper end of this group of claims 
and conducted for about a mile to the pensh~k through an open ditch 
having s capacity of 4,500 miner's inches. From the penstock it is 
distributed by n 24-inch steel pipe to the workings. A head of about 
800 feet is rsvrilable at the upper cut and about 360 feet at  the lower 



.war- In 1815 and for s e v d  p d h g  years the creak w ~ s  
carried around the edge of the valley floor by a diversion ditch that 
emptied jnts the upper end of the rock canyon. IrIining in 1914 and 
1915 l o w e d  the cut so f ~ r  belaw the level of this ditch that there 
urn denger of its breaking over into the placer workings. Further- 
more, it was found that the richest gravels exhnded over h e a t h  the 
ditch. It wss therefore decided to  build a long diversion flume to  
remova the water permanently from the stream flat for a distance of 
about three claim lengths. To obtain the necessary lumber a sawmill 
was W e d  in the spring of 1815 a t  a point in the canyon south- 
mtestof thebigcut. AdamaQ feethigh wasbuiltacrossthe~yon, 
giving a head of 19 feet to a 24-inch turbine wheel. Over 250,000 
feet of lumber waa =wed in 1915, and the diversion flume was com- 
pleted. It has a length of about 3,400 feet, is 8 feet wide and 3 feet 
deep, and has a 2.2 per cent grade. It isbl~ilt on 4 by 6 inch &Us and 
is 2 inches thick on the bohtom and 1 inch on the sides. This ffurne is 
thought to b amply large to carry the stream' even during floods. 
It ddischarges into the canyon about 500 feet above the sawmill 
The duim line and discharge flume for the mines extends from a 
point near the upper end of the warkinp down throngh the big 
cnt and discharges into the canyon at its junction with the main old 
channel, covering tb total distance of over 1,800 feet. The boxes tbre 
5 feet wide and 4 feet deep. Far the lower 400 feet the sluice line 

set on a grade of 9+ inches to the 12-fmt box length, m d  abve 
this stretch a grade of 7 inches to the box length is mdntained. 
The upper ten lengths of boxes are lined with 40-pound railroad 
rails as rimes, and the lower portion of the sluice line with hem- 
lock block rifles cut to rt height of 13 inch- The arrangements 
for the dkpcml of the hilings are ingenious and are said to work 
in a highly mtidactory manner. AB often 8s the tailings accurnu- 
l nh  'below the end of the sluice line in m~fficient quantity to thre~ten 
to impede the discharge the gate in the mill dam is opened and 
the waters from the mil1 pond rush down through the narrow can- 
yon and quickly m o v e  the ammz1lated biIings. 
The gravels are nnoved almost altogether by hydrnulie means, 

hsnd methods being m d  only for cleaning bedrack. Between 20 
and 30 men were employed throughout the season of 1915, but the 
greater part of their labor was expended in getting logs ta the 
mill, in sawing and transporting IambBr, and in building the diver- 
mon flume. The working day k 10 hours, and the men receive from 
$105 to $120 a month and board. 

At tho upper workings two hydraulic giants were used. The 
Iarger, equipped with an $-inch nozzle, was placed at the head of the 
cut and was used in caving down the gravels and driving them for- 
ward ta the wings. A smaller giant, with a 5-inch nozzle, was placed 



on the high bank a short dkkanca ahve the wings and was n d  for 
moving the gravels directIy into the boxes. At this pllsce the stream 
gravels have a maximum thieknm of s h u t  80 fwt in alternating 
beds of varying coarseness Bowlders over 2 feet in diameter are 
sent through the sluice boxes, but some coarser hwIders are broken 
with powder and then handlad by the giants. Everything in the cut 
is disposed of through the boxes. Three distinct pay strealcs are 
reported in this ground. The lowest, on bdlrock, is only a few feet 
thick, but is said to be the rich&. It consis& of rather m e  mata- 
rials and cantaim considerable &icky clay that breaks up with difi- 
culty and is likely to  resist disintegration in the sluice boxes, and so 
fail to give up some of the placer gold it contains. A second pay 
streak is 8 to 12 feet thick, and its bottom is 15 feet above bedrock. 
'l'he third comprises the upper 10 feet of the dream gravels and is 
the m l t  of concentration by the present stream. The excavation 
tliscloses the fact that at  the time the dream flowed over its bedrock 
floor, during the erosion of the deepest buried channel, it occupied a 
steep-walled rock canyon, and its gravel deposits were small. Upon 
the obstruction of this canyon by the Qlacier Creek ice tongue a deep 
gravel deposit filled the old excavation, and the dresm has since been 
able ta remove these gavels only to a depth controlled by the rock 
Awr in the prment canyon. The bedmk thus far uncoveM consists 
of ;steeply tilted beds of slate, gragmacke, and wnglomemte. In gen- 
ma1 it aflords a, rough surface well adapted t o  retain the placer gold, 
but locally it has been cut into potholes and worn so smooth that 
little gold has remained upon i t  The gold penetrates to a depth of . 
2 feet or mom in the cracks of the slate, and the broken wrfm of 
the bedrcck must be removed to a considerable depth in order to 
obtain this gold. 
At the lower workings on this propem, on a branch of the deepest 

old channel, one  ant with an &inch nozzle was used in caring 
down a high bank of gravel, sand, and glacial till and in driving 
it into the main sluice line. 

The gold is bright in color and m y s  about $15 an ounce It 
would certainly be c l n d  as coam gold, although only a d 1  
proportion is in nuggets having a vslue of 50 cents or over. Althongh 
Mendenhall' reports a nngget worth $50 from this stream, the 
largest t w o  nuggets that h ~ v e  been found by the present oper~tors 
had values of $26 and $25. Pieces worth from $1 to $10 are common. 
The sluice-box concentpaher, show abundant black sand. 

At the dose of the mining season of 1915 s large amount of td ioua  
and expensive dead work had been completed. The diversion 0n.e 
was finished nnd rendy to be opened, the sluice line had been w t  and 
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m h d ,  and the pipe lines were in position. The owners dated that 
within a few hours after the stream opened in the, spring acti~le min- 
ing would'be under w ~ y ,  and they confidently expecbed the most 
prosperous season. in the hisbq of thesa claims. 

Plans have been drawn and bids called for by the owners of this 
gmund on specially constructed high-carbon stael plates to be used 
inshad of block riBm in the sluice boxes, With the large volume and 
bowldery character of the gravels mined at this pIam, block riffles, 
although aompamtively inexpensive to install, have so short a life 
that maintenance charges am high. It is believed that plates 1 inch 
thick of very hard steel, although of much higher first cost, will 
ultimately effect a great mvhg. Furthermom, they are thought to  
offer a great advantage in that they will render it unneosssary to shut 
down the mine for some three weeks in rni(lwason in order to reblock 
the duice boxes, as has h e n  dona in past years. 

A mond group of claims on Craw Creek, known as the Girdwood 
property, begins at  the upper end of the Alaska Crow Creek Mining 
Cb:s ground, about 2 rniIes above the mouth of the, creek, and extends 
northward ta the hesd of a moraine-dammed, gravel-filled basin. The 
mast complete description of the workings n t  this place is that of 
Pa* and Xnopf: written as the result of their examination in 1906, 
at a t h e  when the mine was in operation. Tha claims at this place 
have been patented, and in recent years no mining has been dona 
The plant is provided with mveral buildings, still in good condition, 
and conside~xble equipment, including steel hydraulic pipe and der- 
rich. Cables, sluice boxes, and other apparatus are s c a t t e d  orer 
the property in various stages of preservtition. A brief munmary of 
the mining done is given hem The data R S ~  for the mOgt part taken 

-from tha published descriptions by Mafit R R ~  by Paige and Knapf, 
to which mfemnca has sEreudy been made. 

The ground to bs mined w&s the gravel filling of a basin lying 
behind a well-defined gl~cial  moraine thtlt stretches across the vaIley, 
ih convex side downstream. This moraine impounded the waters 
of the s t m m  and caused them to deposit their load of gravels until 
the basin was filled to the level of the stream outlet across the 
morain& According to  Mofit, the filling consists of interbedded 
layem of fin0 eand, angular wash, and coarse bowldars The angular 
m a t e d  had b n  brought down rind deposited during fresheta 
The h d a  abnt against the upper side of the moraine, and in odor 
to mine the gravels in this basin it was necessary to make a 60-foot 
cut though the mamine. This was a slow and expen~ive undertaking, 
as the rock piles on either side of the old cut stiB t&ify, for #e 

IFalge, Blarney, rind Raopf, Adolph, R~eclnnalmanc% 1n the Mntaauska and Talkeetnn 
bamhs. d t b  notea on the plaecra of the adjacent region: U. 8. Geol. Burvey BuU. 814, 
pp. 121-122. 1DM. 



morsine was mmpo4ed of exdingEy abundant and large bowlders 
and blocks of sock, with a relatively small amount of b e  material. 
Many of the bowlders were hoisted from the cut by a derrick and 
stacked at the sides, but those too large ta be handled required blast- 
ing. Pa ig  reports that about 80,000 cubic yards of gravel was 
wnshed in 1906, but in this operation be&& was not unmvered. 
It is wid that a numbef of holes to bedrock were made with tt Key- 
stone drill and that highly encouraging amounts of gold were found 
in the drill holes, but the expense of opening the cut to bedrock 
proved too great, and mining there was discontinued in 1906. In 
1907 and 1908, it is reported, sluicing was done on the upper end of 
the proprty with fairly fiatisfactory results. Since 1908 little actual 
mining has been done. 

Two claims on lower Winner Creek have been mined in a small 
way for several yeram by one man. Tha fir& gold was m v e d  
from this creek in 1898, when two men took out- 36 o u n m  The 
present owner first located the p u n d  in 1902, but soon selinqykhed 
it. It was later -ed by another man and then abandoned, to be 
finally restaked by the present owner in 1908. A cut 150 feet long, 
14 feet wide, and 8 f ~ t  deep was first w o r M  out, and later a.n a m  
100 feet long, 34 feat wide, and 5 feet deep WBS mined on a high rim, 
Diaculty has been experienced in conducting water to the gold- 
bearing gravels und& auficient hend for hydraulic mining. A dikh 
t o  acquire such a water supply is in process of construction. 

Mbsr mtwmch In mKkr C m k  b=mh 

California Creek received a good deal of atbnt$on from prcls- 
. pectom in the years between 1898 and 1902 and yielded game gold. 

Since 1802 no mining has hen done th&, but tentative plans have 
been made to continue prmpcting in 1918. Pystreak Creek, the 
h t  tribuhry of Glacier Creek above Crow Creek, has aIso been 
prospected, but no paying ground was found. The main val lq  of 
Glacier Creek below the mouth of Crow Creek hw been dakah for 
several years, though nothing mare than assessment work has h n  
done. 

m m s  IN TURNPIG= ARM BABIH. 

It is reported that some placer c h h  am held on the west side of 
Twentyrmle Ri~er,  about 4 miles above its mouth, but no mining has 
berm done on them. Peterson Creek, the first tributary of the A m  
west of Twentymile River, is said to have yielded soma placer gold 
many years ago, and one man 51 atill doing the awssment, work on 
some claims in the upper basin of that stream. Kern Greek wag 
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p m p d d  botb in 1888 and in 1803, and some gold was found on it, 
but not enough to warrant mining. The gravels on Bird Creek have 
k n  prospectad by different persaw at diflerent times sirice 1898. 
One outfit is said to hare found ground that would yield as high aa 
$6 s d ~ y  for each man employed, but the bowlders were so large and 
so abundant that mining wrts discontinued. Two men were engaged 
in 1915 in driving a tunnel on t h e  east side of Bird Creek, about 8 
milas above ih mouth, in the hope of opening an old gravel-filled 

. channel them In Angost, 1915, the tunnel was reported to be 144 
feet long, driven through slate, md the old channel had not yet been 
m d e d .  

Considerable work was done s number of years ago on lower 
Indian Creek. A flood dam wns built nnd a cut grouncl-sluiced out, 
but the operatore were unable to  m h  bedrock, and the ground was 
abandoned. 

At a point near the beach, 1 mile west of 'Indian Creek, one man 
has been engqed in pmqmting for a number of yam.  An open 
cut, extending northward for about 270 feet from the beach and 
from 16; to 20 feet deep at the face, has been excavated by ground 
sIuicing. The M m k ,  a black slate striking S. F0 W. and Btnnding 
nearly vertical, was encountered 170 feet back from the beach. At. 
the face of the cut the ~ c t i o n  comprises 2 feet of muckg soil under- 
lain by 2 feet of blue glacial till, between which and bedrmk there 
is l!2 to 15 f& of well-rounded, rather fine gravel, with a few bowl- 
dera No sampling of the gound was done, but the owner reports 
abundant black sand, with some gold. A lack of water has rertarded 
prospecting, but a ditch 14 miles long, to take water from Indian 
Greek, has baen lmaid out, and the lower mile has been cornp1et.d. 

ON TRIBIPFARIES OF KNIK ARM. 

Pmqmting for gold place= on the tributaries of Hnik Arm was I 

BtimnIahd by the b e e g  of constmction on the Govement rail- 
mad. Gold strikes were reported on Ship, Cheater, and Campbell 
creeks md w other streruns near Anchomge, and a few persons stam- 
peded to th- dreams, but the small amount of prospecting done by 
them failed to codurn the rumors. At only one plaee waB any actual 
attempt to mine noted. At 'a point where one of the tributaries of 
Ship Creek from the southwest emerges from the mountsins one man 
had built s small d d  dam nnd Elnd ground-sluiced a sm~.Il open cut, 
but had not uncovered bedsock ITe reports small amounts of guld, 
bnt at the time of &it, late in August, 1915, he had found no work- 
able plmr. 
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As a mult of the early discovery of workable gold placer demta 
in the Glacier Creek basin, that locality mas also chosen by prospee- 
tors in march of the lodes from which the stream gold was originally 
derived. The h k  discovery of a @Id-bearing quttrtz lode was not 
made anti1 1909, more than 10 years after the h k  placer gold was 
m i n d  The only lode prospects in the basin on which any consid- 
embIe amount of development work has hem done lie in the n p p r  
valley of Crow Creek and in Crow Creek Pam, about 9 miles from 
b a g a i n  h. They include two separate groups of claima At 
the time of the writer's visit, in August, 1915, no one was sem on 
these claims, though one man was said ta be prqeeting there. The 
principal workings were visited by B. 1;. J o h o n  21 the fall of 1911, 
and at  that time active work was underway. Developments ware as- 
continued the following year, so that Johnson's description1 is still 
emntially c o r m  and is here quoted, 

C 

B-S PROPEBm. 

Lmtbon.-The property of the Alaska Gold Eaplorat2on $ Development Co.. 
known locally itls the Barnes property, is at the head of f low O r e ,  9 mil- 
from Girdwood, at the mouth of Glacier Creek. (See fig. ll.) * * * 

ahtory md dgltelopmmt.-Although the first dmverg of gold-benring 
qnwfz on thtbia prowty maa made in Septemhm, IsOg, bg Uonrad Hores, little 
work was done to open up the v e h  prior to Augorst Y+ 1910. Slnce that date, 
homer. underground development baa hen actlvely earrled on, all of I t  an 
the Stella claim. Three veIns had already been foand at the time this prop 
wty m a  vfsltd, and a fourth waa discovered on the Ruth elalm Late in the 
fall of 19l1. The developments on the Stella claim to Jan- 1, 1912, con- 
sisted of 5tW feet of adit levelis, 58 feet of crosmt tumellng, 14 feet of drifts, 
and 52 feet of wlmes, together wkth meral open cuts on the different veins. 
T h w  developments Inclnde t b r e  adlt leveI$ two of which are on the south 
vein, one 100 feet vertically above the other. The upper of Ebw two tunneb 
was 287 feet in length; two wlms, 4.2 and 10 feet in depth, have hen wnk 
on tbe vein in thh tannel. The lower tunnel, started late In the fk14 was 
only 80 feet long. On the northern vein, whlch is m x I y  parallel to thi8 one, 
an adlt level, 243 feet in length hars been drlveu. A 5@foot. tunnel t n t e d  
the thlrd or rrorlmtting vein on tbe Stella elrlm, (Sm f@% 12 and IS) 
Verg Httle work bas been done on the Ruth loda Melopmenf work on t b i ~  
property ceased early in the sprlng of 3912. 

Cmmtry rock-The conntry rock of the ore d-lt tonalsts~ of dark slate, 
banded argIIIite, me-grained graym.&e, and conglomerate, folded and later 
intruded by #even11 bwam of  lizht-colored finegraintd manltes and finegrained 
to aphanltic acidic dikes, oftshmm from the granitic masses. The strike and 

1 Johnson, 1B. L, m e  central and northern parts of K e a d  Fenlnsula: U. 8. MI. S w e g  
Bull. 687. pp. 1'1%178, 1016. 
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dip ot the Bedimmhry vatg. but in general the s W e  is ea~tecly and the 
dlp northerly. Foal19 ate not abnndant. Imprlntrr of a small Tnoceramns 
of Jnraaalc or Cretaceous age were found during 19ll on tba beddlng planes 
of the banded nrfllllte la bowlder# on me mornlnw of the Crow Creek and 
Rawn Creek glacl~ta and in place on the wwt side af the Raven Creek: glacier. 

Incl~8lons at  the banded arfilllte are fonnd in some of the granite homes, 
@harp contacta appearing Mwwn the iffaeons and sedimentmy rocks. No dc- 
pelopment of cantact mlnerala Is noticeable. The angmlaritg of the fmpmentrr 
of the tsilns, the a m r a n c e  of the wenthererl sarfrlces. and the denalty of 
the &, aa well a8 the reddlrh, rusty diacnloratlon of the sedimentary m W  

STELLA PUCER 

lrwnu 12.-Map mhowlw lmtlon of mine working on the Barnea property, C m  Cree&. 
F m  map bg C. H. Ballard (Angoart, 1011). 

d the area, wgeeeata ronslderabb heat action-and mlnerallzlng activity. Faulba 
nre numerous, the displacement, however, belng nsnaltly only a few feet. 

Ore deposit.-The are M y  on the Stella claim consists of two parallel wins, 
a little over XOO f& apart, striklog eastward, and a thiid vein cromlng them 
with a strike of S. 18" E. The southernmost d the two parallel veins strIltea 
5. 85" E., dlpr~ 55' N, and vsrIes In width from 8 to 46 inches. The northern 
vein varies ln width from 10 incl~es to 3 feet, shlkes N. 81' E., and dim 68" N. 
The outcrops of thew veias have been t r a d  ortly a few hundred feet, The 
thlrd ot w o m t t l n g  veln ranges In width from 2 to 10 inches and dim 80' W, 
The vein on the Ruth clalm Is repwtd to strike eastward and to hare a d d f i  
of B to a Inches. 

Y 



Ow.--The gangue mineral of the gold veins is predominantly quart&, but it 
Include also some calcite. The veln quartz variea ntightly in character. In 
mme places it Ia coarsely m t a l t l n e  and the vein coathw n n m m s  
vum Secondary banding parallel to the walls & noticeable in place& and 
mlphfdes have been depaaited along aome of the fracture% The qua& III 
jointed in some parts of the veln. 

Amopyrlte, pyrite, sphalerite, and galena are the grIncIpal rsulphida. 
Chalcopyrite also m r s  In mall qnantltlea. Pyrite and armopjrite waw m. 
dfweminated rrg&aIs In the metasomatleally altered wall r& of the v e b ,  
as well as in association wtth the other mlphides in the veln quark Ia the 
open cuts the galena is often altered to cemalte. The crwmt tnnnet on the 
Stella claim gassed through a small vein contalnlng molgbdenite, pgrrhoute, 

1 
Flovm 1 ~ . - P h  af workings on north and aouth velnn, Btells cWm, B s l ~ a  -, 

Crow Creek (1811). 

and chal~pyrite In a gangue of vitreous-lmklng pu@&. Pyrrbotite and chalco- 
pyrite a b  occnr In narrow m m s  in the band& argiIUte near the lgneam roch 
W or- are free mtlllng. Tests on some of the more highly mineralkml ore 

are reported to have saved 80 per cent of the gold by amalgamation and 16.4 
per cent in the concentrata The gold la found faw In the quart& an8 omma 
also in close association wlth the snlpl~ides. It is  also in place@ included in the 
grains of galena and araenopnite. Along some of the Joint p l a w  w&m th8 
auriferous Iron mlphldes have been oxidiw the gold Is especially -noticeable. 
Nuggets worth up to 63 63cent.s have been found in the velna. 

The ore from the larger vdna on the Stella claim is reported by the ownem 
tu average $35 to $40 a ton for the awuthern veln and $12 a ton for the northern 



TUBRAGAIN-KRIK EJWTON. 191 

vein. Much hlgher ~asllys haw bwn obtnbd, however, in single samples. The 
lrmltn of the ore shmts are not yet defined. About midmag of the ripper tunuel 
on the southern velo a stringer runs out into the hanging mall, and at  thk point 
eulphEdes are said to have been much more abundant and assays much bigher 
than In other garb of the vein. Excewlinglg high assays are reported from 
the cr-t vein on the Stella claim and from the vein on the Ruth claim. 
The wall rmks of none of the velna nre mld to carry gold. 

, TRmsUBP: BOX CZArn.  

The! Treasure Box quartz claim, i n  C r m  Creek Paw, waa located September 
7, 1910, by ;lame9 PatcheIt. The ore W v  mnststs of a quartz yeln a foot wlde, 
rstriking N. 11' E. and dlppfng 70" E. The vein I s  traceable for about 50 feet. 
No development work had heen done nt the time the lode was men, and no 
data are available an to the gold content of the vela 

Fmnm 18,-bnngltudlna section along plune of uouth win, Stelb Cla!m, Barnes pTOwrty, 
Crow Creek, lookinp north (August, 1911). 

It is reportad that in 1915 one man wns engaged a t  Cmw C m k  
Paas in driaing a tunnel on a promising gold quartz vein, but the 
property was not visited. 

Two gold quartz claims were located along the Turnagain Arm 
beach just west of Bird Point in 1911. The vein outcrop .was below 
extreme high-tide level, and in order to protect the mouth of the 
shaft ftom the tides alog cribbing, ;,filled with clay, was emtad around 
it. The shaft is reported t o  have been sunk to to depth of 22 feet, 
but after that depth had been reached an exceptionally high tide 
shifted the cribbing and flooded the workings, so they could not h 
examined at  the time of the writer's visit. The quartz vein is said 
to range from 2 to 16 inches in thichess and to cut slate country 
rock. Both the vein and the slates strike about magnetic north. The 



Is reprtd. They have a rusty amnrance, multl ng from the deco~uposrItioi~ 
of the imn mllphldea Two of the zones, 50 feet apart, carry a few mineralteed 
qmrb ntrlogem of variable width. The maternmost and wid& of these 
sheeted mnes haa a-width of itbout 50 feet, onIg part of which is much f r m  
tnred. The largeat quartz stslnmr observed 11- near the eastern edge of thh 
mw. It bas a width of 1 to 0 Lncbes, but in places it wldens to 10 or 12 
Inch- The g a m e  of the veins I8 qunrtz wlth a IIttle caMte. Small mlclte 
veins occar dong joint planes In the mywacke. The metallic mlnerala 
of the ore deposit are galena, pyrite, sphalerlte, assenopysite, chdcopgrlte, 
ltnd a little maIachite. The mtneral aermlatlon la slmilar to  that of the mid 
qnwh veins of Renal fenlnsnla. Galena is more ~bnndant than In moat of 
the gold quartz prmprxta, and an amag from this 1Prlm rgartlng 0.M ounce 
gold and 24.80 ounm silver to the ton nTaa prohahly mride on a qnxlmea con- 
pisting principal4 of galena. hTo iree gold wns geen In any of the W r n e n a  
exmiea. 



GOLD MINING IN THE WXLLOW CREE& DISTRICT. 

INTRODUCTION. 

Mining in the Willow Creek district was oontinrred in 1915 on 
abont the =me wnle as in the preceding year. The output was de- 
rived mainly from the t h  mines that have hen in active operation 
for several years, although w malI singla sitamp mill was erected on 
m e  claim that has heretofore not been among the pmdnwn As a 
result of the beginning of construction on the new Government rail- 
mad, which will pass along the edge of this district, prospecting was 
active, and plans are under way for act i~e  mining on s e v d  proper- 
ti- A report on the Willow Creek district, describing the develop 
ments up to the fall of 1913, has recently been pubGshed=3 In Sep- 
tember, 1915, the miter spent about a week in the Willow Creek 
district, and visited all the working mines and many of the more 
promising proqt&.s. The following notes on the various properties 
are not intended to be complete in ~themselses, but to  sllpplement 
the more complete report by carrying the accomt of mining develop- 
men& up to the fall of 1915. 
In the following table the figum for 1914 show a larger apparent 

thnn actual increase in the production of the mines over 1913, for in 
1914 a considerable proportion of the oatput was obtained by qaei-  
dation of tailings that had been accumulated during milling in 
earlier years The output in 1916 came in large part from ores mined 

that p r .  

sIher rwtent tecovertd from the gola bullton fr eetlmnted. 



AIu iBEA FRJB3 OOW MINING CO. 

The Mash F m  Gold Wing Cu. operated throughout the open 
mason and employed on an merap about 50 men. The mill was run 
in t h m  shifts of sight hours each, as was also a part of the mine. 
In other parts of the mine two shifts only were worked. The ca- 
pacity of the mill has been gmatly increased by the installation,, in 
1914, of an additional Lana mill of 40 tons capacity and a %ton 
cyanids plant and by the elevation of the flume to give a head of 
54 feet at  the Pelton wheel, i&d of the 35-foot head formerly 
used. During the mason of 1915 both mills were in operation only 
a part of the h e ,  there being either not enough water available t o  
operate both or not enough ore mined to keep both working to their 
capacity. All the tailings from the mill are now treated by cyanida- 
tion. It is reported that even with the greater depth lwlow the sur- 
face from which the ore is now taken the tenor of the tailings after 
amalgamation remains fairly constant and is much the s m e  for 
tailings from rich and poor ores alike. This fact indicates that 
even at considerable depth the gold in the veins is likely to  be pre~r 
a t  prdominmtly in the form of free gold, and the ore from e,ven 
deeper levels will probably be free milling. Three aerial tramways 
ere in operation--two extending to openings on the Smuggler-Union 
vein and one to the Eldorado vein. 

Since this mine waa last vkited, in 1913, much underground work 
 ha^ been done on the upper of the two main reins on t.he property. 
On this vein, referred to pmviously as the Skyscraper vein but now 
h o r n  as the Smuggler-Union vein, the main tunnel has been driven 
along the vein to  its oukmp on the southenst side of the mountain, 8 

distance of 360 feet, and from it stopes and win= have besn 
made. Two additional tunnels on the same vein have been driven. 
The upper one, about 100 feet below the main tunnel, is over 250 
feet long, and the lower one, 176 feet below the main tunnel, is 175 
feet long. Both the vein and the ore lahoots have been shown to be 
continuous between the several levels. The vein, so caIId, in reality 
consists of two nearly p a d d  veins, af which the upper is locally 
referred to as the hanging-wall vein and the lower ss the fdotwall 
vein. Thes~ wins are in most places separated from each other by 
arev-1 feet of diorite, thongh they are connected by numerous quartz 
stringers. Locally they diverge somewhat or approach rather 
cImly, but in gene& each of the two rnsintains its o m  individu- 
aIiQ. 
On the EIdorado vein, which is appemntly the southward continu- 

ation of the Smuggler-%ion vein, an incline now 40 feet long has 
hem driven, and from it an aerial tram leada to the mill. It is 
expected that considerable ore will be mpplied to the mill from this 
claim. 
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It is prop& to install. a tramway from the mill to the Rosenthal 
property, on the high ridge that bordem the Fishhook Creek basin an 
the northeast, in the spring of 1916, in order to provide an additional 
supply of ore to the mill. 

a0W BULLCON MINING GO. 

The Gold Bullion mine was operated in 1915 throughout the open 
season, beginning June 8. During that period the stamps were drop- 
ping for 24 houm a day, and two shifts were worked at the mines. 
About 00 men were employed, No increases were made in the miU 
capacity, but a 45-ton cyanide plant, installed in 1914, was operated, 
all the hilings from the mill and a quantity of stored trtilingx being 
treated by cyanidation. As the length of the milling season is con- 
trolled mainly by the period of adequate run-off in Craigie Creek, 
from which water for power is taken, a dam 13 feet high was built 
acma the basin of that dream, thus forming a storage reservoir of 
134 acres. Two gmaller dams above give additional storage capacitg, 
and the water thua impounded was axpected to be sufficient to keep 
the mill in operation for a season several weeks longer than hereto- 
fore. 

A lmrm amount of urlderground work has been done sinca the 
property WRB la& visited in 1913. In the fall of 1915 the No. 2 tun- 
nel bad over 930 linear feet of underground workings, not including 
considerable ~topes. From this tunnel about half the ore mined jn 
l9lB was taken. 

The new Gold Dust tunnel was 300 feet long in 1915, and the near- 
by No. 1 Gdd Dust tunnel 200 feet Tong, and a large area of the wein 
between them was stoped out, furnishing about half the sawn's 
wppIy of ore. The No, 3 Gold Dust tunnel had been driven to s 
len@h of 139 feet, the No. 4 Gold Dust tunnel about 45 feet, and the 
No. 2 Gold Dust, which contains a Irrrp  stope, 65 feet. 

The result of this underpound derelopment has been to keep the 
mill supplied to caphcity with ore during the 1915 season, and to 
block out con Jdersble ore bodies for future mining. The Gold Dust 
No. 3 tunnel follows tb thick, strong vein said to be exceptionally high 
in gold. 

DEPENDENCE QOW m B  CO. 

The property of the Alaska GoZd Quartz Mining Co. was taken 
over by the Independence Gold Mines Co. in 1914. Sinca the trans- 
fer no important c h a n p  have been mnde in the surface equipment, 
although plans have been made for the installation of a new crush- 
ing mill. In 1915 the mill was put into operation on May 19 and, 
except for some short stops for repairs, wne run continuoudy until 
thhe cold weather cot afF the water supply. About 18 men were em- 



played in two dGfk Although sufficient om to k ~ p  the mill run- 
ning was mind, the developments of the year were difected pri- 
marily to blm- out ore, in order to determine whether or not the 
installation of a new mill would be justified. The main tunnel, on 
the Granite Mountain vein, was driven to a tots1 length of 540 f e t  
along the vein, and at  a point 400 feet from the portal a winze folIows 
the vain down the dip for 70 feet. The88 additional developments 
show little chahge in character or gold tenor of the vein with in- 
crease in depth, although the bread of the main tunnel is now esti- 
mated to be 300 feet below the surface, The veins show the same 
tendency to  pinch and swell that they display nearer the surface; the 
ore shoots continue, and the ore is apparently gs free milling as that 
taken from shdlmer p a h  of the vein. The driving of a long tun- 
nd, to tap the vein at a lower level, is among the plans now being 
masidered. 

The upper or Independence vein was opened in 1914 and 1915 by 
one tunnel 105 feet long and another 15 feet long, and 240 feet of 
stripping was done on the vein ot~tcrop. The vein is in places 3 feet 
thick, but in generral hrts not been found t a  contain as much gold aa 
the Granite Mountain win. 

At the Mabel mine development work has been continued. The . 
adit tunnel, begun in 1913, mas driven about '15 feet to the vein, and 
short drifts were run dong the vein in both directions. In these 
workings the vein pinches and swells within short distances, and 
the quam ranges from a mere stringer to  n band 1 f oat wide. On 
the s~~lrface the vein has been.exposed by stripping and open cub 
allnast continuously for a ds&uice of about 2,000 feet and shows a 
persistent quartz vein from a few inches to about 2 feet in thickness. 
The assay values are said to be encouraging. An aerial ttrarnwny to 
extend from the vein croppings to the mill site is on the ground, 
and it waa mid that a 2@ton mill was to be instdled during the 
winter of 191516, to be run by water taken from Reed Creek 

The Rosenthd chiims, on the ridge betwean the bagins of Fi&- 
book Creek and Little Susitna River, promise to beeome productive 
soon. Some additional underground work has been done since 1913, 
and the extent of the ow body is now fairly well known, as the 
flat-lying vein crops out around the mountain top and tunnels piem 
almost through the center. The ore broken in driving tho tunnels 
has been banked at  the portal and in the drifts, and n cansiderable 
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amount is ready to be trammed to the mill. Control of the property 
has m t l y  been acquired by the M a s h  Free Gold Mining Co., an& 
it ia planned to erect an aerial tramway from this ground to the 
mill in the valley of Fishhmk Cmk. 

C 

Prospecting Baa been vigorously carried on during 191615 on 
the claims of the Oregon group. A winding t m e 1  with a, total 
length of 150 feet has now been driven dong an irregular quartz 
vein. The quartz is said to contain only moderate quantities of 
gold, but the main objective of the tunnel is to crosscut fault zone 
that may be traced along the surface for some distanw. It is esti- 
mated by the owner that a distance of 50 to 70 feet stiII remains be- 
tween the breast of the tunnel and this fault zone. It is said that 
at s point about three-eighths of a mile southwest of the tunnel the 
fault zone was ground-sluiced off to  a depth at which the clayey 
gouge began to give place to srolid pieces of quartz, The whole zone, 
to a width of 60 feet, is mid to cwry wverrtI dollars a ton in gold. 

Prmpcting has been done for some years on ground locally known 
as the Jrtp claims, lying on the northwest side of upper Willow 
C d ,  opposite the GoId Bullion mine. No one was resident on this 
propertg at the time the district was visited, in September, 1915, but 
it is reported that a small l 4 p  mill, with ss daily capacity of 200 
to 300 pounds of ore, was installed and in operation part of the 1915 
season, miIling ore of enmuraging gold tenor. 

MAMMOTH CMMIS* 

Some additional underground development work has been done 
on the Mammoth claims, in the upper Willow Creek basin, since 
that property was- visited in 1913. ' It is reported that a crosscut 100 
feet from the portal of the main tunnel has been driven an additional 
distance of 80 feet, and from it a M-foot raise has been made. Aboub 
30 feet of mimllmeous r a i ~  and drifts were also opened. 

The McCoy daims, on the east slope of the mountain west of 
lower Reed Creekl were further prospe&cl in 1914 and 1915. The 
work done was d e d  for the most part to stripping the surface 
croppinffs of tha vein. It is mid that the thickest part of this vein, 
as now uncovered, shows 9 to 10 feet of quartz, some of which con- 
tains much gold. Very little nnderpund work has yet been done 
on this property. 



Brief reports an the developments during 191446 at  e n m b r  
of properties not visited in 1916 were obtained from a, number of 
sourms apd are given bebw. 
OR the p u n d  of the Mstanuskrt Gold Mining Co. only zwes 

ment work waa done. 
The Gold Q,uartz claims, on the Archangel Creek sidm of the point 

lying Iwtween that stream and Reed Creek, have k n  prmpctd by 
t w o  tunnels 20 and 30 feet long. The vein is said t o  reach a maxi- 
mum thickness of 2 feet and to contain considerable gold. 

A short tunnel is said to have been driven on the Hatcher claima, 
in the Archangel Creek basin. 
Some further underground work is m p r M  on the claims known 

ss the Arch prospect, between lower Sidney and Amhangel e m k  
Four claims called the Archangel group, lying on the mantain east 
of lower Reed Creek, have been prospected by two tunnels, each 
about 86 feet long, one on the Reed Creek side and one on the oppa- 
site aide of the same ridge. It is said that the vein shorn a maximum 
thickness of 38 inches of gold-bearing quartz. 

GOLD P U C r n S .  

The only placer-mining operations of note within this district in 
1915 were thsss on lower Grubstake Creek and on adjoining por- 
tions of Willow Creek. These operations were directed to prospect- 
ing the gravel benches, and hydraulic methods were available, as the 
hydraulic plant formerly used for mining on this creek is still in 
working condition. Work was ca l~ ied  on for only a part of the 
sewon. 



PRE;LIMINARY REPORT ON TRE TC)M)VANA DISTRICT, 

The ToIovana district1 lies in the headwater region of Tolovma 
River, which flows southward into the Ta,nann, and in the upper 
basin of HIS Creek, which flows westward into the Yukon. (See 
map, PI. IX.) In this region, notably within the ToIovasa basin, 
gold pincers have been found and are being developed. Production 
has thus far been confined chiefly to the placers of Livengood Creek, 
but soma gold has been found on other tributaries of the Tolovans, 
as well as in adjacent creeks which flow into Hew Creak. Placer 
gold was found in the Hess Creek basin as early as 1892 by Mike 
Hess, a&r whom the creek was named, and this rnltty have been near 
the scene of the recent discovery. The present importance of the 

, region is due, however, to the dimvery of placers on Livengcad 
Creek by Jay Livengood. rtnd N. 8. Hudaon on July 24, 1914. 
Much excitement was aroused at  Fairbanks and other Yukon ca.mps 
by their discovery, and during I914 and 1915 hundreds of people 
went to  the district. 

Hystemat-ic mining began in the summer of 1915. While there 
was a large amount of pmpcting, only a b u t  10 minee were 
commercially productive, but these made e gold output to the 
value of $80,000. Considering the isofation of this new camp and 
the fact that much of the placer ground is deep, requiring boilers 
and hoists for proper deveiopment, the results of thi fi&season9s 
work am vew encoura~iw. - - 
The entire area within which gold placers and prospects m 

known was mapped topographically by Wither~poon and Oliver in 
1907 and 1908, and the geology of a, part of the region has been 
studied by Prindle, Hess, and Katz,8 but these investigations did ont 

~ ~ s c r f p t f m r s  of  boundaries of ToIovaaa recording prednct are not adlablet at t b i ~  
writing. 

*Witberepmn, D. C.. and Oltver, R. B.. Recoanrlsmnee map of Fairbanks ~aadrangle: 
a, S. -1. Bmw Alaska map No. M2. Prlce, BO ceutr. 

*Mndle,  L Y., The FaLrbanh nnd Rampart quadrangles. Alaska, wlth a &ion on 
the Rampart plsceta by 5'. L. B-: U. T.. Qeol. 8urvey BdS. 337. 1908. 

Prladle. X A  M., and Kutz, F. J., -4 geologic reconnalaaerree of the Faisbanks quadrangle, 
Ala~ka : U. B. -1. b e y  Ball. 6!B, 1818. 



cover the mne of tha actual mining on Livengod Cmk and ita 
tributaries. A Iarge amount of information is, however, svaiMIe 
from the oprators and proqmtorg and it was the writer's good 
fortune t o  meet a number of these men. merefore, while the follow- 
ing statements are bot b a d  on the actual observation of the pol- 
ogists, they ma believed to be m m h .  The writer was the behr 
able to interpret them statements hues of his pemmal fa&iQ 
with the region lying immediahly to the mtb of the soene of the 
dimvery.l 

The information contained in the reports above refarred to haa 
been ~upplernented by more detded notes furnished by Jay Liven- 
pod, N. R. Hudson, E-Iarry Patterson, W. Allmark, J. P. Norich, 
Allister McMillan, Falcon J&, C. W. Joynt, and C. P. Keen. 

TOPOGRAPHY. 

The Tolovam district belongs topographically h the Yukon- 
Tmana upland, having the characteristic flabtopped ridgw and in- 
terstmam areas of that province. Ths general summit level stands at 
about 2,000 feet, and many flat-topped spurs, some of lemr altitude, 
radiate from the summits. Several rounded domes md ridges strtnd 
h v e  the general summit level, with elevations of 8,100 to 2,600 feet. 
Of similar character, but of far @eater relief, are the White Moun- 
tains, which lie about 20 miles east of the center of the district. 
This rmp, one of the most rugged femtuw of the whole Yukon- 
Tanan* region, being from 3,000 to nearly 5,000 feet in altitude, has 
a sharp crest Iine trending PJ. 20' E. In the Tolovana district 
proper there am no ddnite trends to the ridges, for thwa are 
irregular interdream areas blocked out by a complex drainage 
gystem. 

The Btreams draining the area form an'intricate system. The mas- 
ter streams, such as the Tolovttna, occupy broad duvium-filled 
valleys through which they flow in tortuous courses. The lower 
reaches of the Tdovana meander through s lowland which near the 
mouth of the river is over 25 miles in width, but which gradually 
nwrowg upstream, so that at  the mouth of Livengood Creek the 
valley floor is less than 4 miles wide, and farther up it becomes still 
narrower. T h e  tributary valley slopes rise gently from the Tolovana 
;Boor to the upland surface above. They are broken here and there 
by terra=, in part well defined, in part masked by talus. 

Hws Creek, the mond important watercourse of the region, flows 
in a westerly corn to the. Yukon through a valley whose floor is 
mme 5 miles in width. It receives numerous tributaries that .also 

I Brook& A. H, ~ k e  Mount McKLaley @on, Illaka : U. B. 8.1. Suwy Prof. Faper ?(I, 

1911. 



have broad valley floors. PrindIe has mapped terraca along tha 
dopes of Hasa Creek md its tributsries, and athem sre reported by 
prospectors as occurring in the unmapped aress 

The upper basin of the South Fork of H m  C d ,  called Qold- 
Btresm by the miners (PI. IX), lies directly east of the headwaters 
of Evengood Creek, and is a wide, flat-bottomed valley through 
which the s t m  meandem Its valley s l o p  are gentle, but are said 
to be broken by benchaa This part of the valley of Goldstream is a 
mile or more in width. About 2 miles above the mouth of Willow 
Creek the valley floor narrows to 800 or 800 feet, the walk are steep 
and lack benches, and the strenm maintains a rather straight course, 
At the month of T%'illow Creek the valley widens again into a broad 
basin and the dream again t~kes  a tortlious course. Here the valley 
dopes are broken by broad gravel benches. There i~ a very low, ap- 
parently -el-filled divide, between tha head of Fedro Creek, fkibn- 
t a q  to South Fork below Witlow Creek, and the head of the west 
fork of Myrtle Creek, tributary to Livengood Creek. In fact, these 
streams head in the same flat with Excelsior and Lost creek Liven- 
good Creek heads in a low, gmvel-flled divide which separates it 
from Goldstream. Its valley, like'mnny of the other stream valleys 
of this region, is nnsgmmetrical in cross section, having a gentle 
talus-covered slope on the northwest and an abrupt slope on the 
southeast. Relow Mydle Creek, s northerly tribntary, the valley 
broadens. From this point b its junction with Tolovana River the 
dream meanders over a flak valley floor 2 miles or more in width. 

There ia a very low divide between the head of Pedro Creek, which 
flows into the Swth Fork of Hess Creek, and the head of the West 
Fork of Myrtle Creek. The facts in hand indicate that them have 
been' extensive changes of drainage in this region. dabam Creek 
may,have been the former head of Liven@ Cmk, and a single 
creek may have occupied the valleys of what are now Myrtle and 
Pedro creek It appears probable that the Imd Creek bagin for- 
merly drained northeastward to the South Fork of Hess Creek. 
Whether the South Fork was then tributary to Hess h k  or found 
a mom direct rouh northeastward to the Yukon Flats it is not 
paasible to  dehrmino from the facts now horn,  but the l s h r  intsr- 
pretation of the old dminage lines seem the most likely. Aa alter- 
nate hypothesis is that at  this time the West Fork of the ToIovanr 
found an outlet through the Livengood Valley, Rcrdss the low divide 
rmt its head, and into Goldstream. It is also suggested that a, former 
w11tere0ur-a mmected the upper Tslovana and the Beaver Creek 
valley and probabIy discharged inta the Tolovana Flata. This 
former drainage system, however, hns not yet been sufficiently inves- 
tigated to permit a definite strttement. The direction, of even the 
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master &mama of the dd drainage system i~ indeed by no meane 
certain. If such diffemnces of drainage were in sxistsnce at the 
times of the deposition of the deep placers, as they may have been, 
the f-er m u m  of the waternays become a matter of economic 
importance. 

aEOwCIY.  
= .  

B8hck.-The oldest llDcks of the Yukon-Tanana region am 
those of the Birch Creek sew which mupies sxbnsive areas in 
the Fairb- Birch Creek, and other placer districts. This forma 
tion k not represented in the Tolovana district. The Birch Creek 
schist is overlain by a greltt thickn~ss of sediments, including feld- 
spathic sdstoneq congEom&ra~ and graywwkw, with slates and 
wme limestones and cherts. Interbedded with thase sediments are 
some ancient Iavas and deposits of volcanic ash which have been 
more or less dhed and can now be collectively berm4 green- 
stones. This whole seriw, which on detailed surveys will undoubt- 
edly tw mpamted into wveml formations, has been placed together 
under the nrune TataIina group and provisionally assigned ta the 
Ordovicim period In the White Mountains there is a great mi* 
of heavy limestones that, so far as known, succeed the Tatalina group 
and range in age-from Ordovician to Silurian. Same of these rocks 
are very siIimu8, and they are in part highly crystalline. These 
limestones are believed t o  be mparated by an uncwformity from the 
oIder Tatalina p u p .  They are in turn succeeded by s series of red, 
green, and black slates, sandstone, and conglomerates called by 
Prinde the Tonzona group. Middle Devonian blue limestones, with 
some slab, make up the next higher series, and these ara 6 ~ - d d  
by greenstones with some interbedded cherts and lirnestonw, which 
are provisionally assigned to the Devonian. Them rocks are ovw1ain 
by Ctbrbonifesous gray and black shalw and d i c m  slates with 
wme cherts. ,?'he whole Pdeozoic sequence is cut by granitic and 
related igneous mkg probably of Mesozoic age. 

The formations of the Tolovmw district are believed ta belong to 
the several series above named. It appears thak the bedrock of the 
gold-baring area consists chiefly of cherty crystalline limestone and 
black and red slates, with mme chert beds. The gremstone is re- 
ported to be in part altered to serpentine. Quartz veins occur in the 
greenstones and are believed by many to be the source of the gold. 
Dikes of $-tic rocks are common in the sediments, and there am 
some large stocks, as in the dome a t  the head of Amy Creek, The 
formations math of the Tolovma, including the Wilbur Creek b~sin, 
asre said to conaid of b l d  shales, sandstone,-and limestone. 
T h e  limestone disintegrates after being mined. If appears that 

the gold-baring gravels are largely greenstone and chart, as well as 
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quad. The chertp, are reported to 5e bIack and reddish. Th~se 
rockst appear to have puzzled some of the; &em, who have mimamed 
@m argillites." 

A W m - T h e  hfomlttiori st hand hdicek that the alluvial 
deposits of the district belong to four diflerent c l d e e p  gravels, 
bench grarels, creek gravels, and talus or slide material. The deep 
gravels are nsually covered by a considerable thickness of muck or 
talus. Some layers of clay have been found with the deep gravels, 
T h e  dlnvitun will be discussed in greater detail under the descrip- 
tion of the pkwrs. 

GOW PLACERS. 

Auriferous gravels stre widely distributed in the Tolovans district. 
The area in which gold prospects have thus f a r  ban found is about 
10 miles square and includes Livengood Creek and its tributaries, 
Borne streams flowing into the Totovana above the mouth of 
good Creek, and the upper basin of the South Far$ of Hsss Cmk. 

The nuriferous gravels occur in the h d s  of the present streams, 
in buried channels, and in bench e v e l a  Up to the present time 
most of the gold has been won from the deep channels of Livengod 
Cresk, which have proved to b far richer than either the stream or 
the bench pl~cers Some shallow placers have also yielded gold, 
notably on Olive. Creek, but only prospects have been found in the 
benches. 

The only deep charnel which has hem opened ia  on Livengood 
h k ,  where i t  lies underneath the bIus dopa on the north side of 
the valley. This channel is in geneml parallel to the axis of the 
valley. It appears to have been pretty definitely traced for at  least 
2 miles, m d  some evidence of it has been found along n dista.nm of 
4 miles or more. As in other districts claims rre staked under two or 
more nsmes. First there are the creek claims staked along the 
present watarcoum. Psrdlel to them are the bnch claims, which 
may be on the valley flmr or on the talus dopa Where the valIey is 
wide there may be one or two or even t h e  or four tiers of bench 
c la im These sa-called bench claims on Livenpd  Creek ere not on 
stream hrraces,  as the name would imply, but on the talus slope of 
the valley, underneath which, it is suspected, lieg a buried channel. 
The claims are numbered from Discovery cIsim up and down stream 
and are designated " No. I below? " No. 1 above," stc. 

A shaft was mxnk a t  "No. 9 below '' to a depth of more than 200 
feet without reaching bedmck. So far as h o w n  to  the writer the 
farthest point downstm.slbm that gold has been found in the deep chan- 
nel is at bench daim No. 4 below Discovery, where B ahaft 125 feet 
deep was snnk to bedrock and was in gravel for the entire dishnce. 
At No. 2 below" a & ; h a f t  was sunk: 280 feet, which did .not reach. 



bedrock. Thim shdk aIm was chiefly in gravel but p i e d  t h m  layers 
of stickg clay, or '6gumbo,'' as the minem d d b  it. One of the 
la- waa 17 feet, one 70 feet, and one I20 feet below the mrfac~. 
Pmspects of gogold were found on them clay strata,, the highest valne 
being about 1 p i n  t o  the pan. At Dimvery claim on Livengd 
Creek the valley ia broken by a central ridge of hard rock which 
stands ebmt 12 feet above the slope on the north md 40 fed above the 
present stream on khe south. This ridge separates the deep channel 
from the premnt stream valley. It is traceable downstream for 
3,000 to 1,500 feet and upstream for about 3,000 feeb. At ' No. 2 
above" the ridge merges into tba north s lop  of the valley, or, in 
other words, it ia covered by talus above this point. Upstream from 
the upper end of this ridge the north slope of Livengood Creek is 
mther gentle, but there is some evidence near tho creek that a rock 
scarp is buried under the talus. At Diaovery claim Li~engood Val- 
ley is about a mile wide. At <' No, 5 above " it narrows to about half 
a mile, and farther upstream it broadens out again. 

There has b n  much prmpecting near Discovery claim, and holes 
h ~ v e  been sunk on the creek cIaims as well as on the first and wxnd 
tiers of bench claims. It is said that by this work and by the dis- 
coveries in, creek gravels some gold has hem found over a width of 
8,400 fd At Discovery bench the deep channel is from 100 to 110 
feet below the surface. Of this about 50 to 60 feet is silt or' muck. 
The shaft8 sunk on tbe fist and mond tiers of bench claims near 
Discovery show the bedrock to be from 40 to 90 feet deep. Here 
the overburden consists of muck, which contains fragments of wood 
and mme vedbrate remain& At "Xo. 5 above, fourth tier bench," 
there ha9 been considerable mining. Here the ground is 90 feet 
deep. Productive mining has dm been done on "Xo. 5 above, first 
tier"; on &No. 4 above, third tier"; on cLNa 3 above, third tier"; 
and on L 4 N ~ .  19 abv&" 

Halfway between Wonder and Fnrnklin creeks a hole 78 feet deep 
wag sunk to bedrock, and 300 feet away, Higher on the slope, andher 
&aft 28 feattobedrock; stil lhighit  is only T feetto bedrock. The 
deep hole contained no "slide" material; the shallow hole consider- 
able. On "No. 19 above" on Livengood Creek some deep ground - 
has been found, but the writer did not learn the depth to bedrock. 
On the "fonrth tier bench No. 5 above,'' the. bedrwk on the north 

is said to rise by a wries of benches with 2 to 3 fmt scarps. A shaft 
was sunk on the %bird tier h c h  No. a a h , "  where the alluvium 
is 40 to 50 feet deep. 011 the Red claim, a short d i W m  above 
Wonder Creek, a hole has b n  m k  80 feet to bedreck. This is the 
farthest up Livengad Cmdr that holes had been put down to bed- 
m k  in September9 U16. 



Not enough work has been done on other tributaries of Tolovann 
River to indicate the presence of deep channels. the South Fork 
of Wess Creek, however, two localities of deep ground have been 
found. Just acrms the divide from Livengad Cmk,  about half a 
mile below Mabarn Creek, a hoI@ has been sunk 100 feet to hedrock. 
This is on the upper part. of South Fork of Hem Creek, here called 
Goldstmam, on claim " No. 7 above." It is probable that 40 or 50 
feet of this 100 feet was gravel. About 13 miles below this point 
three hoIes h a ~ e  been suak In one no grave1 was found, only talus; 
in the other two about 95 feet of gravel with no gold. Below this 
locality the gravels do not seem to  exceed 25 feet in depth except at  
the mouth of Pedro Creek, where the depth to bedrock is 90 feet. 
Of this, 80 feet is p v e I ,  dl carrying colors of gold, and the top 10 
feet is muck. At this Iocal.i@ there seems to be no concentration of 
gold on bedrock Abva this deep ground is the narrow part of the 
vdley , and here the aUuviam is only 20 to 25 feet deep. A hole has 
been sunk on Alabam Creek, on No. I below Discovery, about 1 mile 
above the mouth, where it is 52 feet to bedrock. Half a mile above, 
on the slope, ahole was mnk 125 feet, It was said tobe chiefly in 
gravel, but bedrdFk was not reached. 

Information about the bench gravels is not very definite, except 
that they occur at mweral localities. Thick beds of p v e l  have been 
found on the east side of Hem Creek below Willow Creek, as high 
as 200 feet ahve the stream, and aro mid to carry gold, It is m- 
ported that there are at least four well-marked benches on the south 
side of Livengod Creek, but no gravels have yet been found on 
them. 
The present stream gravels include- thase of the main &rean and 

the tributaq gulch= On Livengood Creek the creek gravels are 
separated from the deep p v e l s  by the bedrock rim already de- 
scribed. At Dimvery claim the ctwk gravels are 18 to 20 feet deep. 
The &ion indudes 6 t6 10 feet of green silt or clay and 10 to  l2 
feet of gravel. The gravels in thci creek seem ta b of the 
character aa thme on the bench, but the gold is brighter. M~ny of 
the tributaries of Livengoad Creek carry workable pIacera, and so 
do some of lthe streams flowing d i d l y  into the Tolovana, from the 
divide between Livengood Creek and Tolovana Riaer. In the opinl 
ion of the miners the streams flowing over the bench ground north of 
Livengod may have derived a part of their gold from deep placers. 
AB a matter of fat, however, this can ba Itrue only where the work- 
ing have actually reached the depth of the old channel, in which 
case they sre not properly creek placers, but deep placers 

The creek placers of Livengod Cmk proper have been opened 
at k v e r y  claim, but have not been mined an a eumemial scale* 
Their gold content seems to  be too low to w m m t  exploitation under 



the conditions existing in 1915. As a w 1 t  the creek has baan but 
little prospected. Several of the tributaries, however, have yielded 
workable placers in gromd that was shallow enough to work by 
open cuts. 

At L' NO. 4 above " the c m k  has been m n t  and the pay strsag is 
reported to be 80 feet wide. Shallow pl-m have bsen mined on 
Lillian, Gertrude, and Franklin creelcr, tributary to Livengood 
Cmk.  

The gravels on the streams flowing directly into ToTovana River 
rrbo~e Liven@ Creek are shallow. In 1915 productive mining 
was done on OIive Creek, and prospects were found on Ester, Cleary, 
and Wilbur creeks. 

Most of the data relating to the distribution of &Ed in the other 
creeks are contained in the account of the alluvial depposits already 
p m n t d .  Auriferot~s gravels mrn to be widely distributed in the 
Hess Creek b&, but irr 1915 no definitely workable placers had 
bean locahd. G d  prospects of fine gold a m  reported on Mabarn 
C d ,  and gold has been found in the bars of Hess C w k  40 mifes 
below its f o r k  On " No. 7 on the SouLh Fork of Hess 
Greek, 'L pay streak " gold with 7 to 8 cent nuggets is reported. 

The gold of the deep channel on Livengood Creek is dark colored. . 
Although nuggets worth as much as $20 have ken found, the aver- 
age of the gold thus far mined is not coam. It bas the appearance 
of what the miners call ;L pay-streak '' gold and includes bath rounded 
and flat nuggeb. The finer goEd h m  this muxce is flat, but nut 
flaky. Its finen- m~ges from 0.901 to 0.91% md its value is there- 
fore from $18.75 to  $18.90 an ounce. The gold from the p-nt 
stream channels i~ brighter colored and appears to be not so coam 
Nuggets worth $4 and $5 have besn found. But little gold hns been 
mined from the p m t  creek channel, and themfore it is not pos- 
sible to give the hen-, which appears to h less than that of the 
gold from deep placers, 

COMMERCL4E CONDTmON8. 

The town of Livengood, near Discovery clsim on Ev- 
Creek, is the commercial center of the district. It has a posE ofim, 
a wireless station, the mmrding OWCB of the didrict, and a United 
Statea commissioner's office. A settIement at the mouth of the West 
Fork of ToIovma River contains two sawmifls. The region is well 
timbered, but the wahr for sluicing is mot abundant, L ivengd  
Creek is mid to carry t h m  sluice heads of water. PIana have been 
made for bringing water in from adjacent dminw basins to rriine 
tba plscem on Livengoad Cmek.' Water is more abundant +I the 
Bass .Creek basis, ' .  . , + -. - 
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A winter aled and summer horse trail hng been built from Ohess, 
a station on the Tanana Valley Railmad, to Livengood, a distnnce 
of about 55 milee. Road houms have been built along this trail. 
hother  route of approach is by launch or small Bteamer np Tolo- 
vana River, s deep, winding, sIul5gieh stream. It is reported that 
small &earners can be taken within 10 or 15 miles of the nsw camp. 
Livengood ia about 40 miles due ea& of the Yukon at the mouth of 
EIess Creek, which can be ascended in mall boats to points within 
about 15 miles of the camp. 

Tho+ the district is not very difficult of M, it will be rsther 
e+ve to reach with h e ~ v y  machinery. In the summer of 1915 the 
freight rate from Fairbanks to Livengood by launch up the Tolovana 
wna a b u t  $110 to  $140 a ton. It is probable that the winter freight 
rate by wsy of Olness will be lower, 

The deep channel on Livengood Creek seems to constitute the most 
contjnuons plncer deposit which has been developed in this district. 
It has by no msan~ been tr~ced continuously, But what t t m  to be 
parts of the same channel have been opened at several places for 3 
to 4 miles. The richest gravels thus far  developed lie in this deep 
channel and in the streams cutting across iL Tha present channel of 
livengood Creek dso carria placers wbich will be mined when the 
conditions become a little more semIed. Outside of Livengood Creek 
and i h  tributaries them Bas been no prodnctive mining except on 
Olive Creelr, but prospects have been found on several other tribu- 
taries of the Tolovana. Interest of the p r q e c t o ~ ~  is at  present 
centered in what they call the 'LPromised Land," including the bsin 
of upper He185 Cmk.  On the South Fork of Hem Creek some ex- 
cellent pmspecks have hen found but not much coam p l d .  Only & 

few holm httw been sunk to bedrock. It is fair to say that this region 
wns practically unproqmted in the fall of 1915, except for surface 
p a n n i w  Prospects are also reported on Moose and Grouse c m b ,  
which lie northe& of the Livengood region. 

41354"-BnU. W-1-14 





EXPLORATION ZN THE COSNA-NOWTIXA REGION. 

The area hem c d d  tho Cosn~-NoPriha &on extends sauthwsrd 
fir>m Yukon and Tanana rivers to Lake M i n c h d a  snd the North 
Fork of Kwkokwim him. It m h e a  from the longitude of Coma 
on the esst ta Nowitna, River on the west. (See indox map, @. 14.) 

Prior to 1915 the topogmphy and geology of t'lli8 region were 
practicdly miknom except its eastern margin, whiah had b m  

hvereed by He6on.' Few pro~lpecbm h d  visitad it, and ao far as 
known the @on had no particular ewnomio importanm. In the 
m m w r  of 1915 a mall &logical Sufvey p&f h ah- of the 
wri* made a rbpia exploratory trip from the Tanme at a s n a  to 
the hdwatere of Nowitna River, following in a general way the 
I-, J. E., in A b h ,  18% War Dspt, A@+ M ' r  OtBra, No. pp. 1-77. 

-pa, 1m. 



Yukon-Euskokwim divide. A pack train of seven horn waa used 
on thie trip, which took from June 12 to  August 26. The h o r n  
were abandoned on the upper Mowitna and the party pmeeded 
down the river on n raft, emiving at Ruby September 3. 

Topgrsphic work waa carried on by plane-table method, and 
most of the uplauds between the plains of the Yukon and Kuskokwh 
were mapped. h 1 o g i c  mapping was extended over pmt icdy  the 
same area. The multing m a p  will be pubIished in connmtion 
with a more complete report on the region now in prepamtion. 

The topography of tho region shows two contrasting typ-the 
plains and tha uplands occupying about equal a m .  

The plains are de~oloped on unconsolidated depoaita at various 
altitudes up to sbout 1,200 fmt abbvo sea level. Their relief is 
generay low, nn they have ody minor mrface irregularities such as 
dunes and honowa, tarrtLcm and canyon-like v ~ U e p  of locally in- 
trenched drain* linm. The pltbins border the uplands on the 
north, east, and south, extend broadly inta the principal vallep of 
the upland mas, md in places mntinue through low passes from one 
drainage baain to another, dividhg the uplands inh aevsrtd more or 
less distinct are=, 

The uplmds are bedrock feahcm. They vary in contour fmm 
strongly rolling hills and ridgas ta f d y  w e d  r n o h t a h ,  The 
mumnits rewh dtitudes of 3,000 foet or more above sea level. Their 
relief is generally strong, measuring from 1,000 ta 2,000 feet within 
short distances. They 8se higher and me m n h u o u ~  over bmder  
areas in the wmtern pmt of the ragion than in the eastam part. 
Still ftwther east, boyond the area surveyd, w v d  small isolated 
ranges and hius wore seen, rising a b ~ e  the plaina like islands from 
tho sew. 

D W A G E .  

Tbe region is drained by ~treams of tho Yukon and Kwhkwim 
river systems. The main divide in the central and western partcs of 
the region haa a ganeral northeasferly trend and lies very close to the 
come of the North Fork of Ku8kokwkn River. The northeasterly 
trend continu= ta a point &bout 40 miles north by northeast of 
Lake Mbcumina. Here the divide turns abmpdy wound the 
haad of North Fork and runs south by aouthwmt past the west end 
of the l&e md then in a general southerly direction to the A l d a  
Raag;e. 

The drainage of the upland area northeast of L&e Minchumh is 
divided among an extraordinarily large number of dimtinct a s  
The south, eaat, and north slopes d r h  Into &a Kantisbna, Zit- 
~- ,  Coma, and atanana rivers, t11bataries of the Tanma; the 
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west slopes into n bmcE1 of Titna River, tributary to the Nowitna, 
md into the Korth Fork of K u s k ~ ~  River. 'Shus there are six 
streams, d of considerable size, that b a d  within rt few miles of the 
same pint. 

The upland of the WE&- part of the region for the moat part 
drabs  northward into the Nowitna through !Iltna and Sulukna 
riven. The North Fork of Kvskokwim River receives only short 
northerly tributaries in thia pad of the e o n .  

The Emtiha River bmin includes only a small area in tho south- 
eastem part of the region. Several small streams that drain south- 
w a d  fm the upland flow out upon the alluvial plains md ompty 
.either into Lake Minchumina or into t.he Knntishnn a short distance 
below the outlet. The Kantishna flows northeastward from Lake 
Minchumina to Tanma Rirpr, IL dir~ct  distance! of about 80 miIrs. 
ma distance dong the ooursc of the stmam is  prohehly mom than 
twice rn mat. The Kmtishna rewivm most of ih wakr from a 
n m h r  of large southerly tributsrics that hcad in tho Alaska Range. 
It is said to be nsvigablo for launch- or small stamboats from ita 
mouth to Lake Minchumha. 

Zitziana River has not h e n  ~hown hitherto on the m a p  of this part 
of Alaska and has h e n  known only to tho natives md a very few 
hunters and pmapectom. Its basin lies pant of that of &na River 
and north of the area drainrd by t h ~  Kantisha. A few southwesterly 
headwater tributari~s head against 4he Korth Fork of Kuskokwim 
River. The basin lies almost pntirely in the  are8 of alluvia1 plains, as 
only the exheme aouthwmterly headwaters drain my part of the 
uplands. The main s h a m  flom northeaqtward for a diwot distance 
of about 40 mitw to Tanma ltivcr in tho vicinity of Hot Springs. Its 
valley, which is deeply intrenched in the silt plains, is a quarter ta 
half a mile widn. The atccam  AS an extreme meandering habit, so 
that the distance dong it from mouth to source is several timm as. 
great RS the distanco by n dirrct Bne. I t  is navigable for canom or 
poling boats wt911 up to i& head. The gradient iy very low a d  the 
current comospondinglp slow. 

Coma River is of about tho same size as the Zitziana. Ita tributac 
ries bead against thoso of the Zitzitma on the east, the North Fork of - 

Kuakokwim River on tho sauth, an nd the Chitanam on the west. !Ih 
weatcrly and eoutherly tributaries hcad ia the uplands and flow out 
upon the silt, plains, which hava a broad extent in tho basin. h iits 
lowor come tho stream has a low grade and is sluggish and meander- 
ing. Toward the uplands the grade steepam and the comes of the 
tributaries am mom direct. The Coma is navigable only for canoes 
or poling boats. 

Chihantr (Redlands) River drains an area lying west of the Gosne 
River basin and nhut twice rn large. Its southerly tributwies head 



tbgainst thorn of the Titna, and its westerly bihtaries against thorn 
of Nowitna River below the Titna. The greater part of the drainage 
basin is in the area of tho sQ t plains. Uplands p d y  border the basin 
on the emt and south only. The extreme distance in a, h t  line 
from the mouth of the Chitanma t~ the rim of it3 basin is probably 
less than 50 d m .  Yet, owing to its very devious pd c o u m  md 
meandering habit tho distance along the stream is probably at lemt 
three times $S great, The main strrarn is deeply intrenched in the silt 
plains, exposing in places sheer blrdfs of silt 400 to 500 feet h h .  The 
stream is said to be exmUcnt for canoes or poljng boats far up its 
Bourse, 

Nowitna River drains considerably more than half of the central 
and western p& of the region, through Suluha, Titnra, and Big 
Mud +em, its chief emhrly tributaries, named in order going down- 
stream. The Sulukna has ita sourco in the highest uplands of the 
region, the l imebne mountain range about 50 milm muthwest of 
Lake hchumina and near the North Fork of Kuskokwirn River. 
It flows in s, general northerly direction for an air-line distance of 
about 45 miles to its junction with the main river, 10 miles above the 
head of the canyon. Ib emterly tributaries head qaiast two I m p  
southerly tributaries of the Titna; its wcshrly tributariev against 
t h m  of the upper Nowitna. All its tributaries head in prominent 
uplands, but the lower c o r n  of the mein stream is through a broad 
silt-Wed bash which marks thp western limit of the present survey. 
Pohg  boats have been taken up the Sulukna to pink- wen 'back in 
the mountains, 30 to 35 da in a direct line from its mouth. To 
do ths, bowover, required numerous portages around beaver d a m .  

- 

Titna River drains a broad area bounded on the west by the 
Suluha ha4n, on t,he south by the North Pork af the K1~9kokh1, 
on the emt by the Coma and Chitanma basins, and on the north by 
tho Big &lid River basin. Its extreme oasterly headwaters head 
agninst the Goma and it flows in a generd westerly direction a 
straight distance of a h a t  45 miles to  the Nowitna 21) mi los  below 
the mouth of Suluka Riper. In this distance it roceives three large 
and several small sout.her1y tributaries. The uppor southerly tribu- 
tary ia called the main b a d  of the Titna, although amder than the 
east& branch or the other two southerly branchcs, dl of which have 
headw fltera farther from the mouth of the Titna. The next southerly 
tributary below this stream is the Sethkokna, a large clear-water 
stream that heads q h t  the North Fork of the Ku~kokwim and 
Sululma River 40 miles t~outhwest of its mouth. Tbe other southerly 
tributary, the Talsitna, joins the Titna 15 miles downstream from 
the Sethkokns and heads 25 miles to the saulthw~t, against an sasb 
erly tributary of Sulukns River. Thus the Tiha hm four large 
b m c b  that m na~igable for poling boats wdl  towtard their 



heads. flow through &her bmad d e ~  with a shng1y man- 
dering habit. Tha Sethkokna and Telsitna have relativdy steep 
grades and mift water on numerous rifles. There are said to be 
rapi& on the TeIsitna mar its month and also on the Tihabdowthe 
T&itna. The TEtna rapids are reported to be rather difEcult at low 
stages, but easily traversed by skiUful boatmen at medium or high 
a%-. 

Big Mud River is an east& tributary of the Nowiha and joins 
if about 83 mila M o w  the Etna. Its easterly tributarim head 
against the Chitanma an3 it,a southerly tributarie against the 
Titna. It is somewbat smaller thm tbe Titna, but c ~ n  be tra~emed 
by poling boab for a considerable distance. The Big Mud drdm R 
large area of silt plains and d e r i v ~  its name from the great amount" 
of silt which it carrim during ?ugh stages. 

The main upper branches of Nowitna River bead against Nixon 
Fork of Kwkokwim River. The mouth of the Nowitna is about 14 
miles above Kokrines village, on the Yukon. The direct distance 
between its mouth and the divide at ite e x t r m e  heed is about 125 
 mil^^, but the actual mulge of the stream between these points is 
abouk 360 milea long. Belm the S u l h a  the river flow for 166 
miles tu cover an air-he distance of 57 miles. In ita lower cuurse 
the grade is very low and the current ia corresponwy slow, from 
half a mile to 2 mil- an hour at ordinary st-. For a long distltflce 
above its mouth the depth of water at m a n  st- is from 20 ta 40 
feet. It is navig~ble for launches, scow& and ahdmaSdt sham- 
boator for at least 100 miles. 

The North Fork of Kwkokwh River beads against h a ,  ZiEzi- 
me,  and Kmtiahna rifpem in the uplands of the eaatem part of the 
region. It flows in s general southwesterly direction beyond the 
m a  of the p-t sumey without receiving any large tributaries. 
The northern limit of ita drabage bash is near the south margin of 
the principal upland area, which is drained mainly by the tributaries 
of the Nowitna, tllredy described. T h e  southerly tributaries of the 
North Fork head against streams that bdong to the Kmtishntr 
system. It is favorable for the use of canoes or poluig boats to 
a pint within a few mil@ of its head. 

FORESTS .AND TEGETPATXON. 

The kt+Nowitna mgiw is h o s t  enti* foreatad, owing to  ita 
generally low dtitude. Only a few s m d  areas lie above timber h e .  
which is about 2,000 feet above sea bvel. Below timber line there 
are smd vntimbered areas in places where soil conditions are appar- 
ently unfavorable. However, such areas are of only negligible 
h t ,  so that the entire region, so far as ordinmy umm are con- 
cerned, may be regarded an forssted. 



S p m  d birch are generdly the dominant apeciea, but in some 
p h x s  mttonwood md tamarmk are the more abundant. The 
l q e s t  epwimms of spruce grow along streama and at the heada of 
vallepa, where trm 2 fmt or more in diameter may be found within 
any comiderable area. &ng the main rivem there me large are= 
of heavy spmw timber. Stuntad spruca tam grow generally over 
poorly drained areas md axe the chief form of forest growth in the 
swampy areas of the duvial p l a b .  Birch, on the other hand, doee 
better on well-drained slopes and .fin& a favorable habitat on the 
scarp faces and dunelike hillmka of the hJluvial plalns, where it vim 
with the oothnwood. The tamarack grown sparingly in all pa* 
of the region, but appears in perfection only in the areag underlain 
'by limestone, eapecidy on northerly slop-. In some such areas 
tamarack trees form the forest p w t h  sxclusively, and the I q p t  
specimens are a foot or more in diameter. 

Willow and alder me the most useful of the srnaUer species grow- 
ing in the region. They thrive along water c a m  and a t  timber 
h e .  The dder is vduable for fuel for hgh a m p a  and is to be had 
in all parte of the mgion. The willow is Im valuable for fd, but 
supplies agreo&ble for* for hones and browsing m.ima2s, In 
mme places the pack horses subsisted on d o w  for d a p  at  a time 
and showed a preferonce for this food even when gass wm~ avail- 
able. The willow growth dong some of tha low-lying streams ia 
remarkably heavy, attaining heights of 80 to 40 feet. Some very 
old trees, 18 bchea in diameter, were on a branch of the 
SethZrakPa. 

The vegetation of the region, bedidea trees, corisista of mosaes, 
grasses, shrubs, and a great vmiety of herbaceous plants. The 
sphagnum varieties of moss ape prevdqly  abundant and, growing 
in company with bunch grass, blueberry busha, and tra- birch, 
give s soft, 'E~boriow footing over the whole region except in the lime- 
stone areas. G r w  is not in the region, but outside of t b  
meas underlain by limcshne it can be found in quantiti~s sd3icient 
for the needs of pack animala, provided camp is held only a day or 
two at my one plaoe. The soamity of g r m  in parts of the region 
waa of considerable inmnvenionce to the Survey peuty, and had 
it not been for the willow used as forage in the limwtona belta the. 
horses would have fared atiU worse than they did, 

Blueberria, currants, raspberrie, and cranberries rn found in 
the region. Tha bluebmiea and cranberrim are to be had in anlim- 
ihd amount, but the others am rather scarce. 

FISH AND GAME, 

Pod &hea are fairly abmdazlt in the atreams and mme of the 
Iskm of the region. Salmon were aean on the North Fork of Kuako- 
kwim River near ifs head and on the Sethkolma near the middle of 
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ita m e .  Grayling are plentzd in both large and small s t r e w .  
' b u t  were taken only in the deaswater streams that drain the 
limestone mountains. Pickerel and other speoiea are said t o  be 
foimd in the larger Lbs that have outlets. 

Lmge game is very abundant in parts of the region. Moose and 
bear wem seen almost daily in t h e  area between Lake Mhchumina 
and Sulukna River, and bright gme traila indicata this to be an 
uu~ually favorable game country. No brown bear were seen, 
but the black bear is so numerous in most of the region as to be 
more or lese of a nuiaanco. Caribou were not so plentiful, a single 
swimen shot on a tributary of North Fork being the only one seen. 
Howe~cr, well-worn oarihu trails in the eastern part of tha region 
md old Indian fences, now in disrepair,  how that this canimal fre- 
quents tho region, at least during its migrations. 

Wabrfowl, inchding ducks, gcrese, manes, and BWW, were seen 
on the Iakm and stream~1. Land fowl wme h m t  entirely lacking, 
but thh is prob&bly hmporary condition, ~s them spmiw we 
said to disappear and gmw numerous aghin more or less periodically. 
They were formerly plentiful and undoubtedly will be so again in a 
few years. 

Fur mimala, inclnding fox, lynx, martin, mink, and beaver, were 
seca in diffoxent parts of the rogion, and trappers report good 
cabhcs during the lrsst few years. Beaver are very numerous on 
tho tributaries of North Fork and of Nowitna River. Their dams 
so obtmct some of the vallep that it is d f l c u l t  to  trayel through 
them with a pack hain. 

The region is practically uninhabited during the wmmer, but in 
winter half a dozen white prospectors and trappem .and a few natives 
sojourn for a longer or ahorter period within its boundaria. The 
nearest native mttlement iq Coma, on Tanana River, which consists 
of but a few families. Formerly there was s comiderrtble native 
population in t h e  region of North Fork and Lake Minchurnina, but 
they bme beem so doplatad by rneaeles and other diseases that there 
are now said to rcrnein scarmly 50 individuals-mostly adults. 
Parts of the rogion ueme as hunting grounds for natives of both 
T~nana and Kmkokwim tribas, but there are 1- areas that appar- 
ently he  mldom if ever visjbd by either naltivss or whih .  

The mmt andable rouw of travel in summer are those furnished 
by the principal qtmems of tho region. Winte~ h v e l  across the 
+on from the vicinity of Lake Minchumina to Yukon and Tanane 
River mttlemenh mainly follows two principal mutes, which me 



marked by more or less dehita  trails. Thesa tmi3s are apparently 
very old, and at prwent where Been they are somewhat overgrown 
and in disrepair. 

The mute from Coma to Lake fi&nmine leads up Coma River 
for about 25 miles, thence eastward acroes a low divide to the head- 
waters of the Zitzians, and thence mound the east margin of the u p  
b d s  through another low pass into the vdey of a s b m  flowing 
~outhwestward into. the bke. The other wintar mu& from the 
hke b the Yukon leads northwestward across the upper basin of 
North Fork across a low divide to the Titna, d m  this stream to a. . point below the mouth of the Sethkoha, and thence northward 
scross the low country to the Yukon above Ruby. 

A number of other trails were seen, chiefly those made b y  hppeza 
for short distancw along their &ap hes. These follow the creata 
of many of the timbered ridges in the astern p ~ r t  of the region. 
Farther west, where the upland ridgee and divides are more uneven 
and laok ttimbar, the traih are ]mated chiefly along the streams in 
the valley bottmm. 

The trappem and prospectors who frequent the region g e n d y  
outfit at Tanma or Ruby and get their supplies to their base camps 
during the open wason by poling boat, going up Nowitna River. 
They bring out thejr fura in the apring by the same m e w ,  following 
the bmk-up of tbe ica on the navigable streams. 

The geologg of the region is rather complex. The mckm are of 
many different kinds and ages, aa is indicated on the accompanying 
geologic eketch map (Pl. X). They aro hem ~eparated into I I  
Merent p u p ,  a c c o r d ' i  to their Pithologic and s t r u c t d  a5ities. 
The ages of some of these group are defmitery known from' the fomiIs 
which they furnish; the dative ages of other group may be inferred 
from their a h c t m l  ralstions; sad still other of the group a n  not, 
from the data, st hand, be assigned with my great assurance to even a 
general position in the geologic column. 

FaaaiIa were collected from limeatme beds at t h e e  different IocaIi- 
ties. Two of the collections represent a Middle Devonian and one an 
Odooician horizon. The Ordovician fossils w r e  taken from a a g l e  
bed in a thick l im~tone scrim that occupies a I q e  m a  in tho 
southwmtern part of the e o n .  One of the Devonian callections 
waa made on the headwatem of Chitmane R i m ,  and the other nsar 
the North Fork due w a t  of Lake &finchumins. The De~onian 
rocks include, besides the fossilifoms limeatones, calcamm and 
carbonmmus slates. These locks crop out at inkmb along a zone 
lying betwean the &o f d  ImxLiti~. 



Tho Ordovician limestones are undarlain unconformably by a 
metamorphic series, which is sepmted into toPo groups--sn upper 
p u p  composed chiefly of schiste and quartzites and a lower group 
composed chiefly of limwwnw and pmtonm.  These metamorphic 
rocks mhnd northward from the Ordovician limestone area to the 
margin of the silt plains. 

The eastern p& of the region is cwxnpied mainly by a thick series 
of sdhentary rocks that are separabla into three differant groups. 
The bwcr group is compmd dominantly of banded quartzites and 
phyllita; the middle group of grits, sheared sandstones, and 8hte9, 

and the upper group of ch& and slates. 
Two gn>ups of volcanic mcks w e  distinguished on tho map. The 

older group consists of more or less altered diabme and bmdt flows 
which form tho highest part of the Cosna-Chibanana divido, east of 
the Devonian fossil locality. The y o q e r  group includes an assem- 
blage of Iavaa, tufls, and breccias that are extensively developed 
along the same gcneral belt with tho Devonian rocks. There are t,we . 
other small areas of ~olcanic rocks near the head of Tebitns Hivcr, 
covering part of tho fad t con tact between the Ordovician Timestonm 
and the achist and qumtzita p u p .  

Intrwive igneous rocks m u r  in large mtww at several IocsLtiea 
indicated on the map and also in the form of &km that me tm small 
to 'be ahown on a map of this scale. Tbe largsr mass- are batholithic 
in form and typically have the composition of rnonzronita. The dike 
rocks are mainly rhyolite or rhyolite porphyry, although more bmic 
rocks that are probs'hly in the form of dika wera found. 

The mks noted in the foregoing descriptions constitute ten sepm- 
rate pups  and include all the ignmus and wmlidirted sedimentary 
rock noted in this region. 'Ileir masses form the upland featurea 
that cover about hdf tho awa of the region. The othar hdf ia o m -  
pied by.unconsolidrtted sodirnontary deposits, chiefly of silt, which 
form broad temces  and plains at different altitudes up to about 1,200 
feet above sea level. These deposits extend broadly up the prjncipal 
valleys and spread over large amas to the north, east, and aonth of the 
immediate region under discussion. 

ECONOMIC GCEOLOUY. 

Qwrtz veins or other signs of mineralization we not genedy 
abundant in the @on. Veins were noted only locally &boat the 
granitic intmsivm, in the area of the quartzite-phyllite group of 
rocks between the forks of Cmna River and in the prt4rdovician 
metafllorphic mks. At none of these places, howe~m, were they 
very abundant or &My mineralized, so far as could be noted in the 
field examination. 



Sulpbide mineralization has affected the rocks of the qkwhite and 
phyUite p u p  to aome extent, but not in a manner that suggeah any 
sconomic poa8ibbities. These rocla in places cmry finely dissemi- 
nated g~anules of pyrite, and they are cut by rhyolite dikes that are 
similarly mineralized. Weathered surfam of t h e  rocks in places 
ahow iron and copper stains. 

Auriferous minerdkation is nowhere evident from the study of 
rocks in place. However, placer gold k known to occur at two 
localitia within the region--on Baker Creek, a westerIy tributq of 
Sethkokaa River near its mouth, and on American W e ,  a westerly 
tributary of the Tslsitna about the middle of ita course. Plam gold 
has been reported dso from the head of Our Creek, a tributary of the 
Nowitna next above the Sduha, and from a tributary of the Sulukn a 
that heads against Our Creek. 

PICOSIPEcmNCi. 

A great deal of time has been spent by s few prospectors in the 3 
search for placer gold on the tributaries of Nowitm River, and the 
occurrences mumerated &bow hwe been known for a long t h e .  
Exaggerated reports of gold plawra in the region have been circuIated 
among the river aettlemenh at diff went times, and several s w d e d  .s' 

stampedes have occurred, when large numbers of people hurried 
away to this or that locality. So far the occux~mcs of commercial 3- . . 
placers in the region. has not been demonstrated, and during the ++ 

summer of 191 5 the creeks were entirely deserted. However, it should 
be noted that new discoveries on the tributary of the Sdukna heading 
against Our Creek were reported during the summer, and a number 
of prospectors were on their way to thtbt locdity. 

Except in the Our Creek locality, where the alluvial deposits are 
comparatively shallow, the region holds out p a t  diEculties and 
little promise to the prospector, owing to the great depth and breadth 
of the alluvial filling of the larger vaUep. This condition has 
limited prospwting to the smaller streams, which lie relatively 
high in the uplands, Such stream naturally have narrow mlleys 
and steep grades and, as they have performed only a s m 1 1  amount 
of ero~ion, h p  concentrations of placer gold in their papals are 
not to be expected, Tbs mcsntrations that might have been made 
by the larger streams can. be looked for only in the broad depresariona 
that are new floored with deep alluvial deposits. The distribution 
of the alluvial deposib is shown on the map. They exhnd up all 
the Zarger valleys well toward their heads. Wherever these valleys 
were occupied, prior to their alluviation, by stre- of considerable 
she, such as might have formed large plaw concentrations, them 
dewsits probably measure scores if not hundreds of feet ln tkichess. 
F&hemore, the present streams generally do not follow the exact 
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comm of the original stream, and there is no dehite indication aa 
to t,he position of the earlier deposits. Under these conditions it 
seems that erratia p~ospect~ing in the broad, deeply filled valleys is 
not jmtified. 

As gold is known to occur on some of the a m d  and relatively 
shallow streams of the ~egion, it is likely that pmspctors will wn- 
h u e ,  in some measure, the search for profitable p l a m .  The most 
intelhgeat plan to  follow would a p p r  to be that of tracing the 
h o r n  auriferous deposits down the smaller streams and out in the 
broader v d e p  by means of successive crosscuts. Once the trend 
of the auriferous gravels is established the hazard of succeeding 
opmtions wLJl be ~edrtced to a minimum. Whether a syshematic 
plan of p~ospeoting, such as this, is justified will depend on the 
showings i~ tho ~maller streams where work might he begun. Upon 
this point the writer wes unable ta obtain any data. T h e  occurrence 
of any largo mnwntretions in the major v ~ l l e p  is, of course, an open 
qumtion. 
In this mnnection mention ahodd be made of the relation of 

auriferous minemhtion to intrusive igneous mka that is evident 
in the Innoko and I d i t a d  districts, to the southwest of this region. 
Xt seems clearly proved that the introduction of gold into the rocks of 
thoae districts WRS tb phme of the same igneous activitiss that pro- 
duced tho granitic intmivea, and mew in the vicinity of auch 
intrusives hwe proved to  contain the moat mlmble placers. "She 
moaeonitss and granites- of the CowsrNowitna region are probably 
clmly relahd to tba intmivm of the h o k o  and Iditarod districts 
in age and character, and i t  would not be surprising if anriferous 
minsraEaatioa wore ta be found associated with them also. Rowever, 
it ia equdly possible that such mhe&tion may not have occurred, 
for there are grasltm and monzonites in many places in interior 
Alaska that apparently haye no such asmciation. Still, on the whole, 
the vicinity of ignmus intrusive mcka would seem to be a more logical 
place for prospecting than the areas more distant from them. 
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upper reach- the streame charactmiaticslly flow in deep, n-w 
channels, between cut banks, with a geneml ahwce or marked 
scarcity of gravel b m .  This k ppartidarly true of Sulatna and 
Nowitna riven, which drain the northern part of the region. To 
the south, where mountain groups tend b steepen tho headwater 
gadea, this chwteristic is not so marked. 
In two arem within the region local glmiatian has boen pronouncad 

enough to leave a record of its exbtenco in tho present topography. 
About 15 miles east of Ophir there is n high mountain p u p ,  the 
highest peak of which has an altitudo of 4,600 foot. The nma about 
tho headwaters of one of the tribut~riea of Folgor W c k  which hods 
in this group ~ h o m  a welldevelopod glacial topography. Several 
glacid cirques, one of which forms a hanging valley, drain into a 
U+haped valley, in the lower part of which are undoubted glacid 
deposits. The other locality in which glaciation playod an impor- 
tant part is in the Beaver Mountains. , This locality was visited by 
Mddren and later by Eakin, both af whom report the prasenca of 
cirqum, U-~shaped vrrlleys, and glacid deposits. 

TMIBRR Am3 FORAGZ, 

Timber grows in the valleys and on tho uplsnd slopea over much 
of this region. Nowhere ia the growth vory thick or the treoa very 
large, but in moat places the supply is suficient for tho looal dcmanrl. 
Along the valley floors may bo seen bee9 as much m 24 inchas in 
diameter, 'whioh aro available for lumber and for use in miding. 
The smaller trees serve a uaeful purpose as fucl. 

~i>ruce is the most common varioty and occurs from the valley 
bottoms up to timber line. With it are associated biroh, tamarack, 
and cottonwood. Along the creak banks and nenr timber lime, 
especially dong -all drains, alder and willow brush grma very 
thickly. 

The upper limit of timber ia a variable line in the corntry hetween 
Ruby and Iditmod, which is a transition zone bctweon the wooded 
prtion of tho interior and tho treclesa tundra, of southwestern 
A l ~ k a .  In the vicinity of Ruby ~ n d  Imng little timber gmm above 
m altitude of 1,800 feet, md in the country around Iditarod rmd 
Flat them is littlo above tho 1,500-foot line. Untimberd ~purs 
extending well down into the valleys are common everywhere, yet 
in some eapeciatly favored gulch- timber is found ~t altitudes above 
2,000 feet. In general, timber hecoaw scaroer toward the south- 
west, as indicated hy the fignrm given tlbove. 

Forage for stock i~ plentiful along the valley floors of some of the 
larger streams, such aa the Sdetna, the Nowitna, and the Takotna, 
but on the upland slop- pass ia scmca. Where the country has 
been b m d  over and the mow destroyed, however, good graw 
may usually be f omd. 



Game is by PO rnemns plentiful, sspecially near the settlements. 
In the mountain mas, bwk fmm the mining campa, cmibou may 
be seen occasiodly, but nothing comparable to tho immense herds 
of t.he Yukon-Tanana region is h o r n  in this region. A few bears 
are preaent. Moose are seldom m. 

Small game, such REI rabhib, ptarmigan, and grouse appears to 
vary in abandanm from year ta year. blhsionally a porcupine is 
encountered. lhrmg tha summer of 1915 very little smaIl game 
was in the country, but earlier travelem record an abundance of it. 

Salmon, pike, and other large fish are taken in Yukon and Kus- 
kokwim rivers. In &he uplands betwean thwo rivm grayling me 
a~ught in many streams, and in tho rnounhin areas trout inhabit 
the creeks, 

BBp1I.rraBmrmEl mm P O m T X O n .  

The principal settlements in thb region am Ruby and h n g  in the 
northern part, Ophir in the central part, and Iditarod and Flat in the 
Iditmod district. Them are smaller settlements at Poorim, 
Cripple, Takotna, McGrath, and Discovery (Iditarod district). 

In ali, the white population probably does not exceed 1,900, of 
whom about 590 are at Ruby, about 100 at Ophir and on the creeh 
in the Innoko district, &bout 700 in the Iditmod district, including 
Iditmod, Flat, Discovery, and tho near-by creeks, and the rest in the 
smaller settlemenh and on the produoing croeb, including a small 
number of men who are prospeuting in the region. According to 
Eakiri,' there am also severa! small Indian 8olotlomenta along Innoko 
River, the largest of which is Dishkakat, about 20 milas holow the 
mouth of Dhhna River. Another small Indian settlement is at the 
bsse of Joaquin Mountain on Takotn~ Rivor. 
In 1912 the popul~t ion  WRS ~stirnated by Eakin at 3,100, which 

is 1,200 moro than the prmcnt ost.irnato, ~howing n decrease of naarly 
40 per cent. Elimination of the floating population that accom- 
paniee the oponing of n now mining district and the concentration 
of producing ground in the handa ol larger companias, accompanied 
by the iaevit.ablo int.mducf ion of modern mining machinery ~ n d  
labor-saviry: methods, htbvo brought about this decrease in popule- 
tion. 

TRAXBPOBTATmW. 

River atemboats ply on Yukon, Kuskokwim, Inaoko, and 
Iditamd rivers during the summer. A regular pagaenger and freight 
aemice is maintained on the YukGn from Whitehorse and from St. 
Michael. On the Kuskokwim one river boat made three round trips 

----- 
1 Eakln, H. M., The I d t ~ B u ~  mghn, ~ k i e h :  U. &. Gd. Bull. 578, p. Is, 1PlC 



from Bethel to McGrath during the summer of 1915. Fmm McGrsth 
freight is carried by gasoline t~mches up Takotnei River to Takotna. 
The Jmoko is navigated by small river steamboat9 up b the mouth 
of the North Fork, whence supplies m e  brought up to @hir by home 
B ~ W R  and plmg boah. At ordinary stag- of water the Yukon 
Rivm boats ascend Iditamd River to Dikeman, and gasoline boats 
relay the pzwengers and freight up to Iditmod. Small launch= go 
on up the Iditarod as far as the mouth of Otter Greek. - 

A wagon road and a winter trail oonnect Ruby with h n g  and 
Poorman. Small launches, however, navigate Sulsha River up to 
the mouth of Tamarack Creek, where the wagon road rrosses. Most 
of the supplies intended for summer delivery at %oman are there- 
fore h u g h t  up to this point by boat and freighted the rest of the 

In the Imoko district there is a wagon ro8d between Ophir and 
Gain= Greek, and aummm and winter trails connect Ophir with the 

. othor c r a b  near by and with Takotna. 
A tram road equipped with wooden rails and with an automobia 

rebuilt on a railroad tmck transports passengars betwmn Iditarod 
and Flat. In addition, wagon roads connect Jditarod with Flat 
and Discovery. The wagon mad to Flat continues up to the head 
of Flat Creek, serving the mining properties on the creek and at tho 
summit, The Government winter trail between Iriitarad and Sewad 
passes through the mining camp on Moore Creek, and though 
Takotna and M&rth.  Moore Creak also has colzuntmication with 
Disco~ery over a summer trail. 

Ruby is the dh tributiq' point of suppJiea for hng,  Poorman, and 
the creeks hi tho neighborhood. The average froight rak from 
Seattle to Ruby is about $45 a ton. The winter freighting charge 
from Ruby to h n g  is from I 3  2 cents a pound, and to poorman 
from 4 to 5 cenh (1915). In summer it co~ ts  from 6 to 7 ccnta 
a pound +a hii suppbea from Ruby to Long, and about 9 cents to 
P o o m ~ n  by way of Sulatna River (1915). 

Csntlle h k  meives its aupplioe from M d h t h .  The winter rate 
b 14 cents a puund. In summer auppliw are brought down the 
Kuskokwh from M c b t h ,  landed at a point about 4 miles from 
the creek, and brought over the hill by a pack train, at, 8 total cost 
of 6 conb a p o d .  The freight rete from Seattie to McGrath is 
probably not greatly dserent from that to Ruby. 

Ophir, the central point for the Innoko district, obtaim ~uppliea 
by way of both the Yukon and the Kuskokwim routa. Thelatter 
in timu will probably be the more usd ,  baause of the relative chesp 
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nms of suppzias st Takotna, corn& with the mt of boating up 
Innoko River from Holy Chs.  

Iditmod ia the supply point for h v e r y ,  Flat, and the smunding 
creeks. According to Eekinl freight from Seattle may be laid d o n  
at the mines along Flat and Discovery cmks at a tutd mt of 4 to 
6 mnta s pound (1912). Supplies me taken to Moore Creek on the 
main &ward t r d  in winter at a cost of 6 centa a pound from Iditamd. 
lhvlng the summer the rate by way of Discovery is 24 cents a pound. 

- ~egoa~lwagaspaidfor~aborin1915were$5sdayandboard, 
, but men performing work that requires exprionce or ~ p c i n l  knowl- 

edge, such as wiwhmen or engineers, received as much as $7. In 
1915 l~lbor was plentiful. 

Wood hm b ~ ~ n  so far the only fud used. Around Long and 
Poorman it i fairly plentiful and a e h  at $7.50 to $9 a cord, and 
16-foot treo tmnh about 1 foot in diameter coat $1.25 laid down at 
Lng,  In the Iditarod district tho supply is smaller and the cost 
h i g h ,  and much of the neighboring corntry has been deforested to 
supply the demand. In another year or two it will be necessaq to 
bring wood from the hesd of tho Ditna or from the Iditarod Ricer 
vtb\Iny above Otter Crsok. It is pomible that somn small c o d  scams 
botween Flat and Iditarod may be developed and prow useful as 
fuel. 

The problm of obtaining an adequafo  upp ply of wahr lor miming 
purposos is at?rious st some Imalitios, especially where the producing 
gmund lies in tho uppr  besin of B creek. The ownew of tho proper- 
ties that surround tho rnonmnitfc mass at the head of Flat Crock 
have dug many ditehcrs along the uppPr slopes to catch the surfaco 
wstm, and this supply is augmented by the construction of snow 
fences, which c a m  the snow to pile up in huge drifts in thc winter 
and lmt Iste in tho summer. -4t Candb Cmek, wh~re the workings 
are a h  cloeo to  tho head of the creek, a h h c k  bwin has bwn 
excavated to coU~ct tho audam and underground water. Along 
cmeh whore meny operators ere at work, as st h n g ,  the water s u p  
ply is sometimes imufficien t, cupciafly during a dry spell of weather, 
Where the pay streak is soveral miles down the creek, however, and 
too many aro not tapping the supply, it is usudly adequate, beeauso 
the heavy carpet of moss over the country acts as a sponge, preventing 
tho rapid run-off of ~,urfaco water after h r d  rains. 

Eki& H. L, Tbr I t U M R u b r  rs%cm, AlaalPa' W. B. BmL 8 w e y  BnU. 8'18, p. IS, 1014. 
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Between Ruby and Idit~md occur a number of geologic formations, 
inchding rocks of many varieties. These formstions are of widply 
differing ages, ranging fmm tho ancient rocks of the Ruby district 
down to the recent fillings in tho present stream valleys. Lam flown 
and intru~ive mIC3 of several kinds add further diversity to the 
geologic squenco. On the geologic map (P3. Wf six mappable units 
of sedimentmy rocks and five varieties of igneous rocka am recxrg- 
nked. Thme di&ions may be modified or further subdivided in 
the final report on this region. 

The sedimentary sequence consists of Paleozoic and oIder mb, 
* a chert formation of uncertain age, tho Gretaoeous mLS, and the 
- unconsolidated depmita. The Paleozoic and older rocks are treated 

u n d ~ r  three subdivisions-the nndiff oren tiated metamorphia rocks, 
the crystalline hestone, and the Devonian h w t o n e  and slate. 
The b m u s  m h  include greenstone, prasurnably of Pdeomic age, 
and intrusivs and extrusive ruck of later date. 

PAmOZOIE1 AMD OILDER BOCXB. 

The rocks puped under the head of undifferentiated mebm~rphia 
rocks predominate in three general localities-the arefa extending 
from Ruby south to  the Sulatna-hoke divide, the area encircling 
Momt Rurst, and the Idit arod Valley near Iditamd. 

ThiB group includw schist, phfllite, slats, quartzite, ohert, and 
Paleozoic limestone. In the pment report certain m a s  of green- 
stone ~ n d  of mystaIlin8 limestone, which r e d y  form a part of this 
complex, have been mappod sepamteIy, 80 far as possible, but 
much of the h e c k  is cooncsaled by a mantle of unconsolidated 
deposits and vegetation, so that the series as grouped doubtless 
includm unknown areas of greenstone and crystallins limastone. 
The scale of the map forbids the delineation of certain small areM of 
Paleomic limestono in the Ruby diqtrict, but these will be ahown on 
tha map accompanying the final report. 
The roch of this series are dominantly recry~ta1l.d and represent 

in large part ancient aedients which have been brought to their 
present oondition through severe and long-continued mebmorphiam. 
The,complcx history of the series is hidicated by the intricacy of the 
folding and faulting, by the secondary structure which has been 
developed, and by the smoun t of quartz and calcite veining wherever 
these rocka occur. 



The intensity of the metamorphism and the thomughnm of the 
remptaIIi&on in some of these older rocks is cumpmable with 
that shown by the Birch Creek schist ( p d d o v i c i a n  and posgihly 
pre-Cambrian) in tho Yukon-Ttlnana county, and it is quito likely 
that sediments as old aa this a m  prmnt. Yet tho degree of met.+ 
m o r p b  is inadequate as an ultimate criterion lor correlating 
geologic formations. It ia themfom unsafo, in the &hence of fossils, 
ta make any definite corr~lation of this .complex as n whole. The 
present grouping should ho undemtood ta rcpreeent a composite 
treatment of Paleozoic ant] oldor rocks, which it has been f o n d  
fmpmticable to divido into separate units or trua geologic formations. 

Little informstion is available as to tho structure of the metamorphic 
mb, for exposum ahowing their attituda m &own except along 
the rivet sections and a few of the creeks. Some indication of trends 
may be obtained fmm thme sections and from tho joining of isolated 
outcraps of similar rocks. It is thus found that the principal struc- 
tural direction is about N. 2sP E., kth variations of from 20' to 30' 
to  the east and west from thii dimxion. The dip is generally to the 
w ~ t  at a modenrte mgle. Folding and faulting along axes parallel 
to  the main trend of the r o c k  are indicated by theshattered nature of 
some of the heavier beds and by the deformation and brecciation of 
quartz veins; and in places the fault planes are distinctly evident. 
From tho general structure, the oldegt beds should crop out, the 
farthest to the east in the vicinity of Ruby, and that this is the case 
sesms to be borne out by the lithology, for the rocks on the east show 
greater metamo'i)hiam, being in fact garnet schists, while the mcks 
on tho west contain l a  of tha metamorphic minerals. 

At two loca1ities in tba Ruby ditrict c ~ g s t d h e  Eme?sbne has been , 
found in sufEcient quantity to w a m t  its ~pmentat~ion on the 
accompanying map (PI- XI). One is along the south bank of the 
Yukon above Ruby; the other is at Sulatna BlufF, on the east fork 
of Sulatna River. 

This limestone ja e, dark to  light gray grmultr crptalline, non- 
dolomitic rock and is so distinct in appearance from tho Devonian 
heatone described below as to justify its separation from the mota- 
morpbic complex ss a distinct unit. Along the Yukon it is ass+ 
ciated with garnetifemus mica  schist^, phyllites, and other mrystal- 
LzizecE rocks; and at Sulataa Bluff it is bordered by quartzmica 
schist. It should therefore bs considered as belonging with tha older 
members, of the metamorphic complex. No more exact sstatement 
of age ia jst&d by present howledge. 



Under the designation Tachatna aeriw Spurn describes a sen= 
of "gray limestones {generally thin-bedded and bile) having car- 
bonaceous and chloritic slates m d  occasionral perally h@ed 
arkosm, which outmop along Kmkobim River from a poiut 20 
miles above the present town of McGrath down to below Vjnasale.'* 
He s a p  f &her that theae roch have been cansiderabIy folded, con- 
tain numerous quartz veins, and are cut by granitic dikes. Middie 
Devonim fossils were collected by S p m  in this series at one locality. 

Certain small m w  of Paleozoic limestone, not here separately 
mapped, exist within the metamorphic complex in the Ruby district. 
From a limestone bed at one locality Devonian fossils wem collected - 
by E a h  in 1912. The limestone in the other amas is ~limilar in 
appoarmce md is likewise believed to be of Devonian rrgo.+ The 
writem ham reasons, hawever, to be set forth in more detail in the 
h a 1  report, for believing that these limmtonea md certain other 
rockg closely msocia bd with them represent sediments infolded with 
older mch. 

CYRXRl' AND ARUl5LTIW. 

A formation comkting essentially of chert and a~gillite begins on 
the h& just south of Poorman and continues southward almost to 
the Cripple Creek Mountains. It is bounded on the east Enrgely by 
the rbyolitic; and basaltic lams of the Sulatna basin. Its wmtern 
h i t  is d o w n .  Another band of chert borders the Mount H m t  
matamorphio comple,x on t h  southeat. Rocks of this nature also 
occur in association with the greenstones near Yuko Mountain. 

The roch of this formation are distinct from the rocks north of 
Poorman and do not memble the Chetac~ous beds to the sauth. 
Green and white ch& and a hard dark-gray argzllite constitute the 
typical exposures. Rere and there are bands of thin-bedded sand- 
stone m d  grit. Bmdiig i~ very common, aad in many placea the 
chert and argrllaceous beds hger  out laterally into one another. 
Bmciation is noticeable at certain places, but recrystallization ia 
absent. The general stmctnrd tread of these rocks is about N. 55" 
E., but the dips are markedly inconstant. Both northwest and 
southeast dips were observed within abort dis tanc~,  and evidently 
dose f olding-is common. 

No dehite  statement aa to the we of Wi formation can be made? 
for determinable f ossih have not been found in it, and its relation to 
m a n d i n g  m c b  is obscure. Tha rack, although they are dosely 
folded, differ m s W y  from tbe complex of the Ruby di~trict in their 
lack of recrystallization. 'Sbey are apparently much yo- even 

1 &purr, J.E., A rwmmhmm In mth- dlasLa b 18% U. 8. Wl. Bnrwp 'Jhntieth h. 
Bspt., pt. 7, p, 158,lrn 



than the infolded arew of Devonian rocks to the north. On tho other 
hand, %hey are much older than the Cretweoun racks to  the south, 
It wems best to regard them tantatively a9 aarlg Mesozoia without 
making any more definite correlation. 

Rmh that are ansigned generally to tho Crcrtamous system form 
the bedrock over more than half of the area troated in this' pnper. 
Beginning at the southern limit of the cherts, argilliM, and lavas in 
the Susulatna Vdlcy, they continue south and west through Ophir 
to Idittvod and thenee south to Kuskokwim River. 

The Cretaceous boda mnaist dominan tiy of sandstono, with consid- 
erable areas of grit and conglomerata in certain locnlitics. Locally, 
near intrusive rnm- or dong zonm of cornpreasian, the smrlstono 
has been highly indurated, forming quartzite, md tho shale  ha^ bwn 
altered to asgiUite and A t e .  A s  R rule the sandstono itl impur~,, 
plagimhse feldspar and f i n e p i n e d  igneous materid bbeing tho con- 
stituents other than quartz. The conglomerate pebbles ara usudly 
chart, vein quartz, and a clnrk slaty rock. Bowlden MI much FE~ 3 
feet in diameter were noted by Eakinl in the conglomerate in t'he 
vicinity of tlie Cripple Creek-Mountains, but st the head cf Folg~r 
Creek and near Iditarod 6 i n c h  is the maximum size. 

The aandstona and conglornerute of this series are associated with 
a variety of igneous rocks, of effusive and intrusive character. Thew 
will bo cansidered in detail. in the find report. They include acidic 
and bwic coarse and fine grained intrusiv~, largely of Tertiary ago, 
and basic lava flows. 

Fosails of Upper Cretaceous age have been found at the headwaters 
of Folger Creek. It is not certain that all the rocks of this series are 
Upper Cretaceous, but it is rather unlikely that any heds older or 
younger than Cretaceous me included in the m a  mapped. 

Greenstones are p m n t  in rt number of areas. The largest area 
is in the Kaiyuh Mountaim, where much of the country rack is 
believed to be greenstone. The actual extent of the. greenstone in 
this' range is not known, bnt its northeastem Himit has been mapped 
southwest of Xuby. In going up Znnoko River in 1910 Msddren 
noted what i4 probably it.4 southeastern limit along the northwest 
bank of the Innoko River at severd places. Twin Butte, at the 
headwstem of the North Fork of h o k o  Ri~er ,  is probably the next 

1 EabBa. R. M., The I d i ~ - R ~ ~ b y ~ ,  illsska: U. 8 .  W. Bull. 578, p. 21. 1014. 



largest occurrsnce of greenstone. A nnmber of d m  a- in the 
upper Sulatna baain are also mapped, and numerous other amall 
unmapped bodies are included with the mMemnti&hd meta- 
morphic mcb. 

Under the single term greenstone have hen grouped altered 
intrusive and extrusive rocks, mainly of baaic character, together 
with aome tuff8c~ous and cherty beds. It mky be fwnd possible 
later ta subdivide tha grwp into several rock units, for it shows 
a great diversity in petrologic character. The rocks range in texture 
fmm aphi t i e  and vesicular to medium gmnular, and in composition 
from basic bmdts and diabases to  more acidio rocks, Monzonita 
may be present. Some of the cherts are mapped with the gmemtonm 
on mount of their mall  extent and intimate relatiom with the 
other members of the p u p .  An equally wide variation appeara 
in the degree of metamorphiism exhibibd by different members of 
the group, though they are a unit in dieplaying a greenish color, due, 
in part at least, to surEcial weathering. Some of the recb show lit& 
or no effect of shearing; othem have been converted into dish. 

But Bttle can be said regarding the age of &em rocks. Part of 
them have some of the chsract.eristics of intardated £lows and so are 
mntempormeoua with the undifferentiated metmorphic rocks in 
which they occur. Otbew rara more clemly i n w i v e  md therefore 
younger thm part of the metamorphifi rocks. . 

Moneonite, the granular igneous rock intermediate between 
granite and diorite, is p r ~ e n t  as intrusive bodies rtt a number of 
localities. The principal on=, named from north ta south, am the 
Cripple Creek Mountains, Twin Mountsin (east of Ophir), the moun- 
bin 8outbemt of Takotna, Joaqnin Momtain, the b e d  of Candle 
Creek, the head of Willow Creek (a tributary of Moore k k ) ,  
Discovery (on Otter Creek), and the h e ~ d  of Flat Creek in the Idi- 
tarod district). In the high mountain p u p  a few mil= east of 
Twin Mountain many dikes arid smdler bodies occur. In the Ophir 
distfict d h  of such material cut the Cretmoua rocks; and this 
fact, together with the evidence of minerahation in that area, 
suggehits strongly the presence of a larger underlying body of in- 
w i v e  mck. Smaller bodies and dikes are present elsewhere. 

The mommite is a light to dark gray gmnular mck, consisting 
essentially of quartz, potash, feldspar, and soda feldspar in a p  
proximately equal amomta and black minerals, m d y  hornblende 
or mica or both. Microscopic examination will probably &ow that 
variations from &SI average type &t, grading in composition toward 
granite on the one hand and toward diorite on the other. These 
acidic intrusive rocb we of the highest economic importance, be- 



u h s e  they have been found to be intimately associated with and 
genetically related to the gold deposits. 

The intrusive monzonite invades mla of Upper CTetaceous age, 
and ih granularity indicates that it was intruded at oonsiderable 
depth. Thia conception involves the deposition and burial of the 
Upper Cretaceous beds prior to the intrusion and leads to the con- 
clusion that the momonite is of Tertiary age. 

Certain altered granular racks in the Ruby district, which rtre sus- 
pected to be of memonitic or dioritic character, are in this paper, 
grouped with the Palmzoic gnxn~tone. Subsequent microscopic 
work may justify the differentiation of these rocks as representing a 
Paleozoic or Mesozoic period of intrusion. 

A  striking feature in this region is the constant association of gab- 
bro, djabase, and basalt with the marizonitic intrusive bodies. Such 
basio rocks usually surround or nearly surround the rnonzonitic areas, 
as at Twin Mountain, at the mountain southeast of Takotna, at Can- 
dle Creek, on the headwaters of Moore Creek, md at Flat and D% 
covery. At other localities, where the basic intru~ive is the domi- 
nant intrusivL rock, as in a mountain group at the headwaters of 
Faker Creek and in the high mountains emt of Twin Mountain, mon- 
mnitic and dioritic dikea are found in great abundance. 

The basic material Beems to have come to the surfme in moat 
plmes, being outpoured ims surfme lava. The intrusive and extru- 
sive types grade into each other, and separation of the flows from the 
intrusives is difEcu1t. The p r m c e  of tuffaceous beds in certain 
localitiw is a helpful criterion in recognizing the flows. 
In mmpdsition, these rocks range fmm basic diorite and basic mde- 

site to gabbru and basalt; and differences in granularity, arrange- 
ment of the minerals, and the presence or absence of phenocrysts 
lends variety to their appearance. Thay are composed =sentially 
of plagiodase feldspar, ppoxene, and magnetite. The pyroxene dio- 
rite and gabbro are coarse grained, and the pyroxene andesite and 
basalt are their fine-grained equivalents. 
T h e  bssic intrusives, like the monzanitic rocks, invade the Upper 

Cretaceous sediments, and are therefore younger than that part of 
tbe Upper Cretaceous which they intrude. They are invaded, how- 
ever, by the monzonite, which is considered to be of Tertimy age. 
It is powible, then, for the intrusion of the basic rocks to have taken 
pIace either in late Upper Cretaceous time or in the Tertiary. The 
common asmiation of the basic intrusive rocks withthe basic extnz- 
sives, which are assigned to the Tertiary, is interpetad a s  evidence 
that the intrusion of basic lava occurred in Tertiary time. 



Rhyolite occum in two general localities in this region, covering 
considerable area about the headwabe of the South Fork of Sulatna 
River, and oc&g in small bodies- far to the south, on the head- 
water tributarim of Takotna River, near the Moom b k  mining 
-P- 

Little microscopic work has yet heen done on thase mh. Ln a 
general way, however, they are known to be fine p i n e d  and com- 
posed largely of quartz and alkali feldspar, The rhyolite in the 
northern area eeem to ba badly altered, but those to the south appear 
fresher and better prmemod. 
3110 northem shyolitm appear to represent surface Bows, which am 

intimately associated and nppamntly interbedded with the chert and 
argrllib formation and which were therefom probably erupted in early 
Mesozoic time. On tho other hand, the southern rhyolites am intru- 
sive in nature, for they clearly cut the Cretaceous rocks. It is highly 
probable that these rocks tm contempormeow in a general may with 
tho Tertiary granitic intrusive, of which indeed they may ba f i n e  
p i n o d  mpmentati~es. On the accornpmying map both rhyolitm 
have been grouped together as a single unit, hut they will be separated 
in the final report. 

ANDESLTE AND BASALT. 

Surface flows of intermediate and basic composition occur et a 
number of loctblitb. They are usndy ammisted with the Cretaceom 
rocks d with the basic intmives praviously clescribed. It is 
believed that the mtrusion of the basic 1avm find the invasion of the 
Cretaceous sediments hy basic intrusivm are conternpomneoua fe* 
tares of the geologic history of this mgion. No Tertiary sediments 
are present, so far as known, 0 0  that diroct ntmtigraphic evidence of 
the age of the basic lavas is lacking. But certain structural feat- 
of the lavas and the surrounding Crotweous m k ,  which will be 
pmnted in detail in a latar mport, favor the view that the outpouring 
of this lava occurred chiefly in Tertiary time. . 

Qunkrnary deposih cover practically the entire surface of the 
region north of Poorrnm and much of the country south of Poormsn. 
In the Ruby, h n g ,  and Poorman diatricta unconsolidated depoaita 
extend well up b w d  the headwaters of the creeks, and residual 
debris man tlss the slopes, in most placss clear to the tops of the ridgm. 
Parther sou t,h fie dream vaU0p are likewise flied with alluvium and 
gravel, but tho relief is greater and the quantity of residual material 
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less. High-lykg gravah were noted by Eakin at several localities 
in the b o k ~  district. Among the hqher mountain groupa glacial 
and glaciofluvistib deposits are p m a t  in a few placee. 
The vallay fllingg consist of silt, sand, and gravel, in various rela- 

tions. Thesilt andfinerdqmits commonly fie athighmlevels, and 
tbe gravels and coarser material near bedrock. On the headwarn 
of the creeka little silt is present, the deposih consisting mainly of 
grsveL Tho deposits farther downstream become very deep in the 
broad nneya of such rivers as the Sulatna, Nowiha, Takotna, 
I d i t d ,  and Innoka. 

The residual material consiahi of unconsofidated mck breccia and 
clay, derived from the disinbption of the country rock. It 
wideepread and of considetable depth, gepeciaIly in the area between 
Poorman and the Yukon. At the head of Flat Creek, in the Iditarod 
&trick, placer gold is nssociatd with residual deposits. 

MINERAL REBOURCES. 

P k  gold is tho only mineral deposit in tho Ruby-Euskokwim 
region that has been exploited on a camemid scale. There are 
=vend general aram whero placcr m h h g  is now being carried on. 
These are= are considered md discussed separately below. 

Whem so much placer gold is found it is mnsonable te expect the 
development of gold lode mining some timo in tho future. As yet, 
however, littte lode has been done. Eakin repoh the 
development of a gold lode in a s m d  way in the b o k o  district, 
At the head of Flat h k ,  in the Iditarod district, thcre are numerous 
small quartz ~tringcm which look promising as potential gold l o d ~ s .  
On the hills north of MGre Creek vein quartz carrying gold was picked 
up by tho senior writor. It is prohabh, however, that the placcr gold 
meas in this region will be morc or less deplehd before the adverb t of 
ldta mining, for in much of tho region m k  exposures are not plentiful, 
and pmpecting for gold lodes means much development work. 

k i n g  the summer of 1915 considsrable stibnih (th0 ~dphide  of 
antimony) was shipped from tho Fairbank4 district, showing the 
poasibilitg of the exploitation of antimony dcposih in Alaska under 
the p m t  demand for that metai. Stibnite ore llaa been uncovered 
at several looditics in the Innoko and Iditarod distriots. Such 
deposits may be exploited at some la* date. 

Cinnabw (tho gulpbide of rnewwy) is found in the oonoentrates om 
s number of oreeks in the mgion. The economic importmce of cie- 
nabar a9 a mineral product for export from this region is questionable, 

I E d n ,  R. M., Tha IdltwdRnby raw, A l a s h  U. 8. Qwl. 8-7 BulI. 57s. p. %, 191% 
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but probably in t h e  it will be used as a. Jocd source of mercury for 
use on the copper plates which a m  utilized in catching the fine gold. 
The cinnabar in the concentrates at Cmdle Creek is already being 
treated in retorts and used for this purpose. The abundance of cin- 
nabar in the concentrates at certain localities lends encout~igement 
to  the belief that future prospecting may uncover cbtabar lodes of 
economic importance. + 

Cassiterite (the oxide of tin) oocurs on se*eral creeks in the Ruby 
district, in the concentrates from the gold-bearing gravels. The 
amount is too s m d ,  however, for thie ta be considered bs puwible 
important saurce of tin. 

Scheelite (the tungatate of calcium) occm b the concentrates 
taken from Otter Creek, in the Iditmd district. It is therefore 
present in the bbasin of that creek, and probably the bedrock source will 
sometime be discovered. Tho possible vdue of such a discovery 
depends on the chmac1;er and extent of the deposit. Scheelits- 
bearing peeatites in the Fairbanks district are now being pros- 
pected m a possible source of tungsten. ' The present high value of 
tuneten would justify the recovery of the soheelite from some of the 
concentrates of pIaccr mining. 

Coal has boen found in several places in the Ruby and in the 
Znnoko-Iditmod districts. In the Ruby district i t  has been found \ 

on Poorman Creek and hm been ~ e p r t e d  from Quartz Creek. Them 
is also some evidence of coal on one of the tributarim of Basin Creek, 
and Maddren states that coal is reported from;,lIoruestake Creek, a 

f 
fiributary of the upper Nowitna. 
In the Iditmd district two eemm are known to  exist at the crest 

of the ridgo between Flat and Iditmd.  Theso soams havo 'not bean . 

prospected to a depth s&ciont to learn tho true ah&p~h[:tet. of tho coal; 
but if them is any place in the Ruby-Kuskokwim region where nati~e 
coal would prove valuable, it is in this locality, whore wood is so 
scarce and cosdy. 

wm PLACERIS. 

B W Y  DIBTEIGT. 

The placers of the Ruby district are in general of uniform character. 
Mwt of them are deeply covered, irregularly distrib~ted, discontinu- 
ous bodies lying in tho bottoms of the broad silt-buried valleys, and - - 

though numerous producing placers are on so-caued bench claims, they 
are generally little if any higher thas the bedrock bottom of the filled 
valleys in which they lie. Colom of goId may be found in the bottom 
of h o s t  any valley throughout the slate m d  schist area, but the gold 
is not concentrated adciently to make its recovery commmidly 



pmctimble, and it is o d y  where them has boen considerable primary 
concentration or a local roconcantration that the deposits are being 
worked. On nona of the r;reek throughout the district is there an 
extensive continuous pay stroek. h increase in richness may be 
noted at the mouths of some small lateral draws, and this result might 

I 

bs obtained by concentration of the placer gold from t.he breahng 
down of plrI-hearing quartz ledgm within the drainago b a a i ~ ~  of these 
s m d  tributrtrjos. Even whore the basins of lateral feeders are very , 

amalI, there is at tho mouths of some of them a marked enrichment of 
tho gravels of the main stroam. 

BWY 0'- 

The gold deposits on Ruhy Crmk are of greater intemt 'historir,dy 
than ~conomically, as it was on this creek that the first +ng was 
dona in tho Ruhy district. The creek is l e s  than 2 miles in length, 
and the placer ground lies near its mouth on n small bench on the 
emt bank. The gravels and overlying muck average a httle more 
than 12 fmt in thjclmess. At the bottom is a layer of finer wash fdhg 
the interstitial apacos in a blacky limestone bedrock, overlain by and 
interbedded with other thin layers of gravel. Above this is the muck, 
which contains larger, well-mundod bowlders of intermediate igneous 
rocks, together with cobbles of vein quartz. The fme gold is asso- 
ciated with tho sediments in and on bedrock. The total production 
from Ruby Creek is pmbably little over $2,000. During the summer , 
of 1915 work was done intermittantly on the mek, but the s m d  
catchment basin makes it possible to  work only while the seepage 
from rains affords water for sluicing. 

Ibgdhg  tbe depmit~ in the Long Creek basin Eakin ' Bays : 

The valEepe of h g  Creek and its tributarim contain remnmta of older dluvlal 
depoaib that stand comidmbl y above the pregent flood plains of the stmama, The 
Imtbmk floom of the d e p  are prxtidly leveI in cmee mction, so that the depth 
to Mmk often inc- away from the dmmm toward the vdley wall. Them ia 
a h  a g n d  i m  in depth to b b x k  downstream. 

Above Long all the mining has hean done on the left sido of the 
. atream at distances of 100 to 600 feet from it. Just above the mouth 

of Bear Pup the ground is only 20 to 30 feet deep, but father up it 
mngm from 30 to  50 feet, of which the bottom 6 to 8 feet is gravel. 
In p l m  the pay streak is on bedrock; in others it ki above a false 
clayey bedrock, which r n q  be 2 or 3 feet above the true bedrock. 
The muck mntains numerous fragments of unworn, bmcciatod vein 
quartz. Over the gold on "No. 3 above " is in nuggets, and 
although many of them show some rounding, a very considerable 

~ X d b m M W b y ~ A h s h  U,&. ~ 8 m P . f B d 6 l S , p p . 4 M 1 , f s l 4 ,  
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number ham a spongy appearance, and their edgee am but dightly 
rounded, indicating that the gold has traveled only a short &tmm 
from ih bedrock source. 

Gold has h e n  mined on lower Long Creek from hag  to  s pint  
Mow Snow Gulch, and most of the worlhqs am farther from the 
stream than. t h w  above Bear Pup. It is   bout 75 feet to  b h , k  on 
the Mmcot bench, at h n g ,  but this depth is due to the distance from 
the creek up the hiu slope. The workings are at about the m k  
l e d .  Farther downstream the gravels are covered by leas overbur- 
den. At the lower end of the NoPikaket Association's ground, smile 
below Fourth of July Creek, tha depth to bedrock raqm from 20 to 40 
feet, depending on the distance from the main stream. A Lttle below 
Snow Gdch hng Creek flows over a bedrock riffle, and from this point 
downstream the bedrock dopo is gmstor than tho presont stroam 
gd ien t .  Er3dn "estimates that the depth to bedrock incmaacs at 
least 10 feet to tho milo below the last workings on Long Creek. 

The soction encountmed varies som-mhat in the diflare~t locdities, 
l'he upparmost 15 to  30 feet can~ista of muck; below this ia 5 to 30 
feet of mixed gr&vel and muck, commonly termod '" slide," in places 
represented by a layer of rather h e  gravel oded "chicken feed," and 
below th i~  is the awifemus gravel, or "sedimont,'' which may be 8 feet 
thick. The natuxo of the pay streak varies p a t l y .  In somo placos 
it lies within the top 1 or 2 feet of bedrock or in gravel on the bodrock; 

, in others it is ~bove  a false bedrock or clay seam which lies 2 or 3 
feet above h e  hedmck and below which there is usudIy no gold. 

Tly gold is almost everywhere associated so closely with a gravel 
cont~tming rather large pebblca ernbeddod in a clayey m~trix that it 
~EI necessary to  break up tho material before it  passes though the 
sluice boxes, for it would not only pm9 out without releasing its gold 
but would p h a p s  pick up gold from the boxes m it rolled through 
them. To avoid this rault the gravels aro washed into tho dump 
box by jet of wator from a nozzle, the p m w e  for which is obtained 
by pumping; thus the clay lumps are disintegmhd before reaching 
the ~ lu ico  boxes. 
In general the gravels aro frozen, &rid little timbering i~ nocwsmy. 

On the M m o t  bench, however, thawed ground was encountered, 
and it wm found necessary to  advance the drifts by fompoling, thus 
inmwing the cost of miniug very appreciably. Undor averago 
conditions ground can be profitably worked by underground methods 
when it carrim from 85 cents to $1.25 to  the square foot of bedrock. 
There is much ground which just affords wqm, but one place is aaid 

have averaged over $15 a square foot of bedrock aurftrce over a 
considerable area., and most of tho operations are conducted on 
ground averaging $1.50 to $3 t o  the squar~ foot of bedrock. 



On Elpper Long Creek two men worked during the winter on the 
frmtion just bclow No. 2 above Discovery, and a mine on "No. 1 
rrbevs" employing about 10 men was operated during the early part 
of the summer. 7ho other rninm in the vicinity, employing about 
28 men, were worked until August 1. In June two men were prospect- 
ing the bench chain above " No. 1 above." During the winter pros- 
pecting was done on the Mascot bench with a Keystone drill, and nine 
other outfits, employing a total of about 70 men, were prospecting 
or mining on lower Long Creek. I h m g  the summer some prospect- 
ing wm done on the hillside and tho crmt of the ridge above Long, 
Them wero also eight or nine outfits mining or duicing their winter 
clumps, employing fibout 05 men, but this number was decreased at 
the and of tho Hummer to  four or five, employing 25 to 30 men. 
Tho tailings on the b h c o t  bench wero reworked early in the 

sumram, cablo-drawn scrapers being used. Some $25 nuggets were 
obtained, and it seems noteworthy that nugget9 so large should be . 
found during oporntions of this nature. An explanation may be 
aflorded by the possibility that they had been transpo&d through 
the sluice boxoa the h t  time in day-cemented lumps of gravel. 
hother explanation may be sought in tho fact that the water used 
far the first d~iicing w m  impounded, pumped back into the ~1uic.e 
hoxw, and usod over and aver again. The henesa of the suspended 
silts nnd tho amall area of tho scStZing pond prevented anything near 
complete clarification, consequent1 y the water for sluicing wm excep- 
tiondy dirty. Tho amount of silt present increased tho viscosity 
and ~pecific gravity of the liquid and decreased the relative w ~ g h f  of 
the gold, HO that it waB more ~aaily carried or rolled: The following 
principIes, discussed by Gilhert,l may serve to  axplain why the come 
p a f i i c l ~  of gold should ha mare easily transportad in a siIt-lden 
~tmam : 

!l'ha law found for dream traction i s  tbat the lnad of tha initidly banqmrfd grade 
jn incmaaod by the moderate addition of athar ddbria, pmvidod the added d&ria k 
mj-latively fine. + * I n  stream tmction the pathway for 1- M c l m  is 
moothed by the pwnm of d l e r  prticlm m d  rolling ia promoted. 

The gravels of Baar Pup are so shallow that they can be mind by 
open-cut methods. The section consists of 6 to 8 fee% of gravel, 
overlain by about 15 foet of muck. The muck 14 sluiced or scraped 
off, and the gravel3 are thon hoisted in order to pt elevation for the 
line of sluice boxm. The stresm has been practically worked out in 
the cbamel for about a mile and a half above its mouth. In the 
season of 1915 operations wem confined to the southeast side of the 
stream, where one amall outfit worked in the spring and tmo outfits, 
employing about 30 men, operated late in the summer. 
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Some of the stream gravels wem fairly rich, a d  several nuggets 
worth $60 or over were found. This gold ahows some wear but is fm 
from being mmpletdy rounded. The large& nugget in the Huby 
district, valued at $1,900, waa found on the Mwmt bench at the mouth 
of Bear Pup. A $2w nugget ie reported from the bench claim below, 
and the gold apparently gets h e r  down Long Creek, that from the 
claim bdow the Novikaket group being very h e .  It is asid t o  ~ a y  
from $27 to $17.65 an ounce. No oon~istent difference is to be noted 
in the vdue of the gold from the upper and lower workings. 

Three miles below Long, in a smdl depression between Snow Gulch 
and Fifth of July Creek, abod a third of a mile from h n g  Creek, 
some mining was done during the winter and spring of 1916 by a small  
plant. The working shaft, 75 feet deep, pwsea through 40 feet of 
muck rend 35 feet of gravel and slida rock. Most of the gold liw close 
to the white clay bedrock, bit  some of it is scattered through 4 feet of 
the clay. The ground is extremely spotted. The gold is fine and the 
nuggets found are few and small, the largest being worth about $5. 

Short Creek valley is IMB deeply flied with alIuvium than the vd- 
Ieys farther up the main atream. The covering of muck amounts to  
but 6 or 8 feet md lies above 4 ta 8 feet of well-worn gravel mdsanda 
containing numerous iron-stained bowlders of quartz and cobbles of 
greenstone. The88 deposits are being worked by open-cut methods 
about half a mile above the winter trail and w e  said to contain a little 
gold for half a mile fmther up the creek. The gold emtent ia low 
but gmerdy mw in a somewhat irregular and poorly dehed chan- 
nel. The pay streak usually liee within a fmt of bedrock. Open+ut 
operatiom have' been carried on for the Iwt two years but were 
seriously hindered in 1915 by the frequent lack d water in Mat 
Creek, from which water for sluicing waa obtained. Besides the gold, 
some caaaiterite is obtained in the con~~ntrates from the boxas. It 
is rather h e r  grdned than that found on other creeks in tha district. 
No attempt has been made t~ san it. 
The grti~el~ on Midnight Creek are worked by underground meth- 

ods. The only property being worked in 1916 lies about a mile hove 
the winter trail to  Sulatna Riper. Operations were carried on at a 
relatively shallow depth, the muck being ody about f 4 feet thick, 
md the 4 feet of gravel immediately beneath was b e i  mined. A p  
parently the mining was done on s false bedrock or clay-cemented 
band, as true bedrock wss not seen nor was angular blmky gravel 
found on the dump, which contained many large qu&z and green- 
stone bowlders. The depth to bedrock increases mnsidemb1y don-  
stream, as a hole sunk near the wintor trail is said to have been 80 
feet deep. If the depth at the locality where mining wm Mi done 
is 20 feet, a wntinuation of this p ~ d e  wodd give a depth of over 125 
feat to  bedrock at tbe mouth of tbe are&. The gold found baa dl 
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been v q  fine, with a few 25-cent nuggets. M t e d  with the gold 
is s considerable mount of cassiterite, which it might prove advan- 
t v a  to  save, dthoqh the annual production h m  gold placer 
operations would amount to only a few hundred pounda. 

Greenscone Creek is like Midnxght Creek in many reapta,  and ib 
valley includes extensive deposits of aurifmw gravels, thoxh their 
tenor is said to  be low. Tho placer ground is said to be over 100 feet 
wido in the bottom of the valley, which is midembly wider, and to 
extond for over 2 miles along the valley. Considerable development 
work has been done in preparation for workmg on a large scale. 00 
the lower part of the creek a large amount of stripping has been 
done, and a dam has been put in for storage of water for sluicing. 
During the winter of 1914-15 about 40 pmspect holes were sunk on 
the upper pmt of the creek, md in the foUowing summer about 65 
more were put down from 5 to 17 feet deep to teat the ground for 
dredging. Favorable mdta were obtained, and a dredge is being 
installed. Tin is abo found on this c m k  and may prove a valuable 
accessory mineral in dredging operations. 

Last Chmw, Bash, mid Ptarmigan creeks a r ~  tributaries of Long 
k k  from the west. They have bcen prospected, but Basin Creek 
h the only one upon which mining has b a n  done. Two of its tribu- 
taxies, Willow and Swift creeks, received attention in 1915. Some 
prospecting was done on the headward tributaries of Willow Creek 
in an effort to locate shallow ground for open cutting, but the results 
were unfa~orable. A few holm were also a d  about a mile from 
the mouth of the atream. The upper holes are 35 feet deep, and a 
qu&r of a mile farther down bedrock was not reached at 70 feet. 
lhnmg was being done on a false 'bedrock of clayey gaval, Owing 
to  lack of water, only a small amount of gravel was taken out. Tho 
gold is fme, bright, and but slightly rounded. Little or no aulphide 
is nsa0ciat.d with it, but there is a considerable amount of magnetite. 

me upper part of Swift Creek has been worked by open cutting, 
and two men a m  now working on a single claim farkher d o n .  O n  

- thisclaimthemis6Do8feetofgrafdoverlsin'by 10to12feetof  
muck- The muck is removed by sluicing, and the gravd is hoistcd 
by a windlass. A considerable amount of the p l d  is in, nuggets ; one 
valued at 950 was the largest sen.  One layer of the g r a d  is very 
c~bonsceous. The source of this materid is doubtful, but it may 
be decomposed debris from a buried coal seam farther upstream, ss 
cod fragments are said to have been found near hp. 

h n g  b k  j o b  SuIatna River about 3 miles blow the mouth of ' 
Greenstone Creek. The next tributary on the east is Manument 
Gwk, on which prospecting Bas bsen done for aemd yesra mrl ~ o m e  
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mining op~ations were mxlducted in 1913. Since then thm has 
been further prospecting, and two s m d  outfib were on the meek in 
1915. Ophir Greek htts been p m p t e d ,  but there were never any 
exteneive mining operations an it, and nothing was being done in 
1915. Lab in the summer a small prospecting outfit was workmg 
on Star Creek, but this wm not visited. 
On the south side of the Sulatna there me several creek which 

have received attention. Gold Run, Banner, md Spangle meeks 
were early staked, and good prospacts are said to  have bean found on 
Gold Run and Banuer creeks, but no mining was undertaken. Spangle 
Creek was prospected and then t h e  cldaims were allowed to lapse. It 
was mtaked in f $1 5, and one party of t h e e  man did some prospecting 
in August, but without rmdts. Fourth of July Greek is being held, 
but little or no work hm been done to ascertain the value of the 
ground. 

Spruce Creek was among the creeks eaxly staked and then left idle 
- after a nominal amount of prospmting. A part of it waa still held 

in the winter of 1914-15, but the lower part was open to location. 
Active prospecting on this ground showed workable deposits and led 
to the restaking of the meek below the mouth of Schist Creek. During 
&a summer six outfib, comprising about 15 men, were on the creek 
for a pmt of the summer engaged in prospecting or mining, and 
obtained coasidwable gold. The stream flows in a rather broad 
valley with a gentle gradient,, apparently about the same as that of 
the bedrock ahmuel, which lies at depths of 55 to 70 feet. W n g  
operations have been conducted for about 3 miles along the  alley. 
The ground is generally frozen to b d w k ,  but b w d  ground and 
warn ware encountered at one place, and the hole waa abandoned for 
aummer work. The gravel is from 2 to 5 feet thick and ia made up 
of several varieties of igneous rocks and dark siliceous data, usually 
with considerable clayey m a e a l .  The gold is found in the gravel 
close to bedrock. Mmt of it is wdl rounded and rather h e ,  though 
m e d  $2 to $3 nuggets have beon found. Some of t h e  nuggeh 
contain vein quartz. The workable gravels rmge from some yielding 
75 cents square foot of bgdrook to rich spots from which $12 pms 
are reported. 

Tamctrack Creek, staked in 1912, wae actively prospected in 1913, 
md mining has been carried on sinoe. During the summer of 1915 
four plants, employing about a dozen men, were at work; three were 
using steam hobb and the othor a band windlass. A number of 
boles were sunk about 18 mil= from the Sulatna, but the h t  plmt 
is located about half a mile farther upekeam, and work is being done 

* for about 19 miles dong the c ~ w k  above this. The holm average 
60 feet in depth thmughout that part of the creek which is being 
worked. The bottom layw cunsists of 1 to 6 fwt of "aoft " bedrook 



abve the h u e  bedrock. Above this is 3 to 8 feet of gavol, and the 
reat is muck. The gold liea in the upper foot of soft bedrock and in 
the lower 3 feet of gravel, on what appears to ba the rim of an old 
channel. 
The gold is m d d  and shotty, not flaky, running mostly in pieas 

worth 10 68nta to $2. One $50 nugget has been found. Assay 
mtwm &ow theat the gold ranges from $16.50 to $17 an ounce. 
M m q  wts are reported to range from 40 cents to $1 to the square 
foot of bedrock, and the gravels worked yield 75 cents to $2.50 to the 
square foot of bedrock 

--k 

Workable p m d  extends for over 2 miles along Trail Creek, and 
coIors are said to h a m  bmn obtehed down the valley for 17 milas. 
Durrng the winter of 191 4-1 5 fovs plante were working on the creek 
and three of these continued operations during the summer. Thm 
ia a small difference in the thickness of the vday f l 1 ' i  within the 
area where mining is being done. Tho upper workings show a thick- 
ness of 30 to 35 feet of fmeen muck and gravel, in which the g r a d  
ammta ia 2 to 5 feet. At the lower workings the thickness i n c r e w  
to about 40 fwt, with about tho same &mount of gravel. It is said 
that 7 miles downstream the depth to  bedrock is 70 feet. The upper ' 
coursa of the creek prnsents conditions similar to those on Long Creek, 
the depth to  bedrock increasing away from tho croak, owing to  the 
difT~renca in bedrock and surfaca profles. 
The gold 1;'ea clme to hedrock, in the little-rounded, coarse gravels. 

It is irregularly distributed, but the gravol is reported to  be richer 
at the mouths of m a l l  tributary gulches. Ths average value is said 

be b e t w ~ n  $1 and $2 to the square foot of bedrock ~urface. On 
the upper part of the creek about 10 per cent of the gold is in nuggets 
worth over $5, the largest having a value of about $300. Some of the 
gold is spongy in appearance and shows little rounding, but some is 
well rounded. h a y  m t m s  give the value of gold in tbis vicinity 
at about 51 6.85 an ounce. The gold and silver omm in the ratio of 
5.5 to 1. - 

m aRmX m TEmVT-0. 

During the winter oonsiderahle prospecting was done with s churn 
drill near Root Gulch, on upper Flint Creek, but without result, and 
no mining is being done. In f omer years there has been conaidable 
prospecting of the creeks between Root md Glen gulches, but no 
extensive mining. Most of the dumps from the prospect boles show 
angular granitic dark, mociated with the gravels of metamorphic 
rock, both near the cseek and on same of the i U d & d  t e r r w  that 
are considtsmbly above it. 



Two minm on Glen Gulch took out s m d  winter d u m p  in 1915 at 
a locality shwt a mile and a half above; the mouth of the creek, and 
two other plants did some wints~ prospecting, but nothing wm 
atmpted during tho s k e r .  At the locality where the work was 
dono, on the aouth side of the creek, it is 25 ta 30 feet to  bedrock, of 
which from X to 7 feet mmist of gravel. Farther upatream the 
gmund is shallower, and some open-cut mining was done. Con~ider- 
abb good gmnnd was found about a mile up from Flint Creek, but , 

it hlas been mined out. Prospecting at the mouth of Glen Gulch in the 
deeper gravels has thus far proved fruitlets. The ground Is frozen, 
and &awing is nemsary. Here the gold rs usudy found in tha first 
foot of graval or in the shattemd bedrock. Tho gold is somewhat 
rough, and Rome of it is coarse, nuggets worth as much IW $350 being 
reported. 

'When the mining operations were bqgm on Glen Gulch ground waa 
staked on Lucky Gulch, and there was some prospecting, but the 
mdta obtained were not promising and no mining has been done. 
In 1914 Birch Creek was staked and considerable pr&pecting was 

done on it. During the winter of 1914-1 5 throe minw were being 
warksd and some other claim were being prospected. Bedmck on , 

this creek is deeper thm on any of the o them worked, as it lies ;"O to 
90 feet  or more bdow the surfam. On the south side of Crooked 
Creek to its mouth there is an ill-defined silt terrace aevaral beet above 
the week level but below that on the am th side of Birch Creek. As 
the bedmk slope is 1-s than that of the surface of the terrace, h o b  
sunk on the tern are considerably deeper than, those put down in 
the present stream valley. Normally they show 40 t~ 50 feet of sjlh 
and aands, and the rest of the depth to bodrock ismada up of gravel 
with clayey layers. Some of the silt layers are reporhd to conkin 
leaf impressions. It is said that near the mouth of the creek thero 
lare layors of irun-cementad gravel near the bottom. Tho iron is 
pmbahly deri~ed from the oxidation of the pyrite in the sands or 
from the loaching of the pyritiferoua slabs, which, with numemug 
large 'bowlders of vein qu&, make up the gravels on lower Birch 
Creek. On the upper part of this stream igneous rocb ~onstituta a 
larger proportion of the gravels. 

Qold is found for 2 mil- or more along the lower course of Birch 
Creek and between Straight and Crooked creeks. It occurrs on or 
naar bedrock, which is said to be granite on the uppep workinga and 
black pyritiferous slate farther downstream. The gold from the 
panite is fairly coarse, much of it is badly tmdshed, and the con- 
centrates contain tin and a little pyrite. The concentrates from the 
lower working rue c o m p d  mainly of pyrite, and the tailings dump 
emit a distinct odor of SO,, produced by its oxidetion. 

- 



MWE&At RESOURCES OF THE RWY-KUSKOKWIM REGION. 947 

Mining and prospecting are mndemd difficult b y  thawed ground 
and livo water, which may be encountered below 80 feet. The 
amount of water and the depth make it almost impossible to pros- 
pect without a rather large plant having ~t&cient boiler capacity to  
do the nemmary pumping, 

POORXUT rn AND ma-. 

Poorman Creek liw in the Innoko River bash, being separated fmm 
the.Sdatntt dr- b a d  by a b m d  ridge whose altitude is between 
1,050 and 1,100 faat. Duncan d Tenderfoot m k s ,  tributarim of 
Paorman Cneek, rjse in Ghis ridge oppositg the heads of Tamarack 
and Spruce cmh, which flow into, the Sdatna. 

Poorman. h k  was staked s d y  in 1913, and in the same year 
some prospecting was done and a amdl amomt of gold pmduwd. 
In the last two yeam mining haa been activdy carried on. h 1915 
eight mines employing about 40 men wore operated durbg most of 
the summer, and t h e  or four other outfits of two or thres men each 
worked for short periods or were engaged in pmpecting during a 
part of the season. The work was conhed to a distance of about 
3 milea dong the north bank of the meek, exmpt for one outfit 
working on Gtt10 Pup, a hibutmy from the muth. In g e n d  t h ~  
work is being done on bench claims, and the old channel in plwes 
lies on Ghe second-tier bench. 

'Tho north bank is the gentler, and, as in the vicinity of h n g  
Cmk, the bedrock floor of the old vdey is wider than the pment 
stream, and deptha to bedrock increaso with &tanca from the creek. 
Them seems also tr, be a dight increase in depth do~~lstream. The 
thickness of the valley filling ranges from 45 to 80 feet, as determined 
b y  mining opmations; the doepest shaft was on one of the hnch 
claims. 

The section consists of coarse gravel, 2 ta 12 feet ; h, aharp, clean 
gravel or 'cclchickenfeed,9y 6 inches to 12 feet; and muck to the ~urfm. 
The mikrid is frozen down to bedrock. The coarse gravels consist 
largely of bowlders of vein quaTt3 arrd rusty quart& becaia or con- 
glomerate, with varying amounts of igneous rocks, quartzits, date, 
and cM. Jn the concantratas pyrite is the most common mineral, 
but it decrea~les in amonnt downatream. Rounded and polished 
psbblea of owi ter i te  showing concentric structure are common, as is 
aLso barite, and there is a small amount of magnetite. 

b t  of the gold liea close to the bedrock surface, hut it may 
extend up into 2 or 3 feet of gravel. Its mays average about $17.30 
par ounce. Nuggets worth $25 have been found, but as a rnla the 
gold is rather fine. It is mostly somewhat rough, and small piem 
of vain quart% are attached to many of the larger p k .  Though 
w a y  bright, the gold from at least one prospect was duU and 
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eight mines employing about 40 men wore operated durbg most of 
the summer, and t h e  or four other outfits of two or thres men each 
worked for short periods or were engaged in prospecting during a 
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b y  mining opmations; the doepest shaft was on one of the hnch 
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The section consists of coarse gravel, 2 ta 12 feet ; h, aharp, clean 
gravel or 'cclchickenfeed,9y 6 inches to 12 feet; and muck to the ~urfm. 
The rn5ikria.I is frozen down to bedrock. The coarse gravels consist 
largely of bowlders of vein quaTt3 arrd rusty quart& becaia or con- 
glomerate, with varying amounts of igneous rocks, quartzits, date, 
and cM. Jn the concantratas pyrite is the most common mineral, 
but it decrea~les in amount downatream. Rounded and polished 
psbblea of owi ter i te  showing concentric structure are common, as is 
aLso barite, and there is a small amount of magnetite. 

b t  of the gold liea close to the bedrock surface, hut it may 
extend up into 2 or 3 feet of gravel. Its mays average about $17.30 
par ounce. Nuggets worth $25 have been found, but as a rnla the 
gold is rather fine. It is mostly somewhat rough, and small piem 
of vain quart% are attached to many of the larger p k .  Though 
u s d y  bright, the gold from at least one prospect was duU and 



nearly black The minimum met of n h h g  is about 60 mnh to the 
square foot of badrock, but same p n n d  mning 8 little lesa has been 
worked. me richest ground is said to run abaut $5 to the q m  
foot. 

Flat Creek wtw sttthd during the winter of 1913-14 and yielded 
consid~rable gold in the following summer. The production wm 
materially increased in 1915, when there wem 18 men working on 
seven claims. The creek is a a m d  tributary of Timber Greek, which 
heads against Littl~ Pup. Tho gradient is gnQe ,  but tham ia an 
abrupt, headward steepaning. The uppennost workin@ lie 1- than 
a quarter of a d e  from the head, m d  othora oxtend down the creek 
for abut 13 miles. Near the head the depth to bedrock is 50 h t ,  
2 feet of which is g~,vel. Farther dawnstroam the depth increases 
to 55 feet, including 6 feet of c o m e  material. In tho workings of 
the two outfits farthest downstmam the depth incroasm to 65 feet, 
including over 20 feet of gravel. Of ths 20 foet tho lower 15 feet is 
somewhat ruaty and oxidized, diffring from the upper layer of 
unoxidized g r a d  characteristic of the r a s h  of the creek, and prob- 
ably mpments an old cham1 of Timber Creek. Them p v e h  c imy  
some gold on bedrock. On the upper part of the stream most of the 
gold is found in or near bedrock in the subangular  gravel^, but some 
of it occurs above a day seam constituting R f&e b e h c k  a short 
distance abova the basa of th5 gravels. hssoeiated with the gold 
are pyrite, rounded grains of cesaiterite, magnetite, and a small 
amount of amnopyrite. It is peculiar in its fineness and axtreme 
roughnsw and in the amount of quarts attached to even the amalles t 
parhieles. Such nuggets as have been found tlresrnd. It is statod 
th%t assays show the gold to have a value of about $15.75 an ounce. 
'r5lining costs me in the vicinity of 75 cants to the square faot of 
bedrock and the ground d e s  from 50 mnb to  $4 a Bqnare foot. 

%re are numernu~ other cmks in the rEistrict that contain aome 
auriferous gravels, and mmy of t h  tributaries of the Sulaha have 
been prospected in the endeavor to locate workable depmib. Easy 
Money and Tip creeh were pmspected in 1913. At their junction 
it was 80 feet to bedmk On Whih Channel, a tributary of Trail 
Creek, holm were sunk more fhan 150 feet without roaching beclrock, 
bu$ W m d  the premm of an &own depth of whita quartz 
g r a d .  Some prospecting waa done here during the winter of 
1914-15. Quartz &ek has &o received some attention, and holm 
sunk on the main stream and on Rabbit-C-reek early in 1915 represent 
the last work done. Fine mlom were obtained, but no workabla 
placer ground was located. 
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A11 plaicere of the Innoko d k i c t  are of medium or &dm depth. The b*k 
thugbout the p l w  a m  conxi& of membm of the Gretacews Redimenmy eeries 
a n d o f i p ; n m u ~ I n ~ ~ e s .  Thel~maremain2yacEdicdhandilIs .  + * 

Ophb M.-The minw of Ophir Creak have been among 6% eltiel pdncere of 
the Innoko district, but the available placer gmtlnd ie now nearly e x b a u d .  

Burifmow gravela formerly extended almmt continuous1 y along Qphb Creek d l e y  
for about 2 miles. They ranged up to 70 feet in width. T b  alluvium ia 30 feet deep 
at the; lower end of the vallcy. Ita depth gradually becornen less upatream, and in 
the upper mines i t  ie lm than 20 feet. % 

Bench gravels have been cxploit~d at a eing1.e point at c h h  No. 6 above- Diemwry. 
T h e  b&wk floor of the bench in  7 feet above the fld-plain level and is eaerlnin by 
s l0-foot thicknem of gmvcle. 

The alluvium of Ophir Creek i@ largely ~ompoeRcE of dightly wornmateriale of the 
local bedrock. Well-worn grawls am m. Silt and muck are also included in the 
upper part of the deposits. Practically all tho alluvinm is permanently fwten 

- Spruce 0d . -The  developed place! on Spruce Creek am on a low bench on the 
sect fflde of the valley about 3 milee above the mouth of the strewn. TWO claimshave 
p r o d  rich enollgh b mpport mining by economical open-cut methods. A ditch de- 
li- water from a point farther u p e t m ,  at the upper msrgin of the bench d e w & .  
Tbe werburrlen ia gmundsluicd off, and the gold-beering m8-I ia then shoveled 
by b d  into lines of ~ l ~ u c e  bo5ee. 

The gold occurs in the sbttered mrface, of bedrock and in an wea1pins h t u m  of 
gmveh 2 to 6 feet thick. The graveb are overlain by 10 to 15 feet ab very wet frozen 
muck or dt .  The vidth tb valley of the d e p i t  available for mining diffem 
from place te plaoe, but Is at m e  plscee more than 100 feet. The gold tenor d 
duerent prta of the deposit depends largcly upon the roughem of the bedmk sur- 
face beneath and ia extremely variBbFe from p b  ta place. Little h h k n o w n  of the 
g l d  tenor of the p v e h  fatther d v ,  where the bench continuee for the 
length of m v c d  claims. 
Iitzb 0d.-Aurifems demts  occur for h t  2 milee along the valley of Little 

k k .  They bare provd ta be rich enough to aupprt mining thmugh much of this 
exknt. Tbey are in put the graveh of the present f l d  plain and in prt bnch  de- 
*ta. The fld-plain d e w t s  am relativeIy m w  and thoee of the h n c h  rela- 
&ely b r d .  

The lower creek c h  a d  the bench cIaima contain &allow phcm worked by 
opencut methotla, The Btream gravels are 18 to 30 feet deep f b h e r  Y-, where 
underground methods of mining am employed. 

The alluvium in the lower creek p k e m  ia made np almost entirely of gmveb. kt 
includee a few lsrge bowldem, but they o k  no pxhl hindrsnce to mining by the 
mathda in use. There i e  naually a slight overburden of muck. The p w r  depth 
of the creek placm fatther upstream is due chiefly to the greater tkickners of muck 
above the gmvelrr. 
The hnchea are be& developed along the middle rssches,of the ettePm'e cwm, 

and where wid& they extend WO feet from the cmk. About $00 feet of thlrr width 
ia mid to carsy vduea d t t e n t  for profitable minhg. The gold ocam throughout e 
considerable thick- of gravel thet in werEain by a thin d a e t  of muck. In min- 
ing a methd is employed that k similar to that u d  on Spruce Craak-that L, the 
werburden in remavd and the paveld are concentraterl aa much as poegible by 
gmundshicing, after which the gold-bearing materials are BhweIed by hand inte 
linee of sluice boxes. 

G m a  W . - & e a  Creek baa a pronounced development of grad-covered 
bench- along the right e5de of the v d e y  and below the canyon a rather bmad grsvel- 



caPered £load p b .  Gold occura in the gravela of hth typee of deporJba, but thae 
far only the bench gravels have p e d  avsiIsbl6 for mining. It ~eerns likely thst 
the fld-plain gravela may contain fairIy high v a l u ~  in placee, bnt the wotk of 
prospecting them L difficult -use they are thawed. 
The ori,$nnI concentmtion of gold in the Ganw Creek vafley accurred in pmg$lacid 

time, when the gtream m a  much shorter and had Iwa volume. Appmnt1y 5 continu- 
oue pay Btreak formed at that time e x w i n g  for milea dong the &an. When 
the stream cut down to its v n t  level psrt of the old pay streak wan carried down and 
reconcentrab4 in the p m n t  grawel and ahmlltl be found in the reach- the- 
tween the gold-- benches. Plvta of tho miginel concentration remain in the 
bench graveb. Where laterel crorrs the mrme of the old pay &t&ak they have 
comtmted ifa valuw from the width of the tope of their recently cut ~ a l I e p  to the 
narrow p v e l  d w t a  in their bottom. Thh form of reconcentration hm pmbnbly 
produced mrne of the richeat epota of the Gsnm Creek valley. 

The Ganea Creek plwers have been workd dm& entirely by opm-mt methoda. 
Wahr for sluicing & teken from the mall tributaries of Ganm Creek, and in rnany 
phca mark has p v  alowly on amount of the d l  supply. The bench p v e h  
have now been pearly workd out, and the htum of Gmea Creek as a producer wiIl 
depend largely upon the gold tenor of the f l d - p h  gravela. If -.tic p w  
pectiqg &odd pmve their worth, %bees p v s h  would be admirably adapted for 
dredging. 

Y& &&.-The Yankee C m k  placers are between 6 and 7 milee nbovo the 
mouth of the &eam md m all included appmat1y in two &tion p u p a  of 
claims, m h  c o m p w  160 m. Ysnkee keek baa an exceptionally broad, flat 
vsrlley, and the auriferotts depwitrl heve a camqmdingly wide crroes-valley exwnt. 
T h p  allu~um cork& of a etratum of gravel 5 fa 7 feet thick, which i overlain by s 
thinbedofmuck. ThepntliamoetIythawedin~~~mdLwmkedexcludvely 
by opencut rnmethda. 

A placer gold e e e  is repodad to have bean maid0 on Tobtoi and 
Boob oreeks during the TRinter of 1915-16. Tobtoi Creak is about 
40 mil= in Icngth mid ~ tribntaq ta Dishna River '(how11 locally 
aa Ditna), which ia pfrt of the h o k o  system. It heads in tha 
h ~ e r  Momhim, bnt hss atwl a number of tributaries wbich head 
a m d  Mount Rumt. 

The Beaver Mounkdm contain much monzonite, a rack which, as 
&ewhere pointod out, is an important source of the gold in the 
Ruby-Kuskokwim region. Jn the Mount Humt area, however, the 
county rock consists mainly of phyfite, slate, quartzite, chert, and 
crptall ine limestone. Prospecting has benn carried on 3n-t- 
h t l y  in this area since 1908, and gold bas'been found in small 
quantities on a number of creeks. If the productive p n n d  is in 
this general ~cinity, it ia most likely that the gold is derived from 
quaJ.tz veins, which ;are plentiful here, as in the Ruby district. If so 
the gold is likely to be less loedisd than whm the bedrock a o m  
is a body of granitic or manzonitio rock. 

CANDLE OEEEK. 

On the upper part of h d e  Creek, a tributmy of Tataha River 
abont 12 d m  long, ~ V B  mining wns begun on a f0upJaim asao- 
datioa by the owners in 1914 and continued by laymen in 2915. 



The laymen had bmn workq only two weeks st the time when 
this creek was v-kited (July 31), md no dem-ups had yet been made, 
'Shis outfit, consisting of two l a p e n  and nine others, rep=& dl 
the mining activity in this vicinity st p r ~ e n t .  

A bm+haped body of manzonite, with the shank pointed down- 
s-, forms bedmck in the upper part of Candle Creek. It ex- 
tends downatream about 3 miles, ending about three or four claims 
above D i i a v e y  daim. The divide at the head of Candle' Creek is 
made up of a hard, dense basalt, but the spurs on both sides of the 
valley are camposed largely of sandstono and shale, presumably of 
Crehceoug age. The stream p a d s  arefmm 9 to 16 feot thick in the 
upper part of the creek, where they aro being worked, and increase 
gradually downstream. Bowldere 4 foet in diamahr occur in the 
gravel, and smaller ones are numerous. Basalt and monzonite sre 
the chief matorials of the gravel. 

Openat methods were beiryr used at the time this creok was 
visited, but a hydraulicking outfit was nearing completion. On 
account of the warcity of wabr in the hsadwatcm of the creek, a 
bedrock basin has been exaavatcd abova the workings to catch sur- 
face and ground water, and a head of 100 feet will be developed. 

The gold is irregdarly distributed through the gravel in grains 
averaging about 1 per cent. Very little flour gold in reported. The 
heavy sand rem~ered with the gold is reported to be largely cinnabar, 
with aome magnetite. 

There c m  be no doubt that the.gold et this locality irs somcted 
genetically with the momonite. Quartz veins c11t the mommitic 
bedrock, and it is entirely probabln that those ~e ins ,  with prhtrp - 

.mineralized zones in or adjacent to tho rnonzonitfl, constitute the . 
source of the gold, Furthemore, it appeam that the richest ground 
is on the upper part of the meek, where the bedrock is rnonzonih. 
Below the momonite proape& the tenor of the p v o l  is Bmcr. From 
250 to 350 drill holes have been ~ u n k  with a Yo. 8 Keystone drill in the 
mcmmnite area, on the four-~Eeim associstion which is being worked, 
and on claim Nos. 8, 9, and 10 above D i s c o v ~ ~ ,  which adjoin the 
twmxiation on the downstream side. The vslues mported for them 
prospects are exwedingly hgh and if this is true point to tho future 
development of Candle Creek as a small but vary rich placer-mining 
&trict. 

MOOEE OREEL 

'Sbe workinp on Moom Creek, the south fork of TaProtna River, 
am on the upper part of the creek, about 10 miles below ita source. 
The gold-bearing gravels at this locality were discovered snd staked 
about 1910, and mining has since been M e d  on in a md way. 
hnng  the m n  of 1915 two outfits wem engaged in mining, one on 
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claim No. 5 a b v e  Discovery and the othrr on n bench assooiation and 
an adjoining fraction Two men were nt work on tho creek claim and 
four on the bench claims. 

me bedrock here is ssndstone and ahale, standing vertical or 
dipping steeply to the north and striEnng in genaml to the northeast. 
On ths ereok claim the gravel is about 10 feet thick and is composed 
of cobbles ranging from 6 inches to 3 h o t  in sizo, mainly aandstona, 
shale, granitic material, and basic ig1180uus rock. On the bench claim8 
the gravel is only 3 feet thick and is covered by 2 fcot of clay and 
vegetation. 

On the bench diggings mining is carried on by pick and shovnl 
methods. Hydmulickmg is used only for stripping off the over- 
'burden. The watsr is brought in s ditch from Willow h c t k ,  s 
tributary of Moom Chek. On the m k  claim hydraulicking is 
utilized in moving the gravel. The wahr coming from the benuh 
diggings is impourided and delivered te the nozzle under a head of 
about 20 feet. 
The gold is little worn and contains much quartz. Cinnabar is the 

chief heaoy sand found in the mcentrab,  but this is much more 
plentiful on the creek claim than on the bench claims. Zircon and a 
little magnetite sm also present. 

As on Candle Croek, the gold is connected genetically with the 
mineralizing effect of menzonik. A body of monzonite occur3 in the 
bilh to the north, at the hend of Willow Creek, and it is not unlikely 
that sindm bodies may bo prasont farther up Moore Creek, for  a 
considemhle amount of gmnitio rock has been noted at Camelback 
Mountain (known locally as Bonanza Mountain), at the head of 
Moore Creek 

D f i A R O b  DISTRTCrr. 

Pl& gold was discovered in the Iditarod district in 1908, on Otter 
Creek bfimng operations began in 1909 and h n ~ e  continued to the 
present time. Thk distriot is  now a woll-ostab2ished mininrr com- 
munity and a constant producer of placor gold. Two towns, Idi tard ,  
on Iditmod River, and Flat, on Otter w o k ,  st the mouth of Flat 
Creek, have post office3 and, together, with Diaeovory, farther up 
Ottar Creek, handle the business of tho di~trict. Flat and Dismvev 
am the supply points for the adjoining mining opmtians. 

All of tho mining is of the placer t type, no gold or othm bdm having 
yet been developed into producing mines. Placcr p m d  is baing 
worked on Otter, Flat, Black, Slate, and Willow creeks, and Glen . 
Guloh, and an the alopes of the granitic dome at the hoa& of Blat, 
Chicken, and Happy creeks. 
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-,' in dimming the plmr deposita of this districtf has divided 
Cbem into two types-the alluvial deposits of grmel in the present 
stresm d e p  m d  the reaidual deposits, or those in the develop- 
ment of which water ha9 played a'rninor part. Some of the atream 
deposits, such tas those in Glen Cfulch and on Otter Creek, at Dis- 
covery, partake of the nature of midual deposits, in that they lie 
in an area of momonitic; bedrock, which is the source of the gold. 
The midual deposits proper, however, are those in the formation of 
which atm&m action has had no place; and tho deposits on the slopas 
of the gmitio mase at the heads of Flat, Chicken, and Happy creeks 
exemplify this type partidarly well. 

8T- PIAWELB.  

Otter CrwE.-Bhq is being done both on meek and bench chime 
on Ottm Creek, in the vicinity of Discovery, Them am six creek 
claims, running from daim No. 2 above Diemvery claim t o  daim 
"No. 3 below." Thme are joined upatmam and downstream by 
association d h .  A tier of bench claims on the north bank and 
two tiers of bench claim on tho south bank lie a l o ~ i d e  the creek 
clabns, About six single and assodation claims wero being worked 
during the sewn of 1915. 

Tbe bedrock at Discovery is a body of monzonite, which extends 
upstream to the mouth of Slata Creek rind ends downstream about 
three claim length below Discovery claim. The valley wall north of 
Discovery is a bwltic rock, MI that the monzonite on that side of 
the meek is confined to the p m n t  valley floor. To the south tho 
momonite reaches well up into the head of Glen Gulch, where it 
attains its rnaxhmn width. Above and below the momnite on 
Otter b k  the b&ck is sandstone and shale, suppmdy of h- 
taceous age, with a general st&e of about N. 70' E. and s steep dip 
to the northwast. The gnrvel is composed, of granitic and baseltic 
material, together with considerable sandstone and ahaly material. 
Tbe maximum depth to bedrock is about 15 feet in tbe craek bottom, 
but bwornes gradually Iess on the bench claims. 

Minmg on the bench d k s  near Discovery is being done by means 
of mechanical wrapem. 'fhw remove dl the loose gavel and con- 
vey it to oms, which m hhaded up an inclined track and d u p e d  
into the dump box, at the head of a chain of sluice box-. upper 
part of the b h k ,  which also xrriea some gold, is picked by hand 
and wheeled in b a m m  to  tho mrs. 

A dredge of the buckeklevaltor flume type, using distillate for 
fuel, is at work mining the gravela'of tbs creek. The &ravels are 
frozen and are prepared for the dredge by tbwing with steam points. 
- - - -. -- 

E a ,  E. H., The IdJbaroa-Ruby &nil, U. T.. Oaol. gtrll. 678, p 81,1911 



Amrding to Brooks,' them are E m  kinds of gold on Otter Creek, 
a c o r n  and a h e r  variety. Theee two are of diffsmnt appearance. 
The Goarea gold is darker than the h e  and 'much waterworn. The ' 

k e  gold i angular and bright. The concentmtm contain cinnabar, 
ammapyrite, and scheelite. 
The monzonite that lies in the bed of the stream b undoubtedly 

the source, directly or indirectly, of the gold on Otter Creek. The 
h e ,  bright, unworn gold cumas d ic t ly  from quartz veinlets and 
miner&d zones within the monzonite. Brooks ia inclined to 
beheve that the coarsar and darker goEd has its source in antimony 
or c@abar lodes that dorsely adjoin the moneoni&. 
G h  GuZ&.-An association claim on Glon Gulch was worked dur- 

ing the season of 1915. Mining operations were suspended befom 
t b  lamlilty wm hi tea ,  but it is said that manual methods were 
employed. The bedrock h monzonite, as on Otter Creek, and the 
gold occurs at the base of the gravel and in the disintegrated bedrock. 

B h k  &eek.-%o plants were at work on Black Creek in 1918. 
The following, written by Eskin: is an adequate description of con- 
ditions there. 

The placere of Black Creek ara not well  defined as to extent. It seems Likely that 
mtinuoua placer deposits do not extend for any p t  distance in the valley. Hm- 
aver, workable deprwrits have been diecovered locally at gevem1 pkea. The Wrack 
in gencraF con& of membors of the dimentary a e r k  and of local bodies of intrusive 
moneonitc. Am on thc other creeh, the depth of the B h k  Creek phere i not great, 
the usual ran* being 12 tn I6 feet. 

SZate &ME.--Smd placer-mining opemtion~r were carried on at 
the lower cnd of SIsto Creek in 1915. It is mported that the bedrock 
is much the same ay on Black Creek snd that the gravels are unfrozen. 

FEat h k . - - O n  Flat Creek a dredge, two planCs operating on 
bench claims, snd B bucket hoist operating in the upper part of the 
creek were at work in 1915. The company workrng the dredge owas 
all the crwk cltbs in tho lower 3 or 4 miles of Flat ;tk, down ta 
Otter Creek, and it% operations ate the most extensive. 

The bedrock at the exkreme head of Flat h k  is mommite. 
Below, do- to Otter Creek, smdstons and shale, rather more 
indurated than other Cretaceous rocks near by, form the rock %om 
of the valley. Locally beds of quartzite and slate were recognized. 
Dikea of igneous rock cut the sedimentary rucks. Along the wagon 
road, about halfway up Flat Creek, the rocks str ike N. 60" E. and 
dip 50' NW. This general nortbehsberlp direction is believed to bo 
the regional strike in tjhis vicinity. The creek p ~ e l s  at the point 
whero the dredge is at work are about 10 feet deep and carry little 
or no overburdon. 

1 B r d I  h. H., unpubllshd notes an I d i W  district, 1916. 
E m ,  H. Lb., The IdlhmI-R~~by r@m, A h h  U. 8. Eiepl. Burvey Bull. 6%~. xZ, IDIL 
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The bedrock wnfiguratioa of Flat Greek, according to Brooka,l 
differs mwkdly from that of Otter Cseek. On Otter Creek the bench 
snd creek deposits merge grdudly into one another, there being 
no sharp break or bedrock rim betwean the two. On the ewt side 
of Flat Creek, in ita upper part, there ia a bedrock reef which a h q l y  
separates the bench deposits from the meek deposits. Moreover, the 
gravel deposits are of different t h i c h w  and character at geveral 
localities. Tho bench deposits, however, merge inh the creek 
deposits farther downstream. 
The meek mining is of two kinds. The bench chima are worked 

by mechanical scrapers, much as at Disco~ery, on Otter Creek. 
Tho dredge operates in the creek gramis, which am frozen a d  have 
to be thawed ahead of the dredge by steam points. 

The gold is of two gradesP1 That taken from tho bench g ~ v e l s  
is marnor and of higher grade than that hken fmm the creek gravels 
(lmown as the "formation gold"). There is, however, mom or less 
intermingling of these two types, especially farther downstream, 
where tho bonch and creek deposih coalesce. 
The gold of Flat Croek is undoubtedly derived from the monzonitic 

mass at the head of the creek. Unlike the gold amund Dimmy, 
on Otter Crook, it cm not be considered to have any of the charmtern 
of a rosidual gold dcposit, for n~arly all of the Flat Creek valley has 
a sedimentary bedrock. The Flat h e k  gold, therefom, is a typical 
creek pplamr deposit. 

WiUm Ctreek.-Willow Creek wrts visited in 1915 by A. H. ~Fbob, 
who states t h ~ t  two plants wore operating there. One of these 
employed a drng-line excavator, ~ n d  the other was operating under- 
ground, raising the gram1 with s bucket hoist. 

Bench ant1 creak claims am staked, as on Otter Creek. Like that 
of Otbr Crcek, tho valley is unsymmetrical, the vdey w d  on the 
weat bring abrupt. The bodrock is slate, and the graveh are made up 
largely of sedimentary rock, with lesser amounts of granitic m d  
basaltic matmid. Thore is about 10 f e t  of muck overlying from 
3 t o  4 feet of g r a d  on tho bench ground, but the muck thins rapidly 
toward the creek. Tho gold Em in tho lower 1 or 2 feet of gkavel 
and in the decomposed bedrock. 

me source of gold is not established. It apparently is not a 
cantinuation of the Happy f h c k  pay strosk, for Happy Creek does 
not carny gold to its month. Moreover, the gold ia mamr and of 
somewhat Pligher grade. R m h  is inclined to btilieve that outlying 
lodes from the main moneonite mass ham beon tho sourco of the gold. 

r 5-, A. a., t q ~ b ~ ~  notat an I&- dl*, 101% 
0 
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EJE8mvbL m a w .  
The midual placers have been described by E a h .  Ten claim 

a d  m i a t i o n s  may be described rn belonging t o  this type. Five 
of theem am at the head of Flat b k ,  two at the bead of C'h&~n 
Creek, and three at the head of Happy Creek. 

The monzonitic bdrock which is the same of these placer d e p  
ita is much &eared and m i n e r d i d .  The mineralization a p p m  to 
have been accomplished jn two w more wap.  nu me mu^ quwtz 
veinlets, from an eighth of an inch to 2 inches in width, cut the mon- 
zonite, Them carry frea gold, and am therefore a known B Q U ~  of 
some of the gold. Maay of them have a general east or north of east 
d&oa. Them are also numerous irenetained joint planss which 
are pmbabl also s o w  of gold. Most of them strike in acwrdance 
with the quartz veidets, but soma have a northwesterly strike. 
Bmoh has observed that on B B ' B B ~  claims there is little evidenw 
of quarta veining or of extensive sheeting. The monzonite L iron- 
stained and maasivo, and the inference is that the rock may have 
been completely saturated with the mineralizing solutions. 

The momnite ia deeply wertthcd,  commonly to a depth of 5 to 10 
feet and in some places denper still. It weathers out into grmat 
rounded bowlders, which very much resemble ma&-worn material. 
Some of thew have moved down the slope and are found overlying 
 fine^ gravel, and in such plsws gravel may appear to  underlie hed- 
rock* 

M h h g  on thia granitic dome is attended with diEdties. Most 
of the work js done by open cub and hydraulickmg. The great 
dficulty, especially in the hyhulicking operations, is the scarcity 
of water. Ditches have been dug at numerous p l m  along the 
upper slope9 of the dome to catch the surface and p m d  water. 
~ B B B  Srikhas bad tha water to resemoks, where, it is impwnded ta 
give the necessary head for hydraulicking or to give a gteady flow 
for opsneut work. Obvious1y the length of time during which 
p m 1  may be washed is Iinited by the mount of water availabh. 
The work begrna when the m o b  is full and ends when the watar 
is exhausted, giPing the work an intemithnh character during the 
day. Tho m e r  of the claims at the h p . 4  of Flat Creek has built 
snow fences d&g the winter to causo the snow to collect in huge 
drifts, thus augmenting tho snmmer watar supply. Thii method 
w 3 l  probably be followed by other operators, 

The gold is bright and engular and conhains much quartz. Much 
of the gold is v0ry fina, and one of lthe operators reported that 10 per , 
cent of hi total output was recove14 by amalgamating on copper 
plates, ir pcea that is commonly followed. The richat part of 
the p h  is usually near the bcdrock. 

1 Braoh, A. Tt., t~npuhltshd not& on I d I W  d-t, 191% 

41354°-BulI. &4%11'1 



Little gold-lode mining hm been done in this region. Quartz and 
quartz-calcite mina are verg m m o n  in the Ruby district, but it 
remains to be demonstdad bow numy of these are capable af sup- 
porting lode mining, Several good& quarte veins near Ruby 
have been prospected, and although small quantities of gold are 
reported, none of the veins have yet proved to be of commercial 
importance. The fmt, however, that good-sized nuggetn with inter- 
gmwn quartz sre ofkn found favors the belief that richer veins am 
present and will ultimately be Ewted and mined. 

Eskin "reports that in the Xmoko district quartz v&ing is com- 
man, espeeialty in the vicinity of acidic &a. One such quartz win 
was being worked in 1912. Of this he ssp: 
The Independence mine ia  near the hsad of Carter Greek, an esatw tributary of 

Oana Greck. Tho ore body ia a quartE vein, av-ing about 2 feet in thichear, that 
ocmm along the hanging wall of a rhyolita dike intrusive in the sedimentary d m .  
The m i c m p e  shorn8 that the pold liea in iiuegtained mviw and vuga in the qaarte 
and h a h  embedded in grainn of magnetite witbin the q u a  v& Yeinletst of iron 
arbonate cut the q d ,  and ion catboaate i a  abundantly p m t  in the altered 
&entmg rock on the one h h d  and in the sltcred dike on the other. The dike 
i s  much al-eaad in placee, m that the oriRinaI cbmcter of the m k  i a  obecmre. 

'The altered Bedimentary and igneous rock8 both contain more or Ieee gold. Tbs m w  show that tbe vein ie continuous to a, depth OF more than 90 feet, and them 
am evidwt geologic ~ I U I  that it may not extend to a much p t e r  depth. 

In the Iditmd district quartx veining is not common in the sedi- 
mentary rocb excapt close to  the intwive rocka. The monmnite, 
howe~er, contains many qu&z veins. In the monmnite at the head 
of Flat Creek much of the quarts is bluish in color and carries free 
gold in grains that are visible to the n&ed eye. The pmenca of 
menopyrite and cinnabar in the concentmtea bere indicafes that 
these minerah probttbly occur in the quartz veias. Over 600 pounds 
of the rich gold quartz mahriid has been gonged out from veins in the 
mownite  at  the head of Flat Crsek and shipped to the Selhy smelter, 
in Tacoma, Wash. 

Vein depoeita of stibnite and of stibnite and cinnabar are known to 
exiat in the vicinity of the momnite intrusive bodies. h a  of 
thme have been worlred, but it is quite p~mib1e-that some of them or 
other lodes as yet uncovered msy become producers in the future. 

At the head of Wyoming Creek, in the Cripple Crmk Mountkins, 
EakinB reporta the p m n c e  of a 30-ineh vein of atibnih and quartz. 
A specimen from tbis locality ~hom that quartz md cinnabar form 

1 Enkin. IT. M., lln Tdlbaod-Ruby m, A m  W. 8. OeoL 8- BUN. W,p. a, lslC 
Eukln, a. M., oral mmmnnlcatlm. 



the walls and stibnite the oentm of the vein. The vein is t 3 d  to 
occur in the contact zone between the momnite and the sedimentary 
rooks. 
In the h k o  district Eakin saw a 12-inch vein of stibnito and 

qu&z at the Kwtz pmpect, 14 milea above the mouth of Copper 
GulchJ a t r i b u t q  of G~anea Creek. This vein strIkea N. 30" E., 
dips 75" SE., and is traceable, in association with a rhyolitic dike, 
for 6,000. feet. Stibnite iq dkminatod through the vein, but is con- 
centrated along the footwall. h examination of a thin section of 
thia ore shows conclusively that the quartz was injected into the vein 
and WM f oUowed later by the stibnite. 

At the border of the monzonita m a  at the head of Flat, Chicken, 
and Happy creeb l d w  carrying stibnita and cinnabar are present. 
A sample from one of these, collected by Eakin at the head of Chicken 
Creek, shows a vein 2 inches thick. It is mentioned, not because of 
its potential significance as tt lode deposit, hut because it shown very 
well the same feature that was noted in the ore from Wyoming 
Creek-that is, quartz and cinnabar along the edp  of the vain and 
8tibnit-a in the center. 

At the head of Glen Gdch a stibnita claim known as the Mohawk 
lode has been staked. This is a mineralized shear zone about 2 feet 
wide, at the contact of tho momonitrr with the country rock. The 
strike of this zone ao far ns could be determined js N. 45" E. and the 
dip 45" S., mbccording to Brooks. 
This zone, like most of the others mentioned, carries gold. Some 

narrow atibnite-bearing veins have also been found on the lower 
part of both Glen Gulch and Black Creeka 

The Parks prospect, on the north bank of Kwkokwim River, about 
15 miles abovo Georgatown, has baan demribd in considerable detail 
by Smith and Maddren.s The ore is cinnabar and stibnite, md the 
lode is in a shatkred or brwaiated zone at tho contact between the 
countv rock and intrusive igneous mck. The intimate association 
of granikio and &basic materid, the charamtesistic feature of the 
igneous m k s  in this region, is also to be seen here. According to the 
authors cited, the cinnabar and stibnite are intimtbtely intergrown, 
and the deposition of the two minerals was almost oonternporansous. 
The gangue is quartz; and ferruginous carbonates. 

IJTBEU Trn. 
* 

Stresm tin in the Ruby-Kuskokwim region is not considered by 
the writers to be plentiful enough to warrant a disoussion of its pos- 
sible ec;onomic sigmficanoe. Many queries, however, were m d e  by 
- .- - - - 

1 E- a. M., o ~ a l  ~ o m m r t o m .  
~rao la ,  k 8, The antitnmydqdta d Akka: U. 8. W. B w e y  Bull. @49,1916. 

4 SdrrIth, F. R., snd Xddmn, A. Q., QdabEvsa ob ths Kwkokwh n@m U. 8. Gwl. 8 m y  
Ball. 622, pp. 274280,1915. 



&em regding tha natura of certain heavy b m  pebbles m- 
e d  by them in. the concentmtm. The following ~ o t e s  an, intended 
as en answer ta mch queriw: 

Tin in the form of the oxide, eassitmite, is obtained in the concen- 
tmta on Short, Midnight, Greenetone, Monument, and Trail m k s ,  in 
the vicinity of Long, ~ n d  represents a phase af mineralization which is 
doubtleas assmisted with tho coarse-grained granih occupying the 
cmt of tho ridge at tho head of Flint Crank. A similar granita 
intmsion and its attendant minerdizmtion accounts for Itha p m n c e  
of tin on upper Birch Creek. On Ruby Creek there is no hown 
expomm of granite, hut the mncentraks likewise contain cmsit- 
@rite. The cassiterite occurring at thme places ia in the cgstalline 
form, translucent to opaque, and from yellow-brown to black. It 
resembles rutile or wolfrmita in appearance. 
On Poorman and Flat creeks, in the vicinity of Poormen, the cas- 

aiterito is in the form known as wood tin, showing no crystal form, 
but having surfaces which are mamillmy or raniform and inhrnally 
showing concentric structure in which bands range from yellow to 
dark brown. The source of this tin is unknown, hut probably it is 
of vein origin. This form much remnbles limonite and is with diffi- 
culty distinguished from it. 

A simple tat for both forme of caseitarite consists in placing frag- 
rnsntcs of the mineral in a glass or enameled dish with some granu- 
lated zinc, and pouring over them aulphuria or hydrochzoric acid, 
After heating a few minutes cassiterite shows a coating af tin, which 
becomes more evident af tar rubbing on a piece of cloth to brighten it. 

Coal-bearing m c h  of Cretaceous age o m r  at numemu8 places in 
the lower Yukon basin, and somo small mines have heen opened in 
them, but the dem~nd for coal has been slight and consequently the 
devsloprnent has not bean extensive. In tha Ruby-Iditard region 
c o d  has been reportod from gaveral plms. A prospect hole 9 or 10 
miles from the head of Quartz Crenk, in the Ruby district, i~ said to 
have reached coal at R depth of 100 feot. On Swift Creak, IC tribu- 
tary ~f l3nsin Creek, a layer of tho gravel shows a high percentage of 
carbonaceous material, resembling the detritua from a coal seam, 
and cod f r w e n t s  are said to have been found near by. 

Cod has heen f h n d  in a prospect hole sunk ta a depth of 50 feet 
on lower Poorman Creek. Water filled the hole at the time of the 
writer's visit, and tho extent of the cod WIELE not obsemd. A cross- 
cut driven fmm the foot of the shaft is said to show cod ha* a 
70' dip. This indicate- a seam of considerably greater thickness 
than is found elamhere in the adjacent regions. There is mid to be 
15 feet of a yellow gnmmy gouge between the coal and the overlying 



gr~vel, and this gouge also forms partings in the cod. M y  a amdl 
quantity of the cod has bean mined--at most a few tans. It is sub- 
bituminws, ipGting with difficulty but burning readily after ignition. 
Some of ilt hns been used as blacksmith coal, but has not pmved 
wholly atidactory for this purpose. On exposura to  the sir it slmka 
badly, although it is probable that the material men waa obtsined 
near the surftice of the seam and in consequence would tend t o  dig- 
integrate more readily than coal taken at greater depth8 beyond the 
influence of atmospheric agencies. Owing to the depth and the dia- 
tsnce from m y  considerable market, the present utilization of this 
ma1 swms exhremely doubtful. 

Maddren obtained information m 1910 from a proepmtor to the 
effect that coal had been found on Homes take Creek, in the Nowitna 
basin, ht a depth of 46 feet, and that i t  also occurred st the head 
of the Nowitna 

The open+ut mining on Moore h k  has expoaed the bedrock 
dong the creek, and at one place there is a very carbon~~cews layer 
in the shales. Little is known of this occurrence, but it is probably 
only a thin mrbonamous warn. 

In the Iditarod district coal croppings have been reported from ta 
number of localitieu. Smith ' has dmxiberl thsse in detail and given 
an analysis of some coal t ~ k e n  from prospect on the tramroad be- 
tween Iditarod and Flat. 

During the winter of 1914-15 another coal prwpeet wm opened in 
the mme vicinity, near the juncture of the wagon rods from Flat 
u d  Dismverp. Additional work wss to be dona on this property 
during the winter of 1915-10. The owners s h t d  that the strike of 
the beds is N. 38' E., and the dip of the cad seam about 80" SE. 
A shaft 30 feet deep hw been sunk, the lower 25 feet-of which is in 
fmzem ground. The aection of coal, as given by the owners, is w 
foUows: Shde Changing wall) ; coaly shale, 10 inches; clean coal, 14 
inches; shde (footwall). The cod appears t o  be subbituminous. A 
sample wns taken from the dump and will be analyzed for a, report 
I&ter. 

It b likely that thera am a large number of cod beds in the Qret*. 
mow rocb in this generd neighkhood, and other beds will there- 
fore pmb~bly be discovered in the c o m e  of time. The fact, how- 
ever, that only small be& have so far been uncoverad indicates that 
these w e  the d e  rather than the exception. Nevertheless, in the 
Iditarod diataict, where wood is becoming scarce, such beds may 
prove to be of mmidemblo importanso as a source of fuel for load 
oomumption. They certainly merit iurther prospecting. 

1 Bmith, P. 8., Y i u d  r e a t m u  of the h k s  Cbrk-Idlhmd wbn: U. 9. -1. Bummy Bull. 7 9  pp. 
m-270, leu. 



The m b  callected during the field season of 1915 have not yet 
been studied in detail, and it may be m c e s a r y  later to modify soma 

. of the conclusions reached in this paper. At tb present time, how- 
ever, the data at hand points to  minertihation at two perioda in the 
Ruby-Kwkok-rpim region. This oonduion is b m d  on evidence 
regardmg the geneais of the plamrs, on the character and distribution 
of the quartz v e h ,  m d  on the character of $he concentraw taken 
with tihe gold. 

Zn the Ruby district, exclusive of the Cripple Creek Mountains, 
quartz veins are very common throughout the wdimentary and 
igneous rocks, rand Eakin ' has assigned theso as the source of the 

r Id in this district. Many such veins, however, are apparently 
a m ,  md it is mthar Zikely that there may be se.veral aeries of 

quartz voins, of which certain ones, rdated perhaps to a dehite  
period of mineralization, are the sources of the gold. It may ba that 
same of the intrusives p a p e d  in this report under the tam green- 
stone am of original monmnitio or dioritic nature and have a genetic 
relation to .the aurifemua quartz veins. It is hoped that later micro- 
scopic work will shed soma light on this problem. It is oertain, how- 
ever, that in this district placer ground is found overlyhg sedi- 
mentary bdroak at considerable distancas from any ]mom bodies of 
granitic mclrs, and it is necessary ta postulate auriforom quartz veins 
to explain the presence of gold. 
In the other plaeor gold mas to the south, including the Cripple 

Creek Mountains, the h o k o  district, Cmdle Creek, Mwre Creek, 
and the Iditarod district, d 8 m t  conditions pm~ail. In some 
places, aa at the head of Flat Creek, the gold p l a m  ma midud, 
being weathmd out of p a n i t l o  bodrock. In other placa the p h e r  
ground k some distance downstream from such rock or from gold 
lodes, but the gold is dwap defmital~ dated to acidio intrusiva 
rocb. Moreover, in the &strich above named, quartz veining is 
uncommon, except within intxvsive bodies and noar their peripheries, 

, a condition which is in sharp oontrwt to that in the Ruby 
district. A further difference exists in regard to the character of the 
quartz veins. The only w c e ~ o r y  ~ulphides obsswed in tho quartz 
v e h  in the vicinity of Ruby, Long, and Paoman am pyrih and 
msenopyrite. In the southern areas cinnabar and atibnite, as weU 
as pyrite and amenopyrite, am. found in tho quartz veins md lodes. 

The concantrates present a most striking illmtration of the difFer- 
e m  in character of the northern and ~outhern mineralization. The 
mk-forming iron mixlsrals, magnetite and ilmenite, are found uni- 

1 Eakh, H. Y., The IdiW-Ruby region, Alaska: U. 8. W L  8urv9g Bull. 678, p. 43,1914. 



vernally. P~te and amnopyrite like& am not localized. Around 
Ruby, h n g ,  and Poormsn, however, cassiterite is very common in 
the cancentrat~s, and on Poorman Creek barite &o mm. Neither 
of these minerals, 80 f mr t19 h o r n ,  am present south of Poorman. 
On the othor hand, oinnabw is found universally in the southern 
zone, with ~tibnita and ~cheelih in some p l m .  The only hewn 
wcurranccl of any of them minerale in the northern zone is at Spruce . Creok, northemt of Poorman, near the south end of the northern 
zono, where cinnabar occurs in the conmntrah. If, as ia supposed, 
hho southern zone wpresents a later period of tnineralization, i t  is 
quita posaible that this period ~hould be repmented in tho north, 
especially near the 'boundsry between the two zonos. ~eriC0 tho 
ocCurrenc8 of ohmabar on S p o e  Creek is not a n o m a h .  On the 
other hand, the mtriction of ca~iterita to the northern zone is quito 
mwntial to the truth of th0 hypothesis to beqmposed. 

From the foregoing mmidemtions the writers am bd h bclieve 
that them were two distinct periods of minentlimtrtion in tho Ruby- 
Kuskokwim region. The minewlization in the vicinity of Ruby, 
'Long, and Poorman is the older, but itR age can not bo assigned with 
certainty. It mag be either Paleozoic or Mesozoic, but the facts that 
Mesozoic intrusions elsewhem in A h k a  m e  connected with minemil- 
ization and that there is no record of definits Palmwie mineraliza- 
tion afford presumptive evidence in favor of considering tho northern 
minedimtion to be of Mesozoic age. The monxonito of the muthern 
zone, to which the placen are d a t e d ,  has bocn conaidored to be of 
Tertiary age, snd the mbemlization which accompanied it is of 
mume also Tertiary. It seems n c m a y ,  if this hypothesis is correct, 
to beIieve that the northern minemlization took place in the old 
Paleazoic and Mesezoic land mass prior to the deposition of the 
Cretsceous sediments that cover much of the muntry south of 
Poorman. 

One other factar bearing on tha ago of the mineralhtion in the 
Ruby-Kwkokwim region rcrneins to be considered. It is probabl~ 
that tho northern nnd sonthem type of mfneralkation do not 
repremnt sing10 perjods of mineralization in the Mesozoic ( a )  and 
Tertiary. Diroet evidonco on this pint is lacking in the northern 
zone, but the pmence of csaaiterite in some of the mnmntmtes and 
its absenco in others, aA well as the occurrence of barite on a Bingla 
creok (Poorman Crecdk), suggest this pwibdity. Microscopic work 
has already shorn that in tho southern zone the stibnite is later than 
some of the vein quartz; and gold is known to exist both in quartz 
veins and in the stibnite and cinnabar lodes. Attention has already 
bmn d e d  to  the two dierent kinds of gold which am found in the 



Idi tad  &trict. Such fsch are certainly suggestive of the p 
sibility that the gold m ~ e ~ t i o n  msy have taken p h  in two or 
more &tinct stages, within the same general period of minerahtion. 

me areas in which the two types of mineralization above referred 
to have oo[:md coincide in their distribution in a g m s d  m y  with 
the two physwgrsphic pmvincea of the region, and hoth tb mined- . 
imtion and physiography are factom that muat ba taken into account 
in giving advice to the prospector. 
In the Ruby district, exclusive of the Cripple h l r  Motmhina, 

placer gold is not h o r n  to be directly dependent for its position on 
bodies of intrusive mck, though such bodiw were probably influential 
in the formation of the quartz veins. Were it possible to know the 
c h c t e r  of the country rock in thie district, the best advice would 
probably be to prospect in creeb in whose upper bmins the country 
rock is cut by numerous quartz veins. It happens, however, that 
in the major part of the Ruby district bedrock is effectually covemd 
by a mantle of uncon9olidated deposib. The prospector and geol- 
dgief are therefore dike in the dark aa to what creeb are likely to 
become producers. !The ultimste mlution of the problem ljea in 
prospecting. 
h the Cripple h e k  Mountaim and in the hako-Iditarod dis- 

kict the wnditiom are merent. Here, too, the valleys afe f l e d  
with duvium, but the ridges are higher, and bedmck exposurea 
may wually be found on the interstream divides. Such exposures 
aflord a general idea of the chrwacter of bedrock in the valley bottoms. 
It is now mmmonlg remgnized that the gold pl8cem in this part of 
the *on am clowly amciabed with gmnitie mcb. SGreama which 
head in areas of granitic mcb or which have a gmnitio bedrock are 
therefore the logical places to prospect. It does not follow, however, 
*hat gold wiU be found UnIVersaIly around granitic mcb, for such is 
not the am, but it m y  be stated nwtively that in this region gald 
is never found very far fm granitic bodies. 

Them is one point which may be of value to the pmpector in 
eearehing for granitio rooks. It sometimes happans that auch rocks 
are pment in the valley bottom coverad by alluvium and the inter- 
stream divides give no indiqtion of this fact-thrrt is, the granitic 
body magbe s m d  and confined to t h e d e y  bottom. !This andition 
actually occurs on Candle Creek find Otter Creek. It haa been 
obsemed, however, that most of the *tie intrusivm in this region 
am surroanded, adjoined by, or in some way associated with basic 
intmsive rocb such 8s gabbro, dishwe, and baaalt, and it mldom 



httppem that both the basin and acidic intrusivm fail to crop out on 
the dividw. Therefore whem bbasic intrusivea am found the pms- 
pwbr shodd look camfully down the valley dopes sad in the valley 
wash for granitic detritus. On Otter Creek an$ Candle Creek the 
prssance of large nume of bssic rock on the adjoining divides would 
have a t m d  the initiated to wsmh for granitic mck in tho neigh- 
borhood. 

-C) I1P 1911. * 

hIining was done in 1915 in the Ruby district, including the Crippla 
GSreek Mom tains,   bout two principal centem, Long and Poom~n,  and 
in addition some gold was taken out from Ruby Greek at Ruhy and 
from Golorado Croek, in the Cripple Creek  mountain^. Long, Creek 
and ita tributaries, Bear Pup, Short, Midnight, Monument, and Basin 
creeks, together with Glen Gulch, Birch Creek, tributaries of Flint 
Creek, snd Trail Creek were the sources of placer gold in the vicinity 
of Long. Spruce and Tamarack creeks, tributaries of the Sulatna, 
and Flat and Poorman creeks were the producers new Poorman. 
In all 61 outfita were at work in the Ruby district, employing 254 

men. Six claim wore operated by o p e n a t  methods, some of which 
usad a t e m  hoiqting machinery as an ac-ry to convey the gravel 
t o  the olevated line of sluice boxes, or in stripping. On 21 proper- 
ties the hoisting was done by hand, and on 34 it was done by ateam 
hoists, It is sstimsted that gold to the vdue of about $700,000 WM 
produmd in the Ruby district in 1915. 

In fhe h o k o  dietrict tho same creeh were productive in 1915 as 
in f o m r  years, including Ophir, Spruce, Little, Ganes, m d  Yankee 
cmb, with some of their tributaries. The returns that have been 
m i v d  indicate that most of the mining was done by open-cut and 
hydrauliclung methods, except on Little Creek, where underground 
mining was done on two claims. Reports have been received from 
12 properties, employing a total of 49 men. The gold produced in 
1915 had a value of about $190,000. 

Seventeen men were at work on Candle and Moore creeks, on three 
properti-. On two of these the work is being done by hy draulick- 
ing and on the other by open-cut and manual methoda. Complete 
daks on the .atdue of the gold produced am not available at t,his 
writing. 



In the Sditarod district mining was done on Flat, Chicken, Happy, 
and Willow creeks and on the divide at the head of Flat Creek. Xn 
the vicinity of Discoverg mining was in progress on Otter, Black, 
and Slate cmb and on Glen Gulch. In all, 24 minea were worked, 
and from 350 to 400 men employed. Two dredges were active, but 
most of the plan ta  uacd mechmical scFapers and hydraulicking opera- 
tions. Open-cut work, involving shoveling and sluicing, as well ss 
little drift mining, was also done. The t o t d  value of the goEd p m  
duced in 1815 is $2,050,000, 
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