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MINERAL INDUSTRY OF ALASKA IN 1325 

INTRODUCTION 

Tihis volume is the twenty-nd of a series of tarmad bulletins l 
summarizing the results achieved during the year in the investiga- 
tion of the mineral resources of Alaska, describing the mineral de- 
posits, and pramnting statistics of mineral production? It has for 
its chief purpose the prompt publication of no& on the more im- 
portant mining developments of the yew and of the principal re- 
a d &  of the field work carried on by members of the Qeological 
Survey who me engaged in the investigation of Alaska's mineral 
resourws, especially any f a t s  or conclusions coming from these 
investigations which may be of immediate use to the mieing public. 
The papers included in this volume are for the most part preliminmy 
statements or aummarias of the ~ e a u l t a  of work which are expected 
b be pubbhd in gsater detail at a later t ime,  as the study of the 
field mllectiana in the offiw, is not yet  compIetad and the final maps 
b e  not prepared. The ombion in thia volume of e n g f ~ ~ s d  maps 
and the illustrative matarid which ordinarily accompanies a more 
detailed report on the geology and mineral reeourt;8s of a districk 
makes possible ih publication with much greater promptness than 
otherwise could be attained. It is evident that the later mnclmions 
of the final reporb may differ in some measure from the statements 
of this volume, yet it is believed that any changes of this kind which 
may be found n-arg will not modify radically the conclusions 
here ast forth. Those who d d  more detailed information regard- 
ing a particular district or particular problem in Alaska, especially 
thm who require the geologic and topographic maps of arean that 
are k g  surveyed, rua urged to obtain copies of the h d  reports 
when they becoma available. Although aa a, rde it is not possible 
to gtate even approximately the date of publication of a paper in 

1  be W~UZ wlamas h WS- splm are u. I. m. BTWBY ~lllle. m, m, BI~, BM, am, rn eso, sa0, 
WWWWMZ,~.flz,n4,~,~,7&m,Snd783. 
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course of preparation, requesta for auch repork am fled, and the 
reports are mailed to those requesting them as soon w they come 
from the p m .  
The information for the general survey of the mining indwhy of 

Alaska in 1925 hem presented comes from a number of saurces, 
cbiefly the mhedulea of lode mines end wBd pltlcera which are 
furnished by bhe ownem or operatom of mining propertim at ths 
~ u ~ t  of the Geological Survey; the mpo& furnished by banka, 
the Bureau of the Mint, the Bureau of Mines, the Customs Service, 
and others with ~pecial knowledge of mining developments or pro- 
duction; md the data ga thed  in the field by the Geological Survey. 
k%rne items of interest and notes on important events are obtained 
from the Alaskan newspapers and the technical p m .  The informa- 
tion from the operators themselves is t h  mmt valuable, for it briqgs 
the Geological Smey into close touch with the rninjng men of 
Alnska, maka possible s mare accurate knowledge of the conditions 
under which the miner is working and of his needa, and increases 
the vdne of the statistical recoda of production by increasing their 
wmir~cy. 811 operatom who receipe each year the schedules aaking 
for at~thtica of minerd production we therefom urged to iill out 
and return tbem promptly, in order that the Qpms for production 
may be aa nearly acoutata as is possible and compiled without delay 
in the Geological Sumey. 3n order to make the rwords murata 
and completa it iB n e c m q  fo have returns not only from operators 
of minm of 1- production, but & from t h m  that pmdnm little 
or none at dl. All the schedulee a m  regded as d d e n t i a l  and 
&re used for no other purpose thm mmpiling the tablee of &era2 
production of Alaska wbich am publishd each pat in this eeriss of 
volumes. h preparing these t8bles care is taken to combina the 
figures in such s way aa not to rend the production of individual 
operators or compmiwt, except such companies as themselves 
publi~h the of their production in the mud reports to their 
stockholders. It is for this reason thet the grouping of mlnerda 
produd and of creeks- or properti- in ~ o m e  of the tsblea is not 
entidy naturd or not dwap logical. It ia gretifyhg that m large 
a number of Akkan mining men am d i n g  to assist in the work of 
eonwting the statistics by placing at the command of the h l o g i c d  
Survey 'the figurea of their individual production. 

Many persona have mntributed infomation or rendered other Jd 
tuwwd the compilation of the statistics and descriptive miterid in 
this repod. T ~ B  list is too long to be included here, although such 
recognition of appreciation would be @vm. A number, 
howeyer, have given apecid mistam end should b mentioned. 

Specid mhowledgment is due to the directam and other officers 
of the  bureau of Minw and Bureau of the Mint; the collector and 
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other 0£6c~m of th8 Masks customs service; the officem of the Alaska 
Railmad; N. L. FVimmler, formerly of the Burtlau of Mines, now a 
member of the Geological Surrey, for information about gold placers; 
Volney Richmond, of the Northern Commercid Co.; John C. 
McBride and the Alaska Juneau Gold Mining Co., of Juneau; E. 33. 
Bartholf, of Hyder; d. H. Cam, Hirat-Chichagof Mining Ca., and 
~hichngoff Development Co., of Chichagof; Kennecott Copper Cor- 

-7 poration, of Kennecott; Thomas L m o n ,  of Kotsina; AM. J. Knowles, 
of Vddez ; S. W. Jansen and H. W. Nagley, of Tdkeetna; Alex Liska 

-, and Sumner Smith, of Anchorage; N. E. Bolshanjn, of Unalsska; 
' 

Arthur Moose Johnson, of Chulitna; J. R.  Lander, of Wmilla; L. A. 
Levensaler, of the Nicolai Placer Mines, Dm Creek; Charles Zielke, 

Y? of Nenana; C d  F. Whitham, of Chisana; d m  J .  Hillard, of Eaglo; 
James P. Collins, Henry Cook, the First Natjond Bank, Oeorge 
Hut&inmn, and G. E. Jennings, of Fairbanks; Charles E. M. Cole, 
'of Jsck Wade; the Miners & Merchants Bank, of Iditmd; E. J. 
Stier, of Flat; William Schneirla and Frmk Speljwk, of Ophir; 
B. Gascaden, of Livengood; Alex Mitchell, of Kantishna; W. D, 
F,mjglish aad Frmk H, Smith, of Bettles; H. 9, Wanmaker, of Wise- 
am; Tom Plunkett, of Fostuna h d p ;  William Yanert, of Purgrt- 
tory; A. J. Cfriffm, of Richardson; D. J. Bower, of Long; George 
Jesse, of Pkmm; Lynn Smith, of Ruby; J. R. Murphy, of the Kus- 
kokwim Dredging Co., McUrath; E. M. Wbalan, of Medfra; John 
Haroldsen and A. Stecker, of Kwinak; the Miners & Merohants 
Bmk, G. R. Jackson, S. M. Gaylord, R. W. 3. Reed, and K. L. 
Gravem, of the Coffee Greek Mining Co., of Nome; E. M. Man, 
of Teller; A. V. Cordovado, of Deering; A. S. Tucker, of Bluff; 
J m  C: Croea, Lewis Lloyd, Fred Johnson, Michael Tuohy, md 
F. R. Feqymn, of Shungnak; and Arthur W. Johnson, of Haycock. 

MINERAL PRODUCTION 

2. T h e  minerd induabry of Alaska was until a, few yeam ago the prin- 
:J cipd murca of wedth in the Territory, but the growth of other 

indtm~m, notably the fisheries, together with the decrease in minerd 
praduc~on resulting from increamed cost of mining and svpplies and 

" decreesed oultput from bonanza gold placere, has di~placed it from its 
leading pmition, notwithstanding the fact that the loss in gold pro- 
duction baa been partly made up by increased production in other 
metals and minerd substances. This change in relative .rmk of the 
mining industry is evidence of the growing importance of Alaaka and 
the certainty of ite commercial future, for a diversity of mmmemisl 
intmests argum for p w t h  and stability of p~pulat~ion. The tabIes 
that follow show, however, that mineral production still hoIds an 
honorable place among the sources of wealth in dlsska and that the 
p m t  s d e  of production is IikeIy to be maintained if not raised. 



Alaska hw produced mom thm 8553,000,000 in gold, copper, dver, 
l ed ,  and other minerd substances since the year 1880, which may 
be regarded as marking tha beginning of its mining indukq. From 
1880 to 1897 there was a slow but a b d y  incresse which brought the 
annual production up to about $2,500,000. Beginning 6 t h  I898 a 
rapid increw in production took place 8s 8 mdt of the discovery 
of rich gold-bsaring gravel in many parh of Alaska. The outpi~t of 
other metals besides gold, such as copper aad silver, slso increased, .- a 

and the curve of gold production was no longer mincident with the P 

curve of total mineral prodmtion. From 1898 ts 1906 the totd 4 
m i n d  production incrsased from less than $2,500,000 to over 
$20,000,000. Shes 1906 Alaaks's minerd production has ~ d d  a 
little above or a little below the $20,000,000 mark, except during the *i 

extraordinmy y m  of the war (1916-191&), when the hgh price of 
copper and resulting stimulu~ to  production carried the vdns of the 
minerals produced to nearly $50,000,000 in 1916. The ye= 1908 
rn~brks the peak of Alaska's yearly g ~ l d  output. Since then the 
amount of gold produced from the plwers has ~Iowly diminished BS 
the bonanza gmvd deposits were exhausted, d l  now the propertion 
of p1-r gold in the annud output is not p t l y  different from that 
of lode gold. There is much r s w n  to believe that, dthough the 
higb r w r d  of the hnanzs pier days is not likely to be repeated, 
the pment mh of gold production will probably be maintained and 
nay reaaonsbly be sxpe&d ta increase. 

The total minerd production of A I h  is given in the following 
table and shown grephicdly by the c m e a  of Figum 1, on which 
tue included also the production of copper, the total production of 
gold, and the production of gold from placere. This diagram brings 
out clearly the effect of the war on the production and price of 
copper u d  the increasing pmportion of other minerals to gold ih 
the totid m i n e d  production. 

Previous volumes of this series, except that for 1924, contain 
tablee giving the values of the principal metah by years ae far back h7 
as the record8 go, but in order to save s p w  md the mt of printing, 
the tables+wore condensed in the report for 1924 by combining the 
earlier yeam into one item and giving the totd annud production 
by ymm only from 1891 and the pmduction of individual met& 
from 1916, Those who are. interested in obt- the full m r d  
should ooneult Bulletin 773 in connection with the present volume. 
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From this table, which gives the total ~lainerd production sf 
Alaska during 45 years of mining, it is seen that the production of 
1924 was the smdest since 1905, except that of 1910 and 1921, and that 
the pduction of 1925 exceeded that of 1024 by $763,359. A wm- 
p a h a  of the quantities and values of the principal minerd products 
of Alaska for the years 1924 and 1925 is made in the following table, - which gives a view of the present condition of the mining indust~y 
not obtainable fmm the table of to td  production. 

P l a c e r  pletinnm meta l s  ----....,.----.--,-- llmounoes_- 
Mlm- m b w d  mxiucts, 

iorIndIng p e t r o l a m  marble 
ppun @ f i v e r , '  arrd 
p)ntinum metab. ...-.-.--....-- 

The dues given for copper, silver, and l a d  differ somawhat from ' 
the values published by the Bureau of h b m ,  but thie is an apparent 
rather than B d dlscmpmcy. Where the prices actually recaived 
for the metals are h o r n  m d  apply to the principal pafi of the 
pduetion from Alfaska, the average of those pricm for each metd 
is mgd ta multiply the k n m  quantity pmducd, mthm thm the 
sver~ge yearly market price for the whole country, which is cam- 
monly used h coxpputbg sucb statistics. Only where the mebg 
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prim is not known ia the average yearly price used in compiling the 
tablea. For thia reason the tables show a somewhat greater valuer 
for the mineral products of dlaska in 1925 than would be assigned if 
the average prioa of the several metals for the year had been used, 
indicating that the price received for some of the b k a n  metals waa 
%hay &bow the average for the year. The average market prices 
of copper, ~ilver, and l e d  as computed by the Bureau of Mines for 
1925 were ta follows: Copper, 14.2 cents n pound; silver, 69.4 cents 

+ an ounm; lead, 8.7 cents a pound. 
The table of mineral output for 1925 compared with that for 1924 - shorn a decrease in production of coal azld an increase in gold, 

copper, silver, and lead. The reasons for mme of the uhanges ara 
w considered in the diacusaion of the individual minerals, but it may 

be said here &at the decrease ia coal is due in part to special tem- 
porary causes and tbat an increase may be expected in the future. 
An iucreage in ~ilil~er production follows naturally from an increase 
in that of copper, as a considerable proportion of the silver is obtained 
from copper ores. Lead is obtained from gold ores and from silver 
ores in southeastern Alaska, where the production of ores of both 
t p  was great& thm in the preceding year. 

Tablea giving the annual production of gold, ~ilver, copper, md, 
kin, lead, and placm platinum mstdri are presented in their proper + 

places in succeeding pages, but the figurea for certain other minerals, ' 

including petroleum, marbls, and lode platinum miner&, either 
have not been compild or are included in the item of mimellaneous 
&at pmduets in the following table: 

As is wen from the curves of Figure 1, gold made up practically 
the whole of Mash's mineral, output from 1880 to 1900 and was 
never 1- than 92.3 per cenb of the totd prior to 1910. In 1925, 
however, gold formed only 34.9 per cent of the totd. In spite of the 
large increase in the proportionate value of other minerals to gold 



pmdU'd in U a ,  gold atill l d  in value. The gold p r o d d  
from Blaskan lode and p h s r  mines from 1880 to 1925 amounted ta 
$353,601,079, or 63.9 per cent of the vdue of d mined pducta 
for the years. The following table shows that from 1880 to 
1926 more h . n  tmthirols of the total output 'brs came from the 
plaaefs, dthough now the gold from p h e m  is onlp a little more than 
that from lode mines. 

W and dver prodmd in A h k a ,  188&1@& 

W and silver produced Q Alwka, ION, by awrm 

GO- LODES 
k? 

h 1925 the gald produced from lodes in A h k a  amoupbd to a 
161,786.09 ounaes, v h d  at $3,137,281, or $415,557 more thm in 
1924. These figurea represent the output of 20 established gold 
minea, a number of small prospmta, and a few minw whose principal .v 

product is capper or some other metal. AU of them oontribute to the 
total and help swell the hal figures, although the amount contributd 
by a given pmperty may be ins igdmt .  It ia for th is  m n  
a p d y  that returns from d those engaged in mining in AInaka a m  
desired. Ths pmduction in 1924 was d&vd from 19 mines. A lode 
prop* reporting an output of lw than $1,000 ia arbitrarily con- 
sidered to be a prospect rather than a mine. The next table giva the 
produotion of gold d sayer in AlnnkR in N25, by diatrictts, 
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W and silom produd from g&&& mi= an Alaaka in lWb, by dUrSc& 

* 

u 
It is evident from this table that by far the lsrger parh of the lode 

gold cornea from mutheastern Alaekg, and the next bble shorn that 
v mu& the larger part of the output from mutheatern hlaaka cornea 

from the rninea of the Alaska Juneau Gold Mining Co., at Junetbu. 
This company publishas the record of its operations each year, md 
the tsble which follows is compiled from these reparts.8 

C 
I The out stand^ featum in the Alaska Juneau's operations in 1925 

ia the p t  amou.k,of ore mined, which during sornekontha exwaded 
10,000 tons s day; tha average for the year waa 9,618 tons, as com- ' perad with 8,476 tons in 1924. Work on additions b the general 
plant md d, which Wnta the ore from the mines of thie company, 
proceeded throughout the gear in mtccordance with the plan even- 
tudy  to increase the capacity of 10,500 bns  a day, which waa 
reached in 1925, to 14,000 tons. A contract htts been made whereby 
the company is b mine are fmm the adjoining Ebner property, md 
in addition t . ~  the improvement and enlargement of iB own dl the 
company did mnaiderable work in preparing the Ebner mine for the 
production of 1,000 tons of ore a day in accordence with the contract. 

1 Alakn J n  Odd MLnlnl Co. AmL Rspt., for 1Paq Mar. 1,l-p. 



Soma gold was produced by the Alaska Treadwell Gold Mining 
6. in the c o u ~  of c l e w  up the old property. 

A mill was e m t d  on the Peerless property, on Windham Bay, st 
the south ond of Sbphens Passage between Juneau and Petershmg, 
and a mill test of the ore was st& but was not oompletad at the 
end of the sawon. 

Development work wss continued on gold-bearing quartz veins 
on Hawk Inlet and Funter Bay, on the north end of Admiralty 
Islmd. These two localities are only a few miles apart and are - 
similar in geologic character. A lwge number of gold-bearing *: 
quartz vein8 have been discovered, and mnsiderable work has been 
done, but none af the properties were productive in 1925. 

Aaide from the output of the Alaskduneau mine, tfie 1%-t IV 

quantity of lode gold in southewtern Alaska in 1925 came from 
Chichagof Island. Work was continued on the pmperties of the 
Chichagoff Development Go., the Hint-Chicbagof Mining Go., and 
the Apex-El Nido Mining Co. and resuited in considerable produ* 
tion by the first two companies. These properties are d in the 
norcthwc&ern part of Chichagof Pslmd. 

Tha lode-gold production of the Ketchikan district was s m d .  
%me gold is obtained with the platinum minerals of the Saltchuck 
or Pddium mine, on Kasam Bay, but gold does not constitute the 
principal product. The mine of the Ilasaan Gold Go., near Hollis, 
sometimes h o w n  as the Julia or Dunton mine, was not in operation 
in 1925. 

Gold is contained in some of the ores of the Hyder dietrict, but aa 
silver and bad are the most valuable metal8 of the4 dbtrict the out- 
put dl be considered elsawhere. 

e ha ~ C B  sound district contributes Dniy s little to the , 

goEd production of Alaska. Mining for gold has been oarsied on 
. during the last t h e  years at a property on the east ~ i d e  of Vraldez 

Glacier, commonly known as the Ramsey-Butherford mine, and m Y 
small production hm resultsd. These o p r a t i o ~ ~  require only a few r 
rnm m d  are mnduct9d in an economical way, ~pparsnt;ly with profit. 
It is reported thet the scale of operation dl be increased in the nem 
f n t m .  F 

A3 though little further gold pmdwtion is reported from the vicinity 
of Port Valdez, prospecting and da~elopment work wera done on claims 
on h&neral C m k  and in the vicinity of Columbia Glmier. At tbla 
Little Giant group, on Mineral Cmk, developmsnlt work was d m ,  
but there was no pduction. This property i~ equipped with a 
2-stamp d, which was not in operation. A few ounces of gold waa 
produced fmm the Tuecwora ddm, ngat Shoup Glacier. A small 
shipment of gold om was made fmm the CuZross mine, o n  the north 
end of C u l m  Tdand, in tlre early part of 1925, but with thb exception 



no mia;llP other than mssment work was done in the vicinity of 
Port Wells. The Culmas mine is abut a quarter of a mile fram the 
beech and 200 feet above it,. The ore body is a gold-bearing quartz 
vein in grwnstone near alate. M b m g  has been carried on intsr- 
mittenUy here for -8 years, 

The Herman-Eeton prospect, on the wmt side of Port Wella, in 
B e t h  Bay, contains a promising gold-bearing quertz vein, cutting 
alate adjacent to s hght-colored gmnitic dike, on which cansiderabla 

:" development work was done a few years qp. In I925 B tunnel 550 
feet low ww opened ta tap at about the 200-foot level a welldeked 

. vein thst iis exposed in a creek bed 400 feet irbove the beach and has 
been explored by an incline and a drift 165 feet long. No raise has 

v yet been made to connect tho tunnel with the drift, and the extent 
of the vein below the drift is net known. 

A subatantid production of lode gold is repoTted from the Pay- 
atre& mine, in Nuks Bay, on the south coast of Kenai Peninsnla, 
but none from the Mome Paas district, north of Seward, although 
prospecting. and m ~ ~ ~ ~ r n e n t  work wm done in that district. hgining 
wes in progress at the Lucky Strike mine, near Hop,  and ab little gold 
wes produd.  Mining operations were interrupted, however, by a 
m o d d s  that destroyed bunk homes and part of the mill and assay 
offiee and entded the Ims of considerable time w M e  repairs were 
made, ao that only e s m d  ambun t of underground development work 
wrrs accomplished. The Lucky Strike mine is equipped with a 
&tamp mill. 

The Willow Creek district, after the Alaska Juneau mine and Chi- 
n h w f  I h d ,  made the largest production of lode guld in Alaska in 
1925. Much the 1-r part of its output c-a from the Lucky Shot 
mina, on C r e e  Creek, which waa worked intensively, The War 
Baby, which iu 1924 was the chief gold producer, was much below 
both the Lucky Shot end the Fern in 1925. The Fern Gold Mining 

a Co.'s pperty ,  near the bead of Amhmgel h k ,  made a substentid 
produc&on. This cvmpany recently acquired the adjoining Tdkeetna 
mine. The Mabel mine, on the ridge west of lower Archangel h e k ;  

4 
the Gold Bullion, on the ridge south of Gee Creek; a d  the prop- 
erty of Elder & Thorpe, on Grubstake Creek, ewh hsd a small pro- 
duntion. The Elder & Thorpe property is of epecial @&rest in that 
it lies in an area of mica schist rather than in intrusive quartz diorite, 
like all the other g ~ I d  mines of this vicinity. 

Tbera was- a considerable f d h g  off in the production of lode gold 
inltheFairbanksdistrictin 7925,mcempdwith1824, Thel-t 
output came from the Mohawk lode, sometimes c & d  the Henderson 
mine, near the head of St. Patrick Creek, 10 miles west of Fairbanks. 
Ths ore body is a granular quartz vein from 1 to 5 feet thick, carrying 
a number of metdic sulphidea jnclading atibnih, arsenopyrite, galens, 
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md sphalerite, The gold is maatiy free, but a small p~oportion is 
contained in Gbe sulphides md b lost in milling. The narmw parts 
of vein are the richest, and the quartz near the stibnite pocketa 
is of high grade, although the stibnita is not ~urifemus. Some of the 
m~ys show silver. The property is quipped with a Lmo Chilean 
mill of 20-ton aspwity with ~malgamation under the rolls. It is 
fed from a jaw cruaher. 

A number of auriferous veins am known on the ridge weat of St. 
Patrick Creek, and several of them are being pmpechd. A sheft 
40 feet dmp and a short drift on the F k t  Chm# c h h  expoee a vein 4: 

from 2 t.a 3 feet thick, of the same gemerd charmw a the Mohawk, . 
from which 43 tons of ore was taken for a mill test in 1925. A shaft 
30 feet deep an the Blue Bird daim exposes a horn of minwdized Y 

schist 2 feet thick, with quartz veins 12 to 15 hchw thick on the foot- 
wall aide and 2 to 10 i n c h  thick on the hanging wall. NO assays 
or mill tests of this materid have been made, but specimm of visible 
free gold indicate some high-grade ore. The Gem cIaim has several 
opm cuts and a abaft 30 feet deep exposing a vein 8 few inch- thick 
with considerrrbla gmgue dong the f ootwell. 

*Fha Bi Yu p u p ,  of Critea & Feldman, on M'obse Creek, Mbutarg 
to Fairbankg Creek, continued to p d u ~  gold in 1925. Four adits 
with an aggmgata length of o m  4,200 f w t  have been driven, and a 
number of pductive veins have beem f o d .  As the &round is 
exBnsimly faulted, some tmuble is e x p i e n d  in keeping on the ore 
bodies, Four men are engaged in mining, and under favorabIa 
conditions about 300 tons of ore e month is put through the d. 

Tha old Rhosd+Hd mine, on Bedrock C b k ,  at the h e d  of 
Cleary Creek, is Wrag neopened by GusMson Bm., under the name 
of the C l e w  Hill mine. The workjngs of the old mine include an 
d i t  840 feet low md two levels below, driven from a winze at the 
70 and 120 foot levels. The mine ia flooded, end a new adi t 400 feet 
long at the 70-foot level is being dripen. The Clem Rill win ie an f 
enst-wmt (magnetic) vein dipping 0-y muth. Seven men me 
employed in mining and operating a 6-sttbmp mill. 

About a quarter of amil~wuth of theclearg Hillveinis the Wyo- 
ming vain, or W d & U  property. The vein oarim in thickmm but 
machm a m e u m  of 2 feat and is much aruahed and fadted. It 
mntainrr kidneys of ~tibaite, mund which the gold minerttEizstion is 
mid to be &, and much mhwIita, particularly at the ma@e of the 
vein and in the adjacent minerdized munl;rg m k .  A new ball mill 
was installed in 1925 md WBB in operation for one month. 

The Tolovlana mine, on Willow Cmk,  the next tfibutsry of Cleary 
Craek weat of Bedrock Creek, wag operated in a s m d  way in 1926, 
principdy by twmment work and prospecting. 



The Kuskokwim Besin, in apih of ita gmst extent, produced lode 
gold from only one locality-h Whelm &a, on the Nixon Fork, in 
the upper part of the besin. T b  property was formerly operated 
by the Almka Treaddl Gold Mining Go. and sinca the withdrawal 
of &.at company h a  been opersM by the origind owners. The lode 
depoeite are evidently connectd with the intrusion of 8 mrrss of gra- 
nitic rock and have given rise to the placer-gold d e p i t a  of this vicinity. 
A aubstaatid production of l d a  gold is reportsd from the Whelm 

- h e  in 1925. 
? aom P&A- 

GENERAL FEATUREB 

\. 
M a e b ' ~  gold p l w w  were probably the moef import& of ita 

neeourcea in h t  m u ~ i n g  wide pubk interest in the Terribry and 
attracting settlers to it. Plscer mining is pecuriarly the kind of 
mining that is mod open to the man who has little or no atapitd 
aside from bis o m  8-h and the simple equipment required. 
For this reeson tha widely distributed gold-bearing grtlvel~ of Alsska 
at&acted s horde of prospectors, who penetrated the remoteat parts 
of the Territory and left few p l m  of promiee unvisited. Many 
widdy eeparatd looalities have contributed and st i l l  contribute to 
the gretbt aum of gold produced gince the days of the glondika rueh. 
It is probable that the bonauza d a p ,  when sverg prospector held 
himaelf ready to take bie pIace in the etampede ta some newly dis- 
covered plscmgold field, me over. The shady decline in tha pro- 
duation of plwer gold gince 1906 ie due largely to the exhaustion of 
the richsr, more easily mined gravela and the failure to find new fidde 
of midm richnesa and extent. The pick and shovel am now in 

m w u m  rep)& by machinery requiring the expenditure of 
lerge puma of moaay and the control of 8uEcient proved p u n d  to 
~ t t r a c t  capital by the possibility of a reward mmmemurate with the 
risk, Better transportation, more emnomid operakioa, improved 

-4 c methods of thawing fmzen ground, and many other advaces tend 
to stabfie the industry and give it the pmmk of long life t h u g h  
the poeaibility of mining gravel of lower gold cuntent than could be 

a! handld in the pmt. 
More than t w o - t M a  of the totd gold production of &Ira hae 

come fmm the placers. The totd production from thie source ta 
the and of 1925 was $239,909,944, of which $29,859,474 came from 
the d d g a  The proportion of the total placer gold produced by 
dFedgee is thua about 12.5 per cent, though the p m n t  rate of pm- 
duation by the dredgse is about 4 per cent of the annual placsrgold 
r m v d -  
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Silver, platinum, and tin ore (cawiterite) are $so obtuined from 
the gold placers and are noted in the tableg of production of these 
met&, 
The table of p l w g o l d  production ahowcr a considerable falIing 

off from the output of the two preceding y e w ,  the production for 
1925 being about 90 per a n t  of that in 1924. Among the regions 
of larger prodnetion, the Cook Inlet-Susitns River region &om an 
incmasa of 27 per cent over $924, buf Yukon River and Seward 
Peninanla &ow  decrease^ of about 10 and 12 per cent, respectively. 
These dmmasea are leas in proportion to btd output than thorn in 
m e  ofher districb, but they mult in a noticeable reduction in the 
total output of Alesk~, aa the districts ars large producere. Same 
of the dmrease in total oatput is due to dry weather in the smly 
part of t h ~  aemon and to f l d a  in the f&. The derreaae m the 
Nome and Fairbanks districts, howlever, wna not due w h d y  to 
weather conditions but to the fact that the caupaniea whit& h e  
remntIy mquirod large hol- of p l m  grwnd through the con- 
solidation of many s d e r  inimosib were making preparation for 
future operstions and were mE mining at full capmity. This waa 
mpecidy h e  at Fairbanks, where the Fairbanks Exploration Co. b-' .LI 

spent m@t of Ithe season in stripping a large part of the valley of 
Goldstseam Cmk, drilling k ~ t  hoIes ta debmine the gold content 
of the gravel, and building ditches. fi 

Two of the large dredgee in the Name district were tied up while 
extensive experiments wem being made to determine the most 
efficient method of thawing frozen p u n d  in advanee of d r d p g ,  
Such operetiona are necessary but 8n3 on17 p ~ l h h r t ~ g  to the 
pduckion of gold. 

SOWTHEhWRN ALkBXA 

The output of pgmr gold from southwtern Alaska is md. 
Most of the gold cumes fmm the creek gravel of Silver Bow Bsaia 
at Juneau and the beach gravel at Yaatsga.  the^ gravela have 
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been mind for many years. In 1825 a smd amount was taken out 
in the. Porcupine district in the muma of aswsern~nt work and the 
dead work prehinmry to mom extensive mining operations. A little 
gold L dm mined on Shuk River, in the Windham Bsgr district, 
betwesn Juneau md Pekrsbtqg, whem, it ia reporbd, drilling operw 
tiona were to ba carried on to tast the gravel with a view to inam 
a dredge. Them was no placer mining on Lituya Bay in 1926. 

COPPER RIVER REGION 

'cu Most of the plaoer gold m i n d  in the Copper River Basin in 1925 
was produced from the gravds of Dan and Chititu Cmb, in the 
Nizina district. The gold deposita of thew two atreams have been 

-+ mind for more than 20 yeam and have yielded regularly, although 
the amount hm varied considerably from year to year. On each - stream the principal part of the produotion is due to the operations 
of a single mining campany, but in addition ta the output of these 
two companies a few thousend dollam in gold is produced by smaller 
operators on independent claims. The produotion of Chititu Creek 
for 1925 wtbs much above the everaga, but that of Dan Cmk was 
somewhat leas, so that the clistriot produd about the same amount 
of gold as for several years past. v 

The Ghisna district weg the mmnd lsrggst producer of the Copper 
River Basin. Full production by all c l h s  in this district has never 
been maintained in recant para,  owing to the lack of water or of 
dumping ground that could be used without covering the nnml;nnrl 
grad of other owners. In 1925, as in pmvlous yeam, eome claims 
w - a .  , 

A few &o&d dollare from the NeIchina &&riot and a few hun- 
dred from depoeita near Tiekel, on the Richardson Highway, make 
up the remaining placer-gold gmdu~tion of the Copper River Basin. 

COOK INLET-BUBITNA BABIM 

'J 
The Cook MetSusitne Basin includes a number .of placwgdd 

disfrict9, one of which, the Yentne, is 8 1- producer. Rend 
* Peninads, Valdez Creek, and Willow h k  are the remaining dis- 

trick, as the gold-bmhg streams around Fahrview Mountain we 
m g d d  aa part of the Yentna &trict. In the Yentaa district there 
was sn abrmdmm of water, snd the weather d o w d  plscer opera- 
tions $0 continue later than mud. The M g e  on Cache C m k  had 
a highly suwessful mason, and the smaller operatom on other creeks 
helped to bring the total production of the di~trict to about S195,000, 
a considerable increw over the production of 1924. Unueud iin-' 

terest was shown in the possibilities of the Fairview streamrr. The 
80970~-nr) 



Vddw Creek district made a smd~production and e x p d d  a 
prid of excihrnent over the discovery of gold ouwide the area of 
recent mining. The importance of the discovery heaa not yet been 
detePmind. The work of the Bureau of Public R o d s  in the Kend 
district is of much benefit to the miners on Canyon md S S e  
C m h .  An interesting project of this district is the conetruction 
of a high dam on Canyon C m k  to divert water from the creek for 
mining grave1 in an old channel and to allow the gravel of the creek 
ihelf to be mined. Placer mining was done on R e s m t i o n  Creek 
near Hope and on Cmw Creek north of Turnagain h 4- 

YUKON BASIN 

The Yukon Basin includes at least I6 widely separated placer- * 
mining districts besides a number of lesser districts whose production 
is hem included with that of lasger districts in order that the output 
of hdividud operators may not be disclosed. The total productjon 
of plmer gold from the basin for 1925 amounted to over $1,600,000 
but was $175,900 less than the production of 1924. The collection 
of st ahtics for several of the 1-t producing areas af the region 
has proved particularly S c u l t ,  through failure to get returns of 
production from E large number of operators. This is especially true 
of the Fairbanks district, where the cansolidation of individual prop- 
ertiea h a  complicatd the mailing lists and m d e  it difficult ta w a r -  
tain which of the former producers were d i n g  independently and 
whiah had &posed of their interests. 
Tb following table givm the production by distriota fox 1924 and 

1925. For districts from which only incompIete individual re- 
were &t&ad it was necesmry to &a estimates b d  an whafever 
other information w1b8 available. Them am undoubtedly errors in 
the @BS given for some districts, but it is believed that to a certain 
degree these errors compensate one another, so that the figures for 
btd production are fairly murate, CI- 

t 
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gdd p w d d  in Y a r h  Bodn, 1924 and 1995, by dhhi.ch 

DisMd 

.... .....--.-.-........-....... 
Tolovaas ............................................. * ............ 
Inlioko ( I d u d h g T o h * t o r d ~ ~ )  
Cirle  ............,......................... .. 
Ruby .............................................................. 
~ o t  &prim ........................................................ 
FortymOe .......................................................... 
Chaadalar ,......--.-.-.---.-.----. ............-................... 
Kopukuk (iadadh~ I ncIinn River district) .............. .,.. ....... 
rhjmos .............. ............................................ . 
Eaplc .............................................--............... 

.... ..--... Ham part (Includltig Qold Hnl dlstrid) ....---.-----+.--- 
......................................................... Bunnittdd 

The tabb shorn a reduction in the output of several of the lamer 
districh, including the Fairbanks, Ruby, and Hot Springs and an 
inerewe from %he Iditarod, Inrroko, and Circle districh. Practically 
all the other districts B ~ O W  some decrease, 

The Fairbank8 district, which includes Claary, Ooldstraam, Eater, 
Fairbanlcs, Dome, Vault, and other gold-producing creeks ia the vi- 
cinity of the t o m  of Fairbanks, continues to  be the most productive 
district within the Alaska part of the Yukon drainage basin. The 
outehndmg deveIopment in connection with placer-mining opera- 
tion~ in this district is the progress made by the Fairbanks ExpEora- 
tion &, in preparing its holdings of gold-barnring gravel for mining. 
TI& work involves the construction of dredges and an extensive sys- 
tem of ditch line6 to provide wahr for sluicing and will require several 
years for its completion. In 1925 a large amount of drilling to deter- 
mine the extent and value of plam gravel on different streams, es- 

+ pecially Eshr, Cleary, Fairbanks, md Goldstmem Creeka, was done, 
build in^ were erectsd at Fairbanks and Chatanika, and some ditch 
line wss dug on Chatanika River and Cleery md Goldstream Creeks. 

v 
A resurvey of the Devidson ditah was made. This diteh, which ie 
one of the most important projects connected with the enterprise, is 
nearly 80 milee long and brings water from Chatanika River near its 
head to CIeary, QoIdstream, and other creeks. One result of the 
work of the Fairbanks Explorstion Co. is to dose a considerable 
number of s&ll mining plants m d  thus reduce the number of mining 
operabm in the district. About 19 summer dxif t mines were in oper- 
ation, principally on Little Eldorado and F~irbmks Cresks. When 
these preparations are completed much of the gold-pl~mr pmd of 
the Fairbanks district will be ready ta be mined under the mwt 
&dent methods that abundant capital and yews of experience in 



the handling of frozen gdd-bewing gravel in an Arctic country can 
provide. It is evident that t h ~  succeas of these operations means 
the addition of mmg years to the productive life of the Fairbanks 
plarpers, 

Mining operations in the F e i r b h  district are being facilitated 
by the activities of the Alaska Road Cornmission in the mnstruction 
of highways and the lemming of transportation coats. It is expected 
thet eventually Fairbanks will be connected by an automobile mad 
with &le, on the Yukon. 
In the BoruSdd district the M~laska Road Cornmission constructed blc 

a b u t  I1 miles of road between Ferry and Eva Creek. There was 
Iittle placer-mining activity in this district. 

Shortage of water resulted in a reduced output of gold in the Hot r 
Springs district. Some of the pIacers of t h i ~  district produce atream 
tin ta a by-product of the mining of gold. 

Phar mining in the Chandalar district wse carried on about as 
in othm-recent y m .  The miners in this district work under the 
disadvantage of especially high costs for labor and supplies, 8o that 
it is said tho ground must contain not less than $2 in gold fo the 
square foot of bedrock for profitable mining. 

The Circle district had a long favorable s e w n  with a resulting 
large iucresae in gold production. The Berry dredge on JMmhdon 
Creek did not shut down till Oatobsr 24. There was abundant 
wahr for mjning in the EagIe district,  mpwidy in Ghe later part 
of the sewn. The remarkabIy high water in the Yukon in the 
spring did litkle damage s t  Eagle. 

The Fortymile diatrict increased its gold output considerably 
above that of 1924. The Ingle Creek Gold &., operating on and 
near Mosquita Fork, carried on as o x h s i v ~  dnlliag campaign 
praliminarg to expanded future oper~tions. This company is also 
operating the Dome property in tha EagIe district. Tho Waksr 
Fork Gold Corporation completed the installation of a new hydraulic. 
plant, including over 2 miles of ditches and flmea and nearly rr mile 
of hydraulic s t d  pipe. Extansive damage was dona on lower Forty- 
mile River by the high watar of spring. 

Shortage of water interfered greatly with soma of the plamr- 
min;np operations in the Iditarod district. Transportation of freight 
on the river was ddayed, water was lacking for duicing, and some 
oprt~tors had to lay ofl men. Two dredgw were opercbtod in the 
Otter Creek =tion, About 11 miles of ditch line was conetru&d 
to bring water from upper Bonanza Creek to Willow Craek. 

The Innoko district had a long setbson of k e  weather but a short- 
age of water from the midde of June tiill early August. A new dredge 
built by the Rum0 Dredge Ca. on Little Cresk was put into opera- 
tion and did not close down tilI late in October. E x d e n t  progrew 



was made by the hlaaks Road Cammimion in conshcting a rod  
from Takotns to Ophir. About 15 rnilea of this road is now corn- 
p i e d  for automobile traffic, 

The Kantishna district made a small production of placer gold 
ConsiderabIe interest was aroused in tho later part of the year by the 
discovery of coarse gold on a tributaq of the Kmtishna. 

A dry season resulted in dgcrerased production in the Koyukuk 
district. This is an old camp, and little in the way of new develop 

-*. 
memt took place in 1925, although it is reported that an English 
compsny took over a large number of claims on Hamnorid River 
and intRnded h begin developing them In 1926, hspecta were 
found on a new creek near Wild River Lake during the aummer of 

w 1925, which were encouraging enough to justify further work during 
the f0fioWhg Whlh3r. 

The Marshdl district showed a considerable falling off in produ* 
tion in 1925, although the weather was favorable all the SBBSOI~. 

There was an a t e  shortw of water in the Ramp~rt district and 
a reduction in output. The lack of water wan mch that some minm 
were unnble to clean bedrock and were obliged to let the ground lie 
over till the next season. 

The production of the Ruby district was much reduced, and there 
was less mining activity than mud. 

Operators in the Tolovana district were ~&tlsly handicapped by 
lack of water at times, yet the segson'e work was fairly aetisfactury. 
Hydraulic mining wta conducted on Olive, Lillian, and Ruth Creeka 
and Livengood bench, whem three drift minea also were in operation. 

The production of placer gold in the Kuskakwim Bmin, including 
stseama t r i b u w  fa Kdokwim Bay, in 1925 amounted ta $191,400. 
This sum includes the dredge gold md was produced in four widely 

k' separated districh, distributed from the: head of the river to it9 
mouth. Two of thme districts, the Mount McKinley and Qeorg* 
town, are on the north aids of the Kuskokwim, adjacent ta the In- 
noko and Iditarod districts of the Yukon Basin, and except for the 
accident3 of drainwa development might be included with them. 

+ 

Of the remaining two, the Tuluksak-Aniak district is mutheast of 
the lower river, and the Goodnews Bay district lies still farther south, 
on the east aide of Kuskokwim Bay. The nearness of these dietricta 
to the deep navigable watem of Kuskokwim Bay and River mskea 
them relatively easy to remh during the open m w n ,  although 
travel within the d i ~ t i c t s  is often difficult. On the other hand, the 
great am& drained by the eastern tributaries of the Kuskokwirn 
is dicult  of access and has probably been less prospectad than ang 
other squaI area of Aleeks south of the Bmka Ilsage. Except 
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along the coaat where miwions or canneries have been established 
and at the few p l a m  where mining is in pm-, the whole of this 
region is prmticdy without white inhabitants. 

Much the larger part of the placer gold from Kuskokdm Vdey  
was mined by the dredge on Candle Creek nenr McGmth. After 
that the large& production came from the creeks of the so-called 
Nixon Fork district, which indudea strmms in the vicinity of the 
Whalan mine, north of Remy's landing on Ku~kakwim River. The 
Georgetown district had a small production. In tha T u l h k -  ‘o- 

Anirr-k district there was a shortage of water md a general fdling 
off in mining. Cripple Creok find Marvel Cmek were both idle. 
Construction of a dredge on 13ear Creek was begun by the New Tork- 
Masks Gold Dredging Co. This dredge was not completed in 1925 ' 

but was expected to be ready for operation in fune, 1926. The 
gmmd for dredging had been thoroughly teafed by drilling, and the 
success of the project was bolieved to be asaursd. Placer mining 
in the Goodnews Bay district was retarded by a shortage of water 
and Iabor, and only a few ,claims were worked. Butte Creek wae 
r e p o d  to be ide, m?d little prospecting waa going on. 

h a r d  Peminsda is rernsrk~ble for the wide distribution of gold 
in ita gravel deposits. There is surrcely a etream from which 
oolors have not been obtained, and although the gold wtae not always 
found in eufhimt amount to afford profitable mining, the number of 
streams that have yielded gold in cornmemid quantitim ia I*. 
Furthermore, the gold-bearing beach gravels, including those of the 
present wave-waahed beaches and the numerous ancient beaches 
deeply buried beneath more recent deposits, afforded aome of the 
most notable gold placers ever dismvered and s t iU  contribute ta the 
output of the peninsula. The Nome district, dthough not the b t  
gold-placer district known in Alaska, was the h t  of the p t e r  and 
wore famous placer districts to be diecovered. 

The h t  mining at Nome was done with simpla equipment. This, 
howeaer, was soon replaced by more efficimt and economf~d * 
r n ~ h i n e r y ~  and early in the histom of the district tho d d g e  wm 
introduced to dig and wash gravel. The early dredgea ware smJP, 
crude, and inadequate and have long since been replsced by others 
of more powerful and costly types, capable of withstanding the 
great s h i n s b t n  which they am tsubjected and able to handle p a t  
¶urntiti- of gravel at low  COB^. The use of dmdgm inmowed as the 
rider gravel was mind out, 8o that now severaI timm as much gold 
is obtaind with the dredges ss with other metho& of mining. Each 
y m  sees the construction of new dredges- OF preparations for install- 



ing them, so that a description of placer miajng in this district has 
become hgdy an amount of dredging operations. 
The w1y placer miner8 of the Yukon V d a y  and of Seward 

Peninsula found in the frozen p v e l  of the Arctic and sub-Arctic 
.regions a problem which was new even to the most experienced 
&em frnm the Wmtern Statas. Various method%, from expome 
to the sun and direct contact with fire to steam applied through pipes 
driven into the ground, were umd to thaw the ice and loosen the . 

CC 
ssnd snd gravel E.O that they could be washed through the sluice 
box- to free and collect the gold. Recontly experiments have been 
rnnducted tu test the value of water at nornal atmospheric tampera- 
ture for thawing frozen ground. Such experiments were carried on , 

Y . 8% Nome by the United Strstes Smelting, Refining & Mhhg Co. in 
1925, Detds of the operations are not at hand, but i t  appears that 
for deep ground the most successful method ia to drill to bedrock 
and insert a pipe down which cold water is f o r d  under pressure, 
rather than to  drive tErs pipe as is usually done in steam thawing. 
The process is slow, but it is reported that gravel from 40 to 70 feet 
thick hm been auoieesfully thawed in this manner. 

The work of the Ala~ktl R o d  Commission is highly commanded 
in some of the schddes returned by placer miners, and as inshncsa 
of the things momplished are cited the reconstruction of ths tram- 
way from Nome to Shehn,  the maintenance of rods in the vicinity 
of Noma, grading of the aviation field, and construction work h 
Nome Harbor. 

The leek regular pamengbr boat for the mason left Nome for 
Seattle on October 25. The fd was an open one, with no mow and 
little fmt. Plenty of w~br during the summer s e a m  i~ r e p o d .  

The plwer-gold production of Seward F eninsula &owed a decided 
f&ng off in 1925. The output was $1,088,000, as compamd with 
$1,245,000 in 1924, a decrease of $156,800, or over 1234 per cent. 
This reduction wa~l due in large part to the fmt that a numb~r of 
dredges did not 'bagin operations till late in the mason arnd Borne that 
operated ia 1924 were not working in 1925. 

Mmt of the gold from Seward Peninsula is obtained from the 6cin- 
ihy of Nome, but many other localities contribute to the total, and in 
meet of them, aa at Nome, a dredge either hw been iastalled or is 
contemplated rn a means of reducing the m a t  of mining. 

It wsa reported that a large tract of pImr ground on American 
Creek, in the' Cmadepe  district, wtu under option and would be 
drilled with a view to in~talling 8 dredge. 
In the Council district the property of tb8 Wild &om Mining & 

Tredisg Co. was idle. Th0 dredge m d  hydraulic plant were sold b 
other opanrbrs and wil l  be aotive wain in 1926. 



Little o h g e  is noted in the SoIomon district. It i8 reported that 
a mining engineer wm engaged during the ~ m e r  in testing the 
gravd on upper Big Hurrah Creek, and aa a result of hia examination 
a dredge for bendhg the gravel is under consideration. 

The Koyuk district, at the head of Norton Bay, although one of the 
smder gold producers of the peninsula, is of ~penial interest as it is 
the cief producer of p1-r platinum in Alaska. Thea mines were 
in opemtioa in winter and nine in summer in this district. 

The Fairh&vem district includes Inmwhuk River asd Cmdla Creek 
together with their tributaries and gome other streame. This dk- *P 

trict experienced a dry Mason with little rain until September. Ths 
two hedgas on Candle Creek, operated by the Fairhaven Gold 
Dredgmg Ce., w m  working part of the mason. Water is provided . - 
by a ditch line 37 miles long and is used to strip away l;he overburden 
before dredging begins. An interesting project of the Znmwhuk 
River Iocality is the march for gold-bearing grave1 beneath the geo- 
logically recent lava flow that were p o d  out over the gravel 
dspmita and later partly removed by ~rosion. Remnants of these 
flows are mnapicuous in the Fairhavan distriot. Shafts have been 
sunk through the lava beds on the Inmachuk to depths of 130 to 
200 feet, disclosing gravel deposits from 6 to 16 feet thick. Drifting 
from these shdta has not yet dimlosed a pay streak, but colors am 
reported. A ~rnall output of gald was made from K q p k  River and 
s l ~ o  from Eoopuk Creek, tributary to BucHand River. The Koopuk 
diistrict has ~ m d l  and uncertain rainfall. Prospecting has been done 
om Btpckland Rivar for many years, but thus far with only indiif~rent 
success. 'She miners of the Fairhaven &strict am interested in the 
oontemplnbd extension of the NorneShelton tr~mway ta Ctandle 
Creak, wbieh L proposed to improve the trmporhation of coal from 
the Chicego Creek mine and help reduce the cast of fuel. The Chicago 
Creek cod iEl a lrgntte end is leas afficient than high~r- grade coals 
shipped from the oubide, but ae it costs less it has been used to 

+ 

soma mbnt im place of the better coal. 
The plmr gold produagd in t h ~  Kougmk di~trict is obtained 

partly by dredgm asd partly by other methods of mining. Only one 
dream however, was in operation in 1925, that of the Behring 
D~dging Corporation on Kougarok River. The K d l h r  dredge did 
not operate, aa the company was undergoing reorganieation. On 
Dick Creek a meehanicd tailings atacker driven by a gasoline engine 
W&B bUed  md is reported to be giving s~~tisfaction. The use of 
gasoline far power releases a part of the wsbr forpiping, which is an 
~ v m ~  where water is scarce. A ditch h e  was built on Rgnry 
Crmk to f d h  wetsr for use on Memitt Gulch in 1926. Th'e miners 
02 the Kougmk distriot am a h  intermted in t h  BXWO~. of the 



hmwtly from Norne as a means of reducing mining coats, which jn 
mme Iocditiea a m  reported to be so high as to prohibit mining, 

Port Claxence is om of the minor distFicta of Sewad Penineula 
and .had a small production in 1925. Considerable prospecting arm 
done on Coyote Creek, and ra, ditch Line 1% miles long w m  built 
preparatory to mining in 1926. 

Preparations were made to install two dredges on B1uestone River 
in f 926. Both of the dredges are old, one reconstructed md one 
moved f m  another locality. - 

KQRUK nEQION 

The placer gold of the Kobuk region mmes fmm two &trick+-the 

Y 
oieinity of Shungnak, an the middle course of Robuk River, and the 
veUey of Squirrel River, a tributav of the Bwer Kohuk. Shungnak 
is nearly 150 milea in BZI ais line from Kotzabue Sound, but the dis- 
tance is much greater along She win* river. Kana, at the mouth 
of Squirrel. River, is about 50 miles from the sound. The produc- 
tion in both these digtricts is mall. Prospecting wea done in, the 
Kabuk region before the di*overy of gold at Nome; but the region 
is difJicult of sccasg a-nd the cost of minhg them is high. It meme 
probable that the possibilities of this region have not yet been fully 
realized. 

Most of the gold from the Shungnak district comes from Califode 
and Dahl Creeks, although L p  Creek and Shungnak River con- 
tributa mma. Hydraulic plants have been installed on California 
and Dabl Creelrs, repIming the pick ~ n d  shovel. The g-r~vel in. many 
p l a a  is not frozen, and them is difficulty ~ t h  seepage we&. More- 
over, the overbuden is chiefly gravel with little muck, EO that 
machinery capable of handling large padage is required rather than 
hand methds of mining. The equipment of the Fergumn property, 
on California Creek, includes 2 miles of ditch, a long pipe line, three 
giants, and an elevator. The plant on DaM Cmk encountsd mme 

Q poor gmund in 1925 and was delayed by dead work, eo that only s 
g m d  production was made. Two Roods duriag the summer did  much 
dsntrge to the p lwr  mines of the Shmgnak district, mmbg delay . an$ adding to the expense of mining. 

Klery Cmk is the p&aipal producer of the Squirrel River d& 
trict. M y  s few men are employed, and the gold production is 1- 
than that of the Shungn& district. A nugget valued at heerly S10a 
wsa taken from a e r y  Creek during the summer. Canrse gold ia 
chartwterhtia of both tho Squirrel River nnd Shungnak districts. 

Refsmnce to the dredges has been m d e  in the foregoing c o m m m ~  
on placer-mining district@, but the importance which they have 
attained in the production of placer gold in Alaska and their probable 
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future still greabr importance makm a. special dkussion of them 
dmirable. Almka possesses 1- amounts of g ~ l d - b e s h  gravd 
which does not contain sufficient gold to make mining by the olde~, 
simpler, and more aostly methods of mining profibble. Where the 
generd conditions, such $8 location, charrrctm, depth of grrtvel, zrnd 
water  upp ply, are favorable and where tracts of auriCemus gravel of 
sufficient extent to justify the large initial cas t  of installation can he 
controlled, dredging has proved to be one of the moat economienl 
and effective methods of placer mining. One of the obstmlea to * 
dredging in Alaska has already been pointed out. The frozen con- 
dition of much of the grave1 adds an item of expense which is not 
met in regions of warmer climah. Steam and hot water have been 
u d  to thaw the frozen gravel before dredging, but within the Imt " 
few years in-ing attention haa been paid to the use of cold wabr  
for this purpose, gnd favorable rwdb have been obtained. Al- 
though somewhet slower, the cold-water methd doea away with the 
need for fuel ta heat water aad thereby reduam the operating cost.  
It now seems certain that as more and more af the higher-grade 
gravel becorn- ~xhausted the use of thie method of mining d be 
much extended, espwislly ras irnprovernenh in tmaportation and 
methods of application continue to be made. 

Rep* of dredging oper&tions for 1925 wsm furnished by omem 
or operators of 20 dredges, and information concerning others was 
obtained from different sources. Apparently 27 dredge3 were active, 
althou~h several of them had ehort seasons due to d e l q  in starting 
or intemptione from various causes. Qf thie number 16 were on 
Sew& Poninsds, 3 in the Fairbanb distict, 3 in the h o k o  dis- 
trict, 2 in the IdItarod district, and I each in the Yentna, Circle, 
and Mount McKinley districts. A list of the operating dredges 
f 0Ilows : 
Beward Pdarmla: 

Casadepaga dtstric+ d 

Peck-, . - ,, , , ,-, ,, , * *- -- - --4-- , -* - -  C d -  IUm. 
Council db tr i c t  

Northern Ught Mining Co --,-----,,------- Ophir Creek. 
M e w  8 Hanaen.-, - - - - - - - - - , -- - ,-- ------, Albion Creek. t 

FaIrharen dhtrict-- 
Fairhaven Gold Ihdging Co. (2) - ,,,,--,--, Candle W. 

Kwgarok d i s tr ic t  
B e W g  Dredging Coqmmtio~ -,,, ,,- -,-- -- - Kougmk Rim. 

Kopuk diatrlct- 
D i m e  Creek Dredging Co, , , ,,, ,,- ,,, - -- -- - h e  M. 

N m e  d i s t r i c h  
Dexter fleck Dredging Co ------,-,,,,,,,,, Dex* creek. 
Dry Creek Dredging Co ---------,,,,,,,, ., Dry Creek. 
Eamrnon Consolidated Gold Fields ,,,,,,,,,, Wondm Creek. 
Bammon ConsolirlBted Gold: Fiel& (3) ,,,,.., On or near Little Creek. 



S e w d  P e n i n w n t i n u e b  
Solomon K i c k  

Iversen & Johnson ............. --,,,---, Big Burrah C m k  
Lomen 'Reindeer & Trading Carpration--,,, Solomon River. , 

Shovel Creck Dredge Go., ,,,,,,,---,-----, Ghovel Creek. - 
Yukon Barain: 

Circle dintric6 
C. J. Berry Dredging Go,,, , ,,,,,,,--,, ,-, M d d o n .  Cresk. 

Fairbanks d h h i c t  
Chatham Gold h d g i n l q  Co .,--, ,, , , -, ,, ,,- Creary k k .  
Fairbenke Gold Dredging Go. (2) ..,-,,,,,,-, Fairhnka Creek. 

Y I d b o d  d i a t r i c t  
North American Dredge Co ---,,,--.,,,---, Otter Creek. 
J. E. Riley Invedment CQ --,------,,-,--,, Ott#r Creek. 

h o k o  district- 
w Flume Dredge Co -,--,- -,-, ,,- ,,, . ,_- ----- -- Yankee W. 

nume  Dredge Co ----,------,,---,-h,-,-,- Little Creek. ' 

Guinan & Ames Dredging Corporation..,,--, Ganee Creek. 
KuakoMm redon: 

Mount M cKinlay d h t r i c b  
Kuskokwim DredRing Co -----,-,,,,,,,,,,- Csndla Creek. 

Cook Inlet and Su~litna region: 
Yentnn d i s tr i c t  

Cache Creek Z)red@ug & ---,--,,-,--,,,,,, Cache &k. 

One new dredge appears on this fist, that of the Flume Dredge 
Co., on Little Creek, in the IMO~O district, bat several that appeared 
in the lists of former yeam are absent. Most of the changss are on 
?!!Owad F@fl&l8llh. 

The dredges of Alaska pduced $1,572,312 in 1926, or more than 
48 per cent of the total output of placer gold from the Territory. 
The production ia a slight increase over that of 1924, which was 
$1,603,361.. The following table gives statistics for the period sines 
dredging begm in 1903 : 
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me m&mm number of W g e s  in operation in any one year waa 
36, -in 1917. A decided falling off in bath total production and num- 
ber of dredges operating took place in 1918 and continued to 1920, 
but since then the trend of each item h a  been upward. 

me average length of operating season in 1925 for thoae dredges 
which furnished the data wpbs 96 d a p ,  but thia figure does not repre- 
sent the lmgh of wson in which dredging was possible, ~8 s number 
of dredgea had ~ h o r t  smmna due to caum other than wetbther condi- 
tions. The greateat n u d e r  of opefating days reportd by any single + 

r- 
drdge was 163 days, for the North American dredge on Otkr Creek, 
in the Iditstod district. The J. C. Riey Investment Co.'s dredge 
and the Cacha Creek dredge, in the Conk Inlet-Susitna region, wcre 
each a p m t d  IS3 d a p .  The earliest date an which any dradge w 

worked was in May on Cache Creek, and the l a h t  date November . 
17 on the Iditarod. 
In the foregoing hble are given data on the number of cubio yards 

of g r a d  bandled by the dredges ea& year and the value of the gold 
recovered per cubic yard. This t~ble  is valuable in the conaideration 
of A18~ka'~ gold remurces but is incomplete and of lessened value in 
ao far as upemtors fail to make returns coverhg the item of yardage. 
The information furnished ta the Qeologid Survey by owners or 
oper&r& of drdgea in 1925 includes SgUres relating to  this item of 
operetion for 15 dredges. These 15 ddgm,  which represent nearly 
all the districb where dredging is carried on, handled 2,141,165 cubio 
yards of g r a d  in 1925 and recovered an amrage of 60 cants in gold 
to the cubic yard. On the assumption that 50 eentu repremnta the 
average gold content of the gravel handled by all Alaekan d r e d g ~ ,  
the totel y d q e  may be estimated M 3,144,624 cubic yards. This 
method of estimating was employed in preparing the mmpondiag 
table for 1924,' and, ira qle ined  there, it may involve the use of s 
figure for value par cubic yard which i a  a little tm s m d  and result in 
an astimate of totd y d g e  which ia mrrqmndlnp1y too high. 4 

Two new dredges were i n a t d d  in 1925. The Flume Dredge 
Co. built end put into operation a dredge w Little Cmek, in the 
Innako district. The Tsnana Valley Gold Dredging Co. (Ltd.) . 
launched s atedge on Fiah Greek, in the Fairbanks district, but did 
not complete the instdabon of the macherg la time to produce 

-gold in 1925. In the K u s k o ~  Valley the New Pork-Alaplka Gold 
Ddging Co. began the construction of a dredge on Bear Creek, in 
the Tulubak-Aniak district. Tbia W g e  wm expected ta begin 
operation in 1926. In addition ta thesa new dredges a number of old 
dredges were being reconstructed or moved ta new dredging ground, 
and se~erd  other dredges were planned for building in 1926. It ie 
reported that in nearly every locality where a new dredge is planned 
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the ground bas been thoroughly prospected by drilling or ofherwise 
to determine the gold content of the gravel before ~onstruction of the 
dredge has been begun. Such a procpdure, although i t  has sometimes 
been neglectad, represents the exercise of good bnsiness mnse and wilE 
do much to prevent failure end establish confidpnce among those who 
are mked to invest their money in dredging enterprises. 

COPPER 

Copper in quantities sufficient to be of economic value is not so 
-* widely dktributod in Alfiaka w gold, but deposits of copper-bearing 

minerals are known in many places, and some of those which now 
attract little or no attention will probably become important when 

., traasportatjon is better or the price of copper is sufficimtly high. 
Meantime only those d~posits that are especially rich or are moat 
f avorablg situated with reference to Gransportrrtion f acikities can be 
exploited with profit, Notwithstanding this fact, Alaska has a 
considarable copper production. 

The total Maskan production of copper for 1925 wss 73,855,298 
pounds, valued at $10,361,336. T h i ~  indudes copper from mines 
that me operated primarily for copper and that from minm where 
some other metal constitutes the chief product of value. Most of 
this roppor came from the mines of the Kennecott Copper Corpore- 
tion, including the Mother Lode mine, at Kennecott, in the Cbitina 
Valley, and at Latouche, on Lstouche Island, in P h m  William 
Sound. The next largest producer of capper is the Sdtehuck mine 
of the Alaaka P d d u m  Co., near Ketchikan, in southemastern Alaska, 
tcnd nfbr that the Green Butte mine, on McCarthy Creek near 
K e m t t , .  In addition, copper is produced from oree whosen prin- 
cipal conitant is lead and ia recovered from the gold placers of Dan 
Red CMtitu Creeks, in the N h a  district of Chitina Valley. A 
small amount was obtained also from gold lodes in the Juneau, 

k' Katchikan, and Sitke districts. 

C o w ,  g t f r ,  and goid p r o d u d  d Alaeka capper mine@, 10051Pt6 

&785 4m 
an, 4 951 
m m,nl 
7d 435,383 
57,011,587 
7i,w7 alg 
&5. em: m5 
74,074,207 
73,858,298 

- - F'mwrth prodmhg l a  than $1 OW am not m t e d  aa m h a  but rm coned- m- 
b I ~ M  slight wnmmt trom b t ~  sources. 



The table shows a decrease of 218,909 pounds of mpper for 1925, 
compared with the production of 1924, but an increase in vdue 
amountkg to 8857,615, due entirely to the higher price rewived for 
mipper in 1925. The m s  given for the value am based h o s t  
wholly on the actual wiling prim of the Alaaka copper and not on 
the average prim of copper (14.2 cents) throughout the United 
S b t e s  for the year. A cargo of copper ore from Latouche which 
was salvaged from the motor boat Kmnecoti in 1925 i~ not included 
in the table, aa that production was included ip a previous report. 

The ore shipped from Kenmott ta the smelbr is taken from four 
contiguous mines--the Bonanza, Jumbo, Erie, a d  Mother Lode, which 
are dl operated under one management, altbough the Mother Lode is 
organized aa tb separate comptbny. AH ~hown by the annual stata- 
ments made to the stockholders, the Mother Lode mine produced 
eomewhat more ore in 1926 than any one of the othm associated 
minm. From the same source it ia learned that the ore mined 
from tba. Mother Lode mounted fo 156,309 tons, BVB& 10.38 
per cent of copper and 1.68 ounces of silver ta the ton. The ore 
from Kennecott is largely high-grade copper sulnhide and oartionate 
contsining dver but practically no gold. 

Wm mine of the Kennecott Copper Corporation at Latouche pro- 
duces low-grsde copper-iron sdphide ore of a character wholly 
dserent from that rat Kennecott. A caving system of mining is 
umd, and a steady output at low oost has been maintained for a 
n m b r  of years. No highvade ore is obhhed. 

Miuing operations at the Green Butte mine, on McCarthy Cmk, 
a few d m  east of Kennecott, are regarded as prospecting or develop 
ment work, but s large force of men me employed, and m a r  
shipments of high-grade ore are made to the smelter. The ore 
resembles that at Kannecott and occurs in similar relation to the' 
l i a~ tone  and underlying greensbne. Mining was diecontinued 
during p a t  of the winter of 1924-25 but Wa8 resumed in May. The 
incline has now reached the 700-foot level, and it was reported that e 
d@velopment work would be discontinued in the winter of 1925-25, 
whiZe mom powrful machinery was being installed. 
Copper ia obtained from the Sdtchuck mine, on Kesam Bay, - 

fiince of Wdes Islmd, as an associate of the platinum group of metals, 
particularly pdadium, which makes up the chief product of the mine. 
-ally this deposit was opened for i h  copper, but it was later 
found that the copper is subordinate in value to the pallaurn, 
$though copper ia an abundant constituent of the om and makee 
up a considerable part of its value. 

The copper obtained from Iead ores is relatively md in qumtity 
and comes chiefly from the Hyder district, in southeastern Alaska. 

fi Oopper Cmpcmtion Emmth Ana E8pt, for 1925; Mother Lode W t t m  Mlw 0% 

wwnth Am.  Bspt., Im 1W. 



A little copper h dm obtained from the duiw boxes of p l m  mines 
on Dan and Chititu Cweks. Formerly it wss thrown away, and 
only in m n t  years, after the construction of the Capper River & 
Northweatern Railway made transportation eaaier, has it been mved. 

' A little capper is obtained from gold lodes in sontheashrn Alaska, 
and a further smaIl q u a  tit? is mporbd by the smeltera as wrap and 
salvage. 

Prospecting for copper bas not been enmwagkd by the price of 
the metal during the last few years. Many copper prospects'in south- 
ewtern Masks, the Copper River Valley, md Prince William Sound 
hsve bean patented or hsve had no work done on them other than the 
assessment work n m a q  to hold them, and there seems ta be no 
reason to expect m y  large addition to the copper production in the 
near future. 

BTLVER AND LE&D 

Most of the silver prducad in Alwka has been associated either 
with gold in gold lodes and placers or with ooppsr in copper mines 
and was, in fmt, a by-product. Most of the lead was derived from 
I d e a  that were mind primarily for the gold they contained. This 
condition was changed somawhat in 1925, for an inoreasing amount 
of silver md laad now oomes from mines in which them two metals 
are the most vduable product. The following table shown the quan- 
tity and vdue of silver and l e d  recovered from mining oper~tions 
olwsSed accordmg to the most valuable metal produced: 

In this table for the h t  time are listmi ailvsr snd led  from silver- 
l ed  lodm. The dver from gold lodes was pduced  by 20 mines and 
a few p-te, that from gold p l m m  by about 608 mines, md that' 
from copper lodss by 5 minm h a d  from lodea other than led- 
silver lodes was produced by 5 mines. Silver and lead w m  produced 
from 5 mines where they we the chief valuable metals. Much the 
greater part of the silver pmduaed in Alaska comes from copper 
mines. Most of the lead is taken from the gold minas of the Alaska 



Juneau Gold Mining Co. nt Juneau, which, BS wi l l  lm men from the 
bble on page 9, compiled from the annual report of the mmpeny 
to its staokboldom, yielded 1,288,974 pounds h 1925, 

had prodad dn Alaska, 18Q9-19f6 

Silvelead a m  are attracting attention in aeverd parta of Alaska. 
The mmt pmminent diatrict is that around Hyder, at the head of 
Podand Cmal, in southeastern Alash. Other districts include 
m'inw or pmspmta at Chomly, near K e h W ;  the Lake claims, near 
Wrmgd;  s new silver-lead prospect near Skegw~y; and the Alpha 
&g in the h t i s h a  district. 
h the Hyder district the new d at the Riverside &e began 

production early in the year and made a run of about two months, 
producing a galena concentrate caqying silver and gold. The 
property then lay idle for several months pending arrangements for 
its operation by a new campany, but a small additional production 
was made in the Imrter part of the ymr. In the Texw Creek sres a 
tw t  ahipment of 10 tons of lead ore, with some silver and gold, wm 
made by Cdmn & Hewitt from the Hornoafake pm~pect to the 
ameltar at Selby. A teat ~hipment of 1 tan of complex silver-lead- 
&capper  ore wae made by Hummel, Blgshsr & Moss from B 

newly discovered deposit on the aouth branch of Cbickamin Glacier. c. 

McDonald & Cmnholm shipped a test lot of 20 tons of hgh-grade 
led ore carrykg gold and silver from another newly disrmvared 
depdt ,  an the Cantu group, nsar tbe foot of Salmon Glmier. .. 

Native gold is awciated with the lead ore in weed  vein^ in the 
district, and some exmdingly rich specimens of free gold were 
fomd in conneation with narrow qumtr, stringers in a rock cut for 
the new portioh of tho Sdmon River mad near Sixmile. It is pmb- 
'able that with more extensive deveIopmeut netive g l d  will be fomd 
in other veins dready discovered. Exploration was mntinued on 

, the Ddy Ale~ka property, and a little native dver wm fomd. 
Development work ie being vigoroudy pmsacuted on the Mountsin 
View property d e r  the direction of Arthur Moe. A small shoot 
with * oonsiderabh percentage of the tuneten mjnesd acheelite, 
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identsed by A. F. Buddington, was discovered in a vein on this 
property. Grains of echwlite were lahr noted in other veins. A w s -  
ment work was kept up on prrtcticdy dl the other properties in the 
district, md several new prospects ware located in the Texaa Creek 
ares. A prospecting tunnel is being driven m s s  a sparsely metal- 
lized band in a limestane and schist be1 t within the coast range batho- 
lith an the Commonwealth group of claims, about 13 milea down 
Portlend Canal from Hyder. 

A recent geologic survcy of the Hyder district by Buddington & 

+ has &own that there are present near Eyder two batholiths that 
differ in age and in aigdcance with respect to  ore deposits. Metal- 
lifemis veins have been found in the rock of the older batholith, but 
IH yet no minerd deposits of cornmereid importance have been 
found in the younger batholith. The older batholith consists of 
grandiorite and is widely exposed on Texaa Creek. The rock of 
the younger bathorith along the southern border of the. older bath- 
olith and in the vicinity of Hyder is quartz monzonite and in the 
vicinity af Munro Glacier is granodiorite. The older granodiorita 
baa s dull gray color and a slightly banded structure, thus oontrasting 
with the pink or mottled white, more masslvs rock of the quartz 
monzonik and the granodiorite near M u m  Glacier. Dikes of 
granodiozih p o r p h m  connected with the quartz monaonih and the 
granodiorita of Munro Glacier cut both the older granodiorib and 
the ore pains coxlneotad with it, The southern portion of the older 
grancdiorite nem the contact with the quartz momonite is mashed 
and d e m d  echistow h u g h  the thrust exerted upon it by the 
intrustion of the younger batholith. The mgouthem boundmy of the 
older gmwdiorite lies at an elevation of about 4,800 feet on the 
eouth~m dope of Mount DoUy and extends in general a little north 
of true west, crossing Salmon River just below the mouth of Fish 
G m k  and thence pwsing through the head of Thumb Creek and the 

b 
head of the West Fork of Texas Creek. On the West Fork of Texw 
Creek, weat of Casey Glacier md Ibex Creek, the older pnodiorita 
plunges under a roof of ttuffacmus graywacke and slate, disappearing 
beneath the surfme at the head of the West Fork, with the exception 
of several upward blllgeg that are exposed where the Texas Glacier 
joine the Chidamin Glaciar and both north and west of the locality 
where the Chickamin Glacier makes a turn from nohh to west. 
Qu- veins with  hoots of lead ore, carrgring moderate. qumtities of 
silver and low to moderate quantities of gold, are found within the 
batholith and also in the adjoining or overlying country mck, but 
commonly near the contat between the two. Veins dm occur, 
however, within the older grmodiorite at considerable distance from 

Baddlmh, A. F., Omlw d the Balmoa RIvw are+ H@r district, Xlsska (la p t l c m ) .  
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the con tact with the wdimenb. Nearly 60 vein8 of the type described 
have been disMlvered in the older granodiorita and rn beingprospe~ted. 

SGream or atmiterite has bean found in the concentreb from 
the sluice holies of gold plmm in several parts of Almka. Tin has 
been mined fmm its original bedrock source in the Port CI-ce 
district of h a d  PeninsuIa and is recovered from placer depwita 
in that district and also from placer deposits near Tofty, in the Rot 
Springs district of Tanma Valley. Thew two districts are ~t prersent , * 
the s o m  of alI the tin reported from Alwka. Plmer mhiug has 

. beae carried on primarily for tin in the Port Clarence district, but 
in the Hot Springs district the mining is done prhmdy for goId and 

. tin is B by-product. 
The production of tin ore for 1925 was 22.2 tons, which contained 

13.8 tons of metallic tin, ~alued at $16,980. This pmductiw is an 
incream over t h ~ t  of 1924, which in turn was an i e c r e ~ e  over that of 
1923, but it ia considerably less than the prodnctim for the p a n s  1912 
to 1917, when the output of rnetdic tin reabed 139 tom in 1916 
and fell M o w  100 tans ody 1913. 

I + 
The tin creditad to the Port El-ce & s t k t  in 1925 is reported 

as having been sbipped in that year. It seema probable that some 
of this tin was mined in 1924 and held over till 1925 for shipment, as I 

there ie mmon for believing that less tin wan mind than wm shipped. . 

Plathm and pdadiwn belong to a p u p  of six metala of which 
p h t i n a ~  is the most importmt and mnaequmdy gives i h  name fa 
the p u p .  These metals m m o d y  occur togethar, so that w h m  
one member of the p u p  is found one or more of the others may be 
expacted Most of the pl~tinum of Alaska is obtained from one 
lode mine and from several widely separated placer minw whew it 



is associated in nubordinate amount with god. Platinum was long 
practically unknown and almost unsuspected in Alasks, but the 
experience of recent years has shown it to be widely distributed, 
although for the most part in small amount. 

The principal producer of platinum metals in Alaska is the Salt- 
chuck mine of the Alaska Palladium Go., on K a w  Peninsula near 
Eetchikan, Ore frora this mine yields pauadium, platinum, copper, 
gold, and ailver, but the vdue of the ore Lies chiefly in the platinum 

- metals, especially palladium. The output of pdadium and plati- 
num from the Saltchuck mine made up so large a proportion of the 
total output of platinum metals from Alaska in 1925 that the amount 
can not be stated without d i d o s i n g  coddmtkd inf~mtion.  ?rh- 
fore in thii as in the k t  bulletin of this series the palladium output 
of the Saltchuck mine is included in the table "'Mmdaneous min- 
eraJ8'hon page 6 and the copper, gold, and silver are included in 
the bbIw on pages 8, 27, and 29. 
In 1924 a total of 28 ounces of platbum, valued at $2,594, was 

recovmd from the gravel of placer mines on Dime Creek, on S e w d  
Peninsula near the h a d  of Norton Bay; Slate Creek, in the Chisto- 
china district, Copper River Basin; Granite Creek, in the Ruby 
district; and Metal. Creek, on Kenai Peniasulta. Platinum has alao 
been produced in small amount from the Marshall district, on the 
lower Yukon; from Boob Creek, in the Tolahi district; fmm the Gache 
Cr& district, of Susitna Valley; and from beach gravel on Kadiak 
Island. The quantiby of platinum reporbed by placer-mine operators 
'in 1926 was 1- than half that raportad in 1924, but, inasmuch a~ 
'phtinum wae probab,ly produced, as in previous years, in mme dis- 
tri&ta h which no reports were received, it k probable that the 
amount reported i~ less than the actual production; nevwbheless 
a decrease in production is evident. 

"L. 
QUICKSILVER 

Quicbilver was produced at two Iocalitiw in Almka in 1925, and 
the vdue is ineluded in the table of "Misoellmeous miner& " on 
page 6. A h g a  herease in output for 1925 as campwed with 1924 
is r a p o w .  

The largest productim meda in tbe Id i td  distriot, 2!2 miles 
from the Kwkokwim, between the river md Flat. The ore is 
h a b a r  and mum .at a contnct of sandstone and rn intrusive 
ipaous rock. T h a E  mined in 1925 came from the outcrop, but ran 
d t  wm tegt& toout the are body at depth. Quicksilver was 
Jso obtained at Napmute, lower on the Ku~kokwim, and 10 tons 
of om, which had not been retorted when the report was mde,  was 
mind from a new deposit on the south side of the river, 



Both the locdkes mentioned have been h o r n  for tnedr cinnabar 
deposits for many yearn. Attempts haw been m d e  to put d8er -  
ent deposits on a producing basis, md a somewhat irreguIlsr produc- 
tion of mercury hag resulted. At this time the interest in quicksilver 
hrss increwd, and steps are being taken to mapen properti88 that 
have been lying idle. 

COAL 

Alaska produced 82,868 tons of wd in 1925, nearly 17 per cent 
less than the production of 1924, which was 99,663 tons. The value 
of the coal produced in 1925 may be stated ss approximately $404,600. 
This value can' not be determined with thaceuracg, for it is b a d  
mainly on the contract prices of large Iota, but considerable cod was * 
wid in smdl lob in locd marketa st prices of which no m m d  ia 
available. 

Most of the coal wm mined in &e Matanwka md Healy River 
fields, both of which are reached by the Alaska Railroad and are thus 
provided with the traasporhtion facilities necessary to p l m  the c o d  
in a market. A little subbituminous c o d  is mined by the Eskimos 
on the shores of Wainwright Inlet, on the Arctic southweat of 
Paint B m w .  Some cod 19 obtained from lignite deposits on 
Chicago Creek, tributary to K@ River in the northewstern part 
of Sewad Penineda, and is used locally by the plmm miners, prin- 
cipally those af Candle W k .  A little cod is &o mined at BIuff 
Point, on E;enai Peninda, for use of the local cwmeriw in Cook 
Inlet. The coaI fmm thesa localities, however, is only a fraction of 
1 per cent of the production of the Matanuska and He@ fields. 
Most of tha coal mined on Redy and Matmush Rivm is consumed 
by the A l d a  Railroad, but a p ~ r k  is used locdy, and some is shipped 
t o  Alaskan mast towns. The Healy River coal i a lower-grade 
coal and is produd  in 8mder quantity than bhe higher-grade 
bitumhous c o d  of the Matanuska field. u' 

The valuation given for ood produced in Alaska in 1925 is b a d  
in part on the prices paid by the Alaska Railroad for cod furnished 
under contract f r ~ m  the Matanu~ka and Hedy River fields. In the 
fiscd year 1925 the m i h a d  bought 57,284 tans of cad of all grsdea 
from aU fields at an average price of $5.279. The contract prieea for 
Matmu&& cod during the later pert of the h a l  year 1926 were, 
run of mine, 34-44; steam, $3.95; for Redy River cod, lump, $4.25; 
nut, $4; chestnut, $2.68; pea, $1; run of mine, $3.50. 

Alasken Goal has to compete with the cod of outaide mines whose 
market is already establishedy and although tha Territory is capabIe 
of supplying from ita own m u r c e s  t he  cod needed for its own usa 
it bas not yet been able to close its market to the outside pmducem. 
In 1925 newly 53 per cent of the cod used in A h k a  came from out- 



side sourcm. The &owing for A h k a  md is even leaa favomb1~ thm 
in 1924, for the dommtic pmduction was reduced while the ,quantity 
of 00d imparkd incm8sd. 
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In apite of the fact that less cad wae mined in. Alwka in 1925 than 
in 1924, an incresed urn of looal coal is antioipated, and steps have 
been taken ia both the Matanuska md the Hw,Iy River fields to 
meet the increased demand. In the Matanu~ka field the two largest 
pducsm are the Evan Jones Coal Co. on Eska C m k  and the 

.-- Premier Cod Mining Co. on Moose Creek. The Evan Jones Co. did 
a 1- amount of development work. A long tunnel was dri~ea from 
the south limb of the anticline, on which mining h a  bean donne 
haretofore, to the north b b ,  where bad air made it necmary ta 
extend an air courae over 1,000 feet long to the surface. Mining 

ul 
WEIS interrupted during May, June, md July. The Premier Coal 
W h g  Co. was in openrtion almost throughout the year but wgs 
doaed bmiporady gs a re~ult of legal di%cultiea. During the year 
a branch of the Alaska Railroad wag extended up Moose Cmk to 

Y the properby of the Alagka Metanugh Coal Co., which has been 
equipped with new machinery md put on R producing bssk. The 
Rewson property had no production, and the Alaska Bituminous 
Coal Go. ceased operations in May. Ross Heckey pmduced a small 
qumtity of aemibituminous cod for the cailrod and for bIwbmith 
IM. Pemnite for prospecting the mthracita of the upper Mstmuska 
wem issued, but littIe work wm done. 

The Hedy R i m  Coal Corporation, at Suatr~~n%, was able to 
operate continuously in 1925, owing to the construction of a new 
steel railroad bridgs acmB Nenana River. The company has now 
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equipped itg mine with the most modern apparatus for prduciq 
coal. Electria underground haulage was installed, making this the 
&at cod  mine in Alaska to bs thm equipped. A niodem tippb with 
facilitiq for acreenkg and &ing mall was built. Impmvamanfa 
were made in the power plmt and camp bacilitim, and a schoohoum 
and recreation hdl were mnatructad. In the mine a c m u t  entry 
wss driven ta the leat or giXth bed, where miming has since been 
carried on, The Suntrasa mine is the chief coal producer of tbis 
field, although R. F. Roth did some tunneling on beds 9 miles above 
the mouth of Healy River which are thought to be the s m e  beds es 
those met in the Suntrma mine. A few loads of cod from t h i a  pltwe 
were bmught down Healy River on the ice. 

No cod was produced in the Bsring River fidd except pos&bly a 
littla that may have bsen taken out for local use. Inbwst in tb 
field is not lacking, howevm. It is reported that the Alaska Anthre 
cite R h a d  has hen taken over By a new company and wiU be 
quip& for handling cod. The part of thie road already built ie 
stated to be in fair condition, although some of the bridges m out, 
and it has not been in recent me. It will be neoessary to btdd ood 
b d e m  on ControUer B B ~  rrnd an sxtension of tho l a n d w d  end of 
the rod  to reach the mines which it is proposed to open. 

PETROLEUM 

The petroleum production of Alaska ia a r n d  and comas entidy 
from the KaSalla field, on the south mmt a shod distmm east of the 
mouth of Copper River, whem it L obtained from 16 shallow wells on 
patented claims belonging ta the Chdkst Oil Qo. This cxunpmy 
operates a m f m q  at Eat& and disposes of ita gaoline -snd distil- 
Iata in the locd market, principally at Cordova, whem a eelling 
station is maintain&. Exhnsive improvements for incmssing the 
yield and quality of producta and decreasing the coat of production 
were made to the plant in 1924 and resulted io increased output in 1925. ~7 

According to the annual statement of the compmy to iCe ntwkbolders3 . 
the production for 1925 was 7,983 barrels. The prim received in 
Cordova were 17 mts a gallon for gasoline and 13 writs for &tUate. 

v 
Two wells were driZled hi 1925. Ona reached a depth of 1,160 feet 
and had an initial production of 3 3.$ barrela a day from three oil-baring 
strata. T ~ B  other wae drilled b 1,760 feet but yielded only half s 
barrel a day. The gwlinsextrackion plmt was operated approxi- 
mately 200 days but wae doead most of the time In Jan-, Feb 
r u q ,  and March because of exhemely mid weather. 

Large quantities of petroleum products, auch as gmline, &tillate, 
fuel oil, and lubricating oil, are used in Maaka by the fishing bomb 
snd other water craft dong fie coast, the mmeries, tbe mines of the 

- - 
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Kennmtt Corporetion, the Copper River & Northwestern Railway, 
and other mnsumers. Most of this oil must be imported from out- 
side BO~~VCES, as tho domatic production is wholly insficient to meet 
tho demand. 

The d o &  that are being made to e~tablish new productive oil 
eel& in M e s h  did not meet with success in 1925. No new oil pools - 
were tapped, and no new prmpects of prombe w e ~ e  reported. Dnllrng 
operations on the Pearl Creek doma, near Kanatak, on Alaska 
Paninsula, have so far met with disappointment. The Shdard Oil 
Co. drilled three hob. Two of these are ahallow, but the third 
reached a depth of 5,400 feet without gtriking oil irr sdicient quantity 
to be of value. The deap bole caved near the bothm, drilling was 
stopped, and the hole wga abandoned. Since then the machinery 
has been removed and hauled to Kanatak, but not before the holm 
had bmn stopped hi 8 manner to comply with the leaging laws. The 
M a t e d  Oil Co. M e d  inter& tten tlg on the Finnigan clgims of the 
aame field without success. 
In the Pakataga field no drilling hga been done, but peparatiom 

for ddh@ d e .  D k g  the 8Ull3Itler of 1925 th6 k ~ ~ d  
Petroleum Co. landed mmhinery and a drilling rig at Y h t a t ,  from 
which it was taken on mws to Icy Bay md unloaded on the beach. 
Tractom were provided to haul this, equipment from the beach to 
the d d h g  site, but before they had delivered their freight a t  its 
destination the  tams and bad weather of early winter put an end 
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to the work until mrnetime in 1926, when the drill rig is ta be 
instded. 

A d d  rig was landed at Chickdoon, hfatsnu~ka Valley, on the 
Lars Netland wal-leaee m s ,  but was not set up in 1925. 
No d.evdapmant wam undertaken in the Iniskin B B ~  add, on the 

west side of Cook Inlet, but geologic euppeys were made by oil 
geologists repmwnthg companies intemted in t h t  field, and sumeys 
for Imd subdivision were c ~ r f i e d  on by the General h n d  Office. 

The seanch' for oil in naval petroleum mmwe NO. 4, in northern 
Alaska, was continued in 1925 by members of the GeoIogicJ Surcey. 
A party of four man, including one tapographer and one geologist, 
made the winter trip by dog aled from Nenana to that part of the 
Aretic dope including the headwaters of Colville River and mnid 
on topgraphic and geologic ~urveys. One of the chief results of 
the work, aside from the mapping of new territory, in the delimiting 
of the area in which petroleum m y  be sxpscterl to be present. A 
short account of the work is given in another part of tb report. 

Marble and gypsnm me the principal structural materiala that have 
been ehipped out of Alaska. Both these  material^ are p-t in 
southeastern Ala-ska, and bemuse of their conveniaat situation with 
reference ta water transportation may d y  be placed on the 
Pacific maet market. 

Moat of the marble is produced fmm the quarries of the Vermont 
Marble Cs. at Tokeau, on Marble Ilslmd, at the north end of Prince - of malm ~aland. Tbis .company WBS in 1925 and .employed 8 

force of man which is said to have been l~rgsr  than hm been employed 
before. Such a farce wouId indicate an incrmsing demand for 
Alaska marble. Since 1904, the output of marble hfie shadily grown, 
but the number of compttnies producing marbIe has always been 
mall. The vdne of the marble produced in Alaska since 1001 is d 

$2,629,214. 
Gypsum has hem produced on the slrst ooaat of Chichagof Island 

gach year ~incs l9F. The n i n e  waa dosed in December, 1923, and - 
was not reopened till Augu~t, 1024, when it was taken over by the 
S t m d d  Gypsum Cs. This company made p h s  for 8 mill and for 
developing the mine, but boing uneble ta make sstisfactary &mange- 
ments regarding roysltim with the owners, it M y  gave up the mine 
and removed its equipment. In conaequancs no production of 
gypmm in 1925 is raportad, 
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In Home yeam a number of mine& other than t,hhose already men- 
tioned have been produced md marketd from Alaskan sources. 
TI& was eapially &e during the war, when an unusual demand 
for many of the less common metalis arose and the market price was 
8a high as to enmuraga the production of such met&, even in remote 
regions of high mining costs. These metals include antimony, 
chromium, molybdenum, and tungsten. None of them were shipped 

w from Alaska in 1925, although some may have been p r o d u d .  





By F ~ E D  H. M o m  

F This administrative report relatea to the fiscd year 1.925-26'md 
thewfore involves the field, work of more than one calendar year. 

Since April 1, 1925, the work of the Alaskan branch haa been in 
Y chmge of Philip S. Smith, chief AIaslran geologist, who at the time 

of this writing (July, '1928) has been in Alaska since February, 
continuing the hegtigation of naval petroleum reserve No. 4 which 
wm beguu in 1923. During his absence from Wa~lhington S. R. 
Capps acted aa chief AIaskm geologist -until May 21, when h~ also 
left the Tmhington office for field work in Alaska and Fred H. 
M a t  mumd temporarily the duties of the position. 

The work of the Alaskan bmch was expmded at the bepning 
of the h a 2  year 1926 by the htransfer ta it of certain functions which 
had bsen pmviomly sxereises by the Bureau of Mines but which, 
when that bureau was tnrnsferrsd to the Departmenlt of Commerce, 
were turned over to the GeoIogicd Survey. The new duties devolving 
on t h ~  Alaskan branch include the supemision of the production of 
coal a d  oil on public lands under the mineral lessing acts. The 
supcmislon of leased mineral Ian& under this new msngemtmt 
ia d m h i s h d  in cooperation with the consemation branch of the 
&logical Survey, which psrforma the necessary Washington office 
functions and advises the A l d e n  branch with respect to the general 
conduct of work in the field. T h e  following persons connected 

.d with the work of the Bureau of Mines in AIwkti, and resident 
in the Territory were t rans fed  to the Alsakan branch on July 
1, 1925: B. D. Stewart, supemking mining engineer; J. J. Corey, 

* md-mbiq assistant; J. G. Shepsrd, metal-mining assistant; Ef. H. 
Townsend, associate mining engineer; Ilona M. Grover, junior clerk. 

The local oflice at Anchorage, Almka, formerly maintained by the 
Bureau of Mines wm taken over by the Oeologicd Swvey. 

Systematic investigation of the minerd murces  and geology of 
Alaska and the mapping of its topographic featum by the Geological 
Survey began in 1898 and have continued uninterruptedly to the 
present time. A number of special investigations, howe~er, wem 
m d e  by men from the QsoEbgical Survey before that time. Their ' 
work wm not cunductad by the division of Alsskgn mineral m u r c e s  
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and m pwt was dire~ted by organizations wholly outside the Gemlog- 
icd  Survey. Such work, as well as the work, of other &vernment 
organizations now active in Alaeka, is not included in the following 
s u m m q  of s m e p  ao far made. 

Some explmati~n of this table is required, In the mume of work 
that b s m  when Alaska was rn almost unknown country and that 
hsss h n d e d  over a period of 28 years some pats of the Territory 
w m  covered first by exploratory surveya in which only the most 
prominent featurea of the country mdd 'tw noted. Lahr more 
c m f d  meonnaissanm surveys of large areas were made, and h d y  
in some small areas where the mining iedustry mq&d it, detailed 
maps of stiU  large^ scale were made; Whem such ~ m y s  overlap 
and an m a  has been mapped on two OF more males only the most 
m n t  b a n d  largest-sede maps am included in the table* so that there 
~ no dupIication of Ereas an d8erent wdm, It r e d t a j ' f M o r s ,  
that the area sumeyed fmm 1898 to 1925, as given in the table, is 
not identical with the area reported in the corresponding table of 
the report for the fkd year 1925, as the totals given in that table 
are here oomted  by smomta mmppnding ta the areas mumeyed 'u 

in tha field season of 1925. As the mrem where ~urvep are made are 
detmnhed largely by the needs of the mining industry, it results 
that the areas mapped geologicttlly and those mapped topographically 
are in large measum the same. 

The table shows that at this time a little mom than two-6fths of 
Alaska8 or mom than 236,000 equare miles out of a totd of 586,400 
square miles, is mspped both hpogr&phic&y and geologically in an 
exploratorg, reconnaisstbnce, or detailed way. The area thus swvepd 
on the mcxnmaisamce d e  (1 : 250,000) is nearly twice acl great aa . 'that of the other two soales d i n e d ,  and the araa surveyed in detail 
is only 2.5 per ant of the total. ares surveyed both topographically 
a d  geologicdy. In considering thew figures it must be borne in 
mind that however neclesswy m d  valuable the explorstary and other 
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less sxmt s u m 9 8  were et  the time they were made, the resulting 
maps mu& eventually be replaced by better maps of at least the 
~tmdard of accrurmy of the prewnt-day reconnaissancs surveys, and 
in importmt districts, if the needs of Alaska are to be met, same 
5m13gs of the still mom detaled kind will  be kequired, both for the 
mining industry and for the development of water power and other 
remuTc88. 

The work of the Geologica3 S w e g  in Almka, however, does not 

C 
consist golely in msging geologic and topographic. maps. It iecIudes 
the collection of mineral statistics and the making of specid investi- 
gations rdating %o supplies of cod, petroleum, platinum, chromium, 
and other mineral m u r c e s ,  BS well ss of such rnotals as gold, silver, 

w and copper. For several gem the Geological Suraay conducted an 
investigation of the water resources of Alaska to  determine the supply 
of water available for placer mining and for the development of . 
power, but thwa inv~tigations were discontinued because of lack of 
funds. More recandy cerhin work formerly carried on by the Bureau 
of Mine has bgen trangferred to the Geological Sumey, as noted above. 
The publication8 of the f i s d  year consigt of a report on the progrms. 

of investigations in Alaska in I923 (Bdletin 773), the administrative 
report and a report on the mineral industry of A l a s h  in 1924 
(Bulletin 783-A), and "Mesozoic stratigraphy of Alaska," by G. C. 
Martin (BuCletin 776). 

The funds available and used in pad for the conduct of tlhe work of 
the Survey in Alaska in the fiscal year 1926 include pmcegds of an 
sppmpriation of 372,000 for 1925-26 carried in the Interior Depart- 
ment a6t and made available March 3, 1925, and of an appropriat.ion 
of $50,000 for 1926-27 contained in the Interior Department act, 
available May lot 3926. In addit.ion to these sums, appropriated 
directly for expenditure by the Geological Survey, $22,000 was trans- 
ferred to the ~eo log ia l  Survey from the appropriation of $33,000 for 
the work of the Bureau of Mines in Alaska, contained in the Interior 
Department act far the fiscal year 1926, st the time of the transfer 
of certain activities formerly conducted by the Bureau of Mkea when 

* it was a part of the Interior Department, and 512,300 remained from 
funds smorrnting ta $75,000 made available to the Survey by the 
Department of the Navy for inves~ation of naval, petroleum reserve 
No. 4, in northern Alaska, md expended in part in the fiscal years 
1924 and 1925. these funds except the ~ppropriation for 1926-27 
were svgilable for use at the begking of the fiscal year 1926. Their 
use $88  bee^ wunted for in accordance with the law and the regdrt- 
tione of the Treasury Department, but some analyais of tho expendi- 
tures from other viewpoints may be of interest. 

The following statements give in round numbera the amounts that 
were expanded for the principal uses to which the fan& were applied 



in the fiscal year 1928. Without taw into considemtion the work 
far the Navy Department and that transferred from. tha Bureau of 
Uinse, the amount expended in starting parties inw the field in lthe 
spring of 1925, before the begimhg of the f w d  yem 1926, is offset 
by the amount used to star t  the partias at the end of the fiscal year 
1926, so that the funds used for the fid year 1926 were $72,000, 
tha m o u n t  of the appropriation for that year. The funds expanded 
in supemking the leasing of minerd lands snd for the work in naval 
petroleum reserva No. 4 will be analyzed aaparataly. 

w 

ExpsMFdlutea from fuda dir8t#$r appropriated fm the G d & d  Sasmey'e work in 
Alaska, &cd yecar IQP8 

Bmnch adminfa~ration - , - - - - - - - - - - - - - - + - - - - - - + - - -  55,600 
v Other technical sdarlm ,,,-------,,--------------,,--- 21,480 

Branch clerical and drafting aalssies- -- --,----- ,-------- $900 
8ervlce rendered hy other Burvey units, including editing, 

dupliuating-mechine aervioe, accounting, and ofher 
mrvices ,-,.,----..,,,,-,,,,--------------,------,, 5,800 

0Bc0 axpenflw, stationeryl telegram, photography, and 
otherexpnses,,,-,,,-,-,,,,,,-----,------,,------- 2,300 

Reld expenms ,,,, ,--,,-. ----,,,,,,,,--, ,------------ 31,050 

The sums contained in the item "Other technical sderies " and 
"Field expensw, " plus $1,500 of the ihm for "Branch clerical m d  
drafting salaries," were expendad for survep and invcstigationa in 
progms in the fiscal year 1926 as foUom: 

&ne~&l Investiptiona-, - - - , , , , , , , -, , , - - , , , , - ,, , - --- - - $1,875 
k l o g i o  mrveyB --,-----,--------,-------*------,---- 33,8Ml 
Topographio mrveya, , . , , - - -,: - - - , - - - - - - - - - --- - - -- - +  16,428 
Statistics of mineral prduotfon- -- -,, --,,,,---,-----,,, 1, - 

64, 

In this table it i~ impossible to show accurately the distribution 
of e x p e m  between geologic and topographic survep. Four of the 
field partiea contributing to these two iltems in the table were corn- 
bind topographic and geologic parti-, for which the larger part of 
the mat might properly he charged to the topographic work. It 

I hm seemed beat, however, to conform with the practfm of former 
year% m d  divide the cost of them few p&im equally, or approx- 
i m d y  so, between the twe kinds of ~ m e y s .  

The geographic distribution of the work reported iu the laat table, 
tagether with the approximate m o u n t  devotad to each district, ia 
as bollom: 



d p p ~ d w b a f 8  d and d M ~ ~  of work: &raphi= diddm for the $d 
ysar lH6 

&nerd investigations,, . , , , . - - , - - - - - - - - - - - - -- - -- - - - - - $1,875 
80utheaatRm Alaakk ,,------,,--------------+,,,,,,,, 8, gM1 
Aince William Sound, ,,, .,,,-----------------.------ 8,600 
hlatanusks region.-. ,,- - - - -- --- - ---- -------- --------- 1,675 
&uthwe&rn .Uaska,, , , - - - - - - - - - --, - --- - - , , , - -, , - - - - 8,625 
8kwentn~-Kuskokwim region-- --- --- ---- - ,-- - 5,675 
McKinley &on ---,----------------------------,- 4,100 
Upper Yukon and Sheenjek region0 ------,.,-.,---,----- 14 525 
Northern Almka,-, --- - - - - - - - - - - - - - - * - -  --,- - -- - - +  - -- - - 8,175 
8tatiatica of m i a d  production (including $1,600 for 

clerical &a) ,,---, , ----* --- - - - - - * - - , - - - - -  - 1,900 

In the B e a n  of 1925, which d u d d  tba lahr part of the fiscd 
year 1926 arid the beginning of the fiscal year 1926, eight partiea were 
engaged in geologic or topographic investigations or both in Alaska. 
This number includes all thaw connectad with the Alaskan branch 
excZusivs of those resident in Alaeka, except two persona who are 
engaged in dericd duties in the Wa~hington office and one whow 
time h u g h o u t  the year is given to  the preparation of map. On 
the merage nearly one-hall the tima of those engaged in field work 
i~ spent in investigations away from Washghn,  and the remainder 
of the year, including the winter mason, when fidd work is imprac- 
tioable or impossible, is devoted to the preparation for publication 
of information collected in the field, to conferences, committee work, 
snd .h anawering of oorrehlpoadenethinga which would be done 
mneatisfactorily and at a great disadvmtage if attempted away fmm 
the f d t i e e  of the Washington office. 

A brief amount of the field work of ench member of the brmch is 
given beIow for the seaaon 1925, together with the assignment of 
fidd perties far 1926 and a statement of the activities of those whom - time is all given to th work of the Weshingtun office. Field parties 
in Alaska are usually d t of touch with mail and telegreph mmmunicg- 
tion for weeks or month at s t h e .  It is themfore often impossible 
to learn the progress of the work till the ~eturn of the men in the fd, 
and consequently until that time it is also impossible to meke any 
accurate statement of whet wse eccomplished during the fiscal year. 

Philip S. Smith, chief Alaskm gmlo~at ,  was detained in Washing- 
ton by administrative duties connected with the Alnskm work u n d  
July 12, when he left for AImka. We spent about rr week in visiting 
the field party in charge of A. F. Buddingbn at Ryder, in muth- 
eastern Alaska, and an equnl time with the pa* under Fred M. 
Maffit on Phoe  Will im Sound, Most of his field s ewn ,  how- 
ever, was spent in Juneau, Anchorage, and Fairbdm, and in the 
Mahusk8 and Nenana cod fields in wn~ultation with Mwm. 



Stewart and Corey conmning plans for cg-rrging an the work tranti 
ferred from the Bureau of Mines and ia studying the cod-mining 
situktion. After returning fmm Alaska Mr. Smith was mgaggd in 
the Washington ofice until Februav 8,1926, when he left to continue 
the investigation of naval petroleum mseme No. 4. 
h the Wwhgton office Miss Lucy M. G r a v ~  acted as chief 

c k k  throughout the period covered by this mport. Miss Erma 6. 
Nichols devoted s considerable part of her time to the collection and 
coordination 05 mineral statistics. Mrs. Marion E. Maclean was 
enpaged in genera1 clerical work from the time of her connection d 

with the branch (October 5,  1925) until June 16, 1926, when  he waa 
transferred to the tapgraphic branch. John B. Torbert was engaged 
throughout the year in the preparation and drafting of Maskan maps. b 

Two parties were at work in aoutheaatern Alaska. A. F. Budding- . 

ton made a, recomaissaace of the weat cosst of Dall Idand and spent 
the later p ~ r t  of the semon of 1925 h d e t d d  geologic m e y s  in 
the Hyder dirrtrict, at the head of Portland Canal, edjmxmt to one 
of the active Canadian silver-lead camps. The results of this work 
are now b e i  prepared for publication. R. K. Lynt wge detailed 
to accompany a party of surveyors fmm the General LBnd OfTim 
who warn c m y h g  on subdivisional aumoya in the Picinits of 
Wrangall Namws, where he made a detailed topographic map. On 
February 8,1926, Mr. Lynt was transferred from the Alaskan branch 
to the tmpogrephic branch. 

Fred R . Moffit continued the investigation of the coppar and other 
metallifemus deposita of Prince William Sound, one of the importmt 
copper-producing districh of Alaska, which h a  also produaed 
mnsidersble gold and gives promise of more. Abut  460 square 
mil ea of territory on the west side of the sound was mapped geologi- 
cally. At the end of t h ~  season Mr. Moffit G t e d  the Chitin& Valley 
to collect data on mining. 

K. K. Landee made s mconnaissance geologic mmey of an area 
' of abut  335 square miles between Matmuskeiver and Knik River. 

A separate psper in this volume gives the more important remults of 
the work. 
R. H. Stirgent, topographer, and R. S. Kuappen, geologist, made 

topographic and.geologic surveys of 3,000 square miles on the Alaska 
Peninsula. The sumeys extended the full width of the peeinads 
from Anialrchak Crater t o  s point 25 d e s  wmt of the ChigPik 
Lakm, where another crater of p a t  aize was found, The primary 
object of the surveys was to mist in developing the oiI resources of 
the region, and the work of 1925 cornpIetgd a ssriea of sumeys plannsd 
to cover the prospective oil-bearing portion of the peninsula. Mr. 



Ihappen has in preperetion a report on the geology of the district 
for future publication. 

Mr. Sargent was detailed as special representative of the Geological 
SUPVB~ to accompeny s party organized by the Bureeu of Aeronautics 
of a6 Department of the Navy t.a carry on aend photographic 8ur- 
veys in sou theaskan Alaska d left W ~hington to join the party at 
Hetchikm in May, 1926. Thia cooperative work, undertaken a6 
the requmt of the Survey, is the first attempt to maka use of the 
as-photographic method of mapping in AIaska. Field work began 

'h in the vicinity of Ketchikan &-nd was to be extended northward as 
rapidly ss weather condition8 wodd permit, with the intent to cover 
as much of ~outheestern AIaska as possible during the season. 

IC S. R. Ceppa in 1925 carried on 8 r e c o n n h c e  geologic surrey on 
the northwest aide of the Alaska R a w  in the ToklsbTonzona dis- 
trict of the Mount McKinley region, covering an m a  af 2,000 square 
milea. This work was in part a resurvey on a larger scda of explorsr 
tory Burveys made by A. H. Brooks and D. L. Reaburn in 1902. 
A report giving the results of the work is printed elsewhere in this 
bulletin. Mr. Capp, with K. W. TlimbIe, topographer, left Wwh- 
ington in May, 1928, ta conduct plogic and tapograpbic s w e y s  in 
s hitherto unmappd diatrict that includea the headwaters of 
~kwedtna River and the South Fork of K u s k o h  'River. 

3. B. Mertie, jr., made a geologic survey dong the Yukon between 
the intarnational boundary and Circle and at the end of the field 
season of 1925 spent a wwk in the vicinity of F a j r b h  mllecting 
atotietics on mineral production. The survey on the Yukon covered 
1,m squm d w  end WRS in part 6 resurvey on a larger sode of B 

&&xi& cov& by earlier exploratory ~urveys. Thb expedition had 
for its object the corrdatiou of field observ~tions and material 
&ad? in hand. A report on this district hm been submitted for 
publication as a separate bulletin. In May, 1926, Mr. Mertie, with 

.d J .  0. Kilmartin, topographer, left Washington to conduct geologic 
a d  topbgraphic surveys in the vgUBy of Sheenjek River, which heads 
in the Brcroka Range north of Yukon River and j o b  Pornuphe River 
abut 20 milea above Fort Yukon. This ares b d  not previously 

1 been mapped. 
Gerald Fitzhrdd, topographer, md W. R. Smith, geologist, left 

Washington in February, 1925, to extend the gurneys heady mads in 
nsvd petroleum rmrve No. 4, northern Alaska. They went by 
dog team from Nensna down the Yukon to Norton Sound and thence 
north to  Kotzebue, whm0 they obtained supplies for the summer. 
They then cornpletd their winter trip up the Nostak and across the 
dipide, arriving on the Arctic slope before the spring break-up. Their 
field work began late in April and multed in exploratory and recon- 
naissaace w e y e  covering 6,500 ~lqusre milee of territorg, principally 
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in the headwater region of Colvjlle River and some of the northern 
tributaries of the Nostsk. 
In February, 1926, Philip S. Smith, chief $lnaBaa geoIogist, and 

&rdd FitaOerdd left Waahgtan  to continue geologic a d  topo- 
gaphio survep in the region b t w e e ~  the headwsters of the Colville 
and tho &tic mast on the northwest. They trsveled in tba same 
mmner and ovm the same route as the +tion of 1925 to Kotzebu~ 
and thmm up the copst to Rivalina, where s w a y s  of the mumeyed 
we8 to the north were begun. After the later part of March the 
party wm out of mail and telegraph cornmmication with the Wash- 
ington office during the remainder of the fiscal year. . 
W. R. Smith resigned in February, 1926, to take employment with 

an oil company in Mexico. 
The B u m  a~dablle for me in the fiscal year 1926 from the funda 

t r a n s f a d  to  the Geological Survey by the Department of the Nsvy 
WRS expnded as ia shown in the following tabla: 

The m m b m  of the Alaskan branch who wme transferred from the 
Bureau of Minee to the Oeological Survey ah the bsginnin@; of the 
fimd year am etstioned st dnchorqp and Juneau. Their t h e  ia 
omupid with msthm relating ta the leesing of publie 1asd.a and the 
issuing of permi% for prospecting under the leasing acts and 'to the 
general development of the Naekan mining industry. Their work 
involves frequent journeys by the fieId men to the d p  districts 
throughout the Tenitmy. 

The fun& for this work were t r m f e r d  to the Geological Survey 
from the appropriation for the Bureau of Minee md amounted to  
822,000 for the fiscd year 1926. The uee of tb fund is explained in 
the foUowing tsble: 

E x p d W r m  from jwrds I r n m f r a d  to the ilrlmhgkd Svmy fm UCs t a p p ~ o p h ? h  
jm tha work o.f fha Burmu of Mi- in  AEash 

AdminiafraUon (including servim~ renderad by other 
&olo@cel Survey unih, acoounting, etc.j--, ,- - ,, - - - - , W 

~ h n i c a l  salaries--, --,,,,,-,,,,,,,- --- ---------- ---- 13,425 
Clerical salaries,, , , - - -- - -- - - - - - - - - - - -- - - - - - - - - - - - Ir 500 
Field eq~m -,,-,,,---,,,------------------- a, 095 
Budget ,-,,,,,,,,,----- ,, 440 
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In the p d g  table the item "Admhi~tration " covera the c4srga 
against the appropriation for work done in the Washington office by 
diemt units of the Geological Survey and not the salaries of 
adminhtrative officm jn Alaska. The work of ~upervi~ing the leas- 
ing of mineral laads in Alaska, under the g sn~rd  direction of the 
chief Almkan geologist, is in charge of B. D. Stewmt, snpemising 
mining engineer, who resides in the Territov. The work done 
during the year included the following activities: 
B. D. Stewart spent the major part of bls time in the routine 

'5. supervisory and admini~trative work of the affia, in conferaces with 
oficials of the Federal Government and of the Territorg, and in the 
preparation of official reporb. 

I- John J .  Corey, coal-mining assistant, inspeoted coal mines in dif- 
ferent parts of Alaska, pararticululy in the Bering River, Matmuaka, 
and Nenana River districte, aad eonsultad with operatam conmming 
methods and plans for mining and msrketing Alaskan cod. 

John J. $hapard, metd-mining assistant, hspechd metd in 
southern and southeastern Alaaka m d  made ~eports on pmspecta and 
properties. 

Harpy B. Townsend, associate mining enginear, WM employed from 
the beginning of the fiscal yeac to January 15, 1926. His time was 
given to the examination of mmetal prospects and mines and the prep- 
aration of reports on them. 

Mrs. Ilona M. Grover handled the clerical work of tho Anchorage 
offie and gaye special attention to supplying the request9 for publi- 
cations of the Geological Smey in Alaska. 

N. L. W M m ,  mining engineer, and F. W. Bolzheimer, associate 
-' 'enginear, were not assigned to field work till leta in June, 
1926, near the end of the fiscal year. 





GEOLOGY OF THE KNIK-MATANUSKA DLmRIm 

-'u 
INTRODUCTION 

Lmadh a d  --The area described in this report lim btween 
# .  I G l r  and Matanuskia Rivers in south-central Aladw. Thase rivers 

flow weshward and convergs g~ they enter RRik Arm, a branch of 
Cook Inlet. Owing to this convergence the region studied has a tri- 
angular outline. It is bounded on the east by a line drawn from 
Kings Mountain, on the muth bank of Matann~ka River, to the &ik' 
Glacier. Each 1% of the trianile is approximately 25 miles in 
leng-hh, and the area included within it is about 335 square milea. 
(See pl. 1,) 

M o t  of the region is mountainous, and only the edges are ~etadily 
amssible. The Alaska Railroad crosses the extreme western apex, 
and a branch line runs from Matanuska station eastward dong the 
north b ~ n k  of Matanuska River t o  Chickaloon. Both rivers are 
difficult to ford. Cables span the Matanuska nt Palmer and at the 
mouth of Chickaloon River. It is quite possible to line a boat up 
Rnik River from the railroad bridge. A trail leads across the flat 
from the Palmer cable crossing to  the north bank of the Knik and up 
that river to Metal hekk Save far k few ranchers close by the 
Palmer cable crossing and a places miner here and there on Metal 
Creek the region is uninhabited. 

Y 
E d k r  mmq8 and pre8ent iwee@aEion.-me area covered by 

the premnt investigation had not been geologically explored. 
Some aarIier surveys in regions to the muth, north, and northeast 
crossed the border of the area for short distances. In 1906 Paige 

* andKnopf~mappedthegeolowofportionaoft1~oKnikandMat~- 
nuska Valley8 on a mnnaissanm scnle. Topographem in the same 
party mapped ss much of the drainage into the two r i m  aa wan 
visible from the valley floor. 
In 1910 Martin and KateP mapped in detail the geology of the 

Iswer M a t a n u h  Valley. Their investigation wag almost entirely 
-- 
1% B l w ,  and Wpf, Adolph, Qeolodc r-al-w in tbe M a b u s h  md 

Talkeetna basins, dl&: U. 8. 6 m l .  S a m y  RuZL 827, 1907. 
*Yartlq G. C.. and gab, F. J.. Beology and conl Uelds of tbo Imer Yatmneka Valley, 

-a: G. S. Geal. Butvey Bull. 600, 1912. 
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w h e d  to &e north side of the river, The preceding par  R, H. 
Sargent, topographer, prepared a barn map which mvered that area 
and dso part of the area south of the river. 

* Capps in 1915 mapped the geology of the region south of Knik 
River. 
In connection with a gmlogic survey of the upper Matanuska 

Valley in 1994, Capps,' assisted by the writer, mapped on a m n -  
naimce wale the geology of the south &nk of the Matmush 
Valley from Gravel Creek as far west as Rings Mountain. 

The prewnt investigation was carried on during the summer of 
1925 by the writer, accompanid by Alex Liska, of Anchorage. Rnik 
River was ascended by boat, and the Matanuska Valley was reached 
by the Chickalwn branch of the Alaska Railroad. Matanuska Rives 
was cmmd by boat and st  Palmer by cable. Camps were made on 
the banks of the two rivers; at the mouths of the larger tributaries. 
The extreme ruggedness of the region necessitated back packing up 
the tributhries, where side a m p s  were established. 

The base map used for plotting the areal geology is a portion of 
the topographic map of the region trsversd by the A l a h  Railroad. 
This particular part was a compilation derived Jarply from the 
topgraphic m e y s  previously mentioned. It wss incamplate, as 
the work was done near tide level, and much of the topography 
toward the intarior of the area was hidden from view, so tlmf the 
center of the area was mtimly unmapped. A few tapgraphic cor- 
rectiom and additions were made in the field. Owing to the char- 
&r of the b w  map and the difficnlties of tram1 in the region, 
the field work was nemsarily of a mnnaissanca n a h .  

At the end of the season a hasty trip was made along the railroad 
from k i k  River to Eklutna and south of h&omge Mwmn Potter 
and Indian in order to make s further dudy of the greenshne mriea. 
The results of this inndigation are included in the p m n t  report. 

The two dhi4f phpiopphio featurn of thi4 dishriot are the m a -  
titins snd the flats. Between them on the aouth f l d  of the M a t s  
n d a  Valley lies s high hmce. 
The monntains f o m  a spur of the Chugach Ran* They are 

strongly diwechd, and the peaks along the diPide range in elevation 
from 0,000 feet toward the west la more than 8,000 feet ~t tth a& 

'Cam & B, The ~ a - K n J k  @on, A l a b :  11.8. -1. BulI. 642, ph 
147-199. isia 

.Cappa, B. &, Geology of the upper M a h u s k  VWwI Alaska: B fl. GmL S m  Bull. 
7DL 1021. 
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e m  bmdary. They continue to incream in elevation e& of the 
area studied ~ n d  probably xemh more than 14,000 feet along the 
divide between h k  Inlet and Prince William Sound. The higher 
peaks me snow-covered and whsra tapped by the headwaters of the 
larger ptmm contain small glaciere. 

Both Matmuska and G i k  Rivers follow bmided cmmm over 
extensive sand and p v e l  flood plains. In times of high W B C ~ F  

these flats are hinundabd. The flats range in width from 2% miles 
on the Knik down to half a mile and less on the Matanuska. In " mveml places Matanuska River pibsses through canyons where the 
velocity of the water has prevented the deposition of any flmd-plain 
material whatever. 

.c Alongside and about 10 feet abve  these p m t c d a y  flood plains 
there is a flat exhnding from the western extremity of the mountain 
rmge to the point of junction of the two rivem This 2s s level 
surface save for s row of sand dunes bordering HPik Rivar and a 
few isolated hills of bedrock rising above the plain. This low tar- 
race, like the modern fimd plains, is cmmpowd of river-depdted 
sand and gravel. At one time Matunaska and Kt& Rivers flowed 
at s higher elevation, Serious o~erloadhg, undoubtedly caused by 
the vast amaunt of material supplied to the streams by the many 
v a b y  glaciers then existent, necessitated much deposition. At the 
conff uence of the two rivers an extensive f l d  plain resulted. The 
present buttas rising above the flat mere islands of resistant bedrock 
With a fnrther -ion of the glaciers lew matmid was supplied 
to the rivsrs, and they stsrted to erode again. Each stream deap- 
d ita channel, laving a part of the old flood plain as a low terrace. 
Thig valley deepening continued until the gradient was so d u c d  
that the rive= could no longer cop with the load supplied by 
tributaries and glaciers and were f o r d  once a&in to build up a 
f l d  plain, 

z The terrace on the south &nk of the Matanush Valley ig b t  
shorn in the vicinity of the Wolverine Lakes, where it stands about 
208 feet above the riser. This height decreases upstrmm, and the 

I 
t9rmx h ~ l l y  blends with the valley floor at the foot of the Mata- 
andm Glacier. It is discontinuous, being interrupted at soma places 
by tributav &ram valIeys and at others pinching out altogether 
where the m ~ i n  valley narrows. Its surf- is rough in comparison 
with that of the lower terrace, small rid-, hills, and depressions 
being cumon  features. Bedrock is exposed in the hills and along . 
the &ream valleys. It is covered in most places, however, by a 
veneer of unconsolidated mil, sand, and gravel. These deposits are 
thick enough in places h conceal the bedrock mmpletely. 

The surface of this terrace represents the valley floor left by the 
-ding glacier. h its emlier advance the glacier c a d  ant o 



U-shaped valley. The floor of this valley was somewhat irmguh, 
owing to the difference in hardness of the several hinds of bedrock 
encounterad by the glacier. During its recession the glacier and the 
streams d u g  off from it deposited drift irregularly. ever the 
vtalIey floor. The resulting comparatimly flat surface, created by 
the glacier through a combination of erosion and deposition, was 
made into a terrace by the postglacial activity of Matanuaka River. 
Sinm tha glacier d e d  this powerful stream has deepened its chm- 
nel 200 feet below the bottom of the U-shaped valley at ita western 
extremity. The mount of postglacial deepening decre- apstream, 
and at the foot of the glacier there is none. 

Except where swampy the two terraces are d m l y  forested. T h e  
h e s  decresm in number toward the mountaim and disappear alto- 
gether at the timber line, a h t  2,000 feet above - levd Game, 
considing of mountain sheep, brown and black bear, ptarmigan, and 
grouse, is plentiful in the mountains. Ducks are common on the 
Iakm and swamps of the flats. Trent sre r m ,  owing to the fact 
that most of the streams head in glaciers and are theref ere muddy. 
, , 

D W A B E  

Al l  the snrfece run-off in the Rnik-Matanush region h d s  it9 
way into one or the other of the two rivers. The mjor tributaries of 
the Matanuska are Carpenter and Wolverine Creek; those of the 
Knik are Metal, Friday, m d  Jim C&. Owing to their large 
size and great velocity none of them streams cmbn be forded on foot 
except where they distribute thernselm on their farm w near their 
headwaters. 

The major -tributary valleys likewise contained &dnm in the 
past and with t h ~  exception of Jim C w k  &ill mntain small rem- 
nana of thee  glaciers at their heads. The tributary glaciers, how- 
ever, wem much d l e r  than the main valley gIaciers and were 
themfore nnable to eroda their valleys to anywhere near the depth 
reached by the Ihik and Mehnuska Glaciers. 'When these glaciers 
receded the tributary valleys were left hanging mveml hundred feet 
up on the side of the main valley. Postglacial erosion by the tribu- 
tary streams has resulted in the formation of terraces and cmyom 
Many of the ciLngons are very deep djacent to the main valley, and 
most of them are impassable. 

Drainage from the southwest flank of the mountain spur is m- 
a duhd m s s  the low terrace flmts by a number of sloughs that empty 

into Knik River. The flats here are thickly cavered with swamps 
and shallow Id~es. The hanging valley of Jim Creek or f i e  moun- 
tains near by may be reached only by b a t  up lower Jim C d  and 
t;ribuw doughs m e  poor drainage om the 0ata in thb viciniQ 



is due fo a belt of nand dunes parallel and adjacent to tha north 
bank of the Knik, which has dammed up the normal drainage. 
Mmy of these dunes are over 60 feet in height. Theg are can& by 
strong down-valley winds, which pick ep sand from the river flood 
plain and pile it up in dmes along the river bends. This wind 

, results from the atmospheric movements caused by the presence of 
-1 air overlying the glacier snd hot air in the lower valley, a con- 
dition which exids on almost every midsummer afternoon. Sand- 
storms prevdl while this difference in temperature is in effect. 

The Jim Cmk slough has been able to kmp its channel open 
thwh the dune belt and into Knik River. This slough and those 
tributary to it meander greatly and have in t imes past flooded their 

" banks, building up netural l e ~ e e s  as they did so. The presance of 
these dikelika bsnks several feet high separating the sloughs from 
the swamps prevents direct drtlinage from one into the other and 
thus furnishes an added reason for the swampy mndition between 
En& River and the mountain front. 

S - C I F U  FEAT- 

Rocks in p k  mri@ map out in the region b&ween I b i k  and 
Matanuska Rivers. (See pl. 1.) Metamorphic rocks predominate 
over nm&amorphosed, sedimenk, and igneous mks am inter- 
medish in abundance. The general trend of the formations is south- 
west, paralle1 to Matmush Rirar and to the axis of the Chugach 
Range. The formstions decrease in age from south to north. 

The metamorphic alate and graywacke in the upper G i k  Valley 
are assumed to ke the oldest rocks in the region., Immediately to 
the northeast of them lies the greenstone fomatbn,  consisting of 
an enormous series of chloritized and epidotized lavas and associatd 

c m k s .  Into this formation is intruded a small batholith of diorite, 
the long axis of which likewise nms southwest. The greenstone and 
diorite form the backbone af the mountain range in the area under 

w 
discussion. On the south flank of the Matanuska Valley next above 
the greenstone lie8 the Cretaceous sedimentary series. Tertiary sedi- 
ments crop out in a band in the terrace east of 'CVolverine Creek and 
in the neighborhood of Kings Mountain. 

Kings Mountain is an intrusive plug of rhyolita Acidic dikes 
radiate from this mountain into the sedimentary series. Other acidic 
dikes, probably offshoots from the diorite, penetrate the greenstone, 
Basic dikm cut the Cmtaceons and Tertiary rocks between Carpenter 
and Wolverine Creeh. 

Glacial gravel is prominent on the high hmam and in several of 
the tributary vrsIleys where t.he m d e r  glaciers deposited lateral and 



recdonal moraines. More rea~nt aUnvinm makes up the low h- 
race west of the mountain range, ead oonsiderab1e sand and gnrvel 
has been deposited by Matmmka and Hnik Rivam on their ppresent- 

day 0 d  plains. 
AB no fossils were found in the metamorphic rocks their exact age 

ie a matter of considerable doubt. The unmetamorphosed sedimen- 
tary roeh asre continuations of t.he same series from the north side 
of lldatanuska River, where Martin and Katzs worked out the age 
retations in detail. 

SI&.TE G E b Y W d m  

DbMhh-Tntetb~dded slate and grapacke crop out on the 
north flank of the valley of Rnik River east of Wolf Point, a prom- 
inent rock cliff ising f r ~ m  the water's edge about 8 miles above 
the mouth of Friday Creek The contact with the greenstone at 
this point besm N. 60' E., a trend which carries it diegonslly mmmgs: 
the mountains forming the north wall of the  alley. Thus the area 
of exposure af the metamorphic series increases greatly toward the 
cad. Just how far east of the a m  studied it extends is not known. 
The morainal d6bris about tho foot of the Rnik Glacier m d  on the 
ice itself is composed exclusively of the same materid. It would 
appear that the slah and graywacke extended at least as far rus the 
divide separating the Rnik River drainage from that flowing inta 
Prince William Sound. The presence of this same series was also 
noted muth of Anchorage, in the vicinit-y of Indim. 

C m e r . - T h e  commoner of the two varieties of m k  is the 
p y w a c h .  It ranp;es in color from gray to black and mually 
cleaves parallel to the-bedding. A tendency toward schidmity was 
noted in some specimens, The grain is fine enough to give the rock 
a dense compact appesrancu but without tlwt excessive finen= nec- 
essary to the production of n slaty cleava&. At P. R. Strong's 
camp, at Indian, the gaywacke is cut by minute quartz ve$s. Hem 
it has d e d  considerable faulting, and the gouge along the fault 
planes contains disseminated specks of chalcopyrite. 
In the thin *tion this rock is sesn to consist of mine& and rock 

fragments of a d7a too large for it to be called a slate or argillite, 
Because of the size and the diversity of material contained the rock 
is known as gr~ywmk The mineral grains seen under the miem- 
scope are Imgaly qua& and feldspar, present in widely varying 
proportions. Mica is another common constituent. The rdx  frag- 
rnenta wme derived from the breaking up of a fine-grained rock, per- 
haps a lava. Organic material is uwally p m k  Greet i ~ -  
lnrity of sim md shape of the p i n s  is a characteridic feature. 

MnMn, 0. C., atld -is, F. J., amlogy md d flelda d tbe 1- Matratmta Talkl, 
~ w o l a :  V. 8. Qeol. 13mmey BulL SOQ, la-. 



'She graywacke belonging to this %rim shows definite meta- 
morphism, which distinmishes it from ~ i m i l r  rock of later age. 
In many specimene the l e w r  minerel and rock grains form sugen 
about which the mica plates bend. Where the ga in  is more uniform 
metamorphism has produced a leas noticeable parallelism of mineral& 
The quslrtz p i n g  invariably  how strain effects. h ter  alteration 
has kaolinM the feldspars. Some of the biotfh has been convertel 
to chlorita A mam or vein of calcite here and there  complete^ the 

= list of secondary produck 
The slates are dark grdsh-gray, They are raraly conformable. 

im the overlying and underlying beds of graywacke. The dressea 
and strains which the rocks of the region have had to withstend in 
times past found many of the slate layers incamptent. mesa, layers 
are consequently crumpled, although no such results were notad in 
the g m ~ a c k e .  Some dipping took place btFReen the Iayers, pro- 
ducing smooth and shiny surfaces. The green color is undoubtedly 
due tn secondary chlorite formed during the crumpling, 

Many thin quartz reins are found in the date. Most 02 them 
are interbdded, although a few cut across the bedding at a low mgla 
Where the slate is crumpled the quartz veins foElow its twists and 
turn& A great mmy such thin white veins, all pardla1 to one 
another and highly contorted, give the rock a, gnebsio appearance 
when worn ammth. 

Stn&wm.-Xo rock oIder than the data md pywacke hBB beeP 
found in thia Brea. The source of mppIy of tho d a d c  material that 
makes up the wrim remains in doubt.? along with its thickness and 
its structural relations to the underlying rock At -the contact 
with the greenstone st Wolf Paint the data and graywacka Btrika 
N. 80" E. and dip 30" N. Qnly minor fluctuations from this struc- 
ture regding were noted above Wolf Point and in the canyon of 
MetaI Cmk 

. Age und -.-Owing to the dearth of fads a d&te 
tqp can not be assigned to this series. It continues south of Knik 
River into the region studied by Cap* who indicates it on the map 
as " Mesomic, pssibIy some Paleozoic." Mendenhall in 1898 named 

. the data and p y w a c k e  the Sunrise " series " (now called Sunrise 
proup). Similar rocks appearing in the Prince William Sound 
region have k e n  divided into the Vddm and Or= groups. Posi- 
tive a g e  identification of this extensive gmup of M C : ~  mu& await 
the discovery of diagnostic f d l a .  

4 
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D&h&&m-T'he rocks in the penstone formation are mainly 
of volcanic origin, altllough interbedded mdiments appear in a few 
localities. The igneous rocks occur both in flows and sills and as 
tuffs, breccias, and agglomerates. They are mainly intermediate in 
chemical composition, although in places rhyoIites predominate. The 
entire voIcanic series has been subjeded to regional metamorphism. 
The ferrotiagnesian minerals hnva been altered to chlorite end, with 
feldspar, to epidote. Thee two secondary minerals are green, and 

.their presence in abandnnce in the rocks gives the formation i~ name, 
The rhyolites present here and there in the volcanic series are lean 
in ferromapesian minerals and MI remained unaffected by this 
alteration and have kept their original white or gray color. 

In the region between Knik and Matmush  Rivers the gm?n- 
stone is by far the most prominent formation. It crops out in a 
balt about 14 miles wide, which trends southwest throughout the 
area. Within this belt lies the long, narrow ontcrop of the diorite 
batholith. The two formations together make up most of the mom- 
tainous part of the wgion. To the west a few p n s t o n e  buttes r i ~  
abruptly above the p a r e l  flab. The same formation cmps aut along 
the railrond track south of Knik K i ~ e r  between the bridge and 
Eklutna and between Potter and Indian. 

Chmcter.-The intermediate voIcanic rocks that constitute the 
major part of the greenstone formation exhibit wide variations in 
texture. On the south flank of the BIatanuska VnIFey, between the 
Cretaceclus sediments and tho diorite, the rock is a tuff, consisting of 
small green angular fragments. South of the diorih batholith and 
in the valley of the Knik the mcks are severely altered, having s 
green or yellowish-pn color and a much more homogeneous texture, 
Some of these rocks are greasy in luster; others are dull. Thin 
ramify i i  calcite veins are practicalIy everywhere present, but 
secondary quartz is uncommon, except in the vicinity of sulphide 
mineral veins. Adjacent to deposits of chalcopyrite near the head- 
waters of Jim Creek and of sphnlerite and kmlena on the scarp 
between Eltlutna and Peters Creeks the gr~nstone country rock is 
extensive1 y silicified. 

South of Anchorrage, between Potter and Indian,-slate inclusiom 
in a green matrix are exceedingly common. They range from a 

. very small size to 6 inches or more in length and are so nbundant in 
places as to constitute 75 per cent of the rock. Quartz veins under 
an inch in thickness traverse these agglomerates irregularly. 

Microscopic examination shows that both the fragmental and the 
massive rocks have a similar mineral composition, and tlwy are there- 
fore grouped together in one formation. When the volcanism was 



explasive in character the clastic rwksi were produced. Less violent 
eruption resulted in the extsnsion of lavas. The minerals vary 
widely in size of grain, owing to differences in rates of cooling. At 
two widely separated localities the rock is large grained, Iike a 
granite. Here the coaling must have been slow, as in a large feeder 
dike or other intrusive body, where the m a p s  was well insulated 
from the surface. ,The fragments in the tuff on the south flank of 
the Matanushi Valley and many of those in the agglomerate ax- 
posed between Potter and Indian were derived from ti fine-grained 

7 lava rock containing s few small phenocryst~ in a cryptocrystdline 
groundmass. Most of the greenstones represent an intermediate 
phase b e t w e  the large-grained deep-seated mch and the fine- - grained lrtvas. Here the texturo is porphyritic, but the phenocrysts 
are numeram and large, and the minerals in the matrix itseIf are 
by m m a n s  minute. These mks crystallized either in thick flows 
or in ajlh between the flaws, where cooling was slower than at the 
surface. 
The primary 'mineral composition is fairly constant despite the 

textural variations. Fedspar is by far the common& minerat It 
is usually albite, but microcline and orthoclase appear locally in 
minor amounts. Primary quartz is lesa common, rarely appearing 
in the porphyritic rocks tus phenocrysts and usually forming but a 
m a l l  part of the groundmass. The ferronagnmian minerat have 
almost everywhere 'ibeen completely altered, ' A few remnants of 

'biotite and hornblende attest to the presence o f  t h w  minerals, but 
in amounB subordinats to the feldspar, Magnetih was the mly 
other primary mineral recognized. 

In composition and texture these & are soda tfachyh por- 
phyriea. They verge with increased quartz an dacite porphyry and 
with incmad sim a£ grain on qenite porphyry. 

From 30 to 90 per cent of the original ~olcanic m k  has mder- - gone alteration. . The commonest mcondary minerals are epidoh 
snd chlorih; hence the green color of the altered rock Both of 
these minerals were derived fmrn ferromqpesim minerals. Consid- 
erable epidote w w  a1m derived from feldspar through a reaction 
between that mineral and biotite or h~mblende.~ 

Other eecondary produck, prwmt in varying abundance, are cal- 
cite, quartz, and kaolin. Calcite veins were seen in a h o h  every thin 
section etudied, and many of &ern an, thick enough to be visible 
in the hand specimen, Much of the albite hm Geen partly raplaced ' 

by calcite. The lime for both the veins and the replecement deposih 
was probably obtained Iocally from feldepar and ferrornapesian 
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m i n e d .  Secondary quartz appears with the vein calcite and has 
a h  replaced a large part of the country rock adjacent to the sul- 
phi& ~ e i n s  previously mentioned. Ground-water activity has c a m d  
a partial alteration of feldspar into kaolin. 

The origin of the greenstons invo.alves several stages. In the first 
place the lave was blown and poured out over the surface of the land, 
eventually atxurnulating to considerable depth. Later this mass of 
igneous material was subjected to regonal metamorphism. Hot 
waters circulated through the lava and tuff, changing biotite to 
chIorik, feldspar to epidote, etc. These changes took place wit.hout 
the importation of new material from outside the greeRstone. Meta- 
morphism was not accompanied by severe pmmm, otherwise the 
shale and lim&ne within the ,o~eenstona series would hsve been 
altered. Here and there ascending m e t a b b i n g  solutions intro- 
duced Biliea and calcite into the surrounding rock Calcite, with 
some quartz, was also deposited in veins and rephoement bodies by 
carbonated waters that were present during the metamorphism and 
by p u n d  waters that have 'been active since that time. 

Interbedded with the tmchytic rocks are a few layers of rhyolite. 
They are usually ualmpartant quantitatively, bnt on the scarp facing 
Knik A m  btwesn Eklutna and Peters Creeks they reach consider- 
able thickness, The rhyolite is white or light g a y  and contains 
qua* and orthocIw phenocrysts. TBe thin wction shows that 
these minerals constitute most of the groundmass also. The only 
other mineral of importance prewnt is muscovite. Ferromagnesim 
minerds ere lacking. In texture the rhyolite ranges between rr fine 
and a coarse porphyritic phase. Alteration has been largely con- 
fined to kaolinization of the feldspar. Small $mounts of vein cal- 
cite may dm be p m n t .  Silicification is dominant near the lead-zinc 
veins on the Wsrp above Knik Arm. The rhyolih was undoubtedly 
extruded at the same time as the trachyts and has undergone the 
same subsequent history, but owing to the sbnce of ferromag- 
nesilrn minerals no chbritization or epidotization took place. The 
acidic rocks have themfare retained their light color. 

The igneous activity that prduced the trschyts and rhyolite was 
interrupted et  times by periods of quiescence and submergence, as 
shown by the presence of sedimentary r&s here and there within 
the greenstone formation. Among thew sedIxne11ts shale predomi- 
n a k  It mvem a considerable area between the canyon mouth and 
the forb of Friday Creek It is dark gray and in places verges 
upon date but is nowhere truly slaty. Near t h ~  mouth of Friday 
Creek hats of gmemhne as much as 4 inches across cnxtlr within 
the slaty shale. Perhaps these mere volcanic bombs that were 
thrown into the ses, j o i n ' i  on the sea floor the much finer material 
depoeitad by inflowing rivers. 

. . 



In a terrace at the mouth of Friday Creek and between, Potter 
and h i n b o w  graywacke beda were found. In the Fridmy Gneek 
locality the rock m i s t s  of subangular and generally ma11 p i n s  
of feldspar, quartz, and rock frsgmenta The feldspar p i n s  were 
severely kaolinized, and the rock itself ww chloritimd to mme de- 
gree. The graywacke occurring west of Rainbow is inferbedded 
with p n s t o n e  agglomerate m d  was derived from t h ~ t  rock. It 
is greenish gray to black and contains partly rounded graina of 
penstone material. 

7 Conglornertttes are rare in the greenstone formation. Toward the 
headwaters of Carpenter Croek a massive conglomemta containing 
very jag@ and irregular fragments as much as 3 feet across is _ exposed. A I-foot bed was noted on Friday C& intarbedded 
with sh8Ie. 

In the vicinit~ of Potter there is a l i m d n e  bed which likewise 
Lim within the greenstone formation. This h & n e  is s p y ,  
finely crystalhe m k ,  irmgdarly cmmd by narrow white mina 
Under the microscaps the veins are seen b consist of large calcite 
crystrrEq and the p y  groundmass contains very fine crystals of 
the same minersl. The limestone grades on one w d l  inki a, massive 
rock of gmat hardness, composed of fine-pined white quartz crgs- 
tals shined yellow on the surface by limonite. In thin &ion 
this m k  is seen to consist of very fine interlocking quartz crystals. 
Veins contubing much larger quartz crystals crwa the mtion, and 
still later wins of calcite cut both matrix and qua* veina 

The alcite m d  quartz are probably travertine deposita &In- 
tions containing at one stage calcium carbonate and m t  another silim 
emerged through hot sprinp to the surface of the ground and them 
evsporakd, depositing these minerals as they did so. Hat springs 
are common in regions of volcanic activity. Later ground-wskr 
activity produced the veins noted in the twa depmits 

Stmci%m.-The greenstone formation overlies the alate and m y -  ' wacka metamorphic series. At Wolf, Point the alate snd p y -  
wscke dip under the peenstone at en angle of 30". The strike is 
N. 60" E. ReliabIe structure madinga on the penstone itself am 

i impossible, and the shales found here ttnd there within the forma- 
tion must be utilized for thst purpose, The nearest shale to  the 
slate rsnd graywacke contact Lies in the valley of Frid~y Cmk. 
Clme by the forks of this creek the sediments strike N. 5Qo E. and 
dip 40° N., but along the west side of the valley below the fmh they- 
dip at low angles. Evidently the greenstone formation irr folded 
here into an asymmetricel syncline, The eastern limb is Bteep and 
is roughly cunformabla to the underlying metamorphic wries. Tha 
western limb is gentle. The presence of the shale along the of 
the syncline amounts for the large, ares of its outcrop. 
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On the north side of the rmge, between the diorite batholith and 
tbe Cretaceous sediments, the greenstom dips northwest and strikes 
n m t h e d  Variable dips given by shales found Wwwn that lacalitg 
md Friday Creek indicate the presence of several fluctuations of 
structure. Evidently the greenstone formation repeats itself, in part 
at least, between its contacts, and therefore no measurement of its 
thickness can l~ made. 

Because of the generally massive structure of the rock, fnults are 
difficult to recognize. The only faults of importance noted are . 
en Carpente~ Creek. A short distance m t h  of the contract beween 

.- 
peenstone and Tertiary racks a 100-foot bed of conglomerate fol- 
lowed by avenrl hundred feet of ahale crossss the creek These 
sediments dip fairly steeply to the south, whereas the adjoining P 

greenstone supposedly dips to the north. Probably a pair of strike 
faults allows the repetition of Tertiary sediments at this point. 

Aye mu3 cmelatiom-No fossils were found by the wrikr within 
the greenstone formation. From its position it  is evidently later than 
the metamorphic rocks m d  pm-Cretaceous. Martin and Katzs 
mapped this series east of R i n p  Mountain and called it Lower 
Jurassic. Their evidence was based on fossils colIected fronj similar 
rocks exposed elsewhere in the Matanuska Valley. The greenstone 
formaiion also cremes Knik River to the muth, extending into the 
territory rnnppd by Capps,'O who refers to Jurassic or possibly 
Cretrtceous fossils found in the umderIging slate and gaywade  and 
concludes that the greenstone is Mesozoic. Heretofore the green- 
stone of Knik River and the volcanic rocks of the upper Matanuh 
Vally have been considered separate series, but the field work of the 
summer of 1925, coupled with microscopic examination of the rocks 
involved, leads to the conclusion that they belong in the same forma- 
tion. In that cam the age is probably early Jurassic. The fmils 
of questionable age occurring in the underlying date and graywacke 
in the Turnagain-Knik district must beIong to even earlier Jurassio 4 

time. 
CBETACEOUS ROC= 

D&ih%*The Cretaceous sedimentary rocks ~ppsa-ring in r 
the Knik-Mataxlusk~ region consist of sandstone, ahale, and con- 
glomerata. They crop out in a belt muth of and parallel to Malta- 
nuska River, underlying most of the high terrace. h the ~ c i n i t y  
of the Wolverine Lakes Cretaceous m k  laps up on the mountain 
range itself, owing to  tha presence there of a hard basal caaglomer- 
ate. Farther east, where this conglomerate is lacking, the Line of 

- 
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demarkntion between pktesu and scnrp likewigs marb the contact 
between wdiments rind wlmnic rocks. 

CAmmterCC7%e Cmtsceutls ~~ndstanes var~r ~ d e r s b 1 y  in ap- 
p r a n m  but not in cornpsition. In color they may be either gray 
or F e n ,  bat the g.lreen is more common. Some am h e  e n e d  
and very d e m ;  others are medinm grained. They may be m rnw 
ksioe as to con& the Mding.  In places the rrandstone is mfficfeatly 
hard to form w a r p s  that rim above the hrrace surface. Micm- 
=pic examination shows that not omr 15 per cent of the grains 
nre qnartz. I'he mat are drily feldqai and m k  fmgments. 
They are exceedingly angalar and evidently traveled but s short 
distance. Chlorite is common, both in the cement md replacing 
the g r a b .  Calcih and kaolin are other abundant secondary min- 
erals. The rock fmgments are very suggestive of the greenstone ' 

in appearance. In a11 likelihood when these sediments wem being 
debsitad greedone near by was being eroded, ma mod, of the 
claatic material was derived from that sourca 

The shale members are thicker and mow abundant then the mud- 
stones but are less prominent topopaphically owing to their infe- 
rior b r d n e s ~ ~  They are black and on exposum break into small, 
jagged fragmmh. 

Conglomerate is rare saoe on the scarp south of Wofverine I d e s ,  
where it reaches considerable thicknms. The pebblw in this con- 
glomerata am subangular to almost spherical. They mnge in size 
from 2 millimeters to 2 mntimeters and were derived from a fine- 
grained greenish metamorphic rock, probnbly the greenetonec Lim* 
nite forms the cement and gives the entire mck a brownish-yellow 
wlor. 

S ~ - ~  sdbentary mcb form an aagmmetrid qmcline 
whom axis appmxirnahly pamllels the mountain range. The con- 
glomerate adjacent to the greenstone contact d i p  steeply to the * north, but the sandstone and shale on the south bank of the M ~ t a -  
nuskn dip gently to the muth. No expDsure of Itha actual contact 
between greendone snd i d i d  was found, but it would appear 

r from the position of the Cretaeeoua mcb near the contact that the 
two formations are roughly conformable. 

One large fault wholly within the Crehaom was nbted. The 
canyon of Matan& River east of Moose Creek marks the m r m  
of this fault for a little over 2 miles. On the north bank of the 
river the sedimenb dip steeply to the north ; on the south bank 
they have e mild southerly dip. At the upper a d  of the canyon 
the river bends sharply to the north, but the fault, still marked by a 
conspicuous depression, continu- eastward and is rejoined by the 
river a short distance below Button. From that point eastwm3 and 

mm0-3-fi 



from the lower end of the canyon westward the fanlt disappra 
under a. mantle of drift and al luvim. 

Age md m t c s t h - T h e  Cretaceous mks in tbe region south of 
t h  M~tanugka are continuations of much mom extensive exposums 
of the same sediments cm the north side of the river. Martin and 
Katz have worked out the geology of this region in detail and from 
definite fossil evidence have concluded that these rocb am of Upper 
Cretaceous a@ 

TEBTIARY mga 2 

D&&h-The Tertiay sedimentary rocks in the region , 
ktween Khik and Matanush Rivers lie in two small patches on 
the south flank of the Matanuske Valley. Ons of these is the west- 
ward extension of the Tertiary mBs of Coal Creek. These rocks 
ems from Carbon Creek to Carpenter Creek in a h l t  between Rings 
Mountain and the main n m ~ e .  Their lesser resistance haa resulM 
in the presence of a Iow divide between the two creeks which isolates 
Rings Mountain from the mountains to the mnth. Rut this patch of 
Tertiary rocks pinches out between p n s h n e  and Cretaceous rocks 
within a short distance beyond Carpenter Creek 

The other Tertiary sedimentary outcrop is 10ng and narrow. It 
projscts a m  from the north side of Matanuska River near Granite 
Creek, extends southwestward, and disappearsander a thick veneer 
of glacial grave1 west of lTTolverine Creek. 

Chmt.ac&.-The Tertiary sedimentary rocks that crop out in this 
area belong to the ChickaEmn formation and include sand&ne, 
shale, and a ma11 mount af conglomerate. Coal is premnt: at several 
horizans within the series. The distinction between the Chicksloon 
formation and the underlying Cretaceous rocks in places may h 
wry &EeuIt to make out. Where the Chickitloon occurs in an alter- 
nating series af sandstone and shale beds I. to 2 feet thick there is 
no difficulty, for the C h m n s  atrata, sa far as lmown, do not 
posseas exactly that habit. Whew more massive strata occur and 
fossil evidence is lacking it is necessary ~ A J  fall back on a lesa dehite 
set of criteriam The presence of coal is considered to be proof of 
Tertiary age. i 

The usual sandstone of the Chickaloon ie a loosely cemented salt 
and pepper agpe,asta of pahlp decomposed end angalar p i n a  f t 
may be preen and fine grained, however, and no megascopic difference 

ba noted between such mck and the Cretaceous sandskinea. 
Under tha microsoope the Tertiary sandstone, like the Cmtatceous, is 
seen to be deficient in quartz and high in ro& fragments. But the 
presence of mapp fairly fresh feldspar grains, besides the m a 1  

. - - - 
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greenstme fr~gments, l e d g  to the belief tbt a granitic body wm 
likewise being eroded when the Tertiary mdimsntss were deposited. 
'This body? probably one of the several diorite batholith known to 
exist in the lldshuska region, had not yet been- mmwmd in 
C m w l l s  h e .  

The shalw of the ChickaZoon formation are genemlly soft md 
gray, but where much organic material is present they are black 
Very thin costly streah are common, and tLcke~ ma1 'Ibeds appear jn 

s p h c a  Thase are deedbed in the- section oh m o m i c  @om. 
Conglomerate is exposed in ~eperal pl- slow lower Wo'Iveriae 

Creek One bed is 15 feet thick. It forma rr 1m r i d e  and a COB- 

striction in the stream chamel, owing to ita superior hardness, 
Other smatler beds were noted The pebblw are generally small and 
subangular. 

51tw&r8.-The T&ry t& in the vicinity of Iower Carpsnter 
Creek was probably faulted into its present p i t ion .  !t'he dips in 
that area are northward and would carry the roc& nuder the Crs- 
t m o u s  unless m abrupt r e v e d  took plam. Cretaoeons mch are 
entirely miming between the Tertiary and the greendone to the 
muth, but their absence may be due to emion. 
T h e  second Tertiary tra& owes its presence to the lwal rock 

s truhre.  The dimentary rocks are hem folded inb a syncline 
along the axis of which the Tertiary beds crop out. These beds dip 
rathar steeply and may even be overturned for a ehort &&e on 
the south flank of the @cline. 

'Age d c m t a t h - T h e  Tertiary sedimentary rocla m t h  of 
Matanda River continue across to the north side of the river, where 
they crop out much more extensively. They belong to the Chick. 
aloon formation, within which are fuund.tPle llflatmuslra Vdley coals. 
Martin ma BateM desmilx the flora and fa- of tbh fornution 
and conclude that it is probably h n e .  , . 

-h 
XCtBEOrm Romw . - 1 

mmrm 

A belt of diorite from 1% to 354 miles wide appmm'who~y within 
the greendone, on the south dank of the M a b u s b  Valley. It 
tmnds s o u t h a t  and farms msny of the mountains on the north 
side of the tqp.' Its contact with the greenstw d 1 y  pram 
through a notch where it cram a divide between creeks. 

me diorite body is batholithic in form, as is shown by the h g u -  
larity and nmconformity of its contact with the peastone, by the 
downward divergence of its w w  and by the pregsnce of dikes in 



-e that am believed tn be offsprings of the diorih maaa 
A few xenoliths of gmmshe  in diorita were alw found. 
In the hand apecimen the diorite of Metanudm Valley is char- 

aeteFized by a granitic texture, with half the 'grains white plagio- 
clase and the other hdf greenish-black hornblende. Adjacent to 
the pwne contact on upper Carpenter Creek the diorite is gneim- 
oid, probably as s m l t  of slight movement while the magma was 
crystallizing. 
In thin d o n  the diorite is seen to consist dm& exclusively of : 

d a  feldspar and hornblende, in about equal proportions. Quartz 
ig present in maximum proportions of 5 per cent, except in the 
gaeiasic p h ,  where it is more abundant. Biotite, apatite, and 
pyrite are veqr mbor accessories. T h e  feldspar p i n s  are only .a 

slightly kaalinized, a condition which accounts for the fresh appesr- 
ance of the rock as a whole. Chlorite ranges from a, tracle in the 
majority of sections to several per cent in the gneias, but it nowhere 
approaches the pmprtion present in the penstone, although the 
diorite has a much greater ferromqpsian, content than the original 
volcanic rocks of that series. Obviously chloritization and epidotiza- 
tion preceded batholithic -0% or the diorite would a h  have 
succumbed to this alteration. 
In sga the diorite is later than the m n e  and therefore pmb- 

ably podJunrssic. Diorite porphyry sills intmded into Cmhxow 
and Tertiary sediments in the Matanuska Valley are described by 
M a ~ i n  and Gte.14 If these are offshoots of the batolith, the diorite 
must be likewise post-Chickalmn. 

Kqy Mountain is a p d e n t  peak lying just south of fit*- 
nbkn f i i v e ~  btwe8~ Carpalter and Carbon Creek It is of€& 
from tho main range and owes its isolation to its girdle of less 
resistant Cretaceous and Tertiary sedimentary rocks. The rock 4 

forming the core of the mountain is rhyolite. It med the neck of 
an old volcsno whom outlines have been completely destroyed by 
emsion. But the igneous plug remains and assumes s mountainous a 

form owing to its superior hardness. 
Several perids of activity marked the life of this volcano, as k 

attested by the presence of more than one type of .rhyolite abut fie 
flanks of Kings Mountain. The mountain itseIf, although prevail- 
ingly Light colofed, exhibits various tints of yellbw and red whem 
an abundance of iron is p-t. 

.The rhyolita most typical of Kings M~untsin ia dgbtly p r -  
phyritic, with phenocrysts of quartz and orthoclase. The groundmags 

%Martha, (I, C., and Eat& F. J., op, dt., W. E W l .  



le dark gray and very dam, but microscopic examination pmes  it to 
be entirdy holwrystalline. Ammry minerals, vkble anly in thin 
&ion, are biotite, muscovite, and apatite. They are all very sub- 
ordinate to the quartz and orthwhe. Later cslcite is fairly mm- 
mon. A small amount of black chalcedony wss p m n t  ixL one 
w h e n .  Lirnonih mag or may not be present. 

A v e y  much darker rock with quartz esd ca lc i t id  orthwltm 
phenmrgsts waa found well up on. the side of Rings Mountain, in 

= contact with the rhyolite just describd It proved to be a h  a 
rhyolite with the sema mineral composition except for the presence 
af small black opaque grains. These am nonmagnetic and have a 
hexagonal outline suggestive of ilrnenita They constitute about 20 

f per cent of the rock and undoubtedly are the ceuse of its dark color. 
A larganumberofrhyo l i tad ikesr sd ia te fmm~Moanta in  

into the gedimentary mks on the west. Owing to their superior 
hardness they form narrow ridges rising above the genere1 l e d  of 
the region. They reprasent off shoots of the main igneous body into 
the country rock. 

me. rhyolite in the di.kw differs considef~bly in eppesmce from 
the rhyolites of f i g s  Mountain, It is whih tend den- and cmered 
with little specks of red iron oxide. Study of thin sections shows 
the rock tO be fine-grained but holocryddina, with quartz md 
~ r t h o c l a ~  the principal minerals and muscovite and hematih sec- 
o n d ~ .  The presence of hematite in rhyohtes is unusual. 
AA the rhyolite plug and associated dikes are intruded into Crew 

mus and Chickalmn  robab ably Eocene) sediments they must be 
mbsequent to  these sediments in age. They probsbly belong to a 
Pate Tertiaxy e p h  

AcmIC mmm 

Innumerable d i b  of alsskita cut the greenstone in the neighk- - h d  of the dioriM batholith, with which -they are undoubtedly 
related. In the hand specimen this rock is white and 

den*, but the thin section shows its granitic hxture. Quartz and 

* feldspar in almost equal pmyrtiws are the mle primary minerals. 
The secondnry minerals, calcite and kaolin, are present in small 
amonats-the calcite in thin veins, the kealm partly replacing 
feldspar. 

A dike of f i l a r  origin but of alight$ different composition was 
obmwed just north of the diorite contact on Carpenter Creak This 
m k  is l ikewis  granitic and contains no black minerals, but it cerries 
from 10 to 15 per cent of mnmvite. The dominant minerals are 
microcline and quartz. 

Numerous rhyolite dikes, pFobsbly continpations of t h m  abut 
Kings Mountain, cut through the sedimentary rock that crop out an 



lower Carpenter Creek All are porphyritic, with qua* and feld- 
spsr phenocryst& The groundmass is gray or p n  and in most 
of the  dike^ ia wrnposd of h e  crystals, but in one dike the cgstals 
attain fair size. Minemls a m r y  to the quartz and feldspar are 
magnetih and biotite. The biotite is usually chloritized. Later 
veins of quartz are I d l y  present. Calcite appesrs in veins and 

. replacing feldspar. These dikes are of post-Chitlkalaon age. One of 
them cornpIetely trancates a coal seam e x p a d  in the canyon of 
Carpenter Creek - - 

A few intermediate dikm traverse the diments  and the green- 
9 

stone on the m t h  flank of the Matanuska Valley. Where intruded 
into the atratified rocks, BS in the vicinity of tha Wolverine Lakes 
end on lower Carpenter Creek, these dikes rise above the general 
topographic surface as long, narrow ridges. The intermediate rmh 
are dark gray or p n  and contain scatterad phenocysh a? plagio- 
clam feldspar. Microscopic examination shows chloritized biotite to 
be the only other primary mineral present in any considerable quan- 
tity. Magnetite and the tsecondary minerals calcite and chlorite 
may or may not be present. 

The only dike of rmfficient 13im to warrant -tation on the 
p l o g i c  map is a dike of pbbro which crops out on the mombin 
side south of the Wolverine Lakes. The rock ia dark p n  and 
consists largely of fair-sized plagioclase cqskh with lesreer amounts 
of fayalite. %me chlorite is likewise present. 

Half a dozen basic sills are intruded into the coal-bearing Ter- 
tiary m b  on lower Carpenter C w k  They range in thichesa 
h m 4 t o 2 0 f & m d d i p  ~ithrthemta~tothenodheast. The rock 
in the sills is dark colored and usually very h o l y  crystallin& 
Plagiuclw is the mast ebundlmt mjnerd constilment ; magnetite is 

a 
subrdinate. Va y i n g  a m o h  of chlorite and k~o.olin are also pres- 
eat. IQ one slide the feldspar w w  seen to be strongly calcitized. 

Most of the intermediate and basic igneous rock bodies are intm- 
sive into the Chickaloon formstion and therefore must be of post- A 

Chickalmn a p  The few that cut the Cretaceous and greendone 
formations may very well be po&Chichloon also, but their age can 
.not be proved. It appars that there was during middle or late 
Tertiary time an epoch of igneous activity which prdumd ,the Kings 
Mwntuin plug and the many dikes and sills on the south f l d  of 
the Matan* Valley. 



Glacial depdta may mar in any part of the nma that WM mv- 
ered by glacial ica On the geologio map acmmpanying this report 
such deposits are shorn only where they resch mfficient t h i c k  to 
sariously obscure the b e d r d  geology; l i k e w h  in the following 
paragraphs wly thorn localities arp, described whem glncial materiab 
are abnndent 

Hand md gravel depkted by the Matendm Glacier m r  most 
I of the high terrace north of the mountain range. The thieknm of 

the mantle ranges from a h i f e d g e  whem a hogback of stslatifid 
m k  or a dike projects through it to over 100 feet w h m  drift hlas 

% 
filled in e low place in the preglacial surface. The glacis1 deposih 
are rudely or not at all stratified. The p v e l ,  which predominates, 
o o d  of fairly cmm subangular boulders. 

At the western extremity of the mountain r n q y  drift dep i ta  lap 
up on the momtkh aide to sn elevation of 800 fwt, They were 
deposited by the Mahnnslnr and Knik Qlmiare whem t h e  two 
bodies of ice expanded and met on reaching the confluence of their 
mparate valleys. 

Small morainal depogits, both latern1 md b o n s l ,  m common 
in all the tribntaq wllep. In the lrslley of Wolverine Crsek lateral 
moraines were f onnd along the gf dm of the valley at rn elevation of 
2,900 feet. At the foot of gaeh glacier atin exidant in the m@an 
there is oonsiderable coarw drift. 

Tha lob terrace lying b t w m  M a t a n d  and Knik Rivers wat  
of the main range is composed of river-deposited smd and gravel. 
The north side of the terrace is well drained, and t b  land is mitable 
for agriculture. 

- The two mainmrivars are running over exkdve  flood plains of 
sand and p v d  which they themmlm have formed in reoent k 

A copper deposit of pro*, lying wholly within the gmamtane 
formation, i~ e x p d  in a tributary draw near ths hesdwaters of 
Jim Creek The vein crops out on the north side of the valley 
=vend hundred feet above the creek bed and 4,150 feet above the 
m. It wsa discoaewd and l m h d  by Joe Conroy and P. Marion 
in IsOB. 

The rrt;rike of the vein ia N. 8 0 O  W., and the dip @cdy per- 

tid. The ~dllm of the ore deposit mn+ be traced by it9 goman 
for a few hmdred feet to the east, where it cmersss the divide to 



upper WoIverina Creek To the we& tdls slides o h  the out- 
crop, but the Imators w~port picking it up a& in the next two 
draws. 
T h e  Peia js badly sh~etsd Evidmtlj the ascending ~Iutiom 

daposjhg the ore minerals followed the path of least resistance 
through a shear m a  in the penstona Deep-mted prtionsl of tha 

. slowly crgstalIieing diorite bathoIith which undoubtedly underlies 
this rock may have h e n  the source of the asoendiq waBmEEI 

The vein ihl f  merages abut a foot in width. B consigts of sn 
, intermixtw of massive chslcopyrite md pyrrhotite. In the hand 

spscimen the chalcopyrite appears to predominate, and gangue min- 
d, if present at  all, am subordinah. A shallow goman 4 to 8 
feet wide marks the outcrop of the vein. 

Microscopic examination of a polished M i o n  of the ore show the 
p-0~ in a h e  intergrowth of appmximatdy equal amounb of 
chalcopyrite and pyrrhotita. These two minerals constitute abut  
80 per cent of the section. Sphalerita is the only other ore m i n e d  
p m t ,  composing a b u t  15 per cent of the total. It occurs in mat- 
tered aggregates of small irreguIar masses. Tha only p a n p  h e r d  
appearing in thia section is calcite, which mcum in short veins snd 
constitutes the mmaining 6 per cent of the mineral content. 

Samples taken from the 1-foot vein of m&oe dphides a y e d  
as follows: Copper, Id08 per cent; zinc, 2.95 per wnt; silvar, 1.75 
ounces to the ton ; gold, twx 

The south wall of the sulphide vein for a distance of 22 or 15 
inches consih of light-mlored den= mck cut by minute veins of 
amnopyrite. Study of thin sections ~ h o w s  this to be gmemtom 
country rock largely replaced by ~ u ~ L ~ E z  and d c i t e  introduced by the 
ore-bringing solutions. It mayed 0.41 OUM of silver to the ton 
and 0.04 per cent of oopper. 

About 50 feet lower d o m  the side of the v d q - & a  the b p  of a 
2QO-foot cries of s l a k  Even these are cut md partly replaced by - 
fine quartz veins, probably of the same generation as the ore min- 
erals. At 600 feet above the sulphide vein a dike of ddite, 
another offehmt from the: diorite batholith, crops ont. I 

The chief difficulty with developing this ore. deposit would lie in 
if8 i-ibility. The flats Getween ELaik River and the monntains 
can Im cmmd at present only by bat .  From the mouth of the Jim 
Creek Cmyon to the prospect there is a climb of 4,000 fet .  Until 
the flmr of the hanging valley ahve the canyon is reached it is 
neaessary to  climb steep rock slope-an impossible feat for a pack 
tmin. Tramming seem to be the only feasible method for trsns- 
porting the ore down out of the mountains. However, in spite of 
thew handicaps to davelopment, it appears that thia deposit is wall 
worth further pmpcting, 



The p-ce of mppr float has been reported fmm upper WoJ- 
mrhe and Csrpanter h b ,  but the ore has not yet been found in 
place. 

m u n  ABD zmc 
The claims of W. S. Myers, near Eklntna, were examined towad 

the end of the season. This property lies at an eb~ntion of 1,600 
feet in a alight draw in the face of the cliff btween Ekhtna and 
Pebm Creeks, The conptry rock is greenstma with II, considerable 

: amount of amieted  rhyolite. It has undergone eatenrrIve silicifies- 
tion in the neighborhood sf the mineral deposits. 

At one point the country mck is impregnated thmngh a vertical 
i zone abut 8 feet wide with wattemd crystsb md msU maws of 

arsenopp+b, pyrih, sphderita, and galena. At a slightly lower 
elevation the corntry rock is cut by a distinct vein less than 2 inches 
in width containing calcite with scattered bits of qbalerite, galena, 
and chalcopyrite. About 6 inches of slightIy mineralized rusty gouge 
lies on each side of the vein, 

At naither of them points am there mfficient baa%-metal minerals 
e x p o d  to encomge development work 

Dedtory god-placer operations heve been carried on dong Metal 
Creek fa the last 20 years. The stream bpd has been staked for the 
first 10 miles, but many of the claims have been allotved to lap* 
No fipm are available for the total production from this meek, but 
it pmhbly does not ex& a few thousand doIlm 

Metsl Creek is a turbulent stream occupying a steepwalled hang- 
ing valley to a point near its mouth, where it drops down through 
a anyon into Knik River. Abve the canyon it ma over a 
narrow flad plain, consisting in part of huge bonldera It is too - large and too swift to ford during the rmmmer. Them are mwral 
m a l l  streams tributary to lower &fetal Creek that am available for 
sluicing or developing power. 

The gold lies on the bed& well below high-wshr merk. It is 
I di5cult of accegs except during periods of low wester in the fall, 

when prospectors have had some success " miping." Sluicing has 
been done on a p u p  of claim abut  8 miles above the month of 
the creek 

Colors ean be pmned anywhere along lower Metal Creek The 
gold is re- to h r n e  increasingly coam upstream T h e  
country sock is slate and g y w a c k e  near the mouth of the meek 
and gseenstwe farther up. Granite (diaritel) is reported to be 
the cornby w k  toward the headwaters. The gold found in the 
bed of Metal Creek probably came from Iode deposits in or nenr the 
@h. 



A 8-foot bed of ma1 crops out on the west ~ d e  of Carpenter C d  
in the tract of Chickaloon rocks abut half a mile south of Mats 
n&a River. A prospect tunnel 20 feet long has been driven into 
the aeam about 30 feet above the creek bed. 

Tha coal bed strikes N. 7S0 W. and dips 17O N. It L interbedded 
with carbonnceous; shale. At 20 feet 'below the portal of the tunnel 
liee a Cfmt bmic sill, one of r~everal that are intrnded into the 
Chickdoon sediments in this vicinity. A rhyolite porphyry dike 
about 20 feet thick campletely truncates the kd of ma1 between the 
portol and the top of the hill. 

The cod i t d f  is d e a n  and shiny, but rnovsmta m f f d  aince ita 
formation have slickensided it and made it somewhat friable. This 
particular coal bed gives little promise of future value owing ta 
its character and its relation to the igneous intrusive, but t h e  
may be in the vicinity other seams of better quality and mom favor- 
able location. 

A well dug on the fnr farm of BaiZes & Keily, between the Wol- 
d e  Lakes, encountered a few frapents of ma1 on the bedrock 
wrfam. This coal is dirty and broken and is traversed by narrow 
&ingem of calcite. 

A ma1 outcrop has been reported on the muth bank of Mata- 1 

m u s h  River from Granite Creek, but it wl~e not found by 
the miter. It is qaite @bIe that coal exista in the narrow belt 

- 

of Chickdoon racks that extends westward from the mouth of 
Granite Cmk, but st  almost all points these sediments underlie high 
terrsce gravel and thus are difficult to prospect. 



THE TOKLAT4WNU)NA RWER REGION 

The -om hem considemd Iies on the n o r t h d  flank of the 
Alsska Range and extends f m  the hedwatem of the main Toklat 
River southwestward to tho head of T m a  River, an dr-line 
distance of  bout 100 milea. In this Fegion the Alaska Range r i w  
abruptly from the lowlands on the northwest. The lowlands are 
of mild relief, are covered by marsh= interspersed through sreas 
of timber, and have few rock exposures. The diflldtiss of summer 
travel by pa& train in these lowlands are so great and the geologic 
d t s  to be obtained there are so hesger that they have so far 
received little Bttention from the geologist. The Alaska Raage, by 
contrast, 'is in this region pradically devoid of timber, rack exposures 
m e d e n t ,  and travel by pa& tmin along the front of the range 
is easy. Yet the rnonnhin maw is extrerneIy rugged, and dl the 
larger valleys are occupied by great glaciers that push weU out toward 
the mountain f m t  and bar ready access to the higher parts of the 
mountains These conditions leave a belt some 15 to 26 miles wide 
in which the geologic d t s  to Im obtained justify the expanditnra of 
time and effort n-ry to examine it at p m n t .  - The region &cussed in this report (pl. 2 )  lies betweem pnrsllels 
62" 40' and 63' 25bnarth latitude and meridians 149' 50' and 
152* 40' west longitnde and oomprises an area of abut 2,000 sqnare 

i miles. Toklat River, at the east edge of the e o n ,  is about 48 
miles west of McKinley Park station on the Alaska R a h r d .  M& 
of the area liea within the hrderrr of the Mount McKinley Nstianal 
Park 

m o m  s m r m  

Until the completion of the Alaska Rnilmad from Seward fo 
Fairbanlts, in 1923, the region on the north flank of the Alaska 
Range, in the vicinity of Mount McKinley, was difficdt of m m a  
and was fitd by comparatively dew pemm Most of thoss who 



entered this &reg were prospectors, hunters, and tmppem, who 
worked southward from the Kantishna mining district, but in gen- 
eral thwa men left no permanent record of their diaeoveriea Since 
1902 our only accurate hawledge of the r sgh  on the nofthwed 
dope of the Al& Range west of Muldrow G k i e r  has been de- 
rived from Bmb's  monumental exploration in that year, during 
which instrumental topographic gurneys and systematic geologic 
obmrvationa were carried from Cook Inlet to Rampart by way of 
Rainy Pam, the north h k  of the range, and Nenen~ River.' 
Although Brooks's expiition brought out rm astonishing amount 
of geologic infomation from the region travemd, neverthelea it 
made only a hasty exploration in which the difficulties of long and 
rapid marches consumed much of the energy of. BmIGS and his 88Bisb 
ants. Lter work in other parts of tha range has added greatly to 
our knowledge of the gmfogio history of this province. Frindle, 
in 1906, visited the nonnifield and Kantishna mining districts: and 
Moffit %end Capp ' have studied adjacent are-, each of these invest i- 
@ions throwing additional light on the stratigraphy and dmcture 
nf the range, 

Severs1 mountaineering expeditiom, organid for cZimbing Momf 
McKinley, have visited thie region and haw been followed by publi- 
cation of u a h v e  accounts af the expeditions and descriptiws o# 
the region8 t r a ~ e d '  These expeditions haw added considerably 
to our howledga of the geography of the immediate vicinity of 
Mount McKinley md have supplied scattered notes on the p l o g y ,  
but none of them was accompanied by a trained geologist, and no 
areal geoIogic mapping mas attempted. 

The expedition thrrt pthered the material for tbia report was 
orgmhd in 1925 for the purpose of carrying a reoonnaismntla gee- 
logic -my from Toklat River muthwestward dong the face of the. 
Alaska Raqge to connect with earlier surveys by the writer in the 
Toklat and Kaatishna districts and'to review in greater detail a 
part of the a m  visited by Bmks in his hmty explomtiws in 1902. 

'BW- k Em, The Mount Y e E i n l ~ ~  reglam. -: U. I. -1. 8- Rot. PtWr 
70. 1111. 

*I'dadIe, L M., The Bumnlfleld amd Kanthha  regimr: U. L -1. 8 n m 1 ~  Bull. 514, 
* a pp. 2OLL226, law. 

a Momt, F, H., Tbe Bmmd Pam repion. Ahsb  : U. & Gml. l a m y  Bull. 608, 191.3. 
dCappo, IS. R., Tbe BomnInelU reglon. Alraka: U. 8. Bml. B m  Bull. BOI, 1012; me 

Ymtnn dim*: U. & MI. Elnmey Bull. 884, 191&; The. Kaatlshoa nplom, Alwka : n. 8. 
G m L  mrvsr BuL 687, 191P; Mlmral ram- of & wrn C h u l h  r&ua: 5. L G.oP 
Burrep RulL B92, pp. 207-232, 1818. 

* Dunn, Robe* The &amelewe d l n v  of nn explorer, O d n g  PubUmbhg Oa, XW. Cmk, 
F. d., Tbe top of the condnent, DoublMay, Page & Ca. 1008. B-e, Btlmore. The m- 
m t  of Mount BlcHnley, G. P. Putnam'r Mnr, 1118. S h & ,  H u h ,  The -t ot 
Dmal,!. ITba.. Bctlbner'r lous, 1914. 
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A nhort visit was made to the Kantishna mining district at the end 
of the field getwon. 'She party mnsisted of S. R Capps, geologist, 
snd two camp hands, Elmer hmon and M. h. Eckart, to  both of 
whom the writer wishes to express his thanlrs for faithful service. 
;Seven pack h o r n  were nsed to tnrnspert the necessary suppliea and 
equipment. The party left the railroad at McKinley Psrk station 
on June 14 and returned to the starting p i n t  on September 4. No 
topographic mapping was attempted, the original topographic map 
made by D. L. &aturn, of tha Urooks expedition, being used as a 

- base. To this map certain additions were made from sketch= by 
the writer, consisting principally in e x b d i n g  the beadward portions 
of dimam and glaciers into areas not e n  by Raaburn. Although 
them sketches were only roughly mntroUed by compass readings, 
they neverthelass give e general idea of the drrrfnsge in areas which 
until now have remained blank on published maps. 

The writer here wishes to acknowledge courtesies extended by 
Harry Kar~tsna, of the National Park Semi=, Thomas A. Marquam, 
of the McKinley Park Transportation Co., 0. hf. Grant, of Copper 
Mountain, and the miners of the Kantishna district, whm hospitality 
was anfailing. 

QEOGRAPHY 

me region here described lies aIong the northwest flank of the 
highest portion of the Alaska Range, and ra larp  areas in the mnge 
are above the level of perpetual snow, the main vdley heads on h t h  
d m h  .re ~xupied by glaciers. The er& of the range l i e  much 
mumr the northw& than the southeast edge of the range, gnd this 
conQmration haa led to the development of many short parallel 
valleys dmxnding the northwest slop of the range, each occupied 
by a small separate gIacier, in contrast to the elaborately bmnching 
valleys of the Susitna slope, where many smaller ice tonew con- 
verge into major trunk glaciers. Muldmw Glacier, which drains 
the northsaat slopes of Mount McKinley, differs conspicuously from 
both these forms, far it occupies a valley that trends parallel to the 
axis of the range and receives .a number of large tributnry ice 
streams, Muldrow Glacier has s total length of abut 44 nilw and 
with ite tributaries covers an area of at  lea& 75 square miles. It 
therefom ranks among the largest haIf dozen glaciers of the Al& 
Range, The other principal glaciers of the region, including Hrtnnn, 
Stmightsway, Fomker, Hemon, and Chedotlothna Glaciers, range 
in length from 11 h~ 14 mil=, and them are B l a r p  ;ember of smallel., 
unnamed glaciem- from 8 miles to I or 9 miles long. 



76 MINERAL RESOWRCEB OF AUSKA, 

All the Isrger atreams within this ares head in the @&em 
af the Alaska Range and therefore are supplied in large part by 
waters flowing from the melting ice fields. As a consequence the 
volume of stream discharge is extremely wrriabls, being lowest 
in the winter snd peakst  on the Iong warm days of summer 01 

dnring warm rai&, when the melting of the glaciers and wot~ 
fislds is wwt rapid. In the winter &age of low %ow the stream 
run clear, being fed mainly by springs. In summer, by contrast, 
when the glacial discharge is active, the s b e a ~ ~ l s  am turbid from 
a heavy load of gravel, snnd, and silt. 

As a consequence of the heavy load of glacid dhbris which they 
carry and of their great daily and seasonal variation in volume 
the glacial &reams tend to build up extensive valley-floor deposits 
of gravel and sand, and they generally flow over these depopita 
in many braided chhanela These glacidsntwash deposits consist 
of coam boulders near the glaciers, but their materials become 
progn&vely h e r  downstreram, and as a result the valley flats 
n e m w ,  and there is less tendency for the streams ta break into 
smaller chme1s. 

About three-fonrths of the area hem described lies within the 
drainage basin of Rantkhns River. Toklat River and gtony Creek, 
its tributary, drain directly to the Hantishna around the east side of 
the Himtiaha Hi&. McKinley Fork, the largest tributary of 
the Krtntishnrs, heads in Muldrow Glacier and is alsa fed by Clear- 
water Creek, :Muddy River, and Birch Cmk In tha ares; here 
described McKinley Fork flaws in a multitude of channels over a 
wide gravel flat, and though the total, volume of -tar d i m h a d  
is considerable, the stream is not navigable even for smgIl power 
boats. By proper care in chming a ford it may be crotmd on f mt 
between the mouth of Clenmater Oreek and M u l d m  Glacier in 
all but .extrtrmely high stages of flood. No'rth of the a m  here 
shown (pl. 8) this river Rows in a northerly direction a m d  the 
west.base of the Rantisbe, Hills and belm the settlement of 
Rmsevelt is.nsvigab1e in summer for hits of moderate draft. 

ForakeP9 Remn, Chedotlothna, and Tonema Rivers t re supplied 
mainly by glacial waters, and all have the cha&ri&ics of glacial 
streams, though none of them discharge so much water as McKinley 
Fork. Foraker and Herron Rivers flow' northward to h k e  Min- 
chumina" and thence drain to the Kantishna. Chedotlothna m d  
Tonzstle Rimm are headward tributaries of t4e Kmkokwim. All 
these straarns can be f o d d  an hornback in ordinary summer stagees, 
hut all are Inrp and swift enough to make fording on f d  dan- 
gems except during times of low water. 



The B l a b  Ran@ is bodered on its northern and westem flanks 
by a great lowland of varying width that extends for practically 
the emtire length of the r m p f r o r n  the international boundary on 
the e& to and beyond the p a t  bend of the Kuskokwim on the 
southwest. This lowland, in the region here described, is omupid 
by the headward tributaries of Kantishna and Kuskoh&i Rivem 
It is a gremt stmctural depression in which a large quantity of 
detritus, derived mainly from erosion of the Alaska Range, has 
be11 deposited, and its prevailkg surface forms are the result of 
stretun and glacial aggradation, with here and there isolated groups 
or ranges of hard-rock hills rising abwe the general level of the 
plain. Thh lowland has been liM0 studied except s r o d  its 
borders, for the marshy character of the ground, the thick timber 
and bmh, and the many rivers that crm it render summer travel 
difficult. It is believed likely, however, that at some earlier time, 
perhaps early in the Pleidmne, it wrts a single great river. basin, 
drained by a stream that followed the general mrse of the Tanens 
to about the mouth of the preenk Ktlntishna and thence swung to 
the southwest across the present divide and intn the basin now 
occupied by the upper KRaokwim. 

The Rantishna-Euskokwim lowland has in general an aItitude of 
less than 1,000 fed, though in this a m  its margin along the moun- 
tains ranges from 1,600 to 3,000 feet above sf% level. This high mar- 
gin is croaaed by many streams that drain radially from the highlands. 
Farther out in the lowland these strems m i t e  into larger rivers which 
converge into the Kantishne or the Kuskokwim. The divide be- 
tween the basins of these great rivers is said to lie between Hemn 
and Chedotlothna Rivers, though from the mountains one% eye can 
not follow the rivers far enough .to determine their fmal course, and 
the course of the drainage lines in that unmveyed ares has b n  
wrongly shown an many published maps. The most trustworthy 
information obtainable is that Chedotlothna River is the eastern- 
most tributary of the Kuskokwim, and that Herroa and Forakgr 
Rimm flow to Zake Minchnmina and thence to the Kantishna 

The region between MuIdrow Glacier and Tomnu Ever is note- 
worthy becam, althortgh in this stretch the Alaska Range reaches its 
p a t a d  height, the mountains rise abruptly from the lowland on tfme 
north without any intermediak belt of foothills. Between Muldrow 



Glacier and the m h d  dong Nenana Rivet and, in fact, as far 
eastward as Delts River the main is bordered on the north by 
s oodderable foothill bek'and fmthilla w e  developed abo south- 
wed of Toflzona River. These outlying hills have been described 
e h w h m 8  Groups of isolated hills rise above the loeland level, but 
their Btrnckure has not been studied, and it is donbtfi~l if they are 
structurally and geologically related to the Aleaka Range. At any 
rats they a m  so separated from it by intervening lowlends that they 
would not be considered to  bebng to the Alaska Range p- 
gaphicnlly: The abrupt front of the range, which rims from the 
moraine-cove4 edge of the lowlnnd, is probably the result of both 
folding md faulting. The nearly straight line of the momtnin 
front suggests a peat fault w r p ,  but the fault could not be directly 
o h r ~ e d ,  and the steep dip of the sedimentmy beds, in many places as 
high is DOo, is evidence that in the uplift of the mountain mass a 
sharp flexure of the mch took p1m.m. The relative importanoe of 
faulting and folding in determining the abrupt front of the rmp 
has not been determined. 

The Alaska Range f o m  one of the major geographic featurn 
of ths'mntinent, culminating in Mount McKinley, the loftiest mom- 
tain in North America, with an altitude of 20,300 feet. The part 
of the Alaska Range here under considerntian lies at the crown of 
the great arch described by the axis of the range. At Mount Mc- 
Kinley the axial direction of the ranp is northeast, and as the 
range- approaches the headwaters of TokEst River it veers to ertst. 
Southwest of the mountain the range swings southward md ap- 
proaches s due south trend at its south end. Zn this ares the. range 
is from 80 to 6Q miles wide, but i t s  crest, as roughly indicated by 
a line drawn throngh Mounts McKinley, Foraker, and R-U, lies 
at an rverage dietonce of only 12 miles from the Kuskokwia-Kan- 
tishna lowland and is therefore much nearer to the northwest than 
to the so'utheast brder of the range. The abrupt rise from the low. f 

lands on the northwest to the crest: of the range gives this magnifi- 
cent mountain chain en aspect that for  her steepness and for scenic 
grandeur can scarcely tw matched elsewhere. From places on Hanna a 

Glacier the slopes of Mount McKinley rise from 5,000 to more than 
10,000 feet in a horizontal distance of less than 6 miles. Tbe limit 
of perpetual snow hers lies at an altitude of about 7,000 feet, so 
that the higher parts of the mnm asre concealed by s permanent 
mantle of ice and mow ezrcapt on cliffs that are tm steep to  afford 
lodgment for it. 

All the larger vdhys tthet head back against $he crest of the mge 
are occupied by glmiem that push well down t o ~ ~ a r d  the mountain , 

.Cap= 8. A., The Eikatlahna mglorr, Alaska : U. 8. 0-1. flurre9 Bun. 887, pp. 18-14, 
1910 ; Tho Bonnifleld reglon, Ala& : TT, 8. Qeol. Bummy B1111. 601, p. 12, 1812. 
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h t  Mddmw Glacier extends several miles out into the Powland 
belt, but in the other valleys the ice tongues rsach d y  to the face 
of the range. The s t e p   slope^ of tha main range and the glecier- 
fioed d e y e  make aM.ass to the higher mountlLins difficult, and few 
p e m  have penetrated the range more than a short distaoce. A 
number of well-equip ped mountaineering expeditions have attempted 
to ascend M m t  McKinley, and although at least thnw parties ham 
rmched the higher slopes only a single expdtionT succeeded in 
-dug ita highemt peak Mounts Fomker, Hunter, md Russell, 
magnificent paks of the first magnitude, a m  as yet unsealed, mnd 
a considerable area in the heart of the range is dill entirely unexa 
plod.  

-m 
No accurate weather mmxds have 'Ibeetl taken in this immediate 

a m ,  but it is b w n  that the climate hers is much like tb t  of the 
p n e r ~ l  @on on the north slope of the Alsska Range. In interior 
Almh in general the summers are moderate and the wintern cold. 
The annual precipitation is light, ranging in the Tanana Valley be- 
tween 8 and 19 inches snd averuging about 11 hchea, thongh in the 
meunt&~~ it ie doubtlew higher. The mean annual temperature at 
Fnirhnks is about 25", with s range betwmn 8€i6 and -65" F. 
Along the flank of the Alaska Range the weather is M u e n d  by 
local conditions. During most of the t h e  in the summer the higher 
peah of the range are in clouds, and local showers are frequent. 
In winter the snowfau is considerable in the mountains bnt is light 
north of the range. 

vEammxof 
In this region the A h s k ~  Ikrnge p r o p  m practically devoid of 

traea T i m h  gmws up to altitudes of 2,000 to 2,800 feet and reaches 
I t s  great& altitude along the main river vellqa, ass shown in 
Plate 8. The entire Rantishna-Kuskokwim lowland he lm an alti- 
tude of a b u t  2,000 feet contains timber, though by no means in a 
solid stand, for the lowland cantaim many marshy tracts in which 
the treae am &bred and scrubby. The principal trees m spruce, 
~ w m d ,  birch, and Isarch, none of which reach large s i m  Sprncs 
t m  exceptionally reach a diameter of 9 feet at the b m ,  but they 
average much gmaller and yield little clear lumber. It is therefore 
-appsreat that this timbr has ~ a l n e  only for rather local uees. 
AJong the immediste bsw of the B l h  Range timber for camping 

pnrposea is availabla in only hslf s dozen of the larpr  valley^, and 
the main dependence of the Geological Sumy expedition for fuel 
WBU on willows and bmsh. A few mile6 northwest of the route 

S k k ,  ThtTwn, The a m t  of M, (pa& Sdbner'a &n~. ID1C 
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tnrvelerf, however, timber is abundant. Small cottonwod trem are 
b c d y  and willow bushes genem1Iy to be found abve  the highest 
spmm timber. For my mining operations that may h undertaken 
in this p ~ r t  of the rnnge it will be aeceasary to haul wood far fh l  
and for stmchml uses for some di-m 

O w  i~ found genemlly throughout the region, though the t r w -  
eler will often find it necessary to select his camp site with the 
problem of horse feed in mind, for them am considerable a m  
where farsge is scarce. Tha principal forage plants are mdtop, 
'' bunch grwe," and at a few p l w  " pea vine," a vetch that grow6 
ImlIy on the -el bare of the &ream& Stock ean subskt on the 
local vegetation only between June 1 and September 15, for after 
the fir& heavy f- ths grasses lose most of their nutritive value. 
Tha region contains several wild edible berries, indndlng currants, 
raspberries, and blueberries The blueberries am &specially abun- 
dant and grow best above timber l i e  at dtitudea of 2,000 b 2,800 
feet, 

Little @culture haa bmn ~p~ in the e o n  hem dcwribsd. 
On Wander Lake and on Friday Creek, in the Kantishna mining 
district, gadem hsve been d t i v ~ t e d  mm.Eullg at altitudes of 
1,600 ta 1,800 feat. No doubt similar suam with qaickly msturing 
crops could be obtained elsewhere in eqa~lly fa~ornble places, but 
in general the agricultural possibilities of the area along the foot 
of the A l d s  Range; are small, though no doubt gtock codd be 
p e d  there dumng the aummer. 

Tbe nodhem dope of the Alaska Range from Ren- Rimr we& 
ward is nobble for the abunhoe of big game, From McKinley 
Park d o n  on the Alaska Railroad to Mddmw Glacier the white 
bighorn sheep abound, and hundreds may ba counted on a single 
day. Between Mddmw Glaeier and 'Son~ma River they are much 
less nnmeroq but south- of the Tonzona they are again pfenti- 
ful. The entire mgiw is a summer feeding ground for great  herd^ 
of &boa, which on hott days climb high on the mountains and 
glaciers. to -pe the heat and the insects. Moose m a  much leas 
nnmemm but are fFeanentI~r seen in the t i m b e d  wnd bmhy vdlep. 
Grizzly barn range throughout the mountains, and black h a m  in 
the timbered lowlands. Rabbits and ptarmigan m at timea, very 
nmmm, but they veryin abundance f-mu year to gear. Same fur- 
bearing animals OCCUF, n&blY fox, lynx, mink, and marten. Much 
of the s m  hem demibed lies within the limits of the Mount 
McKinley National Park, where hunting and trapping are forbidd~n. 



This paFt af &dm is poorly mpplied with fi3h. Most of the 
~tmsmfi, being glacier-fed, are turbid in the summer, and fish amid 
them. Stmama that are dear conbin grayling but not in great 
abundance. Wonder Lake contein~ trout, but that is the only 
locslitg in this area where trout are known to occur. So far as 
known, the salmon, which each year migrate up Kwkokwim and 
Tanaas Rivers to p w n ,  do not come to the headward reacbe of 
t h e  Eltretrma. 

Except fm 30 d n e m  in the Kmtishna didrict, two pmqm- 
tom at Copper Mountain, and one on Carlson Cmk, this region is 
mpopulated. A few pmspectolrs visit the area from time to time, 
and an wcmiond hunting party crossss it on the way to hunting 
gmunds outside the park. Even the nstives rarely h i t  it, aa their 
villages are in the lowlands along stream from 'which they can 
obtain &h. WE& of Muldrow Glacier and south of McKinley Fork 
there is a single prospector who may be considered s permanent; 
resident. There are no well-marked trnils except thme of the wild 
animals. Travelers b this ragion in summer come either by trail 
from the railrod at McKinley Park or up Kantishna River by bad 
to Romvelt, mme 20 miles north of Kantishna post.office, and thenca 
overland A good wagon road is now under con~trueti~n westward 
from McKinley Park station, and some 20 miles was completed by 
t h ~  end of 1925. From the end of the r o d  a good trail for pack 
h m  leadm by m y  of Igloo Creek and Polychrome, Highway, and 
Thorofare P- ammd tbe end of Muldrow Glncjer past Wonder 
hh to Kmtishna pod ofice. Eventually this trail wi11 bs super- 
seded by the extension of the wagon road now being built. 
In spite of the entire absence of man-made trails suuthwBgt of 

McKinley Fork, travel by pack tmin in summer presentsl no serious 
difhulties. By following dose to the northwest face of the range, 
generally above timber line, the trsveler fin& an open country 
with solid footing for h a w  and little obstruction fsom trees or 
brush. Here, too, the torrential glacier streams, which below mite to  
form deep rivers, urn ma11 enough to be forded on hornback except 
in f l d  stages. They are, however, large enougb to be dificult and 
d q r o a s  to mom on fmt during the summer. 

The Alaska h n g n  i h l f  is high and rug&, and tnrvel into its 
higher parts and up the glacier-filled valleys, whem no fuel for 
amping is to be found, requires alpine equipment. T h e  lowland 
b l o w  an altitude of 2,000 feet, by contrast, is in general timbered 
a d  marshy md is crossed by many rivers too large to ford but 
,too Wift and shaltow ta be navigable except by poling boat or a m ,  



rn that it is to  be avoided in summer. h winter, when the streams 
and m a m h  am frozen, travel by dog sled is feasible mywhem 
except in the higher partis of the rsnge. 

QEO WQY 
0- 

The wrfm dis&ibation of the m k  formations of this m a ,  in so 
far lls they ham been differentiated, is shown on the accompanying 
p h g i r :  map. (Pl. 2.) The geologic field work on which this map 
is based has dl h of recomaisance & m a r ,  a large area being 
covered during rr short field season, m that it has been poasible to 
outline the geologic units onIy sppmximately. E m  when the p i -  
tion of the formational boundaries was ammte1y determined in y 

the field it was often hpmsib1e to m r d  the details, for the bme 
map used was made in a hasty explomtory trip in 1902, and no time 
was available to the topgapher for refined mapping of the details 
of surface form. An additional difficulty mnfronh the geologist 
working in this region 'because of the scarciw of fm& from which 
the age of the mdimentary M s  may be accurately determined, and 
m likewise the age of the igneous rocks is difficult to determine 
through their relations to  sedimentary beds of known age. The 
only m i z a b l e  organic remains found in my of the rocks during 
the p m n t  investigation were some fragmantary leaf imprints fram 
the Cantwell formation on Tonzorra River. No fossil shells wem 
mn. It has therefore bwn nemarg to leave the qumtion of the 
aga of the rocks largely unsettled, though correImtions are s tagpbd  
with I d a  of similar lithology and known age elmwhere, T b e  tenb- 
tiva age mignments here given are sub jad to change ar modification 
m hller informstion is obtained, and it is certain that mme assem- 
blages of M s  here grouped tugether will later be subdivided. 

The geologic rm~vLsiofls shown an the acxx~rnpanying map have 
already hen d d b e d  in reports an this and contiguous areas, and -. 
elaborata descriptions are nnwarranted hem. In the following p a p  
a brief description of each subdivision is given, with reference to 
more complete published descriptions. 
As shown on the geologic map (pl. 2) the p.e-Te&q mks ape 

divided into eight mits, each of which is distinguished by a =parah 
pattern. Each of two of these units is a combination of two others; 
one is an mmbIage  in which igneous rocb ppredominate but which 
includes dm considerable sedimentary matarial, and the other is 5 

similar assemblage in which the sedimentay beds predominate over 
ipmw rOCftS. The same sedimentary roch where comparatively 
free of intrusive materials are shawn by a separate pattarn, aa are 
the intrusive rocla where they contain only miwr amounte of 
indaded d i m t s .  
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The oldest formation is; undoubtedly the B h h  Creek schist, which 
seeurn in this ares only along the valley of Mmse Creek in the f i n -  
t i s h e  mining district. The schists of this formation are unfossil- 
ifemus, and their age has not hen definitely determined, but from 
. their m i s t i o n  elwwhsre with fdliferous sedimentary M s  it i~ 
horn that they antedate the Ordovician period, and they may be of 
pre-Cambrian age. Tile rmh that appear to  be >enad younger than 
the Birch Creek Aist are a group of schists and phyllitm, grading 
toward the southwest into less metamorphic rrrgifita This group, 
which is known as tb Tonzona p u p ,  has so far yielded no fossils, 

- 
but from m a i n  reldiona Broolrss tentatively assigned it to the 
Lower Devonian OF the Silurian, and definite informstion is stil l k k -  
ing upon which to make B more precise age determination. A third 
pre-Tertiary gpup of mdimenta constitutes the major element of the 
north flank of the Alaska Range, It is composed d o d t 1 y  of bhck 
blmb argillite and gnywacke, with some black slate, some thin- 
bedded limestone,, locally siliceous, and cailca~e~us shale and ~srgilLite, . 
all more or less intimately intruded by dioritic rvrcks The age of 
t h a e  sedimmt~ is not accurately hown, but from their m i a t i o n  
with a massive limestone that elsewhere has yielded Middle Devonian 
fomils them rocks are known to be in part, st least, of PsEeomic age, 
and the group probably includas M s  some of which am older and 
some younger than the limestone. It is pimible, moreover, that soma 
Me$mic black argilliks and slates am also included in the group as 
bere mapped. Certain massire limestones that occur in the Toklat 
Basin and neg~ Hanna Glacier are shown by s separate gymbol on 
the map. (PL 2.) Th- limestones are highly metamorphosed and 
mxystaW, m thst any fossils they may have once contained have 
been destroyed, but they lie along a belt that atends &ward to 
Nenane River in which Lim&ones with similar Iithologic relations 
have yielded Middle Devonian fmib. The litn&nes separately 

: mapped in this report are believed to be alm oaf Middle De~onian age. 
In addition to the sbove-mentioned pre-Tertiary sedimentary r o c k  

there are in, the Toklat Basin certain areas of p n & n e  that ere . probably Mmzoic, and in the Alaska Range large amaa of intrusive 
gmnitic mb, maitd-rite. These granitic materials were prob- 
ably intruded in Juraaic time. They cut the older dimentg and 
in places are rn intimately intruded in them that it is impossible 
to mpar%te them on a map of the male of Fhte 2. In such places 
they &re shown either as areas composed mainly of granitic rocks 
with game included sediments or asl m b l y  dimeatary mka with 
mxmsiderable intrusive material. 

mBtmk8, A. 33, The Mount M a n l e y  ra%on, dlaalra : U. B. -1. Pmt 4~ 70, 
pp. 5'!&78, 1IFII. 



The Tertiary rocks are here divided into thm formatiow the 
Or* of which is the Cantwell formation. This formation is .corn- 
pd mainly of conglomerate, wndstone, and shale and is misted 
snd in part interbedded with some intrusive and extrusive igneous 
rnakrkls m m ~ d  mminly of volcanic flows md thfls. Fossil plant 
remaim reported from the Cantwell formation indiate that it is 
of early Tertiary age. It is succeeded, probably unconformably, by 
lignite-bearing sandstone and shale such as w n r  at intervals along 
the antim northem face of the Alaska Range. These beds m to 
be wrrelat.4 with the lignite-bearing beds of the Nenane WBI field, 
which haw k n  determined to  be of Eocene sge. Above the lignite- 
b r i n g  h n e  beds is a thick series of high gravel deposits that 
in this area b a a  been diffemtiated only in Polychrome and Thorn- 
fare P a m  and in the basin of Clearwater Creek. These deposits, 
the Nenana gravel, are believed by the writer to be of Tertiary age, 
though younger than the cod-bearing formstion, Tbey have so far 

, yielded no fosila. Tho Quaternary deposits as mapped in this 
, region include two broad groups of materials; the older comprises 

, tho widespread mantle of glacial drift that  generelly marks the 
southeast margin of the Iawlands and was deposited by the glaciers 
during a time when they were expanded much beyond their present 
size, and the younger consists of the present stream deposits, in- 
cludhg the gravel, sand, and silt of the present flood plains of the 
atreams. T h w  younger deposits, to h mm, are IargeIy the out- 
wash of glacier-fed streams and am therefore mainly of ghcio- 
fluvial ,origin. Other Quaternary depi ta ,  including mrrmuIations 
of talus and older t e r n  gravel, ate of small areal e x h t  and have 
not been diflerentiated on the geologic map. 

The following table pves the strstigraphic segaen'be for this dis- 
t r i c t  in m far as it is now known. 

Q m m :  Omvel, nand, m d  dR of prasent -me: tala aecnmnladbns; 
mt and Impnm organic d-lts, or mmk ; aolls and roc% dlshkgra- 
tlon products h place; deposits of e&tiPg glaciers; terrace ilnd knch 
graveh, some of gIaci+flmlal origln ; moralmil degaalta, mainly ol W h  
romh age, bnt pssib1y including aoma of prpWbconsin age. 

m: 
Nen- gravel (loosely ~0llw)1lBateB elevated mvsl and &ma, gellow or 
MI locally tilted). 

mte-bearhg tormatlon (gendra~y Ilghtdare8 aoit aand-e, clay* and 
gravel, U t t h  indurated, l&elly contntalng lignite). Qontaina Flcrmne 
plank La%- #=mhted with &eub are lava md WE. 

Cantwell formation (generally dark-colored, Indurated cwg3omsfate, grit, 
-we, and shale, with some carbonaceous material). Generally 
clnded se Emene, althongh them Beerne tci the writer a pomibllity 
that the demt~ may be Upper C r e t a m w  Amoclated wlth the for- 
-tlm are dlkm and conaldeyble thlcknesis%u of laTa and tuE. 



Maam& (7) ( p d b l y  aome of tbe shales mil g r a y w a e  beae Bare 
wItb the m-Tonaona Palmmic rwkr are of M m k  am) : 

Granitic intrusiva, main1 J dlorite. 
dmYffdaloidal and ellll#widal me!mtone. 

Pcmt-Tonzona B~leozole  rock^ : 
Argilllte, slate, an8 gramcke. locally celmeoum; thin-bedded limestone, 

ImlPj glliceons; In  places intmwlely intruded by gsrrnitic rocks. Thi~  
group c o n t a b  m e  besa that nnderlle and rome that overlie the Middle 
Devonian ljm&one and may even cAontaLn btb as young as M w m l c .  

MiddIe Dmonlan Ilme~tone: Maasive crpetallhe llrmstone beda to Toklat 
Rwfn and near JInnna Qfacler, everpbere highly metamorpbd.  

Paleozoic a w l &  phyllite, and a t ,  vdcolored Irm g e m 1  
metamorphoBed to schist. Older than the Middle Devanho hne8tone. 

Dewnian or Bllurian: 
Tonmna group : ~nltJcolored mgIU1h. pWUts, and @Ad& Of  vary l~g  d+ 
grees of metamwphlrrm. 

m d o v f c i n n :  Birch Creek schlat (mi- and q-tic atid 
phylllre). 

B m T I Q m  

C W  am? &--The Birch M mhid sppare in 
sthe sma here under discussion only as a narrow strip along the valley 
of Moose Creak, in the Kantishna mining district, although i t  is the 
pm~ailing farmation in the Kaatishna Hills, just north of this area, 
and fo& an important element of the Mash Ranm farther erst, 
occupying a mntinuous belt that extends from ~ c K i n l e ~  Fork at  
least as far eastward as Delta Riyer. The Birch Creek schi~t of this 
general region has been described by Bmk: PrindIe,lo and CappsdZ' 
The pmvailing phase includes highly contorhd fimile mice whist, 
quartzite schist, and phyllite in shadedl of green, browti, and p y .  

' Where fresh and Tittle weathered the mks appear rather massive, 
but in weathered exposures they break down into thin flakes, the ~ u r -  
faces of which with mica mxles. The degree of schistosity is 
not uniform, the rocks ranging from highly fi~sila mica schists to 
rather massive, pmly cleaving quzlrtzitic beds. 

The schist is cut by many quartz veins, most of which sre gtwb . veins and &ringem that follow the foliation of the whist and have 
heen 'distorted in the general crumpling and folding that the rocb 
have undergone. These gash veins, lenses, and stringers am com- 
monly little mineralized but are prevailingly of milky-white massive 
quartz with no visible mlphide minerals, though in plsc~s a little 
pyrite appears in them. In addition to the twisted &sh wins that 

'Emla, k E., op. cli., pp. W40. 
Prirtdlq XI. M., The Bwnlaeld and 5mt,iahaa redona : U. I. &I. $ a m  Bull. 814. 
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follow the claavage plnnes of the schist there rare in phma later 
quartz that a t  across the foliation and are mimralimd with 
mlphides and fm gold b of these later P& are many feet 
wide, hrrve been t d  for several hundred feet, and have a valuable 
content of gold, silver, and lead. This group of veins has doubtless 
supplied most of the plmr gold to the stream of the Rantiaha 
district, and two minm have produced a considerable tannage of ore 
of high p d a  Other veins, probably of tha same group, contain 
Earp Mia of stibnite. Th prevailing mineral -iation in these 
v e h a  is amopyrite, py&e, galena, qhalerite, stibnita, htrnhedrits, 
gold, and silrer. The schist itself contains mme scattered pyrite 
but has ED far not h e n  found to  contain metab ia minable amounts. 

S t w W  d t k k k ~ ~ 8 - T h e  Birch Creek schist is believed to 
have consided originally af sedimentarg materi.de, including shale, 
sandstone, and s little limestone. As a m l t  of deep burial and 
intense folding and crumpling at various times them roeh have been 
completely mmpttrUized and metamorphd into the schisks we 
now see. As a result of the very pr-s th'llt bsve developed mica 
whkta from previously unalhred sediments the =hi& h ~ v e  a highly 
complex structure, This structure includes larger c l m  folds upon 
which are m p r i m p d  smaller folds and dose crumpling and con- 
tortion, so that no trustworthy estimate can be made of the original 
thicknem of the bxb from which the schis& wem derived. Further- 
more, the xhists are tba oldest rocks in this region, and their base ia  
nowhere exposed. If can only be said that the Birch C m k  schist in 
the, Rantishns didrid is now at least 2,500 feet thick and is prob- 
ably much thicker. The &rum re is highly complex in detail, but h 
n b m d  way the stdxe of khe foliation is parallel with the axis of the 
Ahaka Rmge and its dip is steep. 

Age a d  mWk.-Prec i se  information mcernhg the age of 
the Birch Creek schist is dill lnckng, dthwgh the formation bss 
beem h d i e d  in many pnl.ts of Alaska ma by many observers, The 
mbist lacks fossila from which its age could b ~o~lratiely deter- 
mined, and as iit is everywhere the oldest formation in the district 
in which it ia found, nothing concerning its age can be deduced from 
the chracter of the underlying r o c k  In this genmel region the 
rocks next younger than the Birch Creek am the argillite and 
~ h ~ l l i t e  of the Tatina group, which is tentatively sssignd to the 
O r $ o v i h .  If this assignment is nccepted it would make the 
B i b  Crsek st least pre-Ordovician. In the Yukon-Tmma region, 
where the Birch C m k  is extensively developd, there is a thick 
=rim of sediments, the Tahlina group, that lies beneath Lower 
Ordavicim beds and above the Birch Crack ahid. The exact 
a p  of the Ta$alina is stilI nndermined, but it is in past correlated 
with rocb thst m h o r n  to indude Middle Cambrian famile, and 



iC ~~ behem Ordovician rocks and the Birch Creek schist 
lads &wng evidence to the conclusion that the Birch Cmk may 
lm of pmCambrian age. 

C b m t ~  mPzcZ d W & - - A  p p  of mks that bas been d e d  
the Tomarm group ~ x u r s  in considerable n m  along the north- 
west fmnt of the Alaska We. This p u p  as a whole haa been 

* rather fully demibed by  brook^.'^ lh the area here considered 
rocks of this group have been identified from Foraker Glacier ta 
the basin of T o m u  River. In most of that area they consist 
of g l o q  thin-cleaving phyllih and schists in shades of red, p n ,  
blue, brown, and black, though west of upper Tmmm River they 
m Im metamorphosed and include varicolored srgillites and cherts. 
In the belt of these rocks that extends from Foraker Giacjer 

muthwmtward to and beyond Barren Creek and in the belt that 
c m s  the Chedotlothna Bmin the rocks of this p u p  mnsht largely 
of ph~lgl2ih that has a silky sheen ~Iong the cleavage planes, though 
their texture irr h e  and no individual. crystals could be distinguished 
with the naked eye. W e r e  sufficiently metamorphd to exhibit a 
well-developed sclzistose structure the= rocla are easily identified. 
In places, however, there are large bodies of bhck argillaceous ma- 
terial, partly altered ta slate and phyyllite that resemble certain 
phasea of the post-Tonzons Paleoraic m b  described elsewhere in 
t h i ~  report, snd in them p l m  the separation of the rocks of the 
Tonmna group, EM ~hown on the amompanying map, is tentative 
only. On the asst side of the Tonma Basin south of Cathednrl 
Creek them are certsin quartzma schists, ~rssociated with black g l o q  
phyllih and dates, that may have resulted from the' metamorphism 
of some siliceous ipeoua  m k  Their d e w  of metamorphism jus- 
tifies their inclusion with the Tonzoni group, especially as similar 
rocks occur in this group in the Bonnifield and Kantishna regions. 
West of upper Tonwne River, in the type ares from which the 
p u p  took its name, the rocks of this group are less metamorphomd 

& than in the areas jn& mentioned and consist mainly of varicolored 
argiUite with considemble chert. 

Si!mah~e QW! thickne88.-The structure of the Tonzana group in 
this region is highly complex. The close folding thak developed the 
schistose stract~ire has so complicated the section that no reliable 
estimate of the thickness of the beda can be made. In general. the 
strike of the schistosity is roughPy parallel with the trend of the 

- - 
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mqpl and the dip is usually high, In most plaaes the Mdhg of 
the sediments from which the schists were derived c a n  not be deter- 
mined, though in localities where there is an alternation of scbistg of 
various colors the rocks of a single color may be presumed to repre- 
sent what waa originally a single bed or group of beds, and them 
also haw prevailingly steep dips. West of Tonzona River tbe Ton- 
zona socks are less highly metamorphosed, and' the structure is more 
easily decipherable. A section studied by Prind1e1* shows steeply 
dipping clay shah and grit with some limestone, interbedded with or 
cut by diabsse. Faulting is everywhere cammnn, and fad& prob 
ably played an important pad in determining the shapa of the premnt 
outcrops of t h i ~  group. It appears that the group must have an 
actual thickne~ in places of several thousand feet. No more definite 
figure can new lm given. 

,Age and m k a 2 h - N o  fossils hltve been fcmid in the rocks of 
the Tomna  p u p ,  and its age can themfore be determined only in a 
genera1 way. Brooks s t e w  that Jthougb its age is doubtful it is 
withdut doubt younger than his Tatha p u p ,  which is, in part at 
leaat, probably Ordovician. In the area here discnsd it mmrr cer- 
tain that the Tonmna mcks are older than the other Tacks that appear 
in close association with them. These wsociated rocks include the 
Cantwell formation, which is classified as early Tertiary, ~ n d  a great 
group of argillites, shales, slates, thin-bedded limy shales and lime- 
stones, and mssive limestones. As will be shown later, mast of the 
latter assemblage is believed to be of PJeomic age, and the muwive 
limestones within it are believed to b Middla Devmisa If, then, 
the mnclusion is correct that the Tonmna r h  am.older thm-the 
associated Paleozoic beds, they are older than 1PPicTdl~ ~etwi ian  md 
younger than the p h  of the Ordovician that is probably represented 
by the Tatinna group. The p m n t  ePidence is therefore that the 
Tomma lies sbmewhere between Ordovician md Middle Devonian. 

Diana* n d  chmactm-~he largest single p u p  of meb 
showg on the accompanying map (pl. 2) comkts of NI undifFergn- 
t i a t d  assemblage that includes blocky black argillite, slate, calcare- 
OM argillite, thin-bedded limestone and shale that are loally silici- 
fied, and mnsidemble intrusive ignmug mahrial. Undoubtedly this 
group will be subdivided into a number of formations when it can 
be studied in detail, for it contains several rather didinct lithologic 
units. The country occupied by this gronp lies, however, in the 
high, rugged part of the Alwka Range, much of which is covered 
by perpetual mow and in which practicdy all the valleys are oecu- 

. . .- 
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pied by glaciers, m that it is difficult of access. The m& of this 
p a p ,  furthermore, am all dark colored, rn that close e m i n ~ t i o n  

' of exposures is necessary to determine their character. 
In a general way it may be stated that this group is cornpod of 

al.gillacmus sediments, with minor amounts of coarser bed8 and 
with eome thin-bedded limestones. T h w  diments  jnclude black 
blockg argillite and black slate, lmally intimatsly interbedded with 
p p a c k e .  Elmwhere the slate or lsrgUite is calcareous and is 
interbedded with thin-Mded limedone. In still other p l m  both 
argillita and limestone ham been 9tmwly silicified, much of the 
lime having been removed and replaced by secondarg s i l k  Near 
the cantsets with large bodies of intrusive materials all the sediments 

i have been contact-metamorphosed, and the argiUite hss beeorne a 
hard, d v e ,  denw rock, filled with secondary minerals and lmUy 
mineralized by sulphides, chief of which is pyrite. It is in this group 
of sediments, st places near the borders of large granitic intrusive 
mssses or where they have k n  intimately intruded by dikes a d  
siUs ~g offshoot9 fmm the lnrgw intrusive massea, t h t  mod of the 
minerd deposits in this region o m r .  In certain areas, notably that 
just east of Muldrow Glacier in the vicinity of Copper Mountain, 
the volume of granitic intrusive rock injected into this group of 
sediments appmwhes that of the intruded dimenti. Such places- 
are shown on the ammpanying geologic map by a conventional 
pattern. In other places, notably east and west of Hanna Glacier, 
the intrusive rock predominates In ~olume over the sediments, al- 
though s large ~ m a w t  of sedimentary material is included within 
the bounda~ies of the igneous mass. These areas Jso ham been 
@hewn by a mnoentional pattern. 

S b h m  a d  tla&h~~s.--Onlg the general structural featurns of 
this gmup of rocks have been worked out, but I t  is known that 
them bed8 have been deformed by mounbin-building processes cIur- ' ing at lead two distinct periods and possibly more. One of these 
periods waa probably late in Mesozoic time, and another occurred 
during middle or late Tertiary tima Each defamation m l h d  

a from folding, faulting, and tilting along approximately tha prewnt 
a b m e n t  of the Alaska Range. The beds now present a wide 
range of structure, which nins from steep monoclinal d i p  to great 
major folds upon which secondary smaller folds are superposed, the 
whole h?viag been more or less complicated by faulting and locally 
by intricate intmslon. In the upper Toklat Basin this p u p  of 
roeh, including the Middle Devonian limestone, which is in reality 
a pa* of the PUP, although i t  is mapped separately, dip -ply 
to the north h e a t h  the hfemmic greenstonesl and the Cantwell 
fornation. No older rocks have been recognkd in that locality. 
Farther d, in tbe basins of Hemn aad Chedotlotbna Glaciers, 



these mdw overfie the older Tonzons whist9 but have been infolded 
with them. Thmnghout much of their men, in the rugged snow- 
covered pa* of the ntnga, the structure of this p u p  has not been ' 
deciphered. 

The complex strnctam of this group of beds rendera di.iErm2t my 
aimate  of its thickness, and the problem is further complicated by 
the feet thet in no one locality were both the top and bottom of 
the group a h d .  Furthermore, there is generally n 
erosional mconfonnity between thesa r& and the next younger I 

formation with which they are in contact, an d m o w n  thickness of 
the older group having been removed by erosion. Their wide areal 
distribution, however, and the great vertical relief of mountains 
compmd wbolly or in large part of these mk~ indiqata that the 
group mast be at leaat 3,000 feet thick, and it may b~ much thicker, 

Aga and cmEat%'ara-The best definite evidence of the age af 
this p a t  rock assemblage is that it includes materiala that lie both 
a b o e  and below the limestone t h ~ t  has been assigned to the Middle 
Devonian. LogicnEly this Middle Devonian limestone is a pert of 
thia p u p ,  but as it is a distinct lithologic unit and in places could 
be differentiated from the rest of the p u p  it has been shown by 
a mparate pattern on the accompanying geologic map. The beds 
beneath the Iimegtone are obviousy older than it and are younpr 
than the Tonzona group. Probably they are in part of earlier 
Devonian age, though some mliy be aa old ss SiInrian. Obviously 
also the beds that overlie the limestone are younger then it. The 
next younger formation in this region is the pmabnm that on =me- 
what doubtful grounds ia assigned to the Mesozoic, All that can 
defiaitely be; stated about this p u p  is that it inclndea TDcka both 
younger and older than the Middle Devonian limestone, and the 
group na EL whole is thought to te msinly of Paleozoic age. It'is 
proper to note, hawever, fhet in lithology parts of this p u p  clmly a 

rmemble s great series of argillite, slate, md graywmke that is 
extensively developed on the southeast flank of the Alaska Rsng, 
in the Sudtne Basin, and that is believed to be of Blemzoic age. 
Pogsibly a part of the rocks here aasignd to the Paleozoic may be 
of Mesozoic age. No f w i l g  have keen found in these racks, and 
f k l a  are likewim dmost entirely s k n t  from the Mesozoic slate 
and p v n c k e  group of the opposite 0 d  of the range, Further 
field studies wilI b necessary before the age bits of this rock group 
a m  b determined and before a positive statement can h made that 
it indudes only Paleozoic terranee. 

MUdEB Dcu&a Eiwtow.-At eve& p l m  in thh region, 
notably at the headwaters of Toklat River and on either side of 
Hmna Glmier, them are exposures of mamive.limeshne misted 



*th Mack argiIfite, slate, and limy a.p;Uaceons wdimenta In the 
Toklut Basin the limestone is intarbedded with dmmtary racks, 
and some small bodies of granitic intrusive material cut the d i -  
mentary series. The limestone does not occur in a continuous band, 
as might be expected, but is inkrrupM by faults and has come- 
quently a patchy distribution. Near Hmma Glacier the limwtone 
and a w i a t s d  sediments have been so extensively intruded by 
g r d  tic material that they now appear only as grat lema or irregu- 

r lar bla& completely inclosed by intrusive rock  On the a m m -  
panying geologic map (pl. 2) the larger maws of limestorra lire 

s h o w  in approximately their true position, but the ianumerable 

f 
irregnler bodies of argilIite, slate, and thin-bedded limestone that 
are inclnded in the great intrusive mass are indicated only by a 
mnventionaE pattern, for neither the seab to be wed for the map 
nor the time available permitted their mapping in the field. 

Everywhere, whether interbedded with sediments or h c 1 d  by 
intrusive r0cIL9~ this Iime~tone is crystalline and ma&ve. Bedding 
planes are indistinct or unrecognizable. At the head of the main 
Toklat Valley the limestone is really a marble in shades of white, 
gay, or pde pink. Near Hanns Glacier it is gray ta white on 
freshly broken faces, is completely recrystallized, and has much 
wondary calcite in veinlets and bunches, Weathed surf? &OW 

evidence of some silicification. No trace of fossils wm found in 
either locnlity, 

The mltssive l i d o n e  in tho upper T o b t  Bagin is much faulted 
end folded, s # ~  that its structure is o h m  The general strike of the. 
faulted blocka is appximateIy parallel fo the trend of the range and 
the dips are mmmonly deep. Although bedding planes were not 
o h m d  in this crystalline lim-ne, the shape and position of the 
msssea indicate a general northward dip of 70" or mom. b u m  of 

h 
the complex structure, which includw both faults and c l m  folds, no 
reliable estimate of the thickness of this formation could be nude. 
Hem and there the thickness has apparently hen increased by dupli- 
cation through faulting, but certainly the formation has in places a 
normal thickness of several hundred feet. Near E h n a  Glacier 
blocks and lenses of limestone that mrtainly are 400 feet or more 
thick are bordered by intrusive rocks, so that no measnre can be given 
of their original thiohesa Them lenses, inclossd in diorita, have 
various orientations but in general strike southwest and dip at high 
angle& 

No d i e  evidence of tbe age of this Zm&m was foand in the 
present investigation. I t  is, however, certainly p a g e r  thm~ the 
Tonzona phyllites and argillitm, desrribed above, and is older than 
the ContwelL The best evidence of ita a p  is thd obtained by car- 



mXpth with other Iinwshnes faund both & and aoathimt of thin 
am,! In the Tomna Basin Brooks l4 found .a limestone thet oc* 
mpim a position in the range similar to that here under discdon 
aad hns similar geologic relations, from which MiddIe Devoniaa 
fossilst were collected. Zikeewise Capps16 found on upper Sanctuary 
Craek massive l i n e  that yielded Wddla Dammian f o~sils. Both 
these >16calities are along the strike of the limestone here descrihd, 
wd ig both plPcea the limestone has similar geologic essociation& 
Furthermore;, no other massive limestone of known a@ occurs on the 
north flank of the Alaska Range in this region. Them thus seema 
to be ample jwtihtion for correlating the limedone in the Toklat 
Bwin and near Hama Glacier witb the Middle Devonian limestones 
that m u r  along the same strike both east and wmt of thia region. 

D M u t k  md c ~ m . - - T h e  Cantwell formation has an ex- 
tensive areal development in the Toklat BaRin and thence eastward 
to Nenana River. Farther west, in the region here mmidered, the 
Cantwell mure in relatively small, irregdar, and more or less isu- ' 
Eakd areas along the margin of the range, bordered on the southeast 
by Paleozoic sediments and granitic intrwive and on the 
northwest mninIy by later Tertiary materials and glacial deposits. 
It is entirely possible, however, thak the Cantwell formation may 
wcupy considerable areas in the Ksnti~hna-Kuskokwim lowland be- 
nmth the glacial materials and the younger Tertiary sediments. 

Tha general  characteriatiw of the Cantwell forniakion throughdht 
ite- known extant on the north slope of the Alaska Ran* have been 
adequately descritd by Brooks '"andl Capps" and will bs sum- 
marized here only briefly. The formation consish predominantly 
of coarse elastic sediments that grade from beds of coarse conglorn- 
emte which contain pebbles 6 inches or more in dismeter through 
finer conglomerates and grits Ito coarse sandstone snd thence into 
sbalep. Komslly the basal part of the formation is composed of 
coarse conglomerate, and there is  a tendency towrrrd fewer coarm 
beds and more fine sediments higher in the section, though Paidy 
coarse mngIomeFate beds occur at intervals far above the basa of 
the formation. Above the prevailing warn basal phase, which 
l~cally has a thickn- aa great as 200 feeh there is commonly an 
alternation of sandstone, grit, shale, and mnglomerate, the individual 
beds xsnging in thicknem from a few inches to many fmt. Many 

- 
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of the beds m -what lenticular, so that the section d 8 m  from 
p h  to glace. The Centwell sediment3 mnge from light p y  in 
some of the conglomerate mid sandstone ta dark gray and black in 
the M e .  The beds are well indurated and, weather into rugged 
forms The conglomemte @ally is midant, yields topographic. 
f o m  of bold relief, and breaks down into coarse angular talus. 
The #hale ia much lest midant  to eroaion. 

The CmtweU gedimenta were laid down d y  aa sobaerial 
kuskrhe w e9taarine deposits. No fossih ham been found in this 
formation except plant-remains, and the abslmce of all forms of 
aquatic animals indicates that the formation inclndea no marine 
sediments. kssociated with the Ctmtwell formation them are in 
places abundant volcanic materials, including intmiva dikes tlnd 

sills as well aa bm flows and tuffs, t h ~ t  a* in part interbedded with 
the Cmtwell formation. These volcanic rocks, which include rhyo- 
lite porphyry &ms and tuffs, andesite, and diabese, are, in many 
places highly colored, the colors ranging from white and c m m  
through Light shades af pink, red, green, and purple to dark green, 
brown, 4, and blmk? and they give tho striking colora to  the moun- 
tains of Calico and upper Teklanih Basins, to YoEychrome Pass, and 
to the upper Palley of Toklat Rivar. 
We& of Muldrow Ctlacler, in the mgion hem under disrmasion, the 

Cantwell formation likewim consists of mnglomeratx+ ssndsbne, and 
shale, but it is here asociated with volcanic tuffs and lsvas thst in 
placas e x 4  in t h i c k  the Cantwell sediments. 
Ia the dm bedwaters of CleaFwater Creek, just wlest of Mut- 

d~.G)laoier ,  is an area of several quare miles m p i d  by vwi- 
m l o d  mlcania mb, mainly tuffs, but ineluding dm intrnsive and 
flow phase9. One oonspiwom memhr of this assemblage is a blsck 
obsidian thst weathers to an opaque green rockrocg This obsidian also 
appears: at Green Point," oe the esst side of Muldmw Glacier mme 
2 mil- muth of the Thornfare C& bar. Them volcanic materials 
overlie typical Cantwell conglomerate, sandstone, snd shale. Parthor 
southwest, at the lower ends of Straightaway and Forsker Glaciers, 
there ia another large a m  in wbich the basal cenglomemta and finer 
sediments of the Cantwell are overlain by a thick =rim of tuffs, 
 flow^, and intrusive rocks Still farther southwest, in the basin of 
Tomma River, are m a l l  iwlated areas of CantweU sediments that 
are relatively free from volcanic materials, 

Sih&tm m d  t&km. - In  general the Cantwe11 mcka are leas 
severely metamorphosed thm either the Tonzona schists or the other 
Paleozoic sediments with which they are asrsociated. The degree of 
metamorphism which they underwent depended, however, upon local 
conditions, and the mult differs so greatly from place to place that 
no 'broad description is everywhere applicable. East of Broad Pam 



the.fomnatim grad- from normal Cantwell drnmts to stretched 
cdngiomerate and mica schist."n Xn the Toklat Brrsrin the be&, thmgh 
indurated, ape genedly f o d  in b d  open folds. h a l l y ,  how- 
ever, they are intensely crumpled and plicated. On the headwatem 
of Clea~water Creek tho Cantwell sediments and the associated wl- 
cmio materiala sre af f irirly simple structure and w e  little metamor- 
phosed. Their contact with the granitic rock on the m t h  is appar- 
ently a fault contact, and they are overlain mowformably by either 
the d-baer lng  Tertiary beds, the Nerrana p v d ,  or glacial 
depsib.  In the basins of Straightaway snd Foraker Glaciers the 
dominant stmctnral feature is a great pitching syncline in which 
the Cantwell &&s lia unmnformably upon Tonmna and post- 
Tonzona Paleomic rocks and Ere themselves overlain with apparent 
conformity by a thick s e r b  of the associated volcania r o c k  The 
irregular outhm of the areas of Cantwell rocks in the Tonzma 
Basin are the m l t  of faulting tbad infolding with the older rocks. 

Age and m--The only determinable fmib that have 
h n  mportd from the Cantwell formation c o d  of a few mllec- 
t i m  of leaf imprints, although the h e r  sediments genemlly mntntain 
poorly preserved carbonaceous remeins of sticks, twigq and leayea 
Mmt of these specimens have been determined to be of eariy Tertiary 
age. For only one collection was it suggested by the paleontologist 
that the age might be as old as Upper Crebous ,  but he comidered 
this unlikely. The earliest: age assignment for thia formation was 
made by Brooh, in 19053, and his conclusion that the Cantwell forma- 
tion w m  of Cerhtk€erons age wm based solely on lithologic gmmds, 
for he found no fossils that he thought belonged in this fomnation. 

The uncertainty in regard to the age of the Cuntwell inoolvea 
dm the age of the coal-bearing Tertiary bds of the north dope of 
the Alaska Bange. Thcm coal-bearing beds, which bave yielded 
abundant cullectionw of plmt remains, have been generally c o r n  . 
JatedE with the Kmai farmatioa of the Cook Inlet region, which is - 
considered to be of Emne  age. Somewhet fregmentary collections 
from the Cantwell have a1m ten doubtfully = f e w  to the Kenai 
epoch. Yet on stratigraphic grounds the Cantwell formlation is i 
certainly to ba amsidered rs older than the d-Mng Tertiary 
lmds of the north Bide of the Alaska Range, md it was .inauratad, 
deformed, and emded Mare. &e deposition of those beds. It would 
thus seem evident that eithr the Cantwell repfeaents m earlier 
stam of ths M e  than the coal-bearing T e r t i ~ q  bads, or dm it is 
of Upper Crehxoas age, w has already keen m d .  In view of 
the time interval represented by the deformation and eraion m- 
ferred to above, it seem to the wrihr that the Cantwell may be 
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as old mx Upper C-us, though in tEe lack of cmcluaive evidence 
it h here c l d  as Eocene on the basis of the pal8ontologic deter- 
mination~ now available, 

The vol&c materials associated with the Cantwell fomfion - may be copsidered of the same general age as the Cantwell, for the 
surface lavas and tuffs are interbedded with the diments.  In the 
region here described the main accumulrtiw of the sediments now 
remaining h k  place before the chief volcanic activjhy mmd 
Farther east, in the ToWat Basin, $he bulk of the voIcanic material 
m u m  about in the middle of the Cantwell formation, sad the major 
volcanism was preceded and followed by perids during which 
aadirnents were Ifid down with only a minor admixture of mlmnic 

:, materids 
-P COAL--0 FOEMATION 

C b t g t t  md & t r h h - M - b e a r *  a e d i i t a  of Emme 
age m u r  at intervals along the north flank of the Alaeka Range 
from the Kuakokwim Basin to the 'AIasks-Canada boundary, dm 
on the muth side of the range, in the basins of SElsitna River and ' 

CoDk Inlet. In the Cook Inlet region these beds have k n  called 
the Kenai formetion, and there is little doubt that the coal-bearing 
Tertiary sediments on the north side of the range am, in part at lemt, 
the equivalent of tha Kenai, though the exact identity of the two 
formations haa not yet been established, snd the d i m m t s  on the 
north slope have ~ls yet received no formation name. 

North of the range this formation is best h o r n  and reaches 
its gmntast development in the Nenana coal field, where the coals 
it contains have been mined for several years. Farther west, in 
the Toklat and Kanti~hna Basins and on the headwaters of the 
Kmkokwim, the Tertiarg md-bearing be& occur in mall blated 
areas an the flanks of the Alaska k g e ,  and although their known - stlrfaoe outcrops are amall it is puita pmible that they may occupy 
co~tsidereble areas in the p a t  Kantishns-Ku6kokwim lowland, can- 
maled beneath a mantle of glacial materials and stream gravel. It 

I. is to be expeded that a more thorough examination of this region 
d disclose other outcrops of this forthstion in addition to those 
&own m the map (pl. 21, 

Most exposures of the Terkiary ml-bearing beds show unmn- 
solidatsd or only alightly indurated whita to cream-mlod sand, 
gray to blue-blwk day, and frne conglomernh, with scattered mams 
and stick of carbonaceous material and in p l m  with lignite. The 
lignite is of fair gade, is brown to black, and oocurs in beds rang- 
ing from an inch or two to U) feet or more in thiclmess. In the 
region here considered this lignite haa at p-t rro value for kip- 
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ment to outside mark&, but it has been umd locally for domtmtic 
puqmes and m y  prove of grest mine in any mining devdopmmb 
that may take plam in the district, especially in localities where w d  
for fuel is not available, 

Occurrences of beds of the ~ 1 - ~ n g  formstion in Highway 
PBss md in the pms between Stony Creek and t h e  mthd branch 
of Mm,w Creek reveal narrow synclinal b i n s  in which there is an 
elternation of c l ~ y ,  sand, and gravel containing streaks of carbona- 
mus material and mmo considerable beds of a fair grade of lignite. 
A slonghed bank on the north aide o+ Thorofam Creek the small 
stream flowing west from Thornfare Pass, half a mire above its 
mouth, shows unmnsolidated clay and coasiderab1e Lignite. It is 
p i b l e  that them is at thnt place B lignite bed of worhble thickma 

At the upper main forks of East Fork of Clearwater Creek a mud 
flow on a steep terrace face shows lorn c r e a m - m ~ o ~  sand with 
fragments of lignite that indicate the pmxmce there of be& of the 
coal-bearing formation. Likewise on Coal Creek and oa s fork of 
Cleltmter Creek between Coal Creek and East Fork them are ex- 
p r e a  of this formation. From the East Fork of Coal C m k  rim 
B bluff 75 f e d  high consisting of tilted and folded ME of sand, shde, 
and gravel. The sand and &ale am unconmlidated, but lenses of 
the gravel sre consolidated so that they weather into cosrse an- 
gular b l o c h  At this place there are bunches and h d s  of lignih 
es much as 6 inches thick On the West Fork of Coal Cmk aeveml 

a pit3 have k e n  excavated on the weathered outcrop of a lignite bed, 
No coal in place was visible at the time of visit, but a large dump at 
one pit, amsisting wholly of watthere8 fragments of lignita, hdi-  
cat= tha p m n c e  of a comidemble bed of lignite at thmt place. 
No sxpmms of the coal-bring Tertiary formation wera ken 

between Coal h k  and Tomna River, 'but BmkaY* mapped two 
arew farther ~uthwast, btween Tomona and Ditlinger Rivera 

~Etpvctwe a z d  tIsiGh.-The sediments that make np the Ter- 
tiary coal-haring formation were deposited by stmama at s time 
when the area now occupied by tho Alaska 3&am was a region of 
low relief and of mature drainage, as is indicated by the sediments 
themselves, which am much finer than those now being carried 
by Btreams in the same area. ?She pre~~llca of thick lignite beds 
i n d i c a h  that there were long periods during which the acwmuls. 
Oion of vegetable remains could go on without being interrupted 
by the deposition of c l h c  sedimenh The depmition of the coal- 
baring formation we9 terminated by tbe be&ining of growth of the 
p-nt Alaska Range. The uplift of the mountains steepened the 
stream gradienb, and as a eonsequenee conme p v e E  depositdhe 



Nenana gsap~I-wem laid doffin upon the finer coal-baaring mdi- 
manta, which about this time wem tilted and folded. With the 
continued growth of the range the stream deepened their vallep, 
and the uocomlidstd Tertiary materials were rapidly cut away. 
Only in plwm where they were in mme manner p r o ~ b d  from era- 
sion or where they were folded down below the level of the older 
hard rocks have the Tertiary sediments remained. 

This formation isl believed to be generally unootlfombI~ npon 
? 

the underlybg mh. A dim& contact betwan these rocks and the 
Cantwell has nowhere beea obwrved, but the -tar induration of 
the Cantwell and certain discordan- of structure indicate an un- 
conformity.. Its dmdural relations to tha younger Nenans p v e l  
am not so wall agreed upon. In some places there ia a d e G t e  rec- 
ognizable mconformity ; ia others there appears to be perfect con- 
formity. It L Likely that in some places the deposition of the 
Kenma gravel succeeded that of the coal-bear ing formation w itbout 
intsrmptiw, but elsewhere the coal-bearing beds were deformed 
and eroded before bbeing covered by the Kenma gramI, Certainly 
the d -har ing  formation wss in general involvd in the. folding, 
faulting, and uplift of the Alwka Range. 
As only isolated bodies of this once widespmnd formation now 

remain, and as there is no m r a n c e  that the base of the formation at 
any place was deposited contemporaneously with the bass at  my other 
place, it is dficult to estimate the original thicknem of the formation. 
The thickest h o r n  remnant ia on Healy Creek, east of Nenma River, 
where a single section shams 1,900 feet of beds. Farther w s t  the 
remnants of the formation are thinner, and it is doubtful whether 
in the region here describad the formation ever attained m great a 
tbicknem. On upper Mwsa Creek several hundred feet of the for- 

. mation is expmd.  In tbe basin of Clearwater h k  Iem than 100 
feet waa seen at any one Imlity. 

C Ag0 and d h - T h e  age of the mal-bearing Tertiary for- 
mation of the north slope of the Make Range has b m  determined 
largely from tbe fossil planta that ham ban found in it and by carre- 
lation with similar beds of h o r n  age elsewhere. Plant remeins 
are abundantly p-t throughout this formation but are commonly 
found only as lignitieed sticks, stems, and imperfect and fragmen- 
tary leaf prints. In many places, too, where fairly leaf 
impressions m u r ,  they ttre found in incoherent sand and clay that 
crwabla upon digging and are too fragile Eo be collected for later 
study and identification. For these reawne tbe collection of fossil 
plants from most localities is dificult. At a few place, however, 
leaf-bring beds have k n  found in amciation with burned-out 
4 beds, and in the burning of the coal the adjoining clay beds 



have been baked to a hard, bricklike meterial, in which the leaf pIjllt8 
are s t i l l  perfectly preserved.  collection^ from these places B s e  
been identified as definitely of Eocene ngn and have mrved to corre- 
late the coal-bring formation of the north Aank of the mnge with 
the h e  depi t s  af the S u s i h  Bmim and the margins of Cook 
Met. The stratigraphic relations alw show that the coal-bring 
Tertiary bed4 are younger than tbe Cantwell formstion gnd older 
than the Nenanit gravel, 

C h t e P  a d  d&Mmtbn.-The Nenanrr gravel c o m p ~  ti series 
of elevated gravel deposits that are widely distributed along the .- 
north flank of the Ataska Range. They am extensively developed 
both immediately east and west of Nemna River, and the deposits in 
those localities have been described in such detail that a brief sum- 
mary will suffice here. 

The term Nenana gmvd has been appsd to a thick wries of 
unconrsolidated or only Emsely m e n a d  material, consisting for the 
most pnrt of beds of well-rounded, rather cuam p v e l ,  with mb- 
ordinats beds and lenses of smd. Pebbles the size of mbblestones 
am common, though there is much h e r  gravel, md in some p l m  
boulders a foot or more in diameter were wen. The pebbIss include 
IL wide range of rock t y p ,  and the percentage of pebbles of various 
types differs greatly from place to place. In the aggregate aU the 
oMer hard-mck formations of the Mash &nge are represented, 
though, as is to be expected, the harder mterialg such as quartz, 
quartzih, conglomerate, and various kinds of igneous m k  pre- 
dominate over the mfter and mare easily destroyed sedimentary rock 

A characterhkic feature of the Nenana gravel is its yellow or buff 
color, which indicates that the gravel is old enough to have been 
rather thomnghly oxidized, whereas the depcsita of tbe last glaciers - 
and of the present stmama that in many places overlie the Nenana 
g a v e l  are gray and little oxidized. 

The Nenana gravel, being unconmlidmted, yieIdu re~diIy to erosion 
by glaciers and streams, and the surface forms developed on it by 
erosion are generally of smooth outlines and gentla slopes, so tlpt 
good expasum am not common. As a consequence of ita smooth 
surface forms and the mantle of mil and vegetation by which much 
of it is covered, some areas of this gram1 can not be distinguished 
from m a i n  glacial depohsith and the Nensna gavel may therefore 
have a wider ;distribution than is shown on the map, 
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h , & e  mgion hers described the Nenana p v e l  was distinguished 
gnd,mapped at only a few places. In the basin of Thornfare Creak, 
north and northe& of Copper Mountain, there are some small 
ridgas and benches of old grwel that are evidently remnants of whst 
was formerly s much more widespread deposit of this material. 
The basin of Clearwater Creak has consriderable areas of PlTenana 
gravel, as shown on Plate 2, and no doubt this formation has a con- 
siderable dervelopmmt farther southwest but is pnerdly conceded 

T beneath the prevalent made  of glacial materials. 
Stmdum-That the Renana gravel is EL stresm deposit is indi- 

cated by the cha-r and composition of it3 materials and by the 
distribution of the formation. There is no evidence that this region 

,+ bss been generally submerged since Memmic time, as s-ll the Ter- 
tiary materials, including the Cantwell formation,, the coal-bearing 
formation, and the Nenans gravel, were Isid down by st-s during 
periDds when the surface stood tthve =a level. The prevailing 
c o a r m w a  of the Nenana gravel in contra& to the cornpmative fine- 
new of the sand and clay of the next older coal-bearing formation 
'indiates a renewed uplift of the MasIra Range after a period of 
relative quiemence, during which the relief of the region was mod- 
erate., It is believed that in this uplift the axial portion of tha 
rmge wag elevated enough to give the northward-flowing streams 
steep gradients, so that they could transpart mm material, but 
that the areas now occupied by the gravel were still north of the 
upliftsd area, After the deposition of the gmvel, locally ta a thick- 
n m  ad nearly 2,000 feet, the uplift of the range became inore ex- 
tended aad invoIved the; areas earlier covered by the gravel deposits. 
The gravel and the underlying coal-bearing beds were raised and 
warped into folds that lay paralId with the mombin axis. During 
these later stages of uplift and since the devation of the range to 
about its present height and area erosion by streams and glaciers - has been active, and the loosely coherent gravel has been deeply 
disseded. From some areas which it formerly covered it has been 
entire1 y removed. 

L In general the Mmna gravel is believed to lie conformably upon 
the coal-bearing formation in those mticms where both are present, 
Where the coal-bearing b& are sbsent the gravel liw unmfomably 
upon mme of the older formations. h l l y  what appears to be 
normal Nenana gravel is unconformable upon the coal-bearing for- 
mation, but this can be explained if the gravel so found' is considered 
to represent not the base of t h ~  Nenana form~tion but some higher 
portion, for the coal formation in places was doubtlem involved 
in the mountain-building movements and eroded during early 
Nenana. time and was covered with gravel later in the Nnanra epoch. 
Certainly in many localities there is apparent conformity between 



the cosEbesring I d s  md the overlying Nemana gravel, even ththbngh 
both h e w  been folded and tilted together. f t may be said that in 
general the Nenana p v e l  i~ deformed equally with the coal-bearhg 
formation where both occur, 

Age d corralatiotk--From the f a  cited it is &own that the 
Nemm grnval is younger than the coal-baring T e r t i q  ( h e )  
and older than any glecisl deposits that hsve been recognized in 
Alaska. Cerhinly it is older than the deposits of Wisconsin age, 
and i t  is probably s b  older than the pre-Wisconsin gllrcid de- 
posib. Brooks,P' who travemd thia region in 1902, grouped this 
p v e l  with the glacial deposits and con~dersd them all to 6e of 
Pleis-na age. As a mu1 t of field studies in 1910, the writer p e  
this formation ita nname, and comidered it to Im of Miome or 
Pliocene age.88 b t e r  studies, conducted through three field ~aaons  
md extending from Tonsona River eastward to Delta River, have 
convinced him that the Nenana gravel antedates by a considerable 
time all the known glacial deposits of the region md that the gravel 
was deeply oxidimd and extemively eroded before the first recog- 
nized Pleidmne ice advance. Furthermore, the conformable rsla- 
tions observed at many places between the mal-bring Tertiary 
beds snd the p e e l  and the similarity in the extant of the defoma- 
tion wfferad by them two formations indicate that the gravel 
dewition bqpm m n  &r the completion of the coal-bearing series 
and may well have ended the laying down of those; finer sedimenb. 
The p v e l  has yielded no fossils upon which an age determination 
could be baed, bnt the writer believes it to be certainly of Tertiary 
sge a d  probably ahnost ss old ms the ml-bearing formation. 

The area now otxupied by the Alaska Range has been the ewne of 
mountain-bailding movements at intervals sinm very early geologic 
time. Our information c~nceming the elimata of this region during 
these ancient tima is meager, but it is probable that during those 
periods in which themountain rmgn &md at a considerable altitude 
there w0m glaciers in the higher valleys, aa there are to-day, and 
that in the intervening periods when the mountains had keen wore 
down to moderate or Iow relief the glaciers diseppeared. The plants 
that flourished in early b n e  time give evidence of s temperate 
climate, The uplift of the present Alaska Range b e p  in Eocene 
time and has probably been renewed intermittently to this day. 

= B m t l .  A, E., OD. elk, pp. 10&168. 
" Clpm 8. R., m s  BannUield Wlm, a k a  : tT. L Gml, Ihtrra~. Bull. 601, pp. M, 
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In the beginning of Pleistbcene time, when the range had -bed 
approximately its present height and area, a progressive cbnge in 
climate began, which included a gradual lowering of the mean annual 
temperature and probably also an increase in precipitation. The 
mountain glmiera began to expand in area and thichess and to push 
farther dawn their valleys. Tributary gIaciers joined those in the 

T main trunk valleys, and the ice streams pushed outward to and 
beyond the mountain front and onto the piedmont plaie. After 
this first great encroachment of glacial ice there were several succes- 

F sive withdrawals and readvances of the iae, marking several stages 
of glaciation during the glacial epoch. 
T h e  complete history of early glacid time in Ataska can not yet 

be written, if ever, far during the last great glacial advance the 
vigorous ia atream, moving out into the areas that had earlier been 
glaciated, recsrved the v d l e p  m d  ovemda the existing glacial de- 
p i t s  and thus destroyed much of the evidence of earlier ice 
advanm. There is, however, on the north slop of the Alaska Range 
definite evidence that there was at least one major ice advance in 
Pleistocene time that tmk place bfore  the last great advance of 
which we have such abundant evidence.g In the northern United 
States and in Canada there were several distinct epochs of glaciation 
separated by periods of ice withdrawal, and it is quite likely that 
in d a s h  a h  there were at those times mmsponding glacial fluc- 
tuations. There is little doubt that the last glaciation in Alaska 
cornponds with the mod recent or Wisconsin a g e  of glaciation 
in the United Sktea 

um arrar a w w n  

Them ie abundant evidence to indicate the vigor and extent of the - Maskan glaciers during their lest great advence, snd the general 
distribution of glacial ice at that time is known, though many details 
still m d n  to be worked out. For the part of d l h  here con- 

* sidered the most striking feature of this diatrihticrn is the great 
diflence in the areal development of the glaciers on the opposite 
mdes of the Alaska Range. On the sauthern or Pacific slope the entire 
area between the crest of the Alaska Range and the coast, except 
a few of the loftiest peaks and mountain ridges, wag buried beneath 
a huge ica field. On the north slope the glaciera pushed outward 

. only a few miles beyond the monntajn front, and a p a t  area in the 
basins of Tanana, Yukon, and Kuskokwim Rivers wa~l'not then nor, 
so far as we know, at  any earlier time invaded by glacial ice. This 

a. IS.. The Zkntlehm mglon, AIaah: U. 8, Wl. lur*q Bull. 687, ppp, MMQ, 
1919. 



Mereurn in ice development on opposite sides of the range 
can not well be acoouflted far by m i n g  a dieerenee in the mean 
annual t emperah  of the two regions but is almost certainly clue 
to a di#eren,ce in the preaipitation. It is likely that then, as x~ow, 
t h e  mountain range acted as a barrier to the moisture-Iden winds 
from the Pacific, and that the moisture was chiefly dropped an the 
south' side of tha range, so that the interior region had a compara- 
tively arid climate. A further factor fmoring the greater develop- 
ment of the glaciers on the south slope L the aspmetrical position 
of the divide peaks, which lie much closer to the north front than 
to the ewth front of the range. The glaciers that were tributary to 
the Susitnra. Basin, therefore, had great headward basins in the high 

. mountains, whew8 the high port ions of northwand-draining valleys 
are in general short and srmrtI1. 

The extent of glaciation on t h ~  north Aank of the Madm h g e  
from the Kmtishnrr region eastward to Delta, River has already 
been de~cribsd.~~ In the ragion here treated no accurate mapping 
of the outer edge of the glaciated area has been done, for the ice 
extended out iato the al.lluvial lowlands, which in summer are marshy 
and which lie outside the region of principal concern in the prewnt 
investigation. It is known, however, that Mddrow Glader, which 
is much tha largest glacier on the north slope of the rmge, pushed 
northwestward at 1easE 30 miles beyond- its present terminus, over- 
flowed ,the divide between McKinley Fork and upper Mmse Creek, 
and sent at Ieast s d l  ice I d e s  both dawn Moose Cxleek md into 
Stony md B o u n d q  Creeb. Wonder Lake lies in a glacial basin 
excavated by tbe im that moved northward into Mume Creek The 
outer limits of this glacier on the northwest have not been defmed, 
but i t  probably terminated in wme such may as is indicabd on the 
geoIogic map. (Pl; 2.) 

West of Muldrow Ghcier the mountain fmt ,  a t  the time of the 
lest p a t  ice advance, was bordered by a piedmont ice sheet formed 
by the mleecing of rt large numhr of valley glaciers whose terminal 
lobes expanded laterally ap the ice streruns emerged from the confinm 
of the narrow alpine valleys. This piedmont iw sheet exhded ont- 
ward into the lowland for an average distance of 12 or 18 miles from 
the mountains. The present surfraoa of the ares, thd was &vered by 
thia ice sheet is naw marked by large and sm dl loouIders, by deposits 
of glacial till, and by m y  ponds and lakes. me p a t  lowland of 
Kmtishnit and Kuskokwim Rivers farther northwest ia believed to 
have escaped .glaciation not only during the last p a t  advance but 
dm during previous stages. So far es is known, the area between 

-PO, B. B, The Kantlshna keglon, Alaska : U: W I .  b m y  Bun. 087. pp, 50-64, 
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the Alsslra Ranga on the south and the Brooks a n g e  north of the 
Yukon has never been invaded by a cont inW ica sheet and has 
never been occupied by glacial ice exmpt by a few small valley 
glaciem that formed an the slopes of isolated mountains. 

The existing glaciers in the part of the Alaska Rang  here de- 
scribed show evidenca of rather recent retreat and shrinkage. Mul- 
drow Glacier, although still vigorous, nevertheless has an area, at its 
lower end where for several square miles the ice appears to be melting 

1 faster than it is replaced by movement from above. Hanna, Forekar, 
Hemn, and Chedotlothna Glaciers are all in retreat. Straightaway 
Glacier and the many glaciers tributary to Tonzons River show less 
evidence of recent shrinkage. 

5 From the indications of recent retreat here md elsewhere in Alaska 
the inference has often been drawn that the Alaskan g'laciera are all 
shrinking a d  are on their way to cornplet~ disappearance. This 
conclusion is not "justified, There is abundant evidence that many 
glaciers are as large now as they have been a t  any time for several 
centuries, and others have shown important m n t  advances The 
vigo!or of each glacier is largely determined by the condi tiom of mow- 
fall and of melting within its o m  basin, and unequal distribution 
of ths snowfall in m y  year or series of years may cause some gla- 
ciers to advance and others to retreat, The terminas of my glacier 
ia lihly to  oscillate within certain limita over a period that may seem 
long as meamred in the lifetime of a pemon, but a period of retreat 
for any given p u p  of glaciers is likely to be followed in time by a 
period of readvance. 

-Em BTPkaX nBIPU 

The grsvel d e p i t s  along the present streams, indicated on the 
sccumpanying map (pl. 2), have been laid down under conditions 
assentially like those that now exist in this region. These depita  

I include only those that m p y  the flood plains of the present streams 
and are subjwt to overflow in ti- of flood; as a, m q u e n c e  they 
appear ion the map aa long, narrow bands that follow the irregular 
courses of the streams. 

Except Clearwater Creek, 8 headward tributary of M c K i I q  
Fork of Kantisbna River from the south, all the larger stzlesms 
head in glaciers and in consquenoe are heavily charged with sand, 
grenl, and mud during the summer season of glacial meIting. A 
part of this load of detritue is depsited along the &em flood. 
plains, building up wide flats of bare gravel snd sand, through which 
the stFeams flow in many branching channels. The coarser gravel 
and ssand is deposited near the glaciers; farther downstream, where 
the material baing transported consists of finer gravel and mud, the 



riwra.de@t less materiaf, have narrower %ood pl* snd show 
much h tendency to branch oat into many small channel 

Igneous m h  wmpy l a w  areas within thb region and are of 
wide mge in both composition and tage. Sgneoua activity haa taken 
plam here at internah from the pre-Ordovician ta t h ~  Tertiary, and 
the only formations that do not contain intrusive or extrusive 
ieeoua meterids am those of late Tertiary, PleistooeDe, and h t  C 

age. The oldest ~ ~ L W U B  rocla that have been recogaized ara certain 
basic greenstones and serpentines that are m i n t e d  with the Birch 
Creek schbt and hwe ken metamorphd dong with 'the whist, a 

If theee roch were- originally lava flows, as a p p m  likely, they 
were extruded during the laying down of the sediments that are now 
altered into whist and sr, am contempranmus with the schist and 
of pre-Ordovician rage. 

The Tonzona p u p  of sediments is m i s t e d  and in p r f  inter- 
bedded with rocb that were originally rhyolites, rhyolite porphyries, 
and  tuff^ but now h ~ e  beea dted into sci8t. These igneous 
mahrials sre much less abundant in the ragion here described than 
they ttre farther enst in the vicinity of Nmnm River, where they 
have m i v e d  the name Totatlmih schist. 

The most intense ignews activity in this region took ~ I a m  during 
Mesozoic time and resulted in the intrusion of granitic rocks in large 
volume and in extensive flews of bassltic lava. The exact periada 
during which these granitic mIrs were intruded and the lavasl poumd 
out have not been determined, nor haa it been pdsitively learned 
which .wemi tbe earlier. Both the granitic rocks and the gmemetone~ 
cut the grest eerie? of sdimenb here clawified ag post-Tomria 
Paleozoic mcks and urn certainly younger than the Paleozoic. Cor- 
relation with perid  of igueous activity elsewhere in Alaska Ieads - 
to the wgptian that the main period of volcaaim rspmented by 
the p n s t o n e  flows here was prob~bly in emly Masozoic tim% 
whareaa the intrusion of the granitic mcks probably mcu& in 
Jurassic time, or even later in the Mmmic. w 

Although basic dikea md silh em prwent here and them thrarrgh- 
out this area, in mwt placea their extent is too mall to be shown on 
s map of the mtb of Plate 2. In the upper basin of Toklat Riper, 
however, and northwwt of Thorofara snd Highway Passes them are 
mmiderable areas of grwastone that shows flow structure and WES 

therefom poured out upon the surfaee as lava The greenstone is 
apparently more than 2,000 feat thick r & ~ r p  in color from dark 
green bo dark h n  and deep purple, i~ mrnmoonly mygdular, and 
in placm shorn ellipsoidal stmcture. It lies mmnfomably h e a t h  



the Cantwell formation and appears to be nnmnformab1e upon the 
Pdmmio gsdiments. No fossils have been found in it, and it is here 
tentatively assigned to the Triassic. 

Grmibic rmks, including granite, monmite, and diorite, are 
impatant elements in this park of the Alaska Rmp. (See pl. 2.) 
They occur in two large and several mnaller nress. One area ex- 
tends from Muldraw Glacier southwestward to Stmightaway Glacier 
in a belt that is 3 to 4 miles wide and is extended northeastward by 

? 
a n u m k  of mdler outliers. In places the northwest boundary of 
this eanitic belt is a nearly straight line that suggest9 a fault con- 
tact. %where the main intrusive mass includes increasing quanti- 
ties of sedimentary materials as it9 edge is approached until locally 

c the &en ts predominate, though cut by greak quantities of granitic 
dikes and sills. This is especially true near Capper Mountain and 
northeast and southwest of Ranna Glacier. 

The second hrge area of granitic rocks extends from the west base . 
of Mount McKinley soathwestward to Mount Rumll. Although the 
p-ce of granitic rocks in this area is definitely known from the - 
morainal material brought d o n  by the glaciers, and although even at 
a distanw of several miles the granitic areas could be distinguished 
from the dark-colored bordering sediments, neverthebm these rocks 
lie in the rugged and almost inaccessible portions of the range, and 
the writer nowhere actualIy examined them in place. The part of 
the range in which they mur is largely unmapped, and the hmdary 
between the granitic materials and the Paleozoic sediments, as shown 
on Plata 2, is an approximation only, It is carhin, however, that 
fbey extend mthwmbvard beyond the crest of the range and onto 
the Susitna slope, for the glaciers on that slope carry great quantities 
of granitic materials on their mrfaces. It is probable that the abil- 
ity of these hard, crystalline rocks to resist erosion is in large part 
responsible for &a great height of the prest-line peaks in this part of 

. the range. 
No dehite evidence of the age of the granitic intrusions w ~ s  

obtained in this invdigation other than that they cut and are there- 
fore younpr than the Middle Devonian Limestones and are overlain * 
by and are therefom older than the Cantwell formation. Similar 
grsnulsr inkusires occur in placas throughout the Alaska Range and 
in neighboring regions in the Susitnrr Basin. In the e e r n  Tal- 
keatna Mountains their stratigraphic relations show that similar 
granitic rocks cut h w e r  Jurassic W s  and were intruded before late 
Middle Jurassic time. On the basis of correlation with these intru- 
s i ~ e s  of the eastern Talkestna Mountains, a correlation that is admiL 
MIy open to question, the p n i t i e  intrusives of the region here under 
comideration are tentatively amigned to the l& Lower Jurassic or 



early Middle buncssic, but they may be in part a;% young tw Upper 
Cretahus. 

The next notable igneous activity after the intmion of the gmnitic 
m h  took plam during Cantwell time. T h e  deposition of the early 
coarse clastic sediment9 of the Cantwell formation was hterruphd b~ 
a period of volcanism during which a thick series of lava flows and of 
frqrnentd wlcmic material accumulsted in this region.' In places 
this material consistad maidy of rhyolite and andesite lava flaws. 
Elsewhem it was composed largely of fragmental material ejected 
from volcanoes, and this formed thick beds of tufF inbrldded at 
intervsls with flows. Just west of Muldrow Glacier, in the head- 
ward basin of C l ~ m a h r  Creek, several thousand feet of vm trimlored 
tuff, with some andesite flows in wd, brown, pink, and gray and kwh 
of glossy Mack obsidian, occupies an area of several square miles. 
*Similar m k s  also occur along the lower  alleys of Fvraker snd 
Straightaway Glaciers, farther west. Included in these volcanic ma- 
ter ia l~  are minor quantities of sedimentary rock, deposited during the 
intervale betwaen ~olcanic outbu*. At a few places dikes and sills 
cut the Tertiav cad-besring formation, and mme tuiFawus material 
i s  present, but in general it may be said that Bince the Cantwell epoch 
there has; been little igneous activity in this part of the A l h  lbrrge. 

No productive mining hea rn far been done in the region here under 
diseuasion, though aeveral Ides carrying silver, gold, lmd, and 
copper have been staked, and some davdopment work has been done. 
In the Kantishna district, however, just north of this region, placer 
mining has bm conducted on s moderate scale edeh year since 1905, 
and the total output of placer p l d  to  the end of 1925 hw beexl about 
$556,000. Recently considemble attention hwi been given to the lode 
deposits af the district. A large number of lodes have been staked 
on quartz veins carrying silver, gold, and lead and other Ides mmy- 
ing promising bodies af antimony ore. Om grwp of claims on 
Friday C m k  has yielded a considerab1.e quantity of high-grade 
silver om, thwgh no systematic mining has been done. Ml the lode 
prospects and mines of the Kantishna district are on veinsfiat cut 
the Birch Creek,schist. T h e  schist in this ares wxrs only at .the 
northern margin of the TokI~t-Tonzons region and has not been 
found in the Alaska Range south of the &atisha district. A31 the 
prospects now h o r n  along the northwest fmnt of the Alaska Range 
from Muldrow Glacier aout.hwastward tm the basin of Tonzona River 
lie dong the margins of granitic intrusive maws, either in the intm- 
sive itself or in the invaded sediments near the granitic rock Fur- 



t ~ ~ ;  rather close prospecting has failed to disclm the p m n m  
of placer gold in enmurwing amount& The &enm of placer pld,  
however, does not necessarily mean tbet gold-bearing lodes are not 
preeent, Glacial erosion during the last period of glaciation was so 
severe in the mountains that any alluvial deposits that may have 
contained placer gold must hltve been removed and scatterad, and 
north of the mountain front the great quantities of gllgcial d h i s  
would have buried any stream-channel deposits that escaped glacial 

I mur.  The chance of finding extensive gold placer% in this region 
is rather slight, although it is possible that if pmglacial pl~~cers 
exided here smaU areaa of them might have been preserved by mme 
muma1 combination of circumstances. 

c At Copper Mountain, just east of the end of Muldrow Glacier, 
is a mineralized area that has attracted considerable attention, It 
was dimvered in 19-21 by 0. M. Grant and F. B. Jiles, who staked 
23 claims on the north  lop of Copper Mountsin between Mnldrow 
Glacier and Thorofare Cmk.  The mutry rock consists of a series 
of calcareous and siliceous srgillites and siliceous limestone inti- 
mahly intruded by granitic dikes azrd sih,  the intrusive rnlakrirtl 

. locally equaling or exceeding in volume the intruded diments.  
The sedimentary beds are mfossiliferous, and their age is not car- 
hinly known, bnt the best available eaidenca indicatee that they are 
Paleozoic. The d iments  are much altered snd silicified, probably 
as a result of the intrusion of the @tic material. The geology is 
complex and has not bwn worked out in detail, but it ia h o w n  that 
in addition to the intricate and imgdar distribution of the intrusive 
rocks .there hss hen considerable faulting at more than one perbd. 

The metzrPLic minerals, which were no doubt intrducad as a result 
of tho igneous intrusion, include the sulphides of zinc, laad, iron, 
and copper, with a varying content of gold and silverm The ores 
have r e p l a d  the calcareous sediments and occur as vein filIinp in 

w both the sediments and the granitic intrusives. Sphalerite is much 
the mast abundant rmlphida and occurs as massive aggregate9 dmost 
frea of other alphides or gangue, as a mixture in various proportions 
with plena or with both galena and chalcopyrite. The sphalerite, 
where unaccompanied by lead or copper pulphid-, is mid to carry 
only 8 minor content of gold and silver. The galena, by contrast, 
commonIg carries much silver, and assays have been obtained that 
show more than 200 ounces of silver and $6 to $17 in gold t~ the 
ton. The -outcrops that   how the most mppr are on the Caribou 
and Denver claims. Elsewhere the lead and zinc s~lphides pra- 
dominate. ' 
By the fsll of 1925 little more than assessment work had been done 

on these claims, and except one 90-fmt tunnel, all the development 



work d s t e d  of open cuts, trails, and a camp. Them is no doubt 
that Coppr Mountain is extensiwly m i n ~ f e l ~ ,  but the work MI 

fax done is inadequate to demonstrab whether or not there are mf- 
6ciently large bodies of high-grade ore on it tn mnka mining 
profitable at pmsent. 

A group of claims has been &kd by John Anderaon on the eaat 
side of Thornfare Creek, east of Copper Mountain, on what is re- 
p o w  to be B hrge body of sphalerite with some @ma. Assays 
sre said to erhow mainly zinc and lead, with only minor quantities of 
the precious metals, . 
In the region muthwest of Muldrow Glacier a n m k  of Ida 

chima have been staked, principally by H. Cnrlsm and "Slim" 
Averil. As reported by the owners, mod, of theses daims are on 
minem.alid I d e s  that lie near the northern margin of the p t  
granitic intrusive mass and are probably of the same mode of origin, 
as the lodes near Copper Mountain. The principal meta4 are said to 
be lead, silver, and copper. No one was on t h m  properties at the 
time tbe writer visited the region, snd as only assessment work has 
been done on t h  he was unable ta h d  mmt of them. It may be 
said, however, that all along the margin of the panitic intrusive 
ma- them is widespread ~vidence of minerathation, mostly by ' 

iron sulphide, and it seems quite possible that there may be localities 
where the more minable sdpbidea of led ,  zinc, and copper, as well 
as goEd and silver, rnsy be present in sufficient quantity to justify the 
development of mines, if better transportation b c o m  available. 
ks has already been sbtsd, the region is at present so difficult of 
scae;ss that only very high p d e  ore could be mined at a profit. 

Aside from those on Coppr Mountain, the only lode claim in &is 
region on which my mnsiderabla development work has been done 
is the J and E claim, on Boulder Creek, a stream that joins Chedot- 
Iothna River from the rwuth, m e  10 miles below Chedotlothna 
Glacier. The J and K claim, staked in July, 1923, by F. B. Jiles, 
FA Knudson, and Jo Catom, lies on the emt ~ i d a  of Boulder Creek, 
rabut half a mile below the glacier in which that strean heah. 
The mineralized rock on which pmpecting wss done occurs in 8 

group of sediments that include blocky slete and argihlite, aa well 
as th-bedded silmw limestone and chert, pmbebly all of Paleozoic 
age, that occur in 8 namw belt bordered on the north by older 
Tonmma whist and phyllite and on the south by s maas of granitic 
intrusive r o c k  The srea of great& minedimtion lim about 250 
yards from the contact of the arpillite-slate-limestme p u p  with 
Tomma schist, and about a quartsr of a mile from the granite 
contacf. 
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The phcipal dedopment work on this property consids of an 
open mt 25 feet long, with a 1Zfoot faca, having a 12-foot shaft in 
its floor nt the edge of the streurn bm, and a trsnch on the bench 
some 20 feet vertically above the shaft and 40 faet west of it. Prac- 
t i d y  the entire open cut, the shaft, and the trench are in a body of 
~ d e r i t e  (iron arbonah), and the dump is compmed lar&ly of this 
material, The lode strikes about N. $0" W. and stands almost verti- 
cal. In the cut and on the dump the metrallie minerals recognized in 

?! 
addition ta the abundant siderite %re amnoplgrite, pyrrhotite, pyrite, 
chdcopyrite, ~phalerih, galena, malachite, and coatinffs of man- 
ganese oxide, It i s  reported that the chief encourapment to the 
ownem was r tkin win of galena bearing much silver, but this was 

+ apparatly dl removed in prospecting. Polished &ions of the 
ore examined under the microscape show that the siderite, now much 
the most abundant of the metallic minerals, was i n t r d u d  later 
thm the sulphides, Tatrahedrite ha9 been reported from this prop- 
erty, but none waa ls in either the b a d  specimens or the polished 
d o n s .  

Some 200 feet mathwest of the majn workings a 10-foot tunnel 
d m  8 m e  of sulphides, mainly arseaopyrite, lying parallel to 
the vertically dipping bedding. The country rock comistts of sedi- 
mentary beds that show thorough secondary silicification, and s 
granitic dike 50 feet thick cuts the sediments some 100 feet muhast 
of the t m e L  

The general conditions of minerelimtion at this property are 
" strikingly like tbmw at Copper Mountain, except for the presence of 

&bandant siderite and pyrrhotite. What were once presumably crtl- 
camus &8nb m r e  cut by granitic dikes that have silicified thc 
dments and intdnc8d a Bimilar suite of sulphida to that en- 
erally found near the borders of granitic intrusive rocks in this 
@of 

w It w reported thak the streak of rich silver-baring galena on this 
property pinched out and that the claims hs~e been abandoned by 
tbe original skahrsr. 
In the existing situation in mgard to transportation to Copper 

m 
Monnkin and to points farther southwest along the Alaska Range 
only ore of vwy high grade can be profitably &mixled and srhipped. 
On a recent shipment of about 30 tons of ore from the Kantishna 
district to the smelter at San Francisco transportation chargea alone 
were mom than $70 a ton. This ore trawled about 20 miles by sled 
rand the rest of the way by river boat, railroad, and sbamship. 
Tramportstion b Copper Mountain will be improved on the com- 
pletion of the wagon mad from the railroad at McKinley Park 
&ation, now under construction by the A l a h  Road Commission, 



b'ut even with s wsgan road an expensive had of mms ,BO mileg to the 
railroad will remain. Unlegs considerable bodiea of high-grade ore 
are found or unleas supplies of lower-grade are large enough to 
justie a branch line of the m i h d  are developed, the remote situat- 
tion of this district will i~npose a severe handicap upon lode mining. 
With the possible amption of Copper Mountain, the ore reserves of 
which hava not yet k n  determined, no I d e  depmits of sufficient &w 
to justify s railroad to this region have yet been found. 



GEOljOGTC INVESTIGATIONS IN NORTHERN ALAHICA 

NARRATIVE OF TEE EfEPEU)ITfON 
L 

Geologic investigations in naval petroleum -we No. 4 were 
continued in I925 by a party in charge of Gerald FiteGeraEd, 
topographic engineer, with Walter R Smitb, geologist. Thia psrhy 
bft Washington February 20 and Sesthle February 28 and arrived 
rt Nensna, on the Alaska Railroad, March 10. At this place W. R. 
Blankemhip and Fay Delexene, who were to mist in camp dutiss, 
joined the party with two dog teams and the necessary equipment 
for the trail. The party left Nenana Mamh 13 and made the trip 
along the Menana-Rome mail trail to the head of Nortan Bay l~nd 
thence to Kotzebue, a distance of about 725 miles, at an average rate 
of more than 27 miles a day. At Kotmbue n-ry supplies snd 
equipment were obtained, as the party would h unable to purchase 
additiond supplies mtil they returndd ta the mast in the fall. 
Several natives and their dog teams were hired to help in freighting 
some of these supplies into the mountain& which form the; southern 
boundary of t b  reserve and at which the new work of tha seamu 
was to start, 

b v i n g  Kotmbue on April 16, Eha party went northward up 
Noatak River to the Kugururok (m pl. 41, a tributary from the 
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north that enters near longitude 162O W. Topographic surveys were 
started from landmarks a short distance above Kugpmmk River, 
near the canyon of the Noatak, that had hen located by C. E. 
Giffin on an earlier ~urvey, and geologic observations were made 
so r a  to tie the new work to that done by Philip 8. Smitb in 1911. 

The party pushed up the Kugumrok until the later part of April, 
when a p across the mountains was found that led to the drainage 
basin of the Utukok, a stream on the north side that empties into the 
Arctic Umm near Icy Cape. From then on every eflort was mail9 
to move the camp supplies farward so that they would reach the 
drainage basin of Colville River before the ice. on that strean broke 
in t h e  spring and at the same time to survey aa large a t r a  of the 
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adjacent .brritory as p&ble. Both objects were s n d I 1 g .  ac-- 
plished. A law p s a  from the Utukok to the ColviEle was found, and 
all supplies placed far enough down the Colville to permilt the use 
of can& when that stream became free of ice, One of the can= 
u d  by the party had hem h a d 4  in from Kotaebue with the other 
supplies. The wmnd canoe was one that the h 1 o g i a 1  Survey 
party under W. T. Foran had been forced t o  abandon on the Utukok 
the previous year, when they encountered unexpectedly difficult and 
long portages. 

The ice on the Co1piU.e broke so that a canoe was need on May SO, 
the smne date &at EiUk River, the tributary of the ColviIte on 
which the expedition of 1924 made its winter headquarters, had 
broken the year before. With the opening of the river dog-team 
work caased for a while, and the party worked downstream, making 
numemus back-pckiug trips into the country 20 miles or more f m  
the river and thns widely extending the ares covered by the surveys. 
On one of these side trips the headwntem of Raksu River were 
mapped. This atream is p i b l y  one of the h& of Meade River, 
but its psitian ia such that it may turn and enter the Ketik or Avalik, 
which flows into the Kuk, sa that further exploration will be required 
before ita true mum mn be fully determined. During thaw trips 
north of the Colville more of the basin of Awuna River, whose 
lower part wes m n d d  by one of the parties of the expedition of 
1924, wag mapped. In this way md dropping m m d v e l y  down- 
stream, the party descended the CoIville 4.0 Etivluk River, s tribn- 
tary from the south which mbm the ColviUe near Jongitude 156' 
and .whose lower murm was traversed by the S n r ~ e g .  party in 1924. 
At this point, which was reached July 12, jmction was made with 
the numy8 of 1924, which had covered most of the agstem part of 
the basin of the Colville as far east as iB tributary the Anaktuvuk. 
The party under FitaQerald therefore turned southward, ascending 
the Etivluk and mapping the country on both sidm of the stream. 
During this upskearn journey dogs were used with good effect had-  
ing on the tow lines of the boats. By July 25 the party had reeched 
a portion of the stream so mall that each day it'seemed likely that 
only a little mom progress could be made with the boats. The rainy 
weather, however, kept the stream at a goid stage of water, and by 
the occasional urn of a shovel to widen ont narrow p ints  in the chan- 
nel, %he boats wem successfully worked upstream. Abve the camp 
of July 27 the strekm was little more than a guUy cut through the 
turf, just wide enough for the canoes to pass thrdugh arld with very 
little c u m t .  This character continued for mveral miles, to a p i n t  
a miles above the camp of duly 28, where the stream waa found to 
issue from a luke a b u t  1% milss in diameter, This lake proved to 
be sitaad almost p d y  on the divide between the Co1viIle md 
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the Noat& and a portage of about 1,000 yards from its south end 
brought the party to B stream tributary to Aniuk Riwr, which flows 
into the Noatak a little west of longitude lMO. The Aniuk was fol- 
lowed down without much difficulty to its mouth, which was mached 
August 11 and where the surveys were tied with thase made in 1911 
by Philip S. Smith and 6. E. G i h .  

The party quickly dropped down the Noatak, mrrking practically 
no stop except for 'camp at night, and arrived at Robbue August 

, 52. Here connection was made with the  bone^, and through the 
courtesy of the Bureau of Education the party was tarken to Norne, 
whem, after 1- than a day's delay, it obtained pamap m ane of 
the ba t s  running between Nome and Seattle. 

rn Throughout the region north of the Noatak spruae and other large 
trees are entirely absent. In fact, the most northern spruce in the 
region was seen an the Kugururok near latitude 6S0, and no spruce 
was found on the Noatak or my of ib  northern tributaries en& of 
the Nimiuktuk. In the valleys north of the mountains W&WS grow 
a t  suficiently dose imtervals m that with care they e m  be relied 
on as a source of camp fuel for small parties of travelers. The area 
more remote from the streams is covered with g r w ,  lichens, moss, 
and prostrata bushes. Flowem are nearly everywhere abundant. 

Game. was found abundantIy in the northern part of the area trav- 
ersed. In the mountains are shmp, and in the plateaus and low- 
lands north of them caribou was the main source of meat. Fish, 
principally grayling, were caught in the ColviUe and Noat& and 
mny of their tributaries. Doubtlw they live in many of the other 
&reams, but these were the only ones that were traversed during the 
senmn of open water. Birds were alm abundsn&pta.rmigan in the 
higher mumtry and water birds, such as geese and ducks, in the lower 
country. Only one bear WIM men, and signs of bear were not at all 
common. Some red fox l iw in, the region, but they did not appear 

11 to be nearly as nu me mu^ tm in the similar ~ g i o n  to tha a~t, 
3 

Natives from the Noetak often go into the Utukok for trapping. 
No people liw in the region traversed by the party in 1925 after 

leaving Noatak Mimion, on Iower Noatak River, Signs of former 
humnu visitation were seen at a number of plmm, but they were 
made by nomadic parties on trapping expeditions or traveling 
through the wuntry and did not seem to indicate very long sojourn 
at any single locality. 

ALI a resalt of these explorations an area af about 8,500 squme 
miles of hitherto unknown country was mapped with the degree of 
aamacg; required by r e ~ ~ n n a ~ c e  exploratory standards. A much 



h g e r  mrr was ohfved go that its general nspeda am h o r n  et least 
dciently well to b of considerable a s s i h c ~  in planning further 
work in the region. Although in general the work is counted as of 
exploratoq stundad, most of it maa wily done in much p a t e r  
detail. &I effect prf&ically an of the topographic work was exe- 
cuted by plane-table and micrometer-travese methods on a field 
scale of 1: 180,000, though the map which is in c o r n  of preparation 
is being dram up for publication on a scale of 11: 500,000. At fre- ' 

gnent intervals during the work'observationa for letituds and azi- , 
rnuth'were inade with a transit. When compated these observntions , 

coincided with the positions determined by the other methods very 
closely. The position of the mouth of the Aniuk as determined by 
this supvey coincided so closely with that prePioudy determined by * 

G i h  that probably few points are more than a mile out of position 
east and west and probably not as much as that north and 8011th. 
During the winter the novel expedient was used of making the 
micrometer bases of snow, and placing a, mlored piece of cloth on the 
face toward the point from which the next observation back on 
t h w  bases was to be made. This expedient was reaorted to because it 
was necessary to make signals in 8 region where timber ie entirely 
a k n t  mnd where even good-sized bu~hes rare axtsernely ram, except 
in the valley bottoms near the streams. It may be of interest ta 
note that a number of the low station marks made of bmh snd used 
as micrometer bases by the party that surveyed the Noatak in 1911 
TTBN dl1 standing. E=le~ations were deermined throughout the 
ama surveyed, and the relief was sketched with 200-foot contours. 
The same major topographic division was noted in this region as 
had been reported in the country farther east--namely, a mountain 
m m  whose higher peaks risa to heights of 4,000 to 5,000 feet above 
the sea and a rolling platmu country north of the mountains whose 
surmmita are usually not much mom than 2,000 feet high, The 
streams have carved rather h p ,  narrow valleys in the mountains, 1 
some of which have evidently been the sites of glaciers in the past, 
although no glaciers exist there now. In the plateau region the 
streams flow ixl beds sunk several hnndmd feet below the uplands, 
but the s l o p  are fairly smwth, and mky ledges usui~lly crop out 
only close to the adley door or on the summits of the r idga 

The principal p l & c  resalt of the ezpditian wss the mgnitiw 
and dtrlimitstion of mcka belonging to four major geologic divi- 
s irnethe  Mi~issippian, the Triassic, the Lower Cretaceous, and 
the Upper Cretaceous. These m k s  were found to coincide in general 
character and relation with mch of the same ags mii by the parties 



in 1993 and 19%. The Mississippian rocks form mmt of the higher 
hills north of the Noatak. They consist of considerably indurated 
and deformed slates and mndstones overlain by m r a l  thousand 
feet of massive limasto~~e locally called the Lisburne -limestone. 
Overlying this series is m considerable thicknew of chert of Triassic 
age. ma eherts are varied in color, some being nearly pure white 
and others black, green, or red. The alternation of colors in some 
of the blufls makes noteworthy and striking landmarks. 

1 No Jurassic r o c h  were recognized in the area traversed by the 
party in 1925 and none had been found by the party that ~nrveyed 
adjacent parts of the reserve in 1824. Overlying the chert. but at 
many places in faulted relation with it are sandstonw and shales 
which are regarded as of h w e r  Cretamous age. These r o c k  are as 
a rule considerably folded ~ n d  almost everywhere stmd at high 
males. They are thoroughly indurated and consist of a monotonous 
guccession of alternating Iayers of sandstone and shale that disclose 
no readily recognizable key horizons over any considerable distance. 
As a consequence it was irnpomible to make any precise measure of 
their thicknees, but they are several thousand feet thick. Near or at 
the base of the rocks of this systom is a, conglomerate which in places 
has pebbles 6 or 8 inchea in diameter biut which is usually much h e r  
or i s  a coarse grit. 

Overlying the Zawer Cretaceous rodm is a thick &es of sand- 
&nes and shales which, according to W. R. Smith, are considerably 
less intensely deformed than the Lower Cretaceous and which at few 
places in the area studied by him stand at angles higher thttn 30". 
This aonclusion is somewhnt at variance with the; observations of 
the parhies in 1924 and of F. C.  Schnrder in 1901 on similar rocks, 
mnd if it prom to be m m t  i t  will be of great stratigraphic sig- - 
nifieance in throwing light on the qp of some of the mountain build- 
ing and =me as a means of identifying in the field these two forma- 

1 tions, which lithologjcal~y am prnctically indistinguishable and urn 
now be separated surely only in places where fossils are found. The 
Upper Cmttmw rocks contain nurnemus beds of m l  interstr~tified 

P with the sheles and sandstones. %me of the beds are several feet 
. thick; and most of them consist of hubbituminous or bituminous ma1 
o f  g m d  quality. me Upper Oetamus roch are everywhere more 
orless folded, srr that i n t i c l i n ~  and spnclines having their axes trend- 
ing in general esst and west are common. Tha folding nppears to 

: 'be p v i v e l y .  ltss and. less intenm as traoed northward from this 
f mnt of the mountains. 
No igneous rocks of the granitic type in place were recognized 

.in the area sumeyed. Soma boulders and pebbles of granite am 
+t in the unconmlidated deposits on the Aniak and an the 



Etivldc, even rs far as ib junction with the Colville. Actord'ing 
to  the interpretstion ndvaneed by W. R. Smith, these fragments 
wem probably derived from granitic m a w  south of the Hontak and 
transported northward by ancient ghciers and then reworked by 
the modern dream. Although this interpmttion mud ns yet lm 
regarded as only an intaresting suggestion, it hm ecxlnomic ig- 
nificmce b x u m  most of the known metallic mineral deposits of 
value in this part of Aleska e r n  to have a mtber close association 
with igneous intrnsive rocks, and if intrusives are not present in this 
region the probability. of finding dsposih of valuable metallic 
minerals here is regarded not p t .  
No extensive daposib of nnconsolidsted gand and gravel wera 

recorded in the area surveyed. The lar@ bodies of c?ontinuous * 
uncomlidatd depoaits appamntly were outwn~h material &om the 
ancient glaciers. Them, however, are more or 1- wnfined ta the 
valleys of the larger streams and to their more or less immediate 
vicinity. So far as evidence is available, it shows that the mountains 
have at no time in the past been covered by ice caps but wera the 
seat of local valley glaciers that flowed down the former valleys and 
then, on reaching the limit of the mountains, debouched into m a l l  
piedmont l o h .  No evidenee of recent incursion of the wa was 
found in the area traversed by the party in 1925, and there is no 
reason to beIieve that in recent geologic time there were braad 
movements of depression that resulted in lowering the inland part 
of the rmwe mfficiently to place it at or blow ms 

DATA RELLlTINQ TO PWFRiDLEWmb 

The main object of the e m i t i o n  wag ta determine the pr0bEIit-y 
of e m i v e  depsits of oil in this region, and other linw of gwlogic 

- investigation wem subrdinakd to this end. Until tbe whole inves- 
tigation is completed no comprehensive anslysis of ell the data 
bearing on the problem will be attempted, and even then probably a 
no public report will lm imed until the Govemment'a .policy reprd- 
ing the administretion of this timet has been formulated. The more 
or lese obvious results of the work, however, are of mch general 
ink& that it has hen the prsctics ta m ~ h  a report of some of the 
current informntion in the knowledge that mme of the sngpstions 
may require material modi6mtion in the light of more complete 
study or data and that proof of the commemial vdue of my oil fields 
that may be d i m v e d  csn be determined only by IteEual b s b  with 
the drill. 

From direct ohmation the expadition of 199-5 furnished fmw or 
no additionaI data ta prove the mrrencie of ptroleum in the 
region. It hs,s h n  inmntm~ertib1y shown that petroleum doea amm 



in this wlsem, for it is found -ping from the ground near C a p  
Simpmon, on the Arctic coast. The o k r v s t i w  d e  during 1925 
have materially delimited the area in which there are rock  similar 
to those that are eupposed to occur near these m p a g a  

Nothing waer observed that tends to modify the opinion alrsady 
e x p d  by other  geologist^ that the possible oil-bearing rocka are 
of M-ic age and m u r  entirely north of the B m h  Ran* 
Although the party of 1825 found aome of these Mesozoic m h  
infolded or infaultad in the general mountain ares that on earlier 
maps had hem indimtad as dominantly Palsozoic, these d l  Meso- 
zoic areas did not appear at all promising structurally for yielding 
m y  quantity of oil. No rocks capable of furnishing oil in notable " quantity, mch as the oil shale obtained in 1924 from the Etivluk, 
amre recognized in other parts of the area travemd in 1925, so that 

. the determination of the stratigraphic limits of the oil deposits is st ill 
in doubt, The observations made in 1925, however, mmbornte the 
opinion heretofore expressed that in the large area of Mesozoic 
rocks structural features competent to t r y  any oil that may have 
been p m d u d  am widespread. In fact, severaI large anticlines of 
great length and considerable clmw are shown on the field maps of 
the geologid. As already stated, the geologist in the party of 1W5 
has e x p r e d  the belief that there was a perid of notabla deforma- 
tion ;between the Upper and Lower Cretaceous, 8s a d t  of which - the rocks of the earlier period *nd at high angles and are mnaider- 
ably more broken and dislocated, themfom not affording as good 
structure for the retention of any oil that may have originsbd in 
or below them. 

The work done in 1923 has not d v e d  the question that was raised 
earlier ma to whether certain of the rock hemtofern culled J~mssic 
are in reality differeat fmm the m b  which in this area rrppear to 
km a cantinuation of them but which antsin Cretaceous f d .  
Howaver, the work brought to Iigbt additional presumptive evidence u 

thst the two may be the same, because, sIthough nearly continuous 
wti tm were oherved in M h  the easten1 and the western parts of 
the a m ,  no rocks mntaining J n m i c  fossils were recxrgnie-ed, though 
Trisssic, Lower Cretaceous, and Upper Cretaceoue mks were readily 
idantifid. Especial emphasia was plaoed on the march for Jurassic 
mb, as it was realized that the petroleum in the Cook Inlet-Alaska 
Peninsula +on md Katalla-Yakstaga region, which contain the 
only other well-hown, definitely proved Beepages of oil in Alaska, 
probsMp comes from rack3 of this age. A was therefore long sup- 
& that these rmkS were to be especially aought, but fmm all the 
obssmtions so far made the mnelusion i~ sugge&d thet either the 
Ju-ie mlcs am not the source of the oil in northern Alaska or, 



if they am, bdy  a small part of the m e  b W y  to be underlain 
by them withiin a depth that  can ramably  be reached by the drill. 

The opinion has already hen expressed that unless a very lerge 
supply of oil can be demonstrated the dePeIopment will be so c&l;Fr 
that, for pmtical pnrposes, the area can not be regarded as a poten- 
tial murce of oil in the nenr future. The hcte at hand are by nu 
m a m  adequata to determine this point, and probably the matter 
can not b settled without drilIing. The recommendation made two 
years  go that tRst drilling be done in the vicinity of tbe oil seepages 
near Cape Simpson is therefore renewed. It &odd lm distinctly 
underst&, however, tbstt such drilling is not to be undertaken with 
the aim of p d u c h g  oil but t o  prospect and afford geologic data 
regarding the conditions. A light prospecting drill rig and the 
naoemarJI craw could ;be mt during the open wssoa by water within 
a mile or two, of the seepages, so that transportation would not be 
difficult. The first test holes need not be more than s few hundred 
feet deep, but the cuttings from them should ba crarefully examined 
by tx &6010gi8t attached to the party9 who can then give advice as 
to the best places to continue prospecting with the driU. When not 
 squired to examine the cuttings from the drill the geologist- co112d 
probably make excarsions into the region within a radiw of 50 to  
73 miles of these seepages for the purpose of gathering more data 
regasding d a m  conditions. After the drill has mpplied the re- 
quired geologic data regarding the occurrence of oil in the mepages 
near Cape Simpson, probably additional field reconnaissances and 
surveys should be made of those areas where ths examinations already 
made have indicated analogous conditions. In this wsy drilling and 
geologic examinations could supplement each other and giw data 
unevailable from either soum alone. 

If drilling is not undertsken there a m  still EM that &'not 
hen traversed and that might afford definite evidenm of oil and 
thus well repay the mst of crui~ing them on that chance, as well es 
rsupplementing the geologic data already p m r e d .  b o n g  these 
areas whem additional reconnaissances of this mrt sre most needed 
are &a tract lying 50 to 100 miles from the & and extending in 
s northessterIy direction between the survep of 1923 and those-of 
1925 and another area between the Ikplkpuk and the lower part 02 

ColvilIe River, including Tasekpuk Lake and adjwnt country. 
Plans are already in progrem for the survey a£ the &st of these 
areas, and the field mrveys were made during 1&26. Nthough the 
results am not be expected to compare with those that might ba 
obtained if drill logs were available, these hwoutiq t6ps sho'dd 
p t l y  supplement preesnt knowledp of the p a r a l  geolagk con- 
ditions of this part of northern Alaska 
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DATA REIA'~TNG TO OTHER MINERAL RESOURCE8 

The explorations conducted by the FitzQedd-Smith party in 
1m5 m m d y  muth of the areas in which the cod-bearing rocks 
noM by the parties of 1923 and 1924 m r ,  and very little of the 
coal-kimg series with the thicker coal beds was seen: The rocks 
near the a l v i l l e  and north of i t  are the same as those seen by Foran 
on the tJtdmk9 Epizetka, Kuk, Kaolak, and Kukpowruk, m that 
IittIe doubt is felt that similar coals also occur in the rocks some- 

? what higher in the section and somewhat north of the m a  surveyed 
in1925. Somecoalwasseen,butitismostlyinthinseamsandnot 
of commercial thickness, though it appears ta be of the same quality 
as the subbituminous coaIs characteristic of the Upper Cretaceous. 

A small exposum of coal was also visited on the K~~gururok about 
'4 or 5 miles above its junction with the Noatak. Possibly this ig 
one of the later Tertiary coals that occupy small isolated basins of 
no p a t  areal extent .and of little commercial importance unless coal 
is needed locally, such as occur above Squirrel River and at a few 
other points along the Kobuk 
' As has alresdy bsen stated, the inved.igalions of 1925 were f m u d  
on the search for oil, so that relatively little attention was paid to - 'other minerals, and on the whole areas that might contain gold or 
copper were avoided, as they would hold little chance of being oil 
bearing. In spite of thia condition, however, the gravels were panned 
at a number of places, and colors of gold were found in mme. Prac- 
tically no tests of the grovels of the Kugummk or the Utmkok were 
made, as the winter conditions thst prevailed while the party was in 
the valleys of these streams made mch tests diflicult and impracticable 
in the time availabla On the tributary of the CoIvUe named Storm 
Creek a pan of gravel showed m v e d  small bright wlors. This 
stream lies near the contact of the Upper and h w e r  Cretaceous 
rocks, but, the deposit through which it has cut its c o r n  r n q  repre- 

1 sent a Tertiary concentration that formed a high bench of outwash 
from the hills, later re-sorted by the present skemn. Some mlom 
of gold were also found in pans taken at intern& dawn the CoIville 
and in the lower part of the Etivluk north of the limestone. Farther 
up the Etivluk, although several tests were made, no colom of gold 
were aeen, and on Fay Cmk,  which at the time appeawd to have a 
good: p d e  and other favorable physical characters, panning tests 
failed to disclose any gold. Southward from the limestones on the 
Etivluk to the vicinity of Flora Creek, the large tributary of the 
Aniuk from the east, no calars of gold were found, though the 
gravels were panned rtt wreral places. South of Flora Creek, how- 
ever, a pan taken from a high bar showed a number of small colors, 



and from thence dowmhmn a few mlom m l d  be obtained st many 
plsoea as far as the junction with the Noatak. In spite of the fmding 
of some cobs in arass underlain by of b h c m u e  age, how- 
aver, it is b e M  that they are not promising mee to pmpect. 
h'either are dm arena that derived their depositg from the areas 
m p i e d  mlely by the L k h e  limestone. OR the other hand, the. 
somewhat metamorphowd & of the Noatak sandstone, which 
forms the camtry rock toward the muthem face ef the mountsins 
north of the Noatak, er any of the older =high that may cwp out 
in the region are well worth careful examination. 
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ceats. Not issued separately. 

Port Valdez district (No. 602B); scale, 1: 62,500; 1915, by J. W. Bagley. 20 cents 
retail or 12 cents wholesale. 

The Bering River coal fields; scale, 1:62,500; 1915, by G. C. Martin. 25 cents 
retail or 15 cents wholesale. 

The Ellamar district (No. 602D); scale, 1:62,500; by R. H. Sargent and C. E. 
Giflin. In Bulletin 605, 1915, 25 cents. Not issued separately. 

3 Nelchidusi tna  region; scale, 1:250,000; by J. W. Bagley, T. G. Gerdine, and 
others. In  Bulletin 668, 1918, 25 cents. Not issued separately. 

Upper Chitina Valley; scale, 1: 250,000; by International Boundary Commis- 
sion, F. H. Moffit, D. C. Witherspoon, and T. G. Gerdine. In Bulletin 675, 

-9 1918, 25 cents. Not issued separately. 
The Kotsina-Kuskulana district (No. 601C); scale, 1:62,500; 1922, by D. C. 

Witherspoon. 10 cents. Also published in Bulletin 745, 1923, 40 cents. 

In preparation 

Prince William Sound region; scale, 1:250,000; by J. W. Bagley, D. C. Wither- 
spoon, and others. 

Valdez and vicinity; scale, 1: 62,500; by J. W. Bagley and C. E. Giffin. 
60670"-27-9 



VI MINERAL RESOURCES OF ALASKA, 1925 

COOK INLET AND SUeITNA REGION 

mPem 

Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska,, by 
Sidney Paige and Adolph Knopf. Bulletin 327, 1907, 71 pp. 25 cents. 

*The Mount McKinley region, Alaska, by A. H. Brooks, with description8 of the 
igneous rocks and of the Bonnifield and Kantishna districts, by L. M. Prindle. 
Professional Paper 70, 191 1, 234 pp. 

A geologic reconnaissance of the Iliamna region, Alaska, by G. C. Martin and 
F. J. Kata. Bulletin 485, 1912, 138 pp. 35 cents. 

Geology and coal fields of the lower Matanuska Valley, Alaska, by G. C. Martin 
and F. J. Kata. Bulletin 500, 1912, 98 pp. 30 cents. f 

The Yentna district, Alaska, by S. R. Capps. Bulletin 534, 1913, 75 pp. 20 
cents. 

The geology and mineral resources of Kenai Peninsula, Alaska, by G. C. Martin, 
B. L. Johnson, and U. S. Grant. Bulletin 587, 1915, 243 pp. 70 cents. 4 

The Wiow Creek district, by S. R. Capps. Bulletin 607, 1915, 86 pp. 25 
cenki. 

The Broad Paas region, by F. H. Moffit and J. E. Pogue. Bulletin 608, 1915, 
80 pp. 25 cents. 

The Nelchina-Susitna region, by Theodore Chapin. Bulletin 668, 1918, 67 pp. 
25 cents. 

Platinum-bearing gold placers of Kahiltna Valley, by J. B. Mertie, jr. In 
Bulletin 692-D, 1919, pp. 233-264. 15 cents. 

Chromite deposits of Alaska, by J. B. Mertie, jr. In Bulletin 692-Dl 1919, pp. 
265-267. 15 cents. 

*Mining in the Matanuska coal field and the Willow Creek district, by Theo- 
dore Chapin. In Bulletin 712, 1920, pp. 131-176. 

Geology in the vicinity of Tuxedni Bay, Cook Inlet, by F. H. Moffit. In Bulletin 
722, 1922, pp. 141-147. 25 cents. 

The Iniskin Bay district, by F. H. Moffit. In Bulletin 739, 1922, pp. 117-132. 
25 cents. 

Petroleum seepage near Anchorage, by A. H. Brooks. In Bulletin 739, 1922, 
pp. 133-147. 25 cents. 

Chromite of Kenai8Peninsula, Alaska, by A. C. Gill. Bulletin 742, 1922, 52 pp. 
15 cents. 

Geology and mineral resources of the region traversed by the Alaska Railroad, 
by S. R. Capps. In Bulletin 755, 1924, pp. 73-150. 40 cents. 

An early Tertiary deposit in the Yentna district, by S. R. Capps. In  Bulletin 
773, 1925, pp. 53-61. 40 cents. f 

Mine& resources of the Kamishak Bay region, by K. F. Mather. In Bulletin 
773, 1925, pp. 159-181. 40 cents. 

Aniakchak Crater, Alaska Peninsula, by W. R. Smith. Professional Paper 
132-5, 1925, pp. 139-145. 10 cents. 

A ruby-silver prospect in Alaska, by S. R. Capps and M. N. Short. In Bulletin 
783, 1927, pp. 89-95. 40 cents. 

Geology of the Knik-Matanuska district, by K. K. Landes. In Bulletin 792, 
1927, pp. 51-72. Free on application. 

Geology of the upper Matanuska Valley, Alaska, by S. R. Capps, with a section 
on the igneous rocks, by J. B. Mertie, jr. Bulletin 791, 1927, 92 pp. Free 
on application. 



C m l ~  and mineral resources of region tributary to the Alaska Railroad route, 
by S. R. Capp. 

Geology d the Xnidsin-ChIdtne Penhula, by F. H. MofEt. Bulletin 789. - 

Kenei Penin-, muthern portion; w!e, 1 : M10,000; campiled. In Bulletin 626, 
1913. 30 mnte. Not hued wparahly. 

Mahanuska and Talkeetna region; male, 1 : 250,000; by T. G. Gerdine and R. H. 
Bargenf. In Bulletin 327, 1907, 25 cents. Not issued separately. 

Lower ]Matmuaka Vdley; soale, 1 : 62,500; by R. H. Sargent. In Bulletin 600, 
1912, 30 cente. Not hued separately. 

Yentna cktrict; scale, L:250,000; by R. W. Porter. Revised edition. Ia Bul- 
letin 534, 1913, 20 oents. Not igsued wparahly. 

1 *Mount McKinley region; wale, 1 : 625,000; by D. L. Reaburn. In Prof- 
sional Paper 70, 1911. Not iaaued separately. 

Kenai Peninsub; ecale, X :250,000; by B. R. hrgent, J .  W. Bagley, and others 
In Bulletin B.7, 1916, 70 centa. Not iasued separatdy. 

Fkwage Canal to Turnagain Arm, Kenai Penh~ulra; wale, 1:62,500; by C. E. 
G S n  and J. W. Bagby. In Bulletin 592, 1914, 60 cenb. Not hued  =pa- 
ratelg . 

Moom P ~ M  and vloinity; male, 1:62,500; by 3. W. Bagleg. In BulIefin 587, 
1915, 70 mnh. Not isaued separately. 

The WiUaw Creek district; scale, 1:62,M)O; by C. E. Qifiin. In Bulletin 007, 
1915, 25 cents. Not iesued sepmately. 1 

The %mad Pnsa region; scale, 1:250,000; by J. W. Bagley. In Bdleitii 608, 1915, 
25 mnte. Noi! issued segarataly. 

h w e r  Matanudca Valley (No. 602A); scale, 1:62,500; 1918, by R. H. Sargent. 
10 cents. 

Nelchina-Suaitns region; acale, 1 :250,000; by J. W. B@ey. In Bulletin 668, 
1918, 25 aents. Not isaued separskly. 

Inidin-Chinitna Penln~ula, Cook Inlet re@on; d e ,  1:62,500; 1922, by C. P. 
McIUnley, D. C. Witherspmn, and Gerald FliteUerald (preliminary editton). 

Oil 8ppii~ati01~. 
Iniskin by-Snug Harbor district, Cook Inlet region, h k a ;  acala, 1:260,000; 

1924, by 6. P. McKinley and Gerald F i t z W d  (preliminary edition). 
Free on applimtion. 

The Alaaga Railroad mub: &ward to Mstanuska coal field; male, 1 :250,000; 
3 19!24, by J. W. Bagley, T. a. Gadhe, R. H. Emgent, and 0 t h ~ .  50 cents 

retail or 30 osnh whelwb. 
The Alaska Railroad route: Mrttanuh coal field to Yanert Fork; male, ' 
1:260,000; 1924, by J. W. Bagley, T. G. m e ,  R. H. hrpnt,  and othsrs. 

h 3  50 cenla retail or 20 oenta wholmale. 
The A h k a  h i ! &  route: Yanert Fork to Fairbanks; sode 1:250,000; 1924, 

by J. W. Begleg, T, G. W n e ,  R. H. fbqent, and others. 50 cents retail 
or W cents wholesale, 



A m m u k m c e  in 8 o u f h w ~  Alsaka, by J. E. 8purr. In Twentfeth Annus1 
Repod, pi. 7,1900, pp. 31-264. $1.80. 

*Geology and m i n d  murm of parts of h k a  Peninsula, by W. W. Atwood. 
Bulletin 457, 1911, 137 pp. 

A geologic reoonnai-nce of the Iliamne region, &&a, by G. C. Martin and 
F. J. f i t s .  Bulletin 486, 1912, 138 pp. 35 cents. 

Minerd d e p i t s  of ICodiak and the neighboring islands, by G. C. Marfln. In 
Bull& 542, 1913, pp. 126l30, 26 cents. 

The Lalre CIark+entral Hudtokwin region, by P. S. Smith. Bulletin 655, 1918, 
162 pp. 30 wnta. 

Brrach p h e m  d Hd& Idmd, Alwh, by A. G. Maddren. In BuIletin 0WE, 
1919, pp. m 1 Q .  6 cents. 

Sulphur .on Una- and Akun ialande and near Stepovak Bay, A a k ~ ,  by 
A. G, Maddren. In Bulletin 6824,1919, pp, 283-298. 5 cants. 

The Cold Bay-Chi@ district;, by W. R. Smith and A. k Baker. In Bulletin 
756, 1924, pp. 161-218. 40 cents. 

Tbe Cold Bay-Katmai dietrict, by W. R. 8mIth. In BullPrth 773, 1925, pp. 
183-2Q7. 40 centa. 

The outlook for petroleum near C-, by O, 6. Martin. In Bulletin 773, 
1925, pp. 20S213. 40 cente. 

Mineral reeourcea of the K~mbhak Bay M a n ,  by K. F. Mather. In Bulletin 
773, 1925, pp. 15+!81. 40 cente. 

Aniakchak Crater, Alaeka Peninsula, by W. R. Wth. Profdona1 Paper 
132-5, 1925, 11 pp. 10 aents. 

Geology and oil developments af the Cold 33&y d W c t ,  Maaka, by W. R. Igmith. 
In Bulletin 783, lQE7, pp. 03-88. In preparation. 40 cents. 

Geology and mineral reaoutce~ af the Chignik dietrict, by R. R. Knappen. 

*Hemodean Bay and Dnga bland region; scale 1:2LO,OCIQ; by R. M. Eakh. fn 
Bulletin 407, 1911. Not hued  qnrsfeIy. 

*Chignik Bay region; acala, 1:250,MH); by H. M. Ealrln. Ln Bull.etLn 487,1911. 
Not i-cd 8~paratdy. 

Iliamna region; scale, 1:260,00Q; by D. C. Wfthmspocm and C. E. GiBh. In 
Bulle* 485, 1912, 35 cents. Not issued mparately. 

Kugkokwim River and Bristol Bay region; scale, 1:625,006; by W. 8. PPost. 
In Twentieth Annual Report, pt. 7, 1900, $1.80. Not h u e d  mpwatelly. 

'Lake Clark-cenfral Kuakokwirn region; d s ,  1 :2M),OOO; by R. EL kgmt, I). C. 
W b e r s p n ,  and C. E. Gi&. In Bulletin 656, 1917, 30 cents. Not isand 
separately. 

Cold Bay-Chignik regiw, Maaka Penlnda; d e ,  1:26&000; l a ,  by R. K. 
Lynt and R. H. Sargent (preliminary edition). Fnw on applimtion. 

ECamishak Bay-ICatmai region, Alasks Peninsula; d e ,  1:250,000; 1827, by 
R. H. Bargent and R. K. Lynf (preliminary edition). Free on applIcatlon. 

Bniagebak district, AIagka Peninsula; scaIe, 1:250,000; 19%'# by R. H. brgenf 
(preliminary edition). h on application. 



=ON AND KUBXOKWXM BABXHB 

zmal'ls 
Ths ood mmmm d the Yukon, Alaaka, by A. J. C~oIlier. BuIlstIa 218, IWX, 

72 pp. I& cenb. 
The F o r t m e  quadmngle, Yukon-Tmmm region, Wkrr,  by L. M. mde. 

Bulletin 375, 1909, 52 pp, 30 cents. 
Water-supply invmtigatione in Yukon-Tamma region, Alaaka, 1007-8 (Fair- 

banks, Circle, and Rampart diatricta), by C. 6. Cavert md 6. E. Ellaworth. 
Water-Supply Paper 228, 1909, 108 pp. 20 cenh. 

Mineral rwourcesi of the Naboena-White River distriat, m a ,  by F. H. Moffik 
,? and Adolph Knopf, with a aection an the Quaternary by 8. R. Capps. B d e -  - 
1 tin 417, 1910, 84 pp. 26 oente. 

The Bonnifield region, Alaaka, by 8. R. Cappe, Buhtiin 601, 1912, 162 pp. 20 
cenia. 

m A geologio m n m i m a n c ~ ~  of a part of the Itampart quadrangle, h k a ,  by 
H. hf. EBkin. Bulletin 535, 1913, 28 pp. 20 cent& 

k geologic rewnnaiasance of the Fairbanks quadrangle, h k a ,  by L. M. M n -  
de, with n detailed description of the Fairbanks district, by L. M. R'indla 
end F. J. h t s ,  and an account of lode mining n w  Fairbanks, by P. 8. Smith. 
Butletin 625, 1913, 220 pp. 55 cents. 

The Kopukuk-Chandalar region, Alaeks, by A. G. M a d m a  Bulletin ML!2,1919, 
119 pp. 25 centa. 

A geologio rem&nce of the Cirole qudmigle,  Alasba, by L M. Prlndle. 
Bulletin 638, 1918, 82 pp. 20 centm. 

Burisw-mter mpply of the Yukon-Tanam region, Alaegn, by C. E. Ehwcdh 
and R W. Davenport. Wafer-Supply P&per 342, 1015, a& pp. 46 cente. 

QuinMam depoaita of the Kyskokwim region, by P. B. Hmith and A. G. Mad- 
dmn. In Bulletin BZ2, 1916, pp. 272-291. a0 aenta. 

laold placers of the lower Huskohim, by 8. Cf. Maddren. In B W  622, 
Islb, pp. 262-360. 30 eenb. 

kn snaient volcu,nio mpflon in the upper Yukon BBsia, by 0. R. Cspps. Pm- 
fmdod  Faper 9bD,  1815, pp. b M 4 .  6 mite. 

Tha Chhmt-Wbite Rim dlstrtot, Alsaklr, by 3. R. Capp, Bulletin 884 1916, 
l3U pp. 20 oento, 

The Yuton-Koyukuk d o n ,  &akaI by H. M. b k h  B d d n  881, 1916, B8 
p p  20 mnh. 

The gold & o m  d the Tolovana diddot, by J. 8. MQflo, j ~ .  In BuIbftn €I#, 
1917# pp, 221-277, 76 oanta, 

b e -  rainin, in the Whnh dbtdd, by J. 8. M d e ,  jr. In BdMh W, 
1817, pp. -24. 76 cente. 

LDde depxdte n a r  tbs Nenana a d  field, by R M. O v ~ k k .  In BBunetin 662, 
0 1917, pp. 351-382. 75 cents. 

The Lake C l a r k ~ e n W  Kuekokwirn region, Afsaka, by P. 8, Bmith. Bulletln 
065, 1918, 162 pp, 30 centa. 

The Cosna-Nowitna region, Alaska, by B. M. Eakin. Bulletin 607,1918, M pp. 
26 aenk. 

Tbe bnvjk-AnMaki re@on, b a k a ,  by 42. L. Ha-. B d e t h  683,1918, 
70 pp. 30 cemts. 

Tha k t I s h n a  diatrfd, by E(. R Cappa. BuTletln 687,1919,116 pp. 26 aenta. 
The N e m  cod field, dZaahI by a. C. Mmtin. Bulletin 084,101 8,54 pp. $1.10. 
*A molybdenits lode on Beely Rim, by Theodore Chapin. In Bulletin 682, 

1Qlq pr B2D. 



*The gold and platinum p8cenr of the T O W  diatrlut, by 0. L. Hnrr fa&~~ In 
Bulletin 093, 1919, pp. 33-51. 

*Mineral seaources of the Goodnews Bay d o n ,  by (1. L Bhngton.  In Bul- 
letin 714, 1921, pp. 207-228. 

Gald lodee In the upper Kuskokwim reglon, by Q. C. M d l n .  In Bulletin 722, 
1922, pp. 149-161. 25 cents. 

BuppOBBd ail w a g e  in Nenana coal, field, by G. 6. Martin. In BuUetln 139, 
1922, pp. 137-147. 2b canta. 

The ooourrenm of metslliferous depo&a in the Yukn md Kmkobdm mpjmu, 
Alaakrt, by J. B. Mertie, jr. Bulletin 73+D, 1822, 17 pp. 5 cente. 

The Ruby-Kuakokwim seglon, by J. R. Mertie, jr., and 6. L. Barringtan. Bul- 
letIn 764, 1924, 120 pp. M cente. t -- 

(3eo10gy and gold piaoersr of the Chandalsr di~tricf, by J. B. Mertie, jr. In Bul- 
letin 773, 1926, pp. 216203. 40 cents. 

' h e  xhon Fork kcnuntry, by J. S. Brown. In Bulletin ra, 1927, pp. 97-144. 
40 centa. E 

8nver-lead prospects naw Ruby, by J. 8. Brown. In Bulletin 783, 1927, pp. 
146-160. 40 cenb. 

Tbe Toklet-Tonmna River @on, by &. R. Capps. In Bulletin T02, 1027, pp. 
73-1 10. Free on application. 

In papratdon 

&logy of Fairbanks and Rampart quadrangEes, by J. B. M d e ,  jr. 
T O m m P H M  mm 

Clrcla q- (No. 841); rcde, 1:250,000; 1811, by T. a. &dine, D. C. 
Witbempoon, and otbm. 80 cents retail or 30 mta whohale. Also in 
Bulletin 538, isla, 20 cente, 

M r b a n b  quadrangle (No, 642); s ~ l e ,  1:260,000; 1011, by T. G. &@dine, D. C. 
Withempoon, R. B.,Oliver, and 3. W. Baley. MI e n t l  =tall or 30 eent~ 
wholeeale. Also In Bulletin 337, 25 cents, and Bulktin 525, 1913, 65 mb. 

Fortymile quulmngle (No, 640); wale, 1:260,000; 1802, by E. C. Barnard. 10 
c e n b  re- or 6 cenb wholeasle, Alm In Bulleffn 375, IsOg, 30 aenb. 

Rampert quxhngle (No. 643); male, 1:250,000; 1813, by D. C. Witbmpmn 
and R. B. Oliver. 20 oenta retail or 12 cents wholeaale. Alao in Bulletin 
337,-21 cants, snd part in Bulletin 636, 1913, 20 oenta. 

Fsirbsnka ape& (No. 642A); rceile, t :82,500; 1W8, by T. G. Gardine and 
R H. &gent. 20 mts r a h U  or 12 cante w h o h a k  Also in BlllIetm 526, 
1813, 15 mute. 

Bonnifisld ragiou; d e ,  1:260,0w by J, W. Baslegr, D. C- w d m o n ,  snd 
* 

C. E. Ulffln. 1, Bulletin 601, 1012,20 6. Not h e d  m t e l y .  
Idibrd-Ruby region; sc~le ,  1:250,000; by C. G. A n d m ,  W. 3. Pmt, and 

others. In Bulletin 578, 1914, 35 cents. Not h u e d  aepmblp. 
Middle Kuakokwim and lower Yukon *on; d e ,  I:EKH3,MH); by C. G. h d e ~  

r 
non, W. S. Post, and otbem. In Bulletin 578, 1914, 35 oenh Not issued 
mpamely. 

Chisana-White River -on; d e ,  1:2M),000; by C. E. and: D. C. 
Wiiihtrspoon. f n Bulletin 830, 1916, 20 cenb. Not ipned ~ t e ? y .  

Yukon-Koyukuk region; ncala, l:MH),OOD; by fi. M. w. h Bulletin @I, 
1916, 20 mnC. Net hued mpduafelg. 

Coana-Nowitna region; a d e ,  1:250,000; by 8. M. C. E e, 
R, B. Qltver. In Bllltetin 887, IQ17,26 6. Notimusd-y. 

Lake Chrk-central Kuskokwim region; scale, 1:260,000; by R %. 81P14Pf, 
D. C. Wltbmpoon, and C. '& W n .  In Bulletin 066, 1817, 80 mb. NoL 
fmsd repwtaly, 



Anvik-hdmdaki -on; scsle, 1 : 254000; by R. H. brgmf. In Bulldin 683, 
19P8,30 cente. Not k e d  mpm~tely. 

MmhnZE district; scale, 1:126,OQO; by R. B. writ. In Bn[letin 883, 1918, 
30 centr. Not issued eparately. 

Uppt Tanana Valley region; sealc, 1:125,ODO; l m ,  by D. C. mtherapoon 
and J. W. Dsgley (preliminary edition). Free on application. 

Lower Ruskokwim mgion; scale, 1:5M),000; 1921, by A. G. Maddren and 
R H. Bargent (preliminary edition). Free oa application. 

Ruby dlstrlct; scale, 1:250,000; 1921, by C. E. Gifin and R. H. W n t  (pre- 
liminsry edition). Free on application. Also in Bulletin 764, 1 h .  50 
cente. 

3 Innok+difhmd *on; w d e ,  1:250,000; 1921, by R. H. 8argent and C. G. 
C - h d m n  (pliminarg edition). Free on application. &so in Bulletin 754, 

1924, 50 cents. 
Wion Fork region; noale, 1:260,000; 2926, by R. B. &ar@mt (prebhary 

? edition). Frea on application, 

m B W  

The Fairhaven gold plmera of Reward P e n i d ,  dlaaka, by F. H. Mofllt. 
Bulletin 247, 1905, 85 pp. 40 cente. 

The gold plecera of parts of h a d  Peninenla, M a ,  including the Nome, 
Council, Kougarok, Port Clarence, and Goodhope pmciacte, by A. 6. Collier, 
F. L. Hem, P. 8. Smith, and A, H. Brooks. Bulletin 328, 1908, 343 pp. 70 
mnta. 

&logy and dm1 reeoumm ot the Bolomon and W e p s g a  qmdmnglea, 
R e w d  Pedneulq Alaska, by P. S. Bmith. Bulletin 483, 10 IOJ  2!8 pp. 40 
centa. 

A geologia mnnaleaance ia routheastern k n w d  ~~ and the N o ~ h n  
Bay-N&h region, Alaska, by P. 8. Bmith and R. M. Eakin. Bulletin 48, 
1011, 146 pp. 30 aents. 

%logy of the Nome and Grand Central quadrsndea, Alnskx, by P. H. Moffit. 
Bulletin 533, 1913, 140 pp. BO cents. 

Blrrfwe wster aupply of &ward Peninsule, klaska, by F. F. Henebaw and G. E. 
Parker, with e sketch of the geography m d  geology by P. s. Smith and e de- 
dpt ion of methoda of placer mining by A. B, Brooks; holuding tapgraphic 
mrmahmce map. WaterSupply Paper 314, 1913, 317 pp. 45 cents. 

a Iron- depodte near Nome, by H. M. Eakin. In Bulletin 622, 1913, pp. 
261-306. 30 ~enta. 

*Graphite mining in %ward Peninsula, by G. L Harrlqtoa. In Bulletin 692, 
A 1819, pp. 3W367. 

a *The gold md platinum plaaera of tho Kiwatik-Kopk region, by G. L. Harring- 
ton. In *Bulletin 692, 1919, pp. 36WW. 

Pliooerrs md P l e i h n e  towils from the Arctic e& of Alsska and the aurif- 
mua beach68 of Nome, Norton Sound, Alnaka, by W. H. DaU. Pmfe~lsional 
Paper 125C, 1921, 15 pp. 10 cents. 

Metdiferoum lodee of ~outhern Seward PenInilula, by 8. E. Cathcart. In Bul- 
letin 722, 1922, pp. 163-261. 25 wnb. 

The geolagy of the York fin dsposite, Aln&t, by Edward ~ ~ ~ n s  and ES. R. 
Cathoart. Bulletin 733, 1922, 125 pp, 30 cenb, 
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t3eward Penin&; soah 1 : 600,000; compiled h m  wmk d D. C. Withempon, 
T. 0. &cline, sad others, of the Geological Survey, snd all avdrrble mums. 
In Water-Supply Paper 314, 1913, 45 cente. Not hued mparatelg. 

Beward Paninsuh, northeastern portion, reconnabam m a p  (No. 856); scale, 
1:250,000; 1905, by D. C. Witherepmn and C, E. Hill, 50 cents r e t d  m 30 
centa w b o b d e .  AZso in Bulletin 247, 1906, 40 cante. 

Sewad Peninmula, northwedem portion, reconnaimanoe map (No. Bll7); d e ,  
132mQOQ; 19W, by T. 6. Gerdine ~ n d  D. C. Withempon. 50 mnta retail 
or 30 aenb w h o k d e .  Alm in Bulletfn 328, 1908, 70 cents. 

Reward Peninsula, s o u t h  portion, recoumiwance msp (No. 668); areale, 
1:260,000; 1901, by E C. Barnard, T. G. M i n e ,  and others. 50 rents 
retail or 30 mnfs whohale. A h  in Bulletin 328, 1908, 70 cents. 

h a r d  PeninauPa, muthemtern portion, mnnaissaace mBp; male, 1:250,000; 
by D. C. Withwspoon, D. I, Resburn, H. M. Eakin, and athera. In Bulletin 
449, 1911, 30 cente. Not issued mpmtely. 

NulatwNoton Bey region; scrrle, 1 : 500,000; by P. 8. Mt4 8. M. %kin, end 
others. In Bulletin 449, 1911, 30cenb. Nathuedsqnratdy. 
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