
UNITEl3 STATE3 DEPARTMENT OF m E  TNTERTOR 
Harold L Ides, Semhq  

CEOWGIGAL SUB- 
W. C. Mtndallb*n, D i m  

* :, . . GEOLOGY OF THE ALASKA 

RAILROAD REGION 

BY 

STEPHEN R. CAPPS 

UNITED STATES 

GOVERNMENT PRINTING OFFICE 

WASFIINCTON : 1940 





GI:Ol.O(;IChL SURVEY 
I1ULl~E1' lS 1107 I~H<~STISPLECB 





CONTENTS 

kbebsCt--,,,-,-,,-----r---.-------------------I----------------- 
~ntmdu~tion--------------,-------~.------.-~--,--~--.------------ 
HjBtory of exphrstm~ ----- ,- - - -- - --- --. --- - - - - - - - -  .--, ,--- --- --- --- 
~ n t r e p ~ r t - - - - - - - , - - - - - ~ ~ ~ - - - - - - - - - , , , - - , - - - - - - - - - - - - - - , -  
G#papby,,,,,,--+--I---.-----.--.-----r--l--I---------------I--- 

~ g r a p h i e p r o v i n e ~ ~ , , , , , , - , , , . , - - . - ~ - - - ~ ~ ~ ~ ~ ~ - , ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ - - ~ - -  
Chugach-Kenai Mountains,, - --- - -- - --,,,-, --- - ---,-- -,+- - - 
Talkeetns Mountains,-,,,,,..-,.,,,,,-----,-,------,------ 
Cook Inlet-Susitna Iowlnnd,,--- -- - -  ,,, - -- --- -- --- --- --- --- - 
iCopper4usitna lowland,, . ,. ,- ,,,--,--,-- ---,--- - ,- -- 

, m k a  Range--,--, , .- .-------------,-,---,------,--------- 
Tanann-Kuskok~im ltmlsnd,-- -,-, , , ---- - - - + -+ -- -- ------- - - 
Yukon-Tanena ~pbd, , , - , - - . - , - , - - , - - - , - - , - - - , - , - - , - - - - , -  

Climate-,,,-.*--.--I*,----,----.-----r-------+-+---eBB-------,, 
Vagetation,,, , . ,- . .--. ,-----------------------------+-------, ,  
Animall i fe , . , , - , . - - , - -+- . - , . -+------------+-- , - --------------  
Population--.,. ,------,-,-,----+------------------------------ 
Routes oftravel. , , . . , , ----- ,------------------+--+-+-+----+---  
The Ala~ka  Railrosd--- , , . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+-----  
Agriculture and etook raining ._.-,----------------------,-,----,- 
Mount MoKinlsy National Park ,,----,+--------------------~--- 

asology,, , ,--~-, ,~.----- , . , , , ,------ .------ , ,-- , , ,------- , , ,-- ,--  
Psimipal features --,-,,.,---------------------------------,,,-- 
Kenrai-Chugnoh Mountain0 -------+,-------,---,,---------,,-,-- 

General succession-+- - - - - -+, - - -+ - -  ------ --- -- - A  - ---- - ,, -,, 
UndiPTerentiakd Mesozoio &tee and graywackm ,--,,. -- - -,- ,- 

Chw&cter-------------------------------+,- , , , - ------  
Structure and thioknesa ,,-----------------,,--,----.,,, 
Age and correlation ---- -- --- - -  -- --- --- ,-- -,- -,,, -- - - , - 

Mmwoic greendonee - - - - - - - -  n - - n - - - n n - - - - n n n - n - n  -----,--,, 

Greenstonet~ff--------,---,-------+----~,---,-----------,- 
Grsnitic intrusivw - - - - - - - - - - - - - - - - - - - - - - - , - - - - - - - m , , - ~ - - - - -  

Tertiary m k e - - - - - - - - - - - - - - , - - - - - - - - - - - ~ - - - - , , , - - , - - , - , - - ,  
Quaternmy depaaifs----------------,-,---,,d---d---------- 
Structure of the Kenai-Cbugmh Mountaina --,,-,-,,,,.,,,.,,, 
Geologic W r y  of the Kenai-Chugenh Mountaina -,,-, - -, . ,-- - 

T s l k e e t n a ~ ~ n , - , , - - - - - - - - - - - - - - - - - - ~ , , , , ~ ~ ~ ~ ~ ~ ~ ~ - - - ~ ~ ~ , ~ ~ ~ ,  
Micaachist , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , , - - - - - - - - - - - - -  
Wimmtary rock@ of queationnble Paleamic Bge ,,., ,-,- -,, ,,,, 
Meaoz&r~b- - - - - - - - - - - - - , , , , , , . - , - , , , , , -~ , - .~ , - , , , , , , , ,  

Undifferentiated Meaowic dhentary  wcks ,,,. , . , , . , , , , , 
Jur~sicroek~---------,+-,,,-,,------------,,--,-~--~- 

Lower Yurmsic volcanic rooks, ,,,,,,-,, . . ,,,,,,,,- -, 
Middle Juramic rock8 -,.,,,,,, ,,, , , - - 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 ,  ,, 

vpper J u ~ m ~ i c  rock8 -,---,-----d-h,----------,---,- 

III 



Creta~eouermcke--------,-------,--,,--------------~-, 
LowmCre~~~mcks,-----,,.---,-~~~~---------, 
Upper Cretaceoue malrs,,,,,,--,.----,------------- 

Meaozoic intrusive rocks ,,,,, ---. --- - -- -. ,,,,,-+-- - ----- 
Tmtiarp rocks--,,,,,,,---,.,-----------+------,,,------,-- 

Undifferentisfed Tertiary r o c k  -,-,,+ ,,, ,,- - -- -- -,- --- -- 
Chickalmn formation ,,--- --- ---- - -- - --- - - ,- -- - - - --- - - -  
Tertinry igneo~arocka,,,---------------,--~-----,-,-+-- 

Lavas and tuffm , , , , , , - - - - - - - - - - - - - - - - - , - w ~ - - - - - - - -  

Intrudwemoks,,--------------------,----,-------- 
Quaternarydepo~ita,,,,,,,,,,---------------------------,- 
Geologic b h r y  of the 'I'nlkeetna region ----- - -, . --, --- - --, ,-, 

&aka Range, , , - , -- ,+-------+---------------------- , , - ,+-----  
P-Cambrian mcka ,,,,- -,,,,,, . ,, ,,,- - -- - - - - -- - - -_, . ,-, -. - 

Birch Creekschist ,-- , --- , , ---------+------------- , , ---  
IJndiff erentlekd Paleozoic rooks,,, , , , . - - -, , - - - - - - - - - - - - - - , - - 
Middle Devonian limsehn9 ---- -- -,,- se - -- - +- -  - ------ - --- - --- 
Totstltlanika sohiat ,,-----,-,-,,,----*-----,--+-----------,-- 

Carboniferous (Permian?) m k a  -,--------, . ,,, . -------------  
Mesozoic roeks--,---------------------,------------------- 

UndilTerentiatd Mariomia rocks--- - -,- - - - - - -- - -- - - -- - -+ -  

T r i m l a  rooks ,,,,,---------+,-,,+----,,--,------------ 

durasaio or Creheoua rock~,  me,-- - - --- - -- - - - -  --, ,-- ---, 

Cretaceous rocks,, - - - - - - - -- - -,- - + - - - - - - , - - - - - - - - - - - 
Cantwell formation , , - - - - - - - - - - - - - - - - h - - - - - - - - - - - - -  

T m r o c b - - - - - , , , , , - - - , - , - - - - - - - - - - - - - - - - - - - , - * - - - - - - - ,  
Tertiary coal-bearing formation- -, - - -, , , , + - - - - - - - - - - - , - - 
NenanapveI , , , , - - - - , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Igneouerrodrs------,--,,,.,,------------------------,,-,-, 
Quaternary deposits- - -,,, , -,,- * ,-" . --- -,,* ------- ---,, ,,- , 
Summary of geologic histmy of the Alaska Range,, - -- - - - - , , - - 

Yukon-Tananaregion---,-,----,,,,,,,,-,,,---,-,+,-,---------- 
%Camkidan rocks ,-,-------,,,,-----,----,-------------- 

Birch Creek sc~t - - - - - - - - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - -  
WndifTerentiated Paleozoic mcks wUer than Middle Ordovician- 
Ordovician votcanic rocka--- - ------, ,,, .- -- - - --- ----*----,- - 
SiIuhn rooks---------+-+------------------,---,---------- 

Tolo~analim&ne--------------,,,--~----,----------- 
Undifferentiahd Paleozoic mcka Iahr than middle Srlurfan, , - , - 

ILiLmpartgro~p----,,,--------,---------,,,~,,-------+-- 
Gretaceous rocks,,,,.,---,,,,,,,--------------------------- 
Tertiary mh---,,,,--,,,.,---------,---,-----,---,-,-,--+- 
Tgneousro~b-----------,,,-~,----+------------,-------,-- 

Upper Devonian bmia greenstone hltrumvm- - - - - - - -. - - - - 
Meaoroic gaaitic rocks -,.,.,,,,,,,------------ -- - - - - - -  
Tertiary granitic rocks,, ,--- -,,,,,,,,-- - --- - - - - - - - ---. - 

Oeolo~ic hiatary of the Yukon-Tannna region- -------------, . , 



c h 1 e t I n u e d  
Pleistocene and Recent geology of the A b k s  Railmad region- - - - - - - - 

PreglsFial rnnditions---------------------------------+-----  
Glacial epoch ,,,------------------....-------------------- 

Extent of glaciation-,, - - - - - - - - - - - A  - - - - - - - - - - - - - - - + - - - - 
Evidenom of more than one glacirtl edvmce ------- - --. ,--- 
Effect~ of gkiation upon land Tonne ,,,,, - - - - -  --- - --- - - -- 

Refreat of the ice,-- - - - - - - - - - -, , , - - -- - - - - - - , - - - - - - - - - - - - - - A  

1Pramtglaeiem,,,-..-----------..,-r------.-..------------ 
Recentdep~its--,--..---------..---.----------~---------- 

Tmacegrs~el,,~------------.--.----------~..--------- 
The "muck" problem,- - - - - - - - , . . . - - - -- - - - - - - -. - - - - - - - 
P w n S  stream p v e l , , ,  --- - -- - - - ,,. - - - - -  - - -- - .--. -- - -  - 
809 ~~OWB- - - - - - - - - - , . - - - - - - - - - - - - - - - - - - - - - - - - - - - , - - - - -  

E~~o~pio,.~logy,,,,-.------------~.----------------------------- 
Gener J features,, - - - - , - - - -. - . - . - - - - - - - - - - - - - - - + - - - - - - - - - - - - - 
Kenai Pen imuLa, - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - -*+-~- - - - - - - - - -  

Gold lodes------.----------------*--+------+---.---------- 
Galdplscers- , - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Copper lodeht----------------------------------------+-----  

Taeetnetegion --------...----------+------..----------------+ 
Gold lodes- ,--------------------------------------------+- 
Gold placem, , - .. - - - - - - - - -. - - - - - - - - - - - - - - . - - - - - - - - - - - - -. . - - 
Copperlod~ri.,,----------.-~---~-,-----------.------------ 
Antimonylodee..---------,--.--------------------..------- 
Silver lades --,------ ---------- . - . - - -+--- .  - ---------------- 

luaeka Range- , - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , - - - - - - - - - -  
YentnadW&,- , . , - - . - - - - - - - - - , . - - . - - - - - - - - - - - - , - - - - - - - -  

Gold ldea  ----- . . .+.---------- .- . - . -------------------  

Gold p l ~ , - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - . - ~ - - - - -  
Chulitna region- ------. --. - ---- --- - - + - .. - ,--- --- ----- -. -- -- 

Lade depo~its,-,------.,--------+----~---------------- 
Valdes Creek district- - - - - , , - . , - - + -- - - - - - - - - - - - - - - - - - - 

Gold p l m r ~ - , -  ----. --- - - --. - - -- . - - . ---------- - 
GoldPodea-,, , , .------+-----, ,----------.------------- 

BonniEeld region,, . . -- - - - ------- - ----. ----- ---- .---- - ---- - 
Gold plamm- - - - . . - - - - - - - - - . --I - - - - - - - - - - . - - - - - - - - - - 
Gold lodes ------ --------------------------------------  

IEmtishnareprion ----.....I----------.--.------------------- 
Gold placers -,-- - - - -- .. . . - - - ---- - --- - --, , --- ------ - - -- - 
Lodeminea-,------------,, ,-------.-------,--------.* 

Felrbmka district ---,,. - - ----- - - -  -. - - - - - -- - ---- - - -, . --------- - - 
& l d p W - - - - , , - - - - - - - - - - . . - - - - - - - - - - - - - - - . . - - - - - - - - - - ,  
Goldlod~----------.--------------------.---*--~..------* 
Antimony lodes--- -. L.  - - - - - - - - - - - -  , - + - - - - - - - - - - - - - - - - - - - - -  

Tunmten lodehi - - - - - -+ . - - - - - - - - - - - - - - - - - - - - - - - - -+- - - - - - - - - -  
Elamprtrlt dietrict ---,------- -----  ---------------------*-------- 

Hot Springs diatrict ---- .. -. - - - . - - - ------- - --. . -- - - -----. - -. -. - - - 
Tolavana dietriet- , , , - , - - - - - - - - - - - - - - - - - - - - - - - - - -+-------- - - - - -  
Coal resouma of, the railroad region., , - - - - - - - , , , - - - - - - - - - - - , , - - I 

Index ...,-----------,,..-,,----,------,,.,--------,-.------------. 



-- - 

P I P  
P B O ~ P I B C I B ~  W i n k  view of Mount McKinley from the northweetweet 
P L A ~  1. Geologic map of the Alaaka Railmad region, S e d  to M a t s  

nuska mal field ,-,------------,-------,,------,,---, In poaket 
2. Geologio map of the Alaeka Railroad region, Matanuska eoal 

fidd to Yanmt Fork ,------------------ -------------- In pocket 
5. Geologic map of the Railmad region, Yanetf Fork to 

Fairbanks -,,,,,,,,,--------------------- In p k e - 4  
4. Air view of k m d ,  the cwaertal terminw of tba A h k a  Rail- 

 mad--,,,,,,,,,-,,,,-----+---,-,,^-,-+,,-,--,- 42 
5. Air view of kzlchorageI lmking north ,--,,,,,,,, ,,,111111111 42 
6. Air view of F a i r b k a ,  the inland termfnua of the A h k a  Ran- 

mad .................................................. 42 
7. Air view of Palmer ---,,,,,,,,,ererer,,----er--,, 42 
8. A, stripping "muck" overburden an Cripple F & b b  

district; B, Thawing frozen ground with cold water in prepara- 
tion lor dredging on Goldatream, Fairbanks M a t  -----,,,, 190 

9. A, The Suntrana coal mine and the Eocene c o a l - M n g  d m ,  
Healy Cmk;  B, A gold dredge in the Fairbanke district,,,,, 101 

Frarrs~ 1. Index map ~howing location of the Alaaks RBilroed region, - - - 3 



GEOLOGY OF THE ALASKA RAILROAD REGION 

The Alrnka Ranmad regfon, as bere delhed, ewer# an area about 140 
mile8 wide and 450 milea long from north t~ south, reaching from the Gulf 
of A l a ~ k a  northward into the Ynkon Bash. Tbe Qovemmentswned and 
operated Alaska Railroad Uea along tbe exis oi this Wt. The redon contains 
important mineral deposits, particularly gold and coal, and has p r d d  some 
8150,000,000 worth of minerah in the last 40 years. Ita known rmervea of 
minerah are large, and the posalbilities o i  future dlscoveriea have by no 
means been exhausted. It alao contains extenai~e areaa that are mitable for 
a ~ c u l t u r e  and fop gradng. A conRiderable portion of the Mount H c K d e ~  
National Park ialla wltUn this erea. The railroad region inclndea portiobs 
of seven rathex ddlatinct geographic province8 and tbns exhibib a wide 
of geoIo$lc formations and aructnrrs. Darlng the lant 40 ymw more than 
100 parties of the Gwlogical Survey haye carrled out studies in this region, 
and the remlta of that work have amarpd h an even larger number of 
mnm and written rgorta published by the S m e g  or fn the t e h n i d  p m  
Many of these pnblicntlm are now out or print and not eaag of reference. 
Fnrthwmore, M knowledge of the mglon baer grown, many of the enrlier con- 
cludona wlth regard to the gtmtlgmphic muence and a h t u r e  have been 
changed. 
The m n t  report L an attempt to bring together in condensed form .the 

present state of knowledge of the f3~01ogy of 2he e o n .  Limitatlon~l of 
h v e  necessitated great condenmtlon of tbe material avalable, but referen- 
are glven to the publlmhed works of the orlglnal authors, and a cbrondogle 
Ifat b p-nted of fleld work that has been done. It has been n m r y  to 
gemralirn the geology In mch a m y  as to bring into accord the results of 

- A  different workem, but in almost a11 instances where that baa bew done, or 
..a where chanma In age aaalgnment of formations haoe been made, it bas been 

with the mncumnce d the orlgbmZ author$ on the bad8 of more recent 
informatioa 

h Brief demriptim are given of the historg of exploration, climate, vegeta- 

k 
tion, animal Uie, poputatlon, routes of travel, agriculiure, and oi Mount ME. 
JKIulq Natfonal Park 

INTRODUCTION 

The, cornpletiom of the Qovament railmad from Sewad, on the 
PacXc coast, to Fairbankq in the Tmana Baein, in the spring of 
1923 waa a historic event in the industrial development of Alaska. 
Since 1867, when the Territory ww pumhad from Russia, mod 
of Alaska except the immediate maboard had been dififiicalt of m m s ,  
and travel through it had bean wasteful in time, energy, and money. 



2 GEOLOGY OF THE A U S K A  RAILROAD REXION 

As e m l t  of this isolation the agricultural lands of the Territory 
remained almost untauched and only the rich- mines could b ex- 
ploited at a profit. Alaska is &ill a frontier country and is very 
thinly populated. The census of 1911) showed a total populntion of 
64,356, largely distributed along the seaboard. Of t h m  people about 
B6,OQO. were whites By 1915 the whiB population had increased 
somewhat, but by 1918 the population had decraased to about 50,000, 
largely as the result of the call to  military service of 3,500 men and L 
of the high wages that could IM obtaind in the Stah .  The h h r  Y 

shortage and the high wages BQ increased the cost of mining under 
war conditions thab mining was restricted OF mmpletely stopped on 

'many claims that had previously been worked. The census of 1920, x 

however, ahowed a slight increme again to mare than 55,000 persons - S 
md the census of 1930 to more than 59,000, of whom over 28,000 were *<a 4 - 
whites and alm& 30,000 were natives, the others being foreigners of 
various nationalities. Of this number, over two-thirds, or more than 
'40,000 people, live on the coast. The remainder, including both 
'whites and natives, lew than 20,000 in number are scattered in a few 
small towns or in mall groups throughoat m area of about 500,0011 
square miles, or an average of only one person to 25 square miles. 
.For these p p I e  the only avenuw of communication during the 
summer have keen the few navigable streams, most notable of which 
am the Yukon, Tanana, and Kuskokwim Rivers, and s thin network 
of msds and trails. Before the completion of the Alaska Railroad a 
singla railroad, the Copper River & firthwestem, ran from tidewater 

omrow the coastal mountains and gave access to the lower Copper 
River Basin and a part of Chitina Valley. This railroad was sup- 

.plementd by sn automobile road, the Richardson Highwky, f~mm 
Valdez and Chitina Ito Fairbanks, on the Tmana River. It must 
be remembered, too, that at the time when mnstmction of a d m n d  

'from the coast t o  the inhrior of Alaska wag under consideration 
'there were no commercial air lines in operation in the territov, 
md no landing fields, In fact, commercial aviation even in well- A. 
settled parts of the Unitd Stah was only in its baginning. Interior 
Alaska was therefore almost completely klated during the more than 4 
7 months from middle October to early June, for during that perid 
the strertms are ice-bmd, the river steamen a m  in winter quarters, A. 
and travel wws mainly on foot or by sled over frozen trails and 
streams. Furthermore, in spring, during the "break-up" period, when 

' the mow is melting and the ice is running in the rivers travel over- 
land is nearly irnpomible, as it is also in the fall, during the 
'Ym-up" and until sufficient snow to afford g o d  sledding has 
acxumulated. It is therefore dflcult ta exegerate the value of all- 
year rail transportation to those parts of Almka that am tributary 
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to the Alaska Railroad. This area includes rich mineral deposits and 
- agricdtwd lands, as well RS valuable fisl~eriw. 

Ita natural richness had been sufficient to encourage the. develop- 
ment, even in advance of adequate transportation, of the gold ldes 
uf &a Willow Greek district, the gold placers of the Yentna, Valdez 
Creek, and Bonnifield districts, and both placer and lode deposits in 
the Fairbanks and Hantishna districts. The salmon fisheries of 
Cook Inlet have for many gears contributed largely to the Nation's *,. . 

-e food  upp ply. As soon as even local railroad transportation b e m e  
available wal mining was started in the Matanuska and Nenana coal 
fields, and developments looking toward active mining were carrid 
out on the gold ldes  of Bmad Pass. The promise and realization 

i 
rC 

of r d  connections with the coast and with interior Alaska hare 

- .-z, encouraged B noteworthy farm colonization in the Matnnuska Vdey 
and stimulated the already wellestablished farming industry near 
Fairbmks. 
The area served by the railroad is unusually large compared with 

the length of the railroad, for it embraces not only all of KenG 
Peninsula, the Susitna Basin, and that part of the Tanana, Basin 
through which tha line runs (fig. 1) but a150 all thorn parts of tke 

Fro~nla 1.-Index map showing loeation of the glaaka Railsond reglorn , 



4 QEOI/0(35! OF THE ALASKA RAlLROPLD REGION 

Tanme, Yukon, and Kdokwin B d m  that are connected by roads, 
by river tmmprta&n, or by air lines with the railroad and thus 
includes a lwgw portion of central Alaska. In the present mport, 
however, it h e n  necessarg to confine the dimssion of the p l o g y  
and mineral rs90- to a mare restricted ama. The region hem 
included is 880 miles long and 180 miles wide, lying far the most 
part betw~en latitude 59'40' md 65"lIY north and longitude 147" 
and 151" west. It includes the entire Qovernment railroad from 
Sewnrd to Fairbanks, and the branch ta the coal field in Matanuska 
Valley, as well ~ss the territary immediately tributarg to the railmad 
on both sides. Figure 1 shows the porrition of thia region and its 
relatiom to other pparts of Alaska. 

A memum of the economic importance of the cailmd region is 
afforded by the following table, which lists the tab1 mheraI p d u c -  
tion for the several districts up to and including 1986: 

Gold : 
Placere- ----------,--- - - - - -  $I!& f 700 
m e 3 1  ,,,-,,,,,,,,--, * ---- - ------ 12,l%l7,800 

18&,10$000 
Silver (mably from anom wfth gold) --,-- &15,000 
Coal -,,,,,,,,------- - - - - - -  9,835,000 
MlweUlleneon~Q inclndlng lead, antimm~, tungsten. 

copper. and other products_ l---l,-l-,--4-d 2% ooo 

'Don! sat hcltlds pmhcUm from l a  of gold in Rlnce William Bound W o n  mw 
moka B y  
* D m  not helade pvductlon at foppcr from deposltm In Prlnce Winiam loand Rdoa. 

maer gold produdon from the Alaska Railroad region, bg m c t s ,  up to 
and Including 1936 

I c e d  P e n i n r m T P  ,----,--,------,,-- - -  $2, m, a00 
Willow CreeB,,,,,,--,,,,--I-I,,------L----- 46,100 
amtnL--------- -----,,,,, ,-,, * ,,,,,,,,,, 2,%600 
Valdes O r & , , - -  ---- -- m, m 

A* 
Bonniflelb, 494,300 
Rantishna ----,-,,- --- ---,-----,-,,-,,,-,,,,,- 496.100 -4 
plairbanka------------------------------- IM, 4Mi fm 
Rampart ,,,------ - -,,---,,--,,,,,,-,,,,,,-, 1,476 100 
H O ~  sprtng~ ---,------,,,,,,,,-,,,,,,,,,, 7, m,m 

B 

HZ8TORT OF EXPLORATION 

T h e  story of the miptiona of nnatiw tribes tn Alaska and theu 
settleme~lta would be of graat ethnologic and historic in&& if the 
record mdd be obtained, but t h a  natives are of primitive types and 



have no written langnw, and much of their early history is for eve^ 
lost. T&morthy records date back mly to the first arrival of whit8 
ma, and the most important historic events are here s u m a r i d  
brieffy. 

During the early days of colonial settlement on the Atlantic & 
the nodhwestern part of the North Americ~n continent had never 
k n  seen by white men. In the early part of the e i g h ~ n t h  century, 
however, the Russian fur traders on the mast of Siberia learned that 
some land lay to the east, for trade had long been cnrrid on btwaen 
the Siberian natives and the Alaska Eskimos. 'fbe probabilities that 
this new land offered a promising &ma into which to extend the fur 
trade stimulated the Russians to seek it out, and to determine dehitaly 
whether or not them was a land connection betmwn &ern Siberia and 
western North America. Accordingly, in 1724 Czar Peter the Great 
dispatched Vitus Bering to make the long journey overland to the 
Pacific coast and them build his ships. His h t  voyage, in 1728, pmvd 
t h t  Asia and America were sepsratsd by wsbr, though Bering failed 
to alght the Alaska coast. On a m n d  voyage, in 1741, he approached 
the shore of the mainland near blonnt St. Elias, landed on one of the 
islands, land thus is popularly cseditad with the discovery of Alaska. 
On his return trip tn Siberia he probably caught sight of land now 
the mouth of Cook Inlet and WI was the first white man to visit this 
portion of Almka, ihouph he mtde no landing them. Bering died on 
the retnrn voyage to Siberia, and the official inbrast of the Russians 
in the newly found Alaska lagged, but the fur trdem were prompt 
to ee the possibilities for extending their outposta to this virgin terri- 
torg. By 1763 they had ptlshed eastward dong the Aleutian Islands 
and Mash Peninsula to Kodiuk Island, and in 1783 they established 
their fht  aettbment at Three Saints Bay, later moving this ~ettle- 
ment to the presnt site of Kadiak. Within the next 5 years other 
d e a n e a t s  were atablished at Kasilof and Kenei, on the east shore 
of Cook Inlet, and later on a tr~ding post at Knik. The traders up 
to that time, as well BS later, were intarasted mainly in the mmmemial 
exploitation of the country, and if they carried on impartant explors- 
tions and made any reoord of them, the records hsve been lost and their 
contributions to our geogmphic knowledge have been d l .  
The fimt imporhnt exploration in thia mgbn wes carrid mt by 

the navigator Capt. James Cook, who was writ by King George 
to mrch for a northwest pas- around the north end of the continent. 
After following the coast northward from Oregon he entered the 
embapent now known as Cook Inlet in 17?8 and, thinking himself in 
the mouth of a p a t  river, followed it northw~rd as far as the 
s n h n c e  to Tamgain A m ,  which he called Turnagain River, f o ~  
he then turned back to continue his q1ora~ons elsewhem. 
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Zn -1T$8, Dixon and Portloclq who had b a  officers, w i t h i b k  on 
this earlier voyage, returned to Cook Inlet in charge of twa trading 
vemls and extended our howbdge of its shores. By that h a  the 
fur trade was in the hands of a single powerful company, which had 
establid~ed posts on Kodiak Island and on the east sllore of Cook 
InIet but which had little interest in extending explorations inland. 
In 1793 m agricultural colony wa9 established on tha east ahom of 
Cmk Inlet, and in 1795 a ship built of Alaska timber wtw launched 
at a newly established shipyard on Xesurrection Bay. The actual 
charting of the shore of Cnok Inlet was completed in 1794 by &urge 
Vanmuper, an English navigator who had k n  with Cook to this 
coast 16 para before. Vancouver was the first to mention the lofty 
mountains of the Alaska Range, culminating in Mounta McKinley 
and Foraker, which can b seen on a clear day h m  the head of the 
inlet, 

For the next 60 geam Little exploration of inbrast has been re- 
corded, with the exception of a trip by Malskoff, a Russian fur trader, 
who traveled by boat for some distanm up the Susitna River in 1834. 
The &st recorded mining venture in Alaska was made in 1848-60 by 
Doroshin, a Russian raining engineer, who mught ~ n d  attemptad to 
mine gold on Kenai Peninsula and recovered some gold, though he, 
failed to find deposits rich enough to encourfilfe f urthar exploitation. 
Four years later, in 1854, the Russians produced the fimt coal mined 
in Algsk~? from h d s  that crop out at  Port Gmham, and main- 
tained a small output for several years. Russisn maps of this part 
of Alaslra published before the transfer of the tomitory to the United 
States show correctly the general position of the Susitna and Mata- 
auska Rivers, but whether that information was based on reports by 
the natives or on fimt-hand knowledge gained by exploration is not, 
h o r n .  CBrtainZy in 1867, when the Russian mupation ended, the 
territory immediately back of the mast of Cook Met, except for t h ~  
position of the main rivers, was largely w h o m  to white men. 
Meanwhile the Russians had extended their explorations for at least 
400 miles up the Kuskohim River, and had journeyed up the Yukon 
to the month of the Tanana. Thus, although in the region hem con- 
sidered they had exp lod  only tha seacoast, they had a, h o w l e d g ~ ~  of 
the geneml courses followed by the main rivers. 

The failure of the Russians t.a explore m d  survey the region syste- 
matically &odd not be harshly criticized, for the first 25 years a h r  
the transfer w i t n d  an equal apnthy on the part of the United 
Sbta ,  and USewmd's folly" was largely left to take care of itself, 
sa far as Fedeml appropriations, worm concerned. The v e n t m m e  
pmpectom and fur traders, howeveq asked no Government, help, 
and early began to find their way into remoh parts of the Territory, 
in their ~ r c h  for gold and furs. As early as 1878 Arthur Harper 
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.and A, Maya, who bad descended the Yukon, made a trip up the 
Tanma as far as the p m n t  sib of F a i r b h  and found alluvial 
'p ld  on tha bars of the strenms. About 1880 a trading post was 
established 20 miles above the mouth of the T m n a ,  but it was later 
abandoned. Frank D~nsmom and several .~ompSniom in 1889 crossed 
.from the Tanan% to the Kuskokwim Basin, probably by way of the 
Rantishna River and Lake Minchumina, and their enthusiastic de- 
scriptions of a great mountain to the southeast, now known as Mount 
McTCinley, led the prospectars of the interior t6 speak of it as 
*'Denmom's Mountain."' 

The first systematic study of the geology of any part of this 
portioh of Alaska was made on Benai Peninsula in 1880 by 
William H. Dall, who mas then a member of the United States 
.Coast Survey, He returned in 1895 for the &ological Suwey 
and in mmpnny with (3. F. Becker made a study of the west coast 
of Kenai Peninsula, thus beginning the work of the Qeologicd 
:Sumy in Alrskn, a work that has continued to the present time. 

For 19 or 15 years after 1880 public interest in Alaska gradudy . 
increased, for reports of gold discoveries fired the populnr imag- 
kation, and many ventnresome men penetrated into preViousEy 
unexplored parts of the Territor;g. An expedition by the War 
Department in 1885, in cormnctnd of LL Henry T. Allen, explored the 
headw~~tam of parts of the Copper River Basln and dwmncled the 
Tanana from the mouth of the Delta River, adding p t I y  to our 
.knowbilge of the geography of interior Mash. 

The first discovery of gold in. paying quantities within the Cook 
Met  Basin is said to have been made in 1888 new Hope, but it wns 
.several y e w  labr before vigorous development work wna c a r r i d  on 
there. 
Am attempt in 1889 to exploit the l i e t i c  coal of Kachemak Bay 

for export to the Pmific Coast States mded in failom. The next 
year gold-baring beach placer deposits were dimvend at Amchor 
Point, an Cook Wek, and in 1894 the plamr diggirip on Bear and 
Palmer Creeks were found. These discoveriee stimul~bted prospect- 
ing throughout  ken^ Peninsula, and mining soon began in many 
localities. Gold quartz float was disewemti in the Moose: Psss dis- 
tr ict in 1896, and many quartz lodes were located in 1898 and 1809. 
Between 1896 and 1898 nlttny placer daims were staked on the 
north side of Turnogain Arm, although a workable gavel deposit 
has sinw been developed them at only one locality. The first pplaicer 
dimveries in tlre Willow Creek district were also made in 1897. 

An exploration worthy of mention was that of W, A. Dickey, 
who in 1896, with three other men, took a h a t  up tho Susitna River 
to the mouth of tha Indian River and explored prtions of the 
main valleys of the Susitnrt and Chuliha Rivers. H e  published the 
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6mt desoription of M m t  MdhIey  and gave it its nnme, ~ n d  his 
estimate of the height of the mountain as 20,000 f&, made at thst 
time without instrumental okmation, has p r o d  ta be mi- 3 0  
feat of the d u a l  height. 
In 1897 md latar there were doubtles many pmpectare who perm- 

h t e d  to different parts of the Susitna Emin, but those- men left no 
written m r d  of their wanderings, except where valuable nh~p&Ier 
were found and small mining communitim sprang up. x 

The attention of the world was drawn forcibly to Alaska in 1891- -* 

98, upon the dimvery of the exceedingly rich gold-pImr Wging~ of 
the Canadian Klondike, knd the effwta of that spectacular stampede 
of gold wkem were reflected thughont the entire Terribq in 
greatly increased vigor in prospecting. A keen demand arase from - 
the public for accumte information abut  the Territory, and the 
Government mpid the importance of that demand by empow- 
ering several- agencies to cwry out investigations thera The Con& 
and Geodetic Sumey soon conmend  the charting of the shorn lines 

, and navigable waters, and that work ia still in progrem. The Army 
and the Geological Survey, in cooperation or separately, sent wv- 
era1 expeditions into the Territory in 1898, four of which W h e d  
the area here under discussion. Of these expeditions, one under 
the leadership of G. R. Eldridge rand Robert Muldrow, of the Geo- 
logical Surrey, traveled by canoe up the Susitna R i m  with the 
object of crossing the Alaska Range and demanding the Tanam to 
the Yukon. Heaching the haad of navigation at the mouth of the 
Indian River, the expedition proceeded overland as far na .the~Nanana 
River, but exhaustion of supplies compelled it to return by the same 
route. An a result of this journey a survey was carried from the coast 
to the Susiha-Tanans divide; the position and altitude of Mount 
McKinley were determined ; and some information was gathered con- 
cerning the geology of thia great basin. 

That same year J. E. Spun and W. S. Po&, of the G e c r h g k l  
Snrvey, m d e  a remarkable journey by GBROB up the Yentna.ad X 
Skwentna Rivers ta the summit of the Masks Raw, which they 
crossad, and descended the Kuskokwim ta its mouth. They prmded 
th~nw mund to Bristol Bay by following a mriw of rivers and 
lakes and returned to the PxSc w ~ b r s  by crossing the Alaska Penin- fl 
mla to  a point opposite K d a k  Island. Throughout their journey 
they carried on topographic and geologic mapping and o d d 4  p t l y  
to our how1dg.e of the region they traversed. 

Meanwhile a Wsr Department expedition in charge of Capt. E. F. 
Glenn, to which W. 6. Meridenhall, of the Geological Survey, was 
attached tw geolagjst and topographer, was working in another part 
of thia ama. Preljminary to the main expedition Blendenhall crossed 
the p m  from Prince William Sound to Turnagain Arm and retnrnd 



by way of Portage Bay and Portage Glacier, and later tmwM north- 
wsrd overland from  tion on Bay to Turnagain A m .  Tha 
main expedition, which he then joined, journeyed by pack train up 
the Mshnuska Valley and across the Copper River Basin to Delta 
River, which they descended nearly to the Tanms, returning by the 
m e  mute, Throughout this journey MendehII carried on s 
topographic and geologio suroey under difficult conditions and 
brought out a great m o ~ i n t  of information s h u t  a previously un- 
mapped area, 

A fourth expedition in 1898 was that of W. J. Petem and A. H. 
Bmh, who ztmnded the White River from the Yukon, portageoE 
mmss to the head of the Tanans, and explored that  stream to itg 
mouth. As a result of these explorations in 1888 the larger p 
graphic featurn of thie portion of Alaska wem .at least outlined, 
and a foundation was bid for the work that was to follow. 

In 1899 an Army expedition commanded by LL d, S. E m n  I& 
Cook Inlet with the object of crossing the Alaska Ran@ along Ithe 
general mnta already mapped by Spurr and Post and proceeding 
northward on the west side of the range to the mouth of the Tanana. 
After many misfortunes the trip was accomplished, and at least some 
idea, of .the geography of t.hat route wm obtained. At the same time 
S& William Yanerh, acting under orders of Captain Glenn, made 
some reconnaissance surveys in the S u ~ t n a  Basin, and George Van 
Schoonhoven, also of Glenn's command, proceeded by pack train up 
the Snsitna River d WMSB into the Nenana Bagin, In 1899 also 
the  ada an ATda Exphtion, with a nobble group of geologists 
and gmgraphers that included G. K. Gilbert, W. H. Dall, John Muir, 
B, K. Emerson, Charles Palache, and Henry Gannett, mada some 
studies in Prince William Sound and on the east shore of Cook 
Inlet. In 1932 preliminary sumep for a railroad from the Pacific 
coast to the Tanana River, by way of the Susitm Valley and Broad 
Pase, were esmied over that, entire route, and in 1903 railroad con- 
struction bgan at the newly established town af Sewaxd and a great 
stimulus was given to prospecting along the projected railrod lime. 
This mad was eventually completed for a distance of 71 miles, reach- 
ing the north Ade of Turnagain Arm, and was ex-d to tap the 
Mntanuska coal field, at  that time known to contain high-grade coal, 
snd ta extend to the new placer camp at Fairbanks, discovered in 
1909. Unfortunately the mal-land controversy arose at this time, 
and the uncertainty that aroaa concerning title to the ma1 lands de- 
layed the development of the coal Gelds, and ss di~caumged the 
financial backers of the railroad that construction was stopped and 
was not resumed until 1915, when the old line was acquired as s 
part of the new Qovernment railroad s;pstem. 
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. The most fruitful trip of exploration that has been m d e  in t.his 
region was thal of the Gsological Survey party in chargo of & H. 
.Brooks, including D, L, Reaburn as t o p p p h e r  and L. X Prindle 
as an additional geologist. In the spring of 1902 the members of this 
.party landed at Tyonek with pack homes and supplies, proceded 
overland to and up the valley of the Skwentna River to its head, 
e m e d  the Alaska Range by a pass they discovered, and followed 
the northwest flank of the mnnge to the Nenana Valley, which they 
descended to its mouth and proceeded thence to t h e  Yukon at Ram- 
part. Topopphic and geologic mapping were carried on through- 
out the journey, in a country much of which had been previously 
unexplored. Them men were the first to get foot on the slopes of 
Mount McKinley,.~nd their reports of ita wonderful scenic beauty 
and of the most available mutes by which it could be reached were 
in large measure influential in starting the series of mountaineering 
expeditions that culminated in the ascent of the highat peak in 1913, 

The expeditions organized between 1903 and 1913 for tlla purpsa 
of climbing Mount McKinley contributed largely to our knowledge 
of this p ~ r t  of Alaska, for narrative reports describing several of 
the expeditions worn published, md a11 of them were given consid- 
erable publicity, At least one of those reports, that of the Parker- 
Browne exploration, included a comprehensive sketch map of the 
Mount MclCinley region and contained a large amount of original 
geographic information. None of the mountaineering partiw, how- 
wer, except the second Cook expedition, made an attempt to mnduct 
qstematic instrumental surveys. The following is a brief 'chrono- 
logic account of the expeditions that made serious attempts to ascend 
Mount McKinley, 
In 1903 James Wickersham and pmky proceeded from Fairbanks 

down the Tanana and to the h d  of nav-iption on the Kmtishnn 
River and thence tmveled overland to  the basa of the mountain. 
They guccaeded in climbing to an altitude of about 10,000 feet but 
warn turned back by lack of provisions and other difficulties. That 
same year Dr. Frederick A. Cmk, with a party incIuding among 
others Robert D m ,  traveled by the route mapped by Broo?xs the 
=preceding year to the northwest barn of the mountain, and on the 
amnd attempt to climb the rnountnjn was stopped by impassable 
cliffs at ttn altitude of about 11,000 feet. On tho return trip this 
party proceded eastwrtrd from the mountain, crossed the AIaska 
Range t h u g 1 1  a difficult pass they discovemd at the head of the 
Teklanika Rircr, and descended the Chulitna and Susitna Rivers 
by I3.k 

: The second Cook expedition, in 1906, included among its members 
Hemhe1 Prtrker, Belrnom Browne, and a topogr~pher~ R. W. Por- 
ter. This time the nttack on the mountain was made fmm the south- 



east, but again wibhout success. The expedition mTM, however, in 
ths topographic mapping of a msidemble s m  along the southeast 
slope of the Alaska R~nge  and so made a vaIuable geographic 
contribution. 

Three mountaineering expeditions were carried out in 1910. Of 
thm the most unusual was that organized in Fairbanks, i n c l n d i  
fotrr Alaska pioneers and minera, Thomas Lloyd, WilPiam Taylor, 
Pete Anderson, and Charles McGonagd. These men were mcus- 
tomed to the hardships of travel in low temperatures but had had 

-little or no experienm in alpine work. Ignoring the daborate pmpa- 
rations and p d e n t s  of earlier expeditions, they sledded with dog 
tmms ki the base of the mountain in emly spring? and after back: 
packing their improvised outfit and provisions for several weeks to 
successively higher cmps, two of them, Anderson and Taylor, in 
a ~ing1.a day's magnificent ~purt, made the last climb of more than 
8,000 feat and placed n flag on the northeast peak. They chose the 
northeast pak,  although it is a, few hundred feet lower thsn the 
muthw& peak, because they thougllt a flag on that point would ba 
more plainly visible from the lowlands to the north, The m n t  
to the highest peak was, not attempted, though the route to it was 
said to present no difficulties; the ultimate goal was still unattained. 
In that same year, 1910, two attempts were made to male the 

mountain from tho math, one by a party organized by C. Rust 
and the other under the leadership of Herschel Parker and Bel- 
more Browna Neither of these expeditions succeeded in finding a 
pm&ble mi% to the summit, A m n d  Parker-Bmwne expedi- 
tion was stuted in 1912 for the purpose of mrtking the clirnb from 
the north slope. The members of this party took supplicw by dog sled 
fmm Sewsrd and spent many weeks in axending the Susitna and 
Chulitna Rivers and crossing the range to Mtildrow Glacier by way 
of Ohio C m k  md the glfider st the h a d  of the West Fork of tha 
ChuIitna River. The axent of Mount McKinley was begun in early 
June, and after mom than 8 weeks ~lpent in climbing znd relaying 
outfit m d  provisions on their backs, the climbers mcaded to a point 
within a few h d d  feet of the top of the mkntain, only ta be 
turned h c k  by a blizzard. A second attempt for the summit was 
made a few days later, but bad weather and lack of proper food 
campelled &em to &baridon their purpose, after having so nearly 
achieved it. 

Alt.hough in slI but a Gechnical Mnse Mount BTcKidey hnd been 
ascend4 both by Anderson and Taylor in 1910 and by the 
Pnrker-Brom expedition in 1912, still the highest peak remained 
unconquered until 1913, whon Archdeacon Hudson Stuck and three 
companions, among whom Harry Hardens was the leading spirit, 
proceeded by dog sled from the Tsnana and camped at the north bass 

7178-2 
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of the mountah, They began the wtud climb in the middle of 
A p d  and stood on the peak m June 7, 1'1 years after Dickey first 
dei3cTibed and named the mountain. Sins that time the mountain 
hma been scaled only onm, on May '1,1932, when a party that included 
Supt. Harry Gek, of the park; Erling Stmm, and Chant Peamn 
made a successful ascent. 

Although the wxnt of Mount McKinley was a s p e c m a r  h t  that 
appealed to the popular imagination, the year of BrooIcs9 exploration P- 

in 1W2 and t h m  immediately following witnessed a seriw of events .* 

that were far more important; in the industrial development of this 
part of Alaska. First of them in importance waa the discovery of 
the rich plmr p v e l  deposits of the Fuirbadm disbict The 5cst 
lrctnal dkovery was made in 1902, but the fame of the new gold A C 

camp became w i d q m d  in 1903, and in that year and 1804 a gold 
stampede to Fairbanks tmk place. This not only estabbhad the 
most important interior plmr camp of Masks but directly stimdatd 
prospecting thmughou t a wide area in tha Yukon and Tanana Basins, 
and a number of minor gold mmps were found, including the &mi- 
field region and Valden Creek in 1903, the Rantidma and Yantna, 
districts in 1905, and the Willow h k  quartz lodes in 1906. Placer 
gold waR fin% found on the West Fork of the Chditna River in 1907 
and was mined on a small scale in 11909. The first I& claim there 
were etrrked in 1909, but in I911 and 1912 the district was actively 
prospected and many lode claims were stW. Active prospecting for 
gold ldtltsa began in the Izantishna district about 1912 snd has can- 
tinued since. 

h o u n 0 e m ~ I I t  was made in 1914 that the sward-Fairbsnlrs mute 
had h n  selected for the Govement railmad. Although ~t that 
time parts of the mute selected had not been completely mapped by 
the Qeological Survey1 nevertheless the *nerd character of the 
countv, including the pmition and size of the rivers and the height 
of the mountain divides, hsdbbem. well .dehmined,. Tha expeditions 
carried out between 1898 and 1902, already r e f 4  to, and the mil- 
road surveys made in 19024 for the Alash Central Railroad h d  
yielded abundant fireliminary information a b u t  the mute, and this 
was of mu198 supplemented by further location mwep made for the 
Government railroad in 101&19. In 1916 clonstwction was begun 
on Rnik Am, and i n e r e a d  rctivity followed throughout the region 
along the projected line. There was a p t  rush of people to &ik 
Arm, nt the construction center for the Cook Inlet end oZ the railroad, 
and in June 1916 a canvas town of perhaps 1,600 tenta sprang up 
almost overnight on the flat at the mouth of Ship Creek That same 
slimmer a permanent town site was surveyed on a high terrace just 
south of the tent Cewn, the lots sold at public auction, and by fall a 
substantial town, with wide, well-graded stpee& and a fine sanitary 



location, was rapidly growing on a spat that a few months earlier 
wss a wilderness, while a dock, railroad yards, and buildmgs- of the 
 laak aka Engineering Commission had grown on the side of the earlier 
'tent village. This town was named bchomge, aa it lay at the 
fartheat inland point on Knik A m  to which ocean steamhips could 
safely go. 
In ar~tieipation of the agrioultanrl settlement 'of the pnblie lands 

around Knik Arm and in the Iower Matanuska Valley the Genersl 
h n d  (Mica hmd for several pars been actively engap3 in malnng 
land mrvey~ in that mgion, and this foresight was justsed by the 
.great influx of homesteaders that bagan about 1915, A large num- 
ber of farms wero taken up, land was cleared, and preparation for 
planting crops kegan. Mining and prospecting were also atimu- 
lated, and several projacts mere initiated for exploiting placer gavel 
by means of machinery, instead of by the more labomus and ex- 
pensive hand methods. The first gold dredge in the Susitna Basin 
was built in the Yentna district in the fall nnd winter of 1915, sev- 
em1 coal lxds were opened in the Matanuska field, and vigorous 
pr-tinp; rasaltd in the dimvery of gold quartz veins in the 
' W ~ I I ~ W  C r d  district and of gold-copper and copper lodea in the 
Iron Creek district of t h ~  Talke~tna River Basin. 

In 1916 active construction work was begun on the railroad fmm 
the interior. The town of Nenana, a construction center, ww built 
st the confluence of the Nenana and Tsnam Rivers, and railmad 
building wm eked forward from t ha t  point both southward 
t6aBai-d Broad Pass and wstward &ward Fnirbanks. The original 
plsm and estimates contemplated the completion of the railroad 
from &ward to Fairbanks for a mt within the limits of the original 
appropriation, by the end of 1919. The World War, however, 
gnatly interfered with those plans both by decreasing the supply 
of labor and by p t l y  iinc- the cmt of labor, supplies, and 

- cmsfmctiun msteriels. Cangrm - re&& the unusual conditions 
,md EO in-d the appmpriatioas that construction continued, and 
rail mmmunication was established between Seward and Fairbanks 
in the winter of 1921-22, though it was then necessary to ferry paa- 
sengem and freight acrw the Tanam River. In the spring of 
1923 the great steel bridge across the Tanam River at Nenana was 
o p e d  to traffic, wmpleting the last link in the railroad between 
Sward afld Fairbanks. 

Since the several expeditions h m  the Qeological Survey in 1898 
there hns been continuo~~s g~tiVjty of the Survey in Alaska. Many 
parties: have made topgmphic and geologic studies in the area here 
cunsided, md it is from the results obtained on these expeditions 
that this report is compiled. Within the boundaries of the region 
shown on the accornp~nyinp maps (pls 1 4 )  there are now only a 



few mall ereas that remain nnsumyed, and something is known 
of both the geography and geologg of even tlxm areas. The plans 
for a p d u a l :  completion of the map of Alaska are going forward 
year by ye-, and the blank spraces on the map are bing rapidly 
restricted or eliminated Coincident with the p l o g i c  and top-  
graphic mapping carried on by the k log iml  Survey during the 
last 38 year% other bureaus of the Fderal Government have Gesn 
engaged in surveys of other kinds within the same area. The Coast 
and Geodetic Survey is following its program of charking the shore 
lines and coastal waters of Alaska and in extending precise triaw- 
lation from the coast into the interior. The Genera1 Land Ofice 
has surveyed and subdivided many areas in which the agricultural 
or mining possibilities justified that work. The Bureau of Soils has 
made soil reconnaissances in various parts of the Territory, and the 
Biological Survey has made stadies of the animal life throughout 
the Territory and recommended and enforced the game Ism. The 
Alaska Road Commission and the Bureau of Public Roads have also 
made road surveys in the various areas in which they were engqed 
in mad building. 

For the purpose of permanently recurding the dsta and locality of 
the various geologic and topographic investigations that have bee11 
made in this region, there follows a brief chronology from 1895 
through 1936. 
1895. W. H. Dall and Q. F. Becker examined the coal Be@@ and gold lodh 

of southern Kwal Penfnda. 
1898. 3. E. Spurr and W. 8. Post jotmeyea up tbe 8kwenb River anct dowp 

the Knskokwlm. 
W. C. Mendenhall travelM a- gem1 Peninanla and up the Matannuh 

Valley. 
A. H. Brooks and W. J,  Petera descended the Tanana River. 
k H. BmBs, D. L Reabum, and L M. PrlndTe ascended the Bkwentna 
and Kichaba, crossed the Ata~Sa Range. and followe~I i t s  -notthWerrt 
flank to the Nenma Rlver, pmcding  t .h~nG northward acrm the 
Tenana t o  Rampart 

1903. T. B. Gerdine, Ln the course of en extensive surveg In the Yukon-Tananh 
region, mded reccmnalmce h~pogrmphlc mapplog northward from 
Fairbanks 

L. hI. PrindIe begm a of the geology and mlneral resou- of tbe 
Ydm-Tanana Pegfoll. 

1m. F. H. nfomt examined the Sonrlse placer dIetrict, and EL G. Hamilton did 
topographic mapping In the same r d w .  

T. W. Stanton, G. C. Mnrtin, and R W. Stone were enpgea in an lnvee- 
tigation of the geolom and m i n e d  PesOurces of the muthwentern part 
of Kenal Penin%nla. 

1905. Q. S. Grnnt and. Sidney Palge made some brIef atuBJes on the east shore 
of Renal Fenlnsnla. 

Q. .C. Martin made a mnnalsmnee of the MatanWn c q l  ZIeFd. 
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1'908, An exaeditIon including T. O. hrdine  and R 8. Sarmt, topographers, 
and Sidney Paige and Adolph Rnopf, geologbEs, mapped t o m p h l -  
cdly a large area around Kollc Arm and in  the Talketna Mountains. 

L M. PrIndla made a reconnnissanm In the Bmnlfield and Kantisbna 
reglow. 

R W. Porter made a topogmpblc mrtp of a part of the west side of the 
SnsItua Baaln. 

1W7. C. C. Covert spent a part of tbe sttmmer In maklng stream measurement3 
in the Fairbank8 dstrict. 

1W)B. U. 8. Grant, assisted by D. F. Higgins, conhued hler Investigations in 
the Prlnce Willlam Swnd rwloo. 

1L. M. PrIndle and F. J. Kntz made a detailed ~ t u d g  of the Falrbanke 
placer dlatrict; and C. C. Covert and 0. E. Ellaworth mdled the water 
suppIg ol the region around Fairbanks. 

1909. D. 9, Grant and D. F. Eflgglm mtinued thar studla in Psince WIZ- 
liam Sound. and in the aoutherm part d Reml Pmlnsula, 

R. H. hrgent: made a detailed topographic survey of the koww Matanusla 
Valley. 

L M. Prindle and E. L. 3bhnwn contlnned geal&c rnapglng In the 
Yukon-Tanana regfon, devoting specla1 attmtion to a study of the 
aurlferane quartz veins near Fairbanks. 

Q. El. Ellswo~tb continued stream meuurements tn the Fairbanks dltrict. 
1D10. 0. C. Martin, F. J. Katz, and Theodore Chapin made a detatled geologic 

study of the lower Matanash Valle~.  
F. J. Kata and Theodore ChapIn made a reconnaissance of the W n l m  
Creek gdd district. 

F. H. M d t  and B, L Jobmmn made a g m 1 ~ c  re~onnaLmnm in the 
Gulkana-Susitna man, at the game time that D. C. Wlthempoon and 
C. E3. QImn were engnged in mapping that area togographically. 

J. W. Bagley mnde a topnmpbic map d the Ronalfleld region, and 3. R. 
Cnpps cnrrled the geologic mamlng over that area. 

R. H. Sargent and otl1~1-8 made a land survey near Falrbmks. 
C. E. Ellsfforth and 0. L. P~rker  s t n d l ~ I  the conditioner of placer min- 

ing and the water supply of the Yukon-Tanana refion. 
l9U. R. H. S a r m t  m a p w  a topographic survey from Kachemnk Day to 

Turngain Am. 
J. W. Ragley made h t h  detailed and reconnaissance topogrttgblc Buf- 

veys In KenaI h l n s u l a .  
G. C. Martin and H. Lewla made a geologic reconnai8sance from Port 

Graham to the Kenai Blver and eastward to the AIaskn Northern 
Railway, 

B. I, Johnson ntudled the auriferous lodes of the wrth halt of Eenai 
Pwinsnla 

8. FL G n p ~  8tudiM the geology and gold placer fields of the Yentna dl& 
tr ict. 
E M. Eakin made a @ologIc rrtudy in the Rnmpnrt district. 
C. E. Elmworth continued hfa studies of the water supply of the Fair- 

banks dEstricD. 
1912. G. B. Ellsworth amin made meaanments of 8 t m  flow fn the Fairbanke 

distrim 
P. S. Smith esamlmd the auriferous gold lodes of tbe Fairbanks dl&r:&. 
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m8. F. EL M d t  gnd J. E. Fogue made a gmlme ln @ ESmnd 
Pam FdKIon 

J, W. Bagley ma& n topogmpble mmey in the Broad Pam d o n ,  
0. Qrian maae a topograpMc reconnalmmce from Parsage Canal to 
!humagain Arm and later mapped the Willow C w k  dletrict tn detatl. 

8. R. Cappa studied the goId lodee of the Willow Creek d M c t  and mapped 
the pmlogp of tht district. 
a E. maworth and R w. ~evenpmt ~rrmtfgatea the water -lee of 

the eastern part oi Kenai Pmhmk 
EL L Johnson BtaQed the and mheral of Port Welle and 

hbaacbe Island. 
R H. S a m t  made detailea i%gagmphlc mmeya in Matanwka Valley. 
O. C. Martin, J. B. MertIe, and 8. M. Ovabeck made a aetajleb ntnddy of 

the ,Matanmka coal fleld. 
Thwdom Chapin -died the mld lodm uf tbe Fairbanks it istrkt. 

1m4. B. L. Johnson made a brief stody of the Fort Welh dktdct, 
5. W. Bagley made a reeonnaimane tapgraphic map d the Nelchinn- 

8ualtna redon, and Theodore Chapin studied the geology of the mume3 
era. 
k H. Bmkn -led the geology Ln the ne!glthrhmd of FaErbw.  
R M, makin investigated mining develogmente at Hot 8grLnge and tfalr- 

b a r n .  
3925. J. W. Badey did recannal8mnCB tqmgrnpblc mfipphg in the ~maga ie -  

Knllr district and In the wesltern TaLBeetna Mountalna 
S, R. Cappa did geologic mapping in the Torna~aln-Knik d M c t ,  and 

hwtlgated the mlnlng deveIopment8 of the Willow C h 4 t  district. 
XQl& J. W, Rs~ley  made a topomphic recOmWce the north~atam 

part of Prlnce Wlllfam Sonnd. 
B. L Jobneon studled the geolm and mineral rescrarces d htwcbe 

and Kolght I~lands. 
U. C. Martln. A. Q. MnOdm, and R I& Over- made a detMed Btlld~ 
af part of the Nenana coal field 

0. E. Gimn nnrveyed the Eantiahna region -WcanS. 
EI. R. Capw stndld the geology aria mind ot the KantMma 

Wm. 
L B. M d e  examined the gold plam deposltzr and dudled the mlogg 

of the Tol-n d l ~ c t .  
WlT. X R. Mertle -&led tbe p p  of mlnlng in tbe Ten- diatrtct. 

& R Cam m d l d  the gmlogy and mLneral mmmm of the rigger 

ChuIltna diatrlct and the Wmtem TaIlretua Moantaim, and made a 
~hort vidt to the Willow CteeB dLrrtrfct 

T b W o e  Chaph sEndId the mineral re- d the reflroad mgIa 
191& D. C. Withempun carded an topographic mnpplng in an a m  extending 

northward from the Takeebm River to the upper Chnlltna @on. 
Theodore Chapin atudfed the mining developments in tbe Matannska nnd 

WIllow Creek  district^. 
1919. A. a. Rrmks s tndld  cDnAltlms in the m f m d  xegfon 

S. R. Capm and El. 8. Cathart: made a reconnaisp#moe Btady of the 
geology of the eastern park of Mount McgInleg NatiomI Pnrk, and 
T. P. Pendleton dld topograpblc mawlng in the aame area. 

J. R HlakFn and R M. Overbeck did topagmphic and gwWc mapping 
in the arm betwixu the Talkeehtna River and B m d  Pam 

Theodore ChapIn contlnnerl  hi^ atudles of the mineral nzmmm of the 
HwItna Batdn. 



1920. J. R. Enkin a d  topographic mapping in the ~Iclnity d l3-d Pam 
P. 8. 8mith made geologic investigations in the vicfntty of FaitbanPs and 

in the Salcbr-Ooadpaster districts. 
Mil. A. E. Bmoka vMtd  the Knntishna and WilEow d i - a  

J. 33. Mat ie ,  Jr., continued grologic mapping of the Jhirbanks gaadmwle. 
P. '. Smith made w l n l  i n v e ~ t i ~ t i o n a  in area~l adjacent to lthe Ala8ka 

Fwlmad. 
J. B. Mertie, Jr., continued g@aloe;tc stndfea fa the Fairbanks quadramgle. 

2EZX 8. R Cappa 8tadieB the metal dewdts of the tdhmd r&om 
" 1 C M  8, R. Capm and K. EK. Land- did detaHed geologic mapping in the umm 

Matannab V a w .  
192tl. P. 8. Bmlth. together wIth B. P. Stewart and J. J. Oorey, made studies 

of the MaCannska and Nenann co&l flelda 
E R. bandm mmade a geologic reconnaissance of the area between the 

Knit and Matannska Rivers 
la. F. B. Bmlth ~ t u d i d  the miueral reaonrcea of the se&dOn. 
1927. P. B. Bmtth made geolodc stndies in the A h a k a  Railroad reglon 
1928 B. S. Bmith collected inforrnatlon on mining actldties in the redon. 
1929. P. S. Hmlth continued gmlogic in~estlgations in the Matannh and Fair- 

banks areas. 
1930930 P. 5. Umith emmined mining camp- &tween h r d  and the WlUm 

Creek district. 
F, H. Morn examined metlllHterona d&ts in the E~ntlahna and 

Bodf lc ld  -OD% 
R Cam made geologic stndiea In the headward trIbutlltlea of the 

Snsitna and Nemm R l v a  
lm. An a resdt of an appropriation made by Bongseas to the Mmk8 Railroad 

to stimulate mining In the rallmad region, the Qdagiml Survey was 
called upon to select projecta and personnel and to adddater  
the work W. C. Mendenhall, P, 8. Bmith, an13 D. F. Hewett gave 
advice and mpervlslon in the field. The field conduct of the tolloftang 
parties wns under the direct overalgbt a l  3. R. Capps: 

R W. Richartla and G. b. Warkg made detailed w l & c  ahdies of the 
Aothfacite A i d ~ e  coal &Id .of the upper Mahnush  %Hey. L. 0, 
Newsome did dehfled topographic wneying.  

J. M. HI11 ahdied the gold lodes of the Fairbanke tllstrlct. 
3. C. RRg atndied the gold lodes of the Willow &eels dinMct 
Ralph Tnck stadled the gold lodes of athe Mcm@ PawHope a m .  
W. C, Cawxln and C. F. Park made detailed topographic and ml@c 

inveatkntiow In the Qlrdwood diatrlct. 
C. F. R O ~ R  did debtled geologtc and togographic work fn the Val* 

Creek and West Fork of the Gbulitna dlstrlcta 
P. G. Wells an6 C. Caln dld detailed geologic and topogrngblc mappfng 
in the Kantlebnn district. 

8. N. atoner and J. C. Reed did detailed topographic and gmloglc mapping 
in the Mount EWson area. 

G. & Waring stadfed nonmetallifems d m & &  along the railroad belt. 
fm. P. 1?1. Bmita continned mineral inveatlqatlons In the @on 

Ra.l~h Tuek and C. P, McKInlw did reconnaissance gm10gIc and topa- 
gmphb mapping in the dlrrtrict east of Curry. 

U. A. Waring supedsted cow drUllng h the Anthracite Rldge and M m  
Creek coal fleldis. 
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I N .  P. ZJ. Smith studied the mining developments in the area 
8, R. Cam and Halph Tuck studied the gold veins of the WiIIow Creek- 

Kwhlwitm dimct. 
1854. P. 8. Smith examhed mh~ing developments in the rfgIon 

Ralph luck made detailed topographic and geologic stndiea of the Errlta 
coal field. 

19%. P. S. Smith studied mining conditions in the w o n .  
Ralph Tuck continued geologic work in the Eska coaI fleld. 

19M. F. S. Smith studied mining conditions in the railroad area. 
8. R Cappa and Ralph Tuck surveyed mining developments in the rail- 

m a  reglon. 
The following bibliography lists the more important publications 

that treat of th i s  region, especially those that have contributed largely 
to the knowledge of its geography and geology. The &it is ad- 
mittedly incompleb, and no attempt has been made to include articles 
from the daily pres~l or more than ons or two from the periodicals. 
& regards the publications of the Geological Survey, where pre- 
liminary reports have been superseded by more compleb final reports, 
only the latter have been included. In addition ta the public~ti~na 
listed below them has been issued each year s report on current 
mining activitieg and produhn  for the Territory as a whole, under 
the title ''Mineral resources of Alaska." The arrangement :hem 
given follows roughly the chronologic order in which theGpublicationsi 
appeared or the order in which the invest;igations upon which the 
repoh am based were made. 
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PREBENT REPORT 

With the completion of the Alaska R n i I d ,  h 1928, year-round 
communication was established between the open port of Sewad, on 
the Pncific coast, and the mining regions of interior Almka, and it 
Imame possible to develop m i n e d  resonwe of parts of the Terri- 
tory that without this cheaper and more reliable tramportation 
could not have been pmfitablp exploitd. The cod fields of the 
Matanuska Valley hegan to supply fuel, for the railroad and for 
domestic and other puryoses south of Broad Paas, and the cheap 
fuel from the Pu'emna coal field made possible the development of 
power for mining the lower-grade gravel of the Fairbanks district. 
JMining of lode goId in the Girdwood, Willow Cmk, rtnd Fairbanks 
districts was stimulated; the placer opemtom in the Moose Pass, 
Yentna, Valdez Crek,  BomSeld, and Kantishna districts were able 
to obtain supplies more cheaply, and the many placer camps in kha 
Tansna and Yukon Basins were benefited to a greater or less degree. 
The value of year-round rail transportation b all of this mgion 
cannot be measured directly by a comparison of the gold prduc- 
tion before and after the railroad was completad, for by 1923 most 
of the richer places deposits had already hen mined out, and the 
gold that remained was Inrgelf in lower-grade deposih that could 
not have been mined at dl under the old conditions of high freight 
rates and a short open wasan. Fdr'imtance, without cheap coal for 



power development the large-mla dredging operations of the Fair- 
banks district would not have been undertaken, and the production 
of that camp would be this time have shrunken to a small h t i o n  
of its pmnk value. 
In the 38 years that the United States GteoIogimI Survey has hen 

active in Alaska a large n m h r , o f  individual geoIogiats and topo- 
graphera have worked in the area here under discussion, and their 
work has m l t d  in a mnstantly increasing number of reports and 
maps that deal with portions of this area. In f i a t  time, too, each 
yeas has added new facts and permitted new inbrpretations, so 
that the Iater workers, by building on the foundations'laid earlier 
and by extending their observations over wider mas,  have Lmn able 
to correct certain errors of interpmtation made in the earlier reports 
and to reach broader conclusions as to the geologic hi*ry of the 
region. An exrunination of the list of important publications con- 
cerning this region, already given, shows that umful information is 
contained in ~t least 78 printed ~olumes or articlss. Of these some 
are rare md difficult to mdt. Others are out of print and c m  be 
found only in the larger libraries. Within the last a8 pars the 
Geological Survey done has published or has in prem more than 55 
volumes or special articles, most of them illustrated by maps, that 
discuss parts of this m a .  It is therefore eagV to ~ppwiate the 
difficulty that confronts the permn wlzo wishes to gain s compm- 
hensive idea of the geology? geography, and w o m s  of this region, 
for to  find the facts he desires he must %arch through a large num- 
ber of printed pagea 

The pmsent report has been prepad for the use of those who 
wish to Imm the outstanding facts maerning the geography, geol- 
ogyY and mineral resources of the a m  without too great an expendi- 
ture of time, It is not based on special field work done for this 
purpose only but is admittedly a cumpilation of information already 
published or in manuscript. It so happens that the writer has spent 
13 field s e a m s  in this part of Alaska, and so has fmbhand familiar- 
ity with much of it. For the inhrpretation of the facts in those 
amas concerning which be has published his mneln&ms be done is 
responsible. For other areas ha quotes or summarizes from the re- 
ports of the many Federal p l o g i s t a  who have worked in this field, 
No atkmpt is here made ta discuss in detPtiI the quence  or struc- 
ture of the rock formations in v a r i m  parts of this mgion. For 
mch discussions t h ~  reader is refelTed rto the original publications, 
listed above, for the limitation,ns,of qm alone would prevent such 
treatment here. The writer htts found it mcesmry in the inter& 
of uniformity fox the geologic maps p m k d  hemwith (pls. 1-3) 
to use wide dkmtion in mrrslating the m k  formations throughout 
the region. FreqnentIy he found it n-ry to p u p  several sub- 



divisions that had been made by one author, in order t~ cornlate 
them with a single rock p u g  elsewhere. Ml the age determina- 
ti& that had been made by the original authors are here accepted 
except whem earlier determinations Have been superded by Eater ' 

ones or where the authors themselves expresssd a willingness to hnve 
certain formations grouped in e way differing from their published 
intarpretatim. For the material given in tBis report the writer 
hrts drawn largely upon a11 the earlier publications md has felt pri- 
vileged eitber to use that material as direct quotations, in which ref- 
erence is made to the sourm of information, or, where the original 
wording was not suited tO the negds of this report, to rephrase sen- 
tences or paragraphs or to combine facts gathered from various 
mum, without making specifc achowledgment. Special emphasis 
has been placed upon the geographyy, mineral murees,  and broad 
geologic features of the region, for the discussion of the mom highly 
specialized phases of petrography, paleontology, the origin of the ore 
depkta, and detailed structural geology belong properly in the 
more detailed reports that treat of smaller a m s .  

GEOGRAPHY 

O E I O Q ~ H I C  PROTIWCES 

The area traversed b$ the Alaska Railroad is a north-south strip 
that crossea several of the distinct geographic provinces thah occupy 
south-~~ntral Alaska. The Pacific coast margin of North America 
is bordered by a broad belt of mounhinoua country, camprising 
many more or lew cclosely connected ranges, th~ t  has become known 
ns the PM%C mountain system. As this great northwwtward- 
trending mountain system crosw the east boundary of Alaska at the 
141st meridian its trend becomes more nmrly east and west, and it 
divides into two rather distinct rangeethe Chugmh Mountains, 
t'9ta coastal division, and the Alaska Range, swinging fadher idand, 
both ranges merging into and joining the intermediate mass of t he  
WrangeU Mountaim. West of the WrangeII Mountains the two 
rangas are sharply separated by the upper basin of the Copper 
River, but at the 1Mth meridian the intervening spate is occupied 
by the Talkeetna Moufitains and their northward extension. Thence 
westward the axis of each range is deflected in a, p s t  crescentic 
cam to the southwest, the Chtlpch Range being continued by the 
Rend Mountains and the mountains of Kodiak Island, and the 
Alaska Range swinging. soukhwestward past Mount McKinley to 
merge more or less closely into the Aleutian Range. The Hermi, 
Ghugach, and Talkeetna Mount~i~is are sepabrated on the west from 
the Meutittn and Alaska Rang= by the Cook Inlet depression and 
the basins of the Susitna and Chuljtna Rivers. North of the Alaska 
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Rsnge the broad lowland of the Tan- Basin internnee b t m n  
that range and the Yukon-Tanann upland. Gmgmphidly, there- 
fare, the region here discussed comprises sewn natural subdi~oits, 
which are described below. 

Chqmh-Eemi Mmtaim-The north shore of the Mc: Ocean 
from the 141st meridian to Cook, Inlet is bordered by a broad belt 
of rugged mountains that rim ~bmptly from the sbore or are aep- 
anted from it only by a narrow c o w l  plain. This mge is a1 ld  
the Chugach Mountains from Mount St. EIias w& to Turnamin 
Am.  South of the deprdon formed by Tunlrcgain Ann and 
P a w  Canal the term CgEenai Mountains" is used. QeolagigicaEly 
and stmctumlly, however, these two mountain mams belong to- 
gether and they have been separate names only becaum in their 
erosion history two glacial fiords and a rel~tively low paas between 
have formed a depression across the mountain range, East of the 
Coppr River the Chugach Mountains trend a little north of west 
and have rs width from north to south of about 100 rnibs. In the 
region of ths weshrn portion of Prinm Willism Sound, whi~h faus 
within the area here considered, the sound itself and its long fiorded 
arms paaetmte deeply into the mmtejna, so that from the had  of 
Cul1eg.e Fiord it is only 40 miIes north across the range ta the 
M~tanuska River. The mountainous islands that form the outer 
border of the sound, however, properly belong to the Chugacb 
BIountains, and if they are so included the width of the ran@ them 
is as great as it is farther &.. Prince William Sound lies in tlie 
convexity formed by the raw as ita trend changee in a great 
crescentic curve from north of we& through west to southwest. The 
Kenai Mountains are structur~Ily continuous ~ 5 t h  the Chngach 
Mountains, trend muthwegt, and across the month of Cook Met 
am continued by the mountains of Afognak and Kodiak Islands, 

Thmghout their extent the Chugwh-Kenai Mountains are ap- 
pmximat~ly alike in topographic form. They consist of masaas of 
rugged peaks of wrnber colors, rising generally Ito altitudes of 4JKM .C 

to 7,000 feet above *a level, but still higher in a few p l m q  wch as 
the hegd of College Fiord, where mveral peaks above 10,000 feet 
and the higheat, Mount M a w s  Raker, reaches 13,250 feet. They am 
cornpod dominantly of sedimentary materials, much folded md de- 
formed. Their surface forms are conspicuously due to severe glacial 
erosion, although the glaciers doubtless only wmdeled previousIy 
existing stream ~ d h y 8 .  All the higher portions of these- mountains 
nourish glaciem, many of vhich are v i p m s  an4 of Imge size. There 
are several large canters of ice accumAtion, notably on the south 
and east sides of Kenai Peninsula md in the area north of Mnca 
William Sound, from which distributary valley glaciers push out 
mdiaHy. 1n Prince William b n d  snd dong the math coast of 



h n a i  Peninsula the scsnic beauty of the region is enhanced by the 
p t  ica tongues that push down into the sea in fiords whase. 

steep walls snd hrdering ridges riss abmptly from the water. The 
mombins am peculiar in that they ham few large, ayshma~mlly 
developed river systems, the drabage in those areas that are not im- 
med flowing through rel~tively small and irregulm stream valleys. 
The 6 line is dwply embayed and Rinnous, and in Prinm William 
S o d  them am scatted many mountainous islands whose top%- 
raphy is Iike that of the mainland The railroad route from Seward 
starts at the head of Resurrection Bag, a beautiful fiord, m s  north- 
ward through mountain valleys that follow the trend of the Kenai 
Mountah, and at Tumgpain Arm, another p a t  fiord, turns west- 
ward &long the flank of the Chugach Mountains, which it follows 
to t.he Matanuska River. The Eska branch of the railroad lies along 
the boundary between the Chugach and the Talkeetna Mountains. 

TalX:8etna Mowntah.-The Tdkeetna hfountahs form s great, 
rudely circular mountain mass that is bordemd on its west Ride by 
the lower Susitna Valley, on the muth by the Matanuslm River, and 
on the east by the Copper River Basin and that fadea out gradmlly 
northward beyond ths westwad-flbwing portion of the Susitna River. ' 

Although them mountahls b d e r  closely against the Chugach Rtnge 
on the south and are sepamted from i t  onIy by the vaUeg of the 
Uabnuska River, they neverthelw am sharply in contrast to it in 
topography, in structum, and in the m k s  of which they am m- 
p s a d  rtnd form a distinctive intermediate mngp between the mash1 
mountains attd the Alaska Raw. The rocks are dominantly of 
igneous origin trnd include great amas of granitic materiah and lava 
flaws of several wgag though in the east half of the mountains they 
comprise a considerable a m  of Mesozoic sediments. The pmmt 
d i e f  of the range ia the mult of a p a t  domal uplift, rather than 
of elom fol- and faulting, and many of the formations am but 
little deformed. The drainage lines have a general radial .arranp- 
ment, but mest of the streams are tributary to the Su~ikna River, 
which, with its tributaries, borders the mountain mass on the mst, 
north, and we& sides. A small area drains ~outheastwafd b the 
Copper River, and most of the waters from the south slope find their 
way to the Matanuska River. The mountain mass is divided aIong s 
north-south line into two nearly equal portions by the northward- 
flowing headwaters of the Talkeetna River and by the ChickaI- 
River, a tributary of the Matanuska from the north, The valIeys of 
these two strettms form the first available route w& of the Susitna 
Vnlley by which the mnp can be crossed from south to north. 

The Taketna Mountains as a whole compriw a ru~ged area, for 
the h a d  rocks there tend to yield sharp, sawtoothed r i d p  and peaks, 
and the dimtion of the range by streams and glaciem Eras pro- . 
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d u d  deep vaIbys and high interstream ridges, Only a, few of the 
 large^ stream vslIsys offer feasible routes of approach to the center 
of the range, and it is not asy to get from one valley to another, 
for passes across the ridges are few and difficult, The mountain 
c&s average between 5,000 and ?,(MI0 feet in altitude, although them 
is an ares between the heads of the Sheep and Telkeetna Rivers where 
many peaks exceed 8,000 feet and ona approaches 9,000 feet. Thesre 
high parts of the mge nourish many valley glaciers. All the im- 
partant streams that drain from the center of the mountain mam ~ r n  
glacier-fed, and their silty watefs flow over wide gravel bars of glacial 
outwash. The Ion@ plncier, at the heed of the Sheep River, has 
s length of about 12 miles. 

Lrook I&t-Sdtm Zmotad.--Cook Inlet is a long, narrow emby- 
h. 4 

ment in the south coast of AIMICR, bordered on the east by Kenai 
Fenimla and on the west by the m t h  end of the Almh Range. 
Near its mouth high rnounhins rim boldly from the water's edge. 
North of K~achemak Bay the inIet is bordemd by shore cliffs a few 
hundred feet high, the cliffs forming the wavecut edge of a rolling 

- ~ l o w ~ c l ~ ~ ~ a t ~ e ~ n d E s  eastward 30 tn 4-0 miles ih t h * b e  of the-Kenai 
Mountains. This lowland is ~~nderlain, at  lewt in part, by coal-bear- 
ing Tertirtrg beds that, form conspicuous exposures along the shore. 
The surface is covered by glacial deposits and by stream and terrace 
gravel. A c ~  the waters of the inlet similar lowlands, or piedmont 
plains, extend westward to the base of the Alaska Range. North- 
w a d  ,,they are , found east and north of Point Campbell, between 
Turnagain and Knik Arms, and north of Knik Arm and the head of 
the Inlet, where they merge into the Susitna lowland. 

All these lowlands have R common origin. They are at least partly 
f l o o d  by Tertiary sedimentary racks and have been overridden by 
a great glacier that descended Susitna Valley and Cook Inlet and 
was ferl by many glaciers from the mountains to the east and wad. 
Their b p g r ~ p h y  is due to the erosive action of these ica,fiolds, the 

Q glacially modeled surface having later-been rnodsed by deposits of ' .  
moraine and of gravel from the glncial streams. Upper Cook Inlet 
is shallow, and a fining of about 200 feet would completely exclude 
the mean from that part above Ktlchpmak Bay, and the lowlandg 
east and west of the upper inlet wwauId then be continuous with tho= 1 
of the Susitna Valley. Such s filling is now in progress. The deltas 
of the Susitnn, Matanuska, and Knik Rivers and the head of Turn- 
again A m  are rapidly encroaching upon the area of tidewater, snd 
the4 wide eqttnses of mud flats, visible at .low tide in the upper inlet 
testify to the p a t  volume of detritus that is being a m i d  down by 
the glacial streams and deposited in ~ a l t ' w h r .  

The broad Susitna lowland, the landward wntinuation of the Cook 
Inlet depwwion, is a structural bask mmprlsing the lowland basins 



of the Susitna Xver and its tributaries and of several other rivers 
flow dimtpy into the head of the inlet. It is borderad on the 

south by the waters of Cook Inlet, on the east by Che Chugach and 
Talkeetna Mountains, and on the southwest and west by the Alaska 
Ranga The main basin so bounded has a length from north to 
south of a b u t  100 miles and a width of mom than 50 miles in the 
latitude of the Kashwiha River, but narrows to the north. The 
entire Cook Inlet-Susitna lowland, extending from the mouth of 
Kachemak Bay into the Chulitna Valley, is over 200 miles long and 
averages about 80 miles wide, although within that area lie the waters . 
of upper Cook Inlet and some mountains that project above the 
level of the rolling ~lsin. From it branching a m  project far kt& 
the surrounding mountains np the larger tribuhry vslleys. The 
Susitna River flows east of the center of the basin, it9 course lying 
parallel to the west base of the Talkeeha Mountains at a distance of 
about 8 miles. The river itself occupies a flood plain that is from 
1 to 6 or 8 miles wide, and the bordering lowland is ~lurfaeed with 
glacial deposits and stream gravel and is dot@ with a great number 
of lakes. From the main river toward the bordering mountaims the 
relief of the lowland increases, the tributary streams &re more deeply 
entrenched, and the rolling topography of the lowland gives way to 
the steeper slopes of the foothills and the mountains. 

Coppw-Kw~ifna Tm?and.-A part of the eacstem border of the a ~ l r  

llem considered falls n'itllin tile drainage basin of the Copper River. 
This region camprises .a great rudely circular basin entirely' mr- 
rounded by high mountains, incladiug the Talkeetna Mounhins on 
the west, the Alaska Range on the north, the Wmangell Mountains 
on the east, and the Chugach Rmge on the south. The krm Copper 
River Plateau has frequently been used to designate this area, but, 
as has been pohted out,' the area stands below the brdering moun- 
tains, and therefore is a, depression in which the streams Irave en- 
trenched themklves. It is continuous to the northwest with the head- 
ward basin of the Snsitna River, the whole depression being ffoored 
with a, thick H l b g  of gIacial moraines and gravel through which 
isolated mountains of bard m k  project. The d i d o  between the 
tributaries of the Copper nnd Susitm Rivers is in many places low 
and inconspicuous, and it is likely that at a tima not very remote 
geologicrtlly the entire upper bsfiin of the Copper River drained to 
the northwest and discharpd its waters to Cook Inlet through the 
Susjtna Valley. 

Atmka Rave.-The Alaska Range cornprism a pat  crescentic: 
belt of rugged mounteins that sweeps northward from t h ~  base of 

r Cbapia, Theodore, The Nelchha-ISaeJba w o n ,  A I a u h :  Uq El. Ueol, Surrey BnlL %a 
p. 48, 1919, 

7778'- 
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the Alaska Peninsula to  Mount McKinley9 extends thence northeast, 
and eat to the Delta River, and is continued in a southeaster1g 
direction by the Nuteotin Mountains into Canada. ils thus defined 
t h ~  range has a Ien@ of nearly 600 miles, is 50 to 80 miles in average 
width, and forms one of the major ranges of North America. Its 
south end merges to mme extent into the Aleutian Mounhin~, thus 
forming a continuous mountain belt reaching from the Canada- 
A l d a  bouudary west and muthwest throughout the A l d a  Penin- 
mila. In a general way this range forms the divide between stmams 
that flow south by the Susitna and Copper Rivers to the PmXc 
Ocean and those that drain west by way of the Yukon and Kusko- 
kwjm Rivers to Bering Sea, aItbough the tributaries of a few of the 
northward-flawing etreams rise on the south flank of the mountain 
mass, Near the south end of the range, at $ha head of the Skwentna 
Rivar, the peah of the divide are comparatively low, r@ng from 
6,000 to 9,000 feet in altitude, and tb0 crast is broken by several 
pas- at la height of i t h t  3,000 feet. Northward the mountain range 
becomes higher and more rugged, culmimting at tha northwest can- 
vexity of the arc in the two great, peaks, Mount McKinley and Mount, 
Fomker, 20,300 and 15,000 feet high, respct i~ely .  East of those 
mountains the divide peaks generally m h  altitudes between 7,000 
and 9,W feet. It is an interesting fwt that in this portion of the 
range? which coiitains North America's high& mountain, there are 
only two other peaks, Mount Foraker and Mount Hun&, that ex- 
seed14,900 feet in altitude, and few others that mmh 12,000 feet. 

From the pases at the head of the Skwentna River im Mount Mc- 
Kinley the inland front of the range rises abruptly from the piedmont 
plain without f m t W  or outIying ddges. East of Mount McKinley, 
however, the main range as far mat as the Delta =ver is =parated 
from the lowlmd by one or two minor chains of mountains or foot- 
Idls. The Kantishna Ells are tJ~e most con~icuom and massive 
of these minor  range^. The foothill belb are saparatPld from the 
summit ridges of the range and from one another by a series of de- S. 
pressions and low pas=, or by broad bagins flmred with Tertiary * .  

aedimentq & and Recant gravel that pepresent the remnants of 
an ancient dminap system. At prmnt those low basins and p m s  
are mupied only by minor &reams, the trunk streams flowing north- 
ward from the cr& of the range and massing tba basins to plunge 
into deep rock canyons acmw the belts of foothills. As an example, 
th0 T&lanika River, the first northward-Bowing stream west of the 
Nenana River, leaves ths high range to  cross s u m i v e l y  three broad 
basins separated from one mother by ridges thmugh which the stream 
baa cut canyons from 1,200 to 2,000 feet deep. By following any 
one of thm~ b a s h  eastward to the Nenana River the TekIanika muld 
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h m  found an outlet hundreds or thousands of feet lower than by 
crossing the inbrvening ridges. It is evident that the present mum% 
of t h w  northward-flowing streams were established either before 
a e  transverse ridges brad been r~plifted, rrr more likely at a time when 
those ridges were c o d  by Tertiary sediments, and that the cross 
anyons were cut down during the removal of the Tertiary clepmit~, 
without displacing the plan of the drainage. 

The Nenana River crosses the range north of. Broad Pegs, thus 
affording the first low pass across the mountains north of the Ysntna 
Basin. East of Broad Pass the  mountains are rugged, with altitudes 
of 5,000 to 9,000 feet, increasing to nearly 14,OOQ feet at Mount Hay#, 
beyond which they are again broken by a Iow pass thmugh which 
the Delta River flows. Beyond the Delta the range t m i n n h s  in t.he 
Nntzotin Mountains. 
In that portion of the rango between the head of the STrwentna 

'River and Mount McKinley much the greater part of the n~ountain 
mass lies on the Susitna side of the divide. Tha asymmetric position 
of the divide h s  had a large effect upon the development of the great 
glaciers that now fill the mountain valleya on the southeast slopa. The 
moist Pwific winds in blowing up the Cook Inlet-Susitna depression 
are chilled upon their passage over the surrounding mountains and 
drop their moisture as snow. The southeast dope offers great catch- 
ment basins for this snow, and valley glaciers of great size are formed 
there. These ice streams average much larger than those that are 
found on the northwest slope, where the catchment basins are smaller 
and Ithe snowfall lighter. East of Broad Pass, in the high mountains 
smunding  Mount Hayes, the glaciers on the coastal side of the 
mountains are larger than those on the north, rrlthough the divide . 
is in about the center of the mountain belt. The glaciers of the south 
dope are in that area favored only by a greater wowfall. 

Tam-Kmkokzcim 1mtcknd.-The Alaska Range is bordered on 
the west and north by a broad, structural lowland basin that is con- 
tinuous from Bering Sea by WFI y of the Kuskokwim Valley northeast- 
w a d  across an almost hpercepti'ble divids h the Tmma Valley 
and thence eastward across the Alaska-Crtnada boundary to t l ~ e  upper 
Yukon Basin. Thia lowland ranges in width from 30 to 60 mil@, 
a gentle s lop away from the range, and is broken only by a few 
isolated hills that rise above its general level. It is floored by un- 
consolidated materials, prevailingly gravel, that ham been supplid 
by the erosion of the Alaska Range. Beneath the p - I  there are 
probably extensive Tertiary depi ts .  
In the upper Kwkokwirn Basin the mountain edge of the low- 

lmd rises in a piedmont plateau to altitudes of 2,500 to 8,000 fggt, 
whem it abuts against the steep mountain front. This plahau slopes 
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away toward the Kuskokwim with a grade that locally exbeeds 100 
feet to the n i le  and is dissected by the streams that crosa it. In the 
Tanana Basin the piedmont plateau is less evident, the gravd plain 
sloping northwsd f mm the base of the foothills, at an altitude of 
about 1,000 feet, to the Tanana River, with an average p d i e n t  of 
10 or 13 feet to the mile or less, md the transversa strertms flowing 
in shallow valleys at the l e d  of tb plain. Only the larger 
streams maintain well-defined channels across the lowlmd, for the 
smaller tributarim sink into the grave2 to emerge a e i n  as sluggish 
meandering cmk4 that drain the flat basin. 

The lowland surface is flecked with patches of timber, open 
marshes, and lakes and i~ difficult .t tocross in summer. In the 
here considemd tha Tamna River hugs cIosely the north border of 
$he lowland, for the northward-flowing streams, many of which are 
glacier-fed, carry large quantities of gram1 and silt cnnd so have 
graded the lowland up with their detritus. The less vigorom &earns 
flowing south from tha Yukon-Tanan& upland normally carry clear 
water and have thus been at a disadvantage as cornpad with the 
heavily loaded streams from the sootl~. As a result, the valley axia 
of the Tanam has h e n  shifted northward ~ n d  now follows do- 
the sinuous line formed by the base af the bordering hills. It also 
seems likely that the actual level of the Tanana has been r a i d  by 
this p m ,  and this m y  account, in part at least, for the depth 
t o  bedrock in many of its tributary streams frum the north. 

Y d m - T m n u  upZ4.-That part of the Yukon-Tanana upland 
that lies within the &ma here considered con$& of smoothed and 
rounded ridges having a northeasterly trend, that rim from flat low- 
lands by which the separate ridges are entirely or partly surrounded. 
The lowland is that of the Tanma River asld ita sluggish northem 
tributaries, and its timhred and marshy surfam hns rm sItitnde 
between 300 and 600 feet. Through this expnsa of flat alluvial 
deposits the hard rock xidges project as idands or penimlas with 
sinuous outlinee. The crests of the ridges have altitudes between *I 

1,000 nnd 3,000 fset, although farther north cerbin paks  and domea 
project above the level of the upland surf- to heights of nearly 
5,000 fact. This area falls within ths limits of the Plateau. 
The topography is mainly that developed in a reg-ion of highly 
folded and metamorphosed rocks by the agencies of stream erosion 
and deposition, glaciers having exist& only as small ice tongues 
around t h ~  higher domes. Them is no epidenm of even local glacia- 
tion in the area here discussed. The topography of the upland 
north of the Tansna River is therefom in sharp contrast Zo that 
.of the entire region wuth of the Tanana lowhnd, for there extensive 
glaciers have more than once been developed and have h n  the 



controlling factor in producing the p m t  topographic forms. 
North of the Tanma long-continued and uninkrmptd stream ero- 
sion, influenced by the structure of the underlying racks, has de- 
veloped maturely dkeded ridges and broad valleys that lie parallel 
to the pmvailing trend of the bedrock, Tha surfam is g m d y  
c a v e d  by a thick mantle of muck, soil, humus, and products of rock 
disinteption, and rock outcrops below the ridge cresh &re uncom- - mon. The main stream valleys have wide floors and gentle gradients, 

3 and there is generrtlly a thick filling of alluvium between the present 
stream beds and the underlying 'bedrock 

k 
w T h e  climate of the region here described varies greatly from one 

district to another, the temperature and precipitation at a particular 
locality being determind not alone by latitude but by the geographic 
surroundings. For example, two localities on the south coast of 
Kenai Peninsula and only a few miles apart may show striking dif- 
ferences in the amount of rainfall and in the mean annual tempera- 
ture, for one rnsy lie on the outer mast line and have heaq &- 
fall and a climate moderated by the waters of the Japan cumn4 
and the other may be at the head of a, long fiord and have the severe 

+ climate. and more moderate rainfall characteristic of the Kenai 
Mountains at a disbna from the coast. Weather mds kept for 
a period of years at m y  place are highly valuable as showing the 

L 
average climata for that loc~lity, but caution should be used in ac- 
cepting stlch m r d s  as indicating the c1imnh of other p l m ,  even 
though not far distant, unless the geogr~phic conditions are known 
to be similar. Weather records hare been kept for mveral years 
at a numbr of localities along the railroad mu&, but at a distance 
from the railroad this region between Cook Inlet and the Tanana 
River has few p m a n e n t  residents, and rmrds of the climate me 
not available. The fo l lo~ ing  tables compiled from the m r &  of 

, % the United States Weather Bureau, summarize such weather records 
ns are available for this region and its immediate surroundings. 
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; d m *  pr&dktCon 4n Ahaka R M r M  rsgfolr (drsohes) 
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Tdkpstns .......... 
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Nennnn ............ 
Foirbankm .......... 

Although offiisl weather records b v e  been kept at only a few 
=&red loctrlitiea, nevertheless certain general statements may be 
made about the climatic characteristics of the various geographic 
regions here d&M. Tha Pnciflc coast porhion of Kenai Pnin- 
sula lies within the influence of the warm mean cumnts of the north 
Pacsc, and its climata, like that of all the northwest coast of 
America, is mild considering the latitude, The summem are cool, 
and the winters are long but moderate, zero wmther baing un- 
usual. The rainfall is fairly heavy, being about 64 i n c h  at Seward, 
but is not sa p t  as in parts of Prince William Sound farther e&. 
The central and northern parts of the peninsula haw lass rainfall 
and a wider range of temperature than the coast~l tlreaa, The Cook 
Inlet lowland is les9 affected by the warm ocean waters than the outer 
coast and has more severe wintars and a msller rainfall. The 
mean annud tmperrrture ranges from 34" to 3 5 O  and the precipi- 
tation from 16 to 30 inches. The climate of Matrrnuska Valley and 
the lowland on both sides of Rnik A m  differs both from that of 
Coak Tnlet and from that of the surrounding mountain province-, 
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The summers ara warmer, and the precipitation is emall, averaging 
only a h t  16 inch- Tb0 highest recorded temperature is 8 4 O  F. 
and the lowest - 3 6 O  F. 
In the lack of wurate records the Susitna-Chulitna Basin from 

Cook M e t  to Broad Pass and tha bordering slopes of the Alaska 
R . q p  and the Talk~etn~ Mountains may be considered to have a 
similar cclhata There the summers are of moderate bmperature 
nnd have a largw number of cloudy days, with gant1e r a h  The 
winters are severe, and the mowfall is fairly heavy. The eastern 
Tatkeetna Mountains and the basins of the Copper and upper 
Susitna Rivers are wparated from the c a s t  by high mounhins, and 
the climate is charwterized by severe winters, moderate summers, 
nnd a light rainfall. 

The north dope of the Alaska Range has a markedly diflmmt 
.climate from the Susitna dope. h summer the rainfaU is light, 
and there is much pleasant weather, with clear, warm days. The 
wintars am wvere, but the snowfall is light. SirniIar conditions pre- 
vttil in the Tanann lowland, with an even smaller rainfall. T h e  
Yukon-Tanana upland has a somewhat h m ~ e r  rainfall than the 
Tanma lowland, though the precipitation is mderak The sum- 
mem are mild and the win@m coki. The average annual pracipi- 
tation st Frtirbanks is only 11.71 inches, and the mean annual tam- 
pr~tture is about 2 7 O  F. 

VEGETATION 

The vegetation of this part of Alaska is largely determined by the 
b a t e  and locnf geographic conditions and so varies markedly in 
M e m t  parts of the region. In Kenai Peninsula and the arm be- 
tween Mnik and Turnapin Arms the timber line lies rtt about 2,000 
feet, m d  SQ in the mountainous regiom only the valley floors and 
lower slopea of the bordering ridges have trees. The most abundant 
trees a m  spruce, hemlmk, birch, aspan, and poplar. Patch- of al- 
ders, willows, and dwarf birches grow for some distance above timber 
line and give way above to grasses. Still higher the slopes are clothed 
with heather and other low shrubs to about 5,000 feet, above which 
the surface is bare 04 vegetation. The Cook Inlet lawland is timbered 
with groves of the same varieties of trees, intarspermd with open 
grassy or brushy meadows. Grasses for summer forage for livestock 
can be found throughout Kenai Peninsuls except on the m k y  ma& 
Especially gad pasturage may be found in the Cook Inlet lowland, 
where there are wide a r m  of meadow. Gram is also cumrnonIy 
to be found on the mountain slopes near and above timber line. 
Native grasses have been cut for hay to a clonsiderabla extent around 
Kachemak Bay and at various localities on the east shore of Cook 
I~ le t ,  as well as near the towns of Sewnrd, Sunrise, and Hope and 
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on mmy tide flats around Hnik Arm, md them natural meadows have 
by no means been u d  to the extent of their gowibilitim 
The vegetation of the Subitna lowland and the bordering mountain 

slopes is similar to that of Kemi Peninsula, except for the absence 
of the hedock, whose northern range is on Turnagain Am. The 
river valley locally supports heavy forests of cothnwwd, with many 
trees reaching a diameter of 4 feet. These tws am largely confined 
to the flood phin of the river, which also carries extensive spruce 
o The rolling lowJmd is dotted with open marshes md 1&w, 
between which are patches of timber. Where the drainage ia poor, 
scrubby spruce trem prevail. In better-drained areas the spruce trees 
reach a size of 2 feet or more and are interspersed with birchas. In 
general t he  forests have s considerable growth of underbrush, so that 
trail chopping is necessary. 

The chamcteristic vegetation of the rnount~in slopes to an. altitude 
of 2,000 to $500 feet is a mingled assemblage of qruw and birch 
tm growing as small groves or acatterd trees in widespread mea- 
dows of luxuriant grass. Above timber line dense alder thickets 
alternate with open meadows of grass, brakes, and other plants. 
'She prevailing g w s  is a variety locally called redtop, which grows 
in thick stands and in many places sends its wed stalks to a height of 
8 feet or more. The aggregate area in the Susitna Valley covered 
by this grass is v e r ~  large, as it flourishes above timber line to dti- 
tudes of 3,000 feet and aver, and many single meadows cantaining 
hundreds of arres am fm freeom brush or rocks and could be easily 
mowed This p a  afforda g o d  forage for stack in summer and if 
cut rand properly cured makes hay of a fair quality. If frozen on the 
&,a&, however, it loses its food value and is worthless for winter 
grazing. The diEculty that has been encountered in much of this 
region is to get enough clear, dry weather to cum the hay after 
it is mowed, for the grass is MI heavy that it cures slowly, and tbe 
average summ~r has frequent showers. 

The vegetation of the parts of the bm& of the Copper and Susitna k 
m J 

Rivers that lie wihhh the area of this report and east of the TaIbtna 
Mountains differs mmemhat from that of the main Susitna Valley. 
The lowTand, of swampy or p r l y  drained gravel flats, is covered with 
mb growth of scrubby low spmw trees. In a few valleys the spruce * 
trees grow lmpr, up ta 2% feet in diameter. Some birch is present, 
but it is not generally abundant, and alder grows only at wattered 
localities. Timber line is higher than in the main Susitnta Valley, 
ranging from 2,600 to 3,000 feet. Redtop a d  bunch grass are both 
availahla for horn feed but are not abundant, and it is difficult in 
m y  places to find adequate hmge for stock. 

On the north slope of tho A I d a  Range the average altitude of 
timber line is &out 2,500 feet, though there are wide a m  below t ha t  
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dtitnde that have little or no timber. The commonest tree is the 
spruce, which p w g  aa thick gmves or as mxtttemd trees in the main 
valleys within the fmthills and thronghovt the Tanma lowhnd. The 
Tanana lowland has l a r p  marshy ttreas which m devoid of trees 
or in which scrubby spruce or tamarack are scat ted Birch and aspen 
grow on the welldmined slops, and some mttonwood is found along 
the stream m ~ .  Willow and alder h h e s  grow within the timber 

$ nnd for mme distance above timber line. The m& valmble forage 
passes hem, as elmwhere in the region, are redhp md bunch grass, 
and in plgces a vetch locally called pea vine is eagerly songht by h o w  
and is highly nutritious. 

k In the Yulron-Tmana mgion, in the vicinity of Fairbanks, only the 
I higher ~ d g e  tops rise above timber h e ,  which lies at about 2,5001 feet. 

Timber is fairly abundanh on the slopes of the hrge valleys and in 
places on the valley floors. Spruce is the most abundant$ but some 
poplar and birch are present, and tamarack grows in the poorly drained 
lowlands, Most of the trees are small, only at fa~oTBd localitjtjes 
exceeding 2 feet in diameter. A gmund covering of mosses and lichens 
is commonly present in both timbered and marshy sreas, and mosses 
are common, especially in the apmm timber, through the entire area 
between the Pacific Ocean and the Yukon, except high on the mountain 

+ slopes, above timber line. 
In summarization, it may bo said that except in a few small amas 

on the Pacific coast of Renai Peninsula and on Turnagain Arm, there 
s is no tirnbr in this region of sufficient size and of high enough quality 

to w e  other than local needs, and the region cmnnot he expectad 
eper to supply any large quantity of lumbr for export. Fomp for 
the horses of the traveler can generally be found tlmngl~out the 
region during the summer months, though it is locally scarce in the 
tirnbred and mossy lowlands. Edible berries, including blueberries, 
cranberries, raspberries, and currants, are in plrtcea abundact, the blue- 

I berries being especially valuable in the fall, for they are widely dis- 
tributed and grow in profusion. 

f 
The region between Seward and Fairbanks includes two arem 

that am noted for the abundance and variety of big gama, though 
in other parts of the area game is difficult to fmd, The western 
portion of Kenai Peninsula is a famous district for the big-game 
hunter, as it is fairly easy of access and contains numeroua herds 
of t.he white bighorn sheep; moose are nbundant and attain excep- 
tional size; and black, grizzly, and the great brown b a r  are found. 
Some whita mountain goats lrre found in the coastal mountains 
thronghou t the peninsula, though they are much lesa numerous than 
the sheep. Caribou are rarely seen. 
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h the area northetwt of k a g a ; i n  Arm and south of the 
Matanuaka River moose are present in the lowlands, and both 
mountain sheep and goats range the higher mountains. The goats 
are larply confined to the mountains near Turnagain Arm and 
Prince TPilliam Sound, and the sheep are numerous in the areas near 
the largm gleciem, especially in the inland slope of the mountsins, 
Blwk bears are hew present througI10ut the areas that have timber 
or brush, rand grizzly and brown bears range into the mountains, 
high above t k b r  line. 

The Talkeetna Mountains have varied conditions of climate and 
vegetation, and the variety and nbundanm of game animals differs 
from place to place. Mountain sheep may be seen occasionally in 
almost any part of the more rugged area and am fair1 J common in 
the haadwater regions of the Matanuska and Talkeetna Rivers. On 
the west slope they are largely wnfind to the headward portions 
of Iron Creek and Sheep and Rashwitna Dnsins. There are or few 
in the mountains north of the east-west partion of the Susitna River. 
Moose range throughout the lowlands surrounding the Takeetna 
Mountrtins and up the larger ~alleys. They are fairly numerow in 
the basin of the Kmhwitna River. Caribou are rare in the southern 
and southmeatern p&s of this mountain rnttss but are mom sbun- 
dank in the Talkeetna Basin and may be found in lar* herds in the 
upper Suaitna Bssin. Here, as elsewhere throughout the mgion, 
black bears are Rumems in the timbered muntry, brown bears may 
be found in either lowlands or mountains, and grizzly bears in the 
rugged, timberIem areas. 

h.Ioose and black bear range throughout the Susitna lowland, md 
the p a t  bromn bear spends part of the summar and fall dong the 
salmon streams. Caribou occasionally cross the lowlands, but their 
customary range is in the high valleys and on the ridges above 
timbsr line. 

The southeast slop of the Alaska Range, from the Penbra River t 
to Broad Pass, is poorly applied with big p e .  A few moose live 
in the lowlands, and black, Grown, and grimly beam are fairly 
numerous. Rarely caribou range a9 f rsr south as the Yentna Basin, 
but toward Broad Pm they bemme more plentiful. Mountain 
sheep are mre1y seen, except in the vicinity of Broad PH, where P 

a few range on the south mountain slop. East of Broad PWR sheep 
ars fairly numerous, and caribou are common. 

The n o h  slop of the Alaska Range, in the region here con- 
cerned, wss naturally a pmlific range for big-game mhals. The 
mountains were the home of thousands of ~hheep and caribou, and 

+ mmse were plentiful in the Imlmds. In amas that are most easily 
d b l e  by railroads or highway, hunting has reduced the number 
of game animals somewhat. West of the Nenans, in ths area now in- 
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&ded mithin the boundaries of Mount Mc3Cinley National Park, 
t b  rnountaina teem with sheep and caribou, in @at herds o w n  
numhring in the hundreds. Moose are abundant in the timbered 
areas, and beam are common. A day's travel in the mountains there 

' in which many big-game animals are not sighbd is unmal. 
The Tanana lowland is the range of numerous moose and blmk 

bear, but is avoided by the sheep, nnd by the caribon except in their 
9 fall migrations. A few herds of sheep occupy the bigher mountains 
; of the Yukon-Tanma upland but rsrely if eves are found in the 

area here discussed. Caribou, however, range over that entire area, 
sometim~s in great migrations during which many thonssnd ani- 
mals pass w i t h  a few days. 

b 
u 

The smaller *-bearing animals, bcluding the fox, lynx, mink, 
marten, ermine, wolverine, and wolf, am present over much of the 
entire area of centraI Alaska, and the pelts of these animals are 
an important source of Income to  the natives and to many white 
trappers, although constant trapping has diminished their n u m b .  
Beuver are locally abundant south of the Alaska Ran@ and are fairly 
abundant in the T~nana lowland. 

Perhaps the most important animal for human food is the rabbit, 
which at timea is present in incredible numbrra. The abundnnca 

r of rabbits, however, varies greatly from yar  to year, and periods 
of exmpti~nally numerous rabbits are followed by other gears in 
which. they are rarely seen. The same is true of the ptarmigan, of 
which there are two varietiq and they, with the rabbits, furnish the * main food m~pply for all the predacious animah and birds. Thus 
years of abundant rabbits and ptarmigan are followed by a great 
increase in the number of fur-baaring animals, and m n v e d y  the 
fur-bearing animals become scarce after the rabbits and ptarmigan 
h m  dirninighed in numbers, 

Ptarmigan and spruce grouse are important as a source of fd. 
Aqnatic birds, incIuding many varieties of ducks and geese and m e  

' f 
a, t swans, pass down the Susitna Valley during their spring and fall 

mipations and m g m g a t e  in large fl& on the deltas and tide flats 
of Cmk Inlet. Some of them find nesting places near the streams 
and lakes of tbis country. 

+ Of the fish that live in the streams by far the most important 
mnomically are the salmon, of which there are mveral varieties. 
Cook Inlet supports a number of I m p  salmon canneries, and these 
fish furnish tha main item of diet for the natives of the region, both 
in the Cook Inlet basin and on the Tanma River. The salmon 
ascend nearly all the streams that have clear-water tributaries or 
lakes at their heads and are easily captured by wines, nets, or spars. 
AfCer ~pawning, salmon die, and the shorea of their spawning 
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places are at times hd with their bodies. The clear-water streams 
am ganemlly well &mkd with fish that can be taken with a fly. On 
the Pacific slop &ere are several varieties of trout, grayling, and, 
locslly, whihfish. 9316 rainbow-trout fishing of the Russian River, 
on Renai Peninsula, and of Willow and Lake Creeks, in the Susitna 
Basin, is jastly famous, and the abundance, size, and garnenm of these 
fish attract devotees of rod and reel from far and near. The tribu- 
tariw of the Tsnana River are stocked chiefly with grayling. A11 
these fish avoid the d t y  glacier streams and so are not abundant in 
the higher ranges. 

POmTIoIQ ' 
The popelation of Alaska, which was 64,366 in 1910, had by 1920 

decreased to 55,038, owing to the call of a large number of men to 
the Army and to the i n c r e ~  cost of supplies and wages during the 
war, which rendered many once pmfitabla mi= unworkable and 
discouraged prospecting. The high wages paid to industrial work- 
ers in the States dm attracted many men who had h n  prospecting 
or mining in a small way. Bg 1930, however, the population of 
Alaska h d  again increased ta 50,978, and although no official figures 
are available it seems likely that by 1936 there were again nearly as 
many people in the Territory as in 1910. Them figures of course 
represent the whole Territorg, but it should be remembered that the 
population is wry unevenly distributed. Some two-thirds of the 
people live On the mast, and only one-third in the interior. As the 
coastal population is confined to a very amall proportion of the land 
area of the Territory, the actuel density of population away from the 
coast is less than 1 person to more than 20 square miles, and even 
that figure gives an inadequ~te picture of the situation, for of the 
20,000 or so persons in interior Alaska, at least tl~reequarters live 
in towns or villages of 50 or mere people. It therefore h m e s  evi- 
dent that p t  areas in the Territory are totally uninhabited, and 
in certain parts of the interior it is possible tn travel for months fit 
a time without enoounhring a single person, white or native. 
The population of the area here under &ussion is largely dis- 

tributed in the toms and gettIemnts along the Alasb Railroad, 
with some smaller outlying mining communities and riative villages. 
The total population of the area was estimated to be about 18,000 
p m s  in 1936, of which all but abut 1,400 were whites. This is a 
very diffemnt proportion from thst for the Territory as a whole, in 
which the population is about equally divided between whites and 
natives, and the differenm is due to the facts that the most numerous 
and largest native settlements are on the coast and that most of this 
area lies inland. 

U. 8. 1930, OuUyiug TerrltarIm and p o ~ ~ o m ,  pp, 8,9, W ,  
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r Since the 1930 mums was takPn the Qowomprrt haa spaurnred an a#rlcultaraI set&- 
ment at and in the ~Mllrty ot Palmer, In the Yntanumka Valley. Borne 180 famifiee ham 
moved in, and perhaps 1,W prson6 have k n  added to the popnbtion of Palmer and 
the mmmladlng toupk~. 

The following table gives the census figures for population of the 
various districts and the principal towns and settlements in 1930. 

The principal industries of Alaska are fishing, mining, agricul- 
tnre, and trapping. The comrnsrcial fiheries are all operating on 
salt-water fishes, so the pmessing plants am fonnd on the coast. 
In this mgi~n they are confined to the towns of %ward and An- 
chomp and to the shores of Cook Inlet. The population in the 
Alaska Railroad bslt is primarily dependent upon mining, and geld 
is by far the most valuable product of the mines. The coal mines, 
now of considernble importance, depend for the gmatar part of their 
market upon the Alaska Railroad, which is opemtad mainly be- 
cause of the mining activity, or upon the gold mines themselves. 
Only a small part of the mal mined is shipped outaids of this re- 
gion. Similarly the spicultumd areas around Knik Arm and near 
Fairbanks depend SOT their market upon the mines and upon the 
population of the t o m  whose main sopport is derived from &ing 
&nd from the operation of the Alaska Railroad. Without the gold 
mines neither coal mining nor agriculture could h pmfitably carried 
on here, and the future deveIopment of the region is certain to be 
rnntrolled by the prosperity of ths mining industq* 

There is, in this region, a considerable shifting of population with 
the seaaom, inasmuch as most of the gold now produd from this 
area is derived from placer deposits, and except for few deep 
placers where winter drifting is dona on frozen ground, plgcer min- 
ing can be carried on only during the open season, when water is 

Poprlatfon b 11130 
Anchorage dMxict ,,,,,--------.- 2,736 

Anchorage - 2,277 
EWutna --------------- - 1% 

Beward district- - - - - - - - -  1,279 
r d  835 
TIow -,,,,----. 44 

Tnlkeetna d l g t r i h - -  388 
Curr J - - - - -  -- 91 
Dendl 52 
Snsitna -------- 39 
Talkeetna - - - - - -  89 

Wasilla d l s t r i e t ; ? -  4t% 
i 34 
Sngitna Station ,-,---,, 52 
Tyanek 78 
Wasilla -,-----,,-------- M 

Pairban& dlisMEt ,-,--,,,--- 3,4463 
College ,--,--,I,--------- 61 

PopuMtfm irt 1090 
Fairbanks ~ t r i c t ~ t l n u e d .  

Fairbanks ,,-------------- 2 , l M  
G ~ r d e n  I~land,,-,,-------- 54 

Rantishna diatrlck ,-,,---- ----- Ul 
Toklat village ,,----------- 44 

Neaana district ----- 7a 
Healy Fork ,---,-,,,,----- 36 
McKinley Park ------- ---- 49 
Nenana,, ,,------ --- 291 
Suntrana ------.------- ---- 61 

ToEdvana district ,,,------- 217 
Ch~tanika R i m  ,,,,----- a 
Livengod ,,----- --- 2 2  
North Fark m a @ L  ,---- 33 

Rot SprInm dtertriet 1%. 
Iiot Rpr in~s  village ,,-- ---- 45 
Cnaknkat village -,---,, 
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availabla. The season for hydraulic min i i  is in mat places lira- 
ited to the period between late May and l a b  October, or a masimum 
of about 6 months. The dredging season may be somewhat longer, 
for a guld dredge ~ u i m  less mattpr than a hydraulic operation 
and can be housed in ta protect the rifle from freezing. A fern of 
the lode mines are operated on a year-rwwd basis, but most of them 
am shut d o n  during nt  least the coldest part of the winter. Pros- 
pwting for lode deposits of the metals is mainly a, summer occupa- 
tion, and the same is true for shdIow placer p u n d .  Deep placer 
ground was formerly prospected by sinking shafts in the frozen 
ground in winter, but this method has now hen largely superseded 
by the drill. Tlus seasonal character of much of the mining and 
prmpwting results in a corresponding shift in the distribution of 
the mining population, many of the miners moving to the towns for 
the winter or even going to the States. Convemly , miners and pros- 
pactora leave the towns for the summer, but the influx of tourists 
and summer viaitom in soma degres offsets this shift. Activity in 
the coal minea of the Matanuska field is continued tl~rougl~out the 
year, as it ia in the Nanana coal field, though there the demand for 
coal to mpply powr for the mining industry of the Fairbanks dis- 
trict requires a larger number of rninem during the summer. In all 
such placer districts 8s the Moo% Paas-Hope, Girdwood, Yentna, 
Val& Creek, Kantishna, and Fairbanks districts the cmla are 
largely deserted during the winter. 

ROmm OF T R A m  

In the years before the Alaska Railroad was built travel in this 
part of the Territory was largely confined to the coast or b thorn 
places that could be reached by river boats, for land trwel was 
&fEcdt and slow, and. long land journeys were attempted by only a 
few of the hardier and more advent~irous miners, prospectors, and 
trappers, or by a few more elaborately equipped pwk-train expedi- 
tions sent out by the Federal Government or for railroad-exploratory 
work. Journeys by prospectors m a y  fmm the main rivers were 
'usuallg acxomplished by dog s l d ,  in winter. The coast of Prince 
TVillimn Sound and the shores of Kenai Peninsula and Cook Tdet 
w e e  d i l y  accessible by small boats, and a few of the larger rivers 
cottld be ascended for soma distance by power boat8 or by poling 
bortts and canoes. The Tanam River was known to h nrrvigztble 
f ram the Yukon to and beyond F~irbanks, and the Susitna R i ~ e r  to 
the mouth of the Indian River. 

With the di~l~overy and estabUshment of the plaoer mines of the 
Fkrbanb district la reg~lfir boat service was operated to Fairbanks 
up the Tanana River during the open season, it king possible to 
=ach that part of Alaska either by amending the Yukon from its 
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mouth, or by may of the Wte Bass & Yukon Railmad from Shg- 
way to WE& Horse and thence down the Ynkon. A trail later 
converted into sn ahmobile highway was also built from Valdez, 
on Prince William Sound, up the Copper River Basin and across 
the Alaska Range tl~mugh the valley of the Delta River to the Ta- 
rims, and down that stream ta Fairbanks. In 1904 construction had 
been begun on the Alaska Central Railroad, IaWr known as the 
Alaska Northern, and rails were later laid from Seward northwad - through Eignai Peninsula tb Kern Creek, on the north side of Turn- 
again Arm, a distance of 'I1 miles. It waa the early purpose to 
carry t h ~ t  railroad line north tu Fairbanks along about the line of 
the prewnt Government railroad, but financial difficulties and the 

b unmrtain status of the Matttnuskrt coal lands brought construction 
4 to a standstill. 

From 1906 to 1915 there was little change in the facilitia for 
trmsportation in this region. The greatest irnpmvementa were Oh% 
conversion of the Valdw-Fairbanks trail to a very fair wagon and 
automobile road; the completion of the Copper River & North- 
me~tern Railroad from Cordova to Chitiaa; and tho conneetion of 
the Fairbanks road with the railsoad at Chitha These changas im- 
proved summer and winter overland travel tm Fairbanks from the 
coast, but s t q p  chsrgw mere necessarily so high that all heavy - supplies and freight vent into the interior in summer by river hat .  
In tho Fairbanks district the Tanana Valley Railroad, abut 44 
miles long, connected the more important mining localitim with 

rl Fairbanks tond Clhena and so with the dver steambat lines, and an 
vxcellent system of wagon roads h d  been constructed there. In 
3i.enrti Peninsula a few short snd ~moonna etretchea of wagon 
~ ~ s d  had h e n  built, one reaching from Sunrim to mile 84 on t h ~  
Alaska Northern Railroad, and others from Girdwood up Glacier 
and Crow Creeks, from Hope up Resurrection Creek, and on Bear 
and Lynx Creeks. Some fairly good trail9 had alm bmn estab- 

r Jished. From the end of the milrod at Kern Cre~k e winter dog- 
. . sled trail had bwn built by way of Ql~cier and Crow Creeks across a 

divide to the Eagle River and down that stream to follow around 
the head of Knik hrm to Rnik. Fmm Knik this trail led westward 

C 
to Susitna Station and thence up the Skwentna, across the Alaska 
Range to the Kuskohirn, and to the placer mines of the I'ditarnd 
district. mi8 trail was little u s ~ d  in winter and was traversed with 
clificulty in summer on foot. Within the great basin of tha Susitrrs 
River very little work had been done on r o d s  and trails. A wagon 
road had been built from Knik to and up the valleys of the Little 
Susitna River and Fishhook Creek ta the mines of the Willow 
Creek district, a d  some trails h ~ d  also hen established in that 
district. From the wagon mad tt trail branched off eastward and 
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m n d e d  the Matanuska Valley to Chickalmn. From the Yentnar 
River at  McDougaIl a passable wagon road was built to the Kahiltna 
and a bridge constructed &cross that stream. The bridge was soon 
w ~ h e d  out, however, and the road beyond it was never completed. 
Beyond the Kahiltns a marshy traiI led to the placer mines of the 
Cache Crmk districl 

The roads and t ra i la  above enumerated were, -in the spring of 
1915, the only important mutes of land tram1 in the arm here de- 
scribed. Exclusive of the Capper River & Northwestern Railmdz 
which liea entirely outside of t h i s  region, and the parts of the 
Chitina-Fairbanks wagon road that are beyond its limits, them 
were 115 miles of railrod, about 375 miles of wagon road, mostly 
in the Fairbanla district, and a few hundred miles of established 
trail pawable for horses in summer in an area of over 57,000 square 
miles, The natural route fmm the coast a t  the head of Cook Inlet 
to the intarior of the Territory, by way of the Susitna and Chulitna 
Valleys, Broad Pm, and the valley of the Nenana River, with its 
water grades and low gap across tl-re AIrtsks R~nge ,  was entire1 y un- 
developed to facilitate travd. The Susitnn River is navipbIa for 
Itarge river steamers only to a point a short distance above the 
mouth of the Yentnrt, and above that point it can be ascended only 
by small, shallow-draft high-powered boats, which may be hEen 
to the month of Indian River. For land traveI over that route the 
traveler with pmk horns had no tmil that could Ie continuously 
followsd but had to use his own judgment in selecting his course, 
and wss compelled to do much trail chopping in order to get through 
a t  alL No facilities were available for crossing the larger streams, 
such as the RashwiPitns, Tnlkeetna, and Susitna Rivers, and those 
too deep to ford had to be m s e d  on rub& and the horses made to 
swim, ~t the risk of loss of both h o r n  and supplies. As a result 
of these serious difficultities very few p m m  had traveled from Cmk 
Inlet to the Tanma by land in the summer. 

A new order of t- for this region began in the spring of 1915, 
when active construction was started on the Government railmad 
from Sewnrd to Fairbanks. (See pls. 4 to 7.) The Alaska North- 
ern Railroad, which had fallen into such bad repair that much of it 
was irnpmmble, was acquired and rehabilitated. The new town of 
Anchorage, en the gad side of lower 'Rnik Arm, was used ag the 
center of construction for that part of the railroad suuth of the 
Alaska Range, and storage y a d ,  repair shops, warehouses, and a 
dock mere built there. Construction WEB carried on h t h  southeast- 
ward ta connect with the old Alrtska Northern tracks rtnd northward 
ta the head of Rnik Arm, whence the main line swing west and 
nodh to wend the Susitna Valley, and the Mahnuska branch runs 
northeastward to the Mat anuska cod fields. In 1916 construction on 











fie inland section was begun at the new tawn of Nenana, at the point 
whew the railroad crosses the Tanana River, and work was done 
both toward Broad Pass on the south and toward Fairbanks on the 
northeast. LR connection with the sumeying of t-he railmad line 
trails were cut and marked far in advance of construction, and pas- 
sable wagon mads were built along those sections of the h e  whew 
grading operations were in progress. Those trails and roads were 
nemgeary for carrying out railroad building operations, but t h y  
also greatly facilitated travel in general aIang the mute, and parts of 
them have keen and will continue b be useful to the public, though 
most of them were abandoned as m n  as the milroad was in 
operation. 

Important as the Alaska Railroad is to the region t h ~ t  i& serves, 
it could fulfill only a part of its service if it were not supplemented 
by a comprehansive system of roads leading from it ta the various 
c~enters of m i n ' i  and agricultural activity dong its route. In sup- 
plying these mads the chief agencies have bean the Alwka Road 
(hmmission md in the nretionaI Poreds the Bureau of Public &ads. 
These agencies have already built hundreds of miles of automobile 
mads within this region and are actively engaged in extending md 
maintaining the road system as rapidly as funds are supplied to 
them. From Seward an excellent mad extends northward to Kenai 
Lake and is man ts be connected with the mad system that extends 
from M o m  Pass to the Sunrise and Hope districts. From Gird- 
wood a g a d  road h a  been built up Glacier and Crow Creeks. From 
Anchorage, in addition to a network of mads leading to farms in 
that vicinity, there has now hen opened a r o d  roughly paralleling 
the railroad to Palmer, the new agricultural colony, and connected 
with the road system there, which includea branches leading to Wa- 
silh and Knik, and to the lode mines of the Willow Creek district. 
From Talkeetna a 20-mile stretch of road leads toward the Yentna 
placer-mining district, and further construction taward that camp 
is in progmss. A poorly developed r o d  l ads  from Cantwell east- 
ward to the Vdda Creek district. In Mount Mainley National 
Park an excellent highway has h e n  constructed westward as far as 
Muldmw Glacier and will later b completed to Wonder Lake and 
Kantishns mining district. Fairbaaks is we11 supplied with g o d  
mads which connect it with the rninss in the Picinity of Eshr seek, 
with the University of AIaska, with the placer and lode mines on 
Goldstmm and the Chatanika River and their tributaries, and with 
the many farms in the vicinity. This road neb is continned n o d -  
eastward by the Skew Highmy, which leads ta the Yukon at Circle, 
and southeastward by the Bichardson Highway, which corn- 
Fairbanks with Chitina and Vddez. Highway construction and 
mining and agricultural development go hand in hand. Without 

1 1 7 8 6 - 4 W  
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mads the development of mines is handicapped, ttnd farm prducts 
cannot reach a market. Yet the unde~eloped portion of AIaaka is 
so vast that m d s  can be built only to thoae places where the promiae 
of commercial development is best. 

In the years between 1898 and 1912 many roum had been sug. 
gested as feasible for the construction of a much needed railroad 
from an open port on the Pacific to the interior of the Territory, 
and construction had been atsrted on seveml of those mutea. The 
White ,Pass & Yukon Railway was already performing a valuable 
service in furnishing rail, transportation from Skagway to the nav- 
igable headwaters of the Yukon in Canadian territory and thus 
benefiting all the krrithry reached by the Yukon River hats. Con- 
struction had been anid northward from Sewrrrd to Turnagain 
Arm by the Alaska Northern Railmad (earlier the Alaska Central) 
but was them discontinued. The Copper River & Northwmtern 
Railroad had in 1908 started construction from Cdrdova up the 
valley of the Copper River, with the avowed purpose of building to 
Fairbanla, and the road was eventually put into opmtion tu Chi- 
tina, at the mouth of the Chitina River. Fmm that p i n t  the great 
demand of traffic waa from the copper mines of the Chitina Valley, 
and the mad was campleted ta Hennicott, 196 milea from Codova. 
No attempt was made to  build northward from CIlitina toward the 
Tanma Valley. Several other abortive projects were started to 
build to the interior from the coast, notably from Valdez, but none 
of them made any serious progress. The first step leafing toward 
the construction by the Federal G)overnment of a railroad in Mmkla 
was taken in 1912, whm C o n w s ,  by an act creating a legislrative 
assembly for the Territory, called for the appointment by the Presi- 
dent of a commission of four men to study the transportation pmb- 
lem in Alsska, to exmine mutes, tn obtain surveys, and to make a 
reperk of their findings and mmmendations in respect to the best 
and most avaiI~ble routes for railroads, for ,developing the country 
and its ~ u ~ .  This act was approved August 24,1912, ~ n d  that 
fall the mmission was formed, examined a number of po8sibIe 
rontas, and later snhmitted u mwrt. 

An act of Congress approved Mamh 12,1914, authorized the Pres- 
ident to designate mum for railroad lines in Alaska, to be so lwated 
as to connect one or more of the open Pac%c Bcean harbom on the 
southern. coast of Alaska with the navigable waters in the interior 
and with ma1 fields. For this purpose a sum not to exceed $35,- 
000,000 was authorized, nnd $1,000,000 was appropriated for imrne- 
diate use. To cmry out the pmvisions of the act t.he Pmident con- 
f e d  upon the Secretnry of the Interior the necessary power and- 



authority and created the Alaskan Engineering Cornmimion, to ham 
charge of field oprntjons. The Alaskan Engineering Commission 
in 1914 carried out an extensive program of surveys and made de- 
tailed estimatas of the cost of oonstrnction by the various routes, 
as a m l t  of wlJch the President, on April 10, 1915, by Executive 
order designated the mute over which the Alaska Railroad mas built, 
Naturally a p a t  mlany factors requimd consideration in mlecting 
one route from among a number thnt had hen p ~ ~ ,  among 

- 2 
z the most important of which were the distance from the mast to 

FairbafLks, the harlmr facilities at the ocean terminus, exhting mil- 
road lines, acmibility and coal m u m  of adjacent d fields, 
the mining and agiculturnl resources of the country ta be travemd, 

t: expense of construction, grades, and engineering difEeu1ties. All 
t h e  factors had to be carefully weighed, and the claims of 
rival communities and railway projects considered, but the question 
of the route once settled by I'midential order, the commission mas 
free to  direct its attention to canstruetion, and the first construction 
party a ~ i v e d  at  Anchorage on April 26,1915. 
In the meantime, however, the World War had broken out, and 

railroad construction was affected by mounting costa of labor and 
supplies, and later by the entry of the Unitad States into the con- 
flict. Thm factors delapd the project, but navertheless it was can- 

C tinued, rtnd in March 1923, up011 completion of the bridge across 
the Tan~na River at Nenana, the golden spike was driven that 
rnarkd the opening of through rail service from Seward to Fair.. 

C b a h ,  s distance of 470 mila 
Many optimistic pdictioas bad been made that the apening of 

year-round rail service from the coast to the Yukon Basin would m- 
sult in an immediate and rapid mining and agricultural develop- 
ment of all of interior Alaska. These predictions ]lave not been 
borne out. It is true that coal mines were immediately opened in 
both the Matan~~da aud Nenana coal fieldg but it was found difftcult 

3 
Y '  

to enter any but lorn1 merkets with this fueL Furthemore, the 
march lor rich placer properties in the ~ g i o n  had been pretty thor- 
ough before the railroad waa built. Interest in grospeeting for gold 
lodes was stimulated, hewever, and a large number of lodes have ben 

* found and placed on a productive basis. Agriculture, like ma1 anin- 
ing, found that Eta market was limited by the demands of the local 
population, and agrfcultlz~al products were competitive with those 
of the Pacific Coast States9 with the advmbge of nearness to market 
but the disadvantae of a more severe climate. 

Perhaps the greatest wrvice that the railroad has rendered to the 
Territory hw come eaa the result of lower freight charges, particu- 
larly on heavy supplies and qniprnent, which have rendered pssible 
continued mining in many camps where the richest ground had been 
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exhausted and where there was a narrowing margin &ween c o ~ t s  
and the value of the pmdact. The most notable example of this is 
to be seen in the exhnsive aprstion~ of the Fairbanks Exploration, 
Co., in the F~irbanks district. Them the deeply buried placer gravel 
that could be mined by the expensive process of underground drifting 
in frozen ground in the winter was a b u t  mined out, and the camp 
was facing the fate common to workehut placer regions. With 
cheaper transportation, however, it mas possible to build a central 
power plant supplied by fuel brought by mil from the h'enana cuaL 
field and tn bring in heavy materials for d r e d p  and pipe liner, 
thus extending p t l y  the life of the placer-mining. operations them. 
All tAe other mining carnpq along the railroad and in much of the 
Yukon Rasin have benefited in the wtme way, and mining is now grid 

long will be profitably conducted on ground that under the old 
conditions would have been abandoned. 

ACSBICULTUBE AKD STOCK RAISING 

Agriculture in Alaska has a3 yet made only s beginning, but them 
seems to km no m m  for doubt that each year wil l  see an increasing 
acreage under cultivation. AIthough tha high latitude gives a sevem 
climate and a short growing mson, the agricultural conditions are 
more fa~omb1e than in wrtain parts of northern Europe, where the 
people raise a large part of their foodstuffs. A rather completa 
discussion of the soil conditions, the climate as it affecta agriculture, 
and an estimate of the agricultural possibilities of the region hss been 
published.* The following summary of conditions throughout the 
Territory m far as they re1at.e to the sailroad belt is taken from a 
publication of the Department of the Interiar.* 

The a m  of Alasks mpable of agriculturd devefopment has been 
estimatad to bo as much as lOOQOO square miles, The principal areas- 
of most promise are in the  alleys of Yukon and Tltnana Rivers, in 
the interior; the Susitm and Matanuska Valleys, the west side of 
Kenai Peninsula and the Copper River Basin. Much of these areas, 
is rolling land or composed of gent1 y sloping bench land, mmt of which 
is more or less wooded, and from which the timber and moss must 
be removed before ~gricultuse is possible. In many parts of MasIra 
pioneer conditions dill. obtain, and t h e  market for farm products is. 
limited to thorn settlements which can be ben~eveniently reached by 
road, railmad, or water transpartation. Agricu1tural experiment 
stations have in the pad been maintained at Mahnuska, Fairbanks, 

egwnctt, H. 8., nnd Wee, 'F. I)., 8011 reconnai~anm In A t d a ,  with ma eaflmnte of the- 
agrlcultaml powibiI!tlea, 202 pp, IS. R Bur. Bolls, 1916. 

&nwal infomat!oa regnrding the TeITihrg of Alaska, ed. of June 1931, 



and Rampart, and these have done much to demonstrate what mp 
e n  be sutloessfull y raised in the region and to develop hardy varietiss 
Isu;ted to its climate. 

Grains, such as oats, barley, and spring wheat, have. been ~ U C -  

assfully grown gear after year at hlatamska and Fairbanks. Hay 
ie m d e  each season from native grasses, or from grain sown for the 
pmpse. Some difficulty may be encountered from rainy weather 

* 
Y .  .. during the seasan far harvesting hay and grain. 

Hardy vegetables have been raised throughout most of h k a  south 
02 the Arctic Circle. Radishes, mustard, turnips, kale, and lettuce 
-can be grown nearly anywhere, and if g~rrden sites are selected with 

rn reference to shelter and exposure to the sun, carrots, parsnips, parsley, - pas, cress, cabbage, crtnliflower, Brussels sprouts, onions, spinach, 
'beets, potatoes, rhnbarb, and such herbs as caraway, mint, oatnjp, 
:sage, and thyme may be grown. Corn, beans, cucumbers, tomatoes, 
-eggplant, melons, eta., cannot be grown under ordinary garden con- 
ditions. Potatoes form an important crop in both the Fairbanks 
land the Matanuska districts. 

Tree fruits have not been successfuZly grown in this region. Bush 
fruits, such as currants, gooseberries, blueberries, and raspberries, 
flourigh. 

r In both the Fairbanks district and the Anchorage-Watanuska area 
-farming has been carried on continuously for many years, and the 
lmal fanm supply a considerable portion of the needs of these com- 

C 
munities for fresh vegetables and poultry and dairy products. Stock 
raising has also Leen successfully conducted, and horses, cattle, deep, 
and swine have been raised. Native grasses furnish luxuriant forage 
throughout the region from late May to lnte September, but for 7 or 8 
months each year stock must b fed an grain and c d  hay. 
In 1935 the Federal Governnoeat sponsored an agricdtml colcmy 

in the lower Matgnuska Valley, and abotlt 1160 families mere brought 
5 in from the States and placed on farms there. Help was extended to 

t h e  settlers in clearing land, building houses and farm buildings, 
providing wdb.  and establishing credits for supplies until auch time 
a they shonld b m e  self-supprting. The time since the colony 

. was established has been too sIrort to determine what measure of s u m  
?.c it will attain. It sePms evident, however, that agriculture in this 

region will depend main1 y for its market upon the population resident 
w i t h  the region itself. The mining industry is the underlying basis 
for  the growth and development of this area, and any considerable 
incmse in population is likely to reslilt only from an expansion of 
mining activity. As to future prosperity, agriculture and mining 
are therefore inseparably reIated and interdependent. 
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Early in 1917 Congress, recognizing the desirability of prwewing 
for the people a region of unusual scenic b a u t y  and of abmd~nt  
wildlife, creaked the Mount McKinIey National Park. The act 
establishing the park is as follows: 

Be d t  m e t e d  bv the 8 m d e  and House of RepreeentaZiaes of the Vnltetr 
Eltotea of Ames-ica C COnpre88 w s m b l e d ,  That the tract of land In the Terri- 
tory of Alaaka particnlarly dewribed by and inclnded *thin the m e h  and 
bounds, te wlt: Beginning at a point an shown m Plate IIT, mnnnissance 
map of the Mount McKinley region, Unska, prepared ia the h ~ o g l c a l  Snrvep, 
edftfnn of nineteen hundred and eleven,  aid point blng at the s a m d t  of a 
hill between two forks of tbe headwaters of the TokIat River, approxhmte 
latltnde sixty-three degrees forty-se~en minutes, lon~tode one hundred and 
flhy degrees twenty mlnutea; thence muth Bia d e g r e  twenty minutes west 
nineteen m l l ~ ~ :  thence wuth sixtg-ebht d e m  west airty me; thence In 
a mutheaaterly direction approximt~ly twen*-eight milea to the summit oS 
Mount Rustr~ll; thence En a northeasterly d i r d o n  apprdmatelg ~ghtp-nine 
milea to a gofnt twentg-rive rnil~?! sonth of a polnt due enet of the point of 
beginning; thence due north t~'en@-fire mil- to a d  @t; thence dne west 
twenty-eight nnd one-helf miles to the p i n t  of bednhg, is hereby resen& 
and withdrawn from settlement, occupancy, or d l 8 p ~ ~ l  under the lam of the 
Unlted States, and aald tract is dedfcnted and set apart as a pnbflc, park 
for the beneflt and enjnyment of tile gwple, nnder the name of the &fount 
McKinleg Matlonal Park. 

S m o w  2. That nothing herein contatne8  ball nUwt any valid e-ng clalm, 
location, or entry nnder the land lam of the Unftd States, whether for horn* 
atead, mineral, rkht of way, or any other purpose wbatmver, or shlE d e c t  the 
r l ~ h t ~  nf nny lnch claimant, Imator, or entrman to the fill oae and enjoyment 
of his land. 

8 ~ 3 1 0 ~  8, That whenever comlstent wlth the primary purpows of the mrk, 
the act of February fifteenth, nineteen hundred and one, applicable to the loca- 
tion of rights of wny In certain national parku and national fore~tu tor irrigation 
and other purpose$ &all lw and rcmsln appllcable to the lands included 
wftbin the park. 

S m o w  4. Kothlng in thIe act shall in any wag modlfy or affect the mineral 
land laws now applicable to the lands in tbe eraid park. 

S m 0 1  8. Tbat Me mid park shall be ander the eiecntive control d the 
Secretary of the Interlor, and it shall be M e  duty of the mid e m t h e  au- 
thorjty, aa m n  as practicable, to make and publisl~ such N I ~  and refplations 
not Inmdtent  with the laws of the United 8tatw as the rraid authority mag 
d m  necemrg or proper for the care, protection, management, and Improve- 
ment of the same, t h e  mid regulations being primarily aimed at tlse i m e t  
urn of the said park for recreation purposes by the public and for the p e r -  
vation of anirnds, bMa, and dsh, and for the preservation of the natural 
mrilositles and scenic beauties thereof. 

SBCTIOA 6- That the mid patk shall be, and le  hereby eatnbllsh4 as a gamP 
refuge, and no Wgon eball kill any game in mid park except under an order 
from tbe Semetary of the Interior for the protection of persona or to probct or 
prevent the extexdmti~n of other animals or birds: Prwided, That -tore 
and miners engaged in pmpecting or mining In rraid park may take and kH1 
therein m much game or birds as m a y  be needed for the i r  aetual nwemitlet 



when short of food; but In no case ahall animals or birds be kflled iu said park 
for sale or removal therefrom, or wantonly. 
. m a  7. That the mid Secretary of tbe Interior may, in hls dlscretlon, 
erecnte law to parcels of mound not exceeding twenty acres fn extent for 
gerimh not to excetd twenty years whenever such ground is necessary fur 
the erectlon of establiabrn~nts for the nccomrnwlatlon of visitors; may grant 
snch other wxfmr$ pririlcges nnd mnoewslons as he deem wlse for fllr 
secommodatlon of vidtom: and mnP likewlfle amange for the removal of 

* 
& 

mch matnre or dead or down timlwr am he mag Beem necesaaw and advisable 
+ fo r  the p r o t d o n  snd lmpmv~ment of tbe park: Proeitla& That no appropria- 

tion for the maintenance of mid park 14 excem d $I9000 annually shall be 
made unlesa tbe same aball hare ilmt been expr~s ly  authorized by law. 

S m o m  8. That any permn found gu i l e  of violating any of the providona 
of this act shalt be deemed gutZtg aL a misdemeanor, and shall be sobjected to 

st a fine of not more than $901) or Lmprluonment not exceeding ~ l x  mentba, or 
both, and be ndjudged to pny all cmts of the protedinp-a. 

~ipmved,  February 28, 1917. 

The park, as originally &f ished ,  had an area of about 2,200 
square miles, It was enlarged by act of Congress in 1922 to 2,645 
squaw miles, and again in 1932 to 8,050 square miles. At present 
its esstern boundary is along the west sham of the Nenans River, and 
the northwe  boundaq was made to include Wonder Lake. 

Under the act establishing the park the righta of prospectors and 
miners in the park area vere preserved. No mine hm yet k n  put 

? npon a producing basis within the park boundaries, but there are 
number of promising prospects on Ides containing gold, silver, cop- 
per, lead, and zinc, md this area may yet yield its quota to the min- 

r.l era1 output of the Territory. 
As appears on the accompanying map (pl. 3), a large part of this 

park lies within the limits of the a m  hem described. Its boundaries 
were well chosen, for they include the highest and most mgpd p r -  
tion of the Alaska Range? culminating in Mount McKinley (s!e 
frontispiece) whose peak bwers 20,300 feet above sea level and is 
the highest point in North America. Mount BfcKinley md its com- 

3 
m ' panion peak, Mount Foraker, &,and near the north front of the 

mountain maw, at the crest of the p a t  arch formed by the cres- 
centic curve of the range, and so dominate the broad lowlands of 
the Knskohim and Tnnana Riven on the west, northwest, and 

s north. The view they present from those directions is perhaps un- 
exmlIed elsewhere for tha sheer height of the mountain above its. 
immediah baae. On its north alope Mount McKinley rim from the 
terminus of Peters Glacier, at an altitude of 2,600 feet, to the summit,, 
in a distance of I3 miles, and its perpetual snow line lies at abut  
'1,000 feet, this mountain being. said to oflw the highest climb above 
snow line in the world. The setting of these two peaks is dm un- 
usual, fo r  as B n  from the inhrior they stand far above their BUT- 
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mundings, the; next high& mountain visible from that direction be- 
ing less than 12,000 feet above sea level. 

The mgion of the Mount McKinley National Park offers emp- 
tiond attractions to the mountaineer. The highest peak of America's 
loftiest mountain h&s b n  scaled but twice, and only one e b b  
route up it hrts Been found. The achievement of the climber who 
first h d e  anothm mute to the m m i t  will be w m l y  less than that 
accomplished in making the first w n t ,  for the suceesshl party 
traveled a routa that had alrerady been exp lod  and demonstrated to 
be pmticable. Mount Foraker has b n  m n d e d  only once, and a 
multitude af lesser peaks are still unnamed and unexplored. The 
approach to these peaks from the north, heretofore requiring much 
time and labor, is much amier now that the railroad is completed and 
a good road built into the park t o  a point within a few miles of the 
base of Mount McKinley, and the climber el l  be able to camp in a 
delightful c.limata close to the base of hie chosen mountain. For 
those who seek the difficulties and dangers and the accompanying 
pleasures of mom difficult approaches into the heart of the moun- 
tains, the glacier-Hled basins of the southeast flank of the ran@ are 
inviting. 

The attractivenes of this park, however, will appeal not alone to 
the mountaineer. The foothills and spurs of the outlying mountains 
.on the north preaent wonderful mnery, a delightful summer climate, 
and an abundance of wildlife th& camot fail to make tb park a 
vacation ground for those who low outdoor life in a region of un- 
spoiled natural beauty. This part of the park is the chosen range of 
p a t  herds of caribou and mountain sheep, which, having been Little 
molested, nre tame and easy of appmaclt Probably no other a m s  of 
North America have such a natural abundanm of biggame animals. 
In cerbin mountain valleys many hundred white bighorn shmp may 
ba seen in a day's travel, and caribou in herds containing h~~ 
.of individuah may be encountered. Beara of several varieties are % 
pmmnt, and moose are numerous in the timbered lowlttnb. Under 
the protection that them animals have within the park, they have 
become less wary of hmnn approach and prove an ondless source of 
pIemna to visitors. 

At the time of writing (1936) the park is developed by a single .i 

road that leads from the miIrclsd st McKinley Park station to 
-Muldmw Glacier, and construction is mder Tcay to Wonder Lake, 
north of Mount McKinley, but even away from the mad this is en 
.easy country in which to travel, for most of it is above timber line, 
the north-south mountain ridges nre brokm by easy ps4ses from one 
valley to the next, the stream valley are natural highways, and the 
-herds of caribou have already developed well-marlred trails in many , 
PI- J 



During the open Benmn, from mid-June to mid-Sepbmber, a w m -  
modations are provided for tourists to visit the park. Cars and 
bu- meet the trains, and travelers am taken 12 miles over the 
highway b the Savage River Camp, where a central Ioungo rmm, 
dining room, and kitchen and individual or two-pemn tents are 
pmvidd, Specia1 arrangements can be made for drives over the 
highway to  wenic points in the park, for saddle horses, or for air- 

C -- plane trips. It is expected that upon completion of the road to 
Fonder Lake a, permnncnt lodge for guests will be built there, in 
full view of Mount McKinley. 

The area1 mapping of the various m k  pups as shown on the 
accompanying geologic m a p  (pls. 1-31 is the result of studb of 
the many geologists who have worked in this field since 1898. The 
earliest workers were pioneers and explorers, who had no founda- 
tions already prepared upon which to build and elaborate their 
concIusions but rere compelled by n d t y  to lay their own fomda- 
tions as they pmeedd.  Later vorkers have had the advantage of 
those earlier conclusions and hnve bwn able tn extend the areaa, of 

f the rock p u p s  and formations that had already been recognized 
and from them to draw conclusions conmlling the age and relations- 
of other formations. In the very nature of the m e ,  in a redon of 

I this size and geologic complexity, where fossils am unusually scarce, 
certain mjstakcs of interpretation have been made. It has nlmady 
been possible to correct some of these rnimomptions. Others, in- 
herited from the pioneer pologists or due to mistaken mndusions 
of the later workem themselves, doubtless remain still undetectsd, 
or, if the proper interpretations have been ~~, theg am not yet 
capabIe of definite proof. The facts accumulate year by year, and 

f- after a time certain missing piem in the puzzle will a m e  to hand 
and, being fitted to their proper place, reveal the picture as a whole- 
in its true aspect. FQSS~~S, those remains of mcient organisms that 
the p log i s t  uses in determining the qy of the roch with which ha- 

rl: deala, may after long search l~ discovered in a formation that has 
long been puzzling and thus at oncs clear up a whole p u p  of prob- 
lems concerning the m k s  in which they are found and o t k  asso-. 
ciated formations. 
T h e  critic of the future. who  view^ the mistakes of his predems- 

mrs in the light of the, eddence available to him, mu& also remem- 
ber that the work ?n this region was not done as a single study con- 
tinnously pumed by a certain group of workera, but that it pro- 
p m e d  in steps, first m area hers and then & gap there being filled, 
and msn9 of these studies were made by men to whom this region 
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and it$ problema wem new and .whose field of study was isolated 
In the past the difficdtiles of travel to and within parts of this- ares 
have been p a t ,  and a large part of the pIogist5s energiw have 
hen  used up merely in getting about the country. Most of the 
work hag been of exploratory or mmaissmce chamter, in which 
t,he attempt was made to cover a large are% in s short field m n .  
hhild studies have been made at ody s few localities. Since 
the railmad was completed it has been possible to increase notably 
the number of days of field work in a season, and one man is now 
able in a single summer t o  visit many localities of especial intarest 
and to mrdinsb  and cormlate the facts over wider are-. The few 
unmapped parts of this region can be more easily reached, and ss 
Ihey are filled out and studied the solution of rniiny unwttled prob- 
lems will be found. 
On the geologic maps (p l~ .  1-3) rill the information available haa 

b a n  wed, whether obtained as the result of exploratory, m n -  
naksance, or detailed surreys. In assembling thia information in 
single maps it has not been possible to distinguish between those 
areas which have been studied painstakingly and in which the ge- 
ologic boundaries are approximately correct, and thm which h ~ v e  
bmn only hastily explored and in which the geologic boundaries have 
hen drawn between mom widely spaced points of observation. In 
Ihe following text, however, some attempt has h e n  made to evalu- 
ate  the conclusions reached in different parts of the field, giving 
proper weight to t h m  that are based on more delibate field work. . 
It is believed that the geologic map repreeent, with considerable 
nccuracy the larger features of the surface distribution of the va- 
rious ruck groups or formations. Field studies that are each year 
in progress will no doubt rehe  the work as time pa- and correct 
such errom as may have crept in. 

A study of the geologic maps at once di~~:Poses the fact that most 
of thia region is ocxupied by m b  of only rndertrk geologic age. 
So far as is now kmown, pre-Cambrian rock3 m u r  here only north 
of the Alaska Range and perhaps in a small arsa in the Willow 
Creek district. The great Paleozoic era is also rather scantily rep- 
xmnted south of the Alaskrr. Range, wl~era only a few areas of m- 
differentiated metamorphic socks that are possibly of Paleozoic age9 
,a few small areas of Carboniferous sediments and tuffs in the 
Ckditna region, and some Devonian limestones and m i n t e d  d i -  
mmts am h b m .  North of the range Paleozoic m k s  are better 
mpmented, for there are extensive b~l ts  of mica schists, or meta- 
morphosed sedimentary rocks, and of tincient l a ~ m  and associated 
sedimentary beda, all now greatly altered from their original state. 

Tlle prepailing rocks from S e w d  to Broad Pas are bel ied  
to  be for the most part of MBBOZO~C age. They inelude p n t  arms 



.of slates, shales, and graywackes of somewhat uncertain age but in 
part Cretaceous; some fossilifemus andstones imd shales, a little 
limestone and quartzite, and great areas of basic lavas and tug's. 
The Cantwell formation cornposed of hard mountain-building con- 
:glomerates and shales is now also believed to b of Cretmua age. 
Cvnspicuous alm are the masaea of granitic intrusive rocla that h ~ v e  
pnetrated the earlier Mesozoic materials and now lie as great batho- 

T .-. liths, such 5s that which forms most of the western Talkmtna Mom- 
5 t a b ,  or as smaller and more widely matted - m a ,  Tertiary 

mcks are also present in abundance and indude the generally un- 
conmlidated sands, clays, and gravela of the mal-bearing be&. 
Widespread ancient p v e l s  also belong with the Tertiary or early 

S Quaternary. Quaternary deposits cover a large portion of the region 
and include the unomlidated lowland deposits of the streams and 
shore lines and t h ~  glacially deposited materials. Both dream and 
gltacisl deposits and estuarine accumuIations in the upper part of 
Cook Met are t d a y  king formed. 
h an area so large and including so many distinct geographic and 

geologic provinces as the one here described, a systematic descrip- 
tion of the rock formations, in chmnologic order, would require 
the reader to focus his attention on first one locality and then on 

F mother far away, and by so doing to become confused as to the 
sequence of e m  histoxy and of formations at any one place. In the 
g801ogic history of the area the sequence of events was not the same 

1 
for any two p l o g i c  provinces. It therefore m desirable to de- 
scribe the mks by provinces rather than by geologic perids. The 
a m  is naturally divided inta four major subdivisioq which include 
distinct mountain m m s ,  as well as the bordering lowlands. Th- 
divisions are (1) the h i - C h u g a c h  Mountains, (2) the Talkaetns 
region, (3) the Alaska Ftange, and (4) the 'ITukon-Tanana plateau. 
During the last great time division, the Quahmary, the mountain 

P mama havs all stood approximately in their prewnt positions and ah 
:'m about their present altitsdm, and the palogic events, including the 

shaping of the surface forms by erosion and depi t ion  and the g m t  
i ce  invasions, have sffded all this area to a greater, or less degree. 
A special aection of this report therefore deals with the Quaternary * histary as it has affected the a m  as a whale. 

The tern "Kenai-Chugmh Mountain region," as here uwd, in- 
cludes the parhion of the Chug& Mountains thak falls within the 
area described in this mpoPt, the structurally wntinuous Renai 
Mountains of Kenai Peninsula, the bordering islands of Prince Wil- 
liam Sound, and the lowlands east of Cook Inlat and Enik Arm. 
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The region is therefom Lmtinded on the south and east by the Pacific 
Oman md its embayments, and on the west and north by Cook Inlet, 
Hnik Arm, and the Matanuska River. It lies at the elbow or hinge 
where the constal mountains of south-central Masks change their 
trend from west to southwest, as they weep from Prince William 
Sound toward Kudiak Island, their seawrard continuation. For the 
last 40 ye&= these coastal mountains, *h their rugged relief, their 
hundreds of miles of wave-cut cliffs and deep fiords, haw attracted 
s succession of geoJogists, for in many mays they seemed to present 
excellent opportunities to mlve the riddle of their age and structure. 
Ne~erthsless, the problem has been found to contain many difficulties, 
and much still remains to be done. The chief difficulty arises from 
the fact that the mountains are corn@ in very Iarge part of a 
monotonous succmsian of d a b ,  shale3 and graywackes many thou- 
sands of feet thick, in which na single formation or bed is of dis- 
tinctive enough character to be certainly recognized over any .con- 
siderable distance. The beds are generally much folded and faulted, 
fossils are generally Imbng, and over e d 8  areas no underlying, 
oldar rocks am exposed. 

On the accompanying geologic maps these slates and gmywwkes. 
of the mountainous portions of Kenai Peninsula are ptiped as un- 
differentiated Meacnoic, exmpt for certain areas rf igneous rocks t h ~ t  
have been separatdy classified. Along the northmestern flank of 
the Chugach Range and in southwestern Kenai Peninsula, however, 
the prevailing slab and gaywmkes are underlain by BII older' 
metamorphic complex. Martin in dimussing the geology of Kenai 
Peninsula mentions rs complex situation at the southwest extremity 
of the peninsula, in Seldovia Bay, Port Graham, and along the sout11- 
east shore of Kachemak Bay, where hhs found ellipsoidal lavatl, over- 
lain by limestones and fine-gr~ined tuffs of Upper Triassic am, and 
thm svcoeeded by contorted cherts, lavas, tuffa, and agglomerates. H e  
considered tlie ellipsoidal lava9 to be of questionable Triassic n p  ltnd 
grouped the limestones, fine-pained tu&, and contorted cherts as 
Upper Triassic and the overlying tuff and agglomerate as Jurassic. 
Re considered that all t h e  rocks overlny the peat  serie~l of slates 
and pywsckes  to the east and concluded that the slates and pay-  
wmkw were chiefly of Baleazoi~ age. 

shown below, the slates a d  gayywackes have now been fund  to 
include some beds that carry Crctawas fossils. Furthermare, re- 
cent studiesa along the strike of these rocks in Afognak and Kodiak 
Islands, to the south, have shown a strikingly similar association of 

WMattm, a. C., Jobwon. E. t, a& giant, U. E., Qeology and mlneral resoarma ot 
Kenat Pmi~~rmla, Alaekrr : 1F. 8. -1. Blrrrty Burl. 681, pp. 83-86, 1915. 

* Cappa, 8, It., Kodlak snd adjacent Ielanda: U. 8. Geol. Burves Boll. w, 1981. 



formations, tl~ough the slate and graymaekes are there ssparated 
fram the ellipsoidal Iavas, limestones, tuffs, and contorted cherts by 
a profound fault. Capps concluded that the slates and graymackes 
of Kdiali and adjmnt islands are mainly upper Mmmic, probably 
of Cretaceous age, and are in faulted contwt wit11 the older lavas, 
tuffs, cherts, etc. The whole association in those islands is sa re- 
markably similar to that in aoutl~western Kenai Peninsula that the 

1 
writer strongly suspects the presence in Benai Peninsula also of a 

LC - g m ~ t  fault that runs northward to Turn~gain Arm and thenca north- 
eastward a t  least as far as the Knik River. At Turnagain Arm, how- 
ever, the Triassic limestones, ellipsoidal lavas, and cherts have been 
cut out, and die Jumssic agglomerates are in direct contact with the 

5 slakes and graywackes. 
The mks between ZCnik and Turnwain Arms Itre d~scribed a as . , 

occurring in an area that is wid& at the south and nurrows g d u -  
ally northeastwad toward the Knik River, and comprising a wide 
variety of materials that include altered igneous rocks that range 
fram mdesites and sndesits porphyries to basic rocks that includa 
peridotite, dunite, serpentine, pyroxenite, and gabbm, with tuffs and 
agglomerates of all these materials. Associated with these i p e o ~ ~ s  
materials and metamorphosed along with thorn there ar.re varying 
amounts of shale and sandstone, indicating that the whole gmu? 

?- was: deposited in water. All these mcks are SO much altered and 
weathered that determinable specimens are difficult to obtain. Tllo 
same r o c b  mere described anti their position mapped in places bg - Tuck a on the mu t11 side of Turnagain Arm, and by Park in the 
Girdwood district. Neither of these writers was able to determine 
def i~t@ly  the structural relation of these rocks to the slate-pyrnwLc 
group farther east, though all regarded them as prohbly older. The 
relationship of the two X O C ~  p u p s  on Kdiak Island, huwwer, and 
the pltraight line of the contact &tween two groups of highly de- 
formed rocks in Kenai Peninsula strongly sug* a fault contact 

& 
.* r 

such a4 was d&nitely recognized m Kodiak and Afognak Islands. 
Still farther east, along the south side of the Matanuska Valley, 

there are schids and foliated rocks associated with the slates and 
paywackes, but evidently older, as well as volcanic socks that in- 

4 dude Ittva agglomerate, breccia, and tuff, together with minor amounts 
of sandstone and shale. These ~olcanic rocks IETB in fault contact 
with the sedimentwy rocka to the south. They carry plants and 

r Capps, 8. R., The l a m ~ i n - K n i k  mgion, Alaslta : U. 8. Geol. Survey Bull. 842, m. 
15S-164, 1018. 

&Tuck, Ralph, The Y o m e  Paae-Hope dlstrId, Keaai Peninmrln, AlasRn: U. 8. -1. 
Bawep BuS1. 848-1, pg. 478-480.1933. 

* I'atk, C. P., Jr., The Glrdwocd dbtrlct, Alaska: U. 8. GmI, Survey Bull. 8 4 9 4 ,  pp. 
a8%38Q, 1B83. 
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rnsrina organisma of krower Jurassic age.'o Landis:' however, 
mapped an extensive area of p n s t o n e  and p n s t o n e  tuff in the 
region between tha Gi k River and the lmer Matannaka. Valley. R e  
Ftates that them the greenstones overlie the slates and pywmkes  
but underlie the Cretaceous sedimentary rocks, and cenclude~l that 
alI the greenstones in the area in which he worked are probably of 
early Jurassic age. Since h n d i s '  work wag done Park has shown 
definitely thet in the Girdwood district, not far southwest of Landis* 
aree, greenstone tuffs unconformably overlie sedimentary b d s  that 
carry Cretmeoua, probably Upper Cmtaceous fossils. On the other 
hand, it has been just as definitely ~hown by Martin and Katz la 

that in the lower Matanuslra Valley there are aimilar volcanic rocks 
that carry Lower Jurawic fossils. It therefore appears likely that 
Landia found tuffs of both tower Jurassic and U p p r  Cretaceous 
rage, and on account of their similarity grouped them together and 
nssipned rocks of both ages to the Lower Jurassic. 

As has bean wtabd, the bulk of the Chugach and Renai mounth 
province k cornpod  of a p r t t  series of dark-colofed metamorphosed 
marine mdimenh that consist mainly of argillaceous materials, now 
altered to argillitm and slabs, and of impure hard sandstones, hem 
referred to as pywackes. These mlrs huve been demribsd 
at somB lengkh by the many geologists who have worked in this part. 
of Alaska, but their nniform npparaim throuph n great strati- 
grnphic thicheg~ of beds, their complox structure, the lack of conti- 
nuity of single lithologic units, the absence of distinctiw key beds, 
and the almost complete l ~ c k  of determinable f a d s  have all cam- 
bined to make the undemtanding of the succession and sge of thme. 
beds a, difficult problem that is still only partly solved. 

Johnmn I4 described the rocks in the northwestern part of Prince 
William Sound as con~isting m$nly of closely folded slam, argil- 
lites, and gr~ywackas, with minor amounts of penstones end some 
large, intrusive masses of grarlite. He also studied the g~a1og.y 
farther south along the coast, whem he mapped similar sedimentary 
m k s  and 1 q e  of greenstone.'" 

SChm 8. R., Q e o m  of tbe n p p r  Mntanamkm Y a l l a  Alsakn: O. S, -1. Bum* 
Bull. 701. pp. 19-28. 1827. 

fl t e n d b  & K.. CfFology of the Kni-Mata~~wb dlntrlct : U. S. Qeol. I a m q  Boll. 
182. pp. 58-42, 1927. 

U Park. C. F., Jr., Talt didwood dbtr ic t ,  A b b :  U. 8. El-L Elowel Bull. MSG, pv. 
S t - 3 9 5 .  1933. 

YMartb.  Q. C., mil gab, F. J.. Ocalm and 4 fie16 of tk lmer htaaaakn 
Valley, Alanks: U. 9. M I .  Bmrvey Ilull. 600. pp. -2, 1012. 
H Johnwn, a. L, The Port WeUa gold-lode dintilet: U. 8. OeoL 13- BttlL W2, 

p. 203, 1914. 
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In pa& years the rocks of the Chuph-Kenai Mountah have 
hen variously subdivided, by different workers, into t h e  di~ision- 
the Valdez p u p ,  the Orca group, and the fSunriss pup1'-md 
thm names have been variously used ix include parts of the great 
aggregation of rucks. It has proved exceedingly difficult, however, 
ta define any of these p u p s  so clearly that it codd not be confused 
with the others. The Valdez group was long considered to be in 
pae, if not mainly, of Paleozoic age, rand to be overlajn unwnform- 
ably by the Oms group. Later work has raised a question aa to the 
relative age of these two p u p s ,  and the possibility that the V Jdez 
may be younger than the Orca must be considemd. Fossils that am 
probably of Mesozoic age hare been collected at  several localitim 
from rocks that had previously hen classified with the Valdez group, 
thus requiring either that the enclosing rocks sl~ould be reclassified 
and placed with the Orca group, or that a probrrble Mesozoic age 
should be accepted for at l e ~ s t  part of the Valdez p u p .  The tSun- 
risa group of the ama around Turnagain Arm plwnts similar diffi- 
culties. Its rocks are lithalogically similar to thuse c l d e d  else- 
where as belonging to the Valdez and Orca groups. and it doubt.less 
represents parts of ona or both of those subdirisions. 

Charmi?er.-Many pages of description of these rocks h v e  'been 
written by the various geologists who have work4  ie different parts 
of this field, but the mcks of this series as a whole are so uniform 
in chrtracter over wide areas that any one of the published descrip- 
tions would be fairly accurate for the whole region. The series 
M a whole con* mainly of alternating bands of fine-gr~ined mud- 
mne, now metamorphosed to argillite or slate, ~d warser impure 
sandstone, now indurated ta graywacke. The other constituents of 
the ser iesnmely ,  conglomerate, grit, limy argillih or argillaceous 
limestone, and tuff-ur in minor amount and are entirely absent 
over considerable a m  and through great stratigraphic thicknesses 
of the sries. The most characteristic and perhaps the commonest 
phase consist9 of alhrnnting layers of slak ana gragr~~acke from 
a fraction of an inch to a foot or so in thickness. In place8 the 
brtnding is so fine as to suggest seasonal varves, but elsewhere it is 
much coamr, with individual I d s  attaining several fwt in thick- 
ness and hem and there are e x p o r n  of either slate or graywake 
in sections 100 feet or more thick.  mud cracks and ripple marks, 
m well as the character of the rocks themselves, indicate deposition 
in shallow water, yet in older to form a series of beds many thou- 
sand feet thick but all laid down in shallow water would have re- 
quired a very delicab balance of conditions in which the mllecting 

*A  d.ger I T )  M n g  a @olodc name lndicatea that tbe nsme h been abmdoned 
or rejected tor nm In chmlficatlon La publicationtr of the Geological Survey. 



basin sank as fast as debris aceurnulatd, but never either much 
faster or mach slower. 

The srgillamus rocks mnge from fairly massiva, p r l y  cleaving 
argillits to slatea and even schists, though f i d e  slates are rn& 
abundant 

Commonly the planes of cleavage sre wmy, thongh locs11y so even 
that the rocks approach roofing slates in character. The materials 
of which the nrgillaceous rocks are composed are ~ e r y  fine and in- 
dude parhicles of feldspar and quartz in a groundmass of sericite, 
chlorite, graphite, and clayey mnstitusnts. Near the mrgins of 
large granitic intrusive m m m  they have in places been r e c q s h W  
into hard rocks that contain quartz, biotite, iron oxides, md warn 
mdierite crystals. Qua& veins and veinlets are common in both 
slates and pywmkes. 

The p y w a c k e s  am m m p d  of impure sand rsnd n q e  in 
cormeness from argillite at one extreme ta grit, and mng10merate s,t 

the other. They include materials derived from many m u m ,  but 
the presence in them of p i n s  of quartz, feldspars, hornblende, 
r n i c ~ ,  md other minerals indicate that the land masa from which 
they were derived by erosion contained much igneons material. The 
grapackes also contain rock fragments, most m m o n  of which 
are argillite and gr~ywacke. 

The p-aymmckes are hard dense mb that have m&kd both dsr 
formation and erosion much btter than the mudston~s. Massive, 
little-altered gr&9wack6 in beds separated by Eghg cleaved slate 
is common. In wens of inbnse folding and crumpling most of the 
movement has been taken up in the shty layers, the graywacke beds 
&owing little metamorphism. 

Though conglomemhs a m  not rare in this series of mb, they 
form only a very small fraction of the whob. The mo& cumon 
conglomerates am composed of argillita pebbles in a srtndy matrix, 
farming beds a few inches to a few feet thick In places, however, 
thicker conglomer~tes that contain pebbles of a wide variety of 
roclrs are found. None of these wnglorneri~ta beds have beem found 
to be mntinuous owr wide are=, and they are believed to be intm- 
formational and of no great stratigraphic W c a n c e ,  representing 
lorn1 conditions that permitted the deposition of lenticular masses 
of coarser materials. 

Stmwtum and tk&kw8.-ThrougHout the ares in which they occur 
the dates and graywackes are highly tilted and folded, l d l y  with 
intricate conhrtion and crumpling. In generd, however, the beds 
stand at steep angles grid strike parallel to the axis of the range. 
Over long distances the beds dip at angles of 80" to No, with no 
direct evidence of duplication by faulting or folding, but here and 
there is evidence that close folding has occurred, and t h e  sre many 



-Ia;ulta of unknown displacement. The high d e p  of fimility de- 
veloped in the slaw also indicates a tremendous amount of slipping 
parallel to the bedding. 

No reliable estimates have hen made as to the -urn thicknma 
of beds involved in the c o d ~ l  mountains that are composed ah& 
exdusively of these slates and graywackes. All authors agree, how- 
ever, that no figure of less than 5,000 feet is adequate, and the actual 
thickness may be much more than that. 

Age and mekstba.-As oxigimlly described by MendenhlllP 
tbese rocks were tentatively assigned to the upper Paleozoic, Mom 
recently fossils have been found in t lh  group that showed a part 
of it, at least, to be of C r e t w u s  age. 
In the Girdwood district of Turnttgain Arm Park lB d e  mveral 

foseil collections, all of the same organism, that were identified as 
of Cretacaous, probably Upper Cnetmw~~s age. Furthermore, it is 
now known that at least a large part of the slam and graywaclsea 
of the Chugmh Mountains and Kemi Peninsula &re younger than 
the Jurassic volcanic mcks and older than the Eocene wal-bettring 
beds of the Matanuska Valley and wstarn Knai Peninsula. No 
unquestioned Paleozoic fossils have been found mywhere in this 
gred series af sedimentary rocla. It is true that fosils of any 
kind are rare, but such as h a ~ e  been found invariably point to a 
Mesozoic a p ,  and as paleontologic evidence has ttccumulatd, the 
area of them rocks th& might be clmified as Paleozoic has shrunk 
As the positive evidence so far obtained points to a Mesozoic age for 
the slates, mgillites, grayw ttckw, and greenstones of Kenaj Peninsula 
and the Chugwh Mountains, and as no ~~nquestioned evidence of 
their Paleozoic qp has been found, these racks are mapped on 
plate 1 as of undifferentiated Mesomic age. 

Large areas of greenstone flows am interbedded with the Mesozoic 
sdimenhry rocks above described and therefore comespond with 
them in age. Them greenstones are for the most part surface or 
subqueous lava flows and tutis of diabagic or bmltic composition 
and we economically important because locally they c m q  comer- 
cia1 deposits of copper minerals. The principal deposits in this 
region are on Latouche and Knight Islands and on the pink between 
Resurrection Bay and Day Harbor. These have been described by 
Grant.le 

17 Mendenball, W. C., A recdnnai~ance from Reslarrection Bar to Tanana R I w ,  A h h ,  
In 1898 : U. 8. Geol. Survey 20th Ann. Rept., pt. 7, gg. S O ~ W , 1 9 0 0 .  

Park, C. F., Jr., op. dt. (Bull. SQO-G), gp. 395, 894. 
warant, U. S., Geology and mineral rraourcea of Henai Penfnank, AIaska: U. 8. GeoL 

Sarvey Bum 667. gg. 228-225, 1915. 
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T ~ B  & that. am commonly refend *tn in the litemturn ss 

greenstones consist mainly of basic lava flows, though they Jso in- 
clude minor amounts of basic intrusive material. ~ o s t  of t h ~ m  am 
basaltic in composition, and they vary in appnmnce from massive 
fiowg that were extruded upon land surfaces to ellipsodial or pillow 
l m s  that are generally considered to have been deposited under 
watar. In places they have been so much altered by folding, fault- 
ing, andl chemical changes that their original character is obscured. 

The problem of determining the age of them greenstones at  any 
particular place ariwa from the fact that basic lhva flows of ~ltrik- 
ingly similar cornpition and appearanca were extruded at various 
times daring the Mwozoic era and that lithologic character alone 
carnot be relied upon as a basis for correlation. In southwesbwn 
Kenai Peninsula and on Kodiak and adjcccont island9 &reenstones 
are present t h ~ t  have been rather definitely determined to be of 
Trimsic age. In Prince William Sound very similar peenstones are 
found interbedded with s l ~ t e ~ ,  pywhckas ,  and conplomarates that 
are believed to be of Mewzoic age. but much younger than the: 
Triassic. As the associnted sadirnenhry rocks are genemlly un- 
fossilifemus and therefore of somewhat uncertain age, and as the 
structuml relation between greenmnm and sedimentary rocks are in 
many places obscure, it is often difficult to determine whether the 
p n s t o n e s  are of Triassic or much labr  Mesozoic age. 

In the region between Turnagain and Hnik Arms end extending 
from the upper b h  of Ship Creek northmatward to and beyond 
,the head of Eklutna Lake there is an Rrea of some 200 square miles 
in which the mks consist of penstone tuff that nnconformably 
overlieq the Mesozoic slates and graywacka. !These racks have been 
described by C a p p  'O and Park.=' The tuff h ~ s  a greenish color, due 
to the presence of dark-green chlorite, and is characterized by the 
~ ~ r e ~ n c e  of small fragments of black argillite, which are s c a t t e d  Z 

* .  
throughout it from top to bottom. me tuff contains many small 
fragments of quartz and plagioclasle feldspar and in p law micro- 
scopic hornblende and pyroxene. The secondary minerals include 
quartz, chlorite, and zsolitss, and the tuff is cut by veins and t 

stringera of caIci~e and some pmhnita The matrix is commonlp 
cornpod of mrbates and ~rpent inons material, though in plaws 
it is ~.lnssy. 

The tuffs hrtve bean somewhat folded and faulted, but as a, whole 
they are IASR deformed thnn the underlyhg 'formations. The beds 

' C a p ~ ,  I. R, Tbe ~ ~ n - K n l k  repfon, Alaska: D. S. Geol. E~UWJ. Bnn. as2, m. 
IU&IT4, 1828, 

"Park, C, F., Je,, T b  Old-a distrlet, Alaakq : U. 8. -1. E~W- hall. 849-0, pg. 
8PM06, 1988. 



are generally massivs, interbedded dastic sediments are present 
only in mall amounts, and in most places the jointing is more 
conspicuous than the M d i n g .  Apparently the t u f l s  are in the 
form of a Father simple synclinal basin, in which the prevailing 
strige is parallel to the outer border of the taff area, and the beds 
dip from the margins t o w a d  the center of the basin. The tuffs 
reach a maximum t h i b e s s  of sewn1  thousand feet. 

* .- . No f& have been found in these tuffs. n e y  lie with sharp an- 
gular unconfomity above the slates and p y w w b ,  which are, at 
least in part, of Cretaceous age, probably Upper Cretaceous. They 
are thoroughly indurated and are different from any Tertiary rocks 

e that have been recognized in the region. Eocene I d s  nearby are 
much 1- indurated and canaist of sandstonas and shales, usually mn- 
taining ma1 beds. Apparently the tufls are older than the Fma-ne and 
younger than the Cretaceous mlrs on which they lie. Tfiey are ten- 
tatively assigned to t.he Upper Cmtaceous. 

Granitic intrnsi~e mks occur smtteed throughout this region and 
include some rather large masses, such as those at  the mouth of Aialik 
Bay, just south of the lower Matmush  River, rrnd on Esther Idand, 

c as well as smaller areas. Similar rmks also occur as dikes and sills, 
which am particularly abundant on both sides of Turnagain Ann. 
In composition they a m  pmvrtil jngly diorites or quartz dioritm, though 
locally granites ~ n d  pnodioritas occur. These acidic intrusinq cut 

1 sedimentary beds that hrrve been classified as belonging to the Valdez, 
&a, and Sunrise ~ [ I I I P S  and are younger than any of these rocks, 
for they were injected not only after the sediments mere laid down but 
after a large part of their folding and faulting had been cornplew. 
North of Turnagain Arm acidic intrusims have been injected into 
rocks that have yielded fossils of Cretamns age. Some of the in- 

3 trusions are therefore certainly as young as lcrehceous, and probably 
a L Upper Cretamus, and are apparently of pre-Tertiary age. The 

granitic intrusive rocks an! of pal-tienl~r imprhnce because they have 
a genetic relation to the gold lodes of the mgion. In many p lws  this 
relation is evident, and elsewhem it is inferred. * 

TWTIdRY ROCKB 

The lowland prtion of the Chugach-Kensi regigion, lying northwest 
of e. line drawn from the h e 4  of Knik Arm to the upper end of Tus- 
turnena Lake, is strikingly Merent  in both topography and geology 
f m  the mountainous portion to the east. In the lowland hard rocks 
are not expwjed at the surface, and mucll of it is probably underlain 
bp the loosely consolidated Tertiary sedimentary beds of the Kenai 
fomat io~~,  though for the most part these beds are covered and con- 
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cealed by Quaternary deposits. The Kenai formation is best exposd 
and has been carefully studied in the lowland southwest of the area 
here described, in Kachemak Bay and near Anclzor Point. From sec- 
tions exposed there the formation appears to be 1,800 to 2,000 feet 
thick, with neither the top nor bottom exposed. who studied 
this area, describes the Tertiary beds as consisting of partly indurated 
fresh-water or estuarine sands and clays, probably of about equal vol- 
ume, the individual beds of which are generally not more than 20 or 
30 feet thick, though a few measure more than 100 feet. Interbedded 
with the sands and clays are a few inconspicuous conglomerates and 
many beds of lignite. The rocks are in general hard enough to stand 
in almost vertical cliffs several hundred feet high, yet they can be 
readily cut with the point of a pick or knife. The argillaceous beds are 
mostly blue or gray, rarely white, are soft and plastic when wet, and 
have imperfectly developed shaly fractures. Most of the sandy beds 
are composed of fairly well sorted, clean white quartz sand, with some 
ferromagnesian grains. Some beds are feldspathic. 

The coal beds are numerous, but most of them are of only moderate 
thickness. Measured sections show that 3 to 5 percent of the total 
thickness of rock consists of coal beds 3 to 7 feet thick. 

Structurally the beds are little disturbed, with dips usually of only 
2 O  to 4" and maximum dips of 10" to 13". They contain abundant 
plant remains, which have been determined to be of upper Eocene age. 
I n  the area between Turnagain and Knik Arms exposures of the coal- 
bearing Tertiary beds are known at only a few places, and those only 
111 the lowland that lies west and north of the Chugach Mountains. 
Nevertheless occurrences of these rocks at  Point Woronzof and at  
the railroad bridge across the Eagle River suggest that the Tertiary 
coal measures may occupy considerable areas in that lowland, though 
generally covered and concealed by glacial moraines and outwash 
gravel. 

QUATERNARY DEPOSITS 
Z. 

Practically the entire lowland northwest of the Kenai Mountains 
and between Knik Arm and the Chugach Mountains is covered with 
Quaternary deposits, including glacial moraines and outwash, stream 
and terrace gravel, and beach and estuarine sand and silt. These s 
materials are characteristically unconsolidated and have been spread 
Gver the underlying beds in sufficient thickness to give the surface 
its present mild relief. A fuller discussion of the Quaternary de- 
posits of the entire region covered by this report is given on pages 
15&169. 

=Martin, G. C., Geology and mineral resources of Kenai Peninsula, Alaska : U. S. Geol. 
Survey Bull. 687, p. 68, 1915. 
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R P E t W ~ E  OF TB3Z KEWAT-CHUOACB MOUNTAINIS 

The Kmd-Chnech province includes two regions that me 
markedly diffemt in structure, the mountainous portion being wm- 
plexly faulted and folded, probably in several directions, and tha 
lowland b ing  of simple structure, with GttIe important faulting and 
only broad, gentle folds. The mountain structure is so complex as 
to have defied all attempts to  solve it. It is h a m ,  howe~er, that 

,.. there is a wide; range in the complexity of the stnlcture from plnct! 
to place, and this may be related to the age of the ~ m k s  affected. 
Thus the highly metamorphosed materials southeast of Knik Arm 
underlie or nre in fault contact with the younger, less altered sedi- 

s rnenbry rocks. Similarly, near Seldovi~ and Port Graham, there are 
mveral types of mabrials, including mhists, greenstones, cherts, arid 
tuffs, which are thought to be older than the aswciated, less altered 
wdimentary rocks. Although there is evidence of cross folding and 
of faulting in many directions, a tendency exists for the rocks in any 
locality ta strike parnllel to the axis of the rnnge at that locality 
and to dip at rather high angles. This tendency was especially notd 
along the excellent section across the range offered by Turnag~h 
Arm, the Portage River, and Portap Glaci~r. Over a di-nce of 23 
miles the rocks were obserrd to hare a fnirly uniform northeasterly 

rn strike and an average dip of about TO0 either to the northwest or b 
the sontheast. Faults are common in the slates rand graywmkes, but 
in the lack of mgnizable  key bods it 3s impossible to determine 

i the aamomt of dmplacement, Them is considerable evidence to sup- 
port the belief that the older sehists, p n n t o n e s ,  tuffs, and chert9 in 
the Seldovia area, as well as the agglomarates and tuffs of lower 
Turnagain Arm and along the southenst sida of Knik Arm, are sep- 
arated from the slates and p y w a c k e s  by a profound fault, and 
similarly that the greenstonee and greenstone tuffs south of Matn- 
nuska Valley am also in fault contact with the sedimentary beds to 

S the south. 
, No reliable estimates have been made of the thickness of the d i -  

msntary beds and volcanic rocks that make up the Chugach and 
Kensi Mountains. In the southwestern portion of Kenai Peninsula, 

* nsar Seldovia, there is a p u p  of schists, of unknown age and un- 
determined but considerable t l l i c h e s .  These are orerlain by some 
5,000 feet of basic lava, date, grapacke, chert, and tuff, of Triassia 
or earlier age, and these in t u r n  by Upper Triassic limestone, chert, 
and tuff. These beds are in fault contact with the slates and p y -  
wackes that make up the bulk of the Kenlti and Chngach Mountains. 
On Turnagain. Ann also there am. many. thousand feet of green- 
stom tuffs, and there too the ~ 1 ~ t i o n  of the tuffs to the slates and 
graywackes is probably a fault contact. The thickness of the slates 



and pywackes is alm dmown.  The problem of estimating their 
thickness is immensely mplicatsd by the abwm of recqgnizable 
key beds from which the structure might be deduced and by the 
tremendous folding and faulting that have taken plam. In view 
of the fact that this great belt of mountains, hundreds of milea long 
and averaging over 50 miles wide, and mith a ~ertical mlief of many 
thousand feet, is .composed almost exclusively of slates, argillites, 
and gr~ywsckes, with only subordinate amounts of igneous material, 
it is difficult to believe t h t  the aggregate thickness of  bed^ ia less 
than s~veral thousand feet, and it may be several miles. 

Any amount of the seqrwnce of geologic events in this region that 
can now be written leaves much to  be desired, far there are p e a t  
gaps in the record that are not represented by recognized deposib, 
and of the rock formations that are present only a few have yielded 
fossils from which t.he ~ g e  of the enclosing rocks could be determined 
The recard bar Paleozoic time is largely undecipherable. No rocks 
of definitely proved Paleozoic age have been found, but certain 
mhi~ts in southwesltern Kenai Peninsula w m  originally sedimentnry 
roch that wexe probably deposited, consolidated, and partly meta- 
morphosed before the end of the Paleozoic em. 

The earliest Meaomic rocla of this region include lava flows and 
tuffs, probably of early Triassic age, that in part at least were de- 
posited in water and include some interbedded Bedimentary mate- 
rids. Upper Triasic deposition is represented by limestones in the 
Port Graham district and by fragmental volcanic materials them 
and elsewhere. 
In early Juramic time coam tuffs and agglomerates were laid down 

along the western and northwestern margin of the Ke&-Chugach 
province. Middle and Upper Jurassic rocks have not been recog- 
nized in this region, though this fact is d s d t  to explain in view 
of the fact that just west of Cook Inlet and in the eastern Takwtna 
Mountains, to  tba north, them 3s a thick and highly f d f e m e s  am 
tion of Jurassic mks. Possibly some part of a u r - i c  time is repre- 
sentad by a part of the p a t  assernbIage of unfossLliferous slatw and 
p y w 8 c k e s  that form tho bulk of the Kenai and Chugach Mountains. 
It has now been proved that at least a part of the s l a b  and gray- 

wackes of the coagtal m n p  are of Cretaceous age and probably 
Upper Cretaceous. Diagnostic fossils have been found in only ona 
district, but these prove that during Cretaceous time this province 
was submerged beneuth the sea and received great thicknm of 
sh~llom-water clwtic dirnents. Why that sea was so inhospitable 
to marine organism is not known, but a few forms a d  them, 
and evidence is accumulating that hem, a9 in other psrh of Alaska, 



tremendous thicknesses of Cretamus muds and sands were laid 
down, and mom and more of the unfossiliferous Mesozoic sediments 
are humkg m@d as of Cretaceous age. 

After these Cretaceous beds had k a m e  indurated, folded, and 
elevated above sea level, volcanic activity was mewed in the area 
between Turnwin and &ik Ams, and mveral thousand f ~ t  of 
greenstone tuff waa laid down. At about this time, too, them was 

a extensive intrusion of granitic W, dikas, and sills into the earlier 
4- * .  mks, and these affected the gold mineralization of the region. 

At the beginning of Tertirtry time practically all of A l a h  had 
emerged from the sea, and it has remained a land mass ever since. 
Certain of the major gmgmphic divisions that are now recognized 

6 wera already outlined, and there were even then lowlands which cor- 
responded in a general way with the regions of low relief now 
'mown ras the Cook Inlet depmayion and the Susitna and Matanuska 
Valleys, and tbesa lowlands were bordered by regions of higher ra- 
iieb. During Eocene time great quantities of mud and sand were 
carried by the atreams from the highlands md deposited as fresh- 
water or estuarine beds in the lowlands, to make up the Renai 
formation. 
In the lowlands conditions occurred from time to Eime that favored 

the accumulation of the remains of vegetation, now altered to lignita 
.c ar coal. Locdly thick deposits of gravel nccurnulated on top of the 

coal-bearing Kenai formation, and in places diabaaic dikes and 
d s  were intruded into it. The Eocene climate was warmer than 

*I the prmnt c2imate, as la witnessed by the plant remains that include 
forms not ROW able to exist in this latitude. 

From tha end of the Eocene to the end of P l i m e  time no d i -  
rnentary m r d  was left in this region. The general distribution 
af mountgin rn- and of lowlands was about as it is today, rand 
no important p r i d s  of folding, faulting, or mountain building haw 
a r r e d  since. Erosive prcmsses of course were active, with con- 

3 
d 

timing removal: of detritus fmm the uplands to the ma. 
Quaternary hime was b?gun by a change- of climate that bmughk 

glacial conditions to this area. The sequenca of Pleistmne events, 
as we h o w  them, and thg d t s  of glaciation upon the landscape 

4 . are discussed in another section of this report (pp. 150-169). 

The Tralkeeba Mountains constitute a roughly circular mountain 
mass that Iies north of Knik Arm and the Matanush River nnd is 
almost completely encided on the west, north, and east by the Susitna 
River and its tributaries, the Tyone River and Tyone Creek. Qn 
the north ths Talkeetna Mountains am more or less continuous with 
other ranges that extend beyond the westward-flowing portion of *,he 
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Susitna River, and for the purposes of this report the Talkeetns 
+on is considered to indude the entire mountainous tract that lies 
aast of the Susitna and Chulitna Rivers, south of the Alaska Range, 
weat of the Copper Ever lowland, rand north of the Chugach Moun- 
tains. It thus includes the rugged country to which the name 
Talkeetna Mountains has b a n  applied, as well as certain continuing 
mdgw and isolated groups of mountains ~KI the north. The region 
is separated topographically from the Alaska Range by the ,wide 
Susitna lowland, the valley of the Chulitna River, Brod Pass, and 
the wide basin of the upper Nenana River. On the east it is ad- 
joined by the Copper River lowland. The topographic lime of de- 
markation on the south is less evident, for only the valley of  the 
Ihtanuska River sparates the Talkeetna from the Chugach Moun- 
tains, but the structural m d  geologic difference is pronounced. 

As shown on plates 1 and 2 the conspicuous geologic feature. of 
the Talkeetna region is the p a t  granitic batholith and its surround- 
ing satellites that ntcupy m l are  a portion of this area. The geol- 
ogy of a part of the region north of the Talkeetna River has not 
yet been studied, but it is Inlorn1 that granitic rocks are nbundantly 
mpmented there also, Only secondary to the granitic rocks in 
area are the exbnsive deposits of lavm and tuffs of various ages. 
The region is themfore prevdingly one of igneous rocks, in contrest 
to the Chugach-Kenai redon, where Redimentary deposits greatly 
preponderate over igneous materials. As shown below, these moun- 
t h s  exhibit a profound difference in struchre as wdl as in ms- 
teriab from the coastal mountains, for they were elemtad, not aa 
a result of intanse folding and faulting, but as a massive uplift, 
with comparati~ely little deformation. The valley of the Matanuska 
River, lying along tho border of these two mountain massas, pm- 
mnts a small geologic province of itself, for it waa the hinga along 
which the mountain-building forces of both ranges acted, and BO 

suffered correspondingly. 

Appamntly the oldest rocks in the T a I k h a  region are the mica 
schists that OCCUP in the. Willow Creek district. As they have been 
fully described elsewhere,"8 a brief description wil l  suffice here. They 
mupy  an area of 12 by 4 miles and doubtleas extend westward and 
southward beneath the Tertiary beds and the surface cuvering of 
Quatemry materials. The rocks me prevailingly highly con- 
tortad, fide mica schists and phyIlitm, the fissility depending to 
m e  degree upon the amount of weathering the rocks Imve under- 

*ICam, B. It., The WWom Creek district, Allraskn: IJ. 8. QeoL 19m-w~ Bull. 601, pp. 
2640, lQl5. 



gone. Fresh unweathered matehl  oppears cornpttratively massive, 
but wmtherhg reduces jt t.a thin plates and 8labs. The amount of 
mica varies locally, and the perfection of the cleavaga of the schist 
depends upon its abundance. Asmiated with the typical mica 
schists md included with tbem are certain rnm of more or legs 
rne tamorphd basic rocks that locally hav0 been altered to ser- 
pentine. The schist is cut by numerous quartz veins, usually ag 

1. . imgular, sinuous bodies following the lines of whistosity. Only 
small amounts of gold have h e n  found by assay in most of these 
veins, though one has been mined in a small way, A t  a few pIaces 
the gravel of streams draining the schist h s  contained workable 
gold placer deposits, thus showing tbat the schist must contain small 

4 amounts of gold in veins or veinIets. 
The structure of the schist is highly complex, and the original 

bedding planes of tfie sedimentary rocks are Iwgely obscured by the 
secondary schistosity. It is npparent, howwer, that there is present 
a major *series of larger folds striking northeask and with steeply 
dipping limbs, upon which are st~prposed the countless minute folds 
and contortions that are visible in all p d  expo8ures and even in 
hand specimens. The thickness of the schist series is not known, 
though thm rocks cmp out over a ocrtical range of 2,200 feet in a 
single mountain, and the schist belt averages about 3 rail= in width 
at right, angles to the direction of major folding. 
The schists of this district contain no foesils, and their age can 

% 
only be inferred from their relations to other formatiom of known 
age and from their degree of metamorphism. They are cut by or 
are in faulted contact with undeformed granitic intrusive rock of 
Mesozoic age and are overlain by early Tertiary beds. 'She meta- 
morphism they have undergone exceeds in degree tbat of any of the 
known Mesozoic rocks of this region, of the Devonian limestones of 
Broad Pass, and of the other mcks of the region that are presumably 

S of Paleozoic a@. T h e  only mks of similar appearance in this part 
s .s of A11tsica are the Birch Creek schists of the north Rank of the Alaska 

Range and of the Yukon-Tanana region, which are believed to be 
of prs-Cambrian age. The schists of the Willow Creek didrict bear 
a striking resemblance in appearance and perfection of schisbity to 

4 the Birch Creek schist farther north, and in the absence of definih 
evidence of their age they sre here classified with the Birch Creek 
and thus as of pre-Cambrian age. 

-WENTART ROCK8 OF QUBISTIONABm PALEOZOIC AGE 

W1tbin the Talkeetna region there are several amas ompied by 
metamorphosed gedimentary rocks concerning whose age; there is 
little definita information except tbat they are apparently sonrewhat 
more metamorphosed than the ~smcinteri Mesozoic and Tertiary ma- 
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. In the p a t  bend near the, head of the Susitna River, where 
its course changes abruptly from south to  north af west, there am 
several isolated hilts composed of r o c k  that are probably of pm- 
Carboniferous age. Chapin,P4 who studied these rocks, described 
them as including gremtones and schiater, local be& of limestone, 
slate, and quartzme racks, and d i o ~ t i c  ltnd diabmic intrusiva. Ets 
st&d that thongh the mcka of this group differ widely in compoai- 
tion and character they are more or less related, and he p u p e d  them . 

together until mare detdled studies of them could be made. T b t  
there may be considerable merence in ~ g e  between ~ome  of the con- 
stituents of t h ~  p u p  is suggpted by the wide range in the amount 
of metamorphism o k e d  in them. The lower part of the group 
appears to be dominantly sedimentary and the; upper part igneous, 
The most prevaIent rock type is greenstone, which indndes several 
kinds of lava and intrusive materiaIs. The lavas wm prevailil~gly 
altered andesites and basalts. The principal in tdve  rock was orig- 
inally a diorite, now much altered. Limestone occurs only locally 
but has a maximum thickness of 500 feet. In its upper part it is 
interbedded with sheets of greenstone and metamorphosed sediments, 
With it in places are thin beds of black slate, quartzite, ttnd fine- 
p i n e d  schist and 'phyllib, evidently of sedimentary origin. 

The age of the mks of this group is uncertain. Chapin carre- 
Iates them with s f i l a r  rocks east of the Susitna River which 
Moffit tentatively regarded 8s pre-Carboniferous. They have 
yielded no fossils but seem to be, mom highly metamorphosed than 
the nearest Carlmniferuus beds. They are here included with the 
undifferentiated Pdwmic pocks. 
No rocks of unquestioned Paleozoic aga h a ~ e  been identified in 

the Talkwtna region. In their study of the lower course of thg 
Telketna River Pdge and Knopf ze noted a wries of datas and 
W s ,  cut by granitic intntsives. Similar dates Irrsd already b n  
dewribed by Eldridge 21 as extending from tr point about 15 miles 
abuve the mouth of the Chulitna up the Susitna Valley to and be- 
yond the mouth of Indian Creek. Only a part of this region has  
been mapped d l y .  The larger strmcturaI features of the beds 
of this group mem to consist of a succession of close folds striking 
northeast, parallel to the axi8 of the Almka Range, with the beds 
dipping genemlly southward. Faults are not conspicuous but if 

"Chaptn, Theodore, The NPcnina-ZJWtoa won, bIaebp: U. 7.. h o l .  Survey Ball. 888, 
Df). 28-25, ISl8. 

=Mornt. F. &, Headwater redons of Galkana and M t m  EIw, Alaska: II. B. 
W. S u m  Ehul. 4Q8, p. 28, 1912. 

"Palge. Sidney ,  and mapf, Adolph, Qeologic racoaaetmmw in tbe BZatamnh and 
'Palkeetna Baains, Almka : 73. 8. Wt. Snrve~ Bull, 321, pp. 11-12, 1901. 

mmtdridge, Q. 8.. A rocoanaiesnnce In the Bnsltna Bush and -cant bemltmp, 
hmka ,  In 1888 : U. S. Geol. &arves 20th Am. Regt., pt. 7, pp. 1Ll8, 1900. 
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p m f  would be difficult to detect in beds of such uniform c o m p  
sition. The thicknsss of the p u p  is u h i o w n  but is probably sev- 
eral thousand feet. From Eldridp's dascriptim and from the d e  
scription by Paiga and Knopf of similar rocks in an adjoining area, 
it appears that these slates am somewhat more highly metamor- 
phosed than the undifferentiated Mesemic slates and graywackes of 
the Yentna district. Furthemore, it is now known, from studies 

b 
d. .L 

by Moffit in the B d  Pass district, by Capps in the upper Chulitna 
region, md by Ross on the West Fork of the Chulitna, that Paleozoic 
m k s  crop out along the southeast front of the AZaska Range,. This 
mggests the possibility that at Peast a ,part of the Sasitnn slates of 
Eldridge may be of Paleozoic age, although there is even better 

%: evidence for correlating them with the Mesozoic rocb of the Yentna 
district, along the strike of which they lio. In the mast recent 
geologic studies in this field Tuckzn correlates the slates along the 
Susitna River near Curry with similar w k s  in the Yentna, Toki- 
cbitna, and Eldridge Glacier areas and classifies them as of Triassic 
to Crekcmus age. The writer is inclined to e p e  with that correla- 
tion and to group these rocks mith the untlifferentiahd Mesozoic 
sedimenbrg rocks, and they are so shown on plate 2. 

MEBOLOIC: J3OCgQl 
4 

EZSOZOIC BMLIENTART sOUKB 

In the headwater mgion of the Nenana and Susitna Riwm Moffit " - mapped three groups of Mesozoic sediments, one of which he c l d -  
Bed as of questionable Triassic age, one as questionably Jurassic, and 
one as of undiffeysntiated M85ozoic qp. The Triassic ( 7) group, 
which m p i e s  a belt that crosses the Susitna Riwr in a norEhwesterly 
direction in the vicinity of Valdez Creek, oonsists prevailing of dark- 
blue and black dates, with some interstmtXed beds of a r k m  and 
graywacke, and includm beds that may be =vend thousand feet in 

.? thickness. Thw beds are closely folded and locally have been altered 
-d to phyllita and schist. Mo5t considered these beds to h the west- 

ward mutinuation of a formation well exposed east of the Susitna 
River from which he collected Upper Triassic f ~ s s i l s . ~  However, 

a! m the f a d s  were found only in a hestone which forms only a 
m a l l  part of the group, and as the p u p  as a whole is very thick, 
it seems probable that beds of other than Triassic age may 'be in- 
cluded, and they are here grouped with the undifferentiated Mesozoic 
d i m e n t a g  r o c k  

Rsrph, me Curry dLtrlct: u. J.. WL mrvq mn. %urn T, 117-lm, 1984. 
mH~tet, F. H., OD. Clt. (Bun. 49B), pg. 89-40. 
m Idem, pp. a l 4 R .  



70 GEOLOGY OF THE ALASKk RZILROAD REGION 

Tha second p u p  of rocks, mapped by MoEt 81 as of questionable 
Jurwic age, occurs along the south side of B m d  Pass and the 
Nenana River from the Mid& Fork of the Ghulitna River ta Seattle 
Creek. It consists of closely folded dark-blue and black slates with 
interldded graywacke and conglomerate and lmally some impure 
limestone, and has a thichsss of several thousand feet. The pm- 
vailing strike of the beds is N. 50"-70" E., parallel to Ithe axis of 
the Alaska Range to the north. Moffit correlated these beds with 
the slates and graywackes of the Susitna and Chulitna Basins, to the 
southwest, and of the Prince William Sound and Kenai Peninsula 
regions, the age of which at that time was uncertain but which have 
since been shown tm lm in pert, at lemt, of Cmtncmus age. In thjs 
report this p u p  is included with the undifferentiated Mesozoic 
sedimentary mh. Still another group of s tr~ta  in the Broad Paw 
region that extends from WeIIs Creek sastward to and beyond West 
Fork Glacier was classified by M&t aZ as of mdifferentiatd Mesozoic 
( ?) age. !This p u p   include^ a mmplex of beds that consid chiefly 
of slate and limestone that strike northeast and that lie along the 
strike of dates and graywwkes of the Jack River that Moffit regarded 
as of p ~ i b l e  Jurassic age. Little detailed work mas dona on this 
group of beds, but Moffit considered that they were probably of 
Mesozoic age, and they a m  hem cIassifM with the undifferentiated 
Mesozoic sedimentary r o c k  

Chspin '8 has described mks somewhat farther math, in the Nel- 
china-Susitna region along Tsisi Creek as consisting prevailingly of 
dark-blue and blnck slate and argillib and greenish-gray gmywacke. 
The graywacke is composed of p i n s  of qmrkz and feldspar and 
fragments of rock. The beds are clmly folded afid locally are con- 
sidorably metamorphosed to mica schists and intermediate ~ehistwe 
rocks. &me thin be& of crystalhe limeston@ are intercalated wit11 
the sedimentary &. 

Stmctdly this group ia closely f dded, the Me having a general 
northeast strike and dipping bteeply to the northwest An incom- 
plete seetion &owed a thickness of at Is& 2,000 feet, although neither 
top nor hbottom of the section was seen. No f o ~ i l s  were found in this 
locality, but Chapin tentativelg correlated this p u p  of mka with 
the sedimentary beds of deubtfd Triasaic age, that extend from the 
heads of Deadman and Wahna Creeks eastward to Maclaren Glacier, 
and referred them with a question to the Upper Triassic. In view of 
t h e  uncertainty of this wrrelation and the fact t b t  only a part of the 

a M a t ,  F. a, Tbe Brmd h reglw, A l a h  : W. I. CkoL illurrey Bull. BO$, pp. B2-38, 
1815. 

'Idem, pp 3WO. 
a Chpln, Theodom, The ~e!chhba~8uoitna W o n .  U a R a  : U. 8. OeoL B m y  ml. 688, 

p ~ .  m-28, 1918. 



W s -  with which they am correlated are known to be Upper Triassic, 
the diraentary mks on Tsisi Creek are hem grouped with the un- 
differentiated Mesozoic rocks. 
In the western Talkeetna Mountains a asrrow, sinuous, and inter- 

mpted h1t of sedimentary rocks crosses the basins of tho Sheep River 
and Imn Cmk in a northeasterly climetion. The roclrs of this belt 
incIude a massive limestone, locsIIy altemd to marble, and elate, shala, - 

J b 
and quartzite. These materials occur in general as steeply dipping beds 
h t w w n  the granitic rocks on tha southeast and tho wnstoncs  on  FIR 
northwest, although locally there are patches t ha t  are compIeteIy sur- 
rounded either by the greanstonefi or by the granitic mlcs. Littlo is 

e known conclerning the original t,hickness of this seri~s of beds, but in 
places the limestone is at least 600 feet thick. At other places the belt 
is a qnarter of a mile wide and is composed of nearly vertical but much 
folded and much deformed M s .  T h e  age of these rocks i3 discussed 
by Capps,= Ftrho states that in all the localities that were examined 
the limestames and associated sedimentary rocks am strongly meta- 
morphomd, and neither recognizable fossils nor even imprint& or mark- 
ings that suggested organic remains were found, though careful sesrch 
was made for them. Tl~e only direct eoidenm as to their e, therefom, 
is obtrtined from their relations to the adjoining igneous rocks, for t.hey 

+ are in contact with no other sedimentary beds. It is certain that if 
the wdimentary rocks are older than the andesite gmnstones, and if 
the age of the p n s t o n e s  has been properly determined, the sedi- 
menta ry rocks are at least as old as pre-Jur~ssic. The nearest forms- 

i 
tions with wlrich they might be correlated on the basis of lithologic 
similarity are the Triassic limestones and shales identified in the basin 
of the West Fork of the Crhulitna River? where the beds are generally 
lew fiverel y metamorpheti than those here described but have locally 
bwn altered to marble nnd slate. It is not unlikely that the limestone, 
m~rble, and aawcirtted sedimentary rocks of the Iron Creek and Shmp 

3 River Basins are of Triassic Rge, thongh that is the youngsst period 
a -  to which they can be assigned on the basis of present knowledge, and 

they mag b considerably older than the Triassic. 
For the purposes of classifiation, these beds, of uncertain a*, are 

here tentatively assigned an nndiffe.mntiated M ~ t n o i c  age. 
.t In the 3latanuskn ValLy region, north of Castle Mountain, there 

am sslwml snrall nmas of b l u e - p y  to white crystalIine shattered 
limedone that in plnws is cherty. In st least one locality the lime- 
stone lies in n d o ~ A y  cornpresmd overturned syncline and rests m- 
eonformably on volcnnic racks which are thought to be of h w e r  - 

YCapp, 8. R., Mineral resourcra of the wetttern Talkeetna Mouutnins: u. I. &off 
gurney Bull. M2,  p. 195, 101$. 

"Fagm, a. B., Miaerlll reaoarcea n l  tho ilpwr Chnlitna replan: Xf. El. -1. k v e p  
Bull. 691, pp. 218-217, 181!4. 
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Jurassic a@. Martin provis!onally mfers ~ ~ E S B  limestones to the 
Lower Cretaceous, but in the lack of positive ePidence its to their age 
they are here p p e d  as undifferentiated Mesozoic. 

A p u p  of wlcanic rocks, with which some sedimentary mh am 
locally interbdded, forms o m  of the prominent geologic units of the 
TaIkeeitna Mountains. Inasmuch as these rocks are more or less 
stratified m d  contain interbedded sedimentary m k s  they are hem 
described in their stratigraphic order along with the ather bedded 
rocks. They occupy a belt that extends from the nodhern border 
of the Matannska Valley northward and northwestward up the valley 
of the Chickaloon River and down the TaIkeetna Valley ta a point 
below the mouth of h n  Creek. Another Gelt runs dingonally across 
the Talkeetna Mountains in a southwesterly direction fmm upper 
Iron Creek to the basin of Montana Creek, and there is a consider- 
able area of th- mcks in the headward basins of the Oshetna River 
and Sanona and T y o ~ ~ e  Creeks. A few smaller isolated amas of tha 
same m b  also occur in the region. These roch wem first; descrikd 
by Pa& and ICnopf g7 as including andesite gmtnstoneg and quartz 
porphyries, with which are interbedded smaller amonnts of tuffaceous 
sandstones, shales, and conglomerates. The great bulk of #a green- 
stones are the products of explosive volcanic activity and m u r  in the 
form of stratified braceiaa in which angular fragments of dark-blue 
porphyry am enclosed in a matrix that is green from the abundant 
secondary chlorite that it contains. Some amygdaloidal flows are 
present, and in these the arnygdules consist of chaldony, quartz, 
calcite, chlorite, or zeolite. From the evidence svailable at that t h e  
Paip and Knopf assigned thwe rock to the lab  Middla Jmrasrcic, an 
assignment that has since been changed te h w e r  Jumic .  

Rocks belonging to this group occur extansively in the Mabnuska 
%]ley, where they consist rnahly of volcanic breccia, agglomerate, 
and tuff, The rocks in kn area north of Castle Mountain are de- 
g ~ r i b d  hy Martin and Katz 88 as consisting of felsites of creamy- 
white and drab color, the fonner contnining phenocrysta of smaU 
white feldspar and black decomposed biotite ( P )  ; brownish-green 
narrow-banded t d s  of fine angular clslstic texture; dark fine-pined 
fragmental roch stndded with small white feldspar crystals; banded 
f ~ i l i f w o m  tuffs m@ of angular bits of feldspar and horn-' 

*Martlo, 13. C.. anU ZhW F- 3.. Omlm and ma1 &Id- of  the lower Mmtnnuaka V d l g ,  
dl&: U. 3. Qeol. Eur~ey -11. W. p. 38. 1912. 

Palge. Idney,  m d  K n o p t  Adolph, Oeologlc rcrPnnabmnm In the Mabnntmka and TsE 
W n a  Bndnrr, Alaska : W. &. W E  B o m y  Bull. 827, pp. 18-17,1801. 

Martla, Q. C., arid Kats, F. J, Oeolom ~ n d  -1 &el& of the lower Yatnnuah Vallw, 
&kt: U. I. Oeol. Burvey Bull. BOD, p. 30. 1913. 



Mende or other dark minerals or fragments of dark rock; stratified 
breccias in which angular fragments of porphyritic or felsitic rocks 
sm emhdded in a matrix of only slightly dSerent appearance, ac- 
mntuated on weatherad surfaces ; and black aphanitic vmicular basalts. 
All  t h w  mks are much weathered. The prevalent green color in- 
d i c h  general development of secondary minerals and decomposition 
products. Soma of them rocks are severely crushed and shattered, 
and in them epidotization and chloritization are particularly pro- 
nounced. These rocks are intricately interlad with small quart% 
and calcite eeams. 

Still farther to the northeast, in the basins of the Oshetna and 
n o n e  Rivers, there are larga areas of similar volcanic rocks, domi- 
nantly andesitic and rhyolitjc in composition, that have been described 
by Chapin,BD who found no positive evidence of their age and who 
correlated them with the ~imilur group of materials already described 
hy Paip  md Knopf and by Martin and H~tz.  

The area of this great p u p  of volcanic m a w  has mom re- 
cently been found to extend southwestward fmm the TaIkeetaa Valley 
hs a belt that crosses t h ~  basills of Iron Creek, the Sheep River, and 
Montana Creek and thus is shown ta h continuous between two local- 
ities at which it had earlier been observed by Prsige. Ln this h l t ,  
hawever, the rocks are prevailingly darXalomd lava fl om, and the 
fragmental volcanic materials; that &re so abundant ekewhere are 
here entirely subordinate, The rocks in this area are describedw 
as consisting almost exclusively of arnygdaloidal gmmstone flaws., 
with mall arms of intrusive p n s t o n e ,  but the tuffs and brwias 
that seem to predominate farther east are almost completely lacking. 
Over m& of thk area a singlt! rock type prevails-a dark-pen por- 
phyritic amygdaloidal -stone, in which the amygdulea consist 
of pnish-yellow epidok Similar hand specimens of this rock 
might be collected anywhere from the Kashwitna Basin northeast- 
ward to the upper trdley of Iron Creek, and it is in this rock that the 
ore deposits of h n  Creek occur. h e  studied in thin section the 
grounrEmm is B n  to be diabasic, of medium grain, and much altared. 
It contains a little secondary quartz and feld~para that are too badly 
~ I k d  to permit dose determination. Abundant chlorite i~ present 
and probably represents an alteration product of hornblenda The 
vesicles are filled with secondary epidote, whose radiating crystals 
f o m  sphernlitw. 

This p u p  of volcanic rwh ia in enera1 not greatly deformed, 
though in the western Tdkeetna Mountains the greenstone flows have 

.* cdi;&n. Theodore. The Nelchlna-Bmltnn region, Alnslra : U. I3. Qeol. Burper Bull. M8, 
pp. 2%32. 1918. 

 cap^ €3. R., Mlnernl resourca of tbe weatern T a l k e e h  Yonatalm : TI. 8. Csol. kt- 
q j  Bull. 6B2, pg. 1Bti196, 3919. 
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1wIly hen folded and faulted. In the main the rocb are so massive 
that the structure is difficult to determine. In the Talkeetna and 
mckaloon VaIleys the beds locally show marked f o l d q ,  though 
fsults of small displacement are numerous, Still farther east, in the 
Oshetna Basin compression and subsequent tilting have developed 
s series of prominent enstward-trending folds, Faults are common 
but on rather mall scale. 

Bs is to be expected in a group of rocks m d e  up largely of lava 
flom and the material ejecbd from voIcanms, the wries varies in 
thickness from place to place, In the wastern Talkeetn~ Mountains 
there are sevsraI thousand feet of rocks, mainly lava flows. In the 
Chickaloon and upper Tulkeetnn Basins the wries in many places 
exceeds 1,000 feet in thickness, and in the Osheti~rt Basin the domi- 
nantly igneous portion of the series is at least 1,200 feet thick, in 
addition to which there are several hundred feet of tuffs, tuff a m u s  
sandstones, and shahs. 

The age of this group has been determined on the bads of fossils 
collected from the Mahnuskrt VnEIey. The earliest mllections, made 
by Paip  and Enopf, were thought to indiwte a lower MiddIe Jurns- 
sic age for t l ~ e  enclosing rocks. m e n  additional collections had 
h n  made by Martin and Katz the eridence was reexamined snd 
reviewed, and the age of the p u p  was detRmined as Lower Jmas- 
sic. No fossils hwe been found in this p u p  in the Osl~eletna W n  
or the western Tslkeetlna Blountains. 1n the l a t h  region the corre- 
lation made by Psige and G o p f  betwaen the gmnstone flows of 
Montana Creek and the beds in the upper Talkeetna Bhsin has been 
tlccepted, as the two aram are now known to be continuous. Simi- 
larly, the volcnnic rock of the Osbetna Basin have bean comlated 
a i t l ~  the beds of lib chamcter in the Txlkeeh-ChickaXmn region. 
If these currelations are correct, then the a p  of the whole group 
seems to be definitely fixed as h w e r  Jursssic, and it appears likely 
that the volcanic m k s  and associated sedimentary beds, d m d y  
described, that exbnd almost continueudy along the south side of 
the Matanuska VaIley and along the northwe& fam of the C h u p h  
and Kensi Mountains from the Knik River to m d  bayand Turnwain 
A m  are a part of this same group and are also of h w e r  Jurassic 

MIDDLE JURAB8tC BOCKS 

Ln the upper basin of the M a t ~ n u s k ~  River and in the headwater 
m a  of the Nelchine, River there  re several areas of rocb of Middle 
h m i c  age t.hhat have been descrihd 4z under the name "Tuxedni 
sandstone." The Tuxedni sandstone is composed of sari* and 

Capp. IS= EL., Qwloff of the upper MatannilIra Valley, Alamks: U. L -1. W+ s'rrlt. 
791, pp. 34-28, 1527. Chapla, Theodore, The Nelcbina-Runsfha reglon, Alnslm : U. 8. Geol. 
S u m  Bull. 888, pp. 82-88, IAl8. 



sandy shales that nre at lead several hundred feet thick and may be 
1,000 feet or more. The formation contains marine fossils and 
abundant poorly preserved vegetable remains, mostly water-worn 
sticks and mms. It  overlie,^ ttha Lower Jurassic volcanic rocks and 
is overlain by the Chinitna shale. Jn gene.nrl the beds am onIy 
slightly tilted, though locrtlly there has bean folding. Faults are 
common. The faserils show that this formntion is of ~ i d d l e  Sum- 
sic flp. 

UPPER JVRARRIC ROCRFl 

Upper Jurassic m k s  Etnve hen recognixed in a mall area near 
the hmd of Boulder C m k ,  in the upper Mahnuska Valley, and in 
a much larger area on the headwaters of Billy Creek and the Nd- 
china River. They have lwn descdhd as the LcChinitna forma.tioa" 
and the Nahek  formation? which includes the Chisik mngIornerttte 
member. 
The Chinitna forrnatio~~,'~ which wns formerly considered tx~ be 

Middle Jurassic but which is now believed to form the basal unit of 
the Upper Jurmsic rocks, consists of shale and shaly sandstone, with 
a lesser rrmount of conglomerate, and massive sandstone. Calcamus 
concretions are abundant in the sllales, and the sandstme '' in places 
is conglomemtic and contains ~ngulnr fragments of shale and black 
minerals. The formation is prob~hly wveral thonsand feet thick 
snd lies in insynclinal troughs, in apparent conformity upon the 
Tuxedni sandstone. It is overfairl unmnfonnabIy by the Upper 
Jurassic rocks of the Naknek formation. Fossils found in thew 
beds indicate an Upper J~11msic age. and they h a w  h e n  mrrel~ted 
with the Chinitna shale of Cook Inlet. The Chisik conglomerate 
member of t.he Nahek formatian is well developed on the head- 
waters of the Nelcllinn Rives and Tyone Creek. It is composed of 
massive plates msde up of dioritic and volcnnic mcks set in a gritty 
matrix containing abuncinnt fragments of mica and shale, Ths 
rnahrids am mamest. near. the .base.of the member. In the upper 
part of the mtion them are lenses of h e  sandstone, shale, and fine 
condomerate. The con~lomrrate loenIIy has R thickness of at least 
450 feet, and t l ~ a  section there is partly concealed. 7% beds am 
generally aln~ost flat-lying or tilted at low nnglm. The structural 
relations show that this unit is of Upper Jurassic nge. 
The remninder of  the Nnknek formation consists of shales, sandy 

shales, and mndstones t h ~ t  canform~bly overlie the Uppr Jura&c 
m~pIomerntn in the Nelchina-Tyone district.*" There the formation 

aHaIartla, 0. C., MesOzoic strRtlmpPy. of Alaeka.: lJ. 8, Qeol. Samey Bull. 776, p p  
m-232, 1028. Chapin. Tbmdore, OR. clt. (BttIt. BW), pp. 33-38. 

-Martin, a. c., op. eit., pp. 227, 229. 
* Chapin, Theodora, OD. clt .  (Boll. em). p 3.1. 
"Idem, pg. 3M7. 
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-pies a &allow syncline, and tho beds are mom deformed than 
the underlying conglomemta md show many minor gentle folds and 
some small ftrulta. On Boulder Creek '"this formation rests un- 
eonformably upon the Chinitna fomtxtion and is overlain uncon- 
fonnably by Upper Cretaceous and Tertiary rocb. The form&- 
tion is certainly more than 1,000 feet thjck and pPosabIy seveml 
thousand' feet. 

On the b d s  of the contained fossils this formation is assigned 
ta the Upper JuraAc. 

Rocks of Lower Cretacews age occur in the upper Matanush 
Valley region on the headwaters of Hilly C m k  and in the upper 
basin of the Nelchina Riror. They consist of a group of tuffs or 
arkoses and conglomer~tes nnd the overlying Nelchina limestone. The 
tuff and canglomerah have not been mapped separatelyfT as their 
Cretaceou~l age was not recognized in the field. They were con%- 
quently included on plats 2 with Upper Jurassic r o b  They are 
probably uniformly present at the base of tho overlying Lower Cm- 
w o u a  limestone nnd occupy a nmrow zone surrounding the areas 
of that Ilmeatone. The beds are lxtween 100 and 200 feet thick 
and lie with spprent conformity upon the Upper Jurassic sand- 
stones and shales of the Naknek formation, beneath the NeIchina 
limestone, These m h  include some highly fossilifemas beds, and 
on the basis of the fossila they have h e n  assignd, with some UUI- 
certainty, to the Lbwer Cretaceous. 

Lying. conformably above the tuffs and conglornemtes just de- 
scribed there is in the upper basin of the Nelchinrt River a limestone 
formation that has b n  described as the h'elchina limestone. This 
formation murs  in m e n 1  nreas, most of which are small, and forms 
the bps of the hills on which it is found. It consists of massive, 
d~rkcolored, fine-gmined ~naltsreri limestone that is at least 100 
feet thick, and may reach a thicknew of 200 or 400 feet. It has 
been considerably faulted, so thrtt ita normal thickness is difficult ta 
-in, especinlly ns all the mumnces are on hilltops, whom 
erosion has remoped an unknown amount of the mka. The Nel- 
china limestone overlies with apparent conformity the h w e r  
Cretaceous tuffs 2~1d conglomemtes above descrihd. In most p l m s  
occupying hilltop, it has no overlying rnab&ls, but locally it is 
covered unconformably by a Tertiary conglomerate. The Upper 

*Cam 8. R, op. dt. (Bnll. 101),  pp. 91-38. 
nMnZartln. U. C., OD. dt., pp. 81M16. 
@Id.m~, A. 81W16. 



Grehceous strata were nowhere observed in contact with this lime- 
stone. Although some fossils have been found in the formation, it is 
generally unfossilifrcrous, and such forms as hm-0 been collectad 
.are not sdciently characteristic to mrve as a basis for an exact 
.determination. On acraunt of its stmtigr~phic relations to the under- 
lying tuffs and conglomera~ however, it is a~ igned  with consider- 
~ b l e  confidence to the Lower Cretaceous. 

Upper Cretaceous mks, the Mahnuska formation, are extensively 
developed in the Matanuska V~lley, though elsewhere in the 

9 
Talkeetma region they have not h n  recognized and are probably 
absent. They m u r  in irregular-shaped areas and balts extendii 
from a point several miles blow the mouth of Tsadaka (Moose) 
Oeek up the Matmuaka River to Sheep Mountain and north of 
.Sheep Mountain. These rocks have been described 40 aa consisting 
+sentially of shale and sandstone, with subordinate wmounh of con- 
g1ommt.e. The most complete ssction observed, in the gorge of 
Granite Creek, shows at  Ieast 4,000 feet of beds, of which the lower 
half is practicnlly dl shah, and the upper half consists of alternat- 
-ing beds of sandstone and shale, the sandstone predominating. T h e  

-F base of this series of beds has nowhere bean obsewd, but it probably 
rests unmnformably upon an erosion surface that h n c a t a  rocks 
ranging in e p  from Lower Jarassic to h w e r  Cretamus. The beds 
are overlain unm11formably by Tertiary arkow and conglomerates. 

1 In general thew mcks in the Matanuska Valley have been so severely 
folded that the stratigraphic sequence cannot be recognized. Farther 
north&, on Alfred and Billy Creeks and upper Boulder Creek, the 
'beds rtre less disturbed and the structure is more gentle, On the 
btasis of evidence obtained from numerous collections of fossils from 
thk group of rocks, the beds are dehitely assigned to the Upper 

3 Cretmus. 
+J In the A l a h  Range, just north of the Talkeetm region, there is 

.rr p t  group of nonmarine sedimentary racks including conglom- 
mtes, sandstones, and sha le the  CantneIl formation, which I~ere- 
tofore has h n  assigned to the Emme but which has recently been 

.t classified on the basis of its fossil leaves, as definitely of Upper Cm- 
t w m u s  age. These sedimentary rocks are in plates associated with 
considerable igneous material, present tls flows, dikes, sills, and 
fragmental volcxnic acc~unulations. Their general state of indum- 
.(ion md metamorphism and their structure md strrttigraphic posi- 
tion indicate that they are younger than the slates and graywwkes 

@Idem, pp. 317-327. m l n ,  G. C., and Kak, PF. J., Gaolog'g and c c d  flelds of the 
ktatanuska Tall-, Alsska: U. 8. Ged. hlum%gr Bull. WO, pp. M, 1912, 
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in the same region which are here mapped as undifferentiated &Xesc+ 
eoic but which have yielded marine fossils that have besn determined 
as of Cretamous age, and probably Upper Cretaceous. The im- 
plications of this reassignment of the Cantwell to the Upper Cre- 
taceous am d i s c u d  in that portion of this report that deals with 
the stratigraphy of the Alaska Range (pp. 1l2-118), but this brief 
statemeut is necessary here bemuse the hitherto accepted Eocene a g  of 
the Cantwell hm reqtrired that certain intrrwive and extrusive 
igneous mb that eitlwr cut the Cantwell or are interbedded with 
it should also be assigned to the Tertiary. Among these igneous 
mks there are several ureas of lava flows on Tsusena Creek, north 
of the Susitna River, that were doscribed by Chapin " as including 
dacite, rhyolite, and andesite of which the dacite flows are the oldest, 
Chapin thought that the dacite might be Mesozoic but regarded the 
other flows aa Tertiary, probably because of theis similarity to l ams  
that &fit and Pogae had found interbedded with Cantwell sedi-+ 
mentary rocks which they assigned to the Eocene. The later corre-. 
lation of the Cantwell as Upper Cretaceous requires that the lavas: 
also should be regarded as of that age, and they tare here mapped as. 
undifleren tj ated acidic Mesozoic volcanic mks ,  to differentiate them 
from the much younger basaltic lavas of the region. Moffit ens 
PogueBL also described h a s  that included rhyolite, trachyte, and 
andmite between the Nenrrna River and the head of the Jack River. 
Some of these lams were inkrhdded with Cantwall sedimentary 
rocks, then considered to be Eocene. Owing to the reassignment of 
the Cantwell to the Upper Crehawus, these lavas are here grouped 
with the undifferentiated acidic volcmic rock of Mesomic qp. 

A study of the geologic maps of the Talkmha region (pls. 1 md 
2 )  discloses the fact t ha t  a very largo part of the region Is occupied 
by intrusive rocks, most of which are of granitic habit and which 
tare .prevailingly of the composition of diarite. It is likely that if the 
facts were l a o w n  concerning the geologically unrnappd area between 
the Talkeetna and Susitm Rivers, it would be found that almost or 
quite half of the Talkeetna region is underlain by grani1;ic rocks. 
The largest single diorite body is that which forms tlm bulk of the. 
Talkeetna Mountains west of the Chickaloon and upper Talkeetna 
Rivers, but there are p a t  outlying masses, such as that in the lower 
basks of Sheep and Iron Creeks, the one in the basills of the Oshetna 
River and Kosina Cmk, the large one in the area north of the east- 

W C b a p l n ,  Theodore, me Nelcblna-Snuitnn region, Almlm: U. 8. Geol. Ruwey BuU. 
668, pp. 88-40, 1918. 

QMofflt, F. H., Phe Broad Pam redon, Am& wlth wtione on Quaternars depdts ,  
Igneouti rocks, and glaciation 3, 7.. Pome: U. 9. Geol. Survey BnlI. 808, pg. W 8 , l O X 6 ,  
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-west portion of the Susitna River and south of Nenanlr River, which 
includes masses of granite, quarte monzonih, and granits porphm, 
and numerous smaller satellitss west of the Susitna River snd south 
of the Matanuska River. It is quite possible that some of these 
m a s ,  though portrayed as distinct bodies on the geologic map, 
have subsurface connections and were intruded at  a b u t  the same 
A. dm9. 

0 - ,4s the granitic rocks of the region haw been deribed in some 
detail by the various geologists who have reported on different dis- 
tricts within the railroad bit, detailed petroppbic des~riptions am 
not necewary hem A medium to warn gray quartz diorite sewm Go 
predorninrate, though granite and granite porphyry m u r  in plaoes, 

4 By and large these rocks show little metamophism, though at many 
places gneisclic phases in which dark minerals are more abundrant 
than ordinary have been reported. This raises a qnestion, still un- 
gettled, as to whether or not the gneissic phafses reprewnt an older 
priod of intrusion, with dynamic metamorphism before the injec- 
tion of a later mRgma. 

For many years it has hen generally agreed that the diorites 
-of the central Talkeetna Mountains were definitely shown to be of 
Middls Juramic ~g.e, this determination being b d  on the frrcts that 

.- Lawer Jurassic volcanic m k s  are cut by granitic mks and that 
Upper Jurassic rocks contain boulders of granite lib that cutting 
:the Lower Jursssic. Although these obserratians are significant, 

3 
neither of them can, be considered entirely conclusive, Granites cut- 
ting h w e r  J u m i c  beds are certainly younger than the beds they 
.cut, but they might b much younger. Furthermore, granitic boul- 
ders in Uppr Jurassic bds only prove that somewhere in the region 
there were granites older than the Uppr Jurassic. The determina- 
tion of the age of intrusive m k s  in this reflion offers p a t  difficulties, 
for the contacts with other rocks generalIy lie in the alluvium-cowred 

.C 
lowlands and cannot be seen. Fn~thermore, it is only under excop- 

L* tional conditions that the stratigraphic and structural relations of 
large intrusive masses am such as to yield positive evidence of the 
age of the intmsives, and once such a determination is made, there is 
a tendency among geologists to refer other bdies  of similar rocks, 

.$ whose age is unmstain to the same period of intrusion. In this way 
many of the granitic intrusive masses of Alaska have b n  referrma 
to  a single gmt period of intrusion, in Middle Jurasaio time. Per. 
haps that is the age of many of them, but it is known that granitic 
rocks have in places k n  injected at, intervals from the early Palm. 
zoic tn the Tertiary, and more detailed work is likely to prove that 
some of the so-called Jurassic granitic mcks ara older and some 
younger than those of the TaIkeetna Mountains for which a Jurassia 
age assignment has hen generally wmptsd. 
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Evidence from the AIaska Range, to the west ~ n d  north, indimtes 
that there mast of the granitic intru~ivea were much younger than 
Middle Jurassic, for some of them cut rocks that carry Cretaceous 
marine fossils, and others cut the fresh-wabr sedimentary beds o f  
the Cantwell formation, new believed to be Upper Cretacgous. It 
therefore seems unlikeIy that dl the Mesomic intrusives were of the 
same age. Some of the gneissic rocks may be preJurassic or e ~ e n  
older; some may be of Middle Jurassic age; some &ainly cut 
Cretawloue  late and gra~ywackm; snd the young& known granitic 
rocks intrude the Upper Cretaceous Cantwell formation. 

In the Tdkeetna ragion Tertiary rocks, of both sedimentary and 
ignmua origin, are *dely distributed. They have beeh most clmly 
~tudied and are best bestown in the Matanuska Valley, where they 
contain ma1 beds that are of especial economic importance and 
where their arartl extent is large. It is altogether probable, how- 
ever, &at the extant of Tertiary beds in the Busitna lowland is muclx 
greater than in the Mtttanuska Vallsy. The Susitna lowland and 
its northward continuation by way of tha Chulitm Valley to Broad 
Pass are now largely covered by Quaternary unomlidated ma- 
terials, which conceal the underIying formations. The borders of 
this lowland basin have not been carefully examined, but already 
there are known b be many localities at which Tertiary b d s  crop 
out, and even far out in the basin, as at Susitna Station and at a 
point a few milm up the Yentna River and along the Cache Creak 
road west of Talkeetna, the Tertiary beds show t b u g h  the mantle 
of later rn~hrids. wmpanying geologic map {pl. 2) shows 
that eonsidernbla stretches along the west side of the lowland are 
underlain by Tertiary beds that come to the surface at the lowland 
margin, and scattered olxurrences h a ~ e  been observed up the Chu- 
litna Valley as far as Broad Pas. Similarly, on the e m r n  berder 
of the lowland Tertiary outcrops are h o r n  along the Susitna River 
near its junction with the Talkeetna, on lower Chunilna Creek, gnnrl 
near the railroad crossing of the Little Susitma River, and similar 
beds are reported on Willow Creek and the Kashwitna River, at the 
points where thw streams enhr the lowland. It will thus be seen 
that the great Susitna lowland is nearly encirclad by mattered Ter- 
tiary out~mps, and it becomes evident that this lowland, continuous 
southward with the Cmk Inlet depmssion and eastward with an 
e m i o n  up the Matanusla Valley, was a lowland also in Tertiary 
time and received as vdey  a d  estuarine depoeits the detritus 
bmght down from the then much lower surrounding hius. Thus 
it is p&bEe that lam mas of Tertiary mateials are p m n t  in the 
lowland beneath the later gravel, though no doubt much Tertiary 



material WRS scoured out and carried &way by the great glacier that. 
later moved through the lowland. 
In the Matanvska Valley it has been possible ta subdivide the 

Tediary eedimentnry beds into three formntions,--an unnamed low- 
er one composed of rarkose, conglomerste, md shale; the Chickalmn 
formation, which carries the coal beds in the Mstantlska, Valley; and 
the Eska conglomerate. Outside of the Matanuska Valley these sub- 
divisions have not been made, and although coal-bearing beds occur : 
that nay be the equivalent of tha Chickaloon, the evidenoe is usually 
hsufficient to justify the correlation. For the purposes af this re- 
port, therefora, the Tertiary sediments of the Ta&eetna region have- 
been diPided inta only two g r o u p ~ n e  of undifferentiated Tertiary * roc@ including all thcm beds whose age has not been ddmitely de- 
termined, and the other including only the coal-bearing beds of tho 
Matanuska Valley. 

The sedimentary rocks here classified as mdii~rentiated Tefiary 
indude arkme, shale, and conglomerate, some of which is probably as. 
old as h l  Eocene; sandstone, shale, and coal beds that may b of' 
the same age as the Cl~ckalaon formation; and postrcoal mnglom- 

.- era& that mgy range in age h r n  h u e  h Miocene. It thus in- 
cludw all thm meas of Tertiary sediments about which foo little evi- 
dence has been obtained to justify a definite age a w e n t .  Thm .. materials hsve 2veen fully described in ather repow and only a sum- 
mary of their more importank characteristics be given hem. 
In Matanugka Valley and the upper basin of the Little Susiba 

River the basal Terti~ry beds a m  oompmed prevailingly of arkose, 
with some ahale, sandstone, and conglomerate. The Jomwst member of 
the arkose group is commonly s mnglomemb containing boulders ns. 
much as a foot or more in diamehr, with a matrix of ark-. This. 

-2 is succeded above by a thick series of nearly pure arkosa deposits, 
4 The arkme beds are composed of the disintegration products of the  

granitic mass that lies to  the north of them and in places forms. 
the surfme upon which the arkose was deposited. As the igneous 
rocks h t  supplied this material wem weathered largely by mmhan- 

f ical dishtagration rather than by chemical decay, and as the disin- 
h p t i o n  products were deposited not far from their source, the ar- 
kose, though a sedimentary deposit bears a remarkable mmblsnce  

mMartfn, G ,  C., and f i t &  F, b, Gaol- and coal flelda of the lower Mnbnnnkn %t&r. 
Alartka : U. 1. GmI. Survey Bull. 600, pp. 3-5, 1812. Palm BIdneg, m d  KnopP. Adapb, 
&mlogic mnnaiamnca In the ~ t a n n a k n  and Talkmtnr Bnmlna, Alaska : rl. R. M I .  S o r v q  
MI. 827, pp. 24-31, 1801. Cappe, 8. R., The W l t l a  Creek Qfltdct, AlnBka: O. 8. Gml. 
Survey Bdl. 607, pp, 80-38, 1916; Gmlom of the upper Mntanumkn Vallej, A l r r r k ~ :  
U. 8. Oml. Survey Bull. 781, pp. 40-45, 1927. 
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both in physical appearance and in chemical composition to the rock 
from which it was derived. In many places it would b~ ddiflicult to 
.distinguish mdimenkry arkm from original granite or diorite were 
it r~ot for the bedding of the arkose and the prosence in it of scat- 
tered rounded pebbles and of plant remains. Toward the top of the 
arkose group them m interbedded layers snd Imses of shale, impure 
sandstone, and conglomerate. At a few plltcas basaltic lava flows 
are interbedded with the srkocse. 

Where the base of the arkose graup could be observed it lies un- 
 conformably upon an erosion surface of the great granitic batholith 
-that forms the core of the western Talkeetna Mountains or upon 
the ancient mica schists in the WiIlow Creek district. Elsewhere. its 
relations to older mks with which it comes into contact are largely 
.due to faulting. It is apparent from the contact of the arkose with 
the underlying rocks that the su~face upon which thew beds were laid 
down was fairly level. The arkme was deposited in fresh water, 
presumably first in the lowlands but spreading laterally inta regions 
&of greater altitude as its thickness increased. The bwal be& of the 
p a p  are therefore not everywlieere of the same age, for the over- 
lapping edge of the deposits at one place was probably laid down 
after a p a t  thickness of simiIar materials h d  already accumulated 
ehwher-e. It is even pwible that, at the edge of the basin of ac- 

,.cumulation arkoses were being deposited while the sands,  hales, and 
organic mabriab of the coal-bearing series were accumulating not 
far away in the lowlands. In general, however, the arkoses form the 
base of the Tertiary rock6 in the Matanuska Valley and are older 
than the Eocene coal-bearing formation that overlies them, They 

.am therefore, in park at least, of Emne age. They h v e ,  like all 
the other Tertiary sedimentary rocks, been indurated, tilted, and 
slightly folded. The beds generally dip southward, away from the 
mowtaina, at -mgles as peat as 50". Faults are common, and the 
displacemant on some faults is great. The arkose series ex& 

.2,000 feet ir~ thichess at ~ v e r a l  plates, and betwmn tho Little 
Susitna River and Moose Creek it appmrs to be over 6,000 feet thick. 

Included here as undiflemntiatad Tertiary rocks are aevaral small, 
mattered areas of materials from which no fossils have yet been 
.mflacted and which are so separated from one mother and from 
beds of dehitel y dehrmined age tPld their place in the stratigraphic 
,coIumn can only be inferred. The Tertiary rocks as a whole are, 
however, so distinctive in appearance and differ so greatly from 
,&er r d m  of this region: tht  there can be little uncertain9 in re- 
ferring these isolated areas to the Tertiary. Among the occurrences 
of such mka e m  the bluE at Susiha Station, where eonglomeratss 

-crop out; the cut near the railroad c m i n g  of the Little Susitnlo, 
-where shale, sandstone, and coal beds are exposed; the coal-bearing 
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shales and sandstones of Chunilna Creek and on the Susitna River 
a few miles above the mouth of the Talkeetna; wveral localities along 
tka Chulitna Valley whe're typical T~rtiary coal-baring beds are 
known; the shale, graymacke, conglomerate, and sandstone on the 
Jack River, near Bmad Pass; and extensive areas of conglomerate 
at the headwaters of Billy Crwk and the Oshetns and Nelchina 
Rivers. As shown below, a characteristic feature of the Chickaloon 
formation, of Eocene age, is its coal beds. Cod-bearing Tertiary 

C beds in the Yentntt district, on the west side of the Susitna lowland, 
have, an the basis of their fossil plants, been definitely determiner1 
as. of Eocene age, a d  the position of the scatbred areas of Tertiary 
mks around the borders of the Susitna lowland indicates that that 

3 entirw lowland was probably receiving Tertiary deposits at tho same 
time. It therefore e m s  highly probable that the coal-boaring beds 
at  the various localities ment,ionecl are of E m n a  age, yet, them areas 
have been ao little studied, and so little is known of their extent or 
their stratigraphic range, that they are here classified as undiffer- 
entiated. For other localities at which coal beds do not appear the. 
correlation is less trustworthy. 

The large areas of massive conglomerate that have been mapped 
on the headwaters of Billy Creek and the Oshetna and Nelchina 

* Riwra lie unmnforrnably beneath Tertiaq volcsni~ rocks and Test 
unmnfarmably upon various formations that range in age from 
Lower Jurassic to Upper Cretaceous. The conglomerate consists 
of coarse well-rounded pebbles, largely of volcanic origin, embedried 

5 in a gravelly matrix, It variw in thickness from a knife edge to 
2,000 feet and is generally little defamed. Its age is certainly Ter- 
tiary, but no more definite assignment can yet be made. 

The Eskrr conglomerate of the Matanuska, Valley is also included 
on the map (pl. 2) with the undifferentiated Tertiary mks. This 
formation makes up such prominent features as Wishbone Hill and 
Castle Mountain. It consists of about 3,000 feet of predominantly 

f; 
u coarse conglomerate in massive plates, interbedded with a very 

subordinate amount of coam sandstone. The rocks are domi- 
nantly of s light tawny-red color and vary in grain from sand~tone 
and fine oongIomerate to beds crowded with  pebble^ ns much as 6. 

0 inch- in diameter. Individual beda of congIornerate reach 75 feet 
in thickness nnd are cnrnmonly structureless. This formation ia in 
general only mi Idly deformed. It lies without observed unconform- 
ity upon the Chickaloon formation, of Eocene age, and is; overlain 
by basaltic laws and tu fls. No determinable fossils have been found 
in it, so that the only conclusion that. cttn .be m d e d  concerning its: 
age is that it is certainly Tertiary and is younger than the part of- 
the k n e  mpreaented by the ChickaIoon formation. 
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O R I C ~ X O O P f  FORHbTl019 

The arm 'CChickalmn formation" hm e n  used to describe thm 
-1-bring Tertiary rocks t h a t  occur in the valley of the Ma&- 
nuska River. There am ather coal-bearing beds in the region, as 
described abo~e, some portions of which are doubtless tha time 
eq~iivalent of parts of the Chickalmn formation, but too little is 
known about their exact age to justify assigning them to either the 
Kenai or the Chickaloon formation, and they have here bmn in- 
cluded with other undiflefenkiated Tertiary beds. 

The Chickaloon formrttion occupies the greater part of the Mrata- 
nuska Valley north of the Matanuska River and between the K i n e  
River and Hicks Creek, two of its northern tributaries, with some 
$mall are= also soutll of the river. A psrt af the area here mapp~d 
(pl. 1) as undifferentiated Tertiary, on Faka and Moose Creeks, is 
also occupid by M a  of the Chickaloen formation. This formation 
is dwcribed by Martin a* as comprising s rather rnonot;onous mcces- 
sion of shales and sm&ones. The shales? which predominate over 
the sandstones in aggregate thieknem, am p y  Ito drab, rather soft 
and inclined to disintegrate on exposl~w, poorly bedded, and without 
well-defined joint planes. Most of the beds are rather gritty and vary 
in pain dong the bedding, They contain many nodules of iron car- 
bonate, in plaees in fairly pmistent beds. The sandstones am yel- 
lowish, r~ther soft, of diverse grain in diffmnt beds and of varying 
grain in the same bed, and for the most part feldspathic. In pn- 
cral the individual beds are not very persistant. The thickness of the 
ifomation is doubtful but appears to be at  least 2,000 f e ~ t .  

There are nurnemm a 1  beds in the Chickaloon formation, and 
ma1 has b n  mined at various localities, including several on M o m  
Cmk, on Wishbone Ha,  on Eskw Creek, on the Chichloon River, and 
an Coal Cmk A characteristic featare of this coal field is the 
mriation in thic.kness of individual ma1 beds within rather short 
dbbnces, ga that correlation of sections measured at diffe~ent places 
is difficult. In the lower Mskmuska Vdey  the beds of the Chicka- 
loon forrnation are mly mildly folded or tilted, but up the valley 
toward A n t k i t e  Ridge the folding h o m e s  progressively grmhr, 
and the formation is cut by numerous dikes and sills of diabase. 
Many faults of moderate disp3acement am pmwnt, and the whole 
coal field lies in a down-faulted block bordered on both the north 
and the south by highlmd areas of older rocks.'* With this pro- 
grwsive incrsase in folding and intrusion from west to ea& along 
the vaIley there k a mmspnding change in the character of the 

I-, (1. C,, and -& F. J., &om. and cod fields of  the lower Bbatanuulta 
Valley, Manta: U. I. Geol. hmey BnU 600, pp. 4242,1912. 

'Capus, 13, R, Geology of the2 upper fi\batanu~ka Valley, Alaaka: U. ;R Gal. Surmy 
BQU. 791, m. 41-44, 1927. 
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coal. In the nearly flat-lying and little-mettrmorphosed beds near 
the railroad crossing of the Little Susitna River the coal is lignitic. 
At Moose Creek and Wishbone Rill it is a nonmkhg bituminous 
coal. At the Chickaloon River there is cokiag cod, and at  Anthm- 
cite Ridge thm is locally some h igh-pde  mthracib.On The dif- 
ficulties of mining, however, increme with the complexity of the 
skuctum of the formation, and as the principal dmand is; for sham- 
ing coal at a reasonable price, most of the coal produced has come 
fmm the Wishbone Hill area, which yields a good noncoking bitu- 
rninous coal. The character of the coal is described in the section on 
e~onomic p o l a ~ y  (pp. 193-196). 

The Chickaloon formation has yidaed abundant remains of fossil 
plants and has h e n  shown to be definitely of Tertiary age and prob- 
ably Eocene. It is the E W L ~  equivalent of at least part of the Kenai 
formation of Cook Inlet and is the approximate equivalent of the 
Tertiary coal-baring mks that are present In marry parts of Alaska. 

On the accompanying geologic map the Chickaloon formation is 
induded in undiffemntiated Tertiary. 

taz*a% and tuff#.-Effusive volcanic roc& of Tertiary age am 
widely scattered throughout the Talkeetna region md cover large 

% amas, especially in the central Talkeetna Mountains, where they have 
been described by Prtige and Knopf as including a series of nearly 
horizonhi basalt flows, which, with the interbedded fragmental vol- - mnic materia13 reach a thickness of 1,000 feet. These flows lie nearly 
horizontel and form the upper portion of the mountains, resting with 
angular unconformity upon the older rocks. Their basal portion is 
composed of tuffs and breccias. The  flow^ digplay a wide variation 
in habit and texture and include glaasy types, ainygdaloids, porphy- 
ries, and dolerites. Their position in forming the upper portion of 
the mountains over wide areas indicates that they were formerly 

f 
U 

much mom widespread than they am now and that they have hem 
removed by erosion from peat  areas in which the older underlying 
& now appear at the surface. Appmtly these basalt flows am 
the youngesb hard mks in this @on. 

+ 1Mertie;' in referring to the Tertiary laws and tuffs, says that 
they reach a thickness of at least 2,500 feet md that the lava flows 
that cap C&le Mountain am part of a continuous area which for- 
merly ahnded acmss the Chickaloon Valley, and has now been 
diasechd by the Chick-aloon River. 

* Wertng, Q. A, .Roolom of the knthradta llldgs mnl dUtrlct, Alaerba: U. L -1. 
8urw-y Bull. 881, Mae. 

YPaiee. Illdnef, and Knopf, Adolph, Wl0& re#nmhmnm in tb MaZanuskn and 
m t n a  B a a l n ~  Alaska : D. 8. GeoL Snmeg Bull. 827. p ~ .  28-80, 1901. 

-Metti%, J. B., JF. (napubllebed manuscript). 
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It is certain that the effusion of bvas took pIae mveral times. 
during the Tertiary period and that all the rocks here classified as 
Tertiary igneous rocks were not contempowneous, or even wsults 
of a single period of volcanim. In the Willow Greek district 
basalt flows are interbedded with arkose near the h a e  of the arkom- 
sedimentary series, md these flows therefore presumably were ex-- 
tmdd in early Eocene time. By contrast, the great lava areas in 
the centraI Talkeetna Mountains ere believed to be younger than 
the Eska mngIomerate and may be as young as Miocene. 

North of t h ~  S&ha River, on Tsusena Creek, there are several 
sirface lava flows that Chapinb8 has described as including dacite, 
rhyolite, and andesite, of which the dacite is the oldest. The age of' 
all these flows is somewhat uncertain, but Chapin concludes that they 
are probably Tertiary, though he ~dmits the possibility that the 
dacita may be Memzoic. They are all, however, older than the, 
basaltic lavas that are so widely distributed in the Talkeetna Moun- 
tains south of the Susitna River. They are most closely related to 
lava flows near the head of the Jwk River, formerly believed to be 
of Tertiary age but now determined to be in part Upper Cretaceous. 
The flows mspped by Chapin are therefore now assigned to the 
Mesozoic also. 
In the Broad Pass region Moilit and Pogue 6Q have mapped areas 

of Tertiary lavas between the Nenana River and the head of the. 
Jack River, where there are acidic lava flows, rnostIy rhyolite and 
tmhyte, but with some andkte, intimately associated with granite. 
and granite porphyry that are also thought to be of Tert iq  age. 
The age determination of these rocks was bawd on their relation to 
the Cantwell formation, then considered to be Eocene. RocentIy the 
Cantwell has yielded fossils that have teen determined to ba of' 
Vpper C r e t ~ o u s  age, and that change in its age amignment n m -  
sitates the placing of the associated igneous rocks in the Mesozoic 
Jso, or at l a s t  in the time iuhrval btwwn the Cantwell and the 
Emen+, coal-bearing beds. 

I m t r w h e  ~ocktx-The Tertiary intrusive m k s  of the 'Falksetna 
region include a lmge number of small irregular-&aped dike and 
sills in the Mat~nuska Valley. These rocks, as dsseribsd by Martin 
and Katz and by Mertie:I include various types, of which the 
chief consist of diorita porphyries, trachytic mh, diabama, gab- 
Bros, and b~salts. The description of these m k q  just cited, is so 

*Chapin, Theodore, The NelchLnn-Smitna -on, Mssks: U, .S. Geol. 8 w e y  Bdl.  
W, pp. -0, 1918. 

w Y o ~ X t ,  F. H., The Broad Pnss region, Ah&% Wth sectIon8 on Quaternary depaalts, 
lgneom roc&, and glnclstlon, hy J. El. P we: U. 8. Geol. Snrvq Boll. 608, pl. 11, 1015. 

-Maran, (rl. C., and Kah,  B'. J,, op. dt. (Bull. 6001, gg. 55-67. 
Capw, I. B, Geology of the upwr Matanmka Valley whth n mtlon on the Imeons 

rocka by J. B. Mertle, Jr. : D. 9. Cteol. Survey Bull. 'Wl, gp. 08-72, 182'1. 
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complete that repetition here is unnecessary. There seems to  be a 
general agreement that these intrusi~es are only locally faulted and 
folded, and their deformation is much less than that of the Tertiary 
b d s  they intrude. They are therefore mnsidembly younger than 
*e  Tertiary sedimentary rocks and am probably of late Tertiary 
age. 
In the Broad Pass region, south of the headwaters of the Nensna 

River, Moffit and P o p e  " have mapped considerable areas as king 
ornupied by Tertiary intrusive rocks, Their descriptions include 
granite, quartz, momonite, and granite porphyry. Thaw rocks have 
now been assigned to the Mesozoic and are described under tl~at; 
heading. 

QUAmRNART DEP08lTS 

Quaternary deposits, including such unnconsoliclated materials as 
glacial moraine and outwash gravel, river terrace gravel, the deposits 
of present streams, beach and estuarine deposits, talus, and soils, are 
widely distributed in the Tdkeetm region. On the accomptmying 
map (pl. 2) Quaternary deposits are &own only where they are suffi- 
ciently thick over considerable amss to coma1 effectu~~lly the charac- 
ter of the underlying m k .  These conditions are found principally 
in the Jowbnda, and the areas of Quaternary materiah as shown a m  
t,herefore practically mxtensive with the lowlands and the valleys of 
the larger streams, although as a matter of fact there is a m c h  more 
widespread mantle of soil and of the products of rock weathering. 
A discussion of the conditions under which the Quaternary materials 
were laid down and a description of those materials a m  given on 
pages 150-169, in a part of khh report that deals with the Quatarnq 
deposits of the whole AIaslra Railroad region. 

Q1OMaXC ElSTDRP OF TAL-NA REGION 

The earlJr geologic hishxy of the Talkeetna region is obscure, for 
many p a p  are missing from the record aa it remains to h read 
from the rock formations and their xelationa to one mother. Rocks 
deposited during those p a t  eras of the earth's history represented 
by pm-Paleozoic and Paleomic time are present here at t l~e  surf- 
in  only a few localities, where the stress of time and earth movements * .  have so altered the rocks from their 0-1 aspect that the m r d  is 
o h r e d  and only padl y legible. Probably the oldest rocks preaent 
are the mica schists of the Willow Creek district. These include 
materials that originally were normal water-laid sediments, as well 
rrs igneous m k s  that were either laid down on the surface or were 
later injected into the sedimentary rocks from below. Both d imen-  

rblomt, F. H., The Broad Paw region, Al&a, with seetirm~ on Quaternary depodts, 
-4peona roe-, and glaciation by J. E. Pogne, TJ. 8. Geol. Survey Enll. 808, p1. 11, 1916. 
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tary and igneous materials were later deeply buried, altered, and 
clmly folded, perhapa many times. Neither the age of the period 
durjng which their deposition occurred nor that of the times of their 
mmpwssion and distortion is known accurately, but it is believed 
that the mks were laid down in either pre-Paleozoic or early Pdeo- 
mic time. 

Other areas of what are presumably Paleomic rocks occur betweet1 
the Talkeetna md Susitna Rivers, but thew also the beds havs by 
later deep burial and by crustal deformation been 80 altered that they 
little resemble the original sediments from which they 'were derived, 
and neithar their age nor the times during which they were deformed 
are now known. Similarly racks whose age has not been determined, 
except that they are believed ta be pre-Carboniferous, are found 
in the region of the great bend of the upper Susitna River, where 
their character and structure indicate groat age. 

It .Rill thus be seen that our knowledge of the p l o g i a  events diat 
took place in this region hfore the beginning of Mesozoic time is 
very scanty. I'll'hatever record of past Imppenings hns k n  pmrved 
by t,he mks themselves is difficult to decipher in lml i t ies  wliere sucll 
m h  cmp out, for the m k s  have been severely metetamorpho4. 
Elwwhere the evidenm is concealed by ths widespread cover of 
younger materjals. 

The record of Mesozaic events in this region is lacking h~ many 
details but is much more wmplete than that of the enrlier periods of 
earth history, At least parts of the region were caved by the ses in 

f 
Triassic time, and thick deposits of water-laid materials, including 
limestone, shale, and sandstone, were laid down. Limestona bearing 
Triassic fossils crop  out near the head of the Susitna River and west 
of the Chulitna River, outside of but nat far from the Tdkeetna 
refion. Lirnastones thnt rnRy be of Triassic age occm in the weshrn 
Talkeetna Mountains and in the Matanuska Valley. Thus we have 
definite evidence that in Triassic time the sea invmded this part of 
AP~ska, and in it limestones were laid down. Other sedimentary 
m k q  of unknown fige but presumably in part Triausic, am rrsmiat4ld: 
with the limestones, and beds of this age may be widely repmnted in 
this region, lthough concealed f om view by younger overlying rwOCks, 

The outstanding event of early Jurassic time in the Talkeetna ' + 
region was vigorous and long-continued volcanic activity. At that 
lime, especihlly in the astern Tralkeetntt Mountains, volcanic ma- 
terials, for the most part productis of explosive volcanic activity, ac- 
cumulated to a thickness of 1,000 feet or mare. These materials com- 
prise &ratified bmccim, with some lava flows, tuffs, and a Eninor 
mount of interbdded tulTamous sandstones, shales, and mngIomer- 
at=, showing that at least a part of this material was deposited in 
bodies of water. Farther west this fragment81 rnakrial is less con- 



spicuous, end the beds are c u m p o d  lsrgsly of thick, massive Java 
Raws, showing that the volcanic activity then was of a different type. 
The present surface distribution of these Lower Jurassic volcanic 
rocks by no means represents the areas over which the original lava. 
.flows and frsgmental materials mere deposited, for later granitic in- 
rrusions have displaced them from wide a m s  which they once oc- 
cupied, and younger formations hare covered and concealed them from 
view. It is certain that in early Jurassic time a large part of the 

7 regiwl now occupied by the Talkeetna Mountains was buried beneath 
these materials. 

Middle Jurassic time in this r~gion was marked by the return 

4 
to normal conditions of sedimentation, although whether the deposi- 
tion of the sedimenb upoz~ the volcailic materials took place without 
interruption, or whether there was an intervening period of erosion 
is not known. The earliest Middle Jurassic sedimentary racks con- 
sist of sandstones deposited in comparatively shallow salt water, 
They contain nbundant fossil remains af water-worn sticks and stems, 
indicating that land was not far distant. The conditions of deposi- 
tion then changed, though without any notabla time break or crustal 
movement, and a thick deposit of shale and shaly sandstone w ~ s  
laid down upon the sandstone until them materials arxumulsted to 

I a thickness of severel thousand feet. 
w 

Among the most notable geologic eventa that murred in this 
region in Mosozoic time was the intrusion beneath the earth's sur- 

2 
face of tremendous bodies of granitic rock. Such intrusions m- 
curred at a b u t  this time in many parts of Alaska mnd w&rn 
America, and in the Talkeetna region they were especially mide- 
pread. The single great batholitl~ of the western Talkeetna M o m -  
bins has a surface area of about 1,400 sqnam miles and is probably 
continuous beneath the st~rface with the granitic rocks to the south- 
west, across the Surritn~ River, and to the northeast, in the basins of 

t Kosina Creek and the Black River. Probably at the same time other 
d masses of granitic material, some large and some small, were W i g  

intruded into the regions now mupied by the Alaska Range and 
the Chupch-Kenai Mountains. T h e  texture of these mks, which 
are prevailinpIy coarw-pined, indicates that they were injected i n t ~  

& the earth's crust but cooled slowly far benmth the sodam. The 
mechanics by which such vgst quantities of molten rock were em- 
placled are not well understood. In t.he Talkeetnta Monntains alone 
their volume is aertainly many h u n d d s  of cubic m i h .  For this 
material to have m d e  its way into the mlcs of the mgon either the 
invaded mks must have been absorbed into the molten mass, or they 
must ham been displamd. Doubtless both ah rp t ion  ~ n d  displace- 
ment occurred, but the relative importancs of the two p-- js 

not yet known. If the earlier m k s  were extensively displaced, how- 
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ever, either by being bulged or domed vertically or by 'being pushed 
aside laterally, them must have been notable surface expression of 
the movements of the deep-seated igneous materials, but om howl-  
edge of the geography of that time is too scanty to show how greatly 
the mrf~ce relief was affected by the invasion of the granitic 
magmas. 
It would be suppod that during a period of such widespread, 

deep intrusion at least some bodies af molten rock would find their 
way to the anrface and be poured out ss lava flows, yet lava flows or 
other materials that might repment the volcanic equivalent of the 
deep seated granitic masses arf largely l~cking, except in the young- 
est of the Mesozoic sedirnants. Tl~e only conclusion to be reached, 
therefore, is that for sorne*reason the granitic magmas in geneml 
failed to reach Itha surfnce and cooled slowly beneath a fairly thick 
covering of other m k s .  

Afier the Middle Jurassia sedimentary beds elready referred to 
had been laid down, mme warping of the surface brought them 
above sea level, and they were tilted and eroded. Later st  1msL a 
part of their ares was ngain submerged, and in Upper Jurassic time 
a deposit of conglmertlte several hundred feet thick mas formed, 
its pebbles and f i ~ e r  rnlrtcri.als being derived from the igneons rocks 
of nearby land masses. The deposition of the conglomerate was foI- 
lowed without interruption by the laying down of shales, sandy 
shaIes, and sendstones that accumulated to a thicknew of mom than 
1,m feet. 

Little is hewn of the even& that took place at the ~d of the 
Jurassic period and the beginning of the Crehmts  period. The first 
recorded event of this period, probably in early Cretalceolls time, 
was the laying down, in shallow ocean watels, of t.he conglomerate 
and tuffs that are now present in the upper Matanush region and 
on the head of Billy Creek. T'lrese deposits indicate the p m n m  
of nearby lands on which rolcnnoes were wtive, and the tuffs repre- 
sent the dust and fragments thrown out by the volcanic explasions. 
A s  the; volcanic gctivity at lengih died out, limetone was laid down 
conformably upon the conglomerates and tuffs and in places accma-  
lated to a tkicknm of 100 to 400 feat. 
In the meantime s great thickness of muds and impure sandatones 

was being laid down in the border R r e a  &tween the Talkeetna region 
and the Alaska Range. Thest! beds were deposited in an arm of the 
wrt in which, for some yet unknown reason, conditions were unfavor- 
able for the p w t h  of marine shell-bearing orpnisms, and the rocks 
are ahnost devoid of fossil remains. For that reason the exact age 
of the beds is uncertain, but the bast evidence is that they am Mesozoic 
and rn~idy of Jurassic and Cretaceous age. 
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So far as we k ~ l o w ~  all of this region excapt the Matanuska VdIey 
h d  emergd from the sea by the end of h w e r  htxmtls time and 
haa remained land ever since. In the Matanuska Valley, however, a 
thick deposit of shde and sandstone was deposited during the U p p ~  
. G r ~ n s  epocl~. These beds apparently wera laid down on the 
eroded edges of oIder fomlations, tlnd they locally accumulated to s 
thicknts of at; least 4,000 feet. Later they were elevated above MI 

- level, were greatly folded and faulted and Ithen eroded, anrl at the 
b g n n i n g  of Tertiary time occupied the flaor of a broad valley that 
followed approximately the present course of the Matanuska River. 
ln the northern part of the Talkeetna region? bptween the Susitna 

and Nenana Rivers, late Mmzoic time was marked by, the extensive 
C intrusion of granitic rocks beneath the aurface and by the outpouring 

-upon the surface at set.enrl l d i t i e s  of acidic lavas, i n c l u h g  duite, 
andesite, rhyolite, and trachyte. 

Toward the end of Cretaceous time, or in the bginning of the Ter- 
tiary epoch, the present Talkeetna Mountains formed a land m~ of 
modefate relief, and a great lowland occupied about the samo location 
as that naw existing along Cook Inlet and up the Susitna, Chulitna, 
and Talkeetna Valleys. In ewly Eocene time a moderate uplift of 
the Talkeetna Mountains caused the streams to e d e  and transport 

5 sauthmard toward the present Mat~auska Valley a p a t  qu~ntity of 
srkose, the disintqmtion product of the granitic rm.h. This arkam 
aocwnulatd in the lowlands of the Matanuska Valley snd north of 
the present position of Knik Arm until it formed n series of that 

? were locally several thoasand feet thick. It might be inferred that 
a similar deposit of arkow ~ ~ o u l d  have sccurnulated in the lowland 
mest of tha Talkeetna granitic mass, but so far as is now known such 
,deposits were not formed there in arnol~nt comparable tn that in the 
lower Matanuska Valley. 
As the mountains yare worn down by e&n and the lowlands 

filled with the detritus brought from the surrounding highlands, the 
2 
urn Btream gradiene k a m e  mare gentle, and the mata&als they muld 

transport h m e  less abundant and of finer grain. Appmntly the 
.arkosic sediments continued to sccnmula.te around the margrns of the 
lowlnnds, but at points farther away from the hills sand and mud 

9 wem deposited. In these lowlands the I~ying down of fine sediments 
was no longer continuolrs b ~ t  occurred spasmodically, wit11 long in- 
tervening periods during which vegetation grew and died, the plants 
of each season euccessively forming a p a t g  deposit upon which other 
geaeratlons of plants p e w ,  until veptable remains accumulated to 
a p t  thickness. In this way t.he organic material now converhj 
ta ma1 origineted. Periods o f  plant growth m d  peat formation gave 
.pEa tn other periods during which the organic materials were deeply 

77788--10--7 
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buried by sands and clays, and by them alternating changes the coal- 
bearing formations of the lowlraads were formed. The time required 
for the laying down of this coal formation was very long, for the 
dow erosion of the highlands supplied the sedimentpt, and a foot of 
coal, as it now appsam, required the mumulation of many feeh of 
loose, uncomp- peat. Furthermore, it is unlikely that at any 
time pmt waa forming over the entim lowland, for certain areas were 
receiving the detritne brought down by the streams, while other arms 
were m free from dimentation that the peat could accumulate to 
graat enough depth to form later thick wal beds. It is therefom 
difficult to correEate either mal beds or sedimentary depoaits at widely 
separated locditim, for at one place at the lowlltnd margin arkose 
may have b i  laid down, while elsewhere sands and muds were de- 
posited, and at still other lmalities p a t  was in procem of ammula- 
tion. It m m s  likely, however, t h ~ t  during much of h n e  timh. 
t h w  three types of deposition were all operating throughout the 
lowlands at difTerent localities. Fmrn t h  b time through this 
early Tertiary period there was mild volcanic ativity in this region, 
and mall areas of basaltic lavas were poured out upon the surface, 
to be later buried by further accumulations of sediments. This pour- 
ing out of lavas was appamntly the feeble beginning of the much 
more inten= volcanic activity that took place later in Tertiary h e .  

The deposition of the coal-bearing formation, at least in the Mata- 
nuska Valley, was ended by an uplift, in about middle Tertiaiy time, 
of the Talkeetna Mountains. The streams thus steepmad began to 
erode their valleys more actively, end coarse gravel was carried to 
the lowlands to over the great deposits of sand, clay, and plant 
remains there. The gravel deposits in places were built up to a depth 
of 8,000 feet, and by the increw in the altitude of the lowlands at 
the same time that the mountains were being lowered by stream 
erosion, the relief of the region once mom became fairly gentle. A 
later event of importance in Tertiary tima was the pouring out upon 
the surface of the central TaIkwtna Mountains of extan&v~ sheets 
of ba~altic laws with accompanying deposits of tuffs and breccias, 
the product of valcanic explosions, and the intrueion of igneous rmka 
as dikes and sills into many older formations, especially in the Mda- 
nuska Valley. Naturally the lavas, in pouring out from the vents, 
h t  flowed down the pmxisting valleys and as these were filled 
spread hbrally (WW the intervening ridges. The surfam so mered 
was then much more extensive than that now cxxupied by t h e  
racks, for the existing irregular amas (pl. 2) are lnrgely conhed to 
mountain tops and ridges. Inasmuch as flawing Iswas by nature fill 
the lowlands first, the p w n t  distribution of this material is evidenm 
that the region has since been elevated and deeply eroded, and the . 



remaining mountdn-top lava W s  are only the remnants, = p a m e  
by erosion, of former w i d w p d  and connectad lava fields. 

The basaltic lava flows of the Talkeetna Maunhina are, so far as 
we h o w ,  the youngest Tertiaq rocks present in t h i ~  dist~ct, get 
after they were laid dawn d c i e n t  time atill remained during the 
Tertiarg period for the Talkeetna ragion ts ber uplihd bodily with- 
out great deformation, and for the highIand so produced h'be deeply 

'tr 
dimcted by Ptrserms, so that the country had approximately its prw- 
ent amount of vsrticaI relief. Certainly the products of this exten- 
aive erosion of a peat land mass must have been deposited s o w  
where, but they have not been v i z e d  in thia region and may have 

4 been f rargely carried out to sea or may later have been overridden by 
the Quaternary glaciers and in part disturbed or destroy4 by them 
or covered by the glacial d e p i t s .  
The events of the Quaternary period in this region have been more 

largely destructive than constructive. At the b e g h h g  of the period 
this entire region w w  a land mass, as it had been since the b g h h g  
of Tertiary time. Streams and all the other agencies of subaerial 
weathering and erosion were active in reducing the highlands and 
aggrading the lowlands. The surrounding mountains had about their 
present altitude, but their surface forms were strikingly different, as 

I the sculptured features were the result of weathering and of stretun 
srosion in a temperate climate. The outstanding feature of Qurtter- 
nary t h e  wss the accumulation, probabIy in several sumssive 

S 
periods, of enormous bodies of glacial ice, with intervening periods 
of ice retraat, ending in the present condition of only moderate gIacia- 
tion in the mounkins. These events exercised a fund~mental influ- 
ence upon the surface features of mountains and lowlands, and to 
them in large p r t  is due the appearance of the region as we see it 
today, A more complete discussion of the Quaternary happenings 
in the Tdkeetna region is given in another section (pp. 150-1693, in 

P which the Quaternary history of the Alaska Railroad region as a whole 
u is discuwd. 

W K A  W O E  

The Alrtska Range comprises a broad belt of mountains that ex- 
* tends from Yukon Territory northwestward ta Broad Pas, be.yond 

which it sweeps to the southwest in a great crescentic curve to the 
Alaska Peninsula. The portion of the range here considered lies at 
the crest of the arch, and in it the sxia of the range veers in dimtion 
from northwest through west and southwest to nearly south. Near 
the apx of the crescentic curia lies America's highest peak, Mount 
McKinley. In this region the range is geographicdly and geolog- 
i d l y  distinct from other mountain masses, as it is sharply limited on 



the north snd west E)y the bmarl l o w l ~ n d ~  of the Kuskokwjm and 
Tanans R i v m  and is bordered on the south and east by the low- 
lands of the Susitna and Chulitna Rivers, by B d  Pam, and by the 
headwater lowlands of the Nenma and Susitna Rivers. In pneral, 
the range forms the divide between the southwad-flowing Pacific 
Ocean drain~tp and the westward-flowing tributaries of Bering Sea, 
although the Nenana River heads on the south flank of the range and 
then flows directly mros~; it in a deep valley to join its watem with the 
Tanana 

From Mount McKinley eastward the portion of the Alaska Range 
here considered consists of a main rugged mountain mass flnnked on 
the norkb by several parallel but less lofty and rugged rmbsicliary 
mountain rid-, *parated from the main range and from one mother 
by broad bminlike depressions. These ridges and the intewming 
troughs am the m u l t  of mountain-building forces and of erosion 
upon rocks of varying character and mistrtnce. Normal s t m m  ero- 
sion upon a mountain mass composed of mcks of uniform rompmition 
would have p r o d u d  a very different result. 

The geology of this portion of the Alnska Range is not pedmtly 
known, for some amas still remain nnsxplored and mmapped, and 

. others h'ave been studied only in an exploratory may. The linear 
arrangement of t.he rock formations, however, parallel wit.h the axis 
of the range, encowmps the belief that cmss sections of the unex- 
p l o d  portion of the range, as through M011nt McKinley, t.a the 
muthenst, m d  at the a t e r n  edpe of this region in- the vicinity of 
Mount Hess, would show an as~mblsge of rocks similar to t h m  
found between them. 

The general synclid character of the Alaska Range in the latitude 
of the Skwentna River md Rainy Pass was recoflixed by R m k a "  
who tmced that strr~cture northward to the Broad Pass region, and 
showed that ta broad synclinorim W ~ B  the dominating structural fea- 
ture between the Sugitna Basin and tlze inEai~d front of the m g e .  
Brooks recopnimd that on the western limb of this syncliinorium, 
in the Kuskokmim Basin, there wns rt belt of dosely folded Paleozoic 
sedimentary rocks, including beds of Ordovician and Devonian ,n- 
The older of these he classified as the 'ratins group, made up of lime- 
stones and argillites, part of which carried Ordovician f0~giI.q and. 
the younger h~ called the Tonzona group, composed of unfosailifero~~s 
argiIlites in the lower part end limestone and slate containing De- 
vonian fomils in the uppr part. Rrooks atternpkd to c a r y  the mbp- 
ping of them two groups northenstward to the Nenana River, far 
from the localities at which lie oltained his fossils. In thia repert 

* Bm&z+ k H., The Mount MrILlnley reglon, Alaska : U. S. Geol. S n n c ~  Prof. Pap- 70. 
pp. 111, 1921. 



t h e  p u p s  have been included wit11 the uulldiffemntiated Paleozoic 
~edirnentar~ w k s .  B m k s  considered that the scantily fmiliferous 
slam and g~sywackes of tlla southeast flank of the range were PaIeo- 
toic. Them beds have now b n  determined to be mainly of Mesozoic 
age. The Cantwell formration, considered by him to be probably of 
Carboniferous age, was Iater determined to Im Eocene but recently, 
on the basis of new fossil collections, has been assigned to the Upper 
Cmtaoeous. 

IL Confirmatory evidence of the general synclinal character of the 
range has been found by Moffit aB and by Crtpps 86 in the region ea& 
of hiount McKinley, where the centml part of the ranp is composed 
mainly of ;Mesozoic rocks underlain on both flanks by rocks of Palm- 

d mic or pm-Cambrian age. The folding in this part of the range is 
complex, and ftllllts of long extent and great displacement are present. 

Granitic intrusive masses are present thmugllout the range but are 
most abundant nenr and snutll of Mount McKinley. 

D&tn'but&n and cha~ulcte~.--On the north flank of the Alaslra 
Range in this region there is an extensive and continuous belt of mica 

. schist that is appa~mtly the oldest group of rocks that mxm in 
this range. At t,he west edge of the region tho belt is widest, as it ex- 
pands northu-ad to incltrdt! a Ifire part of the Kantishna Hills, a 

5 subsidiary mountsin g.l.o~~p. Betwwn the Kantisllna Hills and the 
Nenana River the whist appears at the surface as a belt only a few 
miles wide but no doubt is present beneath the mmnsolidatd .Ter- , 

tiary and Quahrnsry beda in the basin that border8 it on the north. 
East of the Nenana Rirsr the mica schist is an important element 
in the higher rnonntains of the range, and between that stream and 
the Delta River it is the prevailing mck in a belt that ranges from 

d 12 20 25 miles in width. This mice schist has been correlated with 
the Birch Creek schist of the Yukon-Tanana region. It has h e n  
described by several writers.s,U7 but its essential characteristics are 
much the same throughout the belt in whichmit is present. 

.* The most prevalent phase of the Birch C r ~ k  schist is a quartz- 
muscovite schist composed principally of quartz. Where the rock is 

*Momt, F. H.. The Broaa Pass redon. Alanka : U. 8. Qeol. Survey Bull. 6QR. pp. 68,1916: 
The Ranttahna dl~trict, Alanka : U. H. Geol. Btlney 81111. 888, pp. 301438, 1980. 
* Capm 8. R., Tbe eaetern portion of Mount McElnles NmtIanal Park : U. 9. Gml. Survey 

Bull., 836, pp. 21L?OCt. 1930. 
' 'm Capps, S. R., The bnt l&na rpglon. Alaska : r J .  8. &ol. Rump Bull. 687, pp. 28-29, - 
1019, Momt, F. H.. The Knntixbna B l d c t :  U. 8. Wl. Burvey Boll. 858. pp. 5-07, 
1933. Cappp, 8. a, The Bunntflcla regkon. dlmka : U. S. Qeol, Suney Ball. 501, pp. 20-22, 
1912. Wetlm, F. O., Iade depoait~ 00 Eurekn and viclnitg, f int lahoa dlsttlrt, Alarrka: U. 8. 
Qeol. Rurvey Bull. 848, pp. 348-847, 103%. 
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fresh the mica is inconspicuous on faces not parallel to the foliation, 
but p d e l  to the foliation the whole s u r f w e  is covered with green- 
ish mica flakes. Upon weathering the m& breaks down into thin 
slabs and flakes dong the lines of sckid&Q, the cleavage being con- 
trolled by the parallel orientdon of the cleavage planes of the 
mumvite, which weathers to gray, brown, and reddish colors. Al- 
though the quartz-muscovite schist is the commonest type, there are 
many localities where other phases predominate. These pham in- 
clude mica-garnet gcbist, limestone &st, chlorite schist, and graphit- 
ic mhist in an hdhite variety of proportions and of great range in 
mixlad composition. These phases are all believed to have ken 
produced by the profound metamorphism of ancient sedimentary 
rocks, but intimately wociated with them are masses of greenstone 
that r e p m t  the metamorphosed products of igneous rocks, 

All the types of =hist arB cut by quartz veins of various ages. 
The oIder of these veins have apparently been deformed along with 
the enclming rocks. Later veins, some of which are mineralized, are 
undeformed and evidently were deposited after the metamorphism 
of the schists had been completed. 

The original structure of the ~dimentary rocks from which the 
whisk ware derived is in most places o h r e ,  for metamorphism has 
BO destroyed the hdding that in most places it cannot be made out, 
unless certain faint color bandin@ represent bedding. The foliation 
of the schista has a general east-northeast strike, paralleling the axis 
m f  the slaska Range, with dips both to the north and ta the south 
In many places elm folding and even intimate contortion can be 
&served, with several mts of folds of different amplitudes visible in 
the same. exposure. It is likely that the history of t h ~ e  beds, if 
known, would reveal intense f o l d i  at many recurring intervals, 
cormponding to periods of active diastrophism in this mountain 
ragion. 

No relirtble estimah have been made ,of the thicknms of the Birch 
Creek &st, but as it occurs in compact areas conbining mountains 
with a local relief of at least 2,000 feet, and with neither the top nor 
bottom of the mhiat series exposed, it seems certain that severd 
thousand feet of b& are involved. 
To summarize briefly, the schists were originally sedimentary rock% 

chiefly sandstone and l i m d n e ,  that were intruded by or intepbdderi 
with medium-bait igneous rocks. The whole assemblage then under- 
went severe dynamic metamorphism at recurring intervals, coma- 
sponding to the periods of mountain-building. activity in this region. 
As a rasult of these mountain-building s t r e w  the sedimentary roclm 
ware alhred to quartz, mica, and calcarmus schists and the igngor~ 
mka to penstones, with the development of many secondary mih- 
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eraL Quartz veins were depositad in the schists at various times, 
some before the metamorphism was completed, and Borne afterward 

Age aPmd emhtim.-The name E4Bimh Creek schist'%as firat used 
by Spurr for a group of rocks in the basin of B i d  Cmk, a tribu- 
vary of the Yukon River. Brooks 6g and Prindle, hding roch of 
similar lithology in the Kantishna region, correlated them with the 
Birch Creek =hist, and Cappa found no reason to change that des- 
ignfition. None of these writers found any direct evidence of the q e  

r 
of the whkb except that they were older than any of the f ossilif emus 
Palamoic dimentary mks of the region. The achista wera for a 
long time c l a d e d  merely as pre-Ordovician. In eastern Alaskg, 
near the international b d a r y ,  later workers have found convincing 

4 evidence that the Birch Creek schist is not only pre-Cambrian, but 
early pre-Cambrian. Mertie has shown that a limestone containing 
early Middle Cambrian fossils not only lies above the Birch Creek 
but is separated from it by a thiclrness of 20,000 to 25,000 faet of 
mdimentargr W, the Tin& p u p ,  believed aIso ta be pre-Cambrian 
and Lower Cambrian, Mertie therefore classifies the Birch Creek as 
early pre-Cambrian, and that assignment is b a d  on the most recent 
and most mnclusive evidence now avdable. 

t Within the Moaka. Range geologic province there are mtemive 
amas of rocks, mainly of sedimentary o w  but including also mme 
metamorphic igneous mks, that, accordmg to Ithe k t  evidence a v d -  

% able, are wholly or in part of Paleozoic age but are so highly meh- 
morphosed that any fossils they may have once contained have been 
destroyed, and no accurate determination of their age has been p w  
sible. These rocks are here grouped together and, for the sake of 
simplicity, are mapped with a wingle pattern, although they include 
materials of many distinct types that have beea separately mapped by 
the various geologists who have worked in this field. It is the aim 

i 
a. and the custom of geologists, as observations are extended, mow dc- 

tailed studies made, and information acxumuIates, ta subdivide mck 
p u p s  into smaller and more precisely defmed units, and the practice 
here followed of inchding in a single group rocks of diverse char- * acter and doubtless of p a t  mnge in age may seem a backward step. 

a Elpurr, J .  B, WIon of tbr Tnkm gold d W c t ,  bla#kn : U. & aeol. Survey 1% Arm 
Rept., pt. 8, pp. 140-145, 1898. 
a R m o b ,  A. H., The Mount MeEtinlty won, dl*: U. El, -I. B m y  Prof. Paper 30, 

pp. 5640, 1011. 
m Coppa, 8. R, Tbe Rantlehna nglm, dlmnka: If. 8. Qeol. Ebmey BuIL 887, pp. 264%. 

IOIO. 
n Mertle, 5. B., Zb, The hkm-Tanaaa reglon, dlaaka : aeot. Sur~ey Bull. 872, pp. 6- 

1837. 
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The mason for adopting that procedure hem, howewr, is that the- 
qp assignments of all the rocks here grotlpd as iindifferentiated 
Paleozoic ram based on scant direct fossil evidence, and that evidence 
was in many place obtained in areas far from the loc~lities hem 
descrihl. Ln attempting to give some suggestion as tn the probable- 
age of a p u p  of mks, the geologist has often been f o d ,  in the 
lack of direct fossil evidence, to make long-rtli~p mrrelrttions on the 
baxis of rock type, structural relationship, or clegrea of metamor- 
phiam. Within a prorhm that has been the ~ i t e  of mountain-build- 
Ing movements at recurrent intervals thmueh p e a t  stretches of' 
geologic time, long-range .emTations on the basis of lithology, and 
partic~~larly on the grounds of similar cl~grees of metamorphism, are 
subject to error. Within short distance9 in this region rocks as young- 
as Upper C r e t w u s  range in character fmrn normal, little-altered 
conglomerates to sheared end stretched mnglomerate and even to 
d i s h ,  It has therefom seemed best, in m general report s~wh as this, 
Co p u p  together all these rocks of somewhat uncertain but probable. 
Paleozoic age. Latsr work will doubtlm break this grotrp up inm 
many units, which may Inn* in age fmm early P Jeozoic to Permian. 

The rock aswrnbla~s her% classified ~ L S  undiflerentiated Paleozoic* 
include the Tatina and Tonzontl p u p s  on the north flank of the 
range between the Sanctuary and Stony Rivers; a p a t  eeries of' 
altersd sedimentary rocks that lie above nnd below a Middle De- 
vonian limestone and thab are present a s  isolated patches or as ex- 
tensive areaq from a p i n t  west of Hanna Glacier t~ the upper 
valley of the Nenana River; and certain metamorphosed ~ d i m s n h r y  
rocks that lie unmnformably below Carboniferol~s h d s  in the valley 
of the West Fork of the Chulitna River. 

The Trrtina group, as originally described by Brooks:' includas a 
a e r k  of sedimentary mks which sre domint~ntly calcafsous but in 
which there are also sllales and mndmnes. The type locality for 
this p u p  is in the upper basin of the Ruskokwim River, but B m k e  
napped their extmsion to the northeastward inta the headwaters 
of the Kantishna River in the region here d i s c u d .  In the Krtn- 
tishna region east of Mrtldrow Glacier tha rocks of this p u p  occur 
only in a narrow belt 2% milm or less in width. The beds have 
been described by Capps 'a as consisting of black slates or slate schists, 
argillites, cherts, and black limestone, cut by many quartz and cal- 
cite veins and much contorted and folded, The only other stratified 
deposits with which they mere observed in contact are fhase of the 
Upper Cretaceous Cantwdl formation, beneath which they lie un- 

lhmb, A. H., The Mount McElnley rpslon, Alaaka: D. 8. QwL Snrvey Fmt h p e t  70: 
pp. *T3. 1811. 

m ~ a p p s ,  8. R., ~ h t  R*nZtmbna reman, hlnaka: U. B. Qeol. ~ n r v q  g87, pp. 903% 
1918. 



conformably. The other observed contacts were with younger in- 
trusive rocks. 

At all the localitiw where they were studied these dirnentary 
beds are intensely deformed, the structure including large folds with 
smaller folds and close crumples suprpmed upon and parallel to 
them. This intense deformation has produced slates and schists, 
Tha distribution of these rocks in a long, narrow band, bordered 
$or the most part by beds of the Cantwell formation, is due to  their * general antielind structure. They estimded to be some thous- 
an& of feet thick, though no accurate measurements could be made. 

The age of the .rocks shown on the accomp~n ying geologic map 
.that were formerly classified tts the Tatina group is uncertain. They 

4 have yielded na fossils in the region here described, though similar 
rocks in the upper Kuskokwirn Basin, and along the same enera1 
strikg contain Ordovician fossils in their basal portion. C q p s  7' 
advanced some reasons for questioning the relative a p s  of the Ta- 
tina md Tonzona groups, though at that time he accepted Brooks' 
,determination of their Ordovician age. That may be a correct 
determination, but the proof is far  from conclusive, and it seems 
best 'at present ta group these metamorphic sedimentary mcks with 
the other und i Eerentiated Paleozoic materials. 

The name UTonzona, group" was first used by Brooks ta designate 
2 

a group of black slates and argillites that he found on the Tonzona 
River in the Kuuskokppim Basin, west of the region here under mnsid- 
eration. What be believed to be tlie eastward extension of thry mcks 

? forms a narrow belt extending from the Stony River to the Sanctuary 
kver, in the northelm part of Mount McKinley National Park. North 
.of that belt, and stretching from the XCantishna Hills eastward to the 
basin of tlm Little Delta River, there is anothergroup of metamorphi0 
rocks called by Capps T6 t.lm L'Tohtlani ka schist," which consists domi- 
nantly of rocks of igneous origin but containa a h  considemble meta- 
morphic sedimentary m~tarial. Capps was unable, in the time at his 

i * disposal, to map the igneous and sedimentaq phases separately, but 
he recognized the presence. especially near the brtse of the group, of 
hlack slates, carbonaceous slaty schists, limestone, and quartz con- 
glomerate, all c l o ~ ~ l y  infolded and involved with the metamorphic 

a igneous materials. He considered the sedimentmy phases of the 
gmup to be the correlative of Brooks' Tonzona gmup, though in his 
map they were i~lcluded with the Totatlanika schist. 

The 'Sonzona rocks in this region are characteristidy black slates 
and argilIihs and carbonaceous dates and &hi&, much metamor- 
phosed and cut by multitudes of small quartz and calcite veinleb. In 

"Idem, pp. 31, 52. 
mgrmkn, A H., op ~ 1 t  (Prof. Paper TO) ,  p. 73. - 
*Cappe, 8, R.,  op. cit. (En11 6871, pp. 34-37, 
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p k  them is wmidemible black lime9tone, and l d y  quartz con- 
glomerate is p m n t .  

The age of the Tonwna m b  is uncertain, no f d  having 'been 
obtained from roch characteristic of the group. A small mllectioe 
of imperfectly presemd corals from a Jimestone in the Shushena 
Basin that +an asmiated with Tonzona rocks waa pronounced to be 
of pmbable Tkiassic age, 8nd this means either that some Mesozoic 
limestone was. folded or faulted down into the Psleozoic rocb, or that 
some supposedly Paleozoic ruch are in reality of Mesozoic apa. The 
high degree of metamorphism of these beds suggests an age older #an 
Mesozoic. Much more detailed fiaIcl work will be necessrtry before the 
distribution of the mks of this p u p  is fully known, and until that 
work is done there will be uncertainty as to  the ~bge of the 'beds. It 
seema best far the purposes of this report to include them with the 
other undiffsrentiated Paleozoic rocks. 

On the ~outheast flank of the Alaska Range between the West Fork 
of fie Chulitna River and Eldridga Glacier, Cappa17 and R m w  
ham mapped a, belt of metamorphosed sedimentary rocks, much 
folded and faulted and apparently of p a t  thickness, considing of 
caIcareous beds containing cansiderabIe siIimous and aroaceous 
material and in places full of chlorite, with locally some greenstonls 
and graensbae tuff. Them rocks Rre unconfomably overlain by 
Permian ( 8 )  beds, Further evidence of their age is lacking, but 
Rosa tentatively correlated them with sedimentary mks north of 
Broad Pass t h ~ t  are associated with a Devonian limestone and sug- 
g w t d  a h o n i a n  q p  for them Aa shown on page 101, the rucks. 
north of Broad Pass include a p u p  that contaim many thousands of 
feet of beds, Borne of which lie above and others b l o w  a middla 
Devonian limestone, the only member of the group that has yielded . 
fossils. The writer suspects that that p u p  contains mks of a 
considerable range in age, though all are probably Paleozoic. Tw, 
little is known about t h ~ m  to w a r m t  a more definib a p  deterrniaa- 
tion, and on the mmpanying  geologic map they are dami f id  as 
of undifferentiated Paleozoic age. 

From Hams Glacier on the west to the upper baain of the Nenans 
River on the east, a very thick group of metamorphic mdirnentary 
mh that are msociatd with Middle Devonian limestone constitute 
a large element in the Alaska Rsnge, and between Muldrow Glacier 
and the Nenana River they form s wid0 Mt that comprises the high- 
est podions of the raw. That portion of the mountain mass is very 
rugged, and all the va1Ieys that head against the, divide mnttriu 

w C s p p ~  & MheraI m u m  of ths upper Cbtrlltna m i o n  : a. PE, -1. #uww Bd. 
892, pp. 216, 218, 1919. 

"Row, C. P., Mlaeral depollita near tbm Weat Fork of t h e  CbuHtna R I w ,  blmka: U, 8. 
Qeol. B m e y  Bull, 8 4 9 4 ,  p. 294,1B33, . 



glaciers in their upper courses, as a conquence of which the p- 
logic &ion is difficult to study and is still imperfectly known. 
From Muldrow Glacier eastward to the Nenana River these rocks 
am bordered on the south by a great fault that bringa them into 
cuntgct with Mesozoic mlta East of the Nenstna River the throw 
of that fault is revemed, so that the south side is upthmwn, thus 
bringing the Devonian and associated rocks up on the south side of 

w 
the fault into cantact with Mesozoic rocks on the, north side. 

This p u p  of dimentary rocks includes, in addition to a heavy 
Wddle Devonian limestone that has been mapped sepsr~tely, a p a t  
thickness of beds among which are thin-bedded limestones, grey- 
wackes, ark-, conglomerates, argilliks, and quartites, with impure e hestonas and calcareous arg.lllites predominating. These rocks have 
been descrihd in various publjcations by Capp~, '~  Reed,%o and others. 
T h e  most complete mtions of these rocks that have been studied are 
to be found south of the crest of the r ang ,  in th8 headward basins 
of the West Fork of the Chulitna and Bull Rivera and Cantwell 
C d .  Them the Paleozoic rwks have been brought up along a ,vat 
fault, and lower portions of the series thm have bean recognized else- 
where can be examined. In general, the oldest axposed portion of the 
aeries, in my north-south section across the range, murs  at the 

t 
south edge of its outcrop, djaeent to  the great fault. The deepest 
beds are found in the area between Easy Pass and Windy Creek, 
where a basal p u p  containing slate, schist, serpentine, and met&- 
morphic limestone occurs. It m m s  likely that these rocks are much 

: older than the less metamorphosed d i m e n h r y  beds immdi~tcly  
associated with the Middle Devonian limestone, and they may even 
lx of pra-f aleozoic age, but in the absence of definite evidence on this 
pint they are included with the undifferentiated Paleozoic rocks. 
Above the basal schist, serpentine, slate, and limestone group the 

low& member of the less metamorphosed bedg is a dark-brown to 
black conglomerate that ranges from 200 to 1,000 feet or more in 

i thickness. This is succeeded by a conspicuous white oongIomerate 
50 to 200 feet thick, in which the pebbles are mainly white quartz in 
a white or gray diceous matrix. Above this conglomerate is a 
series- mmral thousand feet thick cornpad maidy of alternating * Iayem of black slate or of argiIlite and graywacke or quartzite that 
exhibit vmying degrees of schistosity. They are characterized by a 
rusty red hue on weathered surfaces, though freshly broken surfaces 
fail to show this coloration. Intermingled with thew rocks are m e  

"applr ,  8. The T 0 k b t - m  Elver -on : U. 8. awl. B m y  Bull. 792. pp. 8% 
88, 1827 : The emern portlon of Mount McIQnloy NationaI Park: IJ. S. Qerrl. Be- Bull. 
88U, pp. 261-265. 1988. 

m M. J. C., Tae Mount 1Eielmn dlatrlet, Alma : O. 8. MI. B t l r v ~  13aU 81%,  gp 
Pt7-260. 1#S. 
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hard ~ i l i m a s  coqlomer~tes, thin-bedded black limsstone, and in 
pIaca black or gray limestone M s  that reach a thickness of U) or 30 
feet All these rock are abundantly seamed wit11 quarta veins that 
attain 3 ox 4 feet in thickness and show ret,iculating winlets of 
cabite. 

Upward in the section there is a more or l e ~  gradual transition 
from argillite, slate, grayu~acke, and quartzite into a more limy phase. 
Thin-bedded limestone is interlayered with the elastic rocks. and the 
limestone beds @me more and mare abundant until in places they 
qua1 or surpass in bulk the associated elastic beds. Still higher in 
ihe section there is in plrcces a massive gray recrystallized limestone 
that locally reaches a thicknew of 1,500 feet, though it ia gsncrally 
not so thick. This massive limestone was found to be almost con- 
tin~rous from the head of tlie Bull River eastward to the west fork 
of Windy Creek. Fartller west it was not obsemed on the south 
flank of the range, but as it everywhere lies near the crest of the 
range in wrem &ill occupied by vigorous glaciers, it has not been 
mapped in detail. 

On the north flank of the range from Hailna Glacier eastward to 
the basin of the Sanctuary River there are disconnected patchas of 
massive limestone, probably separakd from one another as a m l t  of 
the severe deformation and faulting which these mountains have 
nndergone, t h ~ t  may be the stratigraphic equivalent of the limgstone 
on the south flank. The complex structure of these rmks is still to b 
worked out, md many details of the succession are still unknown. 
It is considered probable, though not yet proved, that most of the 

Paleozoic rocks e x p o d  on the north flank of the higher part of the 
range at Mount Eiebn and in the headward basins of the Tokht, 
Teklanika, and Sanctuary Rivers lie stratigraphically above the 
Middle Devonian limestone. Like those wuth of the rnakva lirne- 
stone belt, they include schists, slates, thin- to medium-bedded lime- 
stone~, conglomerates, graywackes, argillitm, land arlrms, They have 
been studied in the Mount Eielson district by ReedVB1 East of the 
Nenana River, according to Moffit? the beds include limestone, data, 
and mnglomerate, dl more ar less metamorphased and cut by granular 
intrusives. From the limestone he collected fossils that were de- 
termined ta be either Iower *per Devonian or more likely Middle 
Devonian. He clased both limestone and associated b& as Devonian 

StmcturalIg this whole wries of rocks is so badly folded, faulted, 
and crumpIed that of no single section which has h n  studied can it 
be confidently asrnrtd t h d  the normal succession of beds i s  h o r n  

I. C, The Moant Elielaon dfsltrfct, Alaeka : U. 8. M I .  Bureeg B d ,  WSD,  pp. 
247-250,1835. 

gMof!lk F. H., The Broad Pama region, Alaeka: TJ. 14. Ged. Barney Ball. 608, gp. 24-26, 
1915. 



h m  top to bottom, or tha t  the thickness of the series has been de- 
termined. Duplication of beds by clow folding is known to have 
occurred in some placm and has llrobably occurred at  rnsng others. 
Faults of unknown displacement occur. Much more detailed studiss 
than have h e n  mado will be required lmfore these facts can Ibe satis- 
h t o r i l p  determined. It can be safely said, however, that many 
thousands of feet of sedimentary rocks are included in this %ria, and 

* that detailed mapping will result in breaking up the section into 
everal formations, 

As to the a p  of these swkq a11 that is definitely known is that a 
limestone of probable Middle Devonian age is pres~nt and that this 

' 'limestone lies in the midst of rr thick section of clastic materials which * have yielded no fossils and whose age is not accurahly known. Soma 
of the beds that are older than the Middle Devonian limestone lie 
upon a still older group of slates, schists, limestone, and serpentine. 
Other clnstic beds above the Middle Devonian horizon are almost cer- 
tztinly of pm-Permian age. It is possible that rocks now included in 
this series may range in age from p1.e-Cambian to C~rbniferous. For 
the purpose of this report. nntl in the absence of more definite h o w l -  
edge, nll this heteroe~leous assemblage. of materials is here grouped 
together ~s of undifferentiated Paleozoic age. 

z MIDDLE DEVONIAM LIMESTONE 

In the preceding description o;F the undifferentiated P~t lmic  .. roc& frequent mention has b e ~ n  made of a massive limestone of 
Middle Devonian ago. In most plnces this limestone has hen so 
a l k d ,  either by shattering, silicification, or even complete recrystal- 
lization, that any organic remnins it once contained have been de- 
stroyed. At a few plam, however, collections of well-preserved 
Middle Devonian fossils Einve bee11 made. As the stratigraphic asso- 
ciations of this limestme are much the same througllout the area 
in which it mum, and as the various ptltclies all lie along the same 

C 
h general strike, it has ken rtss~lmed that they represent a single for- 

mation, although now much broken and separated by folding rand 
faulting and possibly even duplicated in wrtain cross mctioris of 
the rang& 

The longest continuaus exposure of th is  limestone lies in the head- 
ward basins of the 3 3 ~ 1 1  Riwr and Cantwell Creek, where it ran* 
in thickness from a few ht~ndred feet to 1,500 feet, thongh the mnxi- 
mum figure may be the re.eault of duplication by dose folding. In 
that area the limegone is gray, weatl~erfng to light buff. It is partly 
~~(:ry&llixed ~ n c l  has been much fmtured, the fractum being 
healed by calcite vsinlts. An intensive *arch failed to find doter- 
minable fossils in that area. In the same longitude, but somewhat 
to  the nofih of the crest of the range ttnd outcropping on the r i d p  
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between 'the glacier-filled vdlep, them ia another more or lsss can- 
tinuom belt of limestone, somewhat interrupted and broken inb 
isoIatd blocks. by faulting md deformation. In the basin of the 
T e k l a n h  River this limestone yielded Middle Devonian f k l s .  
Disconnected patches of a limestone, in many places aompletdy re- 
qstalIized, m u r  at intervals along the same general strike as fax 
wmtward as Hanna Glacier. In the absence of evidence to the can- 

. trary, all those m m e n c e s  of massive limestone are assumed fo be 
of the same age-that is, Middle Devonian-although this is not 
proved. 

East of ther northward-flowing portion of the Nenana River and 
south of the great h u l t  Moftit n9 found a thick ~lime&one formation, 
associated with date and conglomerate. From it he collected fomila 
of probable Middle Devonian age. In his mapping he grouped the 
Shmtone with the m i a t e d  clastic beds, which yielded no fossils, 
and claseified thorn all as of Devonian age. On the accompanying 
g ~ w l ~ g i c  nap (pl. 2) Devonian limestone is shown at only a few 
of Moffit'~ Imalitiee, Elsewhere this limestone md assoeiakd sedi- 
mentary beda are grouped with the undiflerentiatd Paleozoic h a  

B t w t m - T h e  G~XUC~UIW of the Devonian limestone in this region 
is highly complex, and its details ha-re not yet been worked out. be- 
formation that included bro~d folding as well as crumpling and pm- 
gi61y close folding has certainly taken plam, and faulting llas inter- 
rupM the continuity of the limestone outcrops, gartieularly on the 
nodh dope of the range. During the deformation of the b& the 
limestone has been Bhattered, silicified, and in places completely 
rnrystallized, ~o that its organic remains have bean destroyed. 

Age.-hvertebmte marine f d s ,  mme definitely Middle b 
vonian and others of probable Middle Devonian age, have been found 
in Ellis hes tone  rt only a few localities. Elsewhere the rock is too 
much altered to have preserved identifiable fossils. The stratigraphic 
=miations of the limestone outcrops throughout the region are so 
~imilar, howevsr, that it appears likely that they all belong to s 
single formation, part of which is of known Middle Devonian age 
and part of probable Middle Devonian age. These limestones am 
therefom for the present ltIl classified as of thgt age. Further stlid- 
ies may succeed in proving that limestone at  more then ona horizon 
is presnt, and that limestones either younger or older than Middle 
Devonian have been erroneously p u p e d  together. 

O k t w  and d$ta'bdb~-The name "Totatlunika schistn has 
been applied to 5 s e r i ~  of quartz-feldspar schists and gneisses, with 
same metamorphosed sedimentary rocks, which are extensively devel- 

-Mom& F. H., op. dt. (Ball. 608), pp. 24-88, 



aped in the foothills and higher mountains of the north flank of the 
Alaska Range btween the hntishna and Little Delta Rivers. Far 
that distance the Totatlanika schist is in mneral the northernmod 
hard-rock formation of the rang% though it is concealed over great 
a m  by overlying Tertiary and younger materials. These rocks 
may a h  extend northward beyond the fmthills, beneath the heavy 
filling of gravel in the Tanana lowland. The sedimentary rocks of 
Brooks' Tonzona group are in plms so intimately (tsmiated vith 

L ~ h i s t s  and gneisses: of igneous origin that these components have not 
ye$ been separately m%pped in. the field, and the Tohtlanika schist 
thus includes mainly materials derived from igneous racks, but alm 
mme beds of sedimentary arigin that if ~ p a m b d  would properly 
belong in the Tonmna group. 

The Totatlanib mhist at various localities has bwn described by 
several writers, though that name has not dways been used. The 
rocks include a great variety of materids of h t h  igneous and sedi- 
mentary origin and vary widely from place to  plaw in the d e p  
of mebmorphim they have undergone. T h e  dewription of them 
rocks in the Kantishna and Bonnifield regions is appIicable 
throughout the region here discussed. The most characteristic phase 
of these rocks is a porphyritic schist or augen gneiss, with pheno- 
arysts of qurtz  and white orthoclase feldspar, the feld~para formkg 
the aupn, which in p l w  reach a &meter of over 2 inches and 
have sharply marked crystalline outlines. The matrix in which tPLa 
crystals lie is a dark fine-grained groundmaw composed chiefly of 
mica and quartz. The quartz phenoer~rsts reach a diameter of half 
an inch. The lines of schistmity are well developed throughout the 
mk, and in places the qnrtrh and feldspar crystals are oriented with 
their long axes parallel with the foliation. From the coarse angen 
p i m  phase the rock grades through successively finerpined mate- 
rids with lass conspicuous phenocrysts to a very h e - p a b e d  white 
or cream-colored seridtic schist, which shows little or no grit when 

P 
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broken and rubbed between the hgers. All gradations between these 
two extremes may be found. When fresh the groundmass of the 
augen gneiss is dark in color, spotted by the white feldspar pheno- 
cry&, but upon weathering the rock becomes light gray or whitish. 

*r On weathered dopea and on the high ridges the surface is in plaoes 
covered by fragments of feldspar crystrtlq left by the decay and 
removal of the groundmass. 

This assemblage of gneiss= and feldspathic schists is believed to 
have resulted from the metamorphism of rhyolitic rock, presumably 
flows, wit11 possibly some associated tuffs. 

w a p p r ,  S. R., The Knntlshnrp W o n .  Nasih: U. L -01. Snmy Bull. 687, pp. B W ,  
1918; The Bonnlfleld region, Alaska: U. 8. Oeol. 8urvey Bull. 601, pp. 22-26, 1912, 



106 Q E O L W  OF THIE ALASKA RAILROAD REGION 

A-iarted with the altered igneous mks, especidy in the lower 
part of the serieg, are commonly b d s  of carbonaceous shales and 
sctdst and some quartz wnglomemte, which are erhinly  of d i -  
rnentary orifin. At a few places beds of limestone have dm been 
found. The carbon~eous scllists are most abundant in the region 
east of the Nenana River and extend in a fairly we11 defined thongh 
dismntinuous belt along the contact between the Totatlanika schst 
on the north apd the Birch Creek schist on the south. They are in- 
lerbedded with the qnarkz feldspar achjstn and are so closely folded 
and involved with them that it has been impossible in reconnaissance 
studies ta mparate the two. Indeed, it is pmbablo that t h ~  clepositinn 
of the sediments was intempted at times by the ~xtrusion and ejac- 
tion of igneous mks, so that they pmprly belong to the same time 
perid. The beds of clastic origin are prominent only near the base 
of the schist series; the quartz-feldspar sclrists in its upper portion 
contain little sedimentary rnttterinl. The term "Totntlanika schist" 
has therefore been used. to dasignate a series consisting m d y  of 
metamorphosed rhpolites but in i ts lamer part containing much ma- 
terial of sedimentary origin. In a few pl~ces a part of this schist 
series has beer1 found to be impregnated with pyrite and to carry 
gold, so that the weathering of these rwks mny have furnished some 
of the placer gold of the ~ g i o n ?  although most of it is supposed to 
have been derived from veins in the Birch. Cwek schist. 

Both the cIustic and the igneous beds of the Totatlanika schist 
have bebe cut by intrusiva rocks at vurious times. ;Some of the 
dikes were injected when the rocks were comparatively young and 
have been folded with tl~em. Other intrusivcs came in much later 
and are stin comparatively massive and undeformed. 

Tha complex stn~cture of these roclcs renders it rlifficlllt to gain 
a knowledge of their thickness. Valleys cat 3,000 feet below the 
peaks fail to show the base of the series, and much of jts u p p r  
portion nt these places may hrtve already been eroded away. On the 
other hand, the apparent thickness at any particular plam may be 
due t . ~  folding and repetition. Definite evidence of the real thick- 
nesg i s  now lacking. 

Bqe.-In the absence of f&1s from the Totatlanika schist there 
is no certain evidence of its age. It overlies the Rirch Creek schist, 
which is pre-Cambrian, snd it, was correlated hy RrookaS5 with his 
Tonzona. gmup, which he tentatively w i p e d  to the Silurian or 
h w e r  Devonian. The Totatllrnika scllist i s  more metamorphwed 
than the sedimentary mb d a t e d  with the Middle Devonian 
limstone of the Alaska Range. Xothing more definite can now be 

"B*, A. It, The M m t  McKinley rpploo, Alairkn: U. S. Uml. Bnrvey Prof. Pawr 
70, p. 15, lD11- 



said thsn that it is probably Paleozoic and earlier than Middle 
Devonian. 

The only mks in this region that are definitely known to be of 
Carboniferous age m u r  on the southeast Amk of the range in the 
vicinity of B m d  Pass, As described by Ross they indude a wide 
range of materisk of both volcanic and sedimentary origin, which 

*. have an aggregate thickness of o ~ e r  10,000 feet, For convenience 
in description, Rom divided them into five, units, of which four 
represent local lithologic p h a m  of the first, with an additional-sixth 
unit, a limestone, mapped sepnrately. The general unit he de- 

e scribed aa characterized by tuflaceous Ws of deep-rose md related 
shades, some beds moderately fine-grained and others coarser hrec- 
cias, all corn@ for the most part of fragments of Iava and of 
igneous materials, mainly plagiodase, with abundant quartz and 
cdcite in the cement. Some of the coarwr breccitls also contain 
fragments, genernlly angular, of argillaceous rocks, quartz, and 
other materials. In otllor beds, however, the rock particles are 
fairly well rounded anr~d. form conglomerate. Interhadried with the 
reddish rocks is considerable green and black tuff cnmposed of frag- 
ments of Lva, devitrified glass, and other material, with abundant 

- chlorite. Flows of gray, purple, and p e n  andesite are widely 
distributed and are interbedded with the tuffs, though subordinate 
to them in volume. In a fern places limestone beds 100 feet or mare 

! thick are interbedded aith the tuffs, wit11 small amounts of argillite 
and conglomerate alsa, but in genaxal sedimentary materials form 
only a small proporbion of this group of beds. 

According: to Ross' dewription, the Carbonifems rocks are much 
fanlkd, and the exposed section differs p a t l y  fsom place te place, 
The lower portion of the section appears to consist of black chloritle 
srgillite, mngIomarate, and limestone, with some beds of c o a m  grit 

L 
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in tuffaceous matrix and some lava flows of d~c i te  and basalt. 
Thm beds arm sucoeerled above by Mack to greenish chloritic argit Ete, 
followed by a haterogeneous gssemblage of stratit in which chert, 
cherty limestone, and ch1orit.i~ argilli te predominate, with lmally 

* mdssitie lava, tuff, and tnffaceous breccia. Still higher in the m- 
tion is a series of chert, cherty limestone, tuff, and argiliite, with 
some conglomerate, 

All the beds described above are assigned by Ram to the Carbon- 
iferous, and prob~bly to the Permian. They lie stratigrapl~icallp 
above mch of questionable Devonian age and below Triassic W. 

"mb 6. P., Ylnewl deponlta near M e  Wmt Fork o f  the  CbuIltna Elver, Amh: 
D. 8. Qeol. Survey BUN, M%n. pp. 2 W S 8 ,  1033. 
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MESOZOXG ROCgC3 

VZCDIFF-=TED mmozoIa Boem 

A persistent though somewhat discontinuous beIt of d i m e n t a q  
mcb of Mesozoic age lies on the southeast flank of the Alaska Ran* 
in the mgion from the Ymtw River t o  Broad Pass and f o m  a con- 
spicuous element in the make-up of the range. Similar rocks, along 
the same genersI strike, dso occur on the north s lop  of the range in 
the headward b a s h  of the Savage and Sanctuarp Rivers. A par- 
allel beIt of similar rocks also lies east of the Susitnrs River from tho 
vicinity of Curry to Broad Pass, and its northsastsrn extension 
reaches intu the Alaska Range in the headwater regions of the 
Xennna and Susitna Rivers. These m h  consist mainly of ahallow- 
water marine sediments that as deposited were muds and impure 
muddy and feldspathic san& but that. have been indurated and meta- 
rnorphoaed into argillites, slates, and argillaceous ppwackes .  m e y  
bear a striking rembll~nce in l i tho10~ and structure to the great 
group of sediments in the Ghugach and Kend Mountains that h a w  

. been desxibed sbve as nndiflereutiated Mesozoic mcks, and thrt 
demription spplies almost equally well to the great areas of Mesozoic 
pocks in the Alssks Range. They om- the major portion of th0 
Peters and Dutch Hills, in the Yenha district, extend thence north- 
eastward across the basins of the various southeastward-flowing trib- 
utaries of the Chnlitna Riper to the Cantwell River Basin, though 
intempted by granitic intrusive masses, and appear on the north 
flank of the range in the eastern portion of Mount McKinley Na- 
tional Park. Similar rocks also appear in a mmewhat parallel belt 
that has its northeast end near the glacier at the head of the West 
Fmk of the Snsitna River, and a third belt with the same pnerrrl 
strike crossss the upper Susitna River into the Alaska Range in ths 
latitude of Valdez Cmek. In dl these areas the principal rock con- 
stituents are argillites, slates, and graymackes, with here and them 
&me limestone and with subordinate amounts of conglomerate. 
Their most charaderistic phase is an alternation of argillite or slab 
beds from a few inches to a few feet thick with graywacke beds uf 
sirnilar thickness, indicating frequent changes in the character of the 
mdiments that were brought into the basins of sedimentation. In 
places, however, either the clayey or the sandy phases may predomi- 
nate, and -ions 100 feet or more thick may consist almost sxclu- 
sively of one or the other of t h m  types of material. 

Included in this report with the undifferentiated Blewmic mh 
is a thick group of m k a  in the Broad Pass region composed mainly 
of slab, graywaeke, and argillite, which on the basis of fossils col- 
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lected fmm its lower portion was assigned by Mofit 8T to the Triassi~ 
. knd another p u p  in the same area composed mainly of shale, argil- 
Eite, and slate, with minor amounts of graywacke, mnglornemte, 
chert, and s little limestone, which yielded a few fossils of Jurassio 

.OT Cmt&c.eou~ age. Mufit was uncertain about the position of the 
boundaria betwwn these two p u p s ,  and they are b t h  included 
here as undifferentiated Mesozoic. In the region between the Chu- 

V 
litna River rrnd Windy Creek Capps as found TriasGc lhe~tone 
nssocinteci with a thick wries of slates and gmywrtckes, and a thick 
p u p  of black argillites and slates in which Jurwic fossils were 
collected at a single horimn. A11 these rocks are here grouped sp 
undifferentiated Memmic, as are similar rocks in &e h y  district, 

.r described by Tmk,RB and in the Yentna district m d  erastern Mount 
McKinley National Park described by Capps. Although in all the98 
areas them are lmal phases which are somewhat distinctive, the 
rocks as a whole have many characteristics in mmmor~ They m e  
almost everywhere steeply tilted and folded and have been sffi- 
ciently mehmorphtwed for the argillaceous materials to show goma 

d e p  of slaty cloavag; the frequent alternation of thin Ws of 
argillaceous mks with coarse-pined materials is widespread; arid 
ripple marks and mud cracks can commonly be m, sttastirrg their 

t 
shallow-wetar origin. But perhaps the most distinctive feahra of 
these beds, and one tlmt is difficult to explain, is the extreme scarcity 
of fossil mmainfi in them. Throughout this mgion the localities st 
which identihbla fossils have been found can be counted on one's 

5 fingem. Small collections from this p u p  of rocks of definite or 
probable Triassic age have been made at  three or four localities. 
Two localities have yieldad Jurassic fossils, ~ n d  one locality yieldad 
two p i m e n s  of probable Upper Cretaceous a@; all these are from 
ToCEGs that range in age from Triassic to Cretaceous, that cover an 
area of mmy hundrecls of square milea, that reach m thicknem to he 
m d  in thousands of feet, and that are much alike from t o p  

d 
rn to bottom. As neither the ZitPlologic character of the group nor the 

fossils obtained from it ham so far yielded information that would 
justify its subdivision inta smaller, well-defined unite, iB rocks m 
here all grouped as undifferentiated Mwozoic, although it ia known * 

aBfdt ,  F. H., The Broad Rwr r e g l a  Wblssllca : U. B. GeoL Bumeg Bull. 868, pp. 2-1, 
1915. 

"Cappa, B. IL, The Wem portlon of a u n t  McKinley Nntlonal Park: U, E. Laeol 
S U W ~ ~  Bull. 838, pp. 267-260, 19%. 

mTuckR Ralph, The Curry di~trict, Alaab: U. 8. Oml. Barmy Bun. 867, pp. 11?-Iza, 
1084. 

"Cappi, B. R., The Yentna diutrict, Mmka: U. 8. aeol. Snway Ball. 684, pp. %!H, 
1918. 
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that be& of ddnite Triassic, Jurassic, and Crstaceoua age are in- 
cluded in it. Detailed geologic work will be n m r y  before thla 
group of beds can b satisfactmily subdivided, and that mbdivision 
will in most places of necessity be made an lithologic grounds, for 
nowhere am fossils abundant enough throughout the section to  give 
the geologist the information needed to separate the beds amrahly 
on the basis of age, as detmminsd by the organisms that lived in t.Ks 
region while they were being deposited. 

112thougl1 no Triassic rock are separately shown on the aqmn- 
ptbnying geologic map, beds of that age have been recognized from 
their fozlsils at several places in the Alaska Range, but always as a 
subordinate part of a larger group of unfossilifemus wdirnenhry 
rocks, so that the uppr and lower limits of the Triassic b d a  could 
not be accurately determined. In this report, therefore, the. known 
Triassic beds hwe been included with the associated sedimentary 
rccks and mapped as of tmdidemntiated 'Mesozoic age. On a more 
detailed map the small areas of known Triassic: age would be shown 
in a separate pattern. 

Limesbnes carrying fossils of Triassic, probably Upper T r i s i c  
age have been recognized in the basin of the Wwt Fork of the Chu- 
litna River by Capps and bj Ross.Bz They have hen definitely 
recognized in the valleys of Ohio, Copeland, and Long Creeks ,and 
are everywhere wwcittted with argdlites of presumably the same 
age. Where fully exposed the assemblage rangss from 1,500 ta more 
than 2,000 feet in thickness. 
In the Broad P w  region Moffit OS oolIected Upper Triasic foss& 

from limestones and s1at.m associated with dark-colored slates, arkose, 
and graywacke, the whole assemblage having a possible thickncs o f  
several thousand fget and forming a belt 6 or 6 miles wide. Ths 
fmsiliferous h d s  me, found in the lower part of the saction,.ht 
Moffit teatsLtiveIy classified the whole group as Upper Triassic. Inas- 
much as a great thickness of them rocks yielded no fossils, and there 
is therefore some nnertaintg as to their age, they are dl here grouped 
with the udifferentiated Mesozoic sedimentwy rocks. 

firnestone associated with older metamorphic sedi~nentary rocks 
in the upper basin of the Sushanrs River in Mount McKinley Ma- 
tional Park was reported by Capps w as containing m few imperfectly. 

*cappa, S, R., Mineral resonwee of the upper Chulltaa regIoe: U. 8. GeoL Survey 
Bull. flW, pp. 21&217, 1918. 

WKom, C. F., Mlneral deposits near the Wed Fork of  the CbuHtna Kiver, klaskm : 
U. 8. Qml. hrvey  Bull. W%F, pp. 298400, 1933. 

*Yofit, F, H., The Broad paw region, AIaeka: U. 8. Owl. Bnmey Ban. @8, pp. Wl', 
1915. 

YCapp~,  B. R., The KantWna &on, Maaka : U. L1. QwL Survey Boll. 687, gp. 33-84: 
a7, 1910. 
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prmerved corals that are probably of Triassic age. Its area mas so 
s rnd  and its stratigraphic relations so o h  that it was not mapped 
~pamtely,  and it is mentioned here only because it indicrttes the pres- 
anca of Trimsic mks in a little-horn area on the north slope of the 
Alaska. Range. 

-10 OR ammAOEOw0 Room# 

Sedimentary rocks t h ~ t  hh~ve been assigned to either the Upper 
IL. . Juruassic or the Lower Cretscmus have been described by Capps " as 

oocurring in the upper basin of the West Fork of the Chuliti~a River. 
They comprise at least 4,000 to 5,000 feet of beds, mainly mudstones 
now altered ta shale, argillite, and slate, with a few thin limestone 

rur lenm. Them M s  overlie a &es of sedimentary rocks that carries 
Upper T r i a ~ i c  fossjls, and are succeeded unconformably by the Cant- 
well formation, long assigned to the Eocene but recently determined 
to h of Cretaceous age. In view of the age assignment of the fossils 
collected at a single horizon as "not oIder than Upper Jurassic md not 
younger than Lower Cretaceaus," and in the absence of hlowldge a~ 
:to both the upper and lower limit of the beds containing those fossils, 
these mcks are here mapped as of undifferentiated Mesozoic age. 

Farther east, in the Broad Pass region, Moffit tentatively assigned 
:a thick p u p  of beds comprising slate, graymaeke, conglomerate, and 

fi lim&ne to  the Jurassic on the basis of similaritg in lithologic and 
gtratipphic paition to other beds both to the east and to the south- 
we. In the region here discussed, however, he found no fmils, and 

? it is now known that some beds in the southwestward extension of the 
same belt are of Cretaceous age. This p u p  is therefore also here 
.classified with the undifferentiated Mesozoic sedmenkary rocks. 

The thick belts of Mesozoic sedimentary rocks, mdnPy slates and 
graywackes, that stretch muthwestward from the upper b s i n  of the 
.Snsitna River into the basin of the Yentna River have for many years 
h e n  mognized as of Mesousic age, but their almost complete lack of 

L 
fossils htts prevented a detailed subdivision. It has been shuwn that - this p u p  of mks conkins beds of well-established Upper Triassic 
a p  and overlyhg beds of Jumsic or Cretaceous age. At one ImliQ 
o n  ]Long Creek, a tributary of the Tobchitna River in the Yentna 

w district, fosils have been found that a m  probably Cpper Cmtamous. 
It therefore appears that. marine sedimentation was more or less con- 
tinuous in this region throughout pI.iesamic time, though the monot- 
onous lithology and the astonishing paucity of fossil remnins have 
left the details of the geologic history clouded in uncertainty. The 
geographic event of major importance that m w d  in Iate n l ~ ~ o i c  

m C p p ~ ,  8, R., The mutern mrlion of Mount McBislep National Park: U. 9. Eeol 
Sniorrty Run. @ifla. Dp. 280-2w. 1933. 

Momt, F. 11.. The Bronrl Parr RgrEun. Alaska : U. 8. Geol. 8urwg Bnll. 608. pp. 328, 
IBJI. 
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time wa9 the h d  emergence of thin prdvinm from the sea, probabIp 
in Upper Cretaceom time, and the resulting cessation of marine depo- 
sition. No marine deposits later than Upper Cretaceous are known 
in thb part of Alaska, 

CaFTAaEQVB ROUXS 

DhMbwth md ehumfsr.-The Cantwell formation is a p u p  of 
Eermtrial or fresh-water beds that have a wide distribution on both 
flanks of the Alaska Range. It has been recognized as far  westwarrim 
as the h d w a m l  basin of tha Tomona River, in the Kuakokwinz 
drainage area, occurs in mattered patches from that point eastw~rd to 
Muldmw Glacier, and from Muldrow Glacier eastward to the vicinity 
of Mount Hayes is perhaps the most widespread single group of 
mcks in the make-up of the Alaska Xrange. 
The Cantwell formation was recognized by the earliest geologic 

expeditions into this part of Alaska and haa been described in some 
detail by seven1 authorus?' Errlcept for soma s i~ i f i cant  facta con-, 
cerning its distribution, structural relations, and-age the mrlier da- 
scriptions are adequate and will b briefly summarized here. Recent 
information in regard to the age of both the Cantwell and of the nem 
younger group of beds, the -~ertiary coal-bearing formation, has 
reopened the qnestion as to  the age of these two sets of fresh-water ' 
deposits and is sufficient justification for a somewhat fuller dwmip- 
tion of the Cantwe11 and discussion of ita age than would otherwise 
be given at this place. 

The Cantwell fomtion was first dewxibed end named by Eldri-, 
who found conglomerate3 and coarse sandstones along the ~ e n a i a  
River between Whdp Creek and Yttnerh Fork. H e  had no informa- 
tion md made no siggestion as to the age of the formation. ~ o u ;  
years latery in 1902, gr-mks saw and mapped these rwks from Muld- 
row Glacier eastward into the basin of the Yanert Fork. Brooks 
mqpized the fact that this formation included, in addition 20 

Eldridge's conglomerate and sandstone, a thick series of associated 
sandst& and shale, and he found in shale closely associated with the 
Cantwell plant remains that mere later disposed as of k n e  age. 
Brooks had reached the conc1usion from other lines of reasoning, 
however, that the Cantwell formation was of pre-3Iegozoic age, an: 

s E l d d d a  0, H., A reconnnlwanm of the BusEtna Badn and adlacent territow, 
Ahakn, la 1898: U, I WT. survey 20th Ann. Rept, pt. 7, p. 18, 19110. Brooka, k A.. 
The Mount McICinlq r@glon, Alnakn : D. 8. QcoL Burwy Prof. Pam 'KO, pp. 70-83, 1911, 
Homt, P, E., Tbe Brwtd F%aa region, Masku: D. S. aml. Survw 81111. 608, pp. 40-49,. 
1815. Capp, 8. R., The BonaltI~l(1 region, A l a k a :  U. S. am]. 8 m e y  Ball. 501, p. 28, 
3012;  The Eantiehna rmnn, Alnrrka: U, 19. Geol 8orwg Anll. 68'1, pp. 3 H 4 ,  1910; 
Tha enstern portion of Mount McKInleg Nntlonal Park: 0. 8. Geol. Barney BuU. 836, 
pp. 2%4-27.2, 1933. 



he therefore inferred that the f a d  plants he had c o l l ~  had some- 
how been f adid intro the pmition in which he found them and hnh-, 
tively sssiped the Cantsell to the Pennsylvanian series. In 1910 
the writm observed firmly cemented sandstone, shale, and conglomor- 
ate in the headward basin of the Wood River, but he correlated those 
beds with the coal-bearing T e d q  beds, for the Cantwe11 was then 
still considered Carbonifemus, In 1913 Moffit exkended the how11 

c area of Cantwell mks eastward into die upper Nenrana Basin, col- 
1ect.d fossil plants thst were at that time determined to be of Fmne 
age, and showed that the rocks in the upper W d  Rimr Basin, which 
the writer had earlier thought were a part of the Tertiarg coal-bring 

C 
formation, really belonged to the Cantwell. In 1916, 1917, and 1914 
the writer ~xhnded  the known areas of Cantwell rocks into tha 
headward basins of the Savage, Teklanika, and ToUat Rivers, on 
the north dope of the range, and i n b  the upper basin of the West. 
Fork of the Chulitna River, on the south slope. In 1930 he showed 
the presence of a nearly continuous &It of Cantwell rocks on the 
south dope of the range, brdered on the north by a great fault from 
Windy Creek westward to Anderson Pas% and extending thence 
westward an unknown distance i n h  unexplored tlreas. 

The shapes of the amas of Cantwell rocks ~hown on plate 8 ham 
rn been determined in a varieky of ways. In places the position of the - 

margins is due to erosion, glaciem, and stfeams having cut throngh 
the Cantwell ta expose older underlying rocks, In other plwm the 

! 
Cantwell is in contact with past-Cantwell intrusive mka. Over 
considerable areas lava flows of Cantwell or younger age have cmv- 
e d  the sedimentary rocks, and elsewhere the younger Tertiary 4- 
bearing formation, the Nenana gravel, or glacier or stream deposits 
conceal the Cantwe11 strota. Faulting in many placm has brought 
the Cantwell against s p e a t  variety of older materials. 

The Cantwell formation consists almost exclusively of elastic sedi- 
men- mks ranging from coarse, masgive conglomerate contmin- 

# - ing pebbles 6 inches or mom in diameter through h e r  conglomerate 
b mama gritty sandstone, and this into fmer sandstons and able. In 
many placas the lowest part of h e  Cantwell is a mama conglomerate 
200 feet or more thick, includig well-rounded cobbles and pebbles 

r* that m p m t  most of the older formations of the region. This basltl 
cong1omemte is not everywl~ere present, however, and in places, par- 
ticularly in the upper basin of the West Fork of the Chulitns River, 
it has not lmn pmible to locate certainly the plane of contact b- 
tween the h h - w a t e r  Cantwell rocks and the underlying massive: 
Jurassic end Cretaceous beds. Above the basal beds of the Cantwell 
there is a succession of interbedded ssndston8, grit, shale, and con- 
glomarmte, in which individual beds m g e  in thickness from a few 
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inchm to many hundreds of feet. The sumssion is probably not the 
;same at any two places, for a single bed may vary along the strike, 
h i n g  he-grgrained at 0110 place and coarse-pined not far away. 
Furthermom, it has been observed at many places thht the beda are 
lenticular, a conglomerate several hundred feet thick thinning out 
and disappearing within a distance of a few miles, porhaps to be re- 
placed by another conglomerate a little higher in the section. In a 
general way, however, the proportion of conglomerate decream and 
that of shale incmam upward in the mtion, though conglomerate 
recum in the formation from bottom to top. In certain parts of the 
region, particularly in the vdleys of the Sanctuaryy Teklanika, and 
'Toklat Rivers, along the mute af the park mad that leads from the 
railroad to Wonder Lake, there are large q~an'tit~iies of ifleuus rocks, 
occurring both as intrusive dikes and sills and lava flows inter- 
bedded with the sedfrnentaq mks .  They include rocks of a con- 
sidemble mnge in texture and composition, smong them rhyolite. 
porphyry, rhyolite flows and tuffs, andesita, dwite, diabase, basalt, 
.and, amygdulur gTBenstane, as well as coarser-grained intrusive rmks 
including granite, monzanite, diorite, and gahbro. The flows inter- 
.'tJedded with the Cantwell sedimentary rwks a m  especially vivid in 
coloring and include hues ranging from whits, cream, and light 
tints of  pink, red, preen, and purple to darker shades of brown, red, 
.and gmn. These varicoloreri Iavas and intrusive mks in the Cant- 
well give the brilliant dor ing  seen in the mountains of the TekIanika 
R a s h  and hlychrome Bass. 

The sedimentary beds of the Cantwelt range in color from light. 
. p a y  sandstone and conglomerate to dark, nearly black conglomerate, 
.sandstone, arid shale. TImy include some bufF and reddish beds, 
but the colors are presailingly ssornIber9 in contrast to the brilliant 
colors of the amiated igneous rocks. The rocks are well indurated 
throughout and weather into bold, ragged forms. The peaks of 
mrtny high lnountains a m  composed of these materials, and the 
"coarser beds, particularly the hard conglomerate, produce many 
fantastic and picturesque forms. The shale and argilltite ara gen- 

era11 y less mist ant to erosion than the sandstone and mnglomerak, 
-and where the formation is largely composed of the h e r  beds the 
d i e f  is less bold and the s l o p s  are m m t h  than when coarse 
materials prevail. In many exposum the hard, ma-graind MA 
stand out in parallel plats of high relief, the shale having 
.weathered into deep troughs between them. 
In a few places the Cantwell formation contains cod beds. Along 

the railroad at mile 341 an attempt was made soma years ago to 
mine coal, but displncement of the bed by faulting mnsed difficulties, 
and the project was abandoned. At other places cosly s h a l ~  con- 



taining very thin beds and lenm of cml have been ohned,  but 
at p m n t  no cod is being mined from the Cantwell. 
In the area just south of the great fault that exlends from Ander- 

son Pass eastward through the upper basins of the W t  Fork of 
the Chnlitna Ever and the Dtdl River to the Nenma River, and 
north of that frault thenre ertst\raril to Nenana Glacier, the Cantwell 
strata have b n  shown Og to exhibit n progressive change from little- 
altered d i m e n t a q  rocks at a distallr~ frola1 tho fault z011e through 

C materjals that ahow inmasingly the c f f ~ c t s  of metamorphism to 
highly metamorphic roeks that include mashed and stretched con- 
glomerate, black slate, and mica schist in the immediate vicinity of 
the fault. These highly metamorpll& phtlm are confined to the 

d ecinity of the fault zone and are attributed to  dresses set up by 
the faulting i ~ 1 f .  A series of specimens may be collected that 
shows n complete graduation between slates and xhists, en one 
band, and 1 i tt,le-altered argillite, conglomerate, and sandstone, on 
the other, md leaves littIe doubt ELS to the conta~nportmeity of the: 
whole assemblage. The downthrown side of the fault was on the 
math in the area west of the Nensna River and on the north in the 
~1.aa aast of that river, which accounts for the p m n m  of the 
Cantwell rocks on different sides of the fatllt, in those two areas, 
No atudy of the geology of the Alaska h r g e  has been made in the 

3 @on west of Anderson Pass and s o ~ ~ t h  of Mr~ldrow Glacier? but 
abundant blocks of m~~lomemte, sandstme, and shale that &R 

,idtintical in appearance with Cantwell mcks m scattered over the 
F surface of Muldrow Glacier, and t.hesa indicate that Cantwell sedi- 

mentary mks form a considerable element in the high ridge of' 
which Mount McKinley is the culmination. Neither the source fmmt 
which the Cantwell sediments mere derived nor the area originally 
ooverecl by them is known. It is certain, howevar, that the a m  
of deposition was much larger than the area now mupied by this 
formation, far the margins of the areas, as mapped on plate 9, 

< everywhe.re show that they have h n  reduced by erosion, or covered 
by younger materials. 

Stmture a d  thicXsne~~.-'rl~e structure of the Cantwell formatim 
in this region is complex, though lass so than that of the rocks om 

+ which it lies unmnfomably. On the south flank of the mountains, 
south of the great fault, the prevailing stmccttlre of the; Cmtwdl 
is a rnonwlinal dip of 15"-20" N., though the structure is by no 
means so aimple a~ flach a general staternant indimhs. Faults of 
various displacement are common, and there are large open foldg 

"Cam, s. B., Tba Wtsm portion of Mount McKin1eg FTB~!w~~ Pmk: U. 8. Gaol 
h m y  BnU. 83a, pp. %287, 1933. MM?, F. H., The Braad Pam region, Alankn: 
U. 8. Uml. Burveg Bull. OW, PP. 4048,  1915. 



p a t  i d i n a l  folds, and local areas of intense mumplhg 8nB mu&- 
ing. Along the zuns of the p t  fadt the beda s-ra greatly sheared 
and mashed, the conglomerate is atretched and schfstose, and the 
shale is mashed ta frsgnents or reduced t.a a f o m l ~ s  mass of clayerg 
material. North of the p a t  fault the beds exhibit s wide range 
in d e p  of deformation. West of the Nenana River the Cantwell 
lies in a broad syndhal trought the south limb of which is upturned 
against the Paleozoic & along the, cmst of the ranp, and the 
north limb bordered by the Paleozoic and pm-Paleozoic rocks of the 
foothill m n p .  Within this trough the Cantwell ~trata  mt uumn- 
fomably upon all the older formations there preaent. East of the 
Nenana River the Cantwell is probably bordered on the north by the 
pre-Cambrian Bimh Creek schist and on the south by the great fault. 

The folding, faulting3 and deformation which the Cantwell ha9 
undergone took place during the period of mountain-buildjng proc- 
a e s  that mted along the site of the p m n t  Alaska Range but that 
preceded the l& upward movement of the mountains. Certainly na 
mountains existed in late Mesozoic time in the area now mupied by 
the Cantwell, for its materials were of necessity deposited in low- 
lying are-, though they were depmited on land, for thia region had 
slraady finally emerged from the sea. A part of the deformstion 
preceded the deposition of the coal-bearkg Tertiary bds, for the 
.Cantwall was indurated, tilted, and eroded before these coal-bewing 
beds were laid down. Whether or not the p a t  fault along the south 
flank of the range p d e d  or followed the d e p i t i ~ n  of the coal- 
haring Tertiary beds ia not certainly known, for those beds have not 
been obmrved immedistelp adjacent to the fadt. Nevertheleas it 
may be ~easoned that the fault is older than the last nplifk, which 
p v s  the mnp ita p m n t  height. In the area west of the Nenana 
River the fault certsinly has a displmment uf at Ieast 10,000 feet, 
snd the muth side was dawnthmwn. Yet from Andemn Pam west- 
ward the high& portions of the Alaska Range are on the down- 
thrown side of the fault. These facts suggest that the tapopphia 
mlief of the surfme due to this fault was reduced by the enrsiori 
that followed the deposition 03 the Cantwell and p m d e d  the deposi. 
$ion of the coal-bearing Tertiary beds, tbnd that the p m n t  relief 
of the range is the result of regional uplift and f o l d q  after the 
mal-baring formation was laid down, A considsrtbbre part of the 
uplift of the present range is known to have been later than the mal- 
bearing formation, and that uplift was accumpanisd by compression 
and folding that involved both the Cantwell and the younger coal- 
bearing M s .  
In no one place irr the original uneded thicknew of the entire 

CmtweU formation exposed, and it ia therefore .not yet possible 
b state what the rnaximnrn thickn~sa is. On the mu& side of the 



range the Cantwe11 formation ia cut off on either its north or its 
muth margin by the great fault, and ita thickness where exposed bas 
beon diminished by erosion, p k  in tha ridge north of the head of the 
Wwt Fork of the Chulitna, River, where the beds are not folded and 
only moderately tilted, sn inmmplete section shows 4,000 feet of 
Cantwell strata. On the north side of the range the remaining por- 
tion of the formation is 2,000 to 3,000 feet thick. Moffilt cdcwlated 

* a thichess of &bonk 2,700 feet in a single mountain in the Broad 
Prrss region, mar the mouth of Jack Creek, and hlieved that that 
measurement repmnted only a part of the mtioii. From evidenm 
now at hsnd it appears that the maximum observed thickness of the 
Cantwell formation is at least 4,000 feet, and that there the section 

r was incampleh. The original thickness of the formation may have 
been much more than that amount, 

Ags and corre2ath.-Eldridge, who wrote the original description 
of the Cantwell formation, e x p r e d  no opinion as to its age. The 
name ha took from what was then called the Cantwell River but 
is now called the Nenana, the v d e y  of whj ch is cut h this formation 
fmm the mouth of the Jack Eiver to the mouth of Riley Cmk. 
Thwe beda were first assigned to a definite stratigraplirc position by 
Brooks as the mwlt of studies msde in 1902, during: which ho traced 
the formation from a point near Mnldmw Glacier eastward to the 
Nenana River ~ n d  for 25 miles up the Yanert Fork, He found the 
Cantwell formation lying unconformably upon beds of probable 
Middle Devonian age, and expmsed the opinion that it was pre- 

E - Fmne,  although recognizing its structural and litholagio mem- 

blanee to Eocene beds in other parts of Alaska. Brooks even found 
plank remains, later identified as of %ne age, in Cantwell shales, 
but the beds were faulted, and from other corisidemtions he con- 
cluded that the CantwelI formation was pre-Mesozoic, and that if so, 
it would most likely be Carb~ferous. Moffit, however, as the m l t  
of his field work in 1913 in the B m d  region, assigned the 

.* - Cantwell to the early Tertiary (Emme) on the basis of fossil plants 
1-19 collected. Thme plants were at that h e  identified by F. 8. 
Rnowlton and Arthur Hollick as Eucene. In 1916 the writer col- 
lected a few fragmentary leaves from the valley of Big Cmk, a * tributary of the Teklanika River, and t h m  also were assigned to the 
E m e .  For m n y  years, therefom, the geologists were confronted 
by a puzzling anomoly, for their field studies convinced them that the 
Cantwell was much older than the coal-bearing Tertiary beds, that 
it was much more indurated, more highly folded md faulted, and 
that it probably lay mlmnformably beneath the coal-bearing Tehary, 

*Mo!l!lt, F. E, op. dt. (Bun. 808), p. 41, 
*Brook, A k., og. cit. (Prof. Pamr TO) ,  p. 81. 



though auch an unconforrnabla awrlap hitd not been dimt1y ob- 
served. But in spite of this convincjnp field evidence that them two 
groups of fresh-watar mdimentrcr-y r&ka were, sepnrateri by a con- 
sidenble time interval, the plants from both had h e n  assigned to t h e  
l h m e .  There was hherefore no nltem~ative for the fieolngists but 
l;o accept t h ~ t  ~ g e  for both groups of rocks, thonph they were well 
mare that the two formations were not identical md hnd repeated1 y 
&hd that fact. 

During the summer of 1936 the writer was so fortunate as to mwt 
Dr. Ralph W. Chaney, a pdeabotanist, in Mount McKinley Natitionsr 
Park, ~ n d  was able to accompany him to a locality at which fosvil 
laavm had been collected from the Cantwell forn~at~ion 20 yearn 
earlier. There new and fuller collections af fossil leaces were rnzldc, 
2nd sfter cmful  dudy Glhaney definitely pronounced those plants 
to  b of Cretaceous age. ApparentIy the last word concerning thew 
fresh-water d i m e n t a q  rocks cannot be wid until the evidence from 
the fossil plants has been reviewed and until the palmbtanie And- 
ings am brought into accord. 

Di~t&b&mz mnd character--Cod-bearing Tertiary fresh-water or- 
tmmtial  sediments that hemfore have all been regarded as of' 
b n e  age wcnr at many places along h t h  ffmks of the Alaska: 
Rapge within the region here mnsidered and indeed are laown at 
intervals dong the north s lop from the Kuskokwim Basin-emtwanf 
to the intemationtrl boundtsrv, a distance of 400 miles, and along the 
southeast and sauth slope from lower Cook hle t  to the head of the 
Susitna. Basin and thence eastward into the basin of the Copper River.. 
In spite of this wide distribution, however, the murrences are s p -  
radic, and it is unlikely that the beds, even as deposited, were eon- 
tinuous htween these areas. This patchy distribution is in some+ 
d e p  due to the r~moval of o fhe  only moderately indurated mate- 
rials by emsion but is mainly the result of the conditions under 
which they were laid down. The Tertiary mal-bearing formation 1s 
composed of littleansolidsted or only moderately indurated gravel, 
sand, shale, and Xipitic or rmbbittminous coal, all of which were 
deposited by streams or in lowland areas in which there were nw 
large bodies of standing water. There is  no evide.nce ththat any af 
this formation was laid down in marine waters, and the only fossils 
are plant. remains or fresh-whr orpnisms that indicate deposition 
under subaerial conditio~~s or in small, shallow lakes. It is believed 
that these beds were originally mnfined to relatively narrow, open 
p t r e a m  vallgs or to gomewhat broader lowlands into which streams 
flowed from highland areas of moderate relief, located in about the 



mition of the p l a n t  mountains of this part of Alaska. 3n certain 
favorably situated lowlands, notably the one now o~cup id  by h k  
Inlet and the, Susitna Ril-er atid its larger tributaries and aaotller on 
the interior slope of the present A h k a  Range, extending from the 
Sanctuary Riwr eastwnrrl into the upper basin of the Totatlaniku 
River, there we1.e fairly broad areas that received these mahrials, and 
possiblp they m u r  in still another hroad basin, that of the I'anrtna - IomIand, though the later deposits of alluvial mater-itll conceal any 
'Tertiary beds that may be pwsent. Elsewhere the areas otc~~pied 
hy these beds are small, and they were pmb~blp never conneded with 
ane another. 

9* The Tertiary coal-bearing formati011 in the Cook Inlet, Susitna, 
and Tanans Basins has ~ P C I I  studied and described by several au- 
thors,' mme of whom have visited the region here under considera- 
tion. West of the Nenana River the Tertiary coal-bearing deposits 
am scatbred and of small area, and except for a few localities mhem 
the coal has been mined in a small way for Iocal nse, none are of 
present commercial value. Four miles east, of the Alaska Railroad 
at Healy stntion, however, a remarkabIe mct,ion of these beds is ex- 
posed, and there a large coal mino has been operakd continneudy 
for many years. These exposures on Healy Creek give t,he most 

! complete and be& klenown section of this formation in the Alaska 
Range region, with a stratipaphic thicknm of 1,900 feet of coal- 
b a i n g  beds consisting of gravel,  hale, sand, and lignite or sub- 

* ;bituminous coal, of which 220 feet is cod in 23 separate beds. The 
stratigraphic relations at  this lucality are typical of the fomaticn 
in many other places. The b-1 beds consist of several hundred 
feet of moothly rounded pebbles of chert and white quartz in a 
matrix of white sand and kaolinic material, lying with angular an- 
.arnXormity upon the pm-Camhrian Birch Creek schist. The con- 
spicuous white color of this p ~ r t  of the formation is clrrrrncterjstic 
.aver wide areas and is of p a t  rahe in identifying the b ~ s e  af the 

3 formation. Above the w h i k  basal gravel are alternating beds of 
shale, clay, sand, l i ~ i t a ,  and some fine p v e l  The lignite i d s ,  
some of which have locally been burned out near t.he outcrop, are 
t.hickest, and most nnrneror,~ in the lower half of the wt ion,  kllere * - there are seven beds that aggregate 174 feet of coal. In the upper 
half of the section the coal occurs in thinner beds, and fine p1.ave1 is 
more abundant. The formation is s~~cceeded ~bove conformnbly 
by a thick deposit of gravel, the Nenana p v e l .  The Healy Creek 
section contains more known coal than nny other section that has 

ZB-h, A. H., op, tit. 1Prof. Paper 70),  pp. 04-103. Carma, B. R.. The Bonnlfleld 
w e n ,  Almm: O. 8. -1. Survey Rull. 501, pp. 2R-29, 1912: The Kantiahaa region. 
~lmka: U 5. Wl. Survey Rltll. BRT. pV. 4441, l(n9: Tbe eaetern portlon of  Mount 
~ c X l n l e j  Natloaal Park: U. 8. Wl. Rurvey null. M8, pp, 272-2'18, 1838. Markln, Q. C., 
T b e  N e ~ a a  field, Alalrka: l!. &. Beol. Servey Bull. 604. b4 pp., 1918. 
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baen examined, though at other places ma& of &s formation is not 
exposed, and fie mount of cocoa1 present M o w  the lowest exposure 
is not known. 

The relationship of the cod-beraring formation, occur'ring as it 
does in lowland areas and in namow valleys between more rugged 
areas, is the direct d t  of the fact that  the beds as originally laid 
down w e n  m&ed to lowland wea.s and of the weakness of the 
beds themlvm as compared with surrounding harder rocks. The 
coal-bearing beds consist largely of unconsolidated or w i l y  eroded 
materials that were mom readily removed by streams and glaciers 
during the general erosion of the region than the asminted more 
resistant fomations, and the position of valleys and low pama where 
them beds occur was in part detemined by their may erosion. The 
wnornic importance of this formation h much greater than its area 
would indicate, for almost everywhere that it is present it contains 
coal beds and so pmvides a source of fuel for local urn in many 
places where other fuel would be dScnlt or expensive to obtain. 
The Hedy Creek-Hoaeanna Creek field, east of the railroad, is 
sstimated to aontain many biIlio11 tons of mi l ,  and active mining 
i~ now being carried on there. It is unlikely that the smaller and 
more remote fields will be exploited commercial1 y in the near future, 
or until the more a c ~ i b l e  fields are depleted, but they form a l ~ r p  
fuel reserve that sometime mrry prove valuable to the Territov. 

SCrmctwm and thicherra,-The Tertiary coal-bring f omation in 
this region occurs only ~3 m a l l  mtttemd pakhe8, or in basins of 
moderate area, and the structum and lithology within each of these 
localities have been determined by the conditions of sedimentation 
nnd of subsequent deformation, The sediments that make up the 
formation were deposited by stmms, or I ~ l l y  in shallow lakaa, in 
low, baginlike areas at a time when the present site of the Alaska 
Range was yet a mgion of low or only moderate d i e f ,  eb fact in- 
dicated by the character of the beds themselves, for they are domi- 
nantly stand, fine shale, and clay, with only minor amountg of graveI. 
The deposition of the organic materials that make up the ml beds 
must have taken a long period of time, during which little detrital 
material was introduced, for these coal beds were f o m d  by the slow 
growth and accumulation of vegetation, and while they were being 
built little dream-borne debris was brought in. 'She detrital ma- 
terial was much h e r  than the d iments  now being handled by the 
&retams in the same amw and pointg to low gradients and compttra- 
tivdy sluggish s t m  during the growth of the formation. Ap- 
parently the drainqp lines on the north slide of the range then fol- 
lowed a general east-west direction, in contrast to the present north- 



.rvard-flowing drainage, whereas on the south side thsre was appamntly 
a lowland in ahut  the same positian as Broad Pass md its extenkom 
to the east and southwest. 

. Much of the deformation and uplift of the present Alaska Range 
bas hen acllomplisbed sinm the coal-bearing Tertiary beds were laid 
down, and the mountain-building processes of folding and faulting 
have affected thee depmits as welI as the older rocks of the region. 
The cornpdon and warping of the cmst during tlw growth of the * mnge was mmpamtively slight in the foothills and on the lower 
flanks of the rnoantains, where the cod-bearing beds are most abun- 
dan t, but in the higher mountains it m w  severe, and the mall  areas 
of this formation that occur there are more highly deformed than 

E those on the hrders of the range. 
Little is known concerning the maximum thickness of this forma- 

tion. In view of the conditions under which thew 'beds were de- 
, pi ted ,  it is obvious that the formation, lajd down by streams in 

a region of moderate relief, should vary greatly in thickness from 
plm to place, and that as the lower basins were filled and the deposit 
tbickmd, the area it cowred would iricreaaa, and the beds in basal 
contact with the older rocks would be younger than those deposited 
earlier on lorn ground. For this reason, the lowst beds of the for- 
mation at W m n t  l d t i w  do not necessrsrity repfesent cantempo- 

3: rsneona deposits, but are mom than likely not to do so, and b e c ~ ~ ~ s a  
individual beds am .enemfly TenticuIrrr and the fossil leaves are not 
closely diagnostic, it has so far been hposible  ta ~0rrel~b closely 

E tbe beds at mparate localities. The thickest and most complete sec- 
tion yet studied is that near the Suntrana mine, on Eertly Creek. 
There the formation is about 1,900 feet thick, its base rests unmn- 
formably upon the pre-Cambrian Birch Creek schist, ~ n d  its top 
m e r p  wnfomrtbly into the overlying Nenana gravel. Whether or 
not the base of the formation st that place represents the oIdest por- 
tion of the formation in this region is not known, nor is i t  lmawn 

3 whether the deposition of ths coal-bearing sediments was here inter- 
rupted by the laying down of the Nenana p v e l  at ,tn earlier or at  a 
later time than elsewhere in the region. 

Age d c m U - U n t i l  the summer of 1938 the only fossils 
3 found in this formation were plant remains. From those ~ n d  from 

its stratigraphic relations to overlying and underlying formations, 
and by correlation with other beds of similar lithology, the age of the 
Tertiary cod-haring formation h d  for years besn accepted as 
? k e n &  Collections of fossil plants from this region have not bwn 
as abundant as is desirable, for although plant remains in the form 
of lignite or subbituminous cad and carbonaceous imprints of leaves 
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md twigs are common: most of them h a ~ e  h a  so completely n l t e d  
I hat the plant forms can no longer be bedentifid Furthermore, the 

.enclosing d iments  are but slightly co~lsolidated, and most of the 
plant rrrnains will not stand the Ilandlinp incident to their collection 
and transportation for id~ntificatinn. In the Kenam fieId, however, 
certain ahale beds have bwn hardelled by the burning out. of adjacent 
C O R ~  beds, and in f.hm bt~rnecl shales excd1entl;v preserved leaf prints 
have k e n  found. Fmm thew ~ncI  from other scattered collections 
throughout the region. the paleobotanists have stated the age of the 
becis to be Eoc~ne and have c o m l a t d  them with the Kenai forma- 
tion of IOU-er Cmk IIIPP~, The similarity of the lithology of the 
.coal-bearing formation of the hl~ska Range tr, that of the Cnok Inlet 
repion, as rep ell as the evidence from the f w i l  leaves, stroilgly sug- 
gests that at l~nst some of the c.aal-benrirlg beds of the Alaska R ~ n g e  
region are the correlative of some parts of the Kenai formation. It 
has not yet been demonstrnted, llowever, t h ~ t  the, entire age range 
of the coal-bearing series is the same througl~out the Territory, and 
until mom evidence on this point is avtbiIable it has seemed wise not 
to apply the term "Kenai formation" to Iwds so far from the type 
locality on Cook Inlet. 
In the summer of 1986 new evidence as to the a p  of part of the 

-coal-bearing formation in the Nenana coal field was discoxed hy 
Eric Schlrtikjer, wlro found fossil fresh-water fish in these beds on 
Healp Cmk, n few miles tlhve the Suntrana coal mine. Sclllaikjer 
unqualified] y pronounced these fish: and therefore the containing Ids, 
rra of Miocene age. This opens up the whole quastion of the validity 

-of age determinations on the basis of fossil plants as compred with 
&brbrak remain& As has hwn stated, the Cantwell formation, 
-which underlies the cud-bearing formation uneo~~formably, has also 
vielded plants which for yenrs had been re.prded as of k n e  age .- 
hat which recently have becn assigned by Chanep to the Kpper Cm- 
tsceous. The new evidence thus separates beds, all of which had 
'been consided Eacene, i ~ t o  prtiot~s as bar separated in age as P 

TTpp Cretaceo~is nRn MMioce. Although the geologist. must rely 
lipon the paleontolog$st for the det~rmin~t ion of the age of fcmils. 
he is able to determine the relat,ive 4- of fomakions fmm his field 
observations. In this region the geologists have long mgmkl that d 

the Cantwell formation is much older than the coal-bearing fornut- 
tion. This conclusion is fortified by the recent studies of h t h  plant 
and mima1 remains. The trr~e age of the beds, howecsr, must remain 
in some doubt until the difiemnces in age amignments made on the 
basis of organims of different kinda RW reconriled. 



C k t e r  and distri6wthn-The term "Nenana grsvel" was first 
used by CttppsVor a eseriea of elevated p v e l  beds that reach a 
widespread development on the north Rank of the Alaska R a n g  and 
are pmticnlar3g well exposed just emt of the Nenana River, These 
gravel deposits were first described by Brooke and Prindle ' as a 
rewlt of their exploration in 1902. They considered them to be of 

* ghid origin and Pleistocene ago and grouped them with the other 
Pleistocene deposits, In 1906 Prindle again visited this region and 
not4  that wherever their structural mlations could be observed the68 
gravel deposits lay conformably upon the underlying Tertiary coal- 

s bearing formation, wh~ther in horizontaE or tilted strata. He aIw 
made a distinction between g r a d  deposits of various ages, some of 
which were younger than the Nenana gravel. In 1910, 1916, and 
1930 and at other times the writer has studied the gravel deposits 
on the north sida of the Alaska Range both east and west of Xenana 
River, outlining the areas in which they occur and arriving at the 
conclusion that they are of Tertiary age. 
The Nenana p v e l  f o r m  a thick series of unconsolidated or only 

1-17 cemented materials consisting mainly of rather coaree, well- 
rounded gravel, with only subordinate amounts of interbedded and. 

2 IL has been shown on the geologic map only where its character is 
&dent and where it has not been covered by later materials. Most 
of the pebbles in i t  range in diameter from 1 ko 3 inches, though in 

5 places cobbles and boulders, evidently weathersd from this deposit, 
are found in the bdtoms of plches cut in the formation. The peb- 
bles include a p t  variety of rocks, among the commonest of which 
are quartz, quartzite, whist, conglomerate, and ignmns rock of a 
wide range of cxlrnpasition. As would be expected, the proportion 
of the vfidous constituents differs from plom to place, depending 
~zpon tho chcfiaracbr of the bedmck in the basins from which the 
pebbles were derived, for it is unlikely that  these coarse materials 

*, were t,ransported any great distance from their b&wk s o m .  The 
deposition of the Nenana p v e l  probably began soon after the 'begin- 
ning of the pronounced uplift of the Alaska Range that followed 

a: 
8 Cagpr, 8. a, Tae BonnrUeld redon, Alaeh:  Q. a. GeoL Smmey BnlL Mlf. pp. R M ,  

1912. 
.Bro&a, A. H., op, dt, (Prof. Paper TO),  pp. 10SlOl3~ 108-109. 

8 Prlndle, L, M., The B o n ~ l d  and Kantlahna reglous: U. S. GeoL Survey BUIF. 311, p. 
222, 1007. 

OCapps, & R., The BonnlfleId reg-ion, A W b :  U. R. GeoI. Iarvg BUD. W1, pp. RM4, 
1012: The Kani%hna reglon, Alaska: U. S. Qeol. Snri'q Bnli. 687. gp. 51-57, 1919; The 
emtarn poWon of Mount MegLnleg National Park: U. 8. -1. Inmey Bull. 836, pp. 
27B-284, 1838. 
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the deposition of the coal-bearing Tertiary beds, and the gravel is 
the prcdmct of erosion by vigorous, rejuvenatad &reams that drained 
fFom the mently elavad highlands, In some places the gravel is 
~nEcientJy cemented to stand in steep cliffs, but on weathering the 
m d y  matrix cruinbles and frees the pebbles. A chmceristic fea- 
ture of this gravel is its yellow or buff color, due to the oxidation of 
iron-bearing minerals in the sandy matrix and the pebbles, and in&- 
cates that the d e p i t  is older than the blue and unoxidizd gave l  
of the present stmms and than the morainal materials left during 
the last great im advance. At many places the Nenana gravel hm 
been cut into by the premt d-, and mithin these younger vd- 
lays the streams have formed terraces and flats of gravel that was 
in part at least derived from the Nenana gravel. In dhsse places the 
younger deposits may either lie with apparent cunfarmity upon the 
older gravel where it is flat-lyhg or be obviously unconfomable 
upon the Nenana gravel where it is tilted. Where there ia no obvious 
angular unconformity between the g m e l  deposits, it is m y  to mis- 
take younger t e m a  gravel for the Nenana gravel, particularly if 
the younger beds are composed mainly of reworked material from 
the bordering Nenana gravel ridges rand in consequence have inher- 
ited the yellowish d o r  of the parent formation. Normally the color 
of the gravel d e p i t  mder examination is an important criterion in 
detarmining whether it is Nenana gravel or younger, but in some 
places the physiographic form and relationahips must be relied upon. 
The confusion on these points has led wme o h m r s  to conclude 
that the Nenana gravel is commonly unconformtable upon the ma1 
formation, whereas according to the writer9 ohmations there is 
in most places conformity between them. There are, however, a few 
localities in which the Nenana gravel is h o w n  to Iie unconformtibly 
upon the coal-bearing beds. 
In most of the areas in which the Nenana gravel is prmnt the 

topographic features formed by its erosion are smoothly rounded? 
and ths gmvel is so deeply covered by loom surface mahist1 and 
by vegetation that its structura cannot be made out. Only where 
vigomus Btreams have cut into the gravel hills and formed bare 
b l d s  can sectiom showing the character and stmctum of the for- 
mation h found. The p m n t  tupography is due in part to the 
structure of the material, but the deposits am ss loosdg cemented 
that they break down readily, and in the aSsence of any had, 
resistunt beds, the gravel yields s t o p  of smooth outlines and snb- 
dued topography. 

S m f u ~ e  a d  thkkm88.-m .the Tertiary formations in this 
region, including the ma]-baring fornation and the Nensna gravel, 
were deposited by strearn~ in lowland areas under subaerial mndi- 
tions. There is no evidenee that this region has been pneraIIy sub- 
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merged in either =It or fresh water since the beginning of T d a q  
time. The Nenana p v s l  is stream-deposited, as is indicated by the 
character and composition of its material and by the distribution 
of ithe formation; and its coamness, in contrast to the finer grain 
of the sedimentary racks that make up the coal-bearing fomtttion, 
points to a rejuvenation of the stretams by an uplift of the Rrea from 
which they flowed. This is believed ta haw been the first of the 

* upward marernents that formed the prewnt Maaka Range, for 
during the deposition of the finer sediments and coal of the coal- 
b r i n g  formation the relief of the region mu& have h e n  relatively 
low. The earliest uplift is thought to have affected only the axial 

d 
portion of the range, while the bordering areas now occupied by 
the Nenana gca~e l  remained lowlands snd w i v e d  the detritus 
brought down by the invigorated streams, After the deposition of 
the gavel ,  locally to a thickness of nearly 2,000 feet, the region 
a&ected by the upward p w t h  of khe range broadened and included 
armas earlier covered by the gravel deposits. The pmmses involved 
in the growth of the ranp included bodily uplift, faulting, and 
folding. The folding was para1101 to the trend of the range, and 
aome of the folds affected the coal-bearing formation and its cover 
of Kenma gravel. Farther out on the flanks of tha ran* thesa 

z beds were only tilted, snd in many p l m  they escapd def omation 
ah& compIetely. During the later stages of uplift, and since the 
elevation of the range to about its present height and area, erosion 

?. 
by streams and glnciers has ban tlctive, and the I m l y  coherent 
p v e l  has been deeply dissected. From mme areas which it for- 
merly co~ered it hns been entirely removed. 
In genersl fie Pu'enana gravel is believed to lie conformably upon 

the cod-bearing formation whem both are present. Where the mal- 
bearing b d s  are absent the gravel l i ~  unconfombly upon somo 
older f omation. At a few places what appears to IM normal Nenana 
gravel is unconformaMe upon the ma1 formation, but this can be 

a explained if  the p v e l  so found is considered to represent hot the 
equivalent of the oldest Nenana ~ T B P ~ I ,  but some higher portion of 
the formation, dep i t ed  later as the p w l  thickened and spread 
over increasingly wide areas. If in such Itxal areas ths underlying 

b eosl formation had become involved in folding and was lahr eroded 
befom the edges of the thickening Nenana gravel lapped over it, an 
nnconfomable relation would appear, whereas in most places no such 
unconformity would exist Certainly in moat places them is con- 
formity between the coal formation and the overlying Nenana gravel, 
even where both haw been folded and tilted together. It may be said 
that in general the Nenana gravel is deformed equally with the coal- 
bearing formation where both occur, 
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Age cmd correlation.-No identifiable fossils, either plants or other 
organisms, have been found in the Nenana gravel, and its age is still 
somewhat uncertain. In  the lack of fossils any appraisal of its age 
must be based on its stratigraphic relations to other formations, its 
physiographic position and form, its general structure, and its re- 
semblance to other formations of less doubtful age. As first dc- 
scribed by Brooks the gravel was considered to be directly related 
to the Pleistocene glaciers and was grouped with the Quaternary 
deposits. Prindle and Capps,= both of whom studied the gravel 
over considerable areas on the north flank of the range, observed that 
in most places it lies conformably upon the coal-bearing formation, 
and that in those places both have been deformed in equal degree, 
whereas the glacial deposits and associated outwash gravel are little 
or not at all deformed. Since these writers first published their ob- 
servations many other localities have been found where both the 
Nenana gravel and the coal-bearing formation are exposed in the 
same section, and in nearly every such exposure the two have been 
folded and tilted together. On the other hand, at  one or two places 
the undeformed gravel lies with angular unconformity upon the up- 
turned and beveled edges of the coal formation. It seems likely that 
at  such places the coal formation was uptilted by an early uplift of 
the range, was eroded while elsewhere the earlier part of the Nenana . 
gavel was being laid down, and was later covered by the constantly 
thickening and broadening sheet of the later part of the Nenana 
gravel. I n  other words, the basal portion of the Nenana gravel, de- 

? 
posited over a rolling land surface, would have accumulated first in 
lowland areas, but as it grew in thickness its area mould also have 
increased, and toward the margins of the basins of sedimentation ths 
younger portions of the formation would be found in unconformable 
overlap upon older rocks. I t  is believed by the writer, however, that 
in most of the basins in which the coal-bearing formation was laid 
down sedimentation was continuous and uninterrupted from the top 
of that formation into the Nenana gravel, and that the boundary Y. 

between those two formations is not marked by a break in sedimenta- 
tion but only by a change from finer to coarser materials. 

I f  the above-stated assumptions concerning the prevailing strati- 
graphic relations between the Nenana gravel and the coal-bearing i5 

formation are correct, then the oldest Nenana gravel is younger but 
only a little younger than the youngest beds of the coal formation. 
Just what that age is, however, is still open to some question. For 
years all the fossil leaves from the coal formation have been as- 
signed to the "Kenai flora," and the age given as Eocene. As has 

'Brooks, A. H., op. cit. (Prof. Paper 701, pp. 108-109. 
8 Prindle, L. M., op. cit. (Bull. 314), p. 222. 
9 Capps, S. R., The Bonnifleld region, Alaska : U. S. Geol. Survey Bull. 501, p. 33, 1912. 
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h e n  stntecl, 110%-ever, in the discussion of the age of the coal forma- 
tion, recently fmil fish of Miocene age have been found in it. If a 
Miocene age is nccepted for the coal-bearing Ws, the Nena,na gravel 
must be late Mimne or Pliocene. Certainly it is of pre9leistocene 
age, or at least it is older than any Pleistocene glaciation of which we 
know in this region. Brooks regarded the Nenana gravel as repre- 
senting outwash from Pleistocene glaciers, but that idea is now di.F 
carded, for it is known that at least during the last great ice advanca * the glaciers moved down valleys that had already been deeply e d e d  
into the Nenana gravel. As the Ncnana gravel had already been up- 
lifted, tilted, and deeply emded before that ice aidvance, it is cer- 
tainly much older than that glacial stage, which WM probably of 

C Wisconsin age. Our knowledge of the glacial history of Alaska be- 
fore the last great ice advancu Is scanty, but it is definitely h o r n  
that there have been at least two glacial stages, one much older khan 
the last, and there may have been severall. Many large boulders occur 
on top of the Nsnana gravel on both sides of the Ncnana River aesr 
the northern face of the foothills and in loalitim that are beyond 
the limits reached by the last p a t  glaciers. Them boulders are be- 
lieved to be of glacial origin and to s e p m n t  an ice edvance, eadier 
than the I&, in which the glaciers were thicker and pushed farther 
out £ram the mountains than the glaciers of the last stage of Pleis- 

1 tocene glaciation. All rmch boulders, however, lie on top of the 
Nenana gravel, wbich must have been present befare the ice advanced 
ta it, in order to have reeeived glacial boulders upon its aurface. The 

s physiographic development of the gravel, which, after its uplift and 
tilting, was e d e d  inta mature topographic forms, with deep inter- 
secting valley~, indicates a considerable age for the gravel. So also 
does its advanced axidation, for the gravel is oxidized to a buff color 
to a depth of many hundreds of feet, whereas the only known glacial 
deposits nearby are blue or p y  and are oxidized scamly at  all. 
The general stratigraphic muformity of the gravel with the undor- 

.1 lying coal-haring formation, where both have hen staeply tilted 
and deformed, as compared with the undeformed glacial deposits, 
alsv points to a Tertiary age for both formations. 
In summary, the n'enana gravel, as observed for a long di~tmce 

b dong the north flank of the Alaska Range, appears to be generally 
conformable with the coal formation, though local unconf ormities are 
present.. Its deformation, advanced oxidation, and mature topo- 
gmphic forms indicate that it is of considerable age. It k certainly 
much older than the superpased and unoxidized deposits of the last 
stage of Pleistocene glaciation, which lie in valleys deeply eroded 
into the gravel, Boulders of glacial origin lie on its mface outside 
of and above the limits reached by the 1st great glaciers, bat these 
boulders nre found only on the surface of the gravel and nut inter- 



bedded in it, thus indicating an age for the g r a d  greater khan Ulat 
of an mtrli~r (pm-Wiseonsin) glacial advance. 

The gravel is mperposed upon and so definitely youngm than 
the coal-beetring Tertiary beds, though the writer Mieves that the 
deyition of the oldest Nenana gravel immdrttely s t 1 4 4  the 
deposition of the ma1 formation withont a time b m k  The precise 
placing of the Nenana gravel in the stratigraphic column must there- 
fore depend upon the age determination of the coal formation, for 
no fossils have been found in the gravel. FOX many years the coal t 

formation has been assigned to the Emne on the basis of its con- 
tained plant remains. Recently fossil fishes found in it have h e n  
declared to be MioceneB Until an agreement is reached between the 
determinations based upon the plants and that based upon the fishes, 
it can only be mid that the Kenana gravel is preglacid and therefore 
Tertiary, and that it is younger than the coal formation, which is of 
still aarlier Tertiary age. 

IOKUOUS ROCK61 

Igneous rocks occurring aa intrusive mams or as lava flows am 
a~ssociated with all the sedimentary formations in this region from 
the pre-Cambrian Birch Creek schist to the Tertiary coal-haring 
formation. Thef have almost as wide a range in age as the sedi- 
menbry rocks. Thus the Birch Creek schist contains basic green- 
h n e  that apparently represents lava flows extruded on and inter- 
bedded with the waw-laid sedimentary rocks of which the forma- 
tion is largely campod. If the greendone is actually interbedded 
with the sedimentary rocks, it is, of course, of the name age. The 
Birch Creek schist is dso cut by intrusive ma- of a wide range of 
materials, but the age of them masses is not h o r n  except that they 
are younger than the rocks they cut. Th Totatlanika s c h i i  the age 
of which is not.accumte1y known but which is probably early Paleo- 
zoic, is made up mainly of metamorphic rocks that originally were 
rhyolites and rhyolite porphyries, with perhaps mme tuff and some 
interbedded clestic sedimentary rocks. This p u p  is many thousands 
of feat thick. The prelDewnian schists on the south slope of the 
range weat of Broad Pass are cut by dikea of various so& and con- 
tain some basaltic materials that are now in places a l h d  to ssrpen- 
fixla. The p a t  ~ r i e s  of Middle Devonian and associated beds, 
though in the main quite free from interbdded igneous materinls, is 
cut by a p 3  variety of dikes and sills that range from diabwe, 
gabbm, and basalt to dacite, andesite, monmnite, and granite. Noth- 
ing is h o r n  of the tge of any particular intrusive rock in this series 
except that it is younger than the beds it cuts. In the upper basin 
of the Chulitnlt River the Carboniferous (Permian '?I rocks include 
a considerable thickness of volcanic tuffs, which though BtratXed and 



dep&ted in water am of igneoua origin, as well M some chlorikia 
Ma that may be altered lava flows. 

What appears to be the oldest Mesozoic igneous mh in the region 
are basaltic greenstone flows that reach a thickmess of at least 2,000 
feat in the Toklat Basin and near Muldrow Glacier and that over- 
lie the Devonian beds and underlie the Cantwe11 formation. Tha 
beds am pmvailingly dark p n ,  brown, or purple, and are COD- 

mody amygdular, and in soma flows &ow ellipsoidal stmcture. 
m Them characteristi= indicate that the greenstone was poured out as 

lava flows upon the surface of the land, or perhaps in part beneath 
water. It appears ta be quite free from associated sedimentary ma- 
terial and contains no fossils. Its age can therefore be determined 

L only by iltg stratigraphic relations and by correlation on the basis 
of lithologic similarity to like beds elsewhere. Within this region 
&a on1 y evidence of the age of the greenstme flows is that they are 
younger than the Devonian sediments and older than the Cantwell 
fomation, which is of Upper Cretaceous age. In the Broad Pm 
-on, somawhat south of the Alaska Range proper, Moffit found 
badtic  and andesitic, flows that he tentatively assigned to the Trias- 
sic. In many other parts of AJaska there are extensive basalt flows 
that are in part Permian and in part eady Mesozoic, and the gresn- 
stones in Mount McKinley National Park may well belong t o  that 

i Rams period of volcanism. No closer age assignment can now be msde 
for them. 

Recently found evidence indicates that the Cantwell fornation is 
?: of Upper Cretaceous age, and the deposition of the Cantwell was in 

pl nces interrupted from time to t h e  by the pouring out of lava flows 
of a considerable range in composition, including rhyolite, andesite, 
and diabase, and both sedimentary rscks and lavss were labr cut by 
intmsive stocks, dikea, and sills that range in chmcter from d i a b  
and bealt  through andesite and dacite porphyry to diorite, mon- 
mnih, snd granite, Naturally aome of these intrusive rocks cut alt 

.r the formations of Cantwell or greahr age, md the age of any partic- 
ular intrusion can b certainly datd only as being younger than tha 
m h  that it cuts. Certainly many of the intrusive rocks are as young 
as the Cantwell. On the other hand, the earliest Tertiary beds, t h m  

m of the coal-bearing formation, are relatively free from intrusive rocks, 
though in a few localities cut by dikes. It therefom seams safe to , 

say that by the end of Mesozoic time igneous activity in this region 
had almost ceased, and that thmnghout Tertiary time the injection of 
intrusive rocks and the pouring out of lava flows upon the surface 
were mre events and of mall volume. 
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The larger masses of pIl i t ic  mh in this region have heretofore 
p e d y  been considered to be of Mesmic a@ and have commonly 
been assigned to  the Jnrassic period. More recent studies have devel- 
oped the fact that many such masses cut m h  as young as Upper 
Cretaceous, though all aeem older than the Tertiary coal formation. 
In the Broad Pass region MoEt and Pogue If m g n b d  and mapped 
p n i t i c  rocks, including rnomonite, diorite, granite, snd grmite 
prphyq, that range in age from poshTriassic to @-Eocene ( 8) , 
the latter age assignment being based on the fact that tho58 rocks cut 
the Cantwell formation, then considered to be Eocene but more m- 
mntly determined to be Upper C~etweous. In the Mount: McKinley 
National Park region also there are granitic intrusives that cut the 
Cantwell but are probably older than the Tertiary coal-bearing for- 
mation. It seems certain, therefore, that there was considerable in- 
trusion of granitic material in pat-Cantwell time, perhaps at  about 
the end of the Mesozoic era, but that intrusion of mch rocks d 
before the coal-bearing formation was laid down. 

During Quaternary time the AIaslra Range wns subjected to at 
least two and probably several episodes of glaciation, which by the 
severity of tha ice scour profoundly altered the surface aspect of the 
mountains and by the depo~lition of the materials so removed aIm 
greatly changed the appearance of the lowlands in which the glacial 
moraines and outwash p v e l  were laid down. Upon the final shrink- 
age of the glaciers to their present dimensions the present drainage 
Jjnea were reestablished, and the ordinary pmsses  of erosion and 
depoeition in a subarctic climate were resumed. The events of 
Quaternary time and their geologic effecfs are more fully & x d  
in rr. section that deals with the whole of the railroad h l t  (pp. 15&169). 

Our knowledge of the main geologic events that affected the p r t  
of the Alaska Range that f alIs within the scope of this reporh may 
be briefly ~ummarized as follows: 

In pre-Cambrian time there amutnulated a great t h i c h e s  of d i -  
menbry rocks that included limestune, sandstme, shale, with which 
m e  basic Java Born were interbecided. The 8ourca of these clastic 
materiala ia not known but they covered wids areas in central Masks 
and in the region now mupied by the Alaska Range. After they 
were depmited these beds were probably buried to considerable depths 
by other materials and were then intensely deformed and meta- 
morphosed by heat and pmmre to such a degree t.hat their original 

=~mt ,  F. a, B& ~ a r w  -on, &&a, d t b  a eeetlm on I- m k ~  
X m. Pow8 : U, 8. QmI. Bumf  Bull. 808, pp. 6446 ,1816 .  
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characters were largely lost. The original minerals were recv~taI- 
3ized to form many new minerals, mica was abundantly developed, 
and the whole m s  became schistow, giving rise to  what we now h o w  
as the Birch Creek schist. These mcks probably underwent regional 
and dynamic metamorphism at intervals during the long time that 
elapsed before the next younger rocks of this region were Igd dotc~1, 
for they are much more highly metamorphosed than any of the suc- 
ceeding formations, .. It is probable th& after the dtemtion and deformation of the 
Birch C m k  xhist were far advanced it mas elevated, its cover waa 
stripped off, and p a t  quantities of the schist itself mere remo~ed 

b- 
by erosion, and that a very long time interval is represented by the 
unconformity between the Birch Creek schist and the next younger 
m k s  in this region. 

Next younger than the Birch Creek schist, in the Alaska Range 
a m ,  is a group of beds that contain a wide variety of materials, 
among which may be deposits of various early Pdeozoic agea, all 
of which are here grouped as undifferentiated Paleozoic. Among 
these are included the ealcweous shales and sandstones that occupy 
a belt extending from Stony Creek eastward into the T e k l d a  
Basin and that were early dwribed by Brooks and by Capgs la 

t 
as the Tatina group and tentatively assigned to the Ordovician; 
another group eompbsing argillites, slabs, and phyllib, with gome 
graywacke and chert, that lie along the north flank of the range in 
Mount McKinley National Park, and were described by Brooks IL 

? as the Tonzom p u p  and on uncertain grounds assigned to tha 
Silurian or Lower Devonian; a great series of altered lava f l o w  
the Totatlanika schist, which with some d a t e d  carbonaceous 
schists was described by Capps In and tentatively mmhted with the 
Tomna group aa of Silurian or Lower Devonian age; certain schists 
and serpentines on the muth flank of the range north of Broad Pass 
that lie beneath Bedimentary rocks of various types, among which is 

-r a limestme carrying Middle Devonian fossils, that occupies the crest 
of the range from Muldrow QIacier eastward to the Nenana River. 
It is probable that all these rocks are of Pdeozaic age, though f d s  
in them are scarce or lacking, and present inimpretations of their * age relationships are subject to considerable change when mom do- 
taild studies are made. In view of these uncextainties it is at 
p m n t  impossible to outline the geologic history of this province in 
Paleozoic tima with any con6denw. It appears certain, however, 

*Broob, A. H., 09. dt. {Prof. Paper 101, pp. S 7 S .  
fd Cappa, 5. R., me Kmtisitaa reglon, Alaska : U. S. Geol. Survey Bnll. 887, pp. 2%32, 

1910. 
lroolca, k 8, op. dt, pp. TS-76. 

Is Cappa, 5. R., The Rantfabaa mgloa, Alaska: G. 8. Geol. S u m  Bull. OST, gg. 84-37. 
1919. 
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th&t though early Paleozoic time the Mmka Range region was re- 
peatedly the aita of mountain-building &re=, with deformation, 
uplift, and erosion. succeeded by subsidence md deposition. Tho 
details of that history remain to lm deciphered 

Carboniferous time is represented in this area by depogih in the 
hisin of the West Fork of the ChuLitna River, which aa described 
by Ross1" include tuff, lava, limeatone, chert, and argillite, all of 
probabla Permian ege, and indicata marine mbnentary conditions 
that w m  frequently interrupted by lava flows and the ejection of 
fragmental volcanic materials. The end of Pnleozoic time was 
marked by an erosion intern J during which at lea& parts of tbis 
province stood above level. 

Perhaps the earliest Mesozuic event of importsnce in this region 
was the local pourixlg out of great thicknesses of bnsic lavas, partic- 
d a r l y  in the area near Muldrow Glacier and the Toklet Basin and 
in the headwater region of the Susitna River. These lavas may 
represent a continuation of the fata Paleozoic w l k c  activity into 
the Triassic, as is true in other parts of AIaska. The lams were 
extruded into or under water, in part at least. Apparently this 
region wrrs above sea level during much of Triassic: time, or else the 
deposits laid down then have since been eroded. In late Trike 
time Ihestones with some associated argdlites were laid down in the 
upper Chulitna Basin, and in the upper Susitna Basin thick de- 
posits of mudstone, now much altered, may also be of 3 X d c  age, 
though these mcb am here grouped as undifferentiated me mi^, 
Marine conditions probably prevailed in much of this region during 
the Jurassic period md much of the Cretaceous, though the fossil 
evidence ia manty, Tremendous t h i c k n ~  of muds wsd impure 
wds, with e little hestone, were depmited over great areas, par- 
ticdady on the southeast flank of the range, and these beds mnp  
in age from D i d c  to Cretaceous. n e i r  deposition was interrupted 
h a  time to time by deformation and erosion, bnt the evidence 
upon which to date these events is still toa scanty to yield an accurate 
chronology. 

Apparently in Upper Cretaceous time this region emerged hal ly  
fmm the sea, and portions of the region were dcient ly  elevated 
to yield the warm gravel of the Cantwell formation as well as great 
quantities of sand and mud. This subaerial sedimentation was in- 
terrupted from time to time by lava flows and the sject,ion of vol- 
canic tuffs, and these Cantwd sediments, as well as all the older 
formations, were intruded by exhmive r n m  of granitic material. 

The events of early Tertiary h e  are not accmtaly known. After 
the completion of Cmtwell sedimentation that formation was in- 

$*- C. P., MhmI d m t a  lrear the Weut Fork at the Chnlltnm at-' Amh: U. S. 
~ l e o ~ .  aat~ey mall. S~B-N, gp. 2 9 ~ 2 o a ,  1933. 
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dumted, folded, and uplifted and tam deeply eroded, much of the 
detritus evidently being carried by streams to some point beyond 
the region here consided, After the momtains had hen reduced 
to moderate elevation and smooth sIopes, the deposition of the Ter- 
tiary cod-bearing fornation been  on the flanks: of the upland 
d o n ,  sands and muds being laid down at soma places, while at 
others thick deposits of plant remains, later to be altered to coal, 

z 
were accumulating. The age of the mal-baring beds has from 
different I ines of evidenca been stated as Eocene and Miocene. 

The Pleistocene epoch witnessed a series of glacial expansions In 
the Alaska Range, evidence of a pronounced change in climate from 

e that which had prevailed during the deposition of the Tertiary mal- 
baring formation, At least twice, and pogsibly aeveral times, the 
glaciers grew and pushed autward from the mounbina. The entire 
Susitna Basin was ice-filled by a converging mass of mountain glaciers 
thah reached from Broad P m  and the upper Copper River Basin out 
to sea by way of Cook Inlet, On the inland front of the Masks 
Range the glaciers were smaller, but many of them pushed out from 
the mountain valleys to the Iomland, During these stages of ice ex- 
pansion the streams that drained from the glaciers weE heavily 
charged with debris and built p a t  valley trains out in to and tlmugh 

.? the.lowlands, and upon the retreat of the ice morainal deposits were 
left behind. At present the moraines that am still visible are mainly 
t h m  left during the last glacial stage, for during each advance the 

# - deposits of earlier glaciers were overridden and in large g& 
destroyed. 

Since the. final Bhrinksge of the glmiera to their present size the 
normal p m  of erosion and weathering have been mumed over 
those parts of the region t h ~ t  are free of glaciers. 

T h e  great region lying between the Yukon and Tanana Ripem, a 
?! part of which falls within the area considered in this report, camprim 

a geologic province of complex structure, in which rocks that range in 
5ge from pre-Cambrian to Recent are present, Most of these rock 

.a. ham been +mongly metamorphod, and in general the exposures am 
much poorer than in the glaciated mountains farther mnth, sa that 
Ithere is less opportunity to obxme directly the structural relations be- 
t ween the various mmponents. Retsonndssanm geologic studies have, 
however, been carried out in this region for more than 30 years, and 
sufficient data have been accumulated to reveal the mnjor events of its 
geologic history. Inasmuch as a comprehensive report on the Yukon- 
Tanana region,'7 inclnding that portion of it t h t  is concerned in this 

-Mettle, 7. B., Jr., Tbe Pnhn-Tanana W a n ,  h k a :  17. 8, t3eol. Sarvg Ed. 8Ta. 
276 pp, lB36. 
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~wpork, has recently been published, there will here be given only a 
brief digest of the geology of that part of the region that is shown on 
plate 3 of this report, taken largely from Mertie's paper. hmnnch 
as many of the rocks am unfossi f iferous, and their exact age and re1 a- 
tions are not known, they are hem discussed rnninly by groups, rather 
than by named formations. Theso p u p a  includa, among rmks of 
sedimentary origin, the pre-Cambrian Birch Creek schiat, a p u p  
of Paleozoic rocks fist are older than Middle Ordovician, a middle 
Silurian limestone, undifferentiated Pnleozoic rock3 thnt are YOUIWP 

than middle Silurian, and a group of Cretaceous beds. Among the 
igneous m b  there are a group of volcanic rocks of Ordovician age, 
a group of basic rocks of Upper Devonian age, granitic intnai~os 
mainly of Mesozoic age, and Tertiary intrusive rocks. 

Ckmtm.-The Birch Creek schist includes a great aseemblsge 
of pre-Cambrian m k s  of sedimentary origin that have been repsat- 
edly metamorphosed to produce micaceous and quartzom f i d e  schists 
and that are the oldest rocks in the area here under consideration. 
k k s  that are w i p e d  to this formation in the Willom Creek dis- 
trict of the Talkeetnn Mountains and in the Alaska Range are' de- 
scribed nhve .  In the pert of the Yukon-Tanana region here under 
discurnion they w u r  in a triangular ares stmtchiag h m  the turn 
of h'enana northeastward and eastwad and including most of the 
Fairbanks district (pl. 3). Included within the Birch Creek schist 
area are certain gneisses and schists derived from rocb of ignews 
origin, which, while not considered to be an integral part of the 
Birch Creek, have in wmm~issanm studies not been wpzrmhly 
mapped, The most complete published description of this formation 
is that by Mertie,lm who dmribed it as consisting of quartzite, quartz- 
ita schist, quartz-mim whist, mica schist, feldspathic and chloritic 
schists, and a minor proportion of carlmnaceous and cslcmeous schist 
and crystalline limestone, with quartzite schist and quartz-mica schist, 
the commonest t , p .  M& of these mlrs are completely recrystal- 
lized, though in some evidences of their sedimentary origin can still 
be recognized. In general they are highly foliated and in many 
places show evidences of later schistm strudures superposed on 
earlier ones, The basal portion of this p u p  is thought to be more 
quartzose than the higher portion 

Quartzite whist ia perhapa the most massive rock in the group 
and occurs in beds a few inchas to several feet thick. It is generally 
- 

Ukfertle, a, B., Jt, om clt. (Bull. 8321, pp. 47-59. 
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more resistant to weathering than the more fisile phases and on the 
higher ridges produces prominent topographic forms. Tn general 
it contains enough mica to give it a definite cleavap, though in 
places mica is scam and the rock is massive, An abundant com- 
ponent of the Birch Creek schist is quartz-mica schist, commonly 
interbedded with quartzite achist and showing all gradations from 
quartzite schist with lit,tle mica to mica schist with little quartz. 

C 
Thew phases are incompetent and, having taken up most of the 
s t m s  during folding and compression, are now intricntely crum- 
pled and crenulated, so that the original beddina is difficz~lt or im- 
possible to distinguish. Upon weatliering they break down readily 

s and so produce smooth topographic  form^. 
Calcareous schist and limestone constitute only e small proportion 

of the Birch Creek schist and are present only localIy, En lenticular 
masm of no great area. They are completely recrystallized and 
Iowlly are SiEimous* 
The esential minerals in the Birch Creek schist are qu~brtx, biotite, 

and micite, with albite or o l ip lase ,  chlorite, calcib, garnet, iron 
oxides and hydroxides, apatite, and zircon as the more common 
a m r y  minerals. Vein quartz, of course younger than the schist 
itsalf, ia abundant throughout this formation, and although most of 

E it is barren of mehllic minemb, some of the veins cam3 such gu1- 
phides a0 pyrite, amnopyrite, and stibnih, as well aa free- gold, and 
these veins are the bedrock source of the gold now found as placer 

% 
deys i t s  in the Fairbanks district. 

r S t m t w ~  am? we.-The structure of the Birch b k  schist is so 
complex that its history is almost undecipherable. In most plaoes 
the bedding planes have hen cornpletelp destroyed, and the o b ~ m -  
able structural features are the planes of schistosity. This c l e a v q  
has a general strike of N. 60" E., though many divergences from 
that trend may be noted. Mertie states that the distribution of the 
more quartzitic phases of the schist, which he believes tn r e p m n t  

t the lower portion of the formation, indicsta that the general struc- 
ture is ar~ticlinal, with rt plunge to the southwest,. 
For many yeam the closest age assignment thnt could be m d e  for 

the Birch Creek schist was that it was pre-Devonian, pre-Silurian, or 
'a! pre-Ordovician, depending ~rpon the ago of t,he oldest overlvhg 

rocks in the particular district studied. Leter i t  wm found be&th 
beds carrying Cambrian fossils, and more recently Mertie believes 
that a great p u p  of rocks, the Tindir group, consisting of dolomite, 
limedone, shale, slate, quartzite, red beds, and basic lavm of pm- 
Cambrian and Lower Cambrian [ a )  age2 intervenes betwean ths 
Middle Cambrian and the Birch Creek. He therefore classifim the 
Birch C m k  ns of mrlp pre-Cambrian age. 
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Two great belts of dimenhry mh of earliar than Middle Ordo- 
vician a p  t h ~ t  am pmwnt in the Yukon-Tanana region project inta 
the area shown on plate 3. The northern belt exhnds from the junc- 
tion of the Tatalina River and Washington Creek northeastward in 
rt gradually widening belt to and beyond the edge of the region here 
under dimussion. This belt. also hcts a soutbw&ward mtinwtion 
in ehe low hills west of the lower Tolovana River. Qnly the western 
tip of the southern belt projects into thia area, in the basin of the 
Chma River aoma 28 miles, east af Fairbanks. As Merbie ln has re- 
cently demibed these rocks in some detail, only a brief mention will 
be made of them here. 

According to his tentative interpretation the tsequence ia se fol- 
lows : 

elate and qmrMte (top of &n). 
Black a r m &  slate, and chert. 
Red and g m n  slabs, qnarhse sandstone, and a little Ilmestom. 
Quartme@ sandatone and grit, in part feldapatblc arkose and graywacke, 

all interbedded with slate, 
FhyllIte aria quartzite, overlah by somewhat Iesa altered quartzitic rocks. 

The etructure of these rocks ia not well known, but Mertie con- 
siders it probable that &,he oldest rack lie along the south sida of 
the belts and that northward the beds are incPea~ingly younger. The 
older beds have B clwvaga that  trikes about northeast and dips 
northwest, about the same as that of the underlying Birch Creek 
schisb but whereas ths rocks of the Birch Creek schist are almost 
completely m@&ed, the operlyhg d h n t a r y  m b  am not, 
and a structural unmnformity between tha two is indicated by their 
differing degree of metamorphism. Furhhermore, tha lithologic char- 
acter of the overlying rocks indicates that they were derived h r n  
the erosion of the Birch Creek schish. The presumably higbr beds 
in the group have the same g e n d  strike as the lower beds, but 
the dips =re steeper and are generally to the southeast, and there 
is some evidence of the pmnce  of appmsed folds overturned to 
the northwest. Xn general, fierefore, them rocks are believed to 
comprise a great thickness of beds that are overturned towad the 
northwest and &mated by strike faults. Individual beds are thus 
probably repeated several times at tha surface across the strike of 
the belt, and ~ l ~ t e l y  older and younger b d s  are exposed. No 
true measure of the t h i c h  of the gsoup has been made, but Mertis 
believes that the lthickrms is not less than 10,000 feet, and it may 1~ 
two or t h e  times that @we. 

~ M e r t l o ,  J. B., Jr., OD. dt (Bull. 812), pp. W T B .  



The only f& that have been found in these mEcs are a ging1a 
small colEaction taken from beas that am believed to be well up in 
the section. These fmils have been identified by different palean- 
tologi- as of Lower Ordovician or Upper Cambrian ap. From 
mrious lines of evidence and reasoning Mertje collcIudes that the 
p u p  includes rocks that range in age from lata pm-Cambrian fo 
Lower Ordovician or early Middle Ordovician. They are underlain 
by the pre-Cambrian Birch Creek mhist and are overlain by Middle * Ordovician lavas. No more precise age dstamimtion ia possible at  
p m n t .  

ORL)OBfcra# VOICbHIC SOCK8 

*. In the basin of B e a m  Creek, near the northeast corner of the 
area shown on plate 8, there are several small patches of igneous 
rocks which for the mo& pert consist of stfatifid basic lav~s, t d s ,  
bmdas, and agglomerates of penstone hkbit, together with a -11 
proportion of granular basic intrusivaa. Inasmuch as these rocks 
h v e  a definite position in tha stratigraphic column and are inter- 
bedded with aedirnentary mEra they are here described in strati- 
graphic order. Mertie described these rocks as the Fad Creek 
volcanicsPP and stated that the lower part of the sequence cunsista 
mainly of bedded lava  and interbedded pyroclastic rocks, the lams - being diabasic and basaltic and of penstone habit and in platies 
ellipsoidal, whereas the fragmental rocks consist of laminae and beds 
of fine-gr~ined tuffaceous material now consolidated into d e w  rocks 

f that look much like the fine-grained basalts. Both lava Bows and 
tuffs have been mashed and deformed and in plaw have developed 
a slaty eleava- The intrusive rocks of this group are gmnish 
gabbroic m k s  md are b1ievd to be the intrusive equivalents of the 
l a v a  

The tlpper psrt of the sequence mntains an increasing proportion 
of volcanic conglomerate and tuff, the congIomerate consisting of 
rounded pbbles and cobbles, most of which are of greenstone but 

-? including also granite and various sedimentary r d s .  The youngest 

member of the group is a reddish calcareous rock which is probably 
a tuffaceous limestone, itself overlain by Silurian limestona T b  
member has yielded the fossils from which the age of the group has 

t been determined. 
The Ordovician volesnic rocks have h e n  c I d y  folded, so Ulat 

in the b l t  in which they jr individual &=Its have been wveml 
times mpaated. The general stru& tend is abont N: W0 E, 
but c1~sely c o r n p d  a n t i c l h  and synclines and remmbent folds 
hsve been recognized, as well as thrast faults. Althongb no stme 
turd unconforrnity is apparent between the top of this group and 



the overlying Silnrim limestonq mvelithela the great disparity in 
age between the fossils of the two formations indicates s time break 
between them. No precim measurement has been made of the thick. 
nass of this p u p  of highIy deformed strata, but Mertie concludes 
that they cannot we11 be less than 2,000 feet thick and may be con- 
siderably more. 

Several small aollections of fossils from the uppermost member 
of this group have yielded in the aggregate a aonsiderable fauna. 
These f o d s  were originally considered to ?m of Upper Ordovician 
age, bat more m n t  studies of them have resulted in their classifica- 
tion rts Middle Ordovician, and that age is now accepted for the 
Fossil Creek volcadcs. 

B I L u B U H  ROCKB 

A middle Silurian (Niagaran) limestune, described by M a ~ i e  *z 

as the Tolovana limestone, crops out in this region in the White 
Mountains, in the basin of Beaver Creek; on a spur between the 
lower Tatalina River and the Tolovana; and in the low hiUs west 
of the lower Tolovana River. This formation is compclsed almost 
entirely of carbonate rocks without any considerable amount of 
other clastic sediments. Both limestone and dolomite are present, 
but they have nok been mapped separately, and the generic term 
'limestone" is used to cover both. In the White Mountains the 
rocks are fight to dark grray in color, are of medium texture, and 
upon weathering am generally conspicuously white, thongh in places 
they have a surficial ydowish or bu& color. This formation 
weathers into rugged and picturesq~~s forms in the mountainous 
wgions. It is generally so massive that no bedding is appmnt, 
though lmally it is thin-bedded. West of the lower Tolovana River 
the limestone appears in low U s  as yellowish-brown outcrop, 
though upon freshly broken surfaces it is seen to be crystdine and 
of blue-gray color. 
In the White Mountains the gtrachre of the To10mna limestone 

is similar to that of the underlying Fossil Creek volcanics. It is 
folded into clasIy compressed anticlines and syncfines, is thrust- 
faulted, and is infolded with the Ordovician volcallic rocks, the 
folds striking narkhe.& and pitching steeply to the southwe& 
Mertie estimates the thickness as possibly as much as 3,000 feet, 
Near the mouth of the Tatalina River the limestane strikes about 
N. 7 5 O  E. and dips steeply southewt. It disconformably overlies the 
Fmil Creek volmnic rocks in the Whita Mountains, and west of 
the lower Tolovana River the disconformity is still greater, for 

=MerHe, J. B., Ir.,  op, elt .  1Bflll. 872). pp. 8-1. 
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there the Fossil Creek volcanics are missing. North of the White 
Mountains the next younger rocks that have been definitely identi- 
fied are of Devonian md Carboniferous age, and these rocks trend 
nearly east and probably overlap the Tolovana lim&ne with a 
great unconformity. 
T h e  age of the Tolo~ana limestone has been determined from its 

contained fossils, wkich have k n  collected from many localities. 
Thme have always been considered to be of Wiagam age and are * now believed to represent a late part af the Niagarm epoch, of 
middle Silurian age. 

U N D I F ~ I A T ~  PALEOZOIC WOCKB UTW THAN M m P L E  

C B I L U B U  

The sedimentary rocks here discumd as undifferentiated Paleozoic . rocks later than. middle Silurian comprise several goups  of rocks 
and formatiom that have been differentiated in the field and de- 
~ r i b e d  mparately. Rowever, inasmuch as the writer has little per- 
sonal f d i a r i t y  with this part of the area, and ae Mertisz2 has 
racently prepared a comprehensive report on this region, these upper 
Paleomic sedimentary rocks &re here grouped together, with brief 
mention of their lithologic character and references to more com- 
plete descriptions elsewhere. This goup ,  as shown on plate 8, in- 

? cludes sedimentary rocla of definite Middle Devonian age, limestones 
of Devonian age, and differentiated and undifferentiakd rocks of 
Carbonifemus age. 

I A belt of rocks that are considered h be largely of Devonian age 
crops out in the low hills west of the lower Tolovans River and 
extends N. 60" E. into the valley of Beaver Creek. These roks 
include clay slate, silimoris slate, chert, sandatone, quartzite, conglom- 
erate, and some thin beds of limestone, amciated with and probably 
intruded by serpentine and other basic igneous rocks.za 

The structum of this group of mcka is intricate, and details are 
.w still to b worked out. CIeavago is more prominme in most of them 

t.hm bedding, and such structure as has baen recognized includes 
~neral ly  steep dips. Apparently the h d a  have been closely folded 
and in considerable part overturned toward the north, so dmt iindi- 

a vidual beds are duplicated at tho surface across the belt in which 
they occur. 
TWO faunas have been recognized from fossils collechd from these 

rocks, one of which is clearly of Middle Devonian age and the other 
older. Mertie concIudes that the older fauna is probably also of 
Devonittn age, though admitting the possibility that part of it may 

Mertla, J .  B., Jr., op, clt. (Ball. 872). 
'Mertle, J. B.. Jr., W.  cit., pp. 91-158. 
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be upper Silurian No Upper Devonian beds are known in this 
regioa 

Within thi~ region there are Carboniferous sedimentary ~mh,  the 
Liven@ chert, which far simplicity in mapping is also here included 
with the undifferentiated upper Pnleozoic rocks. This chert formation, 
as d e t m d  by Mertie,g4 extends from the Sawtooth Mountains east- 
wnd past the setltlemeht of Livengood into the basin of Beawr C d  
and forms a belt that has a maximum width of 8% miles. It has also 
been recognimd at m e n 1  localities north ~ n d  east of the area here 
under discussion. The formation consists dominantly of light-gray 
Co black chert, with which are interbedded minor proportions of lime- 
stone and argillacmua mks.  Within the a m  there are also numer- 
ous small bodies of basaltic and diabasic greenstone, but these are 
thought to be intrusive and therefore younger than the chert. The 
formntion is much brecciatd. A prominent member near the base " 
is a conglomerate that is compased essentially of chert pebbles in a 
chert matrix, The origin of this conglomemte is ohurn, but bar 
various reasons Mertie concludes that both pebblea and matrix are 
nmrly mntemporaneous, and that the pebbles were not derived from 
an older formation. Minor amounts of Iirnestone are localIg inter- 
bedded with the chert. 

The struct~rre of the Livengod chert i$ somewhat obxulw, but it 
apparently has a geneml strike of N. 60" E. and steep dips to the south. 
The rocks am closely folded, however, and the b& are probsbly dupli- 
cated several times in crossing the belt from north to muth. The best 
eaidenca indicata that this formation overlies the older rocks to the 
south end is overlain by younger X O C ~  tO the north and that its en- 
eral sOrnct~~re is that sf a closely folded aepuence, overturned from 
south ta north. Mertie suggesfs that the formation may be several 
thousand feet thick. The age of the chert formation, bawd on rather 
unsatisfactory fossil evidence, is Carboniferous, and Mertie sugpsb 
that it pmb~bly repmnts the base of the Carboniferous sequence in 
this region and is therefore of Missisippian age. 

The area hem mapped as undifierentiated upper Paleozoic sedimen- 
tary rocks a h  includes s gro~tp of edimentary beds in the Rampart 
district that Merties5 dmribes as undifferentiated Mississippian 
rocks. This group includes many varieties of materials, which pmb- 
ably represent several horizons in the Carboniferous, but the struc- 
ture in the Rampart district Js so complex that the detailed stratig- 
raphy has not yet h n  worked out, Among the rocb included in 
this group are shale, slate, phyllite, sandstone, quartzite, several ~ a r i -  
etiea of &st, chert, chert conglomerate, limestone, greenstone, and 

WMertle, J. 8, Ji., op dt, pp. 10M-111. 
' Idel& DP 111-122. 



the rnetamorphjc equimlents of all these mks. Mmt of the rocks ara 
so highly metamorphd that their f b l s  have been destroyed. 
Mertie haa given detajls of many sections in this belt but concludes 
that the rocks in most places have been so closely folded and over- 
tnrned that it  is impractical to attempt to give the stratigraphic sa- 
quence. A large number of hagmental fossil mllections have been 
made from this belt of rocks, however, and all haw been tentatively 

m 
r~signed to the Mississippian. 

C The Rampart p u p  comprises an assemblage of bedded volcanic 
l~nd sedimentary rocks that border the Yukon River dong the north- 
west portion of the area shown on plata 3. Inasmuch as the p p  
consists of wdimmtary rocks and interbedded lava flows, all of which 
have a definite place in the stratigraphic sequence, it is here described 
ltlong with the other bedded rock rather than in the section that 
deals with igneous rock 

The stratigraphy of the Rampart gmup FM a whole is imperfectly 
known, for the structure is complex and the exposures are discon- 
tinuous. The lithology, however, is distinctive, and deacrjptions of - the rocks at various localities have been reviewed by Mertiema6 From 
them it sppears that the group consists in part of bedded penstones, 
tuffs, and brecciaa: and in part of a variety of sedimentary rocks t h ~ t  

I include chert, shale, slate, srgillite, sandstone, and minor amonnh of 
limestone and cnlc.csreous grit. Some conme-pined hasic intrusive 
r c k s  are mapped along with the bedded mks,  rand these may be in 
part considerably younger than the bedded materials. All the p n -  
ston= and many of the sedimentary rocks have a greenish color on 
freshly fractured surfaces, due to the presence of secondary chlorite 
and serpentine. 

.C The rocks of the Rampart p u p  am structundlg complex, and all 
ixposnres show cloe folding, faalting, and brecciation, with abundant 
Bickensided surfaces. The general strike is N, 10" E., and the beds 
dip at moderately steap angles to the north or the south. No esti- 

2 mah of the stratjgr~phic thichws has hen made, and such a meas- 
urement would require a more detailed knowledge of the structure 
t h ~ n  now exists. These rocks are present over a belt that remhes n 
width of 20 miles, and Mehie mgph that the gmup may haw a 
thicknws of as much as 5,MM to 10,000 beet. 

,Qlthough this p u p  consista dominantly of beddd igneous'roch, 
from one-third t o  one-half of it is eornlposed of interwded d i -  

Idem, pp. 122-129. 
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rnentary rocks, some of which are scantily ftmiliferous. The fossik 
so far collected are imperfect and not dosely diagnmc: but they 
have been assigned to the Mississippian. Inasmuch as these rocks 
have been closely folded, and no doubt in part infolded with both 
younger and older formations, the question arises as to whether the 
beds in which fossils ham been found are really a part of the Rampart 
group or whether they may be older or younger beds infolded with 
the Rampert group. Mertis digused this question .in some detail 
and reached the tentative conclusion that t h e  group is of Missis- 
sippian age. 

CREFACEOWEI ROCXI3 

Cretaceous m b  occur in the Hot Springs and Rampart districts 
(pl. 3) in a broad band that extends from the western sage of the 
region here wider dimussion northeastward into the headward basins 
of Troublesome Creek and the West Fork of the Tolovana River. 
This area includes such prominent topographic ftratuses as Wolver- 
ine, Elephant, and Roughtop Mountains, Eureka Dome, and Bean 
Ridge. In all these localities the Cret~ceous sedimentary beds have 
been cut by granitic intlusive masses, which by their rksistsnce to 
erosion have yielded mountains or ridges that stand up above their 
mxroundings. These granitic bodies have also by the heat and pms- 
sure of their intrusion produced marked metamorphism in the en- 
closing sedimenbry mks ,  particulnrly near the intrusive canhcts, 
Where least a l t e d  the sequence consists mainly of massive quartzite 
beds, four of which have been mgnized.  They range in color from 
creamy white to dsrrk gray, the p y  color being most common. Be- 
tween the quartzites am beds of araillita and slate, but, being less 
resistant to  erosion, they occupy depressions and am poorly expod .  
Imally some conglomerate is present. In general the Cret&coous 
mka,  though showing effocts of contact rnetnmorphkrn, am not re- 
crystallized, but in places w slaty cleavage that cuts across the bed- 
ding has been developed in argillaceou~1 rocks, and elsewhere there 
are well-developed phyllites. Near the intrusive contacts with the 
larger bodica of granite more intense alteration has occurred, with 
the development of nodular schists containing andalusite. 
In a few placw plant-bearing beds have h e n  observed that carry 

ss flora that has been assigned to the Cretaceous, Near WoIverina 
Mountain beds of black carbonmmus mndy argillite and shale carry 
both plants and invertebrates of Upper Cretaceous age. The scarcity 
of fossils in this p u p  of rocks has prevented a general separation 
of the h w e r  from the Upper Cretsiceous, and the rocks have all been 
mapped together aa a single group, 

The structure of the Cretaceo~~s mcks in this region is complex, 
particularly in the vicinity of the granitic intrusives. In general 
the beds seem to show broad anticlines and sync l in~ ,  with a norkh- 
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east strike, but this simple interpretation is more apparent than real, 
for the rocks have h e n  generally folded, faulted and shea~d ,  and in- 
tmded. Mertie =' considem it likely that the folding took plme befofore 
the shearing and intrusion, and that the axial planes of the anticlines 
became zones of weakness along which later movements took place. 
H e  considers t h ~ t  at least 5,000 feet of Lower CretiLceou~l rocks am 
pmmt in this district and possibly much more. 

A considerable number of fossil collections made from beds of this 
C group indicate that most of it is of Lower Cmtwmus age* though 

mme Upper Cretmous beds are also present. 

THRTIARY ROCES 

C Sedimentary rocks of early Tertiary age occur in the portion of 
the Yukon-Tanana region shown on plate 3 only in its nortl~west 
.corner, near the Yukon River, in several mall  areas near the mauth 
of Minook Creek, and in one area opposite the mouth of Morelock 
C m k ,  The lithology, structure, and age of these beds, as pel1 as of 
others of similar chsrmter and age throughout the Yukon-Tanana 
region, haw been discussed in some detail by M e r t i ~ ~ ~  A section 
,exposed on the east bank of the Yukon River above the mouth of 
Minook Creek showed ah the base a coarse congIomerate, above which 
are finer conglomerate, grit, nnd shale. The basal cowmerate  con- 

1 

tains pebbles from 5 to 3 inches in diameter, derived from the under- 
lying Paleozoic rocks. The beds in the upper part of the section are 
aimjlar in lithologic charrtchr to tllose d the basal but are much less 

1 completely indurated and in plmm consist of little-consolihted sand 
and gravel. In places, impure lignite is present in them beds, 

In general bhse early Tertiary rock3 am folded, and locally they 
are greatly deformed. The fossil planb that they contain are not 
suficiently diagnostic to warrant close mmlrrtion between horizons 
wit,hin the formation, and such a cornlation cannot be made between 
the beds exposed in the many isolated areas mithin the region, so that 

C. it has not been p i b l e  to construct s complete stratigraphic section 
for the formation a3 a whole. Furthermore, these beds were depos- 
ikd under fresh-water or subaerial mnditions, and as a consequence 
individual beds are lenticular and thcir Iitholom changes within 
phork distances. Mertie states that these sediments apparently have 
a stratigraphic thickness of 3,000 to 6,000 feeh Th.e linear distribu- 
tion of the outcrops suggests that the beds as originally deposited 
followed old drainnge lines, and those old \-alleys were perhaps the 
remote snmtors of the present major streams. 

With one exception, a river mussel, all the fossils that have bean 
found in the early Tertiary beds in this region are plant remains. 

*Mertie, J. E.. fr. .  np. clt. (BnlL 872). pg. 158-172. " Idem, pp. 172-180. 
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mese have bean assigned to a late k n e  age. They include a large 
number of temperah-climate plants, as well as some subtropical 
forms, d of w&ch indicate a much more temperate dimata, in Alaska 
in mrly Tertiary time than t h a t  now prevailing and a considerably 
heavier annual rainfall. 
In addition to the early Tertiary sedimentary rocks just described 

there are in the region certain k h  terraces that now lie from 501) 
to 1,000 feet above the present drainage levels and that are believed 
to be of lab Tertiary age. 'She89 ternam are rock-cut, but most of 
them still mhin some of their original gravel cavering. They are 
best developed in this region on the ridges east of lower Minook 
Creek. The deposits of ancient gravel on these tarrams are incon- 
spicuous, but fortunnhly they are gold-bearing, and prospecting and 
mining have given much information concerning their character and 
axtent. h l l y  they are known to. mach a thickness of 100 feet or 
more. The gravel is frozen and contains a variety of materiab 
including quartz, quartzite, chert, diabase, and metamorphic roch. 
Some of the boulders are as large as 2 feet in diameter. The bedrock 
surface is locally irregular, with abrupt rises and drops. 

Mertigm on the basis of his interpretation of the physiographic 
evidenca in the district, concludes that these gravel deposits are of 
late Tertiary age. The altitude of the terraces on which they lie, 
some 1,000 feet a b e  the level of the present streams, indicates a 
long period of erosion since they were deposited. Furthermore, more 
than $00 feet below them high terraces there is a set of lower terraces 
in which the remains of Pleistocene mammals have been found. The 
high ternrces are therefore believed to be pre-Pleiatccen& hrrsmuch 
as the early Tertiary sedimentary beds am highly folded -and--de- 
formed, whereas the high terraas show no such deformation, it is 
concluded that a period of mvam folding took place after the emly 
Tertiary (late Eocene) sediments were deposikd, but before the 
high temces were cut and the grave1 deposited on them. The hiph 
terrace gravel is therefore assigned to late Tertiary time, 

The igneous mcks of the part of the Yukon-Tanana region &own 
on plate 3 have beerr divided into five groups, ss follows, all of which 
have recently been dwribed by MertieCo 

5. m r y  i n W ~ e  mICR. 
4. Gmnitic intmaIvea, malllly of M ~ o z o l c  age. 
8. Rampart group, o t  MIwidppIan age. 
2. Baslc *a, mainly Intn~slve greenstonu of U w r  Deronian age. 
1. Fossil Creek ~olcanic~,  of Ordovklan age. 

"Idem, pp. 182183. 
"Mertle, J. B., Jr., op. clt. (Bull. R32), pp. 108-228. 
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Of thee rocks, groups 1 and 3 are bedded volcanic rocks, inter- 
bedded with a considerable amount of dimentary materid. In- 
asmuch as these two groups have a definite po~ition in the strati- 
graphic sequence, they are discussed above in their proper order along 
with the dimentary rocks. 

The old& group of igneow rocks that m m h l y  htmsi~e in- 
.I , cluda ultrabasic and basic materials, mainly intrusive greenstones, 

that o m  in two distinch belts, The largest and most persishnt of 
these belts begins at the Tamna River betweem the months of the 
Salcha and Cham Rivers and extends intermittently N, 75" E. to the * had of the Sdcha. In the other belt these rocks are present in 
mall bodim both eaat and west of the Liven@ mining camp. Near 
the Salcha River the rocks consist of serpentine, greatly breccia,;ted 
along tb borders, the fracture zones filled with mndarg minerals, 
such as mlcib, quartz, and chalcedony. This mass of q n t i n e  is 
probably derived from some ultrabasic intrusive, such as dunitete 
Parther northe& a aerpentinous rock derived from olivine &abase 
was ohmed.  
In the nodern belt near Livengood a130 there are serpentinom 

- rmh with s m t ~  magnetite, that are probably eemndary a h r  some 
bagic or ultrabasic rock. There me also in this belt a variety of 
materials that are grouped undgr the general designation '@een- 
atone," mme of which are altered diabases and dioritas, and some of 

E which may be altered ultrabasic lava, flows. 
In general these rocks a m  largely of intrusive origin, but they 

include hth basia and ultrabmic materials both of which are psrtly 
or wholly altered to serpentine and ckloritic products, In their 
vicinity sm dl quantities of &omits and traces of nickel and platinum 
have k n  found, facts which suggeat that commercial deposits of 
ares of t h w  metals may be present. 

B The age of these basic intrusives in the muthem belt is uncertain, 
for they lie in contact only with ancient crystalline whish. 3n the 
northern belt, however, tb0 serpentine intrudes mks of Middle h- 
vonian a g ~  but d m  not appear in the nearby beds of Mimisaippian 

t age. From these facts the basic intrusives are mfermd to the Upper 
Devonian. 

msoeora o m m c  aoegs 

Nthough granitic mcks are widely distributed in the Yukon- 
Tmana region, most of the Iarger bod& Iie asst of the area hem 
mnsidemd, and in the region shown on plate 8 there are only rela- 
timly small, scattered bodies of such materials. , Merbie 81 hrms di- 

.I Mertle, J. B., fr . ,  op, cit. (Bull. 8723, m. 216216. 
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vided the granitic intrusives into two groups. Those east of the 
Tolomna River he considers to be mainly of Mesozoic age, though 
possibly including some Tertiary intrusives. All the granitic rocks 
west of the Tolovma he believes to be Tertiary, and they are so 
shown on plate 3, 

The granitic intmsives, though of irregular shapes, tend to have 
their longest dimensions in a northeast-southwest dimtion, parallel 
to the structure of the enclosing rocka They are relatively competent 
rocks and am so resistant to weathering that from them have hen . 
produced mttny of t he  highest mountains of the region. 

.The granitic rocla are mainly granite, biotite granite, and quertz 
diorite, with some momonjte and various differentiates of the orig- 
ins1 m-. Most of them are coarse-pined, and somr3 am por- 
phyritic. The usual mnstituont minerals are quartz, potash, and 
soda-lime feldspars, biotite, and hornblende. These granitic rocks 
occur mainly in areas of Paleozoic and pre-Cambrian rocks, where 
they are obviously the younger. Certain Tertiary rocks in the region 
contain abundant granitic cobbles and pebbles, probably derived 
from the granitic intrusions here under dhussion. From this strati- 
graphic evidence it is safe ta say that these intrusives are post- 
Paleozoic and pre-Tertiary. No more definite statement as to their 
age can be m d a  from evidence obtained in this region. From other 
lfnw of ~easoning, however, Mertie suggests that these rocks may 
have been intruded in late Jurassic or eady Cmtacoo~~s time. 

In the region that extends westward from the basin of the Tolovai~s 
River, there are more than tn dozen areas that are occupied by granitic 
rocks. The largest of these areas lie between Idaho Creek and 
the Talavantr River and along the southeast slope of Hot Sprinp 
Dome. Others form such prominent topographic features as Saw- 
tooth, Wolverine, Elephant, and Rongtop Mountains, which stand 
above their surroundings as a mult  of the greater mistance to 
weathering and erosion of the granitic intrusives of which their t a p  
are composed. Bmides these larger intrusive basses that are shorn 
on plate 3 there are many dikes, sills, and small intmsive Mia, 
particularly around the margins of the larger irrtrusives, that are 
mostly too small to be shown on a map of this scale. 

Theae granitic mka am of gray color and in the Jarger bodies are 
of medium ta coarse grain and consist of three general types-mon- 
eonite, quartz monzonita, and partite. Granite is leest abundant of 
the three, and the momonites show all gradations from monzonita to 
quartz momonite. Mertie SZ h a  recently summarized what is known 
of the petropphic and chemical charrtcter of these rmks. 

H e  J. EL, Jr, op. dt., pp, 2 1 m .  
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A11 t h w  mks whose geologic relations are clear cut sedimontq 
WS whose b i l s  show them to be of h w e r  or Upper Cretaceous age. 
It is therefore evident that some if not a11 of them are at least younger 
than the Upper Cmtnmus. They have not been found to cut Tertiary 
Ids, but none of them occnr in contad with Tertiary sedin~cnttlry 
mks.  Near two of the intrusive masses there are uow hot sprinp, 
which may indicate a relatively late age for the intrusions, Cinnabar 
has been found in the placer gravel near some of &we granitic bodies, * and that mineral is characteristic of many such intrusives in sout11- 
western Alaska that are recognized as being of Tertiary age. From 
these and other considerations Mrtie ooncludes that the granitic in- 
trmsiva of the Yukon-Tanana region that lie west of the basin of r the Tolovane River are of Tertiary age. 

OEOLOQIa mSTORP OF TEM YIJKON-TANANA m C I O N  

The geologic history of the portion of the Yukon-Tanma region 
here under discussion as recorded in the d s  is long and complex, and 
only a part of the record is preserved, for many formations that are 
represented farther east are here absent, either because they have 
been removed by erosion or because they were never deposited. 
Furthemore, in a region in which profound deformation has taken 
place repeabdly throughout geologic time the wmrd is obscured and - 
requires for its interpretation much mom detailed studies than hava 
so far been made. Certain facts are known, howmr, and ztre hem 
briefly summarized. The reader is referred to a recently published 

E much more complete summation of tho history of this great province.aa 
The oldest rocks that hnve been recognized in this region are the 

metamorphic sedirnentsry mcks of the Birch Creek schist. These 
matmials were originally laid down as sand, mud, and Limestone, but 
by repeated dynamic metamorphism they have beea in large part 
mrystallizgd and now appear as quartzite, quartzite schist, and mics 
schist. They contain no fa i l s ,  but from their relation to overlying 

-I mks am known to be of early pre-Cambrian age. While the upper 
portion of this drnentary  series was being laid down there was a 
perid of volcanism dllring which basic Bavas were poured out, and 
inkmsivea were injectd into the sedimentary rocks. These igneous 

it materials were  late^ rnetamorpl~oxd along with the endorsing sea- 
mentary mks and R ~ O  now basic schists. This long period of wdi- 
mentation and volcanism was ended by the intrusion of great m a w s  
of granitic rocks. 

The portion of pre-Cambrian time that elapsed after the deposi- 
tion of the rocks of the Birch Creek schist and the succeeding intru- 
sion of granitic materials and before the deposition of the next 

mldertle,  J.  B., Jr., op. cit. (Ball. 8721, gg. 229-287. 
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younger p u p  of mks in this region wm very long and is here 
repmnbd by a profound unmafomity. During that time else- 
whem on the continent great thicknesses of mdiments were laid down, 
and periods of subsidence and deposition succgedd periods of eleva- 
tion and erosion. In the northeastern portion of the Yukon-Tanana 
region the Tindir group, which comprises a grmt thickness of con- 
tinental sedimentary mka as well as of volcanic materials, was ldd 
down in Iabr pre-Cambriaxl and possibly early Cambrian time, ta be 
followed by a subsidence of the land and the begianing of Paleozoic 
sedimentation, with a spreading m a n  that reached its geatxst size 
in Upper Ordovician time. The earliest Paleozoic rmka that am 
represented in the area hem under disewion am the undiflerentiahd 
Paleozoic sedimentary roch earlier than middle Silurian, which in- 
clude a wide pariew of materials. The history of this part of the 
Paleozoic era is not dear, but materials of this group were probahly 
laid down at intervals from late pre-Cambrian to Middle Ordovician 
-time. The Middle Ordovician was characterbed in this region by 
the outpouring of a p t  thicknem of basic lavas, tuffs, and brewins 
md the intrusion of similar basin rocks. Upper Ordovician rocks 
are lacking. 

AppamtZy this region was above the sea during early Silurian 
time, but by the middle Silurian it was again submerged, and rt 
heavy deposit of limestone was laid down. In the upper Silurian the 
region was once mom elevated above the sea, and it apparently re- 
mained ws land throughout the h w e r  Devonian epoch. Another 
subsidencle m d  lmnsgremion of the aea tmk p l m  in Middle Devo- 
nian time, and the movement was accompmied by widespread and 
s v m  folding of the rock In the late Middle Devonian there w 
c u r d  another perid of p a t  volcanic activity with the extrusion 
of basic lava flows inh the ocean basins, where they were interhedded 
with marine mdiments. This perid of volcanism may have ehnded 
into Upper JDevonbn h e ,  though this is not certainly known. 
Though the evidence is somewhat obscure, it appears that there 

j, a break in the sedimentary m x d  between the Middle Devonian 
and th Carbonihrous, probably recorded by a stratigraphic uncon- 
formity. The earliest Carboniferous deposit is the Livenpd chert, 
of Missiesippian age, the deposition of which was at first interrupted 
and later terminated by the outpouring of a great thickness of l a m  
and volcanic fragmental matarid, the Rampart group, as mbm~rine 
ffows and accumulations. Thew volcanic rocks were sucxeadd: in 
ather pa& of central Alaska, by other Carboniferous sedimentary 
de-pwita, including the Calico Bluff and Tahkandit formatiom, hut 
those formations have not been recognized in the w o n  here under 
consideration. 



It is believed likely that central Masks stood a b e  sea level during 
the: Lower and Middle Tria&c, but in Upper Triassic time wdi- 
ments were Paid down east of the region shown on plate 3, thong11 no 
beds of that age have been recognized within its borders. Another 
general regional nplift followed tha Upper Triassic, with the. land 
above sea leveI during Jura~ ic  time. During that pefbd p a t  
masses of granitic materials were injected into the crust in this 
~uegion, and particularly east of it, with regional metamorphism of 

m the host d s  and extensive contact metamorphism along the iborders 
-of the intsusives. The foxmation of the gold-bearing veins of the 
Fairbanks district probably tmk placa at this t h e .  
By Lower Cretaceous time another subsidence hsd brought th3 

C region below sea level and a thick series of sediments wrts ~ 1 e N t e . d  
in the Rampark district. The events of Upper CretaC%~us time are 
obscure, though some sedimentary roeh that are apparently of that 
a p  are pment, Certainly no snch widespmad submergence and 
heavy dimentation as that of the Lower Cretmwus took place in 
this area, though farther southwest e m i v e  areas were receiving 
Upper Cretaceous sediments. 

As far as can ba learned Sroh the p I + c  record central Alnska 
.emerged finally from the WL in late Upper Chtacmus or early Ter- 

I 
tiary time and has never since been invaded by marine waters. The 
earliest Tertiary sedimentary rocks that are p m n t  include mn- 
terials B U C ~  as accumulated in broad valleys under fresh-w~ter con- 
ditions in h n e  time, in a region of rnodemb relief. The sand- 

# ,rtones, shalw and conglomerates of thrrt time were intarbedded with 
peaty deposits f m  which the Tertiary coal beds have since been 
clerivd. 

Some time after the Eocene terrigenous sediments were E&d down 
the region was again uplifted, the rocks were folded, and granitic 
mgterials worn injected into the crud. The intrusions gave rise t~ a 
mod of mineralization during which gold quartz veins and deposits 

+ af cinnabar and tin were formed. 
Since the intrusion of the Tertiary granitic rocks and the amom- 

panying uplift and deformation the geologic eventa in this region 
have been legs spectacular. Emion has predominated over deposi- 

+ tion, and most of the products of that erosion have been carried by 
the streams beyond the borders of this region. 

A discuesion of the geologic events of Quaternarg time through- 
out t,he railroad region as a whoIe is gimn in the following p a p .  



As has bean stated in discussing the diffemnt geologic p r o v i n ~ ~ ~  
already described, it appears that. by the end of the Tertiary period 
the mountain-building p m a  in this general region here discussed 
had in large part awed,  and the granter topographic features, in- 
cIuding the Kenai and C h n p h  Mountains, the Talkeetna Moun- 
tains, the Alaska Range, and the Yukon-Tanana upland, had been 
elevated to approximately their prewnt altitudes. Likewise the pres- 
ent p t  depressions, most notable among which &re &e Cook Inlet- 
Susitna Bmin, the Copper River Basin, and the Tananlt Basin, and 
their many minor tributary valleys, existed and have sinca been af- 
fected by only relatively feeble elevations or depressions. It must not 
be understood, however, that the genera1 appearance of the country 
was like that  which we now see. The mountain3 had been scuIptured 
only by t h m  agenciea that are operative in a temperate c l h a t s ,  
chief of which are streams, frost, and wind, and their topography 
was that characteristic of a stream-eroded muntry. It is possible 
that in the higher mountains then, as now, relatively m a l l  alpin& 
glaciers were active, as they are in any latitude where the mountains 
rim high enough above the snow line, but them glaciers probably had . I 

not strekhed down to the mrain valIeys and hrtd carved their char- 
acteristic valleys only among the higher peaks. The appearance of 
tha Iowlands, too, must have been in notabIe contrast to  that of today. t 
'P2r~ tlrea occupied by Cook Inlet was somewhat narrower, and its 
bordering lowlands were better drained, had fewer lakes, and prob- 
ably presented a series of somewhat equally spaced stream valleys, 
mprsrated by low rolling hills and ridges. Turnagain r i m  wag then 
in all likelihood the valley of a mountain stream, and Rnik Arm 
was perllraps slso a stream valley above the reach of the tides. At 
its north end Cook Inlet mky have extended northward many milea 
over the area now mupied by the lowland delta. TIM lowlands of 
the Susitna and Copper River Basins had not yet received the larp 
quantities of glacially brought gravel and tiU with which they are 
now genemlly buried, and the Tanana Valley also was strihqly 
different in appearan-. 

It is still impossible to reconstruct with mnracy the conrsss of 
even the main rivers xis they flowed at the md of the Tertiary period, 
but certainly the drainage wlls then very different fnrm that of the 
present,, The 11011th and east masts of Kenai Peninsula mere much 
more regular than now and lacked the fiords that are now so re- 
rnarkabl y developed. The s h ~ p  and Bim of Cook Inlet Mered con- 
sidernbly from that shown on present naps. A p a t  river there 
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~mptied into the sea at ,tome p int  along what is now &k Inlet, 
but that ancient stream was much larger than the present Susitna, 
for it received the waters not only from the area now tributary to it 
but in all likelihood drained also all of the Copper River Basin above 
Woods Canyon and that portion of the south slopes of the Alaska 
Range the waters from which now find their way by the Nennnla 
and Deltrt Rivers to the Tanana. 

The basin of the Tanam River at the end of. Tertiary time was * in many respects different from that of today. Instead of hugging 
the base of the hills along the north edge of its banin, the Tanma 
River probably flowed westward mewhere  near the middle of its 
wide depression and at an altitude considerably lower than that of e the present stream. It is possible, too, that instaad of joining the 
Yukon at their present confluence, it flowed southwestward across 
what is now the Kantishna Basin and found its way to the sea along 
the mum now followed by the Kuskokwim, or southward along 
what is now the geneml m u m  of the Nushagak River ~ A J  Bristol Bay. 

None of t h w  great changes in drainrtge.hw yet hen worked out 
in detail, for the evidence Bes in a country imperfectly aplored 
md d%cdt of access, but the evidence at hand suggests strongly 
that the streams onm followed some ,such collrses as those outlined. 

I 
In addition to them major changes, there has awumulated a mass 
of evidence to show that many of the secondary and smaller streams 
followed different p~wlacial courses. Some of these changes have 
been large and repmnt  important shifts of drainage,. Others are 

3 small and of less consequence. But in spite of the facts that point; 
to large and small drainage changes, the drainage pIan bore a cloae 
relation to that ~hown on maps of M a y ,  and the main valleys, both 
in the mountains and in the lowlands, were valleys then also and 
carried their waters to the ocean along the general muha that now 
drain this region. 

(;ILACXbL EROCH 

The bsgh~ning of the Pleistocene or glacial epoch was brought 
about by a change in climate t h t  included a dwreaw in the mean 
annual. temperature of the +on and possibly also an increase in 

* the precipitation. The snow line on the mountains crept down to 
lower altitudes, such glaciers as already existed increased in size, and 
other valley heads that had been free of glaciers received a filling 
of ice and snow that p w  in size and thickness from year to year. 
As in most such events in e~rth history, this change must have been 
gradual, normalIy warm yeam alternating with more frequent and 
inqreasingly cold years. Perhaps had there been people living in the 
ri&ibn at that time the change during any one man's lifetime might 
ham beem scarcely noticeable, yet in the course of centuriw a great 
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change came abut. Each mountain range became the nourishing 
groground of a multitude of alpine glttcisrs, one of which formed in 
the head of each high valley. Them grew slowly lager, length'ened 
downward, and joined in the larger valleys, until the water streams" 
were replaced by im streams, differing from the ordinary rivers in 
that h s a d  of %owing only along the valley floors, they filled the 
basins brim-full. W s  process continued until a. very large part of 
the area here considered was buried beneath a p t  mass of slowly 
moving ice hundreds and even thonaands of feet thick, The direction 
of movement of the ice was controlled, as is that of streams, by the 
shape of the surface over which it moved. In the mountaine the ice 
currents generally followed the p d s t i n g  valleys, and a typicat 
glacier consisted of a main ice lobe h the larger valley, nourished 
by many branch'mg glaciers from the tributary valleys. ln many 
places, however, where them were low passes or gaps in the  alley 
walls the brimming ice flowed through these outlets from one valley 
to the next, thus giving a much more mr~p1ex drainage pattern than 
that of ordinary streams. 

As the mowitah glaciers slowly gxew larpr and longer they 
pushed ouk beyond the mountain h n t s  into the great lowlands. This 
was especially true of the glaciers on the Pacific slope, where the 
precipitation was heaviest ttnd the growth of the glaciers waa there- 
fore most rapid. Glacial tongues from the Kenai Mountains, tha 
Chugach Range, and the Talkeetna Mountains pushed westward int~ 
the Cook Met-Sudma lowland to meet and join similar ice l o b  
coming from the Alaska Range to the we& md north At the same 
time the upper h a i n  af the Copper River was hilarIy supplied by 
ice from the surrounding Chugmh, Wmmgell, and Talkeetnn Mom- 
bins md the Alaska Range, until it was filled to oveowing with 
a great glacier that had a multitude of vigorous tributa.rie8. Thk 
great Copper River ghcier found outlets for its overf3ow in many 
directions. One portion moved down the present valley of the Cop 
per River southward to the sen. Other bngues pusbed northward 
into the N a W  Basin, and through Suslota, Mentasta, and Delta 
Pass~s to  drain to the Tanana, but rt larger part of the ice movement 
must ham been westward ta the Susitna Bmh by way of the paw- 
to the head of the Matmuska River, and an even larger part, acrw 
the lowland to the head of the Susitna River. The Copper River 
Glacier thus formed an ice h l d  thaf was continuous with that of the 
Cook Inlet-Susitna depression, 
9'716 Susitna-Cook W e t  glacier at the t h e  of the peatest glacia- 

tion was limited in size only bx the margins of the basin. It ex- 
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tended from a point mar the crest line of one bordering range almost 
to the summit of the oppcwite mountain mass. On the west and north 
it wae margined by the summit line of the Alaska Range, and it was 
~mtinuous eastward with the Copper River glacier. The Talkeetna 
Mountains sent down radiating glaciers in all direction% and the93 
contributed their ice to the Susitna glacier either directly or by way 
of the Copper River Basin or the Matanuske Vdlay. Similarly the 

* Chugach M o n t h  sent ice to it through the Matanuska Valley, and 
down what am now Bnik and Turnagain h a ,  and many large ice 
s-s flowed to it from the Kenai Mountains. Just how far south- 
ward down h k  Inlet this glacier was able to advance has not y& 
been determined, but it certainly reached the Forelands and probably *- extended sT1 the way to the mouth of the inlot. Evidence recently 
obtained on the islands of the Hodiak group stmngIy suggests that; 
chosa islands at the height of Plei-ene glaciation were tied to tho 
mainland on the M ~ k a  Peninsula by a continuous ice field that filled 
Shelikof Strait, and that the glacier descending Cook Inlet pushed 
ewth and sonthmst to  a point east of the Barren Islands?' At any 
rate tidal glaciers extended intn the lower inlet from the rnounttti~a 
on Both east and west, and them may have joined from oppmite sides 
or coalesced with a main lobe pushing downward from the north. 

rn At f i e  time of the greatest glaciation, therefore, the entire area south 
of the cmt of the Alaska Range was floodod by a tremendous mass 
of glacial ice, and only the highest peaks and ridge3 appeared as land 
s h v e  the glacier ~urface. Evidence has been found rtt severs1 places ., to indicate the height to which the d g w  of this ice field reached. 
Thus along the west flank of the Talkeetna Mountains near the Kash- 
witns River the Susitna glacier at one time reached a height of about 
4,000 feet, and the main southward-moving lobe was over 50 miles 
wide and had a thickness in the center of the valley of nearly 4,000 
feet. If on0 can imagine all the lowlands bdow 3,000 or 4,000 feet 
completely buried beneath a broad, nearly level ice plain and the - mountain valleys aII brim-f ull of more steeply sloping tributary gh- 
u e m ,  so that only those ridges and peaks too steep and  harp to 
retatin mow projected above this immense white ice sea, he will have 
same ides of the bleak a d  forbidding appearance that this region 

t must have presented during the height of the glacial perid. 
Like the Copper River Basin, the Susitna Basin was fnZI of glacid 

ice to medowing, and while nQst of ths im mwed southward toward 
the w s  in the direction now followed by the rivers, at om point, at 
lewt, the glacial flood poured over a low gap in the s m u n d h g  - 

, CBmu, B, R., EOdlak and adlacent IsIanm: D. I. %I. fmrveg ~ n l l .  p. 1rn-1BS. 
1937. 
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mountaim It is very likely that jn pregldd time the crest line of 
the Alaska Ran* formed the watershed between the waters flowing 
to the Tanana =ver and to the Susitna River. The thick glacier, 
however, found an outIet northward across the range from Broad 
Pass into ths Nenans River Valley and flowed through that gap in 
sufficient v o l m e  to w a r  down the divide and leave upon its retreat, 
the low prss through which the railroad croases this mountain barrier 
and through which the hadwaters of the Nenana River now flow 
from the muthern slope of the range into the Yukon Basin. 11; is 
only because of the great altitude of the Ala~ka Range elsewhere 
that other paints of ascape into the interior lowlands wem not found 
by the Susitna glacier, as well m by the Copper River glacier. 

On the north or inland slope of the Alaska Range the development 
of Pleistocene glaciers was much more moderate than on the muth 
 laps. This WM due to mveral factors, fimt of which was probably 
the lesser precipitation on the inland dope. The present mnud pre- 
cipitation is 64.9 inches ~t Seward and 30.74 inches at Talkestna, but 
only between 3 1  and 14 inches for points north of the crest of the 
Alaska Range. It is fair to presume that during Pleistocene time 
there was a similar discrepancy between the rainfall on the two sides 
of the range. Another important factor was the smaller ave- size 
of the portions of the northwad-draining stream basins that lie in 
the high mountains as compared with those on the sout.h slope, the 
amas of ice accnmulation thus being smaller on the inland slope than 
on the maward s lop .  Still another influence that prevented the 
growth of a glacier in the Tanana h l l e y  that would cornpan in aim 
with those of the Copper and Susitna Basins was the fact that the 
Tanana Valley is botuled ,  and that somewhat remotely, by high 
rugged mountains only along the southern margin, the country on 
its other margins b h g  of too lorn d i e f  to afford gathering grounds 
for vigorous glaciem. 'Whatever may have been the causes, how- 
ever, the fact remains that few of the northward-flowing valley gla- 
ciers from the Alaska Range pushed their fmnts beyond the base 
of the f w ~ q  snd probably no single glacial lobe reached as far 
north as the p m n t  course of the Tanana River. In a few of the 
larger vdeys,  such as those of the aisana,  Nabeana, &ah, Wood, 
Nenam, and TokIat Rivers, the ice moved to the north edge of the 
foothills and spread out a Iittle onto the plains beyond, but not far. 
In most of the smaller northward drrrining v~lleys the glacirtl tongues 
never emerged byand the mountain front. The Tnnana Valley, 
therefore, has never hen invaded by a single great glacier, and the 
entire Yukon-Tanana upland has remained unglaciated except for a 
few s m d  and short valley glaciers that developed arol~nd one or two 
of the highest pmminenms in that ares. 
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The limits of glaciation in this region, outlined in the preceding 
paragmphs, are, so far as me now know, tl~ose reached by the ice 
during its pates t  development and the most readily recognizable 
evidences of glaciation are those left during t,he last great glacial ad- 
vance. That advance is probably to be correlated with the Wisconsin 
stw of gladation in the northern. United States, during which the 
conthntal glacier moved southwardl from Canada as far as the south 
edges of Lakes Michigan and Erie. In the Mississippi Valley, how- 
ever, at least five m~jor  stages of Pleistocene glaciation have bgsn 
recognized, md those were separated from one mother by long 
periods of deglaciation. No such mmplete series of glacial stages has s been worked out in Alaska, but it seems reasonable to suprjose that 
any climatic change great enough to cause glacial ice to move hun- 
dreds of miles southward into the central United Sbtes should have 
been operative in Alaska also and should have been reflected there, 
to some axtent.at least, in an inmased growth of the glaciers. 
In tn faw places in Alaska evidence has been found of at least, two 

ice advances, one much earlier than the last. Near the Alaska-Canada 
boundary, on the inland slope of the St. Elias Mountains, ancient 
glacial deposits occur that were indurated rtnd uptilted before being 

I overridden by the ice of the last great glacial advanw. In the vd- 
ley of the Nenana River also, close beside the railroad line at the 
pint where it emerges from the foothills onto the Tanana lowland, 
them a m  great erratic: boulders of glacial origin that lie far north 

1. of the outermost moraines left by the last glaciers at their most 
northerly stand. Still farther sauthwest, in the basin of one of the 
tributaries of the Mdchatnrr River that drains from the Alash 
Range, w deposit of ancient oxidized glacial tiu lies beneath t b  
younger, unaxidized moraines of the last glacid stage. Th- meager 
bits of evidence at least prove that there have teen recurrent glwial 
advances in Alaska .  Further evidence is most likely to be found at 

v similar localities along the north front of the Alaska Range, for there 
the glaciers advanced toward an ice-free region, d glacial deposits 
left during one period of glaciation would in favor~ble places h pra- 
served for future study. South of the Alaska Range such evidence 

+? js likely to be much more difficult to find, for the l a  glaciers cove& 
t,he entire country, and removed, buried, or confusad the deposits lefi 

- 

by their predecessors. 

To the trained observer who travels from an unglaciaikd, stream- 
eroded mountain region into another mountain region where glacis 
tion has been vigorous and prolonged, the diffemnce in the appear- 

T 7 7 8 8 4 ~ 1 1  



ance of the land forms produced by these two agencia of erosion 
is strilang. In the atmm-carved mountains the vdle~rs are 
broadly V-shaped in c m  mtion, and the streams flow over p d i -  
enb adjusted to their volume and load along aomewhat devious 
mumm as they swing past the points of epurs projecting into their 
valleys, fmt from one side and then from the other, so that the view 
along the valley af one standing by the atreem is cut off by these 
interlocking spurn. The outlook in an area of strongly glaeistd 
mountains is quite different. There the broad-floored valleys are 
U-shaped in crcm section, the valley walls rising precipitously from 
the edges of the stream plain. The great, troughlike valleys am 
straight, or bend only in p a t  sweeping curves so that the view is  
generally open for miles up and down stream. Tributaries join the 
main streams fmm hanging valleys, with p t  Isck of adjustment 
in their gradients, so that each tributary is likely to have rapids or 
f d s  where it plunges from the mouth of its hanging valley to the 
mom doeply eroded trough of the main &ream. In a11 the minor 
details of sculpturing, too, the i m - c a d  mountains contrast with 
those cut only by flowing water. Cirques, trr~ncated vurs, hanging 
valleys, tarn lakes, and p a t  bare rock walls free fmm accumula- 
tiom of the products of rock weathering and decay all pmclaia the 
res is t le~  force and inhnse severity of the erosive pwer of thick, 
slowly moving ice streams, shcd with an abundance of rock frag- 
ments. 
In the region hem describd all the high mountains show thew 

eflech of intense glacial erosion. The deep vallsp and fiords of  
Kenai Peninsula were carved in large part by p a t  glsciem that 
were the ancestors of the still large ice streams there. The physio- 
graphic features of the ice-fme portions of the C h u p h  and Tal- 
keetna Mountains and of the Alaska Range are the same as thme 
to be found in the bssins of active glaciers, but little modified by 
pastglacial st- erosion, These featurn am in sharp contrast 
to those of the Yukon-Tmana upland in the vicinity of Fairbanks,. . 1 

for there glaciers bava never existed, and the land forms h a ~ e  been 
developed by other pmcesaea 

The effects of glaciation upon the lowlands and in the broad, open 
valleys of the major streams have ken altogether dXemnt from + 
those in ths mountains, but neverthela they have altered the appear- 
ance of the lowlands profoundly. In the mountains the tendency of 
ice erosion  ha^ been to accentuate the relief by deepening the valleys, 
sapping the bordering ridges, and so developing steep diffs and sharp,. 
ragged r idpa and peaks. In the lowlands, however, espec.ialIy in 
those valleys that ware filled thousands of f e t  deep by moving ioe 
dreams, the effect of the ica invasion was to mooth out i m p l a r i t i ~ .  
of the glacier beds by rasping down projections and filling hollows.. 
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Thus those lowland areas that were submerged by glacial ice tend to 
show smoothed and rounded hills and ridges and broad, gently un- 
dulating lowlands with few conspicuous prominences. This is well 
exemplified in the lowlands in the headwater region of the Susitna 
River, where all the ridges less than 4,000 to 4,500 feet in altitude 
we smoothed and rounded, while those that rise a few thousand feet 
higher are sharp and rugged. The imposing on the lowlands of a 
smoothed and rolling topography is due no less to glacial deposition 

d 
than to glacial erosion. The vast quantities of rock debris torn from 
the mountain valleys and from projecting and overriden ridges must 
of necessity have been deposited somewhere, and the lowlands, as the 
route over which this burden of ice-brought material was carried, 

f? received abundant deposits of it as glacial till and morainal matter. 
It is generally difficult to ascertain how thick this layer of glacial 
material is, for deep clean exposures of it are rare. Yet in places ia 
the Copper River Basin there are stream cuts several hundred feet 
deep that fail to show the bottom of the glacially deposited material, 
and the aggregate amount of glacial till now present in the lowlands 
of the Copper and Susitna Basins must be many hundreds of cubic 
miles. To this must be added a large part of the tremendous amount 
of stream gravel that occurs along the valleys of those streams that 

a 
head in glaciers, for such streams are heavily burdened by mud, sand, 
and gravel that have been supplied to them in large part by the 
glaciers in which the streams have their sources. Likewise the deltas 
of such streams as the Copper, Susitna, Matanuska, and Knik River; 

w 
kd are largely made up of glacial outwash, as are the broad tide flats of 

upper Cook Inlet. The agricultural lands of western Kenai Penin- 
sula and the Matanuska and Susitna Valleys are in the main floored 
by materials deposited directly by glaciers, or by glacially burdened 
streams. 

As has been explained, the Tanana lowland has for the most part 
never been covered by glacial ice, but its present surface forms and 

.+ the material with which it is paved are nevertheless principally of 
glacial origin. Most of the water of the Tanana River is received 
from streams that drain the north front of the Alaska Range, and 
those streams flow from valleys which were once ice-filled and many 

aP of which still harbor vigorous glaciers at their heads. The present 
heavy load of gravel and silt that the Tanana River carries is re- 
ceived almost entirely from these glacial streams. I t  takes little 
imagination to realize that the streams that flowed from the former 
much greater glaciers were even more heavily charged with glacial 
debris. These streams, burdened with all the gravel, sand, and silt 
they could carry, emerged from their relatively steep mountain val- 
leys upon a lowland of lower slopes. With diminished gradient a 
part of the load was deposited, the coarser gravel being dropped near- 
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E& the mountains and progrevely 6nar rnateriab being laid down 
as the distance. from the mountains increased and the stream gadi- 
ents lessened. In this manner, during periods of &Vera glaciation, 
great ttalluvial fang, of low slope, were built out northward from the 
Alaska Range and its foothills into the Tanma lowland. These fans 
p e w  lakrally to the east and waert, aa well as t o  the north, and the 
deposits built by a p a t  number of rather closely q m d  northward 
flowing streams finally merged to  form a continuous alluvial apron 
along the entire north foot of the mountains. 
By contrast ta its heavily burdened tributaries from the glwiatad 

mountains to the muth, the streams that draimd to the Tmane from 
the unglaciated Yukon-Tanana upland to the north were relatively 
clear and carrid little solid material. As a mnsequenoe the ag- 
grading gravel fans on the south aide of the Tamna gradually caused 
a northwad shifting of the axis of the brod  valleg, until finally 
the river flowed, as it d m  now, at the extreme north edge of its low- 
lmd, cutting against the rock bluffs of the valley on that side. The 
aqmmetric position of that stream in ih lowland, however, while 
showing d&nitely the influence of valley aggmdation from the south, 
gives little measure of the actual amount of outwash filling in the 
lowland. Onco s h i W  to the north side of its vdeg, the river 
would remain in that position if it9 erosive action w01.e just balanced 
by the supply of new mattrial from the south. If, however, thei 
glacial tributaries for a con~iderable time brought down more de- 
tritus than the Tanana could remove, no great amount of lateral 
shifting of that river being possible, the whole valley would have 
been %graded, and the level of the stream bed at any point would 
hlrve become lugher as aggradation went on. 

There me several obvious test& that could be applied ki determin~ 
whether or not the entire floor of th0 Tanana lowland has been 
r a i d  to any appreciable extent by aggradation from the glacial 
tributaries. Obamtion that the alluvial wnes fram the Alaska 
Range extend into the lowland and slope downward ta its north edge 
is conchsive in showing that the process has bean and still is opere- 
tive. Direct epidmce of the thickmess of this filling of glaciofluvistl 
outwash in the lowZmd could be obtained by drilling, but unfor- 
t.unatelg no such brings have yet been made, and evidence of that 
sort is still lacking. A third line of evidence can be o b t e h d  by s 
study of the valleys of the unglaciated tributaries of the Tmna 
from the narth, for if the lowland to which they drained has been 
fdbd to any sppmiahla extent, this would rssult in the damning 
b& of those other strews, and would cause them too also to  eggrade 
their valleys, so thnt the bedrock valley floors should lie below the 
level to which the streams now cut. The Elling in the valleys of 
t h w  lightly loaded streams should also differ in character from the 
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glacid outwash from the south and should consist of ~ u c h  
h e r  ailts as r clear sluggish s t m u  can tranqort, together with 
such m a i n s  of plant p w t h  as would accumulate in the marshy 
~ U e y s  of partly ~Mructed streams. On the buried rock floor, how- 
ever, them Aonld still mmain the cnamr dream gravel that WII- 

dtuted the normal stream-channel deposits before tha damming 
occurred, and at intervals higher in the filling there shodd €M layers 
of fine &ravel, or sand, brought down at times of Hod, when the 

* c m n t  was for a short time swift enough to handle, material coamr 
than silt. 

Fortunately, much information has been obtained concerning the 
conditions of the valley Nling and the depth to the bedrock floor of 

F thow tmglaciaeed streams in the Fairbanks ragion, for the rich placer- 
gold deposits there have caused the sinking of a great number of 
shafts to bdrock in mrch of the precious metal. In places shafts 
have ahown the wing to have a thichw8 of over 300 feet. The 
placer gold genemlly occurs in a layer of coarse gravel that lies di- 
mt1y on bedrock. It m m s  likely that this layer represents the nor- 
mal stream wash of the valleys during the gradual wearing down 
of the country by streams in preglacial and early glacial time, and 
it has retained the heavy concentrates from an immense amount of 

I 
rock detritus that was moved along the valleys during the age- 
long erosion of the country. Above t h e  auriferous gravel there is 
commonly another layer of coarse gravel in which there is no nob- 
worth;y concantration of gold. This may represent the detritus mr- 

8 
Y r i d  down by the atreams at a t h e  when the f i lhg  of glacial outwash 

in Tanma V~lley had begun to hamper the free dkharge of mate- 
rids from the north, but while the gradients of the southward-flow- 
ing streams were still steep enough to pennit the moving of coarse 
mataials. The upper part of the filling in the southward-draining 
~alleys, the so-called muck of the miners, consists largely of fine sedi- 
ment and organic materials, all more or less completely frozen. 

v portion of the filling awumulatd under conditions much like those 
that now prevail, where such streams as the Tolovana, Cbena, Salcha, 
and their tributaries, impounded by the great glwial-outwash fill of 
the Tanana lowland, flowed sluggishly through broad marshy low- 

c hndq in which remains of vegetation, wind-blown dust, and the 
meager silt burden of the streams were laid down. Prospecting has 
shown that the depth to bedrock decrems gradually up any of those 
strems, and in the headward portions the valley fill is no deeper 
than in similar valleys elsewhere, and the normal processes of stream 
erosion in high latitudes are in operation. 

The observed facta in the Fairbanks region thus %em to meet the 
conditions that would be expected as the result of a great aggrada- 
tion of the Tanam Valley by glacial outwash from the south. Just 
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how far the effects of glaciation have m u d  the filling of the 
northern tributary valleys and to what degree glaciation haa indi- 
rectly caused the deep burial of the gold placer gravel in the Fair- 
banks region are as yet by no means known. Other iduencw, such 
as a general subsidence of the Fairhnks region, may have bmn and 
probably were in operation, yet the simple axplanation dm& 
abov-that is, the aggadation of the Tamm lowland to a m i n i m  
depth of sevetl  hundred fwt by glwial outwash from the- mom- 
tains to the muth--will satisfy many of the requirement of the m e  
and has certainly lmn an important factor iri causing the dsap burial 
of much of the p l w r  gold of the Fairbanks region. 

Deposits of glacial morainal material are much less widmpread 
on the Tanana slopes of the Alaska Range than on the 1 acific slope, 
for at only a few places were the glaciers able to push out beyond 
the mountain front on to the piedmont plains, where eon itiona were 
favopable for the laying down and preservation of th i glacial da- 
pits. In general, therefore, the glncier~ on tba north l o p  of the 
range- were of the alpine type, were confined to n a m  k mountain 
valleys, and dropped their burdens of detritus in vvallebs in which 
stream erosion was active, so that much of the material H a s  now h n  
moved ,  =rted, and added to the filling in the ~ a n k n s  lowl~~nd. 

I 

After the glaciers of the l& period of ice advance bttd reached 
their gmatesb development. the climah gradually h a &  milder, m 
that conditions were lem hvomb1e for the accumu~atioh of iw, md 
the glmiera of this region began ta retreat. The mtm$ like the ad- 
vance, probably mnsisted of n series of oxillations of khe ice edge, 
but in pneml the periods of withdrawal were longer A an those of 
increase, and the ice fields shrunk both in area and in t l i i c e w .  On 
the Pacific slope this retreat w a ~  first evident by a lemhed discharge 
of ice into the scan and a shortening of the d h n m  that the tidal 
glaciers pushed out to  sea. At EL later ~tage many glaciers ceased to 
reach tidewater and shrunk back inta their deeply erbded d e w  
The p t  Cook Inlet-Susitna glacier, lm abundantly dpplied By ica 
from iki multitude of mountain tributaries, shrunk no?thwml until 
Cook Inlet was ~~ncoverad and invaded by salt water. Still later the 
Suaitna lowlands were bared, the tributary ice stream from the sur- 
rounding rnounhb became detached, and each shrank t lowly into 
the mountztins. Similarly the Copper Rimr lowland was bared, 
streams restun4 their old c o u ~  acms the lowland or found new 
ones, and the only glaciers left, were of the alpine type, lying in deep 
gorgea within the higher mountains. 

THa glaciers on the north slope of the Alash Range probably expe- 
rienced vicissitudes similar to thm on the Pacific slope, but as they 
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were mdler the magnitude of the a d a t i o n s  was lcm. No hgle  
great glacier formed in the lowlands there, and few ice tongues pushed 
north beyond the mountain front. Nevertheless, mrtny of the glaciers 
a t  their maximnm were 25,30, or 50 miles long, and upon their with- 
draw~l a great area of mountainous country was freed from im and ~~ again to processes of atmospheric and stream m i o a  
Throughout the railroad belt there was a tremendous shrinkage of the 
glmiers. Many valleys that had once contained large glaciers became 

Y free of ice, and such of the glaciers as persisted were greatly sl~runken. 
The present glaciers of the region are much-diminished remnants of 
tbe Pleistocene glaciers, and the ice withdrawal that marked the end 
of Pleistocene time is hlieved to have brought abut  the retreat of the 

? glaciers ta approximately the positions they now occupy. 

The prssent glaciers have been referred to as the remnants of the 
greater Pleistocene glwiem, and such indeed they are, hut in spite of 
the fact that they are only a fraction as large as thay once were! them 
are few metas in the world where larger mountain glacim exist than 
those in the region here described. In sailing along the east and 
mth masts of Kenai Peninsula, valley after vdey ia seen to con- 

- tab a great glacier that pushes down almost or quite to tidewater, 
and the Kensbi Mountains west and southwest of Bmmection Bay 
support a great ice cap some 75 miles long, from which p t  lobes 

Z 
project radially down all the larger valleys. The Ghugach Mom- 
t a b  north of Turnagain A m  and Prince William Sound and south 
of the bfatanuska River contain many glaciers of great size and ex- 
ceptional beauty, whom heads Iie in unexplored and unmapped coun- 
try. The glaciers of the Talkeetna Mountains are numerous, but 
they are small compared with those of the belt of heavier prwipita- 
tion along the coastal mountains. The Alaska Range, however, 
dthough outside of the coastal. region of exceptionally heavy pre- 

w cipitation has, as a result of its great height and ares, a number of 
valley glaciers of the first magnituda. No exact figures of their area 
can be given, for their headward partions are still unmapped, but 
Kahiltna Glacier is nmly  4 miles wide at  its terminus and is prob- 

f ably htween 40 and 50 miles long. Tokichitna. Glacier is about half 
aa large; Ruth and Eldridge Glaciers, which drain from the slopes 
of Mount McKinley ~KI the Chulitna River, are probably nearly rts 
large as Kahiltna Glacier; and MuIdrow Glacier, on the inland front 
of the range, extends northeastward from Mount McKinley for a 
total distance of 39 miles. In addition to these there are a multituda 
of glrtcie- many of than unnmd and unexplored, that range in 
length from rs fraction of a mile to 25 miles and would be famous 
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in their own right in any country less lavishly supplied with thwe 
imprasive ice streams, 
No general statement can be made that will apply to the present 

stability of all the glaciers of the region, Without doube soma of 
them have shown a considerable shrink~ge in the lrrst 100 years. Ma- 
ture forests within a short distance of the d i~ ta l  ends of othem indi- 
cate that the present stand of the ice front is h u t  as far forward 
as at any time during the existence of the forests. Glaciers every- 
where are subject to advmm m d  mhe~h,  as they depend for their 
nourishment upon snowfall in the mounbins. A few years of 1- 
than the averw snowfall or of highe~ than the average summer 
temperature will result in a general setreat of the glaciers in the 
region MI affected, but a, return to normal or @her than normal 
precipitation and cooler summers will bring abut a readvance. If 
these minor oscillations are ignored it seems likely that the glwiers 
of t h i ~  region have mintrrined their sim md position without great 
ch~ntnge since the end of Pleistocene time. 

RHImm D E P O B F r B  

!FEBBb.UE 

Throughout the Alaska Railroad region there are extensive amas 
covered with deposits of stream-laid p ~ e l  that aro related to the 
present topography but that lie above the l e d s  reached by the present 
streams, even at flood stage. These gravel deposits form terratlea along 
the stream valleys and occupy much of the interstream wem in the 
Susitna lowland, the Tanana lowland, and the basins that lie be- 
tween the foothilI ranges on the north dope of the Mash Range. 
They may lie upon any of the older formtitions and are locally found 
upon the old hnrd-rock formations, on the less well indurated Tertia~ry 
Ids ,  and on the glacial deposits. The term 'Yerrm gravel" is ap- 
plied to aLI materials of this class to distinguish them from the much 
older and g e n s d y  deformed gravel and from the deposits of the 
present stream& 

!I'he terrace gravel is stream-laid and remmbles the deposits of the 
p m n t  streams in composition, structure, and degree of affsortment. 
I t  consist4 primarily of well-rounded pebbles, varying considerably 
in conmness from place to place, and of considerable sand and silt, 
both intermingled with the pebbles and rn irregular beds and lenses. 
In general the t e r n  gavel is undefomed and ib surfam slopes 
are the slopes of deposition, aomewhat modified by later erosion The 
character of its material and its topographic position indicate that the 
terracs gram1 was laid down by streams whose courses ran dong the 
preant valleys, but the g a ~ e I  has since been left in its preasnt elevated 
positions by the deepening of the adjwnt stream valleys by stmm 
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amion. The immce p v e l  in general shows little oxidation and is 
prevailingly of a bIue or blue-gray color, thus contrasting sharply 
with the deeply o x i d i d  and yellow Tertiary gravel. The thickom 
of the deposit& is commonly not great, ranging fram I to 20 feet or 
more, but there are broad areas over which they are sufficiently thick 
to concel~l the underlying deposits. Their surface is commonly 
covered with v e e t i o n .  Locally the character of the terrace gravel 

, is strongly inAnenced by the character of the nearby matarids from 
t which it was originally derived. Thus along the  st^& bank of the 

Nenana River below the mouth of H d y  Creek and a t  many other 
places them are terrace remnants that, as shown by their physio- 
graphic position end form, obviously belong witb tb terrace gra~el,  * but are composed of oxidized and yellow materials that closely re- 
pemble the rtdjacent Nenana gravel in appearance. In such places the 
distinction af one type of gravel deposits from the other must he based 
on the physiographic and structuraI evidence, and not done on the 
character and appearance of the composing materials, for the terrrtce 
p v e l  there  ha^ been derived wholly or in lwge part from newby 
rjdps of Nei~ana gravel and reveals the oxidized character 2nd the 
cornpaition of the ancestral deposit, but has taken on the phy~io- 
graphic and structural characteristics of the much younger terrace 

+ gravel with which it must now be cl-d. 
The general physical condition and forn of the brrace gravel 

and its relations to thn ghcial moraines indicate that in part at least 
it is composed of the outwash materials laid down beyond the ice 

C border at the time of i he last p a t  ice advance. In origin, therefors, 
it is little different h r n  the present broad p v e 1  plains now found 
along m many of the rivers of this region that head in glaciers. 
'She present stream gravel, however, is only in part directly of 
glacial origin and wntains a considerable admixtare of the prodncta 
of normal s t m  erosion, together with reworked materials derived 
fmm older glacial deposits. The terrace gravel probably contains 

w s larger percentage of debris supplied indirectly by the ice, but it too 
jn places conkins much material of loeal derivation that has been re- 
handled and resh~ped into new physiographic f o m  but moved no 
p t  distanm f m  its mum. 

The fact that in rr, single stream valley them may be a series of 
terraces, one above another, shows conclusively that the materials 
composing the Iterraces vary considerably in age, the low& being 
the youngest and the highest tha old& Such stream terraces have 
probably been continuousIy in prwxw of formation from glacial time 
nntil today, and the terrace gmvel, therefore, ranges in age £from 

Pleistocene to the p m n t .  Plseer gold has ken found in enmurag- 
ing mounts at severe1 places in the terrace grave1 in tho Kantishnls 
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snd Boxmifield regions, and at a few places a mnsidembIe amount 
 ha^ been m v e d  by mining. It is entirely possible that more 
inhnsive prospecting and the cheaper mining that has resulted from 
improvements in transportation and mechanical equipment will make 
i t  possible to mine the terrace p v e l  at a profit in many pI aces where 
mining has w far not been attempted. 

The problems of the origin of the "muck'' and af the deeply buried ' 
pI-r depo~its in the Fairbanks, Tolovma, snd other interior gold- 
mining camps and of the deep ground frost and the remarkable ice 
dikw and sills in thosa deposits nre still far d m  solved and deserve 
much fuller study and discussion thnn can be give.  to them in a 
general paper mch as this one. The writer Gelieves thnt the alluvia- 
tion of the master stream, the Tnnana River, is one of the, causes 
.for the deep muck fill in the  valley^ of the southward-flowing 
streams of the Yukon-Tanana region, but many other c a m  have 
also been in part contributory. Many drainage anomalies in the 
Yukon Bs~lin show that without doubt there has been gentle crustal 
warping in central Alaska in late Tertiary or early Quaternary time. 
This is indicated also by the fact that in the lower valleys of &Id- 
bream Creek and the Chatmika River, where the present surface is 
lcm than 400 fwt above sea level, them is a filling of muck of as 
much as 2OQ feet or mom, and that the bedrock floor of thorn valleys 
is therefore less than 200 fwt above sea level. The b d m k  0mr 
at the axis of the Tanana Valley is doubtless &ill deeper. The master 
stream of the region at the time these bedrock valleys were cut would 
therefore have had a gradient of no more than half thnt of the present 
Yukon River, and probably much less than half as much, if no 
warping had taken place. But warping is definitely indicated by 
such drainap anomalies as the p-ge of the Yukon River from a 
broad basin at the Ylzkon mets into the narrow canyon of the 
Ramparts, and again by its passage from the wide alluviated basin 
above Tmana into the narrow valley at Ruby. 

The origin of the material in the muck itmlf is also a pmblem 
which has been much d i s c a d  but concerning which various opin- 
ions prevail. The great rtge of much of it is indicated by the prea- 
ence of fossil remains of long extinct animals such as mammoth, 
mastodon, horse, a giant bison, and other animals which are generally 
believed to have lived during Pleistocene time, A list of the ver- 
tebmte fossils mUec:t.ed by the Geological Sumey and by the Smith- 
eonian hditution, as well as of fresh-wstsr invertebrates md plmts 
from these deposib, has recently been given by Mertiag8 The mate- 

* M- r. B., Jr., op. d+ (Bull. am), pp. 10+19&. 
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ritlsl itself eomists, besides the abundant partIy decsyed plant re- 
mains, mainly of a very h e  silt or loam, almost free from mnd, 
grave1, warn grit, or rock fragments. The writer is of the opinion 
that much of this fine material is loess-mind-blown dust that was 
carried from the broad flats of the many-branching glacial, stwarns 
a d  depositd widely over the hills and valleys in the unglaciated 
area of interior Alaska. This windblown material nahurdly Idged 

* ~ h t m v e ~  there was a mrtt of vegetation to hold it and is therefam 
now found most abundantly only below such altitudes as the upper 
lhiL to which the Pleistocene vegetation grew freely. Recently 
mining excavations on Cripple Creek, near Fttirbmks, show wtions 

w of well aver 100 feet of fine buff comminuted rock material that con- 
tains no trace of any particles as coarse 88 sand and that resembles 
and probably ia wind-blown loess. 

The generay frozen condition of the muck to depths of 200 b 
200 feet and the presence in it of dikes, lenses, and wedges of clear 
im nm pmblams that deserve Mler discussion than can Iw given 
here. Opinion still varies as to whether the muck became &men 
frmn the surface down, or whether the frozen surface rose as the 
muck thickened by annual accretions. Some of the lenses of clear ioe 
in the muck may b fcssilized ponds or small le~kes. The irregular 

Y dikes and wedges, on the other hmd, were certainly formed after 
the muck was in place. The depth and character of the muck and 
the underlying gravel, their generalIy frozen conditioa, and their 

L 
origin am matters of great economic imporhce in the gdd placer - camps of interim Alaska, for the gold-bwring p v e l  1 ies on. bedrock 
h e a t h  a cover of vwiabIe thickness of these materials, and to reach 
the gay gravel it, is necessary either to sink shafts through these 
frozen deposits rsnd remove, the pay dirk by thawing and drifting, 
or in the larger mechanically equipped mines to  thaw the e n t h  
dew& of muck and gravel, sluics off the muck, and mine the pay 
p v e l  by dredga, by mechanical scraper, or by lqdraulic methods. 

w Smms of millions of cubic yards of this material have already been 
thawed and mined in the Fairbanks district, and demte plans have 
h n  made to eontinue thm operations for many gertrs. 

The present stream gave l  includes only the gravel that mupies 
the flood plains of the existing streams and thzk may be overffowed iti 
periods of high water. It has been laid domn under conditions -en- 
tially like those that now prevail in the region. As a, result of the 
way in which they were formed the deposib of atream gravel occur 
as long, comparatively narrow bands that follow the winctings of the 
stream valleys. The present dream deposits are almost continuous 
along the entire c o r n  of each Aream, but at places where there are 
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narrow rock eanyom the streams may cover the whole valley floor, 
and the &ream deposits are there narrow and thin. They vlsry in 
width from placa to  place as the valleys widen or are constricted and 
with the amount of material that each particular stream csrxies. On 
such &reams as receive little or no g1:Iacial water and am therefore 
comparatively clear the p v e l  deposits are likely to be narrow. There 
am few hpertsnt rivers of this type south of the Tanam River, for 
dl the major streams that drain fmm the A l d a  Range and tho 
Tslkeetna, Chngach, and Kenai Mountains are glacier-fed and c m y  
heavy loads. The rivers that drain to the Tmana h r n  the im-free 
Yukon-Tamria upland, however, are clear, and their gravel deposits 
are small in area. Streams mainly of @acid origin, on the other 
hand, are usudly burdened ta capacity with glrccid debris during the 
summer season of high waters and have extensive p v e I  flats Mow 
the glaciers. Thesre deposits are characterized by the coarseness of the 
gravel near the glaciers, and in & stream receiving glacial drainage 
only a t  its head the gravel deposits become progremisively finer dowxl- 
&ream. The heavily loaded shams deposit a large part of their 
burden within 10 or 20 miles of the glacier and spread in numerous 
branching channels over wide, bare gravel bars. Many. of the large 
trunk streams of this region tare by no means of this simple type, 
.however, for they mm joined at intervals by heavily loaded glacier- 
fed tributaries and their broad p v e l  plains therefore extend for 
-long distanms along the valleys. The Susitna River is of this cam- 
flex type. At its head it is fed by two large glaciers end flows in 
many branching channels over a wide gravel %at. Below the great 
bend, where it flows in a wwestmad direction, it hm already depositd 
most of its coane debris, the gavel plain namws, and the strewn 
flows in rs single channel most of the way to its confluence with the 
TaIkeetna and Chulitna Rivers. These streams, however, discharp 
p a t  quantitiw of glacial: outwash, and below their mouths the main 
Susitna bas again developed a broad gravel plain. Below the Yentna 
the Sutsitna has left behind most of i b  c o a m  gravel and follows a 
fairly definite channel to tha sea. 

The Tamm River is heavily loaded with gravel along its entire 
mum within this area, for it receiv~s at rather shod intervals ~ u c h  
glsci J l y  burdened streams as the Delta, Little Delta, Wood, Nenana, 
and Kantishna Rivers and is unable to entrench itself deeply into it.s 
gravel fill. 

The ability to distinguish between these two types of s t m m s - h t  
is, those that are aggrading, or building up their valley-floor deposits, 
d those that are eroding, or constantly deepening their valle-ia 
i~ most important matter to one prospecting in this ares for placer 
gold, for aggrading &reams have little ability to concentrate the par- 
ticlea of heavy metal into workable pI-r deposits, as the containing 
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pw1. is constantly receiving additions rather than being conmn- 
tratd by the removal of the lighter materials. On such strams it is 
only at W a l l y  favorable localities, such as r d  canyons where 
the restricted channel enables the stream to scuur to bedrock or on 
cerEain bars where the c u m t  so flows as tn caue local wncentm- 
tions of gold, thst workable placer deposits are likely to 'be found. 
Eroding streams, on the other band, pass great quantitis of material 
down their valleys but by periodically cutting down to bedrock and 
ghifting their valley deposits around they are able to concentrate 
upon bedrock the heavy metallic content af the entire mass of detritus 
that .they axe moving$ and if the detritus contains sufficient gold a 

R 
continuous pay streak is likely ta be developed on bedrock below tZla 
paint from which tho gold comes. 

In mgions of subamtic climate certain prooesses of erosion, by 
which the pmducts of rock weathering are shifted slomly down 
dopes, are opcrrttive over great areas, and the aggregab amount of 
material transported in this way is enormous, These slow processes 
of erosion BFB here grouped r~nder the general term "soil flow." 
"They are operative generally througl~out those p ~ r h  of the rail- - wad region in which them is permanently frozen ground, In the 
lowlands of the Cook Inlat-Susitnra depression, the Matanuska Val- 
ley, and ather vdleys of low altitude on the south gide of the Alaska 
Range there is little permanently frozen ground, and soil flowap 

8 
t there is not conspicuous. In the adjacent mountains, however, above 

an altitude of a b u t  3,000 feet, there is much permanent frost and: 
much mil flowage. North of the Almka Range there is permanent 
frost even in tho lowlands, and in the foothills generally the p u n d  
thaws to a depth of only a few feet even in midsummer and soil 
f l o w w  is very active. 

The phenomena hem included under h e  general term %oil flows'' 
w are confined to those areas where permanent &round host  exists 

and are therefore opemtive at low altitudes only in subarctic a r e s  
or at high altitudes in amas at lower latitudes. In t h m  areas, 
wherever the surface slopes are moderate trnd there is a soil cover 

a? of any kind, the ground is covered with a tough mat of alpine plants 
that include sphagnum and other mmses, many varieties of gmss, 
and mch low-growing shrubz as blueberry and heather. This mat 
of vegetation effectually retards the removal of rock waste by the 
ordinary processes of rill and gully wash. In those regions, too, 
the gno~~nd remain8 permanently frown a ahor(; distance below the 
surfwe in places where t h e  surface cover of plants aBords sflectiva 
insuIrrtion from mmmer melting, so that &re- cutting is further 
retarded by hen ground. The vegetative met also acta as an 
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sbmrbent medium for auch precipibhion as falls on the grwnd, and 
that moisture is prevented from sinking into the earth by the 
tightly frozen subsurface layer, so that; the water table, as it exiata 
in tamperate ciimatm, is absent, but the surface layer of mil. remains 
surprisingly wet in view of the low annual precipitation in most of 
this region. Under such conditions the products of rock disintegra- 
tion and weatharing arb removed by soil creep or flow, Many typm 
of mil flow or mk-waste movement ham been recognized, varying 
in rate of moment from landslides and sudden flow8 of mil and 
mud to mil creep and flowage in which the movement is much too 
BIOW tn ba visible but which yields l a r e  malts in the tlmount of 
tranqmrtadon accomplished. At many plmxs, particnEarly on mod- 
erately steep slopes, the l a n h p e  iR scarre$ by shallow deprewions 
left where the semifluid soil lm broken loose and flowed suddenly 
downhill, and such mudslides, still wet and sticky, are frequently en- 
countered. These flows range in length from 100 to 500 feet and 
generally show gs expanded, spatulate shape at the upper end, a 
rather narrow main body, and a lobelike heap of mud and turf at 
the point where the material came to rest, An emmination of such 
,a f m h  flow ghows that the material is satumtd with water and 
that all the material above the level of ground frost, a distance of 3 
or 4 feet below the surf-, had moved. The writer hw seen no 
B U C ~  flow in actual movement but believes that the controlling h- 
tom are the declitriq of the slope, the toughness of the mat of 
vegetation, the water content, and the depth of thawing. Vegeta- 
tion promptly astablishae itself on any favorable slope and by 
forming a bnacious fibro~ia mat almost completely inhibib the re- 
moval of lome material by surface water, The insulation afforded 
by the wetation a h  favors the permanent freezing of the ground 
within a few feet of the surfam, and this frmm zune prevents the 
penetration of surface water b l o w  the frost level. Duriw the sum- 
mer, when melting lowers the ground frost level s few feet, f r& 
action brings about; the disintegration of the underlying rocks, mme 
che~&t~E decay taka place, wind-bbm material is trapped in the 
mat of vegetation, and soil and fragmental rmk materials &cXurnu- 
late. Thb mass is saturated with water, and the intermilhnt growth 
and melting of ice crystals within the mass make8 it porous and 
spongy, SO that its water content is very high. During the long 
w m  days of mrly spring and summer the surfwe portion of this 
mass thaw, and melting snows and rains saturate it As it thaws i t  
becomes semifluid but is held in p l m  by the felt-like cover of roots 
snd mma, AB tbwing  p r o d s  still further the m w  of water- 
soaked soil may M m e  too heavy for the vegetation to hold, and 
a sudden parting of the turf may release a p a t  quantity of mud, 
rock fragments, and slabs of turf which together flow down the 



slope ta h t b n  out in the valley bodtam, and the scar above is l aw  
re-covemil by a new growth of plmts. 

Thg origin and movement of the slow  type^ of mil flow are due to 
much the same causes as those of the sudden flows, but in them the 
turf stretches rather than breaks, and the flows mume various shlapas 
and sizes, depending upon Imal conditions. Upon high s l o p  where 
the sltitude is unfavorable t~ the rapid p w t h  of vegetation soil 09w 
may take place uniformly over considerable areas 8s a thin sheet, * which moves slowly under the impulse of gravity and the heave nf 
crystal growth during repeated freezing and thawing. In wch 
awas the surf- slops are smooth, and the active movement of the 

Q 
soil may be recognized by the striped arrangernt~nt of rock particlm 
rand of vegetation along the lines of downward movement. In pn-  
era1 such flows bear only a scant.y rtnd incompEete plant cover. 

A eecond general type of slow soil flow that in the qgregate pro- 
durn a vast amount of transportation hb as variant forms terrace- 
like r i d p  and lobate: or mamrnillary flows. In t h e  flows the fairly 
deep surface slopes, the mnntle of soil and muck, the permanently 
frozen subsoil, the matted plant cover, and the complete saturstion 
with water are all present. When the superficial layer of muck ~ n d  
soil has thawed the mrnifluid maes  tend^ to sag down the hillside, 

5 
kwtching the turf into flat bulbous forms or into r i d p .  The 
tenacious and fe l t l ib  turf, however, stretch@ but fails to rupture, 
and by the continued grsmth of the plants its strength is rnaiilt~ined 
as the stretching slowly p r d s .  In this way a hillside may be 

C entirely covered by m~mmiPFary lobes, dosely grouped, each summer 
-ping downhill a little fadher, or by long wavelike terraces which 
in m o ~ n g  retain fairly level fronts. 
Though wveral distinct types of soil flows occur, them am wads- 

Liond phases between all of them. Thus at  one p l w  the upper slope 
of s hill may be covered with rnammillary flows; farther down the 
p l o p  the turf may be torn into irregular patches that have b n  

v separsted from om another by shmt creep ; still farther downhilt! the 
surface may be nearly free of vegetation, the soil movement may ba 
ne~rly unifom aver the barn slope, and the rock particles and scmt.y 
planta arranged in linear, ribbonlike bands. In places too the vege- 

~t table mat on mammillaq or terraced flows may rupture, and the 
mud move out as a small, sudden flow. 

- In addition to the types of soil movement mentioned above tlmm 
are large areas near the u p p r  limit of veptation in which the 
surface is covered with smnlP hillocks or ridges a foot or so high. 
.%me wch areas look as if they had been f i ~ m w e d  with a plow; 
others as if the mil had been hilled up in low mounds in ci~ltivation 
of some crop. In these areas the appearance of mil movement is not 
conspicuons, but the surface forms are doubtless due to the internla- 
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'tion of veptation, soil, frozen gmund, water content, and fro* ac- 
tion, and all these phaw are part of the general phenomenon of nail 
movement under subarctic conditions, a type of erosion that desepves 
much more intensive study than has so far been given to it. 

ECONOMIC QEOLOQY 

The mineral m u m  of the rep;ion served by the Alaska Railro~d 
from Sewad to Fairbanks comprise a great variety of metallic and 
nonmetallic minerals. Some of these have been for years and are 
now being actively exploited, As is true in rn& frontier muntrim, 
the earliest prospecting was primarily a search for the precious 
metals, and especially for placer gold, for gold placer mining can 
be conducted with simple and portable tools, and the metal produced 
wn be easily bken out from even the most remote regions. The 
first attempt to mine gold in Alaska was made in this region m the 
west side of Kenai Peninsula by the Russittns in 1848, but without 
much sumss, though a little gold was recovered. Since the early 
nineties, however, them has been continuous prospecting, and many 
gold placer camps lruve been established. The next dnge ta follow 
the search for and exploitation of the gold-bearing stream gravel i s  
the attempt to find the bedrock source of the gold which by erosion 
and transportation has been concentratad in the stream beds, an11 
them am now sveral districts in this region in which gold quark 
mining Is k i n g  carried on, and the Willow Creek and Fairbanks 
districts have for years maintained a considersble output of lode gold 
As ~ I I B  been dated, gold placer mining can ba p m e d  even though 
rail. or water transportation is almost wholly lacking. Gold lode 
dning, too, can bs carried on in rather inaccessible regions, for al- 
though t h e  cost of carrying to the mine such supplies as powder, 
&el, and machinery is often very high, the product, if the om is 
fm-milling, can tk movered and taken out without great.di5culty. 
Deposits of gold ore in which the gold m o t  be recovered by amal- 
gamation and of such other degirable metals as silver and capper, 
which cotnmon1.y occur as sulphide ores, cannot be profitably ex- 
ploited without fairly @ transportation, for not only must all 
rmpplies be brought to the om deposit, bat th0 h e a q  ore or concen- 
trates produced must b transported ta smelters to be d u d .  It 
is obvious that  to be profitable om mined must contain sufficient 
valuable minerals to pay not only the mst of mining but also the 
cost of reducing the ore and of getting the product ta the market,, 
as well as yield a profit to the miner. T h e  rahe of an om deposit 
thus depends in great rneasnre upon its 1ocat.ion in mqmt to routes 
of transportation, rtnd an inamssibla ore deporsit that would have 
great value, if transportation to it were avaiIable, may be worthless. 



ECONOMIC GEOLOGY 17 1 

The compl~tion of the Government railroad from Sewmd to Fair- 
banks has greatly improved the transportation facilities to a large 
number of mines and pros@ in this region and has made possible 
the production of metal from many lodes that otherwise could noL 
be worked. The area tnbutmy to the Alaska Raihad is preemi- 
nently a gold-mining regioa The Fairbanks district, at the interior 
terminus of the railroad, has long been and still is one of the world's 
major gold placer camps. By the end of 1936 it had produd more - than $100,000,000 in placer gold, and sufficient ground has been ex- 
plored to assure continued large-wale mining operations for many 
yeam and an additional outp~tt from placer operations that may even 
e x m d  the production to the present time. By cornprison with the 

1 placer output of the Fairbanks district the gold production from 
lodm has been small, but that industry is growing, and the probable 
remrves of lode gold are large. 

The Willow Creek district is the second largest prodncer of Ids 
g ~ l d  in Alaska and is likely to maintain thst @tion for some t ime. 
There is increasing evidence that the content of its Edeg ~ Q E S  to 
depths much greater than have so far been exploited and that f i t h e  
camp should have ta long life. The placer districts of Kenai Penin- 
sula and the Yentna, Valdez Creek, Rampart, Hot Springs, ToIo- 
vana, Bonnifield, and Kantishna districts have prduced from about 

L 

$500,000 to more than $7,500,000 each. Development work is now 
under way on at  least two large low-grade gold-lode deposits, one in 
the basin of the West Fork of the Chulitna River, and o m  in the 

k K a n t i s b  Basin, either or both of which mag be developed into large 
mines. 

One of the most valuable mineral resources of the region is its coal. 
Extensive fields of bituminous coal in the Mlttanuska Valley are 
already being mined, though on a rather moderate scale. DepmitEl 
of fairly good lignite or subbitminous coal are found i t  a greagreat; 
number of localities in the Susitna Basin. On the interior slope of 

w the Alaska Range the Henana coal field contains a, p a t  quantity of 
wbbitwninous coal, and sEmiIar deposits are wattsmd dong the north 
flank of the range horn the Kmtishna River eastward to and bey~nd 
the Delta River. MI these fields of mineral fuel are potentially val- 

a uable, but h i r  value depends on good transportation and on w- 
sible markets. At the present time the principal uaers of boa1 in the 
Alaska Raitmd belt are the railroad itself for thc operation of ia 
trains and the Fairbanks Exploration Co. ta furnish power for iB 
extensive mining operations. There is also a considerable consump- 
tion of m 1  for domestic pltrposes in the towns djacent ta the railroad. 

small mirM has also been developed in the towns and a t  mines 
and canneries on Prince William Sound and in southwwtem Alaska, 

~ ~ m w n 1 2  
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but only a m a l l  p"enhge of the coal m i n d  movas out of the area 
directly served by the railrod 

The service of geology to the mining industry lies largely in recxlg- 
nizing and pointing out tha relations of the various m k  formations 
to the om deposits m d  thus determining what additional meas give 
promise of reward to the prospector, md in searching out the probable 
axtensions of such ore bodies as h v e  already been found. Such infor- 
mation is gained largely by a study of the known ore deposits ~ n d  of 
their geologic relations. It is therefom pertinent tm summarize at 
this place such salient facts w are kriown in regard to the distribution 
of the ore deposits and the rocks with which they are ~lssociated. 
This aumrnary is given in the general geographic order of the deposits 
from Sewsrd into interior Alaska. Inasmuch as detailed dwriptions 
of the geologic settiug and the mining activities in all the camps in 
the railroad belt in which active mining is now in p r o p  haw re- 
cently been published, no attempt wilI be made here to  d d b e  indi- 
vidual operations unlw such enterprises are characteristic of condi- 
tions throughout a camp. References are given ia the most ~ecent 
and mmpIete published descriptions of detailed mining operations, 

The central and northern portions of Henai Peninsula, which lie 
within the area hem considered, and the adjacent portion of the 
game geulogic provincs north of Turnagain Arm and in the vicinity 
of Port Wells are composed preduminantly of a great series of 
Mwozoic rocks, chiefly slates, argillitea, stnd graywwkes, with very 
minor amounts of granitic rnahrials and greenstones. In that region 
there are a large number of placer mines and prospects, and many 
lode prospects on both gold and copper deposits, though only a small 
number of mines are producing metal from the Ides .  PI- mines 
m v e r  p l d  that has been concentrated in the stream beds from 
some M m k  source, and their relation to the mck formations is 
purely &dental after the metal particlea have been delivered to 
the &reams. I f  the prospector can learn the &tion of the gold 
veins to their country rwk, however, he is ttidd by both in the 
ammh for the original veins, and far the stream p l m  derived 
from them. 

@oh! lodes.-A study of the accompanying geologic maps shows a 
& f i n g  relation btwgen the type of country rock and the type of 
the ore deposits in this area. The greatest number of lodes are gold 

m JOhnEan, B. L., Geology and mlneral resiourcahi of Kenal Pentmala, Alaska: KS. F1. Geol. 
Survey Bull. 687, pp. 113408, 1915. Tuck, Ralph, The Meow Pam-Hope dlrrtrlct, Kemal 
Pwlnsuh, Alaska: U. 8. Qeol. Survey Bull. 849-1, pg. 4G-27, 1833. Park, C. F., Jr., Tbe 
Girdwood district, AIadm ~a: U. S. Geol. Survey Ball. 8 4 9 4 ,  pp. 881--424. 1933. 
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lodea, and they mur alm& entirely in amas in which the muntry 
rock is tfis dab and graywmke that predominates in this new 

The veins are generally of small sim and irregular shape and may 
either cut 81:- the structure of the enclosing m b  or fie parallel 
to their hiding planes. Many of them are genetically related to 
dikw or stocks of acidic intrusive mks, and this relationship is 
probably true of other lodes in which it hss not been dmonstratd 
Tbe most common type of vein has r gangue that is mainly quartz 

a but earrim also some calcite. The commonest m e U c  minerals are 
native p l d ,  arsenopyrite, galenna, sphalerite, pyrite, chalwpyrita, and 
mom rarely molybdenite and pphotite. Free gold occurs in the 

& 
quartz in many of these veins and in many plam is closely associated 
with galena and sphalerite, minerals that usually indicate a favor- 
able gold conbnt. Silver occurs in a11 ths veins, but most of it is 
allopd with the gold, though some probably wcum with the galena 
In general the rnotallc minerals forrn only a d l  percentage of 
the total vein material. In places the ore is very rich and yields fine 
specimens, but in even the Getter veins the gold content is irregularly 
distributed, and the yield from all the gold lodes of the region to- 
gether has so far not been large. 
In the Port Wells district one gold lode mine, the Granite mine, 

I 
that has yielded a considerable production lies entidy within a 
small intrusive maw of granitic rock. 

Oold pl~@8.-The gold placers of the Kensi Peninsula-Tnmrtgsin 
Arm region are tbe reeult of the erosion and cpncentration by streams 

7 of the gold from the lodes, and their ultimate. origin is th~refore the 
emme. T ~ B  mcurrence of placer gold, however, depends on physio- 
graphic processas, most important of which is long-continued emion 
and stream concentration intn a single restricted chmneI of the gold 
particles contained in the rock debris removed, 
h this region normal stream erosion was long and perhaps fm- 

qumtly interrupted by the invasion of glmial ice. Probably much 
w richer and more widespread placer deposits existed here in pregla- 

cia1 time, but them were in p a t  part removed and mattered by the 
glacial ica. It is only in especially favorsble localities that work- 
able placers now exist, either in places that by chance escaped mvem 

.LF glacial scour or in p k e s  where postglacial concentration either of 
gold from the lodm or of gold contained in the glacial deposits hm 
h e n  especially mpid. It is only by dam and intelligent prospecting 
that such places are likely t4 be discovered. 

The exploited gold placer ground on Kensi Peninsula has been 
confined sIrnost entire1 y to Rasurrect ion and Simile Cmks and their 
tributaries, an area that has been continuouslg productive for over 
40 years, North of Turnagain Arm the valley of Crow Creek, a trib- 



utav of Glacier Creek, h s  yielded in the a g p g a t e  a considerable 
placer-gold production. 

Copper to&.-The geologic relations of the lodes that are chiefly 
vnluable for their copper contmt a m  strikingly differsnt from those 
of the gold lodes. They occur either entirely in areas of p n s t o n e  
or in d b e n t s  near such greenstone m m .  The principal copper- 
bearing areas lie on the islands at the southwest aide of Prince WiI- 
liam Sound and on the east side of the entrance to Resurrection Ray. 
The area on the east side of Resurrection Ray has not been actively 
rained, thongh copper prospects have been found them. The rather 
meager information that is available concerning those prospects? 
most-of which hme long been inactive, indicates that the copper w 
curs in veins in basic igneous mks,  psrticularly in flows of ellipsoidal 
greendone. The veins occur as shear zones, as blwciated zones in 
which them hgs been littIe shmring, and a3 brecciated zones pardel 
wjth the endosing p n s t o n e  flows. The capper-bearing mineral. in 
thesa deposits is chiefly chalcopyrite, associated with pyrite and pyr- 
rhotite. Locally st or near the surface the chalcopyrite has han 
altered to the carbonstas malachite and amrite. 

A capper-bearing district of considerable importance is found on 
the islands of mutheastern Prince William Sound, though no active 
mining was being done there in 1937. The geologic conditions in 
that area have bee11 described by Batemanes and summal-ieed by 
M ~ f f i t . ~ ~  The Beatmn mine of the Kennecott Copper Corporation, 
at Latouche, was actively opemted on a large scale for many yeam 
and produd a notable output of copper. The mine was abandoned 
when ore of commercial p d e  was exhausted. The muntry rock in 
the vicinity of the ore body consists of slate and grapacke, with 
which a m  associatd a p n  chloritic &t and s flinty alteration 
product. The ore ';body itself occurred as a thick lenticular mass 
about 1,000 by 400 feet, in maximum dimensions, which lay on the 
footwall of a pronounced fault mn0. The ore consisted of veinlets 
and & m a t e d  snlphides scattered through the f anlt zone snd in 
the adjwent country rock. The principal mineral of value wss chal- 
copyrite, which in addition to copper carried alsa a little silver. 
-ta and pymhotita wem also abundant. 
On the islands of southwestern Prince WiUigm Sound mrul  

bodies of sulphides carrying a, small percentage of copper have been 
actively prospected, but no mining has bgen done on them. Most of 

*Orant, U. J.., Qev1m-p and mineml renotlrcw of gsnrl ~ ~ 1 ~ ,  & o h :  D. B. -I. 
IJmvey Boll. M7. pp. 23tt-37, 1813. 
* Bateman, A. M., Oeclog~ of the Bentow c#pr mtn% A t a s h :  W. BeoImx ~ o l .  18, 

M. 4, pp. 33B-388, 1924. 
mMofiit. P. H.. The m c n ~ c a  of m m r  on Prlnce WilIiam Bwnd, U. 8, -I. 8- 

BuU. 773, pp. 141-168, 1026. 



them lie entirely in country m k  of basic lava flows, commonly 
!known as greenstones, and in practically all of this area the copper 
deposits are more or less closely related to bodies of basic ipeous 
mlta 

TBLKE-A BEGIOXQ 

The Takeetna Mountain region as the term is hem used ernbr- 
all of the area that lies between the Matmuska Xver md t h ~  Alaska 

I Barge in the railroad belt. In that area them is one active gold lode 
mining amp, the Willow Creek district; one dirdrict in which there 
.are numerous copper prospecb, the Iron Creek district; ztn important 
Icod field in the Matmuska. Vdley; geveral relatively small gold 

+ pincer camps, including the Nelchina district and Gold Creek, a 
tributary of the Susitna River near the mouth of the Indian River; 
and numerous mttered prospects including lodes bearing gold, sil~er, 
copper, and antimony and p I d  placer claims. The MatanusIra coal 
field is described in a sparah section of this report dealing with the 
coal resources of the region. 

OOLP mms 

The gold lodes of the Willow b k  district constitute by far the 
most important mining center of fhe Talkeetna region, and the pro- 

w duction of lode gold fmm this camp exceeds that of all the other 
3ode mine of the entire region here described. The most compleb 
descriptions of the geoIogy of the district and of the character and 

? geologic associations of the veins are those by Capps 'O and Ray:" 
Tho ermntial palogic elements of the Willow Creek district are 

m ancient mica schist, in probable fault contact with a massive intru- 
sion of quartz diorite of Mesozoic age, which ia in part overlain by 
early Tertiary sedimentary rocks, including arkose, arko~ic conglom- 
erate, and tt mries of cad-bearing sandstones and shalm. Glacial 
mor~nic  material and still younger stream gravel partly fill the 
vaIleys to varying depths, 

v The productive gold-haring veins of the district, with a single 
exception occur in the quartz diorite. This diorita, which forms the 
greater part of the TaIkeetna Mountains, is cut by dikes of various 

* mrts, and flow stmct~~re in it &and the position of its margin along 
a fault mg@ that the om deposits are largely confined to a zone 
around the border of the intrusive m a s  All the prodrrcing mines 
and most of the pmmismg pmpects lie within a zone that is aorne 
8 miles long and that extends in a nortlleasterly direction across the 
quartz diorite mass. The fractures in which the veins wxur tlre shear 

rCanps, 8. R., The Winow Creak dirrtrlct. M a s h  : 0. 13, -1. gamey ~ ~ 1 1 .  807, m. 6s- 
a, 1016. 
a Ray, J. C,, me Willow Creek goId lode district, Ala* : U. a. M I .  S m e y  Bull. $4- 

vp 185-230, 1033. 
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zones produced by tension Many of the producing veins coincide 
with a northwedward-dipping set of joints. Postminerd faults cut 
the veins and have an important bearing on t he  mnamic develop- 
ment of the district, as they displaca many vduabh om &oots, 
and the lomting of the offset portions invo2ves uncertainty and 

Four distinct tgpeFl of veins have been m g n i z e d  in the district? 
but all the productive veins were depo~itd under conditions of me- 
dium temperatnre (mesothermal veins). These veins attain a maxi- 
mum thickness of 14 feet and have undergone reopening and move- 
ment during and since the several periods of quartz deposition. The 
average tenor of the are that has been mined in the district is high. 
The larger mines have oper~ted for long periods on ore of an ever- 
m g e  gold content of $30 to $80 or more ta the ton. Me& of the ore 
so far extracted has come from shallow depths and has been recovered 
by overhead stoping from adit tunnels, but there I s  rertson to believe 
that ore of the char&~ of that so far mined will continue depths 
much greater than have get beon reached, 

The principal producing mines in 1938 were the Lucky Shot and 
War Baby mina of the WilIow C m k  Mines, Ltd,, on Craigie Creak* 
and the Fern mine, on Archangel C&. 

W i l h  C w k  district.-The first mining in the Willow C m k  dis- 
trict was done in 1897, when placer goId was found in Grubst~ke 
(3ulcli and on Willow Creek near the mouth of GmWake Gulch, 
For m r a l  pars  that ground was mined profitably by hydraulic 
methods, but the best of it WEB soon worked out, and for many yeare 
the placer output of this camp has bean insignificant. An interesting 
f a t  in this connection is that this, the only productive placer ground 
in the district, lim in a valley cut into the ancient mica mhist, 
whemas most of the gold produced in the district has come from 
veins that Ije entirely in the quartz diorite, %me small @Id-bearing 
quartz veins have bean found in the whist, and one or two attmnpts 
have been made to mine them, but up to the present time no suc- 
masful lode mine h ' ~  been found in this district exmpt in the diorite. 

N e l c h  dist&tt-A gold stampede of some magnitude tmk place 
in the fall of 1913 and the spring of 1914 into the headwabrs area of 
the Little Nelchina, River, a tributary of the Cupper River, by way 
of t he  Tmlina River, which drains t h ~  mutheastern portion of the 
Talkeetna Mountains, and resulted in a Iarge amount of pmpeding 
there. The resdts of this prospecting: wem disappointing, for 81- 
though it waB found that gold could be washed from nearly every 
stream in the district, it was present in enmuraging amounts only 
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in a mall nwa an Tyom Creak and the Ghstna River, tributaries 
of the Little Nelchina, and even on those streams there was no wdl- 
defined and profitable pay streak. 

Chapin:* who studied this region, expressed the opinion that tha 
gold of the &ream deposits has been cancentrated from older gravel, 
derivd from many sour- and containing an abundance of rocks 
foreign to this region, which had evidently been moved rr great ddis- 

a 
tance. The bedrock m u m  of the placer gold ia therefore unknown, 
as are its gedogic relations. The total amount of gold m o v e d  
from the gravel of the Nelchins district hss been small, m d  only a 
few individuals are now engaged in mining there. 

d Gold Creek.-Plwr mining in a small way has been done st intar- 
vala for many years on Gold Creek, a westward-flowing stream that 
joins the Susitna River some 2 miles below the mouth of the Indian 
River. This district hea not bgen examined by s geologist, but it is 
known that the bedrock consists mainly of black slate and gray- 
wmke of probable Mwzoic age$ cut by pni t i c  rocks. The placer 
production of the Gold Creek Rasin has so far been small. 

Swdtlaa Vdkq.-Since the earliest prospectors pnetrated this re- 
gion it has been known that gold is present nearly everywhere in the 
stream gravel of the Susitna River, though generally in quantities 

w far too small to justify mining. At gome places, however, exwp- 
tionally favorable combinationw of gold supply, dimtion of the atreqrn 
c m k ,  and character of the alluni~im have resulted in mall shallow 

8 patch- of bar gravel from which the gold may be recovered at a 
profit. This $'bar wiping," as it is often termed bg the miners, is 
usually done by mall parties of keen prospectors who, having dis- 
covered such a favorable place, mine it out without the expense of 
elaborate or m n e n t  equipment and move on in search of ather. 
placer fields Such bars have been found new the mouth of Gold 
Creek md near Cmry, but their aggregate production has been small. 
The sourcas of this bar gold and of the small quantities of gold that 

w are found generally in the stream gravel of the Susitna River are 
distributed throughoat the basin of that river itself. The gold no 
doubt is in part contributed to  the stream pave1 by such gold lodes. 
as are now undergoing erosion, but the bulk of it hrm hen concen- * tmtd from the glacial deposits of the valley, for those deposies con- 
tain the placer gold and the detritus awept from the stream beds 
by the great gIaciers during the last p a t  ice invasion of this re- 
gion. I t  is likely that in late Tertiary time there were considerable. 
gold placer deposits in many places in this region, but thorn p l w r  
concentmltions were for the moat part dispersed by glacial erosion 

Ghnpln, Theodore, The Helchlaa-laeiha region, &aka : U. B. (leal. h m e p  Ball 888, 
p. 80, 1918. 
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.and the gold s c a t t e d  far and wide. In few places has a adcient 
concentration of this scattered gold occurred since the retreat of the 
'glaciers to afford well-defined and continuous pay st& 

mere am copper-bearing lodes at several places in the TaIkwhs 
region, but rn far ather8 has besn no pmdnetbn from them. Little 
interest was taken in the rraarch for copper until the baginning of 
mnstruction on the (Xovernmenent milroad, for all parts of the Tal- 
keetna region were so remote that there was little possibility of profit- 
ably mining any om that r e q u i d  smelting for its reduction and 
therefore good transportation, With the beginning and progress of 
.railroad building, however, interest, in the search for copper increased, 
In one copper district en Iran Creek many claims were staked some 
20 years ago, but no property was developed to the producing stage. 

I m  Creek di9tht.-Iron Creek 4s a tributary of the Talksetna 
River, which it joins from the southwa some 30 milw above ik 
mouth. A brief hiatory of mining developments them up to 1017 
.and of the geologic relations of the ore bodies i~ given by Cappa4' 
The copper prospects all occur in a belt of andeeite penstones, some 
,of which rsre amygdular lava flows and some are coamr-pined 
mks that are probably intrusive. Many of the copper prospects show 
~bundant copper carbonates and bornite near the surfwe as oxidation 
product% but beneath a shallow eone only s few feet thick the orig- 
inal minerals are pyrite, amnopyrite, chalcopyrite, apecu?ar hematite, 
~ n d  quartz. The ores occur as vein fillings along shear zones or 
replace the sheared green-ne. Some assap show a gold eontent of 
mveral dollars to the ton, No active prospecting or development 
work has been done in the Tron Creek district in recent years, most 
of the daim having been abandoned. 

Nome Creek.-A single group of claim8 has been staked on a cop- 
per-bearing lade on Moose Creek, a stream that flows southward from 
the Talkeetna, Mountains to join the Matanuska River about 10 miles 
northeast of the town of Mahnnska This propmy was examined 
in 1917 by Cappt4 who reported that the prospect lies on the west 
side of M m e  Creek, nenr the divide between that dream and Little 
Susitna River, at an altitude of about 3,806 feet, 1,600 feet above 
Mo-e Creek The bedrock i s  a gneissic phase of the p a t  intrusive 
iiiorite m a s  of the Talkeetna Mountains. The ore body is conspicu- 
ous on ammt of a rusty-red pssan and has mplacetl the gneissic 
diorite by massive sulphides, chiefly pyrrhotita, pyrite, and chah- 

9 Capm. 8. K. W!aeml resources of the weatern TalLeetns MmataIna: W. El. Beol, Bur- 
vg Bull. 892. pp. 1BS2QU. 1010. 
u Cappn, 8. B., Gold lade minlng In the Willow C m k  distrtct : U. 19, Ueol. Burmy B d L  

a 2 ,  pp. 18MR4, 1H1D. 
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pyrita Sphalerite is a h  reported, and assrays are said to  show the 
p m c a  of both gold md silver and some nickel. Each of the t h  
principal sulphides-pyrite, pyrrhotite, and chalcopyri t~c l trs  in 
plades in large, nearly pure a g p g a e  but more commonly the three 
are intermingled, So far as is known no important development 
work hlrs been done on this property in recent years, 

0 t h ~  copper pmapccta.-Copper-bearing lodes have been staked in 
the vralleys of Montana Creek and the Kashwitna River, two adjacent 
westward-flowing tributaries of the Susitna River from the Talkeetna 
Mountains. Little information 11m bean obtained about these pros- 
pects, but b t h  lie within an area in which the p m d i n g  country 
rock is diorite. Samples reported to have hen taken from the pros- 
pect in the Kashwitna Basin consist of newly pure bornite, said to 
contain also specks of visible free gold. 
Uppe~ X d t m  Bmim.-Copper-lmring lodes ham been reported 

by prospectors at several localities on tributarias of t.he Susitna f rorn 
the north above Indian C m k  These prospects have not been ex- 
amined by a geoIogjst, and thei~  p l o g i c  setting is not h a m ,  

A I d a  ~alued principally for its antimony content was staked 
eeveml yeam ago an Antimony W k ,  a small tributary of the East 
Fork of the Chulitm near the junction with the TVeat Fork. It Flas 
been dmribed by Capps as a rein cutting argdlite m ~ d  graywacke, 
with lenses or Kidneys of stibnite within and psrallel to  the vein. The 
mtirnony occurs both as finely granular btibnite and ns rt. mixture 
of p n u l s r  stibnite with acicular crystals. Some specimene show a 
oensidertlbIe admixture of granular quarte through the stibnite, but 
much of the ore is rnffssive stibnite almost entirely free from other 
constituents. There has bsen no commercial production from this. 
PrOpefiY. 

8 - m  LODES 

Considerable interest has been attracted by a silver prosp~tt of 
unusual type, called by the owner the Mint mine, that lies on P o w  
Creek 9 miles east of Chulitna sbtion on the Alaska Railroad. This 
property has been described by Capps and Shod.46 The bedruck 
consists of black slrtte, probably of hiesozoic age, that is cut by 
altered acidic dikes that are andesitic in character and that are he- 
lieved to have caused the mineralization. The ore is a mixture of 
sulphides, among which the ruby silwr minerals pprgyrite and 

&Capgar. I. R, M b e d  a l r e e o a r e P s  of tbs uppar Cballha region: U. 8. Qeol. 8- 
Ban. 6B2, rn 228-230.1918. 
' C a v ~ ,  IS. R.. and Short, M. N. A ruby mvsr pmpect In Alamka: U. I. Gtwl. Burner 

BulL 783, pp. 8-5, 1928. 
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mi@te carry the silver. Armnopyrite, chalcopyrite, galgna, 
pyrite, and probably tennantite are also present. The ore wcum 
mainly in a slate b m i e  zllong both sides of the dike and in crach 
m d  joints in the dike itself, the sulphides appearing in s, ganguo of 
.quartz. Wnderpund exploration on this lode failed to disclost! o m  
-of profitable tenor, and thsre hag been no comercia1 prduction 
from the property. 

CTu7.d Ma,-The southernmost gold camp of importance in that 
prt ion of the Alaska Range that lies within the railroad blt ie the 
-Yentna district, containing the placer  mine^ of the Cache Creek dis- 
trict, the Mills Creek-Twin Creek district, and the Kichatna district. 
No lode deposit in the Yentna district hrrs teen brought to a produe- 
tive atage, though a few gold-baring quartz veins have been found in 
the Cache Creek Basin and some development work has b n  done on 
some of them. The origin and geelogic relations of the gold are dis- 

.cussed more fuUy below in mnnection with the dascription of the gold 
platers, and it is enough to state hem that the i b e k k  source of 
the gold k believed ta be the quartz wing that cut the slates and 
graymmkes, of probable Mesozoic age, in the n e i g h b r h d  of gra- 
nitic intrusive m- and their m i s t e d  dike. No gold lode of 
proved value have heen found in either the Mills Crwk-Twin Creek 
district or the Echatna di&ri& 

Goid placem.-The gold placers of the Yentna darict may be 
.divided into twa distinct geographic g m u p s t h m  in tha vicinity 
of Cache C m k  and those of the Mi 11s Creek-Twin Cmk district. The 

.origin, distribution, and genesis of the placer gold, and of the gold- 
bearing pare1 in the Cache Creek district have been rather fully 

described by Capp" and Me~tie.'~ 
The placer d e p i t s  so far mined include the gravel of the present 

-streams; various t y p s  of 8 m c e  or bench gravel; unassortd or 
little-assorted glecid morsbinal deposits; and early Tertiary residual 
placer concentrations. Most of the production, however, has come 
from the present stream gavel  and from low benches or terraces. 

The gold of all the placers of the district is believed to have been 
.derived from quartz veins b a t  cut the prevailing Mesozoic data and 

nCappm, 8. R., The Yemha Almka : U. a Qeol. P1nrvw Bull. 631, up. 4 M 1 ,  
1913: An early T~r t ln ry  placer deprmlt In the Pentna, district: U. 8. aeol. Hurtreg Ball. 778, 
pp. 6.9-61, 1925. 
* Yertle, J. B., f r., Platinum-Mrlng gola p l w  of the Kahlltna VaUeJ : U. 13. QeoL 

:Rnwep. Bull. BQ2, pp. 2!3&264, 1919. 
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p y w a c k e  bedrock of the district, the quartz veins being pnetically 
ralated to nearby granitic intrusive masses and to the dikes and sills 
that are offshoots from t h m  intrusiws. The history af the mmn-  
tration of the gold f r m  that source into the present workable placer 
deposits is, however, very comglex. Normal erosion of the Mrock 
and the quad= veins since the retreat of the last p a t  glaciers has 
in most places hen of too mall amount to  rrccomplish a workable 

' P  
concentration of plawr gold, as is shown by the scarcity of paying 
ground in those valleys in which the glmiers ~ u r e d  down to the, 
slate and graywacke bedrock. The bedrock at most of the placer 
minea is compowd of the Tertiary (Eocene) wries of coal-bellring 

e sandstones and shales. At the basa of that wries there is a great 
ac~umulation of anguIar and partly rounded quartz fragments and 
pebbles that lie on a deeply decompod surface of the slates and 
graywackes. This quartzom basal portion of the Tertiary seriea has 
been shown Q c m y  gold in minable amounts at several places. It 

, is the writer5 opinion that in late Mesozoic or early Terbiary time 
khis district was subjected t~ a Iong period of erosion and weathering, 
with the b d i n g  down of the Mesozoic sedimentary rocks and the 
releasle of the contained gold-bearing quartz v e h .  This quartz and 
gold accumulated on the surfac~ and w&g incorporated into the 

v aarliest of the Tertiary eedimentary beds. Them beds were later 
aomewbat uptilted aloug the margins of the basins in which they oc- 
curred, and the basal beds were dissected by the stre- that flowed 

.* from the hill8 of older rocks out into the Tertiary bssina. During 
ithe Pleidocene epoch glaciers also occupied thm valleys and inmr- 
prated the gold derived h t l ~  from bedrock and from the basal beds 
into the debris they carried. In a few plam the moraines formed 
fron~ that debria are rich enough in gold t o  be mined. 

Sinm the final mimat and disappearance of mod of the P l e i s h n ~  
placiers from the basin of Cache Creek the streams have entrenched 
themselves into the easily eroded Tertiary W, have removerl a large 

w volume of them, and have concentrated in their t e r m  and the pres- 
ent stream beds the gold that had earlier been conhined in the baad 
Tertiary beds and in the morainal deposits. 

Most of the placer mines in the Cache h k  district are o p m M  
S by hydraulic m e t h d .  For many pears a dredge was oprated on 

Cache Creek, but it hss now been dimantIed. One property on B i d  
Creek has recently been quipped with a bulldozer and a dragline 
scraper. The total production of the district from its diovery  jn 
1905 ta 193% has h e n  nearly $3,000,000. 
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Within the past few years considerable plmr platinum has k n  
fond  wmciatd with the plaesr gold in the Cache Ckwk di&rict 
and the Kahiltns Valley. In the dredging operations on Cache Creek 
the phtinum metals equaled 0.003 permnt of the. gold by weight,'# 
whereas on Pooman Creek the percentage was somewhat higher. 
The platinum metaIs occur as m a l l  grains, most of them thin and 
flaky. There appear to be two kinds of these flakes, the more common 
of which is of dark-gray to bronzy color and probably carries the 
main content of pl atinurn. The other variety consists of bright siIvery 
grains, believed to be mainly iridosminm. No place has h n  found 
in this district where there was enough of the platinum matab to 
justify mining of them alone, but in a few places them is enough 
platinum to give hope that cmnmemia1ly valuable d e p i t s  of that 
metal may be found. So fa r  the mall mount produced has been 
recovered as a byproduck of placer-gold mining, No lodes mntaining 
those metals have hen found, and their bedrock source is unknown, es 
is that of ths tin mineral cassiterite ~ n d  the t u n e n  mineral scheelita, 
w c h  also occur in small quantities in the sluice-box concentrak. 

Placer mining in the Mills Creek-Twin Creek aes. has hen carried 
m intermittently for some 80 years, but on a small scale. Development 
has been retardd by the difficulty of bringing a water supply d e -  
quab fox hydraulic mining to ;the mo& promising p u n d .  Both 
Mills and Twin Creeks are small streams thnt flow through valleys 
eroded entirely into gravel and sand of Tertiary age, so that there is 
no apparent bedrock mt~rce for the gold in the stream g a d ,  and it 
must h ~ v e  been derived by the reconcentration by them streams of 
mall amounts of gold dispersed through the Tertiary deposits. 

Lode deposit#.-The first prospecting in the basin of the Chulitna 
River of which there is any racord was the result of the discovery of 
placer gold in the Valdex Creak district, to the east. It is reported 
that placer cIaims were staked in 1907 on Br~m Mawr Creek, a small 
tributary of the Vest Fork of the Chulitna River fEom the south, and 
that a m a l l  amount of placer gold was mined on this creek in 1907. 
This is the  only pld-placer mining that has &n done in the Chulitna 
district, but it resulted in the prospecting for and discovery of gold- 
bearing lodes. Several lodea were staked in the pars 1909 to 1912, 
and some of these have h e n  held continuously sinw, that time. The 
district experienced a mild boom in 1915, when construction began on 
the Government railroad, for it was then realized that h i s  area would 
scan be made accessible to rail transportation, but most of the claims 

*Xiertle, T. B., Jr., op. dt {BdL @921, &m. 94%. 288. 



staked at that time were later abandoned. De~elopmenb in tho cmp 
in 1917 were described by Capps:O and those in 1031 by b" The 
bedrock of the district, includes a wide variety of mabrials, among 
which are ancient chloritic rocks containing eil icified limestone ; tuff, 
lava, limestone, chert, and argillike of Permian ( f )  EL@; Tat 
limetnne, qillite, pyrocla*ic rocks, and lava ; hter h z o i c  ar- 
gillite, slate, and pywacke;  Cret~mus anndstone, shale, and con- 
glomerate; and 3hrtial.y sandstone, shale, and coal. All the mcks 

I older thrrn the Tertiary arc cut by bosses, dikes, and sills of silicic 
porphyritic material. 

Most of the lodes that have b n  dxtkd from t h e  to time are valued 

I 
for their go1 d and si Iver con tent, but others have k n  staked as valu- 
able mainly for copper or antimony, md many contain copper, lead, 
and zinc. 

The lodes of the didrict are all genetically related to the porphy- 
ritic intrusive rn- and their imocisted dikes, the metallic content 
of any particular lode having been determined by the chemiw1 and 
physic~l character of the co~~ntry r c k  and the distance from mrna 
intrusive body. Apparently the rn& promising ore M y  of the 
district is that known as tho Golden Zone, now actively under develop 
ment. This lode is a large body of biotitequartz, diorjlte porphyry 

w intruded into argillite and breccias. Most of this stock is dimlored 
thmugh the oxidation of pyrite, which is disseminated through it. 
I m l l p  the altered porphyry has been greatly fractured, and quartz 

9 
stringem and sulphides am most abundant in such areas. Assays of 
this material range f mrn a trace of gold and a fraction of an mince of 
silver to the tun to  2 ounces or more of gold, nnd 4 to 8 ounces of silver. 
Jhveloprnent work was in progrew in 1936 td determine the amo~~nt 
and grade of ore present., and plans were mnturing for the installs- 
tion of a power plant and mill. 
No active developments were under way in 1938 an any of the other 

lodes of the diStrict, and there has been no production from any of .. them. 
In past years loon~iderable pmqmting for lodes hm been done on 

Uhio Greek, the Hidden River, and other eastwad-flowing tributaries 
of the Chnlitnn  rive^.^' Lades canying @, silver, lead, and hw 

9 have been stam, but no recent active development work ha4 been 
done on any of them, and tl~ere has been no m m e r c i ~ l  production. 

"Cam* I. R, Mtnwsl reoonrcen of the n p m  Chulftna Tedou : n. f. L L  Bunsf Btln. 
892, pp. 207432,  1010. 

ROW. C. P.# MInemi Uemsita n+nr the Weart Fork of the Cbuutna Wver: U. 8. OcoL 
8 n w ~ g  Bull. 84%R, pp. 288-354, 1833. 

-Tuck, W p h .  Tbe Curry dlttrlct : U. 8. Qeol. Bnr'vey Bull. 887, pp. g&-i40,ZBBC 



Gold ph.-Placer mining has bean wnduchd with varying 
degrm of activity in ths Valdez Creek district since 1904. Valdez 
Creek is a tributary of the Susitna River from the east, joining that 
stream some 20 miles below the terminue of the glacier in which the 
Susitns River heads. The geneml geology of the region in which 
Valdez Cmk lies has h n  described by Moffit,Ia as well as the mining 
dev~lopmenta that had taken place at the time of his vieit, in 1913. 
More recently the prng~ess of b t h  plader mining and lade prospect- 
ing up to 1931, haa been d k b e c i  by Ross:' and up to 1936 by 
TuckM The bedrock of the district in which the mines and pros- 
pects"~ includes Triassic greenstone, limestone, whist, tuff, and 
4% all of which are cut by stocks of diorite or diorite gneiss, 
and coal-bearing Tertiary bsds that are younger than the intrusive 
r n m  and the metal-bearing ~eins. Overlying the herd rocks are 
glacial mornins1 material, t e r m  gravel, and the deposits of the 
present streams. 

The earliest p l m  mining in this district was in the stream graver 
of Valdaz Creek. In following the pay streak uptmam, its tenor 
was found to decreasa abruptly, and prospecting disclosed the fact 
that the gold had been supplied to the stream by its erosion of 
old, buried stream channel. For many years the pay gavel  in this 
old chamd was mined by drifting and stoping to a distance of 
1,000 feet from the. pqp of Yaldez Creek. In later yearn the old 
vdley filling left by the drift mining was removed by hydraulic 
methods, leaving a p a t  cut over 11,000 feet long and 80 to 100 fest o r  
more deep, At, the present time open-cut mining on this channel 
has been abandoned rand drift mining renewed. It is estimated that 
this old channel baa yielded well over $400,000 in placer gold. 

Gold 2odm.-There has been considerable activity in prospecting 
gold lodes in the Vmldm Creek district in recent gears, and many 
claims have been staked. Practically all the I d e s  on which develop- 
ment work has k n  done are valued mainly for their gold content. 
Some of these lodes show promise of developing into mines, but so 
far them has been no commercial production from any of them. 

GoEd p k s . - T h e  northward-draining portion of the A l d a  
Eeange from the Nenana River eastward ta the Delta River has long 
h n  known as the Bonnseld region In that area placer mining has 

a Mollit, F. E., Broad Paw regloa, blaelg : U. 8. Geol. 80- Bull. 8W, pp. M. 
3918. " Bosn, C. P., The Valdm Creek mhhg dhMd, Alaska : If. 8. Owlal. Bmref Bull. B4S-H, 
pp. 425488, 1938. 
e Tncb. Ralph, The Valdem Creek mlning W E t  in 1939 : U. 0. Qsol. B m v q  Bull. 881-8 
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been carried on at a number of localitia for more than 30 yeam, 
The bedrock geolom of the mgion is diverss,"Vthe principal types 
of m k  including very ancient mica schists, the Birch Creek d id;  
somewhat younger but still highly metamorphosed lavas and d- 
matmy mks ,  the Totatlmika schist ; s great wries of only moder- 
ately altered conglomerates, sandstones, and shahs, the Cantwell for- 
mation; Tertiary mal-bearing sandstones and shales; later Tertiary 
gravel deposits, the Nenana gravel; and the still younger glacial 

e morainal depwits, terra@ gravel, and the deposih of the prmnt 
streams. T h e  older metamorphic rocks and locally the Cantwell 
rocb are cut here and there by granitic intrusive docks and by 

I 
related dikw and sills. The. bedrock souma of the placer gold is not 
certainly known, but it was probably derived from gold-bring 
quartz veins that cut the older schistw rocks. From that s o m  it 
was removed by emion and sparsely distributed through the sedi- 
mentary M s  of the Tertiary formations. The present placer eon- 
centrations are the product of reconcentmtion by the prese~t  streams 
of the gold distributed through the Tertiary deposits and the h m a  
gravel. 

All the placer mining thgt has been done in this region h been 
carried on as mall operations with simple equipment. No rich, 

e long, and continuous pay streaks have been found, and the total 
placer production though more than 20 years of mining has not 
p a t l y  exceeded ~0,000. 

t 
Gold 2odm.-Prospecting for gold l o d ~  in the Bonnifield region 

has been mid on since the earliest discovery of placer gold there:' 
though the marcity of promising lodes has been somewhat discour- 
aging. Lodes of various types have been staked from time to t h e ,  
but on most of them developments have been confined to little more 
than shallow aurface openings. Most of the lodes are quartz veins 
that occur either in the altered sedimentary and volcanic rwks of the 
Totatlanika whist or in the Birch Creek whist. Granitic intrusive 

w sbda ,  dikea, and siUs are prevalent in theae metamorphic r&, 
and the m i n e r a l i  lodea are presumed to be genetim1Zy relatad to 
them. 

The only gold lode in the region on which systematic develop- 
9 ment and mining have been done is the property en Eva Cmk 

known as the Liberty Bell mine of the E;va Creak Mining C O . ~ ~  

-&ma,  8. R., The BonnlflQd region, i l larb: U. 8. Ueol. 8a- BnR 601, p p  81, iMa. 
Maddren, A. Q., Bold PIsaera near the Nenana ma1 aeld : U. B8. awl. Elumeg Bull. 062, 
pp. 383402, 1918, 

'R C~QQS, B. R.. oB. dt. (Ball. PIMI, pp. 62-54. WerbeEk. R. X, M e  depndts near the 
IPenaaa coal field: U. 8. W I .  hrvey Bull. 662, pp. 851-882, 1918. Momt, F. E, Wnlng 
develonment In the Tatlaaka and Totatlaalka Baalns: U. I. Oeol. Survey Bu11. 8x6, gp. 
83-5, 1938. 

'YoRlt. F, H., op. cit., p .  83M111. 
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This lode consists of lenses and stringers of mlphidw with some 
quartz lying along the foliation planes of the &i& country rock, 
and of b m i n a t e d  sulphides scattered through the &ktt in the 
neighborhood of p n i t e  porphyry intrusives. The s c h b  in the 
ore body lie nearly horizonhl and are highly ~ricitized and altered 
The principal metdic minerals in the lode are menopyrib and 
pyrite, with a little chalcopyrite. In 1931 and 1952 a miU was built 
on this property ltnd active mining commenced, t3ut mining dicul-  
ties were eneountemd, the gild recovery was 1ws than had baan B 

anticipated, and the venture was abandoned. 
A few carloads of lsad-silver ore has been produced from a lod0 

on California Creek, a tributary of the Totatlanh, but no descrip- 
tion of the lode or its p l o g i c  associations is available. P 

The L t S m a  region, ae the ferm baa commonly been usea, em- 
braces all of the north slope of the Alaska Range from the Nenana 
River westward to and including the headwad basin of the Han- 
tishna River. The principal tributaries of the K a n t i s h  ara the 
McKinley Fork, the Bearpaw, and t h e  Toklat, with their various 
branches. The Teklanika River, in the eastern part; of the Kan- 
tishna region, flows horn  the high mountains directly to the Tmana. 3 

Must of the Mount McKinley Rational Park falls within tb Kan- 
tishna region as thus defined. For many years during the early 
period of mining in this districh the Kantishna diggings were remote 
from the ordinary routes of travel, and mmmunication was difficult 
and infrequent and was maintained mainly by dog sled to Fairbttnka 
in the winter, With the completion of the Alaska Railroad thmugh 
the valley of the Nenans River this condition was greatly improved, 
~ n d  more recently the corntruckion of a fine highway from the rail- 
mad through the park to Wonder Lake has brought the camp within 
a few hours7 travel of the milroad during the open m m a  

A description of the geology of this great area would be a repeti- 9 

tion of most of that prart of this report that deals with the geology 
of the Almka Range. T h e  geology md mineral deposits of this 
region have h described h r n  time ta t h e  by various authors, to 
w h m  reports the reader is referred for detailed dernription~.~" - 

OoH placm8.-ACtiv~ placer mining in tha Kantishna, district haa 
bwn limited ah& entirely to a small area i n  the Kantish Hills, 
where the geology iEl relatively simple. 

a W p s ,  IS. E., The K a ~ h n a  reglon, BlaaSa: U. 13. aeol. 8umw Bun. 88T, I16 pp., Igl9. 
Mom& F. a., The XmUuhnn dfs*: D. 8, -01. Snmw Bnll. 888, pp. 301-388, 193% 
Well@, F. U., Lode depmit?I of Eureka nna vlcialtg, Eantlshna disklet, Alaska: U. 8, (PeoI. 
Burveg Bull. %&IF, pp. S3&S'10, 1938. 
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Mwre end Caribou Creeks and the productive tribntaries of Stony 
Creek all head in a p n p  of mountains in which the bedrock is the 
ancient Birch h k  schist, and the placer gold hm b s n  derived bp 
the erosion of that schist and its enclosed qua& veins. h a l l g  
them are remnants of the Tertiay ml-bearing formation. Most of 
the gold has been ~ v e d  from the e v e 1  of the present streams, 
though some mining 03 low terraces has 'been done. Much of tha 

1. 
gold is mngh and little worn, giving evidence, that it has traveI1d 
o d y  a short distance from its bedrock soum. Mining has bees 
conducted in ma11 units of a few men each, using aimpb quip- 
rnent. No large-scale mining with mechanical quipment has been 

.c attenapted. The total placer production of the camp in more than: 
a0 years of mining hm been a b u t  $500,000, and the richest p u n 3  
is about exh~usted. The future of this area m a placer-mining 
district will depend upon the possibility of large-scde mechanized 
mining of gravel of tm low gold content to be profitably mined by 
hand methods. 

Lode mim.-Zodes bearing a variety of metals and occurring under 
dive= p l o g i c  conditions have been staked in the Gntishna dis- 
trict, and some mining of them h ~ s  h e n  done. Considerable p m -  
pecthg by open cuh  and adit tunnels has been done on gold-baring 

I quartz veins that cut the Birch Creek schist, but no gold lode mine 
has h n  developed to  the pproducing 8tage.B0 It is believed that Itha 
mineralization wm dne to the iduence of intrnaive rocks that cut, 

a the schist. Sweral yearn ago mme 1,400 tons of picked ore was 
mined from semral different claims on the r idg  between Friday and 
Eureka Creeks and yieIded well over $200,000 in silver, lead, and 
gold. No ore has been mined from those claims reeentIy, 

Anothsr lode in the whist that hgs attmcted considerabIe attention 
is the antimony lode on Stampede k k .  Too little work had been 
done on this property at the time it was visit& by the Survey p l -  
ogista Oo didose  i b  size or &ape, but it appeared to be a large lens 

w of nearly pure atibnite, containing only minor amounts of the pre- 
c iou~ metsls. Active mining on this 1d.e  w m  c a m e n d  in the fall 
and winter of 1936, and om was being shipped by sled to the railroad. 

A p u p  of claims on lode depoFljt~l on Mount Eielm a has been 
a , - held for many pars, and open cuts and adit tunnels hava been made. 

The Wmk is cornpod of limestone, calcareous shale, and gray- s . 

m a p p a  El. 8, og. dt. (Brill. 687). pp. 9%108. M&t, F. H., op. dt. (Bull. M8), 
11. 3261186, Well#, F. '.., op. dt  (Ball. Ft4SFI. pp. 38637% 

"Reed, 3. C., The Mount Elelron ahtrlct. Alaekm: U. 8. Ckol. Elurseg Bdl,  849-D, 
pp. ZB1-!28& 1838. 
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w d e  of probable. Devonian age, cnt by stocks, dikes, and mlls of 
pnodiorite. The lodes are replacement deposits, in which the p h -  
cipal rnetttUie minerds are sphalerite, galena, chalcopyrite, and 
pyrite, the sphalerite being much the most abundant. 'She ore also 
contains small amounts of silver. No cornernid mining has been 
done on these lodes. 

West of Muldrow Glacier and on the north flank of the Alaska 
Range lodes that are valuable for their content of gold, silver, copper, 
or antimony have been staked/= !J%ese lodes occur in a Mt of s d -  
mentary mcks that are cut by many dikes and sills of Bght-coIomd 
granitic rock. Some of the ldes are reported to form very lwge ore 
bodies of low to moderate grade. Preparations were under way in 
the fall of 1986 to carry out extensive exploration of one of them 
in the hope that ore of minable grade w d d  lm blocked out. 

The Fairbanks district is one of the major gold-mining camp of 
the continent. Its history includes the events common to so many 
gold-mining districts-a stampede of historic proportions in the early 
days of dkovexy of rich placer gravel ; it Iarge production from those 
placers during the days of bonanza placer mining; the gradual de- 
cline of prduction w the richest and most easily exploited gravel 
was mined out; the slower prospecting, discovery, and development 
of the gold Ides; and the consolidation of many placer daims no 
longer profitable under the d d  methods of mining and their develop- 
ment and exploitation by more elaborate mechanical equipment. The 
Iahst phase, in which the Fairbanks district now finds itself, is less 
spgctwular than the exciting timm of sudden changes in individual 
fortunes, but it assures a long life of rather steady production to the 
camp and the mining of vast quantities of gravel of moderate gold 
conknt at low cost. The lode mining of the district has probably 
not yet reached its peak. DiBcult conditions of prospecting have 
delayed the discovery of many lodes not yet found, and it is to be 
~xpected that the production of lode gold will continue for many 
years, probably on an kcmotsing wale. Up to the end of 198% the 
>'airbanks district had produced over $104&W0,000 in placer gold and 
over nearly $3,700,000 in lode gold. There is mason to believe that the 
district will produce more gold in the futm than has so far been 
mined. 

The bedrock of the Fairbanks distPict consists exclusively of the 
various types of %hist that make up the Birch Greek schist, of p ~ e -  
Cambrian age, and of intrusive acidic igneous rocka that cut it. The 
granitic intrusive rocks are of Mesozoic enge and am believed to have 

a Mmf F, EL, op. dt (mu. 8861, pp. 918-326, 
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b t d n d  the gold-baring qnarte veins into the schist, and thus in- 
dimtly the gold pla~er deposits. The geology of the district and 
the gold placer and lde deposits have been studied and described 
by several geologists of the Geological Survey? and their dexip- 
tiom will not be repeated here. 

Gatd phera.-The history of the formation of the placar deposit8 
af the Fairbanks district is complex, and much still remains to be 
learned about it. The placer deposits map be roughly divided into 

* two general -the gravel deposits of the present streams, now 
in process of formation by tl18 concentration of p l d  derived firm 
the veins in the schist bedrmk, and the more ancient, deeply buried 
p l m  deposits, laid down under conditions different from t h m  of * today. Even this division is somewhat .arbitr@ry, for the present 
~ , ~ e & m  plimrs p w  imperceptibly under a thickening cover, ta merge 
into the deeply buried p v d .  Tho placers of the present streams plre 
easily understad, for in this unglaciated m a  normal erosio~l 1 1 ~  

long been in progress, probably since late Tertiary time, and the g ~ l d  
from the veins that cut the schist mlas left behind in the stream M s  
as the lighter and more ft"&@le enclosing rock was removed. The 
deeper placer deposits, however, are much less simple. Their burial 
was probably brought about by a combination of causes thnt incl~ded 

t 
crushI warping and the raising of the baseleve1 of erosion of the 
Tanuna River, the mntrolljng stream, by a filling of glacial onttraah 
p v e l  from the Alaska Range. Elements in the problem ~lso include 
the permanently fromn condition of the grouncl; the introd~~ctinn 

Z inta the valley M of lenses, dikes, and sills of ice; and the accumuln- 
tion of great quantities of ~t.ind-blown material from the o~~twash 
plains of the glacial streams. The relative in~portance of' thest. arid 
other factors has not yet bcen adequately weighed. 

Whatever may have been the reasons for the burial of the old 
placer deposits, the fact remains that an unusual condition now cxiets 
in this region. Many of the ~treams are now Rowing on the surface 

P of a valley fill which ranges from a few feet to 200 fht or more in 
thickness and much of which is permanently frozen. A typical sec- 
tion in thia area shows a sluggish stream flowing in a mud clinnnel 
through a swampy valley floor. A boring into the, valley fiil may 

e. penetrate as much as 100 foet or mom of fmzen C'muck," a black 
deposit of fine, silty inorganic material commingled with much plnnt , 

detritus and the remains 0.1 extinct mammals, Many recurrrnt zones 
show a seriw of old surfacea on which moss and other plants grew, 

-%ale L. M, Eats, F. J., m d  Imlth, P. 8.- A mologIc reoonnalwmce of thc mitt 
bmka qna8mngIe. Alaska : 0. 13. Geol. S u m p  Rull. SZM, 220 pg., 1918. Hill, J, M., h d e  
deponltw of the Fal~bnnltll dlnttlrt: U. 9. Oml. Burve~r null. 848-n, pg, 19-1B3, 1938. 
MertIe, 3. B., Jr., The Tukoa-Taoana W o n ,  Alaskn : U. 8. Qeol. Eluw6-y Birl1. 872, 
pp. 227, 1887. 



in&ating that the mnck mumuIat4 as termtrial deposits through 
a long p e r i d  of gesrs, and the mderate amount of decomposition 
of both plant and &a1 rern~hs indimtes that the level of ground 
frost ram as the muck thickened. The writBr believes that a large 
proportion of th h e ,  silty inorganic material in the muck is wind- 
blown dust. Beneath the muck, gravel of varying t h i s h a  i% en- 
mmtemd down to bedrock. In general tlGs gravel contains a little 
placer gold throughout, but by far the pa te s t  concentration of gold 
is found near, on, or in the crevices of tho bedmck itself. Some of 
the grave1 layem may ba unfrozen, and if so, they made imp~ib1e 
the older method of drift mining from shafts sunk through the 
from-muck overburden. It is obvious that these deeply buried de- 
posits of pay gravel were laid down at a time when the bawlevels of 
erosion were at or near the present bedrock floors of the valleys. 
Crustal warping, filling of the master atreams, or other causes have 
decreased the gradienh of those old streams and allowed the trcctlmu- 
lation in the valleys of a great thickness of gravel and muck above 
the old pIacer deposits. Modern mining methoda (me pl. 8) in- 
volve the atrippirq and thawing af the muck by hydmulic methods 
and by atmaspheric melting during the summer; the thawing of the 
underlying gravel by forcing water through hollow she1 points down 
to the surface of the frozen layer and the intermittent driving of the 
poinh deeper a% thawing progresses; and finally the removal, and 
washing of the thawed gravel and its contained gold by means of 
gold dredgm. A aery large part of the pment p l m r  production of 
the district mmm from the fire dredges operated by a single com- 
pany, though a few plants are operating by anems of mechanical 
scrapem and hydmulic methods and rt few drift mines sre still f o u ~ d  
profitabla. (See pl. 9, B.) 

Gold Wm.-The I& of the Fairbanks district have recently 
bmn described in m e  detail by Hill," and his report s u p e m d ~  the 
many praeeding descriptions of lode-mining activity in that area. 
Most of the l d e  mining has baen done on veins in which gold was 
the mehl of princip2 value, though during the war period of high 
priw some t u n w n  (schee1it.e) concentrates were hipped, and at 
that tima and later there was same production of antimony (atib- 
nite) ore. The gold lodes all fissure veins or Id- that cut V~L- 

r30u phases of the pre-Cambrian Birch Creek whist, and they am 
usually not far from 8oma body of in tmsive acidic igneous & Mm. 
of them am single veins from a few inches to 8 feet or more wide, 
though a few consist of lodm from 8 to I2 feet wide in which closely 
 ad qua* veinleb ramie through silicified schists. There are 
dm present in the dhlrict several broad zones of sflicified, sericitized 

=Rill, J. H., w b  d the Falrbaob df~trlct, Alamka: U. 13. Qeol. 8- Bull, 
W, pp. S-l61,1Q18. 







&hi& that carry some gold and that hsve been considered as possible 
low-grade gold lodes, though none of thw have yet been mined. In 
the mining that has so far been done on the narrow h u m  veins the 
expense of extracting the ore is high, and Hill givee fipm to show 
that the average tenor of the ore mined up to 1980 was $27.44 a ton, 
calculated on the value of gold at  $20.67 an ounm. 

A h m y  la&.-The antimony lodm of the Fairbankg district, 
like the gold lode4 cut the Birch C m k  whist and are relatecF to 
nearby stock or dikes of granitic intrusive rocks. Many of the l d w  
that am mined for gold contain some stibnite, and the antimony o m  
that  was mined in fomsr years crtrried eome gold and aiIver. The 

i district is the potential source of considerable antimony ore, but 
present p f i w  for that metal and high mining and shipping costs 
prevent the exploitation of antimony mines, and no antimony om 
is now bing produced. Deacriptions of the properties that h ~ v e  
produd in tba past are given by Hill 65 and Brooksmw 

Tionguten lodes.-Under the ~timulus of very high prices for 
hm@en during the World War several properties in the Fairbanks 
district that contained tungsten minerals were opened, and some 
t u n m n  concantratas were produced. Those lodes have be8n de- 
mibed by Mertie al and Hi112S The tungsten-bearing mineral 

t scheelite m m  in disseminated deposits, in mineralid zoneg and in 
quartz veins in ~ilicified limestune or mi& schist. Some of them 0x0 

bodies are obviously r e l a d  to nearby acidic intrusive rocks, though 
.L in othera that relationship is not established. Some of the tungsten. 

bearing veins carry gold also, but in the portions of the veins in 
which schselits is most abundant the p l d  cantent is low, No acheelite 
Ide is now being operated in this district, and there has been no 
pduction since the drop in the price of tungsten that followed the 
Warld War. 

n m K P b B F  n m T m  

f The Rampart didrict is cine of the older placer-mining didricts of 
the Ynlron, gold having baen dixevemd there as early as 1893. Tha 
bedrock source of the gold is believed to consist of quartz veins that 
cut the metamorphosed volcanic rocka and associated sedimentary 

d Ida. The various types of placer deposits in the district include the 
gravel of the present streams and terrace deposits of various ages, 
the oldest of which are thought to ba lata Tertiary. Although tlus 
camp has ~ e l d d  nearly $1,500,000 in gold in the last 40 years, the 
richat ground w w  esxhauSted by 1909, and the production has now 
declined to a few thousand dollars a year. 

a J. M., ap. dL (Bull. BQSB)., pp. 156-l57. 
W Bmoko. A. E.. b n t h o n j  6epodta of AIaaha : U, 11. Qeol. Burmy Bull. 840, pp., 1@X& 
AMerne, 3. B., Jr., Lode m i n l n ~  in the Fairbanb diaMct: U. 8. ml. Btwey Bull. 

€232, pp. 418124 ,  19i8. 
'RLl1, f. M., op. dt. (Ball. 840-BE, pp. 187-169. 
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The Hot springs mining district includes several smaller camps, 
gmong which are the placer mines of h $ c m  Cmk, of Sullivan 
and Cache ~ & b ,  and of tha northern tributaries of Bakar h k .  
The bedrock in this district includes date, qu~rtaite, and &hist of 
Cretaceous age, cut by stocks of Tertiary granitic intrusive rocks. 
The' placer gold is believed to have been derived from quartx veins 
that cut these rocks. No lode mining has been done in this district. 

The placer depkts includa the gravel of the present streams and 
certain older benches and deeply buried deposits of sheam gravel 
that have little relation to the present drainage lines. Thew p k e r  
deposits have been described by Eakin,Bg Mertie:O and ot*. The 
district reached its peak of production in 1916, and then declined 
until 1931. Since that tins, however, the increased price of gold and 
the greater use of mechanical equipment brought an increased interest 
in mining, and tha value of the gold produced took an upward trend. 
It is probable that with the present gold price the life of this district 
will be considerably lengthened. 

The placer minw of the ToIovam dietrict are dl on Livengood 
Greek or its tributaries from the south and east, or on tributaries of 
the Tolovana River that drain the ridge between that stream and 
Livengood. Creek, the total productive area therefm being compact 
and ma11. These placer deposits have been dmr ihd  in some detail 
by Mertiepl who also attempts to explain the complex phyaiographie 
conditions under which the various types of placer deposits were laid 
down. The bedrock of the ridge from which the gold-bearing streams 
radirtte is composed of Devonian and Carbonif emus sediimentaq mh 
that includa chert, silicified limeatone, and carhnaceous shale, mt by 
granitic htrusivas, and the gold is believed to have been derived from 
qu& veins that are related to the intrusive rocb. 

Two general types of deposits are exploited. The bench placers 
on an old buried channel of Livengood Cmek have an average depth 
of 80 feet, of which only the lowar 10 to 15 feet is gravel and the r&st 
is amburden composed of silt or muck with minor amounts sf glide 
rock and of ihe  gravel and wnd. The ground is permanently and 
slolidly frozen, and the pay grave1 is removed by drift mining. The 
other type of phcar deposit includes the gravel of the present st-q - 

"&a&, K. M., A gmloglc rwomtewnnce of  the BsmBart mdrsnsleq Alaska: U. 19. 
-1. Bumm 13~11. B86, p. 88, 1913. 

Mertle, J. B., Jr., OD, clt. (BuU. 8'721, pp. 261-288. - Meme, J. 13." Jr., The gold phlaferrr of the Tolovena blatrtct : W. 13. Gml. hrvw Bull, 
882, gp. 221-278, 1018. 



in which the pay p v e I  and bedmk lie at shallower depths, ranging 
from 4 or 6 feet to 25 fwt or more. These deposits am for the most 
part mind by open-art methods, though some drifting has h n  done 
on them. 

The Tolovana district reached its peak of production in 1917, when 
the value of the gold output was over $1,000,000. Since that time tho 
richest p u n d  ha3 been exhausted, and for the last 6 or 8 pears the 

S 
annual output has averaged about $100,000, The tntal production of 
this mmp since mining began in 1915 has been nearly $6,000,000. 

COAL BE80URUm OP TEE adILfGObX)  mGI6N 

c The coal fields of the portion of Alaska served by the Alaska RaiI- 
road mnshitute one of the important mineral r e s o w  of the Terri- 
tory, and the valua of the coal produd in the railroad region is next 
to that of gold. Indeed, the present route of the railroad from the 
coast to interior Alaska was chosen largely because of the fact that i t  
would open the Matanuska ~ n d  Nenane, coal fields to exploitation. At 
the time that the rnilroad mas projected an important argument for 
its constntction at Gov~rment  expense was the great need for an 
Americ~n s011me on the Pacific coast of high-grade steaming coal for 
the Navy, which at that time mas powered mainly by coal-burning 

t boilers, It happened, however, that between the time that the Alaska 
Railroad was planned and the date of completion the Navy vessels 
mere almost all converted to the uw of oil fuel, as were also a p a t  

f many merchant and passenger vesseIs, and the export market for 
Alaska cad has remained small. The Matanuskt and Nensna coal 
fields, however, had a far-rwching iduence  upon the development 
of the railroad region. Fuel for the operation of the Alaska Railroad 
itself is obtained exclusively from the MOOSB Creek and Jonesville 
portion of the Matanuska field, although in the past a considerable 
tonnage mas mined for railroad and domestic uses from the Chickalaan 
district. The milroad is by far the l q e s t  consumer of this coal, 
nlthough a secondary market is found for domestic fuel, principally 
in Ancharage and Semard, and soma is shipped to coastal ports to 
supply canneries and for other uses. I t  has long been known that 

*. in the upper Matanusktt field there is some high-grade anthracite, but 
1wnt studies 72 of that portion of the field indicato that the available 
tonnage of anthracite is loo small to justify iB de~elopment at present. 

The following table presents analyws of coal from different parta 
of the railmad region. Some of thw  analyses are composite 
anaIyses representing a large tonnage of coal and are believed to be 

~ E k b a n l s ,  R. W., and Warfng, 0. A., Prugr6m of  auwega in the Anthracfte Ridge cum- 
M e t .  AFmh : U- B. -1. l a w e y  Bull. 819-A. pp. E-27, 1938. Waring, G,  &, m e  Antbra- 
clte Rldge cod dbtrlct, Alaska : U. 8. Genl, latvea Bull. 881, p, 64, 1937. 
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reprmmhtips of the quality of ma1 tbat can be obtained from some 
certain part of the field. Others are avemge63 of only a few repre- 
mntative anrlysee or single analps. 

d w a e #  or aoal rm m M  of tha Mrwd rem 

samples from flva 
dtBerent Inws: U. 
8. Nnvy A l w l i ~  COal 

1 k A a d r d . B  ettdukn ~ ~ t r w ' b  molatmandssbirea 
1 Tuck. Ralph, ' ~ i e  Wka drw'k coal dspmlb, hstanmk~ Valley. Al&: U. 8. 0-1. SWW Bd. 

m D ,  pp. 202-poS. 1W7. 

h 1936 the only portions of the Matanuska field where mining 
wes being done were on the property of the Evan Jones Coal Go. 
at Jonesville, on W i ~ h h n e  Hill, from which most of the mI waa 
produced, and some smaller operations an M o m  Creek. This field 
had produced through 1935 a total of about 1,000,000 tons of coal. 

An inhmsting and unusual condition is shorn by the anal* of 
coal from different parts of the Matanuka field and from neighbor- 
ing parts of the Susitna basin. The coal-bearing beds throughout 
this region are believed to be of approximately the same age, though 
the coal ehom wide variations in chemical and physical characteristics 
in various parts of the field. In ths Susitna Valley and along the 
shores of Cook Xnbt the Twkiary (Eocane) coal-bring s e r i ~ s  is 
made up of sandstone, shah, and coal, has hen little deformed, and 
is entirely free from intrusive mh, nnd the coal is of subbituminous 
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rank, Eastwarrd h m  the broad Susitim-Cook Inlet Brtain up khe 
Matanwka Valley, however, the coal-baring =rim is strongly 
faulted, intrusive mks have inwrdd the series in increasing ahn-  
dance, and folds and erwnplea of the beds are more pronounced. 
These evidmces of metamorphism. and of intrusion rtra amampanid 
by an incream in the rank of the enclosed ma1 beds. In the table 
of coal analyses a single analysis of coal from t h e  Belugs River is 
given. That loa~lity is well out in the broad Cook Idet Basm, the 
coal mries js there little deformed, m d  the coal is believed to be of 
about the average rank of the coal that is found at in~rvals  from 
ihe mouth of Cook I n l e t  to  Broad Pass. Comprtrison of that sml- 

S 
ysis with those of coal from JonewilIe, Esks, Chickdoon, Coal 
C d ,  Anthracite Ridge shows a striking though not quite pgs- 
tematic decrease in the volatile matter and an increase in the ked 
carbon-+ range in the fixed carhn percentage from 99.81 at Beluga 
River to B . 6  for mme of the snthracite at Anthracite Ridge. 

Altogether the Matanusks field confains a large roserve of biturni- 
now coal, and smaller amounts of anthracite. 

CosE has been mined in s mall way at several localities through- 
out the ragion, but except for the two major fields-the Matanuska 
rand H m a n A e  ma1 r e ~ 0 1 8 d  has bew sold far local uws only, 

T and none of it has been shipped far from the mine. Small amounts 
have been recovered from shafts or adits at Susitna Station and on 
the lower Penha River. In tha Cache Cmk district om1 was 

5 
mined at the rata of a few thouaand tons a summer for several years 
to operate a gold d d g e  there. Other bank minsa have s~~pplied a 
little ma1 for domestic use, and s small mine has bean opened near 
the East Fork of the Toklat River, in Mount McKinley National 
Pask, to eupply coal for t he  hemps along the road through the park. 
A little ma1 has been recovered from &allow workings in the h&m 
of Mocm and Stony Crseks, in the park, for the ut3e of the mina of 
the Kantishna district. Coal is h o w n  at a large n m h r  of localities 

'P in the b a ~ i n  of the Sugitna River and its tribultariea and on the north 
slope of the AIash Range, but the mines now in operation are 
capable of supplying the available markets, and none of these scat- 
tered on-p are likely ta be mined extensively in the near fnm 

e. The most productive ma1 field in 1986 was thn Nenana field, in 
which the HeraIy River Coal Corporation waa the only producer. 
(See PI. 9,A.) Thab mine produced over 70,000 tom of coal in 1935, 

prwtimfly all of which mas shipped ta Faixbanks* where the largest 
consumer, the Fairbanh Exploration Co, used it ss fuel in its power 
plant for the oprstion of dredges, ptunps, and other uses. The 
cod is of aubbituminous rank, is of Eocene age, and m u m  in a 
series of asbnishingly thick and numerous W s .  In a section of 
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Lmds expod  on H d y  Creek the coal-baring formation ia 1,900 
feet thick and contains 220 feet of coal in 25 =pafate beds, with 
seven beds in the lower part of the mction q p g a t i n g  174 feat of 
cod. Mining is carried on from an d t ,  all the coal that bas been 
mind so far haPing been t&en from above the adit level. Thi8 
field htas p d n d  over 750,000 tone in the la& I5 yeam and has a 
m r v e  of many biUiom of h a .  
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