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The oompletim in 5911 of the geo lec  and topographic mm- 
m h m w  surv~p of the Yrikon-Tanana region, which includes most 
of the older inland-placer districts, has made f~tnds availabla to 
axtmd surveys into other regions. Therefore, during the last five 
yoam extensive surveys have been made in the Yukon basin below 
Tttnma River and in the Kuskokwim basin. mere are dill encamow 
umumeyd areas in this part of Alaska, yet  the mwep of districts 
in which the greatest mining development h~ taken place, including 
the Ruby, Innoko, and Iditmd placer camps, b ~ e  now h n  corn- . 
pleted. There m ~ i n e d  unoxplorod, however, a l a w  ares between 
the Ruby district md the Y&on-Tanana region, Much of this area 
was h o r n  to be a great lowland that affords little promise of m i n e d  
wealth, South of this lowland, howwer, there are highlands that 

bo& fW&h 8 f8akble  MU^ of travel for peck firsin8 md 
to yield information on the h c k  of he b e d d  tsmmes. An 
exploration of tbis field was therefore decided upon, md the task 
was assigned ts Mr. E&. As Mr. Eakin had no h c h i c d  essiatant 
he not o d y  studied the geology of the area he t r a v e d  but 440 
made his own fopqpphic base map. 

The results. of these studios, which ttre here set forth, ehow Chst 
the @ogy pfesents much variety and that many of the rock tema 
recogmd in this field can not yet ba dehitely comehted with the 
formations in other parts of the Ynkon basin. Yet by this s m e y  
the age of at le~st  two formations--the Ordovician and Devonian 
limestones-have been p t t y  definitely established, and these d e t e ~  
mi nation^ wiU help to solve some of the stretigraphic problems of , 

6 central Alt~gka- In the writer's opinion the wrreEation of the pre- 
Ordovician metamorphic sedhmnta of the Crrsna-Nowitna w o n  with 

-the Bi* Ckmk schists of the Yukon-Tanans region dm seems justi- 
fied. Mr. Eakh has not definitely dehrmined the age of the younger 
d h e n t s r g  mcb that am provisionally migned by him to then upper 
Pdeoeoic and Mmzoic. He points out the difficulty of correlating - 
them either with the socks of the Yukon-Tmma rogion to the north 
or with t h m  of the Maska Bmge the southeast. In the Alaska 
Range profound thrust faulting has much mrnpliatsd the structure 
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and has made ha debmination of the sequence diEdt, and the 
wrihr wedd suggest that similar complication may exist in the 
adjacent paste of the Cosna-Nowitsa region. Here, in conwquence 
of the d~lbrth of good expos-, disphmenta might eaaily be over- 
looked during s rapid exploration. Additional information will he 
obtained on some of these pmblams by geologic studiaa of the Km- 
ltishna district and adjacent portions of the Min&&a Lake region 
which are now under way. 

Tho nagion described in this bulletin haa produced no mined , 
wealth, and, though auriferous gravels have been found st a few 
localities, no placers have been discovered that would justify exploi- 
tation. &. Eakin points out that gold p h  are most likely to 
be found on stream@ where the overburden is probably very deep. 
It iB thersfom not a field that will be sttmctivs to the prospectar. 
On the othe~ hand, some of the gmIogio formations m d a r  to  
those which are gold-bewing in districte on the northeast and an the 
northwwt, Mormver, at a few l a d t i e s  Mr. &kin ~~ Borne 

. evidence of  light minedxatiw, and placers may thedore posaibly 
be found 'm the Coma-Nowitna region. As he states, d for gold 
in streams that the granite contach is moat likely h be sumssful. 

The region as a whole is fairly a k b b ,  bemuse many of the 
efreams a m  navigable for small boah. It is well * i m b e d  and 
inciud~ much fertile land similar to that near Fairbanks. 



* ,  TEE COSNA-NOmA REGION, AUSTU. 

Tba term "CosneNowitna region" is uaed to designate the general 
Yukon-Euskoh drainage a m  from the longitude of Coma west- 
ward to Nowitna River. (See &. 1 .) Prior to I9 15 the topography 
and geology of this region were practically &owa M y  a few 
pmpectara had k i t e d  it, and it had no particular known economic 
importance. However, problems that had arisen in the come of 

geologic invsstigatio& in adjacent regions d e  its exploration 
deebble, and the work was undertdcen during the summer of I916 
by a small Geological S w a y  party in charge of the writer. A brief 
~ummary  of th? results of the work has already been published: 

1 lbkh, E, An e q l m t t o n  in the C-NoMtna r@m: U. 8. Q d .  Hmwy B U  842, pp. 811-.tXl, 
l a  
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The party included, besidea the miter, four camp men for the h t  
two wesh and two f o ~  the remainder of the semn. A pack train of 
seven horn waa wed fm transportation. Field work w w  begun on 
J U Q ~  12, 1916, on the south bank of Tanana River about 2 milea 
above the native villaga of Coma, at a point where s apecia1 landing 
was kindly made by the offieera of the Alaska Yukon Tranaport~tion ' r 
Go.'@ stemboat Ahka.  From this point a pace traverse was carried 
southward across a broad alluvial plain east of Coana River for about 
30miles,tothefirstbedrockhillsofthem~nupland. Hereabme 
line was memured, and planetable work was begun. T h e  traveme 
waa extended, h t ,  southward to the vicinity of Lake Minchumina, 
t'hen northwestward to the headwaters of Chitanma (Redlands) ' 

River, and then in a general swtbwc&rly W i o n  to Nowitba Rivm 
at the mouth of the Suluha. The work was then expanded, ht 
southward to the head of tho S d h a  ernd then northwmi to the 
Nmitna at the head of the, canyon, a little above the mouth of Titm 
River. Here the four remsining horses were sbsndoned, a raft was 
built, snd obeervations were continued along Nowitne River to its 
mouth, which was reached September 3. About 300 linear miles 
was covered by the pack train. Traverses m d e  by the writer 
amounted to oonsiderably more. About 2,600 d m  was mapped 
topographically on s scds of 1 : 180,000. Areal geology waa mapped 
on the same s d e  over most of the m a  covered by the topographic 
work. 

During the eame s e w n  a Survey party in charge of C. E. GBn,  
working in the Ruby district, sxtended topographic a m e y ~  eastward 
to the Nowitm, ran s tmvepse of that river from the canyon to its 
mouth, and mapped the topography of the country near the river. 
(See PI. I, in pocket.) The twu surveys touched at many points, and 
the elevations and peitiom determined indapendently for these 
pinb were found Co be in practical agreement. 

PREVIOUH EXPLOUTIONB. 

Before the qdorrttion of 1915 much of the CmnbNowitna regim 
wes little known except to ths nativa and to a few prospectas, but 
its eastern part had been frequently traversed by white men, A 5 
Tongatablished native route of t r a d  leads from the North Fork of 

. the Euskokwim m a  the divide to Cmna R i ~ e r  and d m  that 
stream to the Tanana. An alternative mute, uaed mpecially in a 
Bummer, follows Kantisha River from its head in Lake Minchumina 
to  its junction with the Tanantr. No Russisns reached- this pwt of 
Alaska, but t b  mute bas been followed by many pmpectom md 
trappers. So far as known, Frank Densmore, one of the pion- of 
the Yukon, wae the h t  white man to cross the Tanan+Kuskokwim 



divide, pmbably sbout 1889." Ten yeam later Lieut. J. S. Herran, 
UnitdStfites Army, made thefmt mapof this part of Alaska. In 
the summer of 1899 Hemin' led .an expedition from Cook Inlet 
thmugh the Alaska Range to the Ku~kokwim lowland, which he 
r e d e d  late in the fall, when it was no longer posaibb to me homes. 
Herron, thmfore, spent gome time on bake Minchumina and dtrsr 
the snow came continded his journey with dog deds p r o d  from 
nativm and reached the Tanana by the Cmna River route. His 
report mnths a general account of the topography, vegettrtion, 
minds, and natives of the region. 

The only other ofEcial inve~tigation of my part of the Cclsna- 
Nowitria region was that made in the winter of 1911-12 by Christafm 
and Dice, of the Burbau of Fisheries, who crosaad f nnn tho Tanana to  
the Kwkokwim. Their mission wss to investigate the fur-bearing 
animih, to  which their report is chiefly devoted, though f t contains 
some account of the vegetation and tapogrephy. 
An expdition sent out by the University of Pennsylvania in 1907, 

in charge of 43. B. Gordon, reached Kuskokwim River by way of the 
Kantiehna and Lake adinchumina. IB work was primarily the study 
of the Kmkokwim nativm, but its report contained some notes on 
the gmgraphy of the region.' 

The g m d  position of the area snrveyed in 1916 may be inferred 
h m  ita deaigmtion. (See %. 1.) 1% in~ludea the territory thst 
could be atndied along t h ~  mwt available route between Cosna, on 
Ta~ane River, end the he~dwaters of Nowltna River. In genml 
the mute led through the principal uplands between ~ u k o n  and 
T m w  rivers on the north and the headwaters of Kantishna and 
Kwkokwim sivm on the south. but it was far from b e h  direct. as 
broad devilrtiona were made ao'aa to include tis m a t  a Ybreadth of 

the greater part of the upland belt between tho lowlands of the 
Yukon b& on the north-and the Kuskokwh basin on the south. 
It all lies between longitude 161 O and 155' west and latitude 63" 30' 
and 65' north. 

~ B m o b , k & , T I m M o m t M o K l n ~ r e g 6 o n :  U . I . O e P l . ~ y R d P . p e r 1 0 , p 2 5 , 1 ~ 1 .  ' 

.Eman, L 8., An q h m t b n  h AlaPka In lSW, U. 13. War wt., Adjutant oamsralr O M ,  3901. 
~ C M s h k u ,  H. J . , d  Dim, L. R., Mfnor Inr M m W :  U. A. Dept. Commwce Bur. F i  D a  
m, pp. *I=, Ins. 

~ a o r d o n , O . B . , E ~ ~ h m i n ~  Br l t i rbAarw.Adv .BDL,~fOthMss~ ,p .gL3 .  
18M. m a  expdtlm to Abkw Old Penn, vol. 6, No. 10, p. t, 1W. 



BELXEF. 

The topography of the region is about equally divided areally 
betwem two contrasting types-that of the plains md that of 
the uplands. u 

'I'b plains are developed on unconsolida$ed depoaita at several 
elevations up to about 1,200 feet above sea level. Their relief is 
generdy low, being comprised in minor d a m  imgularitim, such F 

as dunes, hollows, terraces, and omyonlike valleys of locally in- 
trenched d m h g e  lines. The plains border the uplands on the 
north, east, and south, extend broadly into the principal valleys of 
the upland areas, md in places continue through low passes from 
one d~ainage baain to another, dividing the uplands into several 
mom or less distinct areas. 
The uplands m bedrock features. They range in contour from 

~tmngly rolling hills and ~idgea to fairly rugged mountains. The 
bighest ~ummita reach elevations of 3,000 feet or more above sea 
h e l m  Their relief is generally strong, at many p l m  being as 
much as 1,000 to 2,000 feet in short di6ltancm. They me h h e r  
and more continuoas over broader are= in the westem p& of &e 
region than in the eastern. Still farther east, beyond the area of 
the actual survey, a e v d  smaU kolated ranges and hills rise above 
the plains like islands from the sea. 

The dXemnw in the topgraphia aspect of the duvial and 
be&mk areas of tbe region constitute a notable topographio unmn- 
formity. The primary dedopment of the upland f e~bturea is related 
to m mlier oycIe of erosion, during which the bedrock depmions, 
now partly flied with alluvium, were formed. The relief of the 
alluwid areas is a product of the presenti cycTe, which is ementially 
in a very youthful stage. The plains are in some places practicdly 
flat and featmlea but elsewhere two marked by low dmeIJte 
biZlo& and ridges that inclose undrained d 8 p e 0 ~ .  The perfect 
dune form, evsn height, and arrangement of these minor featurm 
of relief swm to show conchiveIy that they were developed by tb 
action of the w%~d. At some places the descent from a higher to 3 L 

lower plain forms a distinct scarp (iig. 2). The scarps follow broadly 
curved linm thst am unrelated to the p m n t  lines of drainage and 
that apparently must be interpreted aa the cut banks of a large i 
river or, more probably, as cliffs on kha shore of a body of standmg 
water, an iri$e'pretation favored by the absence of fareign wash 
and the uniformity of the material in both plains. 

The principal drainage lines acroH the phim are deeply intrenched 
and in places have cut tbrough the dlu-vid depi ta ,  uncovering 
and cutting canyons in t h  bedrock. Soma of thme canyons are 



far from the prosant uplands; others are well wit,hin t,hem and were 
formed by the diversion of stream across low passes of the original 
tapqgr8ph~. 
Throughout the region them is abundant evidenw of stream diver- 

sion and s u p q d t i o n  at elevations up to 1,700 feet above sea level. 
Indeed, in alluvial weaa that lie below 1,200 feet there is probably 
but little cmmapondence botween the preaent streams and those of 
p d n g  cycles. 

Fmvrr Ld3W& mrp of m arm of d t  plalw I5 m i b  muthe& at Cmm, line me.M 
by modam f n t d  drsirtam. Note d m  on uppar PI*. 

The region is drained by atre&s of the Yukon and Kuskokwim 
river sptems. Tho main divide in tho central and western parts of 
the region has a general northeasterly trand and lies very close to  the 
course of the North Fork of the Euskokwim. This- northeasterly 
trend continua to s paint about 40 mil@ north by northeast of Lake 



Minchumina, where it turne abruptly around the head of North Fork 
and inns south by mthwest past the west end of the lake and then 
h g 8 n d  SO~thwsrd t0 tho REW~.  

The drainage of the upIand area northed of Lake Minchmka is 
divided amow an extraordinarily large number of distinct streams. 
The south, east, and north slopes of thh ares drain into Kantishna, 
Zitzitma, Cosna, and Chitanana r i ~ e r a ,  tributaries- of the Tmana; 
and the weat slopes into a branch .of Titna River, tributarg to the 
Nowitna, and into the N0rt.h Pork of the Emkcikwim. Thw, six * 
streams, all of considerable size, head within a few miles of the 
same point. 

Most of the upland in the western pad of the region drabs north- 
ward into the Nowitna through Titna and Suluha ripen. In t . k  
part of the region the North Fork of Kuakokwim River receives only 
&ort northern tributaries. 
The Kmtishna River baain is rapresented by only a amall area in the 

m n t h ~ ~  part of the region. Severd smdl streams that drain 
southward from the upland run out upon the ahvial p l h  and 
flow either inta L k o  Minchtmintb or into the Kmtisha a short 
diatanae below ita outlet. The Kantishna flows northe~twmd from 
Lake Mhchumins to Tanma River, a direct distmce of about 80 
milea. The distance along the mume of the stream is probably 
more thaa twice as great. The Kmtishns receivas most of its 
wakr from a number of large southerly tributaries that h a d  in the 
Alaska Range. It said to be navigable for launches or &all 
etemboata from its mouth te Lake Minchumlna. 

Zitzha River has not yet  been shown on m a p  of this part of 
Ahha and has been 'known only to the natives and to  a very few 
hunters and pmpeetars. Its basin liea east of that of h a  River 
and north of h t  of the Kanthha. A few of its southwesi%rn 
headwater tributaries head against the N&h Fork of Knskokwim 
River. The basin lies b a t  entirely in the d u v i d  plaias, ody the 
extreme aouthwmterly headwater s t r e w  draining my part of the . 
uplands. The main stream flows northeastward to Tanana River 
in the Vicinity of Hot Springs, a direct distance of about 40 milea. . - 
Itg vdey, which ia deeply intrenched in the silt plains, is onefourth s 
to one-half mile wide. The s trew is extremely meand-, so that 
its actual length h geveral t imes as great as the distance directly 
from ite some ta ita mouth. It is navigable far  canoes or poling 4 

boats well up to itg head. The gradisat is very slight and the current 
is mmespondingly slow. 

Coma River is.of about the aama &m as the Zibiana. IB hribu- - 
taries head againat those of the Zitziana on the east, of the North 
Fork of Kuakogwjm River on the south, md of the Cbitanana on 
the wesf. The western and southern tributariw head in uplands 



md flow out upon the silt plains, which embme a broad area in the 
basie. In its lowm course the stream has a low grade and is sluggiah 
and meandering. Toward the uplands the grades steepen and the 
ooma of, ib tributaries are more direct. It ir navigable only for 
canoes or phg boata. 

Chitanam (I2dmds) River drains an m a  whidh lim wwt of the 
h n a  Rivm basin and h abont Gwioe as large. Zta muthmn tribntariea 
head against kbose of the Titna and ita wmtern tributaries againat 
chose of the Nowit;na below the Titna. The greater part of ih drain- 
age basin is in the silt plaim. Uplands bordm pmik of the basin on 
the east, and south only, The dhtaflm in a direct line from the 
mouth of the Chitanana to the rim of its basin is probably less than 
50 mila, yet the distance dong its very devious come is probably 
at least three tjmw as g r e ~ t .  The mein stream ia deeply intrenched 
in the d t  pldm~, the cut exposing at some pla& sheer bluffa of silt 
400 to 500 feet high. The stream is said to be easily navigable by 
canoes or poling boats far up ih course. 

Nowitna River &aim considerably more than half the central and 
w m h  parts of the region, t h u g h  S u l b ,  T i h a ,  and Big Mud 
rivm, ite chid oastern tributariim n m o d  in order domt,mam. The 
Sdukna has its source in the hqhest uplands of the region, the lime- 
stone mountain r q e  about 50 mil= southweat of Lake Minchnmina, 
near the o o m a  of North Fork of Kuskokwim Rivm. It flows in 
genmd northward for an air-line distance of abouth 45 miles to i& 
junction with tho main river, 10 milea above the head of the canyon. 
Ib matern tributaries h a d  against two large southern tributaries of 
the Titna; ita western tribuhries head against those of the upper 
Nowitna. All ita tributmim head in prominent uptan&, but in tha 
lower part of ih clourae t he  main stream rum through a broad silt+ 
fded baain, which mmh the wmtern limit of the present s u r ~ e y .  
Pohg  boata have been taken up the Suluha to poine wd back in 
the mountains, 30 i;o 35 milea  in a direct line from iB mouth, though 
these trip involved many portagm mound beaver dams. 

Tiha River draina a broad spatulate arm bounded on the weat by 
the Sulukna basin, on the south by North Fork of the Kwkokwim, 
on the east by the h a  and the Chitanma, and on the north by 
the Big Mud River bash. Its extreme eastern headwaters, which 
head against the Coma, flow in general westward for an air-line d b  
tanm of about 45 milea to the Nowitna, which it joins at a point 20 
milea below the mouth of Sduha River. h this diatance it receives 
k l a r g e  and several mall southern tributaries. Theupper southern 
tributmy is o d d  the main hmd of the Titna, although it is mallm 
than the emtern branch or the ather two southern branches, all of 
which b v e  headwaters farther from the mouth of the Titna. The - 
naxh south= tributtq below this stseam is the Setbkohs, a large 
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clear-mter stream that heads against North Fork of the Kuskokwim 
and Sululm8 River 40 miles southwest of ita mouth. The othm 
muthern tributaag, the T&itna, joins the Stma 15 miles downstream 
from the Sethkohe and hm& 25 milea ta the southwest, againat m 
matam tributary of the Sdukna. Thus there are four large brthn~hm 
of the 'l!itna, aU of which are navipable for poling boah weU up toward m- 

their heads. Nl fbw in meandering courses though rather bmd 
d Z e p .  The Sethkokna and Tebifna, have relatively steep grdm 
and ;8ow adtly over nummus rif8 es. There are said to bs rapids +-. 
on theTelsitna near ih month and dao on the Titne bdow ItheTelsibna. 
The Titna rapids are said ta be rather hard going for boab when the 
sfman is at  low atagm but are easily traversed by a W d  boatm~n 
when it is atmedium or high stag&. 
Bi Mud River & an eastafn tributary of the Nowitna, which it 

joins about 8$ miles below the Titna. Its eastern tributm5es head 
agajnst the Wtanana and its southern tributmiea against the Titna. 
It is aamewhat a d e r  than the T i h  bud; is navigable by poling 
boab for a mnsidmble distaqce. The Big Mud drains a large area 
of the silt plains and derives ita name from the great amount of silt 
which it a r r i e a  during Q h  stages. 
The main upper branches of Nowitna River head against Nixon 

Fork of Kuskokwim River. The mouth of the Nowitna is about 14 
mile9 above &hhm village, on Ihe Yukon. Tha direct distance 
between its month and the divide at  ita exheme head is about 125 
mil@, but the actna1 length of the stream between thsse points is 
about 360 miles. Below the Sulukna the river flom for 166 miIm to 
mver an air-line distance of b7 d m .  In its lower course its grade is 
vmy Iow and ita currat  is sluggish-hm onehalf mile ki 2 d e s  
an hoar at ordinary stages. For a long distance. above ita mouth 
the depth of its watar at mean stagas is 20 to 40 feet. It is navigable 
for Iaunchas, mom, md shallow-draft stsambata for st least xIX) 

miles. 
North Fork of Kuskokwh River (see Pl. III, B) heads against 

Corma, Zitsitma, and Esntishna rivers in the uplads of the eastern 
p& of the region. It flom in pd mnthw~stwanl beyond the 
area of the present survey without rewiving any large tributaries. 
T h e  n o d m  Emif of its drainage basin is near the southam margin 
of tbs principal upland area, which ia drained mainly by the 9e~eml 
tributaries of the Nowitam, already described. Its santhm tribu- .a 

taries head against streams of the Kantishaa system. Pt  is navigable 
by cmom or polrag bosh to a point *thin a few miles of i i  bead. 

' The b e - N o w i t n a  region, in common with tho grater  part of 
centrd Almka, bsa a subarctic climate, marked by great sea80na1 
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vmiati0118 in tempmature, a rather m t  raS&U, ttnd infrequent 
shrms. Winter weather may be experienced h m  October Eo April, 
During tho other months the weather is usually mild. The h g m  
streams generally t b w  early in aday and freeze late m October. 
Tho growing mason for the hardier f o m  of vegetation extends from 
early in May to early in September. 

The annual -precipitation may be as little as 10 inches and is 
probably ~IWELJS las  than 20 inches. Usually it come8 m ~ t l y  aza 
rsin, in the months of July rsnd August. The short midsummer 

? 

&mdembrm may be accompanied by comidmbla precipitation. 
The bter rains are g e n d ,  snd dthough they are not usually violent 
they may continue ~ O T  days or even weeks, so they contribute the 
p # e r  part of the year's precipitation. 
The m a n  annual temperature is so low that the ground M o w  a 

~ilght depth is permanently frozen except where special conditions 
prevail. Extremely permeable gravel deposits are usually thawed 
by the cimulstion of ground waters. 

The folIowing table gives the recorded precipitation at  Rampart 
from 1908 to 1910, inclusive, and indicates the precipitation, in the 
&ma-Nowitna region : 

Monthly prm'pihtkn, in lb?xb&, at Rmpar l ,  1906-1910.0 
~ n h h l l  or melted sllow is glwm in the first liw, a n o ~  in the SRCond 1h.l 

UE- from tableb 6. E. lYlm&h, Water mpply of thaYh-Taaaaa m g h :  U. 5. W L  0~a'vey 
Ball. No. 190, pp. 176-13, Ut1. 

The length of the growing season is indioated by the following 
records made at  the United States Agricultural Experiment Station 
at Rampart: - k q t h  of w i n g  #mm at &mpart.a 



FOREbSTlg AND VEaETATIOM. 

The Cham-Nowitna region is almost entirely forested, owing t;o 
i& general low altitude. OnZy s few small areas fie abov~ timbet. 
h e ,  which is about 2,000 feef above sea level. Below timber h e  
thm me unbbered areas in placss where the soil is apparently 
unfavorable forest growth, but such areas are small, so that the 
e n h  region, ao far as ordinary uses are conmed, may be regarded 
as forested. 

Spruce ma birch a s  generally the dominant a p e c i ~ ,  but in some 
places cottonwood and tamarack are the more abundant. The 
largest specimens of epruce grow along stream (Pl, Ill, B) md at  the 
heads of valleys, where troea 2 feet ar more in diameter may be found 
within any considerable area of the region. Along the main rivers 
there am large areas of heavy spruce timber. G h h d  ~pruce times 
grow generally over poorly drained areas and are the chief form of 
forat p w t b  over the swampy areas of the alluvial plaim. Birch, 
on the other h d ,  does better on well-drained dopes PI. ID, A).  
I t  M a  a favorable habitat on the scarp fa- and dundike hillock 
of &er alluvis~l pleim, where it vies wihh the cottonwood. Tamamck 
grows sparingly in all parts of the region but rmchm perfation only 
in areas underlain by limestone, wpecially on northern slops, where, 
in places, it forms the foreat pwbh oxc1wiveIy and grow8 to a 
diameter of a foot or more. 

W'iow and alder are the most abundant of the smaller epecies 
found in. the region. They thrive along W ~ ~ ~ G O W B S  and at timber 
line. Alder js valuable for fud fox high camp and is to be had in 
all parks of the region. Willow is 1- valuable for fd but supplia 
agreeable forage for horn& and b r o d g  animals. h some places 
the pa& homes suhishd on willow for daya at a tims and showed a 
preference for it evm whme grass was avidable. The growth of 
willow along some of the low-lying atreams is remarkably heavy 
and many of the trees are large, some attaining heights of 40 feet, 
Old h a  &at w e  1% feet in diameter were seen on a branch of 
the Sul*. 
The vegetation of the region, besides treea, mnsists of mmw, 

p a s ,  ahsubs, and plants of many other species. The sihagnum 
DOMES a r g  pre~ahgly  abundant; they grow in rrompasy wit91 bunch 
graa~, bluebmy bushes, and trailing birch and give a mft, laborious 
fmtiag over the whole region except in the limestone areas. Grass 
is not plentiful in the region, but oubide of the areas underlain by 
hestone it a m  be found in quantities sufficient for the needs of 
pack animals, provided mmp ia held only a day or Gwa at any one 
place. The mmcity of grass in parts of the region was a aourm of 
considerable incoavenimoe to the Survey party, and had it not been 



far the willow w d  as forage in the limestone belts the horses would 
have fared worse than they did. 
The edible kmieus in the region are blue-, cmaxlt, rasp-, 

and onmberry. The blueberry and cranberry are to be had in un- 
limited m o u n t ,  but the othera are rather soam. 

PfsB Aim a m .  
Fmd fish are fairly abundant in Qe streams and in soma of fhe 

hhe of the region. Salmon ware seen in the North Fork of Kug, 
kolrwim River near its herd and in the S u l h a  where it W ~ B  cmased 
near the middle of ib course. Graylq are plmtiful in both Lrge 
and amall stream. Trout were taken only in the clm&watar 
strewna that drain the limgstona mountah. Pickerel and 0th- 
specim are said to be found in the largor lakes that have out2eta. 

hrge  game is abundant in parts of the ragion. M m e  and 
bear were seen almwt daily in the ara between Lake abincl~umina 
and S u l h s  River, and well-marked game trails show &at this ia an 
unusually good game nountry. No 'brown bear wsre men, but the 
blaok bear is so numerow in most of the w o n  aa to be more or leaa 
of B nuhmm. Caribou were not go plentiful, a. single specimen 
ha* been shot on a bibutary of North Fork, but well-worn &bon 
haips in Ehe eashm p ~ r t  of the region end old h d h  fmm, now in 
dimepair, show that this animal frequents the region, at leesf during 
ita migrations. 

Water fowl, including ducks, gem, cranes, and swan, were asen 
an the lakes and streams. Land fowl were a h m t  entirely d i n g ,  
but pephsp only temporarily, for thm speoim are said to disappmr 
and grow n~~~leruus again more or 1- @adicsUy. may were 
formerly plentifd and undoubtedly will be plentiful again in a few 
years. 
h animah, hc1uding fox, lynx, merten, mink, and beaver, were 

aeen in different parts of the region, and tFBppem report gDod catchas 
dnring the last few yearn. Beaver are very numerous on the tribn- 
tariw of the North Fork and of Nowitna River. Their dams MI 

p t l y  obstructed Bbme of t h e  d e y s  thab travel though them with 
the pa& train was difiault. 

The aoil and the dmatia conditions that affect agriculture in the 
region are e i d a r  to thoee in the Fairbanks, Tanma, and Rampart 
distriab, where a largo variety of produd have bem a n c ~ f u l l y  
gmm. The silt loam are relatively of muoh greater e-t than irr 
those distriots, being practically mxtensiae with the silt plains 
a W y  dmribd ,  These lands a m  mostly undulating and well 

3167°-lR--B~kl. 887-2 



dmmd and on the whole would seem to aflord as ftbwmble mndi- 
tion8 for agriculture ss any part of interior Alrraka, The mila are 
exceedingly friable, however, md might be driftad by the whd if the 
vegetation was genemlly removed. The dune topogaphy of larp 
areas ind i c a h  the action of wind pfior to the mwth of the pment 
vegetal covering. 

- ' ITm61.  

'Fha region ia p t i m l l y  uninhabited during the summer, but in 
winter half a dozen white pmspechm and trappers and a few natives 
sojourn within it for a longer or shorter perid. The neamt n~t ive  
settlement is h a ,  on Tanann River, which, consieta of but a few 
families. Formerly there was a considemble native population in 
the region of North Fork ~ n d  Lake &chumins, but it hse, been so 
deplet~d by measles rand other diseases that there are now mid tO 
be scarcely 50 persons left. P ~ r t a  of the region s e m  as hunting 
grounds for the nntivm of both Tenana and Kuskokwim tribes, bu5 
large arena am apparently seldom, if ever, visikd by either natimm 
or whim. 

R O m B  OF TRAVEL. 

The moat available mutes of travel in summer are t h w  furnished 
by theprincipelstreamof the region. See (pp. 11-14.) 

Winter travel from fie Picinity of b k a  Mnchumfna to seteftlaments 
on Yukon an8 Tsnanne rivem follows maidy two principal routes, 
marked by mare or lm definite trrrils, which appear to be verg old. 
At present, however, they are somewh~t overgrom and in dimpair. 
The roub from h a  to h k e  Minchumina leads up Coma River 

for about 25 milea, thence ersstward across a low divide to the head- 
.waters of the Zitziann, and thence around the east margin of the u p  
lands through another low pass into the valley of a stream flowing 
southwmtwad inta the lake. The other winter muta from the lake 
to the Yukon leads northwmtward scrass the upper ba-sin of North 
Fork of Kuskokwim River,  cross 8 low divide to the Tiha, down 
tha Titna to a point below tho mouth of the Sethkoh, and thmm 
northward across the low country to the Yukon a b o ~ e  Ruby. 

A number of other tmils, chiefly those made by trappeas for 
abort diatancm along their trsp Einm, follow the cmte of many of - 
the timbered r i d p  in the eastern part of the region. Farther 
west, where the upland ridges and divides are more. wmen and 
without timber, the trails lead chiefly along the sfmams En the a 
valley bottoms. 
The trappere and prospectom who frequent the region generally 

outfit at  Tansns or Rnby and get their auppliee to their base ampa 
during the open season by poling boat up Nowitna River. They 
bring out their furs in the spring 'by the asme mema after the %lr-llp 
of ice on the navigable streams. 
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QEOLOQ'IT. 

G ~ ~ R A L  mamm~. 
me &on is etratigraplially and ~truokwdly ~ e r y  mmplex If . 

M e d  according to their li thologh and structural afhities its m1L4 
fall ieto deven separate groups (PI. 11, in pocket), w h m  character 
and reletions iZEuminat.e many phases of a long and complex geologic 
&bry. The age of the rocks of eome of t h w  groups is dehibly 

a known from &0 fos& they contain; the ~elatiw age of &those of 
" other group may be inferred from their s t m c t d  relations; but 

even the general position in the geologio c o l m  of those of atill other 
group can not yet be positively doterrabed, 

Fads were collected from Timestono beds at t h e  localitiea, Two 
of the dec t iona  represent a Middle Devonian and one an Ordovician 
horizon. The Ordovician fossils were taken from a single bed in a 
thick limestone series that ompies a largo ama in the southweekm 
part of the region. One of the Devonian mllectians was made on hhe 
hoadwatere of Chitanma River and the other naar the North Fork 
of the Kuskokwk due west of Lake Minchumiaa. The Devonian 
rmb include, besidea the fossiliferow limestones, aalcareous and 
cl~rhecooua dew, which outcrop at hintem& in a zone lying 
between the imo fwil locditiw. 

The Ordovician limestones am underI& uflc~nfomably by a 
mehrnarphic mries, which is separable into two groups-an upper 
p u p  cornpod chiefly of schists and quartzitas and a lower group 
corn& chiefly of hestones and greenstones. TEleso metamorphic 

. rocka ex-d northw~rd from the Ordovician limestone ares to the 
margin of the silt plaina. 

The enatern part of the region is occupied mainly by a thick series 
of sedimemtarg rocks that am mpmble into three groups-+ lowar 
group composed dominantly of banded quertzibs and phyEtes; a 
middle p u p  of fib, sbearod sandstones, gnd slates: and a;n upper 
group of c h e h  and dates. 

Two groups of volcanic mcks are distinguished on the map. The 
older mn&b of more or loss altered diabese and basalt flows, which 

, form the h@wt part of the Cma-Chitanma divide, east of the 
locality where Devonian fossil9 were found. The younger inclndea 
an assemblage of lama, tuffs, and breccia, which occupy large 

b 
areas in the ssme general bdt that inclurlos tho Devonian rocks. 
Two ohhm mall areas of rocks of this group o m  near the head 
of Telaitna River, where they mver part of the fault *ontact b e  
tween the Ordovician b8sbnes and tho w h t s  and q-itea. 

htmaive igneous m b  occur in large massea at several localities 
indicated on the map (PL 1I) m d  also in the f o m  of dikea thnt 
am k m  too ta bbe s b m  on a map of this scale. The larger maas88 



are batholithic in form, d the typical rock has the ~ ~ q m i t i o n  
of momonite. Thedike mlm a m  mainly rhyolite ox rhyolitepor- 
p h m ,  althoagjh more bnsic mch were f m d  that probably form 
dikm. 

amTxc)a-. . 

In tbia reporh no formation names are given ta the mh in the 
region. To give such namae would be ta a f f i  that the clwifim 
tion here adopted is h a l ,  or that the tentative mmdation between 
the roela of thia region and those of oth0m je exact, and neither 
of these afhnationa is justified by the d a b  at hand. The rocks 
me designad by terms that accord with their prime lithologic 
characters and, so far as possible, their definite or relative age. 
Thus, the mka of the weatern part of the region are divided into 
the pmordovician beatones and groenstones, the pre-Ordovician 
scbista and quartzites, and hhe  Ordovician Emestonea; those of the 
central part ink the Devonian Emeetones and dab, the diabases 
and basalta, and the younger ~oJcanic rocks; those of the eastern 
garb into the bandod quartzites and phyllitos, the grits and sand- 
stones, and +be obrte and sIah;  and thoee of more general distri- 
bution into the granitic intrusives and the unconmlidated sdi- 
men- deposits. 

The mch noted in the foregoing outline comtitute fen separate 
gmup and include all the igneoua and consolida&d sedimentary 
terranes noted in the region. Tbeir rnaesea form the upland features 
of the region, which occupy about half its area. The ether haif of 
the region is oovered by unconsolidated sedimentary deposib, chiefly 
silt, which form broad terraces and p l a h  at geverd elevstion~, the 
highest about 1,200 feet sbo~o sea level. These deposita extond 
broadly up the principal valleys and spred over large aroaa to the 
north, emt, md south of the region here described. 

FRX+BDQVICYAN LJXESTONEB AND QREEMSn,NEB. 

Di&hEiwa and chrc~.~hv.-The p ~ o p i c i a n  lirneshmea and 
-tangs obmpy a c~nsiderabla aree in the wsetero part of the 
region, about the upper end of the canyon of Nowitna River. my - 
the aonhhern boundmy of tliis area is shown on the map (P1. IX), 
at the point where the mutact line btween this group and the 
overlying schists and quartzites cmses the NowitnkTebitna divide r 
in a northeaetmly direction. These rocks probsbly conthue & the 
d a m  for some distance north and asst of the m a  shown. 
The limestones of this group am mostly nonmagnesian but me 

, in p l m  dolomitic. They generally c;ontain much silica, which is 
in part dissemin~td in smsU particles h u g h  the rock and in part 
segregated in thin cryptocrystahe lenses or laminae that ~ a r y  in 
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abundnnca in dierent beds and in some places form the greater 
part of tha rock. (See P1. ZV, A.) 

The limestones am generally dark gray on fresh fracture but 
weather bdT or -am color or even white. Some massive bgds 
are of even m1or throughout, but others axhibit an intricate bandhg 

a of diflomt ahades. The dolomites ere distinguished by a brownish- 
y e k w  color that cbmges but little on weathering. 

The gmmstones am highly altered basic ipooua rocks. They form 
thick beds and probably m p m n t  lava flows interbedded with the 
calcareous dimenta. Their original character is largely o b s c d  
by iute~lgenhearhgand mrystallization. Apparently they were for 
the most part coarsely granular and of dioritic composition. Most 
outcmps present a banded or poismid appearance, due to a partial 
mgregation of light and dark minerals. Soma spwimms, however, 
have a h e ,  even tmture and s uniform dark-green color. The most 
altered tgpes am achistosa ~ n d  have as. even texture and a light-green 
color. 

TIXI group aa mapped hcludes, besides Zimestonea and g&nabnee, 
relatidy amall amounts of schist and date. The schists sre light 
mlored -qnartzmks varietim and may represent altered persilicic 
dike mks. Tho dates an, dark, and mme &re not~blg grepllitic. 
The schists snd slates were m u  at only a few places, and none of the 
outcrops could ba traced for more than a few hundrod feet. 

me thichess of them rocks d d  not ba measured, but i t  must 
be mveral thousand feet. The different classes of mcks are not 
evenly distributed in the group; in one area the heatones pre- 
dominate m d  in another tbe greenstmas, and at gome places either 
type may occur exclusively over a considemble area. At other 
places, however, the two are clearly inhrbeddd, and this A t i o n  is 
presumably &aracteristic of the whole p p ,  

Stmdure.-The structnre of the p u p  is ~ e r y  cumplox. The 
beds are intricatdy folded and in plscm aw fadhd. The more 
&ve b864 show little of the detail of the structure, but the thin- 
b e d M  mamben, especially those that contain chert laminae, exhibit 
minub folds and crenulations, which indicate rock flowage and am 

;. due to deformation under heavy cover. 
Age.-In the absence of direct paleontologic evidentxi tho age of 

the group ean be determined only relatively. It is apparently older 
than the mhista and quartzites, which, as will be shown, underlie 
unconformably 8 wries of limesbnes that have yielded Upper Ordo- 
vician fossils. 

RRE-OBDOPICIAN SCHISTS AND QUARTZmS. 

M b u t b n  and ck&r.-The schists and quartzites occupy 
most of the drainaga basin of Telsitna Riwr and outcrop in adjacent 



areaa at placm where the omrIying Ordovician ljmc~hnea and the 
younger vo l cdo  mch have been removed. ? ley  probably extend 
for mme distanm northeastward from the area shown on the map. 

Quartzifas and schisb are the most abmdant rocks of the g r ~ ~ l p ,  
but rocks of many 0 t h ~  dmam a m  sssociated with them. Lime- 
stones and slaw accompany some of the schists; and conglommte, * 
pit, arkose, grsywacke, and phyUte me in plams associated with 
the qmrtzites and are appcamntly related to them stratigraphically, 
(See B1. IV, B.) 
The schiste am generally quartzma, containing more or l a  mica. 

Some are dark, stmight-cleaving quartz-biotite schists, true , meta- 
morphic mcka that are entimly mrystafized and that afford 'no 
kAcetion of their original character ; others are seficitic and appar- 
ently grade thmugh less dbmd p h m  into dearly granitic intrusive 
mcb. A @ation is also found from quartz-mica schist to calca- 
reous mica schist and shared or banded hestone. At borne places 
achisb and phyfites are found together, apparently dmsloped fmm 
different 'rock of the same series of f i n w i n e d  d h e n t a .  The 
quartzites are typically compact, purely sEliceoua mks of pale, h n s -  
lucent shades of red or peen. At many plmes they exhibit ahead  
zones, iq some of which whib or gwen mica has formed, producing 
achisfe. The griB and arkoses also have echistoee phaw. One 
phy1lit.e member contains nmemus qu~rkz pebbles, an iach.or Lss 
in dimetar, which show a marked flattening due to pressure. Some 
of the achista exhibit m m  than one eat of clomvgga planes and con- 
tain gmnulea of secondary minerals, so that they resemble the a d d  
lmotenschiefer. 

. Stm&u~e.-The atmc ture of.  the gmup is complex snd k generdy 
obscure. Rocks of different dasm sucmd one another areally in 
an emtic and bewildering manner. The group apparently repre- 
mts a thick geriea of dimentary  rocks that have a wide range of 
composition and that have undergone repeated and intense defor- 
mation and metamorphism. Rocks of different cla~lasa were cliff* 
mtly affected, and rocks of the same kind behaved diffemntiy under 
&%rent. conditions of association and of t ~ ~ a n  of stmmw. 
The beds generally apper to stand nearly vertical, and strike in 
general a little west of south. The hinm of secondary atrncture are 
dominantly horizontal or but slightly inclined. Local variations to 
myd~intheattitudeufbothprimarysndsecond~structural  
features may be found. 

Age.-The & a h  and quartzites a m  clearly of pre-Ordovidan age, 
foi they ere overlain unconlonnably by hestones  that have fur- 
nishd Ordovician foseils. (See fig. 3.) Their mu& -tar corn- 
plsxihy of structure and rnebrnorphism probably indicate the l a p  
of considerable time between t b i i  deposition and that of the Ordo- 
vician mcb. 



B&bdm a d  charader~The Ordovician Z;m~~tme~ wupy a 
inrge area on tha beadwratera of Sulukna River and are expressed 
topographically in the range of mountains that forms the Sdukna- 

7! 
Sethkoha divide and extends southweatward beyond the Zimits of 
the present ~ m e y .  

So far as muld be noted the group is made up entirely of carbonate 
m k s  without admixture of othor sediments. The rocks include p e  
limestones and dolamitev and intermediate typm, but the purer 
limmtonas me greatly in excess. Dolomite occurs more extensively 
near the base of the series, where it was seen in unmnformable contact 
with the underlying metamorphic rocks, but thin beds of dolomite are 
also interstratified with thick beds of limestone that evidently Iie 
several thouaand feet above the bme 
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m m a  a--Qeoloslc - d o n  dong l h  A a  on Pbta m, lu'mosmp99, shdw nncrmtormlty and 
Mting betnean -fte mnp und Ordovlctan limaaone. Iaw W dmg the faolL Is, 
O r d ~ ~  1- M!, d t  and quarttfte; p, andWjh p c a ~ h ~ r ~ ;  

! ' pew of the L;m&onw are very siliceous, but mmt of them carry 
AdJT disseminated patticlea of silica that stand out and roughen 
the surface on weathering. They am dominantly wry pure and 
apparently ase mmudy soluble in cmbonized waters. . Solution by 
mil w8tera was a t n h g I y  evident on bloch of talua taken from 
beneath the soit, and solution by, rain water w~ frequently noted. 
In plmxm the e x p e d  surd- of blocks of limeatone ara antirely 
.covered by flutings md eveneked cormgations that run up the 
dope on the sides of the blacks and meet at tho bps in sharp scd- 
loped crab. Thme flu* are evidently due to the solvent action 
of rsin water. The extent of a& solution ia shown by  it^ rnadifi- 

Y cation. of.tbe a h a p ~  of talua block, and it9 rapidity i indicated by 
the fact that talus b ' t ~ ~  that lie in unstable eituatiaas and that are 
subject to frequent movement bear well-developed sets of flutine of 
diverse trend. * T h e  limestonee are mostly dark gray on freah fracture and ahow a 
bluiah translucence on surfaces subjected to solution by soil waters. 
They generally weather to a uniform hght gray from the develop- 
ment of a calcareous incrustation. In plaaes iron oxide ataim we 
formed on weathered surfaces. The dolomitw are generally brown- 
Lh yellow and weather somewhat lighter. Rmh of intomediate 



composition have colors intarmediate .between those of the purer 
mks on both hddy fractured and weathered dw. 

The weathering of the limmtones produww a m t  dark-gmy 
smdy mil. That of the dolomitic members in p'laces pducea &bun- 
dant brown and yellow clayey soib. 

The stratigraphy of the limsatanee was not entirely worked out, but 9 

& a h  geeera1 feat- of it are rather mnapirmons. The base of the 
series, which reata on the schta, is made up of rather rnas~ive beds. 
(See Pl. V, A.) These are apparently overlain by a thime~bedded 
series, upon which lie the t h i c k ~ t  beds of the group. T h e  thick 
b& are of the p m r  type 05 limestone and have an aggregate thick- 
ness of 300 ta 400 feat, includmg apparently homogeneous atrata 
30 to 90 feet thick. These thick be& are overlain by othar thianer- 
b d d d  mdm (PI. V, B),  among which, about 1,500 feet lugher 
stratigraphidy, them i~ a fossiMemua horizon. (See PI. VI, 8.) 

The total t h i h a s 8  of the l im~tonm muld not be m e m u d  
directly, but 88veral expmed sections were roughly memured, and 
t h w ,  when assembled in tuxordance with the ~pparent stratigraphic 
sequence, indicate that the aggregate thickness is not less than 6,000 
and probably as much as 3,000 feet. $0 many uncertain factors 
d e c t  the measurement, however, that these figures should be 
regarded as oniy tentative. 

Strw&re.-Ths stmctum of the group is relatively dmple. The 
bada lie generally in bmd, open folda; sharp, dosely appraeeed 
or overtarngd folds were nowhere seen. At a few placas, however, 
the strsta stand almost vertical. Them is 'evidence of pronounmd 
fanlting at many places, and minor faulting is common throughout 
the area. The faults generally cut  am^ the beds and conform in 
trend with the dominant strike. In plwm there b evidence of 
movement between beds, and thin dolomitic beds that lie betwean 
m k v a  limsstonm have h n  made mhistose or slaty bp such move- 
menh. Tho folds ara genmlly long, so that strikm and dip may 
be unifom for great distances. The dominant trend of the folds in 
mmt of the region is 10" to 20° e ~ t  of north. In the southern parf 
of the region the structtm is mmplicated by another set of folds', 
which trend neatly at right angles ta the set noted elsewhm. + 

Them limmton~ are at few plmm much tilted. Near the barn 
of the group they have been locally siliosed and do!omitid, and in 
p h  they are mom or lea8 cryvtalline, but no comely crptalline 9 
bestone or true marble was noted. 

Seconderg stmotore is not genorelly dewdoped in the group, but 
shearing waa observed in m e  members, sach as the thin be& of 
dolomite that have taken up the movements betwem adjacent. thick 
beds of limestone. 
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Age.-!& age of the group is indicated in a general way by the 
mxmmence of Upper Ordovician foysila at a single horizon that is 
probably several thowand feet above its base. The dect ion made 
st thia horizon was examined by Edwin Kirk, of the United States 
Qeological Survey, who reports as follows: 
Lot 15AE.5. One-Fourth mile north of Station 0; P. T. Sheet 5 (8ast rim Little 

Matas (Snlukm) Valley, 25 miles above mouth): 
C.o!amnarirl alneolata Goldfw var. 
HaEyEiw3 gracib Hall. 
Cridoid m1umnsIs. 

Thw fads are of Upper Ordovician (Richmond) sge. 

Although this horiwn is thus definitely determined to  be Upper 
OrdoPioim, it by no means follows that the entire group is of this age. 
&ng the Yukon-Ahka international boundary C a k e s  found an 
apparently oonformable seriea of limeatones and dolomites that 
rangee in age through the Silurian, Ordovician, and Cambrian. In 
the Whita Mount&ns of the Yukon-Tanana region lim~tones have 
furnished Devonian, possibly Silurian, Ordovician, and Cambrian 
fossils. About 100 miles to the south, in the Alaska Range, Brooks 
found a series of rocks that he dmoribes as 'dominantly oalomoua 
but h01ading considerable aq$Uaceous and some arenaceous material," 
which furnished Middle and Upper Ordovician forms. In the light 
of these occurrences it is apparent that the rocb inoluding the bed 
from which Upper Ordovician fossils were cuuected in the Cmne 
Nawitna +on may represent a considerable range in geologic aget 
p i b l y  from Cambrian to Silurian. They are all probably older 
than Devonian, for Middle Devonian fossils were mlleoted from a 
probably dktinot Beriea of rooks that ooour to the mt, in the oantral 
prt  of the region. 

1 

DEPOKL4N LIMESTONEB AND BLATES. 

. . I  D w h h h m  a d  dmwk.-The Devonian limestones and slat- 
ouhmp at intmvala along a rather narrow belt that trends northeast- 
ward amow. the mttral part of the region and that probably con- 
tinuts both to the northeast and southwest beyond the area surviyed. 
A gmnp of hills 20 mil= southmt of the southernmost outcrop of 
~ v o d s n  m b  shown on the map, southeast of the yoxth Fork of the 
K w k o b ,  consists largely of hes tone  and has topgraphic forms 
thaG are o h ~ ~ t i o  of the Devonian mks in other parts of the 
field. 

T b  Devonian rooks am repmnted in their northeash outcrop 
by several limestone membara, 50 to  300 feet thick, whibh are separ- 
ated by muoh thicker members oomposed of more or less schistose or 



slaty doamow md aarbonaoeous shalw. %me of these &alee am 
Very 0ilimua and in p h 8  arn oherty. One conspicuous phsse is 8 

dark siliceous whietaae rook containing rounded, probably concm 
tianerg bodiea ahout an inch in diameter. Rock of this type crop 
out southeaat and northweat of the principtll expaam of hestone 
and probably underlies the limmtona, 

The outcrop mapped as Devonian in the center of the field are of 
limestone. The correlation is made on EithoIogio and. structurel 
grounde, aa no fassils were found at t h i ~  looality. 

The Devonim roch 30 miles wmt of Lake Minchmins, st the 
southwest sad of the belt, are chiefly limestones but include aoma 
dark dates. The limestone rnembera are much thicker here than in 
the northeastarn amtion, and the relatively small amount of slate 
giveg the series a vory dsemnt aspect, although tho paleontcrlo~o 
evidenoe jndiaatea that the two lie at the same pneral horizon. 

Bt&re.-The Devonian rooks are strongly folded, and the ax- 
of the folds trend in general northe-, a fact shown in detail in 
individual beds and in the alignment of oukroprr Bcmse the region. 
The beds at the northeastern locelity strike N. 35O E. and dip south- 
emtward, and those at tho southwmtem lwality atrike N. 40"-85" E, 
and clip from vertioal to 52' NW. and 74" SE. Tbe structtlra ia 
complicated by faulting as well as by folding, and bods other than 
Devonian may oour at this looality. The lower pert of the mountain, 
which furnishes the chief.oufcrops, is m d e  up of massively bedded 
limestona the& m b l e  md may be equivalent to  parb of the 
Ordovician limestone p u p .  

Age.-The age of these rocb is indiaeted by fossils fomd at two 
widely wpsrated localities, one at the southeashrn headwaters of 
Chitanma R i ~ e r  and one on the higheet mountain in the Devonian 
m a  ehown an the map, 30 miles west of Lske Mhchwnina. Those 
fwils were examined by Mr. Kirk, who reports as folEom : 
Two lob calIected h m  the north& T d t y  at the h d  QI Cbitmana River con- 

tained Diphyphyblum ap. and Quthuphyllurn ap. 
The coilwtion fmm the muthweetem lmlity comprhd e single lot in w-4- 

following wcact determined: 

The t m d ~  in thm t h e  Iota are at Middle Devonian age The formdtioa is tn h 
mmlated with the Salmon Trout limestone of the upper Y b .  

Diphpphy1lam sp. 
Cladoponrap. 
FavmiW cf. F. limi* Rominger. 

These mch are ta be comlatsd slso with Spud8 " Tnchatna 
series, '" found on the middle Kuskokwim, and with the Middle 

I Spurr, J. E., A m e o m *  in -mutam A h e b  In l a  0.8. W. Bmay Twentieth Anrr. 
Wt., pt. 7, pp. 1m-159. LPoa 

~heofites ap. 
Atrypa reticula& (Linnd}. 
&rhh cf. M. main B i l l i w  
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Devonian lImestonss found by Bmob in the Alaska Range. De- 
vonian mob that are 1- definitely dehrmind have been noted &o 
in the adjacent Ruby, Rampart, and Fairbdm districts. 

The entire vertical range in the geologic column of the Devonian 
rocb of central Alaska has nowhere been detmmhed, SQ that it 

j i .  in un~afe to assign the whole group under discmion to the Middle 
Devonian. The relation of the Devonian rocks 50 other terranes is 
also generally an open question. In the Rnby district the Devonian 

C 
limmtonss apparently overlie metamorphic rocks comparable to those 
of the m wgnized pre-Ordovician terranes already described, no such 
aerias as the Ordovician limestones intervening. The relation of the 

+ Devonian to the metamorphic rooks of the Ruby district is therefore 
presumably unconformable. The apparent absence of the Ordo- 
vician in the Chitanana area is presumptive evidence that in this 
region also there is a stratigraphic break at the base of the Devonian. 

Z?i&h&m and &mcter.-The diab- and basalts obnapy an area 
abont 2 miles wide md 10 miles long near the eauthm limit of the 
b a - C h i t a n m a  divide. They are expressed topographically in two 
p d d  linear r a g e  of hills, about a mile apart, that trend N. 35' E. 
throughout the length of the area. The eastern range is the higher 
and forma the lughest part of the main divide. The western range ia 
less prominent and is broken by sevoral streame that drain the trough 

2% 
between the ranges. 

4 , The wasterrn range is made up of mameqpined diabasio flows t h a t  
have an aggregate thickness of several hundred feet. The eastern 
range is basdt and must include a seriea of stfata that aggregate we11 , 
over 1,000 feet in thicknm. The inbrveningstmtaunderlying the - 
deprwion between the x a n p  do not outmop &ng the traverse made 
acrm the area, so that their chltraeteristim were not dehihly deter- 
mined. Howevm, g8 only diabasic and basaltic detritus was found in 
the ares the group is pr~umably made up entirely of such igneous 
mk~, All the rooks show more or ]less dtmatioa. Somo might be 
gropmly termed gscmshnes; but others are but little chmg~d from 

c their original condition, 
Structure.-The structure of the gronp is not fully apparent but 

dam not appear, to bs very comp1ex. The conspicuous folds tread 

.* consistently N. 35' E. At the western mmgh of the region the dips 
am steepprobably almost ~ertical- but elamhere there i~ little to 
indiwta the attitude of the strata. It is impossible to sstimah the 
tatd t h i c h ~ ~ ~  of the group closely, but it is probably '1,000 feet or 
more. 

1 -.A. EL, Ths MomrtMagfnlpyregion, -La. U. 8. Qeol. 8urvey Prof. Papr M, pp. 77-78, IVLL 



Age.-The age and atmt-phio relations of the group me only 
vagne1y suggasted. The rocks have the m e  general strike as the 
Devonian rock& on, the wmt and like them lie unconformltbly bsneath 
youngar w l d o  mch. In view of these conditions and of the fact 
that nimilw ignmus rocks we as9ooi%ted d t h  Deoonim linrestmm in 
the Rampart district, to the northeast, and in the Ruby district, to 2 
the wwt, the group is tentatively a q i p e d  to the Devonian or post- 
Devonian. 

g u m n m  a m  PRPLLITEB. a . D w t d u f h  a d  cb-.-The quaxtzitm and phylitea are known 
to mur only in the upIand area that lies between the main headwater 
forka of Cosna River, where they are expressed hpographicdy in the 
most prominent mountaim of the eastern part of the region. Their 
extent beyond Chie small mountain area is unknown. 

The mcb are mostly banded puartziticmch and phyllites of several 
@pas snd masmiye quartzites, lirnesbnm, slates, and cherts. The 
apparent thichesa of the entire p m p ,  roughly measured, is about 
4,500 feet. The red thicknass may be considerably less, however, for 
the structure ia complex and may involve duplication of beds in the 
apparent column. 
The lower part of &a expoad section for a thichesa of about 2,000 

feet is made up of quartzitas of the banded or lamieatd type and 
phyllitic m h  that in plwas rrre true slab. The group is made up of 
rather thick members, beds of apparently homogeneous composition 
100 ta 300 feet thick being reoognizable. The phyllitic m k s  are the . j 
more abundant in the lower part of the group and the quartzite in 
the upper part. 

The banded qusrhits9 me made up of alternating layers- of pure 
and impure quartme material. The layem of pure quartz are white . 

and the layers of impure quwbose rock, which contains carbonaceous 
and ~ h d y  material, are dark gray to black. The banding is in places 
even and fine, involving twenty or more layers to ttbe inch, but a aom* 
what cuarser and less distinct banding is mora gonerdy characterbtio 
of them mb. They are nearly e~eqwhere in ten~ely deformed, and 
the ban* is intricately contorted or ooduaed by minute faulting or P 
bmiation. The rocks are cut by thick veins of quartz, and the pure 
qumtz laminae are, in part at least, of secondary origiq. The phyllim 
and slaw are dl dark, ranging from bluish to dark gray and Mack. 
Some are notably graphitic and contain thin streaks of material that 9. 

rssmbles anthracite cod; othem are maasive and break with irregular 
clavage; and still othm are true slates md bredc with a strong 
r e a r  cleavage. For the moat p'art, however, schistose secondary 
structures are o h u t m h t i c  of these rocks, and they are olmed as 
phyuitss. 



Next above the banded q n h t e s  and phyEkm there is a set of 
dmk-gray slam, @ites, and gray sandstone, about 800 feet thick. 
For aevenat hundred feet above thwe bods the mlm aw weered, 
but the topogmphy snggasts that they am of the same general charad- 
tar ss those immediately below. Abow hhe copered part of the 
=tion is an entirely different set of rocks, about 500 feat thick, 
which mmprisr?s the-upper membera of the group. Their lithologio 
character and aequence are as follows: 

Rat. 
QurhdQ, maaaive, white. ....................................... 50 
Lirneetone and ch&* interbedded.. .............................. 20 
Quartzite, d v e ,  yellow to gray.. .............................. 40 

.............................. Quartzite and ch&, inkrbedfied.. 20 
Limedone, white, coame1y cryetalline ............................. 15 
mate, black ..................................................... €dl 
Lim~tone and slate, interbedded.. ............................... 200 
Slate and phylw, carbonaceous.. ............................... 90 

The mamive white qmrtaite is overlain, apparently cmfomtrbly, 
by a hemy bed of grit which bdongs to the group next to be 
dmribed. 

~ t m c h ~ t ! . - ~ e  structure of thme mcks 39 very mmp1ex in detail, 
bat the gwed attitude of the beds is clearly lapperent. The strike 
is in genetd to the northeast lrnd the dip is ta the muthattat. The 
pronounced lithologic Merenms betwgen difFemt parts of the group 
show that there is no large duplication of beds in the memurod 
section, though exaggeration of thichass, due to minor duplication 
i4 probable. 

The roch of the gronp have hen in places considembly metamor- 
p h d .  me banded quartzites appear to &ow m n d q  silicifica- 
tion. The recrptdization of the chief ljlnastona membar also 
indicates strong metamorphism, and chiaatolita has been formed in 
some of the black phyllites. The roch are in pllulea impregnated 
with pyrite and show iron and copper staining on weathered s u r f m a .  
Tho beddd rocks are cut by dikes of rhyolite, some of which camy 
dph ide  miner&, and by thick veins of qusrtz. The alhration of 
the mch md the davelopment in them of secondary mined9 are due 
mainly to locd igneous action rather than to I.egional metsmorphj,. 
The age of this group is discussed on pages 3133.  

, The p;rita and sandstones occupy a large ares in tha qpsr bash 
of the North Fork of Kuskakwirn River an8 e x h d  iu tl relatively 
narrow belt nartheaatward across the divide to Coma aver .  They 
were not obeemd elsewhere in the region. 

The group is made up chiefly of heapy-bdded grib and aand- 
stonea but in places compn'aes varicolored dates and igneous rocks. 
The dates occur in stmtlr that am relatively thin but that are well 



diatribuhd through tha series. Tha igneous roch rn rhplitio snd 
probably form dikes like Bow that out the q-tes and phyEtes 
on the north. 
The grits md amdgtones differ chiefly in texture. Both tm 

dominlultly qtwhme roclw containing mom or lesa feldspar, mica, 
and femic mine&. T h e  feldspar content varim in both the grih 5 

and the saadstonm, and at goma places the rocks have nearly the 
compwition of a typical arkow. At other places, however, the 
f d c  minerals am more abundant, cspecidly in the sandatonas, and 4 

the rocks ~hould probebly ba classed as graywake. These detrital 
rocka have been more or lcss s h e a d  and in plmm are fairly 
acbiatose. Ths sandstones are normally dark to b h t  gray, but owing 
to dteration and the development of secondmy minerals Borne phases 
have a greeniflh o a t .  

The slates are typically fine-cleaving argdlmeus mZrs of remark- 
abIy h o  and delicate colors, generally red sxld green but in places 
dov8-e61ored or lavender, the same &ade holding throughout a bed 
aaveral foot thick. 
The appmnt structure and the relative po~itions of outcrop indi- 

cate that the p u p  comprises about 800 foot of beda, which appear 
to ovorlie the q m r k i t e s  and phyllitee and to underlie the cherts and 
dates, both confombly. 

tXE?lTlII AND BLATEd. 

DGd* a d  c?mm&~.-The charts and dafea form dl the 
upland featurea from the area of the grits and sandstones southeast- 
ward to the border of the alluvial plains in the basin of Kmtishna 
Ri~er .  They &o comprise the only outcrops in the Pow ridges that 
rise above the silt plains at intervals northmistward from the principal 
upland area almost to Tanma River above Coma. Presumably the 
p u p  underlies the silts throughout the Iwge area in which these 
acattod outcrorps occur. , 
The p u p  is made up dmost  entirely of cherta and dates. In 

places, apparently near tha bwe of the series, chert conglomemtgs 
occur, and at one baality a thick chert conglomerata unconfomably w 
underliw dates and sandstones, ;*hi& appear k form an independent 
series. However, this relation &uld not be fully established, and 
the mm occupied by the apparently youngor rocks waa not distin- 
guished from that of the main group in the mapping. The lower part w 

of the p u p  is made up almmt exclusively of chert and chart con- 
glomerate. Egher in the series slam appear and inoreaae in, abund- 
ance upward until they equd or slightly exceed t h e  chert in amount. 
The cherts occur ia strata ranging in thichm from a few Inchea 

to about 10 feet between partings. (See P1. VI, 3.) They me of 
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v&rima coIm, hduding black, gray, gseen, red, and intermedia& 
M e s .  Sh&w chmcteristics are found in mmy plbw through a 
oonsiderable thickness of strata, so that the group, wen where it is 
made up exdusively of chert, may bs divided into dietinat members 
that may be m e d  in widely separated automp. Some such 

s membem were ae much tw 1150 feet thick and were ~pparently horn& 
geneous and unbmkm thmughout except for the planes of incoherence 
between atrab.  

a When viewed m i m ~ p i c a l l y  the cherta m p a r  to be oomposd 
emtirely of c r y p ~ t a ~ e  silica. The ken-a of qwtalliztrtion 
differs somewhat in different specimens and in different parts of tho 
same 8pecimen. The coarser phtbsas are pmhabIy the W t  of partial 
mryddimtion under the stresses of def armation. Indistinct rounded 
bodiea seen in game specimens auggmt RXI orgmic origiu, but for the 
most part the rocks havo a h e  even textm suggestive of cbeniical 
precipitation. 

Although the mi- n h m  that the chert i3 corn& of s i lk  
it undoubtedly c o n t h  other mined.  Weathered s d m s  are 
genemlly more or loas covered with an earthy incrustation, and mete  
moqhio phases contain secundarg mica, probably developed from the 
origind consti tumta of the chert. The presence of iron in considerable 
amounts is suggmfed in the Ted chert, which pmdfim red clayey mils 
on weathering and which contains brecciated zones that are commonly 
recementad with femqinous material. 

The slam are campact, even-grained argiatmus mdm that break 
witb a ~ e v  regular clca~age. Beds 11) feet to over 100 f mt thick a p  

. pmmtly occur, but their characbristics am generally obscumd by the 
prodncts of weathering. The eherts f o m  the pmminent topgraphic 
feat-, and the d a t ~  generally occupy dep~88~iork. Jn the few 
outcrop of alate actually Been and in, the talus accumulated over the 
outcropa the dates regemble v6ky closely those associated with the 
grits and sandstones of tho underlying group, generally ahowing 
the same variety of co10ring and h e  texture and cleavage. 

IStm&~e.-The group shorn close foldtng aed faulting. At one 
locality tr, d~ fold overturned to  the northwest was noM. The 
structure is not g e n e d y  evidsnt, and the de2arminable oukmpa show 
considerable irreguhty, so that it wm i m p i b l e  to mtiznate very 
c l d y  the total thi8hm of the group, but it is believed to be 2,000 

1 feat or mom. 
Age.-As already ,indicated the q u d t o s  and phyEtes, grits and 

sandstones, a d  chert9 and slates appear to belong to the same 
unbroken group of mdhentary ~trata. The age of t l h  p u p  ia not 
definitely indicated within the rogion, and the jnferenc~a th&G may be 
b w n  from apparent relations of the rock to thoso of other regions 



are fmpght with nncerhhty. The most char&cWtio part of the 
p u p  would appw to be the thick mries of cherta and s l a w ,  h d  
tbie seriea chiefly baa aflqded grounds for the following deductions: 
The cherta and Ates have their munterpart in the Ruby district, 
where there are &&a that appear to be younp;er than cmtain Devo- 
nian mcks. Similar them occur dm farther southwmt, in the 

+ 

Innoko and Iditmod distriats and on the lower Ruskokwim, At - 
these localities the chert8 manifestly underlie the Upper Crehcmas 
mb. At the K u ~ k o M n  locality the &a* evidently overlie a 

+ 
volcainic scrim that liss upon limesbnea of uppermost Misskippian 
ag0.l It should be noted, however, that the group reprwnted in the 
quartzites ancl phyllites, grits and sandstones, rand cherts and s l a b  
of the Coan*Nowitna region c o ~ o n d s  remarkably with Brooks's 
Tonzuna group,' as it occurs dong the inland front of the Alaska 
Range. Sirmlsr mch that outcrop north of the Tmana betmeen the 
Tolovana Flats and the Baker h k  vdey and in the Rampart 
district were also assigned to the Tonzona group by B m h .   the^ 
o c c l l f ~ m m  may repr~eent a northeastward extension of the =kg of 
the Coma-Nowitna region, for they are in line with &e dominant 
struchmal trends obsemed muth of the Tanma. Conoedng the age 
of the Tmona p u p  B m b  ' sap: 
No fossiln of any d b p t i o n  have been found in the Tmmm p u p  * * *. It 

will be ahown that they O V B T ~ ~ U ,  p r o m y  u~~confombly, by a limmtone of 
Middle Devonian age. Their reletion to the older Tatim gmrp ia not de6niteIy 
established, ae most of the contacts hetween the two groups have become lines of 
movement. In any event they are without dmbt pnnger than the Tatina, which i ~ ,  
in part at lesst, Ordovician. T h m  facts haw led the writer to them m b  
prnvh idy to theXnwer  D e v d o r  idthe Silurinn. 

Prindle4 extmda the use of the term Tomma graup to cmhin 
rocks of the Fairbanks quadrangle. &nmmhg t h m  6 be sap: 

A d m  of red, green, and b k k  aSgilli&m&mglomerate, 4 -9, including 
m e  chert, is hem oorrehted with the T o n m  w p .  M y  some kimtwitones sm 
included in the Toneona aa mapped. The infomtjon @HI in + to thea, 
mka. is fsr from 'being conclhve in wgard to their 8tretigmphic piition. + + * 
It [the seriw is believed to be younger t h  tbe Ordovician and Silurian 
of theregion, andtherwlmalongthewesternhundary, whichhaveheoebmapped 
with the Tomna, havo yielded Devonian f d .  It will therefore hare be pr+ 
v i & n d  y awigned ta the Devonian, with the warning thnt it may lm in psrt Elilurian. 

Within the area mapped as T ~ l z o n ~  in the waetern part of the 
FairbanELe qmdrmgh the writer, h 191 1, mllected a f& fossils, on 
which T. W. Stanton report& as follows : P 

1 Xad&?mu, L G., pwrmd Inlamrtbn. 
1 ~ m ~ , k E , ~ M a m t M c K ~ e y ~ , ~ : U . B . W . ~ P m i . P . p a r r 0 , p y . % ~ , ~ I I I t  

I d ~ m ,  p. 76. 
r Rindia, 1.. Jb., A b of the Mbmka -b, A m  u. 8. Gd. B m  



Ho. IlbE9. Little M h m k M  Creek divide, MI! a, mila Mow mum- 
ing, Ramprt (Fabbnk~) quadmngIe, Alaeka: 

Anceh? q,, sppmtl.y belonging to the gronp of A. Keprliag. 
W y  frsgmenk of pelecgpadrr, probably Inwet Crekmm m J d e .  

The mU&n ia far h m  mtiafwtory and the d-th ia giwm only pmvis- 
m y .  If it k comet the horimnie either Lower Cmtwmua rn npptmoat J b c .  

e The Tonzrma g m q  aa it k- a h m  on the published map- fo 
include rocks of w+iely dXemt  ages The geriw in the Cosnl~ 
Nowitjaa region are very Eke pa* of the Tomna group and the& 

w tentative c o d t i o n  with part of that group b further justified by 
similarities in e t r u & m a  The pre-Devonian age of thw wries 
seams to be pmladed in the Cbm~Nmitns region, fa they appa- 
mtly do not fie betwsem mch of the Devonian md Ordovicim 
systama In fmt, their Btruchml relatiom suggest that fhey overlie 
'Middle D e w h  roclrs. 
On tbe whole, a much latar age is hdimted far thew IDC~B m d  

possibly for p& d the T m ~ b  group of the adjacent mgians h n  
has generally beem p t n l a t d  fop the T o m a  group. It would 
appear that they are of very late Pal80zoio or early Meeozoio aga. The 
taatati~e curdation of the ch& and dates with the h o w n  Upper 
Triwic &ertsl of muthem and aoathwe8bmAItwka would herefom 
seem justSd. Thegrita and gsndstonesand the ¶ m i t e e  md phyl- 
Iitm and probably similar rocks that are now mapped with the Ton- 
zona group s h d d  then be arwigned ta the earlier Triassic or perhaps 
to latat Paleozoic time. 

D b i h t k n  d ch~cte~,-The yannger volcanic m x b  mcur 
with tha Devonian rocks in n 'belt h t  rvns n o r t h w ~  amm 
the central pert of the region from dm North Fork of the Kuskokwh 
W& 0f Lake a c h e  the M h I l W l 8  died@. $ b d r t ~  
rocks mur in the two d rrress near the headwatem of TeLsitnn 
River, dong the fa& mzlW b e t w ~ ~ a  the Ordovicim limestones 
and &a older metamorphic rdm 

The p u p  indudes lavas, td5, b i a s ,  and s m  dimemtarg 
M. The sedimentary mcb were noted at only 8 few places, and 

r, ae they m m r  in datiwly small mm and am i n t h h l y  e t e d  
with the valcanic rocks they m not dist,iqybhed on the map. 
The bv&s am predominantly rhyolitic and andmitic porph~ea. 

! A bed of olivine basalt was mixd at one p h ,  and the other 
am Gllt by bask dkm. The most wideepread t y p ~ ~  of lava is a 
rhyolite porphyry that has s lightrcold trphanitid gmmdmasa 
and that contains phenocrgsta of quartz, which is bl& in the hand 

I-, I I . C . , A g e a l ~ ~ m o I m ~ ~ , A h h  V.8. asalBarwgBun.4q 
pp. 4 7 4 ,  leu. 
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*an but kmspsmnt in thin mtim. slaothar eormnon type 
bas ~~~e matrix and abundant large orthoclase p h o -  
e. In mmidmble ma- of thj, lava the phemocrpb are so 
abmdant as to mmtitute more than hdf the mi&. 
The f d a  are M y  interbedded with the lava& Thy a m  com- 

monly ~~ mmpnct mks cornpod of mgdm c 
d varimIored levtw. In p l m  they are c o m ~  m d  p d a  
inta b m i a s  that mtain fragments of m k  a foot or mom ia dismeter. 

The m i a k d  sedimmtq mka am thin-bedded shales and w 
w d s h m .  They am apparentIy interbedded with the eolcanic 
rocks and form a relatively m a l l  part of the group. 

Skwchm,-The structure of the p u p  appears to be very simple. 
Direct o k a t i o n  of individual strata was p&bIe ~t mme p b ,  
and at none of them were atetop dips found. Thq p m h h c e  of the 
name type of lava aver wide amas also indicatss Iow dips, so &a+ 
o m  much of ama the beds probably EB h m t  h t .  

Age.-The age af them mIas is not ddbitely wtabliahd, but the 
dumwtex of the asawbted dimantmy h d s  and the generally 
aimple structum indictbte that they w m  ejected jn late h[esowie or 
early Tertiary time. Stwed granitic r n m  inknde the lavm or 
the mcka of adjmmt a m ,  and the v01&~ group msy r e p m t  
an effusive phase of the same magma, ejected at the same time. 
The in trusiva rocks m probably to be mmlakd with the monmni tas 
of the Mtarod, h o k o ,  and Hot Springs districts, which 8m believd 
tu be of v q  late Mesoltoic or early Tertiebg age. Rocks sommbt 
like carkin m e m k  of thls p p  are intnrsivo in Uppm Cretaceous 
rocks of the Innoko d i s ~ c t  and adjmmt territory. These facts 
slso indicate thst &a lavm of yo#gm volcmio p u p  w m  
e j e d  in wry late Mmmic OF early Tertiary time. 

W t i c  intmdmm mmm at mm-al p h  in the ChmNowitna 
+on. (See PI. II.) The M o  largeat m, each ~ ~ e r i n g  s e v d  
s q u m  mil=, lie 20 to 25 milea northwmt of Idre M i u c h d  and 
om qmsed topqpphidy in two prominent mountain q p a .  
Two d m r  mwa lie 30 ta 35 mil- farther northeast, on the bead- c 

~ 8 -  of Cosner and Chitmana, rivem, mpectively, hother m a U  
wm- noted in the hills a few mil= east of the m t h  of S u l h  

River. The topography of the muntry 'betwem Sethkoha and * 
Ti- riwm wggeeta mo&m omumnm of rock of thie Qpe, md i t  
is mpm&d thab granitic M ) G ~  make up a largo part of the n p h d  
southwat of the Orclovician I-tone 

%et roch of this dma vary somewhat in btare  and compmition 
but probably aomeepond dwty  in age and mode of ocunmnm. All 
are compod dominantly of orthoclase, p h g i h ,  gnarte, and 



biotite. EozpbEend~ and pticmperthite are dso abundant con- 
gtituente of some s@-. The dative amounte of the essential 
m i n d  v q ,  so that ~ o m e  specimens may be c2-d aa granite 
and aome aa mmnite .  T b  monzonite, the mom basic: phase, is 
appmmtly mom abundant than tho granite, the mom ailiceam 

i ~h. 
The grani$io mke occur as intrusive atodks and masees bt cut 
6 of d 8 ~ w p l t  ages, mcludmg the pm&dovidan metamorphic 

* and the younger volcanic rocks. They ahould probably bo correlahd 
with the monzonites of the Iditamd, Izmoko, and Hot Springs di+ 
tricts, which am younger than certain up6r C r e t e ~ ~ ~ u s  beds md 
are b e l i d  to be of early Tertiary age. 

Di&ht&n and &m&r.-Untm~lidaC-' dhmtasg  deposits 
occur throughout the region and form bmad pfains that border the 
vpltands on aU sidea excsept the sauthwest. The v & y ~  that head in 
the uplands are gsnerdly wide and contain thick deposits of uncon- 
eolid&.d material, At many placa such deposits extend amaa low 
dividw fmm one bin* besin to anotherI =parating upland a m  
h t  m u n d e r l ~  by solid rock. 
The moet widely distributed uncomlidated materjal in the region 

is a h e ,  powdery light-colored silt composed of fragmentd quartz, 
mica, and some fmic  minerale. This mshrial forma temms and 
pleins at d8mt elevations, the highest about 1,200 feet above sea 

. lave], irnd o~cura at  mmewht higher elevations in p m  6etw~en 
broad valleys. In places the silt mta directly on bedrock, but 
ehwheFs it ia underlain by d e p i t s  of w d e d  gravels. 

The main ekmams me gmerslly deaply intrendhod in the silt. 
Most of khtm that head iu silt are= are n a m  and without bothm 
lands of reworked matmid. Thm &at head in the uplands 
sands snd p v &  and meander over flood plains made up of material 
brought down from &~i r  upper tributaries and depaited more 
recently than the silt. The a k m  of stream gravel on most of the 
~traams and tba small amas in whichit does occur made it imprwti- 

* cablo ta diehguish betwean silt and grad in the mapping. 
The oharwhr of the silt and it, bpographic -mion suggests 

that it was laid down in compsrativdy quiet water. Its distribu- 
tion poinh t o  a general inundation of the region to a level now about 

P 1,200 feet above the sea. 
Sinw ita original depition the silt has been subjected to the 

action of wind, which at many p E m  h a  formed on its aurfsw 
chamchrbtic duma and hollows. The deposits that fie above the 
level of the uppermoat broad silt plains are believed to be wind 
blown. 



Sfn&ure.-The original structure of the silt d e p i h  i not gem- 
erdy evident owing ta the lack of good seotiona and to the second- 
ary structure pmdnmd by the wind. Exposures along Yukon and 
Tmma rivers show horizontal strati&ation, which is isaid to  be 
very apparent also in the bluffs dong the lower Chitanana, where 
gections 500 f mt or more thick are expoaed. The structure observed d 
in sections exposed along the smaller stre- and about lakes on 
the p l b  ia probably secondary, being characteristic of wind d e p  
sition. 

Age.-The silt contains faeail she& of species thet are still living .* 

and is doubtleea of *arb Quaternmy age. The ma%& memblas 
tho h e r  glrtcial detritus and may hlave been deposihd in the earlier 
part of the Quatsrnary period, at the time of the earlier and more 
extensive glaciation of the Alaska Range and other mountain p u p s  
of interior Alaska. 

WUCTWE. 

The s t r n c t d  feat= of the mks of the region have already 
been noted in the discnssion of the general geology, It remains to 
summarize these features and, ao far as possible, to determine the 
c h m t e r  and Beeqnenwr of the principal events in the hchnic his- 
tory of the region. 

The dominant h d  of the strnetrrPa1 f e a m  throughout the 
region In rocks of 811 kinds and sgaa is northeasterly, and any section 
acrm the strike s h m  a rem~trkabla pm11elim in trend. In the 
&ion of the dominant trend the stdca changes rather @em- 
atically ; in the southwestern part of the field it is N. 10"-20" E. ; in . 
the cenhl part N. 35"45 '  E., and in the mutheastarn parl; 
N. 45O-65" E. Both to the north and the eaet the strike becomaa 
more easterly. Local more or less abrnpt wuiations from the domi- 
nant trend are few, md ~nch vwiations probably mp-nt locd 
deflections of the streas- that formed the mejor featurea and not 
another set of general streases. 

Diastrophism has affected the region dwhg di5ernnt 
periods far apart in geuIbgic time. The earliest of these wm in 
pr&rdovician time, for it is d e d  only in the metamorphia 
rockg of the northwestern part of the e o n ,  which ars folded, P 

faulted, and a h e a d  much mom iatrimtaly t h  the succeeding 
P Jeozoic and law mh. 

The Ordovician, Devonian, and probably em1y Mamoic mka 
show deformation of the same generd t p ,  but apparently the 

P 

action was more intense in the southaastern part of the region, 
for the yonnggr rocks show progressively more pronounced md 
intricate structure toward the ewthetlst. The CSrdovici~n mke fie 
generally in broad, open folds and show littla shearing, The Devo- 
nim mclm aro more sharply folded and indude ahearod schistme 



p h .  The cberts and associated rucks are generally unsheared 
but are more intricately folded and brecci~ted than either the Ordo- 
vician or the Devonian rocks; in platlea they show clmely appressed 
folds overturned to the northwesh. 

Fauh  of Uemnt  magnitude were noted in dl thaae rocks, but 
P the &ecb of faulting are more mmpicuous in the Ordovician areas 

thaa elsmhere, for them tha exposures are better and the other ' 

structural featares ape more regular. Like the other dominant 
k~ featurea of the structure the major faults trend northeastward. 

The irregularities in the northern boundary of the CM04cian area 
me dun to faults of large vertical movement. At the head of Telsitna 
R i ~ e r  the Ordoviaim rocks are in contact with the older metamor- 
phio roch on a fault plane dong which igneous rocks are locally 
extruded. - The straight, sttqlike east wall of Tolsitna VdIey is 
probably due to the continuation of the same fadt to the northeast. 
The extrusion of lavas along this fault plane and the mlation and 
strncturo of the adjacent rocks indicate that this fault is of great 
magnitude and that it includes horizontal as well as vertical disp1aca- 
ment. The beds of limestone east of the fault are thrown into trans- 
v m e  folds, the bottom of which must lje s thousmd feet or more 
below the present ~ d a e e  of the  schist^ west of the fault plane. 
The trmsveme folds indicate a relative northerly movmeat of the 
rocks west of the fault. 
.. The priacipsl foldmg of the Ordovician and younger rocks waa 
completed prior to the extru~ion of the younger volcanic rwb, 
presumably in late Cretnceous or early Tertiary time. T h ~ e  vol- 
canic rocks me only gently tilted, except near the larger intrusive 
madwes, where they &ow considerable local displacement. 

The remarkable agreement in the structural trend throughout 
the region and in all the stratsed ro~h in the geologic column is 
probably due to the Suence  of e a r k  structure on the trammkion 
of hter stresses. The earliest s- produced structural features 
-folds, cleavage, and plan@ of we- and incoherence-that 
trend northeastward. Later strewm, if they M e x e d  in direction 

7 
from the ember, tended to be resolved into two wmponenb, one 
consisting of forces acting normal to and the other of f o m  acting 
pardel with the linea of the earlier structure. The h t  named 
produced the major folds of the younger rocks, and the other waa 

3 sxprasssd in horizontal dhp1tmcement and the development of minw . 
transveme folds. The operation of such forces during the later 
perlod~ of diastrophism is clearly indicated by the relations of the 
f ~ l d s  and faults in the Ordovician and younger rocks. 

!Rm extrusion of lavas along the great fault at  the head of TeEtna 
E ~ e r  and the northeasterly trend of the main volcanic belt suggest 

. that volcanic activity accompanied th is crustal deformation, If it 



did eo the mlrjor fadta w m  dm1opd lahr than the principal folding 
of the Ordovician and young~r mch. 
The &enem1 ements h the tectonic history of the region seem to 

inelude extensive crustal deformation in prdhdovician, post-Ordo- 
vician, postrDevonian, a d  probably lab  hdwmic or early Tertiaq 
time. The st- cawing such deformation probably r e c u d  
af tar numerous intervals, but the muits of the diastmphj, of tha 
diffemt periods ars c o n h e d  in the general parallelism of the later 
etructural featurea with the earlier. Clm h n o l o g i c  disthc- 
tions between periods of diastrophism are therefom impomibb, but 

. it appeare that in p o s t ~ o v i c i a n  time the earlier deformation 
waa expressed in folding and the 1 ~ t m  in faulting, It &o a p p r a  
that the Istar diastrophism affmted the southeastem part of the 
region more strongly than the northwestem part. 

Pvidpal emmb.-The chmwtar and relatiom of the rocks now 
expmed at the a d a c e  in the region mved clearly the principal m t s  
that markd mtain coda of geologic time, but the md8 of Iong 
intervening periods are either ohcure or wholly bckmg. T'h@ dsts 
that form the basis of the following geologic history have h d y  bwm 
pmmted under the heading ' %Iogygytgy."" In order to avoid FA ropeti- 
tion of the discurnion of pmbIoms of chranology the agm them sug- 
p t e d  are rrssumd to  be true, so that the clmifimtion of rock3 there 
given w i U  apply also to  the historical m t s  related. 

The salient oventa in the &tory of the region may 16a summarirred 
as foIlows : 
1. PrdOrdovici~ nedimemtatim a d  y b l ~ .  -tion of the limeatme- 

preenatone and 8cktquartzita group. 
2. PrPOrdovician &amphiam and eraeiw. Deformation d pOrdov3cIan roch 

and e d m  of d m  upon wbirb Ordovician hestones were aftemrd depndted. 
3. Ordovician ( W b l y  including more or leas Camhriau and Silurian) aodimenb 

tim. Depition of thick E r n m a  and d o l d C  aeries; d e  conditionn. 
4. FrpDsvonian uplift and eroeioe? Probable development of emioml mew- 

formity between Movician and Devonian mcb. 
6. Davonian sedimentation. Depmition of limmtmed and c W c  beds (in put 

Middle Devonian) and 1-1 e b o n  of d i a b  snd Wta. 
6. Carbniferoum timo. Uncertain. P d b l y  uplift and d m ,  
7. Early Mmrzoic &entation. Ilegoeition of quartzitae ana phyllites, grits 

and mnduhnes, and cherta end eI~tes. 
8. Later Memimic d h d m p h .  Foldingad ugliftof~lyMemzOic1~~B f a l l 4  

by emion. 
9. ];ate Y d c  or early Tertiary ~p~ and valcaniam. Development at 

majm fuulta of the Paleozoic m b  aooompanieil by the axtmsion d l a w  and follorred 
by the intrusion of the granitic mh. 

10. Tertiary erosion. Development of tqxgmphy of ih k u b ~ k  d m l y i n g  tha 
Eilt. 



.11, &tly Qu&mary inuDdation and dhwntaticm. Depoeitiw of lacwdrhe aod 
fluviatile dt and gravel. 

12. Recent eroeion. Development of preeent towPhy throngh m m b  5~ wster 
mdwhd.  

Pn+Odmkkn dimnWh.-The p-ovicim d i m m f s  are 
t of two type and may m p ~ n t  two distinct epochs. The older 
* &mta a m  dominantly Galcmmu~ and are interbedded with 

eKtrusive ignmus rocks. The eonditbns of sdmehtation were 

*S 
marina, and presumably the volcanic rock  were lsid down aa sub- 
marine flows, but as tho deteils of the origind structure of tha sari- 
are generally obscure the evidence on this point is not cundusive. 
Thega dominmtly cdcareous mcks are overlain by domintmtly 
claatic rocks, some of which nre coamo p i n e d  and may be fluviatile 
deposits. Marine conditions recurred at intervab, howmer, for sev- 
em1 limwtone memberrs am interbedded with the clwtic mch. Tha 
only fact dehitely established mgardmg the time of the deposition 
of these roch is that it antedetad that of the deposition of the thick 
scrim of lim~atonw from which Upper OKloPician foe& were 
.obtained. The p t  thichms of limestone h e a f h ,  the horizon at 
which the fossils were cullected must repnmmt a long time, possibly 
all of earlier Ordovician and some o l  Cambrian time. Thamfow 
the older racks were probably laid d o m  in Cambrian if not in p m  
Cambrian time. 

PmUPdoericiaa d-op- a d  eroSion.-hfom the mclm of the 
OFdovician limatone group wem laid down the older mcka w m  
d~fomed  and uplifted and e m  to subamid emaion. The 
deformation was inkme, for the I d s  wma thrown into eJosely 
app~.lessed  fold^, and S B C O I I ~ B ~  schistdty wae g e n d y  deevelopd. 
Faulting probably m d  st this time ss well es during later perioda 
of ~ t r o p ~ ,  but thm am no defmita cribria for determining the 
relative %a of tho diffmtnt fad&. Subsequent erosion of the folded 
be& appmmtly dewloped a rsthsr even surfam over broad areas, 
which acconnts lor their pronound angular u d o r m i t y  with the 
overlying hmtona series. Both che period of deposition of the p m  
Wovic ian  mks and the period of their deformation and emsion 

t MO uncertain, but these events probably o c c m d  in Cambrian or 
pre-Cambrian time. 

OrdmXan. or earlier aadinzen*.-Aftsr the older mch were 
folded and d e d  the aee again extended over the region, and in it 
wss deposited a thick m5es of limsstones and dolomitea, which now 
underlie the fwdifemua Upper Ordovician rocks. These limestunm 
and dolomites probably represent all of earlier Ordovician and p m  
~ibly more or less of Cafnbrian time. Tbe roch at ths Upper Ordw 
vfcian fowilifmus horizon are also overlain by s great thickness of 



limestonem which may r e p m t  SiIuriaq ras well tw Iatm Ordovician 
time. 

The marine inandation during this period rn general over the 
northmtern plart of the continent, and the 6 laid d o n  are now 
exposed at btddy separated Iocabtim. 'Ithe inundation was appar- 
ently p m w v e ,  for the fowil remains of forms that m u ~ t  have lived e 

in comparatively ahdow water are now found beneath thourrands of 
feet of marine sediments. Apparently the region s & e d  no notable 
dimtmphic disturbam during the deposition of the Limestone aeries. Q 

Pre-Dmmkn uplif-d a d  erosion.-ks already pointed out, there is 
general indirect evidence of an unoonformity between the limmtone 
aeriea and the Devonian group. Prasnmably the region was upliftd 
and exposed to  masidexable denudation before the earliest of the 
beds associated with the Middle Devonian fo~~ilifemw limeatones was 
laid down. But, although the probability of a period of diastrophism 
and erosion at this time is strongly indicated, the details of auch acbiv- 
ities are o h m ,  and the type and deg~ee of deformation of the Ordo- 
vician rocks in pmDevonian time can not be clearly determined from 
the data at hand. However, a general mmpmiaon of the present 
ahcture of the Devonian and Ordo~cian rocks seam to preclude 
the pwibility of very extensive fo lhg  during this time. 

D m k n  sadimm&&n.-Mmine conditions reo~ned in the &on 
in Devonian time, when a thick s e r k  of h e  clastic beds snd lime- 
atones waa depmihd. F d  in the limmtone beds indimte areaa 
of s w o w  water, and the t h i c h ~ s  of the aeries ahom that the inun- 
dation was p-ive, involving the depression of the area several 
thousllsd feet balm sea levd. Probably late in the Devonian perid, 
aftar tbe deposition of most of the sedimentary series, volcanio activ- 
ity came- into play, locdy at least and thick =rim of basaltie and 
diabasic lavas were poured oat. 

Cbzrbo@ftmna iim.-The record of Carbniferoua time is not found 
in tbe rocks of the region, acxordhg ta the c l d n a t i o n  adopted. 
The apparent absence of Carbonifmua rocks is parhap evidence that 
the region became a land aurface after the end of Deonian aedimen- 
tation. However, until the dth985cation of tbe rock of the r e o n  
by age oan be mede more certain the conditions that existed at the 
end of the Paleozoio are too uncertain to justify furthex discwin. 

Early Nmozdc 8edimUm.-If the quartzites and phyUW, grits 
md sandatones, and ch& aad dates me dl of early Mwmoic ago, 
the b e g h h g  of this era, was marked by a general md pronounced 
submergence. The earJim deposits comht of h e  dastic matmid, 
some of which was Idd down. as vay thin, ewn strata, prealrmably in 
deep watar, Higher in the series there are several well-marked cd- 
careous m e m h  which are overlain by another claatic membar, soma 
beds of which are evidmtly of fluviatile o m  Flupiatile dsposi- 



tion wm only temporwy, however, for the upper p a p  of the cherta 
snd slaw indicaha the reomenca of marine mnditiom. Tbk 
general a n t a t i o n  was apparently brought about by intermittent 
~ubsidence. There is4 no positin evidence as to the time of its begin- 
ning or its end, and the general age of the deposits is wumd on 

1 only probable codation. 
* 

Heso& dickstropAh.-Daring the internal between the 
deposition of the early Meaozoic geries md the extrusion of the younger 
volcanic rocks the rocks of the region were deformed, uplifted, and 
exposod ta emeion. This diastrophism waa in effect the most pro- 
nounced that occurred in pt-Ordovicisn time. The earIy Mmozoio 
rocks wem clmely folded, and locally the folds were &med to the 
northwmt. The same degree of movement must have occmad also 
in the underlying Paleozoic rocks, but as these generaUy show less 
complic~tsd structure than the emly Mmaaoic roch t h q  must have 
been def omed chiefly during this period. The intensity of the defor- 
mation evidently differed in different areas and was more pronounced 
to the southefat, tow& the Alaska Range. 

- The amount of the &on that followed the uplift of the region in 
this parid is indicated by the relations of the younger volcanic rocks 

. to the underlying aedimentq aeries. Apparen~y it i adved the 
cmnplete removal of tha chats and date3 and part of the grits and 

. aandstonee OTW considerable weas. 
Lak . M e s m * c  or early T e h y  d l i m h p 7 b & m  a d  m ' I m ~ . - ~ t a  

h m i c  or early Tertiary diastfophi~m is postulatd on the apparent 
relation of the younger volcania rocks tm fauthg. At some p l a w  
it ie clear that these lams were extruded along fault planm, and the 
g e n d  distribution of o h r  arme of volcanic mlm indicetea aimiIar 
relations. The levas spa pr&snmebly of late Mesozoic or early Ter- 
tiary age. If their e x h i a n  was incidental to the faulting, this 
also must hnve ocomed in late Mesozoic or early T&w time. The 
dynamic relations of tbs faulting and the folding in the M t o n i o  
hiatmy of the region have already beem dimmed. (See p. 37.) 

A eomewhat later phasa of volcanic aotivity in the region was Ehe 
intrusion of the &tic roeka. 

1 '  T&q em&.-No Tertiary sedimentary rocla were fond in 
tho region, and probably none were deposited. Thef region was a 
land surface exposed to m i o n  at 1-t during latar Tertiary t h e ,  

1P whm the major featurea of the pressnt t o p o p p y  and the topo- 
graphic d e w  of the bedrock s d a w  that now lies h e a t h  the silt 
were formed. The baselevel of emsion wae lower than now, ao th8t 
the hottams of the major erosional depressions ara far below the Ie~el  
of the present atrmms. The arrangement of drainage linea was abo 
d i f f m t  from the prmmt. These subjecte &re treatad more M y  
under the heading "Gsamorpholagy." (Sea p. 42.) 



48 COBITA-BO~~~P~P?JI ~ G T O S ,  AIAEIK~. 

M y  Qwdmmy i n u ~ ~  and eedimtbn.-The denndatibn 
of the low-lying pmb of the region was intermpted. in early Qua-- 
nary time by that caased s gmml aggradstion of the region 
to a height now about 1,200 feet above 8ea level. The deposita of 
this tima are chiefly k a  hght~colod incoherant d E ,  probably the 
h e r  product of glacial m i o n  in adjacent momtainous regions. 5 

Evidmoe of awml kinds pointa to a pml inundation of the region 
to the level indictbhd and to the Iacuatrina depmition of the silt. 
Throughout this period the amas lying above the Je~el of maximum c 
inundation were, of course, exposed to submrinl e k o n .  

R w t  A - A f t e r  the silta were ddeposihd su'bamial msion 
again extended ,over tha entire r e o n .  New drain* linea, dis- 
cordant with the old, were establish& a m 8  the silt plains, and the 
present cycle of erosion was begun. The aubEleqnant history of the 
region Included a ~ecord of the development of the preaen t topography 
'by subaarial aqueous erosion and other agancies. (Sw pp. 48-50,) 

The geomorphologg of the w o n ,  or the devdopment of ita pmenf 
topography, h a  been influaced by evante that o c ~ u f i e d  far bwk 
in geologic time, so that the entire geologic history of the region is 
in some memum pertinent to the subject. The mber geologic 
history has slredy been d i m -  se completely as the data w a m t .  
It remains to treat more fully the later hisbry, covering t h e  h e  
after the deposition of the yomgeet mlid roch, during which both 
erosion and setlirnantation operated to pmduce the present bpg- 
raphy. The historg of their apmtion cornprism t h e e  principal 
phaam-Tertiav amion, em1 y Quatems-ry sedimentation, a d  
recent emion. These phaees will ba d i s c 4  separately, and go fnr 
abs ~ossible the agencim that operated and the results that were 
produced during each period will be demzibed. 

After the extnzsioa of the younger mlcmio rocb md the intruaioa 
of the granitio m k a  the region was long abject to norms1 subaerial 

- erosion. The condition of the lmd surf- at tha begbnhg of the 
period of erosion is uncmtdn. Evidence of pneplaaation either 
before or during this period ia appmently entirely Iscking. T h e  * 
drainege lines may have been inherited from an earlier cyde of 
m i o n  but may have been m a s e d  by the latest volcanio and dim- 
tmphio mtioa. Whataver may have bmn their origin, the drainage 
lines apparently persisted in the same general murses throughout 

0 

late Tm&y time, end the topography of the enhe r e o n  was ahaped 
in conformity with them. 



'phi b ~ d d  af erosion during late Tertilary time waa considerably 
lower than it is now, and the main d a y s  were exoavated to a 
depth f tw below the level of the present streams. ds the uplands of 
the region have &I- been mntinaomily sxposed to emuion, the divides 
during and st the end of the T ~ i q  period were doubtless con- 
siderably bigher b u  they are now. The cycle of emion ernbracod 
by tb period hsd progreased well past maturity at its dose, and the 
did spas much stronger and more rugged than that of to-day. Most 
of the main divides mincided with those now existing, which, how- 
ever, differ from them in some particulars because of changes in 
drainage. The main vallep of that time are now deeply fdled with 
duvinm, md the distribution of them depdts, ooup~ed with the 
topography above the level of tha silb, givm a rough indication of the 
courses followd by the principal streams. Tho Sulukns basin drained 
to the northweat, past the upper and of the Nowitna Canyon, jnto 
,the Sdatna baain. The TeKitna basin contimod northward amom 
the present comm of Titas and Big Mud rivm into the g e a t  depres- 
sion that e d s  northward to the Yukon. Part9 of the present 
Cosna, Cbitanana, and Titm basins and possibly of the Sethkokna 
baain apparently drained southward intca the area now dr~ined by the 
Norh Fork of the K m k o k .  The diPec tion taken by the drRiasge 
inea in the extensive basin between tbs uplands and the Yukon is 
more problematic. Perhaps a divide lay - the present course of 
the Yukon at Ruby and the bash drained c w s t w d  h u g h  the ailt 
plains south of Cosna. This suggestion is muntenmoed by the oxist, 
ence of a great depression that extends southwestward with apparent 
continuity through the are= drained by E n t k h a ,  Kuakokwim, 
and Nushugak rivers to BristoI Bay. At least, the drainage linea 
when Tertiary erosion ceased wme notably different from the prment 
Tina, and the mangemen t anggasted is not o d y  in keeping with the 
dktribution of alluvium but in accord with the probable subsequent 
events. 

RkatP QUATERHmY 8ED-NTATKOH. 

lX&&&n and chmderer-Erosion was intedppted in emly 
Quaternary time by qenciea that caused a general aggrdation of 
the region b the p~esent 1,200-foot lovel. The r e ~ u l h t  depoaita 
are chidly silt but include gravel and boddm looally about the mar- 
gins of the Med deprewions. The determination of the origin of 
these materiala and the oonditiom attending their deposition £ o m  
B rather mmplex problem, whose solution involves studies of the 
distribution, character, and structure of the deposits, their t a p  
graph  expression, and the form of the bedrock surface beneath 
them. 

The siZt is typically h e ,  lighbmlomd, incohmant, slightIJT worn 
detrital material, chiefly quartz but including considerable mioa 



Stony. Smith finds here nnmistaka6Ie evidence of glaciahion 
within 30 d m ,  of the western margin of the old depression and &o 
some low gr1bve1 ridges, possibly of morainic origin, within 6 d e a  
of the uplands wast of the Kmkokwim. A glacier that could have 
made these dapoaits mmt have had s length of certainly 100 mil= 
and possibly 125 mil=. T o 4  the south the Alaska R a w  l a b  
off in elevation but approachm newer tha seaboard. The lower el+ 
vation near the ma would tend t o  decrease the accrlmul~tion of ice; 
the marins influenma would tend to increase it, The mat magni- 
tuda of gl&d action in. the adjacent coastal prokcea and the con- 
aiderable altitude of men the lowest parts of the range indicate that 
glmiers much more than 100 miles in length must hltve extended 
from tho &aide westward into the Nwhagak howlands. Glaciers abo 
extended out into th ie lowland from the mountainous and atrongly 
glaciated area west of Nushagak River. Beyond the mountain val- 
l o p  on either hand tba ice atreurns must have malmced in the pied- 
mont rogion in a form resembling continental glaciem in bulk and 
f orw. As the Nushe& are8 lies within the comtd province of most 
pronouncod glaciation, ss all the known e~idencc points to  ice 
accumulation on a gigantic scale, and as no other' adequab expla- 
nation of the diveraion of the dd drainage is available, it is &cult 
to avoid the conclusion that in the coume of earlier glaciation of the 
d o n  piedmont glwiftm extanded out far enough from the east and 
west to meet md f o m  an effective ice barrier m s  the old depression. 

The histarg of the ragion mbsequent to the deposition of the BiltoJ 
and associated deposits indudes a mord at the establishment of the 
present drain= linea and the pro- of the present cycle of m i o n .  
The main differences in the drainage aptems of the two cycles have 
been mentioned, and numemus'example~ of superpod drainage have 
also been pointed out. me new drainage linm have apparently been 
superpmed u p  the older topogsaphy in mgdar topographic rdw 
tions, indicating n common cwse or control. 

Practically every stream that hm been shifted from ita old mtme 
has boon shifted toward the more prominent of the older upland f e e  
turea. Thus, Nowitna and Titna rivers hoth leave broad alluvial 
depressiom and enter the highest p& of the northerly uplmd area, 
where they join, Both have mcently ant w i t h  the uplmda canyo118 
in which ttb streams me still jn pmcma of adjustment. The Chit* 
aana %om far a long way across the dupidl plains out of a direct 
cume to its mouth to pesa W n g h  a s m d ,  b~lhted p u p  of &, 
where it hag recently cut a canyon in t.he bedrock. Many other 

r a d & ,  P. s., orsl htormtloa 
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aberrmt stream muma of eimilm sigdcance but of mlZw m e -  
t d e  m found in t& region and other pmb of the Yukon bash 

When the sm- h t  adopted their pwent muws the region was 
apparently rather evenly aggraded to elemtion of about 1,200 
feet. The from the upland are= tendad to gather at the base 

i of the slopes at the rnargh of the alluvial plains. me lvgbeat and * broad& upbad a~eas gave rise to the largest streams, whase d i r e  
tiom of flow determined the h t  mwea of the new drainage lines. 

c The new mums therefore tended ptmatiwlly to differ f m  the 
old, and many of them led from one basin to mother ibcross silt- 
5Ued dividas. Aa the streams cut downwmd in such situations t h q  
e n m W  the solid rock and cut the canyo118 which they now 
WWPY- 

The recant ermion of the +on as tl whole waa h t  controUed by 
tbe level of the outlet a m  the old Ruby barrier. Aa this level 
wm low& the ken of the uncowKd&d deposits was atimu- 
htd, m that by the time the 'Ynkon reached a fair adjustment in 
tbiB reach a matm topography had beem developed over large arms. 
Tba local bafiiem crossed by the superposed Are- determined local 
bM of d o n ,  so that the rate of erosion Wemd in different 
p d a  of the region. The ~ u c b i o u  of the bedrock barriers hw p m  
j p s d  up fo tho p ~ t  time, and the drainage as a whole is w w  fairly 
adjusted ta the h n k  streams. The removal of the mmnsolidated 
hposita t h w k  has p-d in adjuatmexlt to the M e r e n t  base- 
lw&. Their remo~al is further advanced where earwioa was con- 
trolled by lower base-levels and where, dj want to the apImds, the 
gathering of w a h  facilitated the smly gstablhheat of drainage 
hm, The ailtfl are qeciall-g well p-ed in the area &ending 
f m  the Cbitmants basin eastward to the Zitzitma and k t i s h n a  
basins. 'She bedcock barrier on Chitanana River apparently wm cu% 
d o m  slowly, and the valley in the dt plains abova ik ia very deep 

,., and narrow. The persistence of the a h  in the emtera part of the 
region is probably due to tbe absence of upland featurw d the con- 
sequent slowness in the development of drainage wmw. Much of 
this still drains into Z&BS eh~t  have no outlets, 

3 The same prkiplm apply ta the erosion of the silts in all parts of 
the region d probably acxwnt for the major differex~ces in their 
b p o p p h i o  aspect from pIwe to plw,  

4 At many piaces the wind hm formed irregularities in the a d a c e  " 
of the dt, and it doubtleas hamported h e ,  dry ailt for oomiderable a 

distances. It may have aided in removing the silt from same are=, 
and it probably ltbid d m  the local siltlike deposits that m found 
in m e  of the higher p a a ~ ~ .  

Most of tha major features of the present topography and soma of 
ita minor features are, then, the combined result of the work of 
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stre-, standing watm, and winds, agebci~  w h m  action wea corn- 
pI ima by the gbiation of adjacent regions and whose d t a  -- 
form in a me- to s M  and lithologic conditions i m p a d  
by aganaies &at arere &mti,ve wljm in the geologic &tory of the 
region. Neithsr of these sets of agencies, however, ww insku- 
mental in producing Gertain locally cimspicuoua topogmphic de-, i 
such as the characteristic Bat summits, pwes, and h r r w s  in the - mupied by hilts f o m d  of granih, quartzite, and the old 
d i a b w  and basalts (PI. VII, A, B), for these are due to a form of i4 
~~Muction which the writer has c d e d  altiplanation.' Frost action 
causes movements in accumulating detrital deposits, m d  mder wr- 
tain climatic conditions, when the proportion of c o m  and k e  pmd- 
ucts of weathering fall within certain b i t s ,  the pro- of dti- 
planation is favored md produrns flat-topped features. At ssveral 
placss in the region these f e a m  have been dovdoped in extraordi- 
nary perfection. The process of altiplanation is extremely slow and 
has probably been in operation here since well back in Tertiary time, 

More m t l y  hddidea have in phxa de~slopsd strikmg fat- 
of the laxldsmpe. A general view dong the course of a landslide 
mithin a year of its occurrenoe is shown in Plate VIII, A; md the 
folded turd whem a part of the same d d e  m e  to st stop is shown in 
Plate VIU, B, !I!& slide started on a 10' s l o p  and s t q p d  on am 
8" dope. It d d '  only a thin stmtum of material, mpmamthg 
the depth to which the MUB m t l e  thawed after part of ih moss 
cover@ had been burned. The burning evidently took place in &e 

. spring md the slide in the fall of the same year* These feat- are 
fairly numerous in the uplands of the region wherever bmmhg H a s  
o c d  and m e  to erpphash the importance of ground frost in 
controlling the scournulation and migration of the residual mantle 
in interior ,Alaska. 

Quartz veins or other s i p  of mineralization are not generally 
abundant in the region. Veins were noted only localiy, gbout the 
granitir, intrmivea, ia the area of the quartzites and phyKtes between 
the forb of h a  River and in the pmUdavician metamorphic 
rock At none of these places, however, se far m could be noted in 
the field examination, were they very abundmt or highly minerdid.  C 

Sdphide mineralization has affected the quarteitea and phylites 
to some attent, but not in a manner h t  suggest8 any economic 
pasibilities. These racka in places carry finely dkemhated gran- 
ules of pyrite 'and are cut by rh'yolite dikes that are similarly mine* 

r Ed&, B. M., The YuLw-goy~hk region, h b h  U. 8, awl. ST Blrll. 631, pp. 7W, WIG 





a&d Weathered mufaces of these mcks in plmm shaw inm and 
mpper stabs. 

Aurifemw minmdhtioa is nowhere eddent from the study of 
mlm in place, but placer gold ocmrra at two localitie~ in the region- 
on Balrer &&, a western tributary of Sethkoha Eiver near ita 

5 mouth, and on American Creek, a western tributarg of the Telsitna 
a b u t  the middle of  it^ corn. h t  gold haa barn reported al8o 
fmm the head of Our Creek, a tributxq of tho Nowha  next above 

.C the $u].ulma, and h m  a tnbuhm of the Sululme that heads eeinst 
Our Creek. 

A few prospectars hsve spent a peat  deal of time in a search for 
pItrcerr gold on the tributarim of Nowitnrr River, and the occurrences 
just named have long been known. Exaggerated reports of gold 
p l e c e ~  in the region have been circulated among the river settlements 
at ddfmnt timea and ham c a d  sevcrd swalled strtmpedaa of 
large numbera of people to this or that locality, but the occurrence 
of commercial placem in the region haa not yet been demonstrated, 
and during the summer of 1915 the eneeks were entirely desertd. 
It should be noted, however, that new dism~osies on the tributarg 
of the Suldma heading against Our h k  were mportsd darrng the 
summer and tb t  a number of prospectors were on their way to t h ~ t  
locality. 

Except in the locality new Our Creek, where the mlluvisl depmita 
are cornpmtively shallow, the region holds out little p r o ~ s e  to the 
pmspector, and his work would ba very difficult, owing t o  the @@st 
depth and breadth of the dtuvid i3ing of the 1-er valleys, a con- 
d i t h  that hae limited pmspectors to smaU atmsmer that fie reEativeIy 
high in the- uplands. Such s t r e w  naturally have narrow vdeya 
and nteep gFB$m and, as thwy have perfomed only a small amount 
of erasion, large conmntrations of placer gold in their gravels am 

.,... *-: . not to be expected. The concantratiom that might have been made 
by the larger streams can be looked for only in the broad depressione 
that are now floored with dwp alluvial deposits. The' distribution 
of theae deposits is ahom on the map (Pi. 11). They extend up sU 

4 the larger vdlep we11 toward their heads. Wherever these valleys 
were occupied, prior to their alluviation, by stremu of aize sdEcient, 
to  form large plmm, the alluvial deposits probably masure sc&m 

c if not hunhds  of feet in thlchess. M e m o m ,  the present 
shazns generally do not follow exactly the courses of the original 
streruas, and there is no definite indication as to the position of the 
earlier deposits. Under these conditions it seems that erratic pros- 
pecting in the broad, deeply filled v d q  is not justified. 
As gold occum on some of the ~ m d 1  and relatively ~hdlow streams 

of tho  region, pmpeckm will no doubt continue the search for 
L. 



profitable plamm The most intelligent plan to f o b  k w h  
prosp&img would appear to be that of tracing the h o r n  a d -  
depoaits down the maUm dimma snd out into ~e broader vdeya 
by means of a &on of croeeoute. When the tmnd of the 
a r a i f m  pmle has been & m v d  the h % ~ d  of 
operations will be r e d u d  to a miTlimllm, Whether a systematic 
plan d prnp&ing, such as this, is justified will depend on the 
sho;wings in thq smaller streams where work might be bsgun, and on 
this point the writer was unable to obtain any information, The T 
occurrenm of large placers in the major v d a p  is, of course, an 
umrettled question. 

3s this connection mantian should be d e  of the relation of 
anrifmua miner&atioe to igneous i n h i v e s  that is evident in the 
Innoko and Iditarod districta, southweat of this &on. It ~ w m s  
dearly proved that the introduction of goId into the rock of these 
districts was a phase of the same ignmua activitiw thet produced 
the granitic iatmivas, and deposits near such htrusivea have can- 
tained the most valuable placem. The momonitas- m d  granites 
of the Cosna-Nowitna region are probably closely related to the 
Htmsivm of the Innoko and Iditmod districts in age and charauck~~ 
and it would not be surprising to find that aarifmus minerdiztrtion 
is mociated with them also. It is equally poseible, however, that 
mch mine&atiw may not h ~ ~ e  o m d ,  for the granites and 
momonitm at mmy plaicee in the interior of A l d a  sppwntly have 
no such m i a t i o n .  On the whole, however, the vicinity of igneous 
intrusive9 would seem to be a mom likely p l m  for ~ U C C B B B ~ I I ~   pro^- 
pecting than the areas more distant from them. 
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