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PREFACE. 

. C 

*- 
BmcE Pass was dimvered in 1898 by George R Eldridp 

and Robert Mddrow, of the United Ststes &logical Snwey, in 
the course of their gxpIoratory survey of the Susitns Val l~ . '  The 
Indians bad, of c a m ,  long known the Broad Pass mgim as a 
hunting ground, and same white prospectors had reached the upper 
Suaitnrr basin befom 1898, but go fw as homn the Eldridge party 
was the first to mach T a ~ n a  m i m  by thia route, Worthy of 
record is the journey into this region of a party of prospectom, 
among whom W, G. Jack was the leading spirit. This party dedded 
np Sumha River in the spring of 1807 to the vicinity of Broad 
Pass and sesrched the neighboring district for placer gold. 

The saIient geologic and topographic featurn of the Broad Pam 
region were determined by the Eldridge party, as was also the 
feasibility of a railway route into the interior by t h i ~  wide gap. 
As a result, a railway was planned through this pass and rmmeys 
for it were made in 1902. 

The increased inten& in milway mntea from tha Pacific sea- 
board created a demmd for further information about this region, 
and plans for a supplementsry survey were formulated in 1912 but 
had to be abandoned after mpplies had been ~ l d d e d  into the in- 
terior bscause 02 delay in the appropriation. This plan was sue- 
d y  carried out in 1913 by a geologic party under the leader- 
ship of F. H. Mofit m d  a topopphic party under leadership of 
J. W. Ragley. The fact: that tt region so Inre  and so m o t e  as that 
described should have been mapped in one season reflects p a t  
credit on Mr. Moffit end Mr. Bagley and their assist.mts, 

r 
-. 

The results set for& in this report bring much additional evi- 
dmce of the availability of Broad Paw as a railway route into the 

' . . interior. They also show that, though no comercial mineral 

2 deposih have been found in the region, yet what is known of the 
geology gives hope that such depmits may be found. Since these 

- . - .  

'El&idp.e, U. E., A ~ n n a l m n c c  In the SmMtm B a a  and adjamat terdtorg, blnska. 
la 1858 : U. k B . L  Burvep Twentieth h a  Bept, p+ 7, m. 1-28, 1000. 



8 5 % ~  BROAD Pa88 REIQION, ALASEA. 

m v e p  were made pmpectors report the discovery of ore bodies 
in the Broad Pass region, and, as has been pointed out, this KVM to 
be expected from the geologic survey. 

The official announcement of &tbe choica of Broad Paas as the 
route af the propwed Govemmt railroad is ma& abut the tima 
this report is sent to press. This A h a d  is to run from Sewnrd 
to Fairbank B m d  Pass is abont 310 miles from Sward  and 
about 150 miles from Fairbanks by the proposed route, It is there- 
fore to be ex+ thst the Broad P&BS region will now be the 

Ls 

scene of much prospecting, end them is good hope that it may 
* 1 

afford profitable mining development -\ 



2"m BROAD PASS REGTON, ALASKA. 

Bmd Prim i8 a wide glaciahd valley (PI. m, A )  between the 
head of Chulitna River mid a tributary of the Nenma named Jack 
River. ,It is commonly regarded as one of the p- though 
the Alaska Range, but in rcnlity is part of an cast-west v d e y  con- 
necting the heads of the ChuIitna and Susitna rivers The head- 
waters of Nentma River once flowed westwsrd through i t  to  the 
(Xulitna. The Broad Pam region, as the term is here d, includes 
the headwater tributaries of Chulitna and Nenana rivers and the 
heads of some streams flowing into Susitna River. 

P~e.ue'ow ea?plordiom--The vicinity of Broad Pam waa i h t  visrted 
by Government expIoring parties in 1898. In that year C; H. Eld- 
ridge and Robert Muldrow, of the United Strttes G)mlo&al Survey, 
accompanied by f i ~ e  others, ascended Susitna River to the mouth'of 
Indim Cmk, whence pacldng their equipment on their backs, they 
made their may up Indian Creek and through an unnamed valley 
paralleling the main Chulihlla Valley to a pass which they called 
Caribou Pass and which led them to  the upper Jack River PalIey. 
Dcsccnding Jack Rirer and the Nenma they reached the mouth of 
Yanert Fork, where lmk of prorisions and the laten= of the mson 
cornplled them to abandon their hope of reaching Tanana River and 
to  retrace their steps to the SuSitna.l 

The saroe yew (1898) Sergt. Wil1im Yanert, Eighth United 
States Cavalry, with one white companion and an Indian guide, 
crossed the mountains betreen Tndinn C.reek and Chulitna River and 
amended the Chulitna ValTey to Broad Pam armd Jack River where, - - probably thro~tgh fear of the Tanans natives, the guide refuscd 
to accompany him farther. In his reportz to Capt, Glenn, Yanert 
states t h t  he was direct4 by the h d i m  to c m  the "tributary of 

e 
ly 

the Tanana," Jack River, which he then thought to bs the Cantwell 
- 

*EhMdpe, Q. H., A reconnatwmnm ia Zbe Bumhitor Emla aafi atljacent terrltom, 
Allcska, in I898 : U. L M I .  SurPey Twentlath bun. Rcpt., pt. 7 ,  pp. 1-29, 1900. 
' Compllatloa o i  narratives of erploratlona in htamke, WmhingaOn, pp. 877-678. 1% 
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(Nemana) and was told that a would he f w d  an the other 
side. He soon discovered the trail and after following it a ahort 
distance came npon tracks of white men thst he rightly mnjwtumd 
to be those of the Eldridge party, far they had p d  that point only 
a few days h f o m  The lack of all f o d  except game, the loss of his 
shoes, lbnd the howledge that the EIdridge par@ was ahead of him, 
led Yanert to give up any further attempt, to reach the Tanana and 
to  return ta the Susitna. & 
In 1902 an exploring party under Brooks crossed the Alaska --. 

Range from Cook Inlet by way of Rainy Pam, at the head of 
Skwentna River, and made ita way northmstwrtrd along the flank L 

of the range to Nenana River and thence to the Tansna and the 
Yukon. The party crassed Nenana River above the mouth of 
Yanert Fork, but was obliged to a m d  the fork for more than 20 
miles befora they could h d  a ford. Although the members of this 
expedition visited only the border of the Broad Pass region, they 
edded something to  the ge~graphic and geologic knowledge of it.' 
In I902 and 190a a rmnnaismnce survay for a milroad from 

Seward to T m a  River was made by private pemns, who faIlowed 
the Susitna and Chnliha river valleys up to  Broad P m  and then= 
went down Kenana River to its mouth. As is common in mch morlr, 
the information collected by the engineers during this i3urvey did 
not become g e n d y  hown.  

Most of the information ~onmming the B m d  Paas @on ah- . 
tained prior to 1913 wrts collected by member# of the four expedi- 
tions already mentioned. Y& many white rncx~-pr~~~ectors and 
huntaehave Vjgitgd tbe region, coming into it for short perjods 
and going away without lea- permanent m r d  of their preslence, 

Topographic and geologic recornaimnee mmeys were made by 
the United S t a M  Geological Survey in the ad jsoent Bonnifield ' and 
Vddez Creeka districts in 1910. 'That work carried earlier surveys 
in the Copper River basin w e a r d  to Susitna River and like mr- 
veys in the Tanana Valley muthward into the Alaska Ran@, m that 
with the completion of m y s  ~LI the Broad Pass region, a wide mc- 
tion of the mnge, ~xtendmg wastwad Srom D e l t  to Xenans Rver, 
has been mapped, 

Swmey8 in 19131-fio psrtiea wem mt into the Broad PW 
region in 1913 ; one, a bpographie party of six men, wae in cham 

a - 
of J. W. Baglev; &a other, a geoEogic party of five men, was in 
cham of the writer. v 

I 
I Brrrogq k, H, fie M d  M c W e y  -on. bleuka : U. I. QeQl. Bu1"Pq Roe. Paw 10, 

ISIl. 
t Capm W. 4. The m e l d  regIm. A l h :  O, B. Qeol. 61urvcy Bull. M I X ,  l*le 
&Mom€, R., Hesdwater sepiona of Qnlkana and 8ndba rlrtrm, Aid: U. & 

8nmq 3n11.498.18l2. 



b 6 i c n a  for both parties w e n  eent to Val& Cmk in March, 
19U, but could not be used during the following sammr because the 
appropriation for work in Msska was marfa: tm lata to be available 
thst year in u regim m m o b  The work that  had h e n  planned 
for 1912, themfoe, wdd not lm carried out md was postpond to the 
next season. In theearly months of 1913 mom pmvisiws were sent 
to lTaldez C;rsek b replace such of the old supplies as were b e l i e d  
to be unfit for U ~ B .  The two parties staM for Val&z Cmk June 8, 
d b r  spending seven1 days at Chitina in repairing 'tb pack and 
camp outfits. The parties h i t  followed the military road t.a Meiers 
Roadhouse, 124 miles fmm Chitina. At this pIac~ i t  was thought 
best, on twmunt of the lateness of the spring and the mumquent 
mrcity of gram, to Ieave the m d  and go westward to Maclam 
River through a country lower than fiat of the trails leading west- 
ward from Patxsm or from Yad's rond house, C d n g  Gnlkana 
River at the foot of GulIrana Lake, the partias ascended the Middle 
Fork of the Gulkma and Lake Creek to the Tangle Lakes, and t h a  
followed the usual route acrose the two bmnehe~c of Madamn River, 
down Coal Creelt and past the h v e l t  Lakes to the placer camps 
on Valdez Creek, where they .garrived June 28. A number of da-p 
were employed at  Valdex C m k  in preparing for the work ahead* 
Provisions were mparated out and mcked for me during the summer 
and an the return trip to the coast; a boat was built after the neces- 
sary Emhr had besn whipsawed; and finally the pmvkions, camp 
equipment, mid horses were taken across S u s i h  River July 8, just 
one month after the parties started from Chitina. 

The two parties worked near each other for a few dsy~l, then 
separated and did not meet again until the mason% work wa8 mm- 
pleted. T'he c o r n  followed by both was first to the sonthwest, 
then to the west, the north, md back to Vddez Crw+k. About 55 days 
were devoted to topographic and geologic mapping, but the work 
was interrupted by frequent rains during the summer and was 
ended &ally by r heavy fall of mow from August 26 to 28, Both 
m e F  were of a remnnakncer nature. The photographic method 
was employed in topographic mapping, Mr. Bagley being assisted 
in the photographic work by I;. G. Skk By using this method 
the topographers were able to m e y  a much lever ares than they 
could h a ~ e  other- covered. The arm mapped tapagraphically 
is about 2,500 square mils 

About 1,700 square miles was mappd geoIogically. me writer 
was assisted in the fidd by Jmph E. Pogue, who also prepad  the 
geologic map iq the office and, in addition to writing the sections on 
the Quaternary deposits, igneous rocks, and glaciation, hm done 
much other work commted with this report. 



I;o& and mw-Tha topographic map (PI. I, in p&ket) ae- 2 
companying this report represents a mountainous area whose limits - 

are d e h d  hy pamllela 6 2 O  57' and 63' 51' north latitude and by 
meridians 147" 25' and 149" 15' west longitude, and which comprises 
about 3,700 square miles. Thia area lies ot the northemmost bend 
of the great arc f m e d  by the Alnsks Range. I t  includes the axis ,. 
of the range, bnt in the main it Iies south of that axis, embracing 1: 

gmk of the mountainous country btween the Alaska. Range proper 
and Susitna Rives. The location of this area ia shown on figure I. 

Topography.-Most of the area considered is rugged and of high 
relief. It lies near the highest part of the Alaska Range east of 
Mount McKinley and includes many high pe& On the other hand, 
it embraces also the lowest pasa through tho range. Cathedral Moun- 
tain, 13 miles east of the boundary of the area, stands 12,343 feet 
above the Ma; Mount Rayes, 18 miles farther east, is 13,740 feet 
high ; the highest mountain within the mapped m a  mches an elma- 
tion of 0,000 feet. The highest mountain south of Brmd Pass within 
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the area mapped atmda about 6,700 feet arbova the sea, but in p- 
ersl tb mountaim between Bmad P w  ~ n d  Susitna River do not , 
sxceed 6,000 feet and am therefore at least l,W feet lower than thorn 
of average height in the r n h  range to the north. The mountains 
abwt Butte Creek, in the southeastern psrt of the area, reach eleva- 
tions over 6,000 feet. Broad 1'- itself is about 2,600 feet &ova the 
sea, or practically the same elevation as Susitne River at the mouth 
of Valdez Creek. Yanerk Fork at ita mouth is 2,000 feet above the 
ma. Therefore the maximum relief of the areas, as is shown more 
clearly on the topographic map, is nearly 7,000 feet. 

Ths mountains of the northern, western, and southern parts of 
the area haw the lugged outlines of a recently gIaciaW mountain 
region. High-walled cirques (PI. IV, B ) ,  truncated spurs (PI. VII, 
A, p. I&), strdghtened valleys, and oversteepened valley slopes are 
charsbristic features of the topography. On the other hand, the 
mountains of the emtern and central parts show smootller conburs 
and are mpamted by lowlmd areas dotted with gIacial lakes and 
strewn with morainic d4bris (Pl. V, A ) .  

Drdmge.-The Broad Pass region is drained primarily by Nenazls 
and Chulitas rivers. A part of the drainage, however, passes to 
tho east and sonth into Susitna River. 

Nenana River and its principal tributary, Yanert Fork, originate 
in glsciers d m d i n g  from the west slopes of Cathedral Mountain. 
The upper Nenana may be regarded as beIonging pmperly to a 
drainage b i n  south of the Alaska Range, either the Chulitna or 
the Susitna, and Ymert Forlr as belonging to the drainage north of 
the ran- Yanert Fork is fed by a great glacier (91% V, R; VI, A 
and B, p, 16) flowing directly west from Cathedral b ~ m t a i n ,  
but the Nenana recei~w its headwaters from a small glacier on 
the ridm r~mning southwest fiom the main peak and forming tha 
divide between the two streams. Most of the ioa st;reams on tha 
south slopes of Cathsdral Mountain unite to form the great Wegt 
Fork Glacier of Susitnn River. At its beginning Nenona River takes 
a raoutherly mum, hut it m n  tarns to the west; and flows for 25 
miles in a wide valley connecting the heads of Chulitna and Susitna 
rivers; then, instesd of holding its westerly course and joining 
Chulitna River, it tprns ahruptly north through s minor ridge of the 
range, resumes its westerly course for a few nliles, and finally flows 
northward in tt deep narrow valley (PI. ITI, B, p. 18) through the 
Alaska Range. 

Nenann River in its upper mum, below the place where it first 
turns westward, flows duggishly and meanders widely through open 
country. CR the other hand, in its course from the place where it 
first turn northward into the mountains to the phce where it crosses 
the axis of the mge  it rnns in deep canyons or in namw vslleya 



In wink the Suaitns and Chulitna rivers, Nenane River, and the 
upper Susitna River afford practicable routes for freighting such 
snppfiea as would be required by prospectors in the Broad Pass 
region. Most of the supplies and mining equipment taken to Valdez 
Creek since 1907 have been sledded over the ice of Gnlkana and 
Susitna rivers, yet in gome of these years a part of the supplies has 
been brought from Fairbanks on the Nenana and Susitna rivers. 
In the Broad P w  region travel has been so slight, and the visits - 

of white men have been so infrequent and their wanderings so 
variable, that no usable trails have b m  established. In places the 
Indians, passing from one hunting p'md to another, have followed 
trails that can be traced readiEg for  short distances. In placea also 
wandering caribou and moose have left trails that are &ill more con- 
spicuous hut that for the most part am of little benefit to  traveler& 
It is evident, then, that all who now go into the region must choose 
their own ways. Travel, however, is not difficult far either horses 
or men where courses in the higher ground can ba used. The best 
ping is genemy above timber line, at elevations between 2,800 
and 3,500 feet above the sea. At such elevations trees and bmsh are 
absent, soft ground ia less common, for the steeper slopes give bettar 
drainnge, m d  grass for horses is most plentiful and of the bast 
quality. The supply of firewood is less abundant than in the lower 
valleys, but willows for cooking and for tent poles can usually be 
found at elevations below 3,200 feet. In the lowlands the swamps 
and lakm make travel slow and t h o m a  

Some of the larger strenms offer difficulties to travel both bemuse 
~f their depth and mift current8 and becaum of quicksand, Nenma 
River and f nnert Fork mag be difficult or even impossible to ford at 
times of high water, but on cool days later in the summer may be 
forded gafely i f  care is used in choosing the place. A few of the 
small atreams are so full of granite hwldem that horsas are likely 
to have trouble in fording them. 

Raa7way -tee.-Broad Pass offers one of the meet favombIs rail- 
way routes from the Pacific seaboard to the Tanma and Yukon 
baeim and has been chosen for the route of tha Government railroad 
from Seward to  Fairbank The Chulitna, flowing into the Susitna 
on the south, and Jack River, flowing into the Nenana, a tributary of 
the Tanana, on the north, both head in Broad Pass. It therefore 
marks ttha watershed betwmn Cook M e t  and Yukon dmhage. The 
waters of the Nenana in the past ran through Broad Pa% into the 
ChuLitna, but were diverted by the glacier that formerly occupied 
the region. Since the disappearance of the ice the d r a ' i  hm not 
reverted to its preglaciaI course. 



In wink the Suaitns and Chulitna rivers, Nenane River, and the 
upper Susitna River afford practicable routes for freighting such 
snppfiea as would be required by prospectors in the Broad Pass 
region. Most of the supplies and mining equipment taken to Valdez 
Creek since 1907 have been sledded over the ice of Gnlkana and 
Susitna rivers, yet in gome of these years a part of the supplies has 
been brought from Fairbanks on the Nenana and Susitna rivers. 
In the Broad P w  region travel has been so slight, and the visits - 

of white men have been so infrequent and their wanderings so 
variable, that no usable trails have b m  established. In places the 
Indians, passing from one hunting p'md to another, have followed 
trails that can be traced readiEg for  short distances. In placea also 
wandering caribou and moose have left trails that are &ill more con- 
spicuous hut that for the most part am of little benefit to  traveler& 
It is evident, then, that all who now go into the region must choose 
their own ways. Travel, however, is not difficult far either horses 
or men where courses in the higher ground can ba used. The best 
ping is genemy above timber line, at elevations between 2,800 
and 3,500 feet above the sea. At such elevations trees and bmsh are 
absent, soft ground ia less common, for the steeper slopes give bettar 
drainnge, m d  grass for horses is most plentiful and of the bast 
quality. The supply of firewood is less abundant than in the lower 
valleys, but willows for cooking and for tent poles can usually be 
found at elevations below 3,200 feet. In the lowlands the swamps 
and lakm make travel slow and t h o m a  

Some of the larger strenms offer difficulties to travel both bemuse 
~f their depth and mift current8 and becaum of quicksand, Nenma 
River and f nnert Fork mag be difficult or even impossible to ford at 
times of high water, but on cool days later in the summer may be 
forded gafely i f  care is used in choosing the place. A few of the 
small atreams are so full of granite hwldem that horsas are likely 
to have trouble in fording them. 

Raa7way -tee.-Broad Pass offers one of the meet favombIs rail- 
way routes from the Pacific seaboard to the Tanma and Yukon 
baeim and has been chosen for the route of tha Government railroad 
from Seward to  Fairbank The Chulitna, flowing into the Susitna 
on the south, and Jack River, flowing into the Nenana, a tributary of 
the Tanana, on the north, both head in Broad Pass. It therefore 
marks ttha watershed betwmn Cook M e t  and Yukon dmhage. The 
waters of the Nenana in the past ran through Broad Pa% into the 
ChuLitna, but were diverted by the glacier that formerly occupied 
the region. Since the disappearance of the ice the d r a ' i  hm not 
reverted to its preglaciaI course. 



T6e spp&ch to Broad P.ss from the south, along the hadwaters 
of tha Chuliha, is, so far as known, a gradual amnt, and a railway 
route of comparatively low grade could probably be found. me 
pa&s itself is s flat about 4 miles wide, presenting no engineering diffi- 
culties. It stands about 2,600 feet above sea level, which is about 
51H) feet lower than Tsabelle Pam, on the ~oute  from Vddez and 
Chitina b Fairbanh. North of Broad P~ass the railway route would 

. be down the valley of Jack River to the Nenana, end here, h, B 
m. - 

g a d e  could probably be found. The main AIaaka R a n p  wou1d be 
traversed by the valley of Nenana River, which for abo~rt 10 miles , 

flows through a steep-walled canyon. 
Though Broad Pass probably affords the most f e a s i a  railway 

route, because it is mmt direct, them are other low dividea lending 
from the Susitna into the Nenana basin. Thus a gravel-floored flat 
connects the upper Suktna Valley near Qaldez Creek with Nenana 
River. Another low pam Iies between the headwaters of Deadman 
Creek, flowing into the Susitns on the south, and Bmshkana Creek, 
%owing into the Nmana on the  north. 

L'i%mxte.-A Eack of records of rainfalf, temperature, or other 
meteomlogic data makes it impsiblei to discuss the climate of the 
Broad Pass region in other than general t e r n  The dimah is that 
of a high mountainous country of abundant rainfall, with moderate , 
summer heat and with winter temperatures that occasionally go lower 
than below zero. The precipitation is much l a  than that of the 
sonthem mast of Alaska, but probably more than that of the Copper 
River basin and the Nenana Valley. Old choppings in se~eral plam 
along the Tanana River show that the mow was 2 or 8 feet deep 
when they were made. This does not indicate the total winter mow- 
fal l ,  but it probably givas a fairly correct idea of the average depth 
wf snow in the main valleys in middle or late winter. Snow persists 
in deep golches on the high mountains during most of the summer- 
masfonally throughout the year--but it probably is not correct to 
m y  that any of the peaks within the. area r n ~ p p d  rim above the 
summer snow line. New snow is seen on the high rnormtain tope 
after almost every s~lmmer rain and sometimes come well down 
on the mountain erides. 
T h e  length of the placer-mining wasan in the Valdez Creek 

district, except Ear underground work* has lmm regarded as 90 to -. 

1M) days. The maaon's length is govemd in some measure by the 
necessity of lertting Valdez Creek while them dill is  ass for h o w  
on the trail to  the coast, and is therefore shorter than it would be t 

if transportation facilities mere more fnvorable. In 1913, bg ~Iacinp: 

1 Mi- routem in Ahaka: Maaka h l l m a d  Comm. Rept, E. Doc. No. IBIS. 626 Clnng., 
ad B*. 1Bf S. 
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It thtta hap- that many gaod mmp ~itss are hidden away in p?- 
where at  i k s h  it -ma as if none could b found. 

Alders are not common on the upper Susitm, but are fairly plenti- 
ful along stretches of Nenana River, although very much less so 
than on the lower Copper and Susitna rivers and on the southern 
mast of Alaska. 

o sa l r ~ s  

Bleum 2.-Bkctcb map nhowiPg the didrlbuUm of spruce timber in the Brrrad h 
region. 

Grass is abundant in the Bmad Psgs region in the places best 
suited to its growth. Tha lower parts of wide valleys and the grav- 
elly flats of the larger streams am not such places, and is smly 
found there in large amount. It grows l u ~ t l y ,  however, in 
many mall valleys near timber line or at aboat the elwation where 
wiElows and aldem thrive be&. Steep bmks along streams, the faces 
of benches on hill ~lopm, ahd the protected angles at their bws  are 
commonly covered with a fine carpet of ~ R S .  On the w a r n  or 



ChuEtna side of the area under discussion the tall grass called red 
tbp grows and forms the matted tangle of stern so commonly en- 
c0un-d in the Cook Inlet and lower Sasitns region. It d- not 
grow so luxnrisntly, however, as in that region and is not so widely 
distribu&d on the eastern or upper Susitna side of the area. 

I3mch grass, as it is common2y a l l d ,  grows on many dry, gravelly 
flats. It cures on the stalk and is valunble as horse feed long after 
frost hm killed the more luscious, ranker red top. T h e  individual 
plank have the habit of growing somewhat apart h m  one another 
with bare spnces between, and in the spring the young blades came 
up through 8 base of old, dry, matted stems, building up e little 
clump of gram, which is raised above the surrounding pound level, 
This takes place year after year, and thus aro formed the charac- 
teristic bunches from which the grass gets its name. 

The date of the first appearance of p a s s  in the q h g   depend^ on 
the locslity and on tho melting of the mow. It is a custom of the 
miners on Valdez Creek to turn their horses loose when the freight- 
ing is finished and the summer's wmd supply is gathered, and t~ 
provide them with forage as long as they will return to the camps 
for it. The h o r n  prefer the young, tender grass and rushes that 
they h d  on the bars of Susitna Rirer to d q  feed, and in most years 
will not mturn for hay and oats after the 10th of May or thembout. 
The spring of 1918 wms an exoeption to this d e ,  for the horses had 
to tm fed for 10 days or 2 weeks longer than usual. 

Graw grows rapidly in this m ~ o n  when it has once started, and 
by the Id of July it it large enough to mnke gtmd forage. It is 
killed quickly by the early fnll frosts, so that by the lOth of Sep- 
kmber it is necessary to provide stock with feed other than that 
furniahd by the country itself. 

Several species of l ~ i n o u s  plants that are h o r n  by the 
general n m e  " pea vine '' p w  on pave1 barn of the largr streams 
and in a few places on the hill slopes. They furnish a most nour- 
ishing fd for stock in the late summer and fall. Horses are ex- 
ceedingly fond of pea vines and mill  leave any other forago for 
them, yet they will scarcely touch the plants early in the wmmer, 
before the seeds have ripened. Pea vines grow Iuxuriantly on the 
lower part of Jack River and are more abundant there than in 
any other place known to the writer. 

SsveraI kinds of berries are native to this region. Of these the 
blueberry is the most widespread and abundant. It thrivw best 
near timber line and furnishes a welcome addition b the diet in 
Augusk A few currants and "low-bush cranberries" were found, 
but hardly in d c i e n t  quantity to satisfy the appetites of the party 
at one meal. The scarcity of these 'two kinds of fruit was unex- 
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phi, for both nre 1mUy plentiful farther muth, in tha Copper 
River and Susitna River basins. 

G m . - T h e  list of game animals wittmble for f o d  or bearing fur 
in the Broad Pass region includes moose, caribou, sheep, bear, w o t  
verine, and fox Among the smaller fur-bearing animals are otter? 
mink, martan, muskrat, the so-called ermine ( w a ~ l ) ,  and the 
'' parka squird?' Ptarmigan are the chief game birds, althougll a 
few grouse am found in the timbered are=. Trout and grayling " 
are plentiful in many of the dear-water streams and the lakes. 

The Indiana of the upper Susitna spend a large part of the year 
hunting on Jack River and on the Yanert Fork of h'enana River. 
These two localities are considered the choice hunting grounds of ~ 

the region, m d  'Ilanert Fork is the better of the two. Formerly the 
lower Sugitna naflves also hunted in the Brmd Paw region, miming 
into it by way of Chulitna River or ths vaIley leading northeast- 
ward from the head of Indian Creek. l3road Pass itself e m s  to 
have been the northern limit of their territory. 

Before the discovery of gold on Valdez Creek the upper Susitna 
natives depended on the country for most of their food and clothing. 
Valdez Creek was a favorite hunting ground; in fact, the native 
name for VaIdez Creek {Galena, accented on the first syllable) . 
signifies a river whem game abounds, After mining began, how- 
ever, large e l m e  practically disappeared from the creek and also 
from the head of the Susitna, whem Goth moose and caribou were 
formerly mmmw. 

Moose are now fomd orxasionally in the upper Chulitna Vdey, 
and they som~thnes come up Svsitn~ River from the. Towlands 
west of Copper River and travel I~tween the Susitna and Chulitna 
rivers through the Nenana Valley. In Chditns Vsllqp they are 
rarely disturbed by white men. 

Caribou travel over nearly aEI of the region md may be seen in , 
almost any part af it at some time during the year, but according 
to the miners of Vafdez; Creek they rarely come to the Susitna flats 
of late yeara Yanert Fork, Jack River, the valley between Yunert 
Fork and Nenana River and the vicinity of Broad Pass are f worito 
feeding grounds of the caribou. 

Mount& sheep, ~ i t h i n  the mapped area, are h o s t  restricted to 
the Yanert Fork of Fenana River and to the eastern branches of - -  
Chulitnrr River. It is not understood why they are more numerous 
on the north slopes of the Naska Range than on the south s10p1, 
but no sheep were seen on the south side of the range except on the * 
branch of the Chulitna heading against the upper part of Jack 
River, where they appear to  numerous. 

Se~eral, brown beam were &een on Yanert Fork and Nenane River 
by membem of the Survey parties, but the evidences of bears were 



not plentiful in other parts of the region. Two wolvarines were mr- 
prisd one morning on the Middle Fork of Susitna River, an uncam- 
mon aight, for the wolverine usually manages to keep himself hid- 
den in summer. Foxes were seen in different parts of the region, 
among them one black fox. The other fur-bearing ~nimals that 
h a ~ e  beebeen mentioned, except squirrels, which ara numerous and 
widely distributed, are known from the skins in the possession 
of the white men land the natives. 

Ptarmigan are abundant in all the Broad Pass region. They 
frequent the willow thickets in the upper parts af vsllepa and on 
hi11 slopes. Their pedinr cry was often heard during the mn- 
mer, especially in the earIy morning. During the nesting season 
several broods of chicks were found almost every day. 

Two kinds of fish, grayling and trout, abound in the clear matcrs 
of this region. Salmon does not. ascend Su9itna River above tho f 811s 
a few miles east of Indian Creek-at l e s t  it is so reported by pros- 
p t o e a n d  no salmon were xen in the upper Snsitna by the 
Survey parties. It wns not learned whet.her they ascend Chulitnn 
River or whether there, ton, they ore prerented from doing so hy 
Borne natural obstruction likc the IaIls of the Susitna. 

Most of the grayling caught dnsing the summer were taken from 
deep, sluggish streams They were large and very darlr, almost 
black in color. The meat was white or pinkish and rather dry. Butto 
Creek, Deadman Creek, md Jack River are good grayling strema 
Their waters are clear, for their sources are not glacial; &h avoid 
the milky glacier water. 

Trout were taken from the clear-water streams but are most 
abundant and reach their greatest size in tho deep lakes, such zts 

Butte Lake, which has long been known by the Indians as good 
fishing water. d large trwt from Butte L~~lre is rcported to have 
weighed olTer 30 pounds. The tackle camrnonly used for  these &h 
is n heavy hand line and a large hook baited with the tail of a 

€PY bc!* 
Pp&iom.-The Broad Pass region has no permanent settle- 

ments, either of white men or of Indians. Abut 25 whites were 
enffaged in mining on Valdez C m k  in 1913. Tbesa men stay on the 
creek for half the year and all but one or two go to the toad or out 
to the States in the fall. They, together with the prospectors of 
the Wood River district north of $he Alaska Range, constitute tho 
white popnlntion near& the Bmmd Pass region. 

The Indians who hunt on Jack River and Yanert Fork also have 
their cabins on Valdez Creek Formerly they lived in the vicinity 
of Tyon River and the big bend of the Susitna, but within the lnst 
few years have moved to Valdez Creek and established themselve9 
there in order to  tmde and obtain the white man's supplies more 
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easily. Some of the miners on Valdez Creek take in exbra supplies 
of growria, tobacco, and ammunition for this purpose. Before 
the discovery of gold on Valdez Creek the Tyon River Indians were 
more independent and saw much less of white men than now. They 
made ycnrly trading expeditions to Cook Inlet and carried their 
contributions to the Russian Church or took their children to be 
christened by i t s  priests. Practically all their supplies and clothing, 
except tea, stlgar, arnm~mition, and a littIe cloth were obtainad by 1. 

hunting or fishing. The upper Susiba and the headwaters of 
Nenana River, together with the immediate vicinity of the Tyon  
Lkkes nnd Tyon RE\-er, where the chief lived, beIonged jn their + 
hunting grounds. 

At present the natives stai in their cabins on Valdez Creek until 
early July and then Ieave far the hunting grounds to q w ~ d  the 
munmer and kill game for the winter. They start out with a smeII 
canvas for shelter and a few suppliaq like tea and sugar b sup- 
plement the diet of meat, fish, and berries that will constitute their 
chief food supply until t h y  retnrn. - 

Somo of the younger men are employed by the miners on Valdex 
Cwlr for different ltinds of work and nre found to  do fairly well 
except in the matter of attendance. It often happens that they are 
absent when mast needed, even after they have promid  faithfully 

. to  be on hand. Experience hes taught the miners that Indians wiU 
not work contentedly unless they are given occasional opportunities 
to spend a day or two in hunting or fishing. Some of the yomgo'er 
men am kclined to gamble away their wages or ta raroid work in 
the hunting sewon, feeling that inasmuch as most of the: money they 
aasn goes into the generul family fund mther than into their own 
pockets, they receive no particular benefit from it. The older men 
nm less disposed to work, a thing they have never been trained to  
do, but src more careful wit11 the money they receive. They have 
been allowed to take what gold they can get by panning on cedain 
of the Valdez Creek claims and obtain a considerable amount of the 
white man's supplies with the proceeds. 

s m n m u m w .  

k r o g i c  Map a d  Summsrg of Formatfona. 

The distribution of geologic formations in. the Broad Pas region 
is represented on the geologic map (PI. 11, in pocket} ~ccompanying " 
this report. Inltsmuch as the field investigation was merely a recon- 
naissance, this map shows only the broad general f eatums of forma- 
tion distribution and lacks the detail that a longer perid of work 
wodd have brought out. Yet it is believed that some of the forma- 



iion bonndaries are shown with almost ns much aecnmq as the SCBIB 
of mapping permits The earlier map by Brooks "BS been used 
in extending the coIors of the p-t map from the canyon a few 
mi le  h l o ~  the Jack River on the Nenana fo the mouth of Sanert 
Fork. This part of the region was not visited by the geologic paw 
in 1913, although it was sumeyed b p o g a ~ h i a l l y  by Mr. Badep. 

T h e  geology of the Brmd Pas region may be outlined as foIIows: 
The mks consist chiefly of folded and more or less metsmorphosed 
sediments intruded by lsrge bodies of granular igneous rock and 
associated with sxtentiive lava floms. The sediments inchile schist, 
slnte, shale, sandstone, conglomerate, and limestons, a11 of which 
show rn&amorphism in some d e p ,  expremd chiefly by schistasity 
and silicificntion, although parts of the oldest as well as of the young- 
est appear ta be little altered. They ran@ in a g ~  from Devonian to 
Eocene and @b2y later Tetiary. All the consolidated sedimentary 
formations show folding and faulting, and some of tlm more recent 
show alm& as much alterfition ns the old&, so that metamorphism 
is not everywhere a safe guide in determining their relative ages. 

me panitic rocks intruded into the wdimentary formations 
include gmnite, quartz rnaneonitc, quartz diorite, nnd olivine grrbbro. 
The p n i t e  is locally associated with coarse granite porphyry and 
with rhyolitic, trrtchytic, and andesitic Int-as, Basaltic and nndesitic 
lava  with tufiamus beds having no evident connection with the 
granular i n h s i v ~  are also present. The igneous rocks rmge in 
age from Jurmsie or earlier to post-Eocene. 
Much of the h a d  rock of the nrond Prim region is buried under 

unoonsolidahd deposita that include sand, gravel, morainal d&bria, 
and unsorted rock waste from many sources. This whole region has 
been profoundly daciated and exhibits all the common evidences of 
glaciation in mountrtinous nnd piedmont area& (& Pis. 111, B, 
p. 8; IV, A and R,,p. 12; and VXTI, B.) 

The strntigraphlc positions of the sedimentary formations repre- 
sented on the map rtre shown in the f~l lowing table: 

OeeroM column ot the R W  P M ~  mgfon. 

Qnattffnary : 
1. Rtrcarn mvela, 8 a n d ~  slltt!, and u n m w  rmk waste. 
2 GEaclal m v e l s  and morainal deposits 

Tertlam : 
1. -Shale, mnd*ne, and congtomerabe, more or 1- iadnmkl. 
2, Cnntwcll fomatfon, mnalstlng of mn&ve mglomeratu, Ln 

mrt schiWose, and finer-gmlned clnsdea, mostly mud- 
atone, with fntercnlzlterl beds of graywrrcke, argllllte, 
carbomcwna shale, and slate carrying leaf impressfona 
of F m n e  age. 

B - L ~  & FL. The Mount Mcglntey AImh : U. % b1.8aff*r  hoi. paper ?a, 
PI. 0, m 1 ~  
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UndiFlwentfatea Memmic ?) : 
Slatem, arglUItes, grapmke, and tbln-Wded Ilm&one, d l U e  

Ing widely in clomesa of folding nod degree of meta- 
morpbIsm ; more or l e s  ~Ll#dfIed In pitrt. 

Jnmmfc ( ?) : 
Closely folded, dark-blue date wIt7.k b d a  of canglomerute, m y -  

wacke, and impnre Iheatone, more or lesa altered; well 
exposed on upper Jack River and in the mountains math 
of Broad Pass. 

'SslassIc ( ?) : 
1. Slate with Intercalated beds of coarser mdirnenta (gray- 

wacke, arkom?, and simllar rocks), clos&ly folded and 
In pnrt gchigtose (Upper Trlasalc?). 

2. Baak lava flows with tuff beds 
Deronliin : 

141me&me, lmnlly FlllIdAed and metamorphd,  with slate and 
h rnaahed conglomemte {Middle or Upper Pevonlan) . 

DEVONIAN R W X S .  

A belt of rocks consisting of limestone, slate, and a minor amount 
of altered conglomernte is exposed along Jack River in the lower 
b a a  and mountains that  lie between the eastward-trendw Nenana- 
Chulitnn VdIey and the main ridges of the Alaska Range. This 
belt ia nbbout 5 miles wide in this vicinity and lies pardel  to the axis 
of the range, extending almost directly east and mest. From Jack 
River it was traced eastward nearly t o  the Nenana Glacier and west- 
ward for 5 or 6 m i l s .  Its continuation 10 miles or more f a d e r  
west is i n f e d  from the appeerance snd form of the mountains 
north of Broad Pass 

The limestone appears in large exposures, locally forming whole 
ridges, and is more or less metamorphosed in all places where it was 
examined, yet in some places is not altered enough ta destroy or even 
to injure the fossils contained in it. The most thorough nlteretion 
obsemd is thrtt by silicification, which in p l a w  hns gone so far 
ns almost to hide the identiq of the rock. Recrystallization of the 
calcite into marble has not occurred extonaively, if at  all, not even 
near intrusive masses, where it might well be expected, although the 
metamorphism in such places is more pronounced than elsewhere. 

Slates and conglomerate are mmciated wi+h the limestone, the con- 
glmemk being mashed and in places schistose, nnd these rocks have 
been closely folded and for the most pnrt stand at high angles. The . m 

bedding planes are not recognized eaaly, but the general  trike of 
the beds is indicated by the 'coum of tha 1il.oRstone ridges and by 
that of the belt itself. 



The D~~vonian rocks are intruded by granular igneous masses, 
which b ~ e  probably caused the silicification of the limestone. 

! h a  m b  that have just been described a m  d w d  together on 
account of their mntoal structura1 relations and their positions with 
reference to adjacent formations Fossils wew fwnd in a limestone 

C bed on the Bast side of Jack R i ~ e r  at  the point whem that stream 
l imns westward after impinging on the end of a low ridge north of 
the old Nenana-ChuEitna river valley. At this locality a vertical 

L; bed of limestone is included between wdls  of slate and in one plam 
mashed conglomerate. The fossils cullected were identified by Ed- 
win. Kirk, who pronounces them Devonian, to which perid the 
limestone ia therefore referred. Kirk's report follows : 

Noa. F13 AP36; El8 M I .  Imality, dght bnnk of Jack River, about 8 mUea 
above mouth. 
Oladopoca sp. 
Cyathophyllum sp. 
Syringopora np. 
IDiphyphyIlnm T ap, 
Martrnia cf. main (Uilllnger) . 
Eeticnlnrln ? sp. 
hxonepa sp. 
Naticopsis sp. 

PlenrotomnrI~ sp 
Enomphalna ap 
TentacuIIEes ~ p .  

Orthwrns  ap. 
Rfodfomorpb~ m, 
I~perditia 
Proetns (mme aa that reierred by 

Kindle to Irald& Rall). 

Owfng to the rather poor prwrvatlon of moRt o t  the apeclmea~ and to the 
Pact thnt In lnrge part the foaalls represented nre undmrfbed, it Is not p d b l e  
to glve ~pecidc determinntlona. Tile mtiterial senders powlbl~, however, a 
fairly acmtrate nEe determination, and tl rough correlation wlth other aepositee 
3n Alnskn mny be mnds. 

Thls collection probably mpwmts the mme general 8tmtlgrnpbfc horimn as 
that deacrlbd by R m k a '  in hls report on tbo Mount Mclilnley regjon. Similar 
fannaa hr~ve n1m h e m  collwted an the mntb alda of Freshwater B R ~ ,  Long 
IsTnnd, nnd on Porcupine River. Jrlenttclil s ~ w i e s  mlir In thls collection nnd 
In the mllrctlon~ mntle hy KlndIel in the  8aln1on Trout Ilmef3tone on the Porcn- 
plne. It in f n tewt inn  to note t h ~ t  an n~pnrently Identicnl fauna ~ R B  hen found 
on the muthem shore of Grent Slave Lake. I hnvo examined a mall mlIection 
from tbla ImlEty nnd I t  contatna identical species. 

The general 8tmtlpapttIc horizon of the mnterial l a  probably upper Middle 
Deoonlnn, or el* lower Cpwt Tkteronina 

F&Is were mot found in any of the other rwh mapped as Dev* 
a nien, and future work mag possibly show that some of these beds 

belong to other systems than the Devonian. Possibly, too, some of the 
+ mcks in groups referred to later systems may be Devonian, but it - is not believed that any p a t  error of this kind has been made. 

Rocks of nenrly the same character and age am found in the Alaska 
1 Etrooko, A. n.. Thq Mount McKinley -oar Maah : U. 8. Qeol. Survey Prof. Pager 

74 P. 78. 1012. 
a B r m e  A a&, and Kindle, E. M.. W. Sm. M c a  BUR. voL 19, pp. 277-201. 1908. 



Range mnththw& of Broad Pass, notably near the head of Kmko- 
kwim River.' Such rocks have also bsen mapped between Yukon and 
Tanane rivers.? Devonian rocks have not been observed in the 
Alaska Rmge cad of Susitna River, but they have been fonnd' in 
the Xutzotin Mountains. 

Meeo&oic ItoEka 

Two kinds of rocks in the Broad f asg region are tentatively re- 
I' femd to the Triassic. They are the basmltic lava flows in the south- 

eaatern part of the region and the slates that adjoin the 1wa flows 
an the north, Neither of these formations is known dehitely to be 
sf Triassic age; no fossils hare been c o l l ~  from them, and their '4 

provisional assignment to the Triassic is based on seeming &mc- 
tural relations and other consideration& 

The lavas that are hem htativety assigned to the Triasic forni 
the ridge of mowntains south of Butta Creek in the southeast part of 
the mapped area Thm mountains form the western end of a minor 
ran@ of fnonntains that flanks the Alaska Range between Susitn~ 
River and the vicinity of Galkana Lake. This renp  is made up 
principally of b a d t i c  lava flows, with which are amxiatad andesitic 
flows and beds of water-laid tuffaceom material, 

The l a ~ a  flows south of Butte Creek were examined carefully at 
only one locality, sonth of Wickersham Creek, so that it is not 
possible to say with certainty that they cormpond in all respects to 
the sirniIar rmlts east; of Susitm River, but no reason is known fop 
assuming that they do not: At the locality near the mouth of Rutte 
Creek t<e momta-& are composed of thick flows of basalt that has 
andesitic phases and that is in part ~mygdaloidal. Specimens 
from the outcrops of the rock are dark greenish, have a medium to 
fine-pined texture, and contain feldspar, pyroxene, and more or 
less oIivine. Joint planes rand slickenaided surfaces are abundantly 
developed in the lavaa. Loose bIocks on the talus slopes show 
cosmer phases of the rock than were Been in the outcrops. Some of 
this material has the appearance of gabbro, and some is ampgda- * 

loidal, the amygdules having msximun diameters of 1 inch snd con- 
sisting of olivine, surrounded in places with a zone of zeolitic mete- 
1 .  Serpentine is a common alteration product in the basalts, and - 

1 Bmoks, A. H., The Manat Mckfnley reqlon, ATaaka: U. S. &oL ~ H W  Pmt. 
70, pL 9, 1011. M a d d m ,  A. G., U. 8. Qml. Snmep Bun, 410. pp. 50-51. 1910. 
1 Braoka, & H., op. dt. Brooks, A. H., and Kindle, E, X, op. clt. 
a Cappa. 8. R., Mineral remanwe of the Chleanm-mite Rlver dlmMFt. Ah*: U. S. 

-I. snr~eg m i .  822. m. 18~228, isla 



MESOZOIC ROCKS. 27 

at mmy p l a a  appem as small veins. . Fine-grained tuffs and tuffs- 
ceoullr conglomerates were not seen at this place. They are well devel- 
oped south of the Roosevelt Lakes and at other places east of Smitna 
River studied by ths writer in 1910.l By caeful *arch tuff aceom 
bed8 may be found in the mountains south of Butte C m k .  

The stratipphic pasition of the basaltic lavas with reference to 
the slates north of Butte Creek has not been clearly determined, and 

- the geologic conditions in this locality are unfavorable to exact de- 
ternkination, for tho l a ~ a s  and slahs are separated by the wide valley 
of Butte C m k ,  and the contact of the formations is hidden under 

br - gravel deposits. If the slates north of Butte Creek can properly be 
correlnted with the Triassic ( 3 )  slates and limestones south of the 

. Roo~vel t  Lakes, the basatts may underlie thase slntes, for the best 
e~idenca indicates that they underlie the slates in the Roesevelt Lakes 
district.* On #a other hand, the lava beds south of Butte Creel< 
have a gentle southeaskrly dip at tho locality visited, which does 
not appear to corroborate the evidence found in the Roosevelt Lakes 
district, and suggests either n fault between thc laras and slntes or a 
reversal of dip of theJava flows in the part of the Buth Creek vaI- 
Icy floor that is buried under the gravel deposits. The inclination 
of the lava beds, however, furnishes a suggest;ion as to the thickness 
of the flows exposed in this locality. A calculation based on the 
m p t i o n  t ha t  the gentle dip remains fairly constant in the north 
ern part of the mountains south of Butte Creek and an the lmown 
elevation of the highest mountains gives a thickna of 3,500 feet; for 
the flows in this locality. 

As has baen stated, the lava flows at n number of places east of 
Susitna River am associated with argillites, tuffs, and tuflaeeous 
conglomerates, indicating that repeated outpourings of lava were 
separated hy intervals of time in which water-worn material as weU 
as angular material produced during volcanic outbursts was depos- 
ited. Possibly some of tho lavars may have been poured out and 
cooled under water, but of this no direct evidence was obtained. 

The age of the basaltic lava  has been determined from evidence 
afforded by other regions and is not certainly hown.  Near the 

*a rnoufi of Eureka Creek, a tributary of Delta River, the lams seem 
to overlie Carboniferous sediments.' In the district btwesn Clear- 
water Creek and the Rosevelt Lkes  the lavas seem to overlie ~ d i -  

t menh of probabIe Upper Triassic age. In both these places the 
uncertainties &rise not from the present pmitions of the rocks, but 

f Mom€, F. a,, Eeadwater regtone of Gulkam and Wltna ti-, Alaaka: U. Ml. 
Survey Bull. 493, p 29, 1913. 
' Idem: p* 80. 



from Mculties of interpretation mused by folding and faulting. 
The evidence cited indicates that the basaltic lttvas of the G u k -  
Valdez Creek region were extruded either in late Carboniferous or 
early Mesozoic time, before the Upper Triltssic sedimente wem , 

depmited, 
In the region muth of that under d i s h o n  most of the northern 

hdf of the Talkwtna Mountains is made up of rocks, largely volcanic, 
which am described by Paige and KnoQf as consist;ing of rtndssitic a- 
greenstones, dacitea, rhyolites, and associated tuffs. Brooks' cor- 
relates these rocks with the Skwentna group of Spurr. Their Lower 
Jurassic age is indicated by fossils a collected from similar tuffs in the r- 

Matanuska Valley. LithologiceIIy the I a n  flows south. of Butte Creek 
resemble the flows to the east more than those of the northern Tal- 
keetna Mountains, but the nearness of thsse mountains and the fact 
that Lower Jmsssic time is h o r n  to hare been characterized by vol- 
canic activity in this part of Alaska make it neaevswry to consider the 
evidence carefully. The  basalt^ of Butte Creek bear a close r w m -  
bImm to the Nikolai greenstone of Chitina Valley and to green- 
stonw exposed h some other parts of the .Wrange:ll Mountains. 
The Nikolai greenstone is a great s e r i a  of basaltic lava flowa, at 
least 4,030 feet thick in the Nizina district. Its upper age limit is 
debmined by the Chitistone limestone, which overlies the green- 
stone and was deposited in Upper Triassic time.4 !I316 lower age 
limit is unknown, but evidence has been pmnted tending to  show 
that it can not be below ths uppermogt part of the Pennsylvanian, 
in which case the Nikolai, greenstone is of late Carboniferous or 
Triassic age. Some reasons appear, therefore, for mrrelathg the 
Nikolni greenstone and the basaltic flows of the Qulkana-Vddez 
Creek, region, but no evidence has been found in either rragion which 
would warrant a ddnits assignment of the lsvas to either the Car- 
boniferous or Triassic period. In discussing the geologic column 
of the upper Susitna-Gulkma district the l t t ~ a  flows were described 
sa of ~ a c b o n i f e r o ~  or later age? but tho unmrtaintg concerning the 
relative stratigraphic positions of the lava flows and slatas on Butte 
C m k  maIres it dviwable here to indude the lrtvas among the 
Memaoic formations mther than to a m  them to  the Carboniferous. 

IPalge, Bldaey, and m i ,  Adolph, Gaaloglc wconnals~ance In the Matanuab aud 
t 

W k e e t a a  bn~lna. A l a h  : IJ. 8. Qeol. En- RuIL 827, p. 18, 1W7. 
* Emoke, k A,, The &fount Mc&lep redon, Alaska: U. 8. Geol. B m  Prof. Paaer 70. 

p. 85, 1911. 
a Martln. a. C., and Bab, F. X., 0t.oIog~ and coal ilelds of the lower Mntannaka Valley, 

Alaska: ZI. 9. Geol. Elurvey Bull. 600, pp. 29-32" 1812. t 
4 Moat, F. H., nnd Maddrea. A. CZ., Mhcrnl rresonrceg of the Kotsina-Chitlnn reglm, 

AlmRa: U. 8. Gwl. Bnwep Bull. 874, p, 27, lorn. MomL F. 8., m d  Cnpm 8. R., 
Cfeotom and mineral rcmurees of the Nhioa dlatriet, Alaaka: U. a. Qwl. Suryy Bull, 
445, p. 2B. 1911. 

a YoaBt, F. H.. Beadwater reglon~ of Qulkana nnd B n a i b  rive- Alaska: U. & Geol. 
S m e y  Ball. 498, p. 22, 1918. 



The sedimentary rocks tentatively assigned ta the Trirtssic consist 
prevailingly of dark-blue and black slates, but include interstratified 
beds of arkom and graywacke. Although na section of these rocks 
was: measured, their thickness is probably considerable, p k b l y  
-ting to several thousnnd feet. They are clmIy folded and 
show difierent degrees of mebmorphism. b u y  the argilliw and 
arkose have been changed to phyllite and schist. Dikes of granitic 
and andesitic rock cut the beds and large masses of granite and 
diorite invade them. Tho Triassic (!) sediments form a belt 5 or 6 
miles wide, epscated fmm the lam flows on the south by the valleys 
of Butte Creek and the eastern fork of Watana Creek. They are 
regarded aa a westward extension of the Triassic data exp0sed.b the 
Valdez Creek district1 

Dark-blue or black sfate is the predominating rock of this group. 
Most of it has well-developed slaty cIeavagc, and splits with a 
smooth plane aurfaco. 'Shere is some rnriation in the perfection of 
clearage, however, for in places the rock shows little tendency to 
split and in other8 it splits with a mom or lem uneven crinkly sur- 
face. With increase in size of tha constituent particles the slate 
p d m  into arkom or pymacka .  Such gradations are m a t  notice- 
able where the strike of the beds is cros.;ed, yet if individual beds 
are traced along the strike for sa, considerable distance the change 
in marsenem or fineness of p i n  would probably be  teen to take 
place in that direction also. 

The mxlarssr sedimentx are distributed throngh the slate in com- 
paratively thin beds. They are finely granular and dark pay.  
Most of them are made up of small fragments of quartz, feldspar, 
and dark minerals of several kinds, but in plaw the dnrk minerals 
are lacking or are presmt only in smaU mount, so that this phase 
of the rock should be called arkose rather than p y w a c k e .  h n l l y  
the grapacke beds hare become schistose. A specimen of schistose 
p y w a c b  mUected near Butte Creek was found under the rnicro- 
scope to contain grains and granulated areas of quartz interlaced 
with mricita Amociatd with the quarts and saricite are subangular 
fragments of feldspar, both orthoclase and plagioclase, and a few 
shreds of biotita and altered hornblende. The quartz shows undu- 
latory extinction. 

It is not yet possible to detmmine even ttpproximately the thick- 
nesg of this group of beds of slate and p p a c k e ,  for pressure has 

- - 
I M d t ,  P. &, Headwater regiana of Gulkma rnd Flnaftmm rlmm Maaka : U- f.. Owl. 

8urvey Bull. 498, pl. 2, 1012. 



thrown them into close folds and faulting bas still fnrther k p l i -  
cat& their structure. The observer crossing their strike probsbly 
meek the same bed several time& yet beds of this group danbtless 

* 

m m  hundreds or, more Likely, thousands of feet. 
The pressure that folded these beds gave rise to other metamorphic 

changes, which, however, sre not constant throughout the formation, 
as may be seen in the lack of cclevage; jn some of the rocks and the 
schistom nature of others. The folding of the M s  was accompanied i 

also by more or less faulting, but how important a part faulting 
plays in the struFture of the M s  and their relation to other forma- 
tions is not h o r n .  t 

Quartz veins were developed Imxlly in the s f a h  and graywackes. 
They show little or no mineralization, but may contain sr small 
amount of goId, for the stream gravels within the slate eom- 
mody yieId ~r little placer gold when pannecl. 

A wide variation in the strike af the beds WM noticed. The com- 
pass medings mge from N. 20" E. to K. 80' E., but in @em1 ar6 
about N. 70" E., which is the trend of Ithe belt itself. Them is some 
diffeerence, however, between the prevailing strike of the b d s  in 
the eastern and western parts of .(;he mapped area, for in the western 
end of the belt the strikes become a Little more southerly. The 
prevaiPing dip of the bedding is northwestward and is steep, ~ b n t  
80". Tho observations suggest a serim of close folds, slightly over- 
turned t~ the southeast and ba~ing the samg @nerd trend a5 the 
Alaska Range in this region. 

Th.e exposed Triasdc ( 1 )  sediments are separated from the lava 
flows on the south by a wide gravel-floored valley and are bounded 
on the north either by intruded granitic rocks or by gravel depos- 
its, so that no contact between them and older or younger sedimentary 
formations was seen. Some evidence has been advanced to show 
that the Triassic sediments of Coal Creek and Clearwater Creek in 
tbe Valdez C m k  district rest unconformably, either by deposition 
or because of f d t i n g ,  on the lam flows.' If the uzlconfonnity in 
that district ia  one of deposition, then the conditions are different 
from tho= in the Chitha Valley, whem in many places Triassic 
d i m e n t s  of the same age as lis~hose of Con1 Crwk & conformably 
on the underlying lava flows and give no apparent evidence of an 

Y erosion interval between the two forrnation~ The known facts 
clearly do not warrant a definite Btstement regarding the relation of 
the Triassic sediments to the older formations. If the belt of lava 
flows crossing the Valdez Creek and Broad Pam regions proves to t 

be of Carboniferous age, the Triassic { B )  sediments probably lie -on 
them unmnformably. On the other hand, if the lavas are of Triassic 
-- - - -. 

I MoiEit, F. H., neadwater reglona of Gulkana and Bunitna rIpera4 blaeka : 0. & Geol. 
Survey Bull, 408, p ~ -  80, 31, 1012, 
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age, then a similar relation of sediments to lava flows n3 that in 
the Chitina Valley may be f w d .  
Tbe slate and graywacke of this group has been intruded by dikes 

of granite and, lem commonly, of andesitic roek. Small pegmabite 
dikes were seen in mashed and partly silicified slates at on0 plnce 
near the momnite intrusion north of 'RTachana Creek (PI. 11, in 
pocket). The slate here is exhnsively mineralized with pyrite and 

3 probably carries a little gold. A mile to the soutbe&8t;, at the border 
of the monzonite mass, the metarnorphd slates contain dikelike 
intrusions of fine-pined biotite-hornblende gmnite, dioritic phases 

9 of the mrna rock, and rhyolite porphyry, A large dike of diorite 
crass- Wickemham Creek about 3 miles from the mouth, and as it 
is mom resistant than the inclosing slates, it has formed a waterfall. 
These dike rocks and th0 large intrusive mams of granite and 
monzonite, with which they a re  probably closely connected, will be 
discuad in ithe section on igneous mch. 

The slate and graywacke formation immediately north of Butte 
Greek is the westward continuation of a formation well exposed enst 
of S u s i b  River in the mounhina south of T7aIdez and Eaosevelt 
cmks, about the hend of CIearwnter Crsek, and on the head of 
West Fork of Maclaren River. Fossils collected from limestones and 
shales in the lamer part of this formntion show that the beds were 
laid down in Upper Triassic tima nnd are equivalent in age to the 
Chitistone limestone md McCnrthy shale of the Chitina Valley ' 
and to the Triassic limestone of the Nabema River region. 

The Upper Triassic dimentary deposits of the Ghitina Valley, 
the Chitistone limestone and BlcCarthy shale, haw a thickness of 
at lead 5,500 feet in the Nizinn district. The MeCarthp formation, 
which overlies the limedone, has a thickness of not less than 2,$00 
feet and is composed almost entirely of shale or, more eccurateIp, 
of slate, except a cornparatirely small part a t  the base, which is 
made up of thin alternat.ing beds of limestone ancE shale. 'The 
known Trimsic mks of the Xabesna district are limestone, but 
the limestone is ~ m c i a t e d  with a p a t  thickness of Mesozoic slate, 
pgwacke, add conglom~,rate that is in large part of Upper Jurassic 

.l age, buf may perhaps include Triassic d~.posjts also. Triassic de- 
pmits a n ~  not known in the Talkeetna Bfountains, but Vpper Tri- 
nssic sediments aro me11 developed on IZenai Peninsula and in the 

* Alaska Peninsula.* 
lMofBt, F. €I., and Cappa 8. R.. Gmlw end mln~ral  redources of tbe Nlalna dlstrIct, 

Alaska : 0. 8. Geol. lurrre!? Bull. 44R. m. 21, ?F, 1911. Bfoflt, B: R., and Kaovf, Adolph. 
Ylnersl rasourcm of tba NakambWhite Rlaer dl*)& Ala~lra: U. 8. Qcol. Survey BuII. 
417, p. 4'7, 1810. 

Stanton, T. W., and Martin, 0. C., MrsosnfC sedion on Cmk Inlet Alaska P d u -  
mla : Gml. Boe dmenclt Ball., vol. 16, p. 410. l s O 5  



The F Q C ~  fentatively referred to the Juradc are typically sx- 
pwed in the mountains south of Broad Pass and west of Jack River. 
These mountains are made up of clmly folded dark-blue and black 
slates interbedded wikh graywacka and conglomerate. h p r e  lime- 

d stone, more or lm altered, is interstratified with the slate and gray- 
wacke east of Jack River, but was not saen at  Broad Pass. The thick- 
ness of the beds is unknown, but is prabably several thousand feet. 
The relation of the group to older formations, too, has not been 
debrmined, yet is believed to be that of unconf ~rmity. In ddition 
to  being folded, faulted, and more or lms metamorphosed fies~ sdi- 
mentary deposits are intruded by large masses of gramdm igneous 
rock of granitic and monzonitic character, with which are e & t d  
rhyolitic lavas and coarse granite porphyry. 

Slate is the predominating rock throughout the group within the 
region mapped. The conglomerate, graywacke, and Limedame, how- 
ever, are not equally developed in all parts of the area assigned to 
the Jurassic. Limestone is more common in the eastern part and 
graywacke and mngIomeraB in the western part, there being ap- 
parently a progressive incmase in the coamnas of the sedimanta 
from the east toward the w& in this area, 

The slate for the most part is dark blue, but in places is black or 
dark gray. h I I y  it  is mrbonaceoue, It shows di%emnt degrees 
of metamorphism, ranging from almost m a l t e d  agillite to phyllite 
or schist. Much of it Plas a well-developed slaty cleavage, which is 
pmailingIy p d l e l  to the bedding but c r o w  it in places, probably 
in the bends of the folds. A much smaller proportion of the rocks 
d e d  slate might posibly be d&ed more accumteIy as schist. 
Ry an increase in size of the constituent particlcles the slate grades into 
graywacke. 

Th.e cong~om~mte occurs in beds of relatively hard, d e w  m k ,  
made up of well-rounded wahr-worn f r a p n t a  of silicified ~lmte, 
quartz, chalcedony, and altered lava, set in a groundm- of h i l a r  
material cemented with quartz, It is dark p y  and in p l m  has 
llndexgone considemb1~ metamorphism, the pebbles being ptmtched , 
and ths whole rock assuming some of the characteristics of schist,. 
The pebblas we commonly mal l ,  ranging from one-fourth inch to 
1 inch in diameter in most beds, yet reaching a diameter of 2 inchea 

I 

in other& On account of its denseness, hadnes, and the large 
amount of quartz which it mntaiw the a3n@omerate d m  not 
weather readily but breaks inh angular blocks and bgmmts that 
resist chemical aIteration yet are r e d 2  y attncked by Mmperature 
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ch- a d  ice. Jointing plays a prominent part in the breaking 
down at  the mnglomerate beds. 
. 'She congIomerate, like the slate, grades into p p a c k e ,  all three 
 type^ probably having derived their constituents from the same 
murce in some near-by Iand mass. Few of the cwgIomemte beda, 
so far g~ obmrved, exceed 20 feet in tbickam 

The p y w a c k e  is light gray to dark grltay, and is made up of fine 
* angular or subangular grains of quartz, feldspar, ltnd dark-colored 

rock fragments. A hand specimen of it shows amugh surfam and 
wugpsts a very coarse date but differs from alate h its poorer 
cleacage iand in the size of the constituent particles, which are 
readily distinguished by the eye alone. IsoIaM fragments of slab3 
from an inch to  aetTeml inch= in length are mmetimes seen on joint 
planes that c r w  the bedding of the graywacke. They attract notice 
through tb contrast of their dark color and large size as compared 
with the particles of the h e - p i n e d  groundmass in which they lie. 
Locally the gram rack@, like the slate and conglomerate, becomes 
somewhat schistose. The microscope shows that quartz fragments 
predominate over feldspar among the constituents and that sericite 
and chlorite are present. Feldspar of both the orthoclase and 
plagioclase varieties is also pressnt. Among the rock types repre- 
aented by fragments suficiently l a r e  to be identified am date, which is 
the most abundant, quartzite, and two or more kinds of igneous, rock. 
Those beds of graywacke that became flchistose lost much of their 
granularity md show the development of micamus minerals mch 
as wricite and chlorite. Undulatory extinction and shattering of 
the quartz grains am evidences of the pressure to which the rock 
hrrs baen subjected* Tbe scbistosa phases of the graywacke, never- 
theless, a n  usually be recognized as being derivad from rocks like 
the more massive, less altered phases. The graywacke be& exhibit 
gwt v~riability in thiclmess, ranging from a few inches to a thou- 
sand feet or mom Stmdy of the graywacka makas it evident that 
this rock diflers from the slate and conglomerate with which it is 
interbedded chiefly in the size of the particles that compose it and 
that it represents the mumulation of fine undecompod waste de- 
rived from s land mass not far distant, where the promses of 
degradation were prooeeding rapidly. 

V Limdone forms thin beds inhmtrstified with the date and is I@. 
common in those parts of the group whera pywmke and conglom- 
erate are most abundant. It was not seen weft of J~ck River but 

r may be present. The rock is impure and is dark p y  or black, so that 
at a little distance it i s  not distinguishable from the slate. In tha 
vicinity of intrusive mcks it has bean ailicSed and impregnated 
with pyrite. 

sm0-Bull ,  m-1- 



The thichess of this group of sedimentary beds is not h u m  It 
is evidently great, whahver interpretation may be placed on the 
structure of the p a p ,  and must be thousands of feet. The folding 
of the strata and the difficulty of determining reference beds made it 
impossible in the time available either to form a definite idea of the 
thickness of the b d s  or to  make certain of their larger structure, in- 
duding their relation to the older underlying formation~. They pmb- 
ably lie in a mccesion of close folds, slightly overturned, that 
the axial planes dip southward. The drike of the Seds rzlngw from 
N. 50' E. to N. 70' E. and is approximately parallel to  the axis of 
the Alaska range in this region. As has been pointed out the forces T 
that e v e  rim to folding also prcduced n cleavage in the finer grained 
clastics that is more or Iess weU developed in accordance with the 
character of the reck affectad and k t h  other conditions. Metamor- 
phism, of which slaty cleavage is only one manifestation, although 
perhaps the most nnotimable, is slight in some places, but proceeded 
so far in others that new minerals md new texturn such as ars 
seen in the schistom varieties of the slate, gragwacke, and con- 
glomerate, were i n t r d u d .  Not much faulting was observed. 
This wemirig rarity of fsulting is probably not seal and is due to 
the character of the racks afld the difficul* of recognizing faults 
rather than ta their absence. 

Stringers and veinlets of qaa- cut the beds but so f er as O ~ B -  

tion shoved are not accompanied by notable mineralization. 
The base of this p u p  of slatg p y w a c k g  and coxlgIonerate wm 

not observed and its stratigraphio position with reference to under- 
lying formations was not determined. It weme probabl~, however, 
that if the group is correctly refemd to the J d c  its relation to 
the near-by Devonian foranations is one of depositional unmnformity, 
for rwh of the intervening periods am not recognized in this vicin- 
ity although they are known in the &on. 

Granitic intrusive ma- of large size lie dj aoent to the group of 
slate, grapacke, and conglm~rate along the muthem border. In 
addition, the sedimentary beds of this group are intmded by dikes 
of rhyolite porphyry. Thsse dikq however, are not corn&, and ' 

seemingly are offshoots of the l~brger intrusive ma- Nu basic dilres 
were found. 

Between the head of Seattle Creek md Jack River the slates and a 

graywackes lie adjacent 4x1 an arm of acid lams which also are be- 
lieved t~ be direetIy related ta the large intrusive mams of granib  
The igneous m k s  are considered more M y  on pages 5 4 4 5 .  

The group of sedimentary formstions just described is well a- 
pased southeast of Broad Pass in the vicinity-of Jack River. h- 
cording to Eldridge l it extends sonthweatw~rd from Jack River to 

: Eldridge, B. A., A m n a a i s s p n n  ia tbe S n n M ~  h f n  and adjlrceat terrltnry, AlaBka, 
itt 1898 : V. I. Q d  Survey Twentieth Am. Rept, pt. ?, p. 15 and map No. 8, LmO. 
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Zedian Creek and mtinues thence down Snsitna River to a point 
about 15 mile9 above the month of Chafitna River. He gave it the 
name Sushitna dates" nnd d&bes the beds as quartzitic and 
varging in corrrsen~ from fine-grained to granular. He found the 
rocks extensively s h a d ,  the shearing being mmmpanied by the 
pPOductim of a partid whistose or slaty structure, and noted that 
locally them had k n  a marked crumpling of the rrtrata md forma- 
tion of numerous quartz veins, many of which conhind pyrib. 
F m  this description l i m e n o  evidently f o m  little if m y  part in 
the p u p  where Eldridge studied it, 

Thwe M s  atend northemtward from Jack River, forming the 
front af the mountains south of the old Nexlana V d e y  for about f 0 
miles, but giving wny to gravels and igneous rocks a fev miles west 
of the mouth of Wells Creek. Their continuation & of Wells Creek 
and north of Nsnana River is in doubt, although the mountains 
muthe& of N~enana Glacier, mapped as undiifemntiated Nesrr- 
zoic ( ? I  (PI. 11, in pocket), may include Borne of this p u p .  The 
mountains of this vicinity consist of date and limestone, commonly 
murring as thin beds interstratified with slate and forming a much 
larger proportion of the whole t h m  the simil er beds in the mountains 
east of Jack River and south of the Nenann. 

The group of Juragsic (!) sedimentary Ws that has been de- 
mibed indim& sedimentation under conditions that were UnStsbIe 
and changing with comparative rapidity, as is shown by the kinds 
of material laid down, the thinness of the beds, and the change, 
many times repeated, from conglomerate to pywacke,  from p a y -  
wacke to slate, from slab to limestone, or the reverse. The bed8 
prob~bly accumulated in comparatively shallow water near the shore 
of a land mass, whem atreams brought in B variety of material that 
d e m e n t  change in the manner of its deposition and in part nt 
let& accumulated as delta and flood-plain deposih. 

Zlra eadimemtary formations just described are refend tentatively 
and without the evidence of fossils to the Jurassic, as it is blieved 
that they are to be correlated with m h  of known approximate age 
in near-by districts. 

Previous work by Eldridge, Brooks, and Capps in the Susitna 
basin has shown that a belt of folded nnd more or less mst&maqhosed 
sediments extends along the flank of the Alaska. Range from 
Skwsntnra River to Jack River. This belt msy contain rocks sf two 
or more periods, but it consista essentially of slate and graywaeke in 
variable proportions with which are asmistad quartzite, smdstong 
and limcstma in minor amounts. 



On the lower part of Rahiha River, between S h t n a  md 
Ymtna rivers, Bmks found a belt of mks '' cornpod chiefly of 
black cnrboamus slab and phyllite, with some heatier beds of 
fma pymncke and gritT1 In this belt the foliated rmks w e  mnch 
more abundant than the massive ones. Brooks refers, all these mks 
to the Paleozoic, but says that "it is by no means h@ble that 
they may be bfemzoja" 

Northpest of this belt is another &It of similar rocler, laht 30 * 

miles wide, the Tordrillo farmtttian, which "consists of a series of 
cIosely folded and fa111td grits$ wdstone, and h e  conglomerate, 
topther with argEllite and a few layers of hne~tone."~ Massive 9 
grits and sandstone predominate in the lower part of the formation; 
nrgillite with subordinate sandstone members and a few limedone 
I~yem rnnkee up the upper part. Middle Jurassic fossils were ml- 
lected from M s  of the Tordrillo formation. On the wsst the Tor- 
drillo formation gives mther definite evidence of resting mamf om- 
ably on the slaw and phyllites of the Tonzona group (Devonian or 
Silurian). The TordrilIo form~tion also overlia the Paleozoic ( t ) 
dirnbnts ta tha soutbe~st and thus forms a broad synclinoriurn of 
cIosely folded Middle Jmmic ~diments. Large masses of graxlita 
and grandiorib and numerous dikes and silk of monzonite and 
rock of kindred type are intruded into the Tordrillo formation 

Capps found a series of d a h  and graywwkes extending north- 
eastward from Yentna River to the Ch~litnrt.~ He regards these 
beds as the northeastward continuation of Brooks's "andiffem- 
tiated Paleozoic" sediments of the Kchaha, and describes them 
thus : 

They con8lat chiefly or black to gray Islatea and phjrllites, fn many places 
carbonaceous, beds of graywacke, which range from ffne-grained ta c o a w  
mtty m c k a  In some places the rwks are massive, with aMllItes instead of  
slatea, but tbe foliated b e e  are much mom d d e s ~ r e n d  thtm the m a a v e  
tgpea.  It Is dittlcnlt to estimate jnst what proportJon of tbe wboIe wries is 
formed by the gramcke  beda Many milons show jpeat thicknesses of the 
s lab  phnws, dth very little gmpmche prewnt. At other lcmlltIe9 tbe 
gramackes preponderate, txmrdng Ln thick maaahe Beds that &ow Uttle 
follatlon or schl&ortlty and that are often mistaken by the miners for fine- 
grained Blke racks, whicb tlley closely r m b l e .  

Capps tnmd these beds to Tokichitnaa River, w i t h  10 miles of 
the. s lab- g ~ a y w a c h  ama, -st of Strsiha River described by 
EIdridg.e, and believed that a a d a t i o n  of the rda of the two 
areas justified. 

r 
' B e  H, The M m t  Mcginley reglon. &ha: W. I. Wl. snrPeJ Prd nper 

70, p. 87, 1911. 
*Idem. g. 87. 

clgm B. km~emmdlstrlct, blasts: D. T. aml. 8- IWIL m, PP. 2% 24 
f Bl8 .  



Eldridge t d  the Susitna slate from a point opposite the mouth 
of Tokichitna River to Jack River, snd says of it : I  

The beds are e8aentlalIy quartdtic, o a v l n ~  fn coarsenem of materlal from 
an extremely dne homogeneous rock to one of granular structure. In adclitlon 
Zo qua- there are mnsionul orthoclnm, plngiwlase, biotite, mumvlte, scat- 
ter& grains of iron oxide, and minute fragments of slate-apparently of t h  
aame natore arr the fine-grained slaten of tbe wries 3twIf. 

TO is evident fmm this description and from his field notes that 
EIdridge included graywacke pyroclastic diorih," as he called 
it) under the term date. Tho field notes also stata that he saw no 
dlfferenca between the rocks in the vicinity of Indian Crsek and 
Jack River except for mma intrusive m1m mar the head of Jwk 
River. 

A comparison of the formations in the districts described by 
Eldridge, Bmob, and Capp, and more particnlmrly a study of the 
geologic maps made by them, appears to confirm Capp's correlation 
of his alate-graywacke series with the rocks of the lower Kichaha. 
River and with Eldridge's Susitna slate. If this eorrdation is made 
it is necessary either to  consider the slate, graywscke, and mglom-  
erate formations of Jack River as Paleozoic or to p m n t  evidence 
in f ~ F O T  of the possibility m g w d  by Brooks, that the m k s  of 
lower Echatna River are Mesozoic rather than Faleozoic; and if 
they are Mesozoic, it is possible thalt Ithey may be correlakd with the 
upper or Tordrillo formation, and that the older Mesozoic (Trias- 
sic%) rocks of the B m d  Pass region ma? be equivalent to the sfah 
formations of lower Echabs  Ri~er.  

The formations that make up the mountains south of Broad P m  
are separated from the Devonian limestone on the north by a broad 
valley floored with gravel deposits and showing the underlying bed- 
mk in few p?am ody- One such place is on Jack River, wham 
shale, sandstone and conglomerate r e f e d  to  the Tertiary are ex- 
pmd. The slate, pywacke,  and cwglomemte be& of t b e ~  mom- 
tains differ from the Devonim rocks IithoIogicalIy, in the intensity 
of their folding, and in the degree of metamorphism that they ex- 
hibit. They show less alteration than the Devonian formations, and 

. except in the somewhnt greater proportion of conglomerate that 
they mntain resemble closely the slate-graywacke seriea of Capps 
and the Tordrillo formation described by Brooks. LithologicalIy 
the " nndiffemntised Paleozoic " rocks underlying the TordriUo for- 
mation sppear to resemble the rocks of tho Broad Pass region tm- 
tatively assigned to the Triassic, for they show a greater development 

Qldridge, Q. H., A mannatrmnee la the Emdtna bnaln ma  adjacent wdtory, 
In 1EW:  U. L1, Qeol. l a m y  Twentieth Ann. Eept, pt. I, p. 15, 1000. 
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of slate and less of the coarser sediments, guch as p y w s c k e  and 
conglomera k. 

3lesozoic rocks are widspread in Alaska -nth of the AImks 
Range. Within the Susitna basin the Talkeetna Mountains are 
made up almost wholIp of Mesozoic sediments intruded by ipmun 
rocks, the only lmown exceptions being B mnall area of schist on 
Willow Creek, which Ceppsa aassigns to the Paleozoic, and n some- 
what similar area at  the head of Matanuska River. Each year evi- w 

dence amumnlates ta show that much of the Valdez and Orca groups, 
ronstituting a l a r p  part of the Cht~gach Mountains, m of Mesozoic 
and probably of Jurassic nge. Triassic sediments are present in 
Chitina Valley, in the upper parts of Copper and Susitna River 
valleys along the south flanks of the AIasks Range, and in Kenai 
Peninsula. All the older nssociated formations whose ages have been 

. determined are Carboniferous, yet some of the schists are blieved 
to be older than Carboniferous. The Carboniferous and older m b  
make up a comparatively small part of the whole complex of 
forrnatiom 

Them is, then, a great area of Mesozoic sedimentary deposits south 
of the Alaska Range in south central Alaska, made up chiefly of slate, 
graywacke, conglomerate, and limestone, that as a whole are lescl 
metamorphosed than the older formations. The formations south of 
Broad Pass are of the same lithologic nature, md although there js 
no mncEusive evidence at hand by which they can be definitely cor- 
related with other formations of the region, the probabilities e r n  
to  be that they are more rent than Paleozoic, and that if they am 
the equivalent of either the Tordrillo or the underlying formations 
the correlation with the Tordrillo is m o m  likely. This is the most 
important reason for assigning them to a pwtictllar p& of the 
Biesozoic. 

A great thiclar- of M-ic beds of similar character and in 
lsrge part of Jurassic is exposed in the Nutzotin Mountains, 
which form the eastern pad of the Alaska Rangema Slab  gray- 
wade,  arid conglomerate constitute the Juramic part of this group, 
so far as is h o r n .  Triassic limestone and slttta were seen at  only 

- a few lmilitias, but probably are more wideIy distributed than the 
evidence at hand showa The close lithologic mmblance  md the 
evidence of fossils, so far as it goes, suggests the correlation of the A 

formations of the Nubotin Mountnins with thm of tho Valdez 
Creek and B m d  Pass regions. 

a 
1 Cappa, S. It., The Willow Creek M r l c f  Alnskn: U. 8. Oeol. Burvey Bull. 507, p. 23, 

1916. 
aMoiat, F. H.. and Knopf, Adolph, Ylneral Feaoarcss of the Nnlmnn-m1ts Rtvcr db- 

trlct. &MU: u. a -1. B U ~ Y  BUIL 417, p. a ~ , i o i o .  
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m C T m  A27D DIETEmTIOB. 

The mountsina south of the east fork of Wells Creek and about the 
lower haIf of the glacier in which West Fork of Suaitna River rises 
am composed in large part of sedimentary rocks, chiefly slate and 
limestone. Them rocks form a complex of beds that could not be . differentiated in the time available and that differ considerably in ' 

aspect and in proportionate amount of different rock types from nny 
of the formations almdy described, the difference being p h c i -  

1 pslly a much greater proportion af limestone, thin bedded and locally 
highly metnmorphosed, interstratified with the alate. They lie in 
the strike of the Jurassic ( ?)  sedimentary formations of Jack River, 
but becauw. of their different lithologic character and their mmewhat 
diflerent stucture it Epeerns lest to consider them s2pmk1yP especially 
mince it is thought possible, if not probable, that ihey may include 
Mesozoic rocks dder or younger than Jurassic. These formations 
differ not only from other ~edimentary formations of the mgion but 
nko among themselves. 

The northern half of the mountain mass between upper Nenma 
River and the east fork of Wells Creek is made up chiefly of alter- 
nating Limestone and argillib beds, having gentle dip and showing 
distinck hdding. These sedimentary deposits were intruded by 
igneous rocks, but seemingly have not been greatly disturbed by 
them. Near the head of Wells Creek, where these &diment;s were 
examined with more care than at  any other place, they comprise 
thin-bedded light-blue or light-gray white-weathering limestone, in 
part silicified and otherwise altered, interstrati tied with thin beds 
of dam, d i m u s  dark-blue argillite, much jointed and presenting 
a more or Iess iron-stained exterior. The contrasting co1ol.a of the 
rocks give their hrge exposures a variegated appearance, and in con- 
nection with t h ~  irregularities of erosion aurfaces produce a mm- 
plicsted marking on bare mountain sides that immediately catches the 
e ~ "  (Sea PI. Vm, A, p. 22.) The limestone is cut by numerous 
seame of calcite, some of which is coarsely cryfitalline. A lithle pyrih 
is rsct~ttered through the argllits. Dikw and lens-sh~ped sills of 
rhyolite porphyry and medium to 6ne grained diorite are amiciated 
with the limestone and argillite. The bedding strikes about N, 80" 
E. and dips southeastward at angles ranging from 00" to  40°. It is 
estimated that the thickness of the exposed Ixds is at  least 1,500 feet. 

w These beds are probably part of a gentle fold, but are cut off from 
other tarranes by igneous rocks and gravel deposits, so that they are 
not known to be a pnrt of any neighboring formation on the north or 
on the south, Moreover, their open folding is discordant with the 
clom folding of the other sedimentary formations near by. 



A series of variegated, gently dipping sedimentary h i s ,  com- 
posed chiefly of white silicified limestone, interstratified with thin 
beds of dark impw limestone and of dark-mlord argaite, is ex- 
w kt ween the glacier of tho two westam branches of Snsitna 
Rlrer. This seriw contains a greater amount of limestone, some a£ 
it in thick massive beds, than that muth of Wells Creek, and the 
correlation of the two may be made only mith a certsin degree of 
m a t i o n .  Them rocks are separated from the rocks on the south 
or southwest, to  h described next, by a great fault. 

The mountains between Nenana River and the glacier at  the head 
of West Fork of Susitns River consist chiefly of closely folded slate, v 
schist, and altered limestone. The limestone is thinly bedded, bluish- 
gray, and is lmally silicified. m e r e  it was impure pressure and 
chemical alteration brought about the formation of new minerals, 
such as mica, mil gave the rock the appearance of schiat. Blnck 
carbonaceous shale or slate and gray sericitic schist, compmed of 
maslhed gragwacke, are amiated with She limestone, and in fact 
make up most of these moantains. These beds hare about the same 
strike as those south of Wells Creek, but, as already stated, are more 
closely folded and are more altered. Except for their greater pro- 
portion of limdone, they resemble part of  the slate and graywacke 
series of Jack River. 

AGE AD O O ~ E E L A ~ O ~ .  

The age of these sedimenb is unlmown. It is perhaps p d b l e  
but does not appear probable that they mmeqmd in part mith 
some of the Devonian formations. On the &er hand, it mms much 
mom Likely that they are of Mesozoic ago, and are to be correlated 
either with the Triassic slates and limestones of the Vddm Greek 
district or with the Jurassic ( 8 )  sediments of Jack River. They 
may even indude beds belonging to  both of these gmps. 

a 

The Tertiary mdimentsry deposits nf the Bmad Paw region in- 
clude the Cnntwell formation and s d l  area of beds that somewhat 
remmble the rocks of the Cantwell formation but are not identical 
with them. The Cantwell formation eonsisk of conglomerate beds, 
slate, &nh, -&one, quartzite, grit, graywacke, and highIy metra- 
rnorphosed equivalents of all these roclrs. 
In the viciniQ of Nenana River, near the mouth of Jack River, the 

Cantwell formation shows open folding (seei PI. m, B, p. a), but 



this folding k o m e s  closer toward the east and is ~ccornpanied by 
a progmdve increase in the degree of metamo~phism, tm that the 
littlealtered rocks in the western part. of the mapped ares are rep- 
m t e d  in the mountains between the heads of Nenana River and 
Ynnert Fork by mashed congIomerate and schist, The thicknm of 
beds included in the formation can not be less than 2,700 feet and 
may be much more, Them beds probably rest unoonfomsbly on 

r , the Devonian schist and limestone that limit them on the south. 
' . The name Cantwell was propod  by Eldridge t o  desipwta 8 

mries of conglomerntes and c o n m  sandstones which wrts encoun- 
tered in the banks of the Cantwell [Nenana] River, about 10 or I5 
m i l s  nbove the forks." This name was adoptsd by Brooks, who 
studied the formation on the north side of the Alaska Range and 
traced it eastward from MuIdrow Glacier to Yanert Fork.* It is 
applied here to the eastward extension of the b d s  included in the 
formation bg Eldridge and Brmb. 

Tha changing character of the Cantwell formation can be bmt 
ehown by describing the beds obsemed at  different localities between 
the mouth of Jack River and West Fork of Susitna River. A com- 
parison of these localities brinp out a number of features, Borne of 
which have just been mentioned and the most prominent of which 
are a progressive increase in closenees of folding and in degree of 
metamorphism and a decrsase in the amount of conglomerate, with 
a camponding increase in the relntive amount of h e - p i n e d  sedi- 
ments, from west to east. These descriptions apply to tha ~outhern 
border of the ionnation, for the character of the beds in the central 
and northern parts of tho Rrea menpied by the Centwell is unhown 
acept where it was str~disd by B m b ,  

Just below the mouth of Jack River the Nenma in its north- 
ward course enters n nnrmw valley betwean blnck, rugged mountains 
whose upper p a h  ara made up chiefly of rnnssire conglomerate beds 
(PI. VII, B, p. 18) that dip gently northward and rest on a narrow 
belt of granite which mparates the conglomerate from the Devonian 
limedone and whist on the south. lnoonspicuous beds ~f finer- 
grained m k  (&ale and grit), which in many p law are hidden by 
R talus of clonglomerah blocks, are interbdded with tha conglomer- 
ate. T?IW beds, when viewed from the vicinity of the mouth of 
Jack River, are seen to maintain their low northerly dip for eeveral 
miles down the Nenana. The conglomerate is composed of well- 
rounded gravel and cobbles of quartz, quartzite, slate, and an acidic 
igneou~ rock set in a silicebu~ clement. Cobbles as much as 7 inchw 

Wdrldge, Q. R., A recwnalaenneo In t l ~ e  Sunhitna banfa and a d j a m t  territory, slaaka, 
in 1898 : a. 6. -1, Barney Twentteth Ann. Rept, p t  7, B. 18, IWO. 

R m k u ,  4.8;. Tbe Mauat McKinley redon. AhU: U. $ -1, #mvq Prof. Paper 74 
p. 7.4, 1911. 



in diameter were ohwed.  Intercalated wit11 the conglomerate am 
thimes beas of sandstone, quartzite, and dark-blue whnaceons 
argillita A contact of the Cantwell formation and the underlying 
granite showed the t w o  rocks to be united as if fused together. The 
lowest part, of the sehmtrtq formation in view at this contact 
exposes 4 feet of slightly mashed mnglomemte, with closely spaced 
joints parallel Eo the contact, resting an the pita This is oPer- 
lain by 6 feet of cloeelp jointed quwhite, which in turn is followed * 
by m k v e  conglomerate. 

A md ares of he-grained dark-colored carbonaceous aedimmts, 
3 miles east of the mouth of Jack River, lies in contact with lime- I 

stone op the muth md is separated from the conglomemte and asso- 
ciated beds on the north by a narrow tongue of granita that runs 
out from &he krge intrusive maa ta the east. The roclts of thia 
area are ma8si~e for tbe most part, but present sehistose p h m .  The 
most abundant type of rock is dark-blue argillita, flecked with gray- 
ish d e l i k e  spok I t  k &own by the microscope to consist rnabIy 
of small quartz fragments awxiahd with scattered feldspar grains 
and considerable black carbonac~oua math ,  in which are fairly 
abundant sericite shreds. Another phase of the argillite is schistose 
and merges into graywacke. The argillaceous beds of the area so 
cIosely resemble the argillaceous b d s  interdated with the con- 
glomerates of the near-by Cantwell formation as to w m t  a car- 
reldion of the two and to justify the belief that they were sepa- 
rated by the intrasion of the granite. Yet this detached area of 
Cantwell rocks (if such it is) shows by the steep dips and variable 
 trike of the beds a considerable ~tmctural discordanca with the 
gently dipping beds of the main area. This locrtlity is the wly one 
w h m  the Cmtwell formation was seem in contact with the older 
wdiments, yet the beds had been so much disturbed by preBSum 
nncl rnovemenb as to make the inhrpmtation of their relations 
uncertain. 

Wells G& bas two nuin branch= The w~~&abr%p& is formed 
by three s t r e w  that heed in an area of Cantwell dimenta that 
forms the mountains of the divide between upper Nenana River and 
Yanert Fork This area is sepamhl from that to the w& by fin 

intruded m a s  of granite &out 7 mileg ac~osg from east to west. 
Its muthern border was examined with some care at  several places. 

About a miIe east of the western border of the ares & section of 
the beds from the valley to the momtain top was studied.. From the 
base of the mountain, at UI elevation of 3,600 feet, to an elevation s 

of 5,600 feet the beds -mmi& predominantly of massive dark-gmy, 
~omewhat schistme pywacke, a m p o d  of subangular to rounded 
pieces of paartz and Mack fate, set in siliceous cement. Inter- 
calated with the g r a p h  sm M s  of bIwk carbonamom shale or 
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slate containing abundant leaf impFsssians, and siliceous conglomer- 
ate, I d l y  somewhat &istoga Thin l e m  of the conglomerate 
were seen ia the ptlywacke, some of whjch, wpecisUy those in the 
more quartzose p v a c k e ,  contain angular and rounded slate 
fragments. 

The mountain above an elevation of 5,600 feet is made up of 
thickly bedded oonglomerah, mashed and in places so schistose that 
the original texture iier nearly obliterated. Most of the conglomerate, 
however, retains a semblance of its original gtructure, the coarser 
wmponents appearing as elongated lenses which the her ,  partly 
mictweous constituents enwrap. The conglomerate a t  this locality 
is Iight greenish or yellowish and dips northward at angles ranging 
from 36" to 60°, which indicates somewhat closer folding than that 
on the Nmana below Jack River. 

The next locality examined ia near the westemmost branch of 
the west fork of Wells Creek. The following detailed section repre- 
amb part of the Cantwdl formation e x p o d  in this Iocality : 

H&iom oj a part of thu Cantwen formution a8 enpored on the wentern bnauch 
oj WeElu Creek. 

Feet. 
Bhck shale wlth plant Impmalons, dtwnnttng with bede 

of m a d v e  gmywacke, In mme places opprozlmnting a 
sandstone ,----,,--,,-,-,,,-,,----,,-,-,--,,,-,,,,,, 1.m 

Mhsalve conglomerate, somewbat contort@, c o m m  pre- 
dominantly of whlte qnarta pebbles. the krm& th- 
f o n ~ h a  inch in dameter -,-----d----d------------------ 200 

Thin bed of  hale--------,-----,-----------------^------,, r i  
Unexposed ---,,,-,,------------------ 1 bandre8 feet. 
Bchlstose cmglomemte -----,---------------------,- I5 
Silicifld tuff -----------,----------------------------, 15 
AItematlng scbistm conglomemte and schlstoss graracke, 

Including M a  of chattered black date  and lensllke In- 
tercalationa of quartzite _-,-,---,,---------,---------- TO 

Penae, I lgbtalord tuft, vem bard -----,-,,,,,,,, ,,, - -  B 
lhther whistese co~lglomewte, grading into schlstw gsag- 

wacke, whkh In turn grades into twblstoae mgIomerate, 
the whole gnmp contaioln~ lenticnlar beds of  tuff,,,,,,,, 15 

Uraywacke, with lenses of qnnrtzlte nnd shattered car- 
bonateoos 8Q 

Sfliceous conglomerate, ratber massIre ---,,,--,,,,,,--,-,- 2 
Graywacke ---- - ,,-,+- .+ - - - - - - - - - - - - - - ,  8 
Casbonacerrm alate, much gbattemd mul d1ckmsIded ,,-,,, 8 
Graywacke, dghtly dim -,----,---,,-,--,-,+-w----d- 15 
Crnahed slats and ~~?histose g m m c k e  -----,--,- CC-C-CC-CC ti 
Graywacke, fairly mmlve ----,,,,,---e,e,e,e,-e,e,--e,e,e,-,e,-e,-e, f i  
CoveM, probably mostly gmywacke ,,-,-,-------------- 20 
&chIsto8e and alter4 graywacke. Injected wlth Quartz 

BMngera and lenses------------,-,,---,-,,----,--,~ 10 
Granite, erposed -,------,,,+-----------------,--- 80 
(Travel deposlta d the vdley floor, 



The silicified tnff of this section lob like quartzite, but when ex- 
amined under the miscroswpe WM fonnd to  be c o m p d  of amall 
pieces of quartz, some orthoelnse, and a litltle pl&giochw, all dia- 
tinctly fragmental, set in &*dense micrmrystalline ground. 
A traverse mas msde up the west bmch of the west fork of W e h  

Cmek to the divide that =parates the stream from Yanert Fork. 
For a distance of 2) miles south of She divide the rocks consist of  
alternating beds of mashed conglomerate and dark-blue to black * 
slate, deriwd from the carbonaceous shale. Soma phaserr of the 
.data ha-re a crinkly surface and satiny luster. Nany of the beds 
might properly be celled whists. At one Imlity, 2 miles south of - 
the divide, the cnrbonaceaus plant-baring shales contain ~ a m s  of 
liffnitic coal horn 2 to 29 inches thick. The formation as a whole 
hns a black aspect, due in considerable degrea to the large amaunt of 
carbonaceous matter contained in it. Southeast of the s d d s  at 
the h e d  of thia atream there are aumerou8 dikw of rhyo* p r -  
phyry, which &ow well-formed phenocrpts of qmrh and fddspar 
in n greenish ground. The dresm grsvels coatrtin, in addition to the 
types of mck deacrihd, bowlders of he-grained diorite porphyry, 
conglomerate of a different appearance from any Ben in place, com- 
posed of oval cobbles of granite and other igneous rmks, and a 
plicatecl pham of the near-by mashed conglomerate. 

Another traverse was made up the middle branch of the we& fmk 
of "Cells Cmk Near the southern boundary of the CsntwelP forma- 
tion the Btrenrn has cut cIosely folded beds of date, graywacke, and 
conglomerate, all msiderably mashed, the eongEomerate being altered 
almost beyond recognition. The alate is crushed and ghows slicken- 
aided surf a m .  In khs schistose conglomerate are small, thickly l a -  
ticular massea composed largely of tiny pyrite cubes. The formation 
for 2 miles north of this p l m  consists of slate, graywacke, and 
conglornernte, All tbess rockg ham undergone regional metarnor- 
phism, but the graywacke and wngIornerate have wffered most. 
Much of the slate, however, has a crinkly surfam, a feature that is 
thought to have daveloped later than the cleavage and that shows 
mmething of the compression ta which the hd8 have bsen subjected. 
Folding of the beds is also pronounced, and the dips are steep, mng- 
ing from 80" N. to M0 S, Furnerous quartz veins, seemingly un- 
mineralid,  the largest a foot in thickness, were injected into the w 

d h e n t s .  Thme rocks continue northward to the head of the stream 
md into the basin of S'snert Fork As a whole, they are dark gray- 
ish to black in mlor and give the mountsins which t h g  form a dark .I 

somber aspst and ruggd contorrrs, 
At the h a d  of Nenana River another intruded mass of granite 

intempts the continuity oaf the Cantwell formation for a distance 
of a b u t  8 milea fm e .  to west. The rocks e& of this granite 



area and north of the glacier at the head of West Fork of Susitna 
River were not examined ex@ from s distance, yet from their 
appemnm and the morainal material brought down an the west 
side of the glncier it is believed that the Cantwell forms the moun- 
tains around the west side of the base of Cathedral &fountain. The 
beds consist of dark slates and mica schist, the schist representing 
the coarser grained, more aItered members of the formation. The 

8 most camman form of the sehist is dark reddish to bluish gray and 
shows an iron-staind surface, the result of weathering. The cleav- 
age planes glisten with mica -1% and the crosrr frwtures show nu- 

* rncrolts thin qusrtzose lensea which reprewt the original pebbles in 
the rock from which the schist was derived. It is only after having 
t r a d  the Cantwell formation through its pmgr&ve stages of alhr- 
stion that an observer r e e o g n h  the schist itof this locality as the 
mashed equivalent of the massive mng2omerat.e ao prominent in the 
mountains near the mouth of ;lack River. 

A comparison of the Cantwell formation, as it. is exposed between 
Nenane River and the glacier of the West Fork of the. Susitna with 
that part of it on the north side of the Alaska Range w& of 
Nenana River, where it wes examined by Brooks, shows some further 
characteristics of this p u p  of sediments According to Brooks: 1 
Tbe Cantwell formation Includes a series of heavy conglomerater~ fnterbmlded 

daith a fw $ M e  layers and succeeded by finer conglornernteer and mi sand- 
gtones interbedded with gray and black clay shale& 

Brooks says further that the name wm applied by Eldridge to the 
coamr, basal part of the formation, and that when traced to the 
north and west the conglomerates aaod mrse sandstone are 5uc- 
ceeded by reddish sandstone ilnd gray, drsb, and black shales. Some 
of the sandstones are bright d, but the color varies to brown or 
reddish brown. Both ergillamus and a m m  shales a m  pm5 
ent, the wenaceous shd& grading into shaly sandstone. 6 of 
the shala beds contain a lmgs amount of carbonaceous matter and 
include small ma1 sersms Bmks writes : ' 
A typieel d o n  near the camp of Angust 9, w the West Fork of the Toklat, 

~ h o w d  a b a d  conglomerate about 20 feet In Wknm resthg ancDnZomablg 
on the upturned edges of Pdeomic @slates and Umeshnes. This bed mntainfl 
pebbles of the Underlsing m k a  Above I t  i a  erposed abont 20 feet of carbona- 

* ceous ahale, and ms fn tnm 1s merlain by a heavy quartz and thert con- 
glomerate containing mndatone leosea, which probabIy has a thickneaa of 100 
t o  2OD feet and pas- upward gt'adunllg into a grit and sandstone m r l e ~  with 
Iocal conglomerate larem This upper member is  made up of heavy sandhne 
and grit, thln-WBea nadirtone, and sandy shah wbieb w weathering B a ~ e  
an iron stain, together with censlderahle carbonaceous clay shale+ The aand- 
stom and sble member probably a m t e a  1,200 iwt In tblckness et  this 

1 R - 4  d, B, The Mount McKinley region, Alaakn: U. 8. Geul. Barney Psof. Psw 70, 
p 78. 1011. 

'Ism. p 70. 



locmllty. h e  mall  area of thew rocks, made up chlefly of eonglomemat% and 
red anndetone, was found on the Tonzona, where they formed a rqmAlne resting 
on the cherta and alatea of the T o m  group. The moat extensive erpmre 
of them occnre In f i  belt of unknown width &etching from the BIcKinlep Fork 
.of the Rantfsbnn to the Neaem Valley and probably beyond. In thb a m ,  
fmeclally townrd the h'enann, lava flows Interbedded with the conglomerate 
nre very prevalent. In some Eoc~lItles these voIcanic . c k ~  form over half of 
lthe thickness of strata exmwd belonRFng to this formation 9Twe lavas a p  
penr to be chlefly adesltes, but n l ~ o  inclode rhyolites and b a d t a  That they = 
were aurlnce flows Is lndtented both by thelr stratigraphic re la ths  and by 
the amygdaloldal atad columnar mtructure that some of them exhlblt. Some 
tuffaceons beda aleo occur In tbla formatlon. The Cantwell formation is cnt 
by dabam dikea nnd some granitic atocks. v 

This description show8 &ill further the complexity of the Caatwell 
formation. The- part of it east of Nenana River, between the mouth 
of Jack River and Nen~nbna Glacier, probably mmesponds in lar- 
m u r e  to that part of the formation which Eldridge described 
under the name Cantwell, but it should bt: borne in mind that this 
is not necessarily the base of the Cmtwell, for the granite that 
forms the baw of the mountains in this area was intruded into the 
sedimentary beds and may not empswhem have followed the contact 
of the basal beds and the underlying m k s .  No such amount of 
volcmic material was seen along the, southern border of the area as 
was found west of Nenana River by Brooks. 

According to Brooks, the structure of the Gmtwefl formrtii 
west of Nsnana River is characterized by broad, open folds, accom- 
panied by faulting. Such folding is seen along the Nenana below 
Jack River, where the inclination of the mamire conglomerata be& 
indicates s broad, open syncline pitching gently eastward. 

A n m w  belt of granite separates the lowest Cantwell b& from 
the itdjmcent Devonian limestane in this vicmity, nnd it is not evident 
whether the contact relation of the two is that of faulting or of de- 
positional unconformity. The scarplike sa r~ th~rn  face of the moun- 
tains and the straight front of the ridge &strongly sugg~& a great 
fnnlt, yet no conclusive evidence of faulting was observed. The 
unconfomable relation of the Cantwell and underlying Paleozoic 
formations farther west, however, is well &ablished. 

East of Nennna River, as h a  b m  pointed out, the folding b e a  
more and more intense and the original character of the beds is w 
much altered, At the head of Wells Creek the structure is much 
more complicated than on the Nenana. The beds dip steeply, soma 
to the north, some to the south; the folds are m m p d  and corn- 
pficated but not isocIina1, their axial p h e s  dipping south or north * 
in neighboring localities, A m a l l  fold on s branch of Web C1.eek 
indicates the kind af folding that ch~rmterizee the formation in 
this ~icinity. (See fig. 3.) 



The width of the area mupied by the Cantwell formation allso 
inmasss from east to w&, but probably reaches a meximum some- 
where between Kenaria River and Wells Creek and decreases to the 
east. Near Muldrow Glacier the width of the area is about 2 miles, 
nt  Nenana River it is at least 20 miles, and at  the lower end of 
Yanert Fork Glacier it is probably 17 mil% for Cappe found coarse 
sediments at the head of Wood River that are thought to belong in 
the Cmtwell formatian. 

Bmks found abundant evidence to show that, toward the west 
at least, the Cantwell rests unconformably on Paleozoic formations. 
Yo conclusive evidenee of unmnformity was seen east of Nenana 
River, for in mo& plam the lowest exposed beds of the Cantwell 
am in contact with granite which is intruded into the formation. 

' 

The one locality where mch believed to be Cmntwell are in contact 
wit$ the older limestone is of mch a character, awing to disturbing 
movements, that there is 
uncertainty as b the true 
relation of the two fomzr- 
tiom. 

The thicknem of the Cant- 
well formation can not bB % N. 
stated w i t h  accuracy .  
Much of the original de- -tor-t- 
p a i t  has lbeen removed by Bccm 8.-Bketcb of a nmall told in bed* ot tbe 

CantrPett formation on a tributary of Wells erosion, and furthemore Creek 

the mmey of 1913 was not 
mflciently detaiIed to furnish data for more thm approximate meas- 
urements. Brooks found that the Cantwell at the head of Toklat 
River had a thickness of at Jeast.2,000 faet, and noted that the 
thickness inamwed toward the east. 

Kear the mouth of Jack River the contact of the ~onglomerste 
and granite was obmwed at an elevation of about 3,100 feet above 
the Bea. The mountain top is 5,860 feet above the sea. After making 
the necessary correction for &a dip of the beds, it is found that this 
part of the Cantwell is approximately 2,700 feet thick; but it must 
ba remembered that this mensnrcment takes no mmmt of a great  
thicknw of overlying finer grained beds exposed farther north. 

The Cantwell formation is intruded by great masses of granite 
and related granular rocks nnd is ctit by light-colored porphyritic 
dikes. Them intrusions must have had some disturbing influence 
on khe rocks ghded,  but so f a r  as has been observed they have 
not produced conspicuous contact s;ffect,q The intrusive rmlL4 are 
described on pages 57,59, and 64. 

The charaicter of the sedimenh composing the CantweII formatjon 
indicritm oontinentaI deposition. This conclusion is suggested by 



Much of the Broad Paas region i a  mantled by a covering of 
Quaternary alhPium, which consists of uncamlidated material8 
laid down by water and ice during the glacial ep& and those since 
deposited by the &reams. 

The glacial deposits are primarily the m l t  of a period of in- 
tense glaciation, characterized by trrtnspssion and coalewence of = 
mountain glaciers into an ice sheet that covered all but the highest 
portions of the region. The extent of this iga mantle is now marked 
by silts, sands, gravels, and bowlders dropped during its retreat, 
laid down by streams escaping from its margin, and deposEted in 
lakes left in its train. The structum and form of these deposits are 
fully discussed in the d o n  on glaciation (pp. 6&73). 

The distribution of the glacial depmik, as shown on the gwl&c 
map, conforms to the topography of the region, as *relief was a con- 
trolling factor in their disposition, Their thiclmess la greatmt in 
the broad valley% whenoa they thin out on the gentler gradients and 
end against the &per dopes in an irregular boundary, mnghly 
concordant with the elevation contom The maximum thickness of 
these sediments- is nowhere disclosed in measurable aection, but 
their topographic configuration indicates thrtt their wetest vertical 
development is to be rated in hmdreda of feet. Their thicknq 
however, .is an exceedingly variable quantity, and in a broad way 
they must be regarded as a comparatively thin blanket or veneer, 
thinning out here and thickening there, with only general accordance 
to the underlying hard rock floor. 
The surface configuration of the glacial de@ts, except where 

chmnded by present wahmursels, has not been materially affected 
by postglacial emion. About the borders of the gravel sheet, how- 
ever, where dopea rise r~ther abruptly from its thin edge, special 
opportunity has been afforded for eroision, and snch lmundarEes have 
net only hen notched and serrated but have also 9uBered some 
downward migration, having a, stripped hit of variable though 
unknown width in their w&e. f 

The ~eeent deposits include allnviak msterial along present wates- 
mumw, rock d6bris of existing mountain glaciem l& sediments, 
and mllnvial deposits (those due to graritp) at the base af deep 
slopes. The first two c l a m  of deposits only have d c i e n t  areal 
dewlopment b appear on the geologic map. 



The dPtreams of the B m d  P a  region ccmprise two ~PDUP- 
tham heading in glaciers md laden with imground rock flour, and 
clear-water streams, carrying no sediment except in time of min. 
The first group, as represented by Susitna, Nenana, and Pmert Fork 
rivers and soma of their tributaries, are torrential in summer and 
transport vast amomh of sediment. In their upper courses espe- 
cially they are overloaded and divided into numerous braided md 
a n a s h ~ i n g  &aaneIs spread over broad flood plah.  Thwe chan- 
neb are donstantly shifting, and material deposited in one season 
may be. worked over and respmd the next. Many of the clear- 
water streams are turbulent and narrow in their upper stretches, 
but where they emerge on the gravel floor of the broader valleys 
their velmitg is checked and they develop flood plains on which 
mdimenta brought down in time of flood are deposited. Thesa 
straamg however, nowhere form the intricate network of channels 
so characteristic of glacial rivers nor are their flood-plain deposits 
in all places sufficiently extensive to show on a small-scale geologic 
map. AN clear-water atmama eventually drain into the dt-laden 
glacial rivers, which carry much of their own burden beyond the 
confines of the region. 
In character the Amd-plain d w t a  con& of dt~, smda, and 

gravels, showing distinct stratification and sorting. Tha gravels 
inorem ia abundarlse and in size of components toward the sourm, 
and q m i d l y  near the glaciers the flood plain is coveredl with a cobble 
pavement, composed of rocks of the different types found in the 
drainage basin. Many of these pavements show a conspicuous a r d -  
ance in size of individuals, and their development depends not only 
on depositation by swift and shifting currents, but dso on subsequent 
mmoval of finer material by water of d m 4  velocity incompetent 
to  roll the larger individnah 

The r m t  glacial deposits represent the rock dark  brought down 
by the active glaciers md spread over their f rontrrl lobes. This mate- 
rial, along with rock flour, is supplied to the streams that emerge 
from tha ice mas- and is subsequently distributed over the broad 
f l d  plains that lie hefore the glacier frank Them depasits and 
also the erosional activity of im are treated mare fully in the section 
on glaciation, (See pp. 6 1 3 . )  

Lakw am conspicuous f e a t m  throughout the lowland areas of 
the region, (See PI. In, A, p. 8.) Most of them are clear and 
limpid, but some form settlement basins for turbid glacial & r w  and 
in time of heavy rains all receive increments of mud. Many of thw 
ldw have no outleh and ultimately disappear from the combined 
action of dow ssdimenhtion and lateral m~ncr&ment of vegetation. 
In the aggregate lake deposits are not imporbant in the region mil 
are nowhere cuqicuous, for a basin once silted up is obscud by a 



covering of vegetation and would not be observed until subsequent@ 
di&sected by erosion. 

A h a 1  type of deposit, of great local impedance but of little 
areal extent, is one that depends on the pull of gravity exerted on 
rock fragments abundantly gupplied through the agenq of ice, 
£rest, and the water th%t flows during thaws. These depwits 
include talus fans, rock slides, rock glaciers,'md soil flows. The 
essential distinction of these is that they are not deposited in water. " 
In a subpolar w o n  like this one, where the temperature most of 
the year ranges below the freezing point of watar, the surface rocks, 
qmci J l y  whem unprotected by a co~er ing of vegetation, are rapidly 
disintegrated by the prying action of freezing w a k e  This proms, 
which is mod ective in xprhqg and fall, d t s  in the abnndant 
development of rock fragments of different sir-, depending on 
the nature- and structure of the rock Them fragments, according 
to their size and to the gradient snd configuration of the dope, tend 
to migrate downward and give rise to deposits of diverse form. 
Where the dopes are verticd or precipitous the mck fragments, ns 
they hmme detached, fall or slide rapidly downward until they 
become arrested on a flatter slop, where they accumalttte in frimg- 
ing aprons or coalescing fans, whose surface is inclined a& the steepest; 
angle at which the materials composing the maw will lie. In many 
places instead 'of being supplied uniformly from the top of such 
slapes, the fragments are concentrated by surface ineqadities and 
develop symmetrical fms resembling in shape hvertd half cones. 
Talus deposits of the kinds enumerahd are especially conspicuous in 
those monntains that have. been d M  by mcmt glaciation and 
now expose the deep slopes of their iceawed amphitheaters or 
cirques, unprotected by ice, h the ravages of freezing and thawing. 
It D the finer material h m  such amulationa that is chiefly sup- 
plied in time of flood to the dear-water (nonglacial) &reams and 
that is subsequently laid down on their flood plains. 

Where the slopes a m  less precipitous they commonly show de- 
pmsions in which the rock wash awumul~tttes in l o n g i t u h l  rock 
trains or slides, composed of a loom asmblage of angular p i a s ,  
ranging in size, according to the charncter of the rock, from m a l l  
fragments to  gmat blocks mveral tons in weight. The summits of 
many of the mountains can only be reached by climbing over such 
mrrsses of incoherent rocks, for firmer paths of ascent are blwked 
by sheer cliffs. !l%ese bodies of rock, especially ii made up of coarse 
comgonenk, have gentle slopes near their bottoms and increw in 
gradient toward their point of mpply. In the course of their develop- 
ment their upper portions periodically reach a stah of &able 
equilibrium and adjustments take place, accompanied by a Atling 



of the m w  or by slides and avalanches. Sach phenomena are less 
marked in bodies of h e r  material (such as those formed of slate 
fragments), since adjustments in thesa nre frequent and gentle and 
their structure does not usunllp permit an orerlonding of the upper 
portions. Movement within these bodies is greatly facilitnhd by 
freezing and thawing, as we11 as by the p 6 n c . e  of interstitial ice, 
and their progr&on, at l e n d  in their lower portions, is analogous 
to that of an extremely viscous material. 

GeneraUy them rock trains have little extent and are 1-1 fea- 
m; they are everywhere abundant on the upper slopes of the 

- mountains and are not uncommon at lower elevations lit favored 
localities, where mveral trains coaIesm or the catchment area is 
especiallg large, the rock mnss may take on s glacier-like form and 
extend a short distance down the valley. A few examples of this 
kind were observed, and they bear a partid analogy to the striking 
rock glaciers so typically developed in the Nizfna district, as de- 
scribed by Capps; though they are nowhera so extensin nor do they 
so completely simulnta the character of an ice glacier. The rock 
glaciem described by Capps rmge to n maximum of miles in 
length. In the Valdez Creelr region n rock glacier over a mile long 
was observed.' T'he l o n g ~ t  rork glncie~ noted in the Broad Pass 
region marcely exceeded one fourth of a mile in length. 

On gentle slopes and the rounded tops of the lower monntahs 
rock fragments tend to  ammula te  in thin sheets, which t o  some 
degree protect the underlying surfaces from disintegration. If the 
s l o p  be plane, the dEbris does not conoentrcte into liming or 
"stream%" but slowly migrates downward ns tc uniform covering. 
That movement takes place is only inferential for the coarser material, 
but finer detritus in many places sllows a marked streakiness of 
burfsce, owing to  the arrangement of particles ns a result of creep. 
The bwt example of this kind wns noted near the top of the south- 
em slope of e buttelike mountain west of Wickersham Creek Tha 
uderlying rock is slate, and the elope is covered with a thin reneer 
of slate fragments and soil, p~esenting n furrowed appearance, 
owing to  ~lternata vertical strips a few inches wide of rock frag- 
ments and mil, the soil standing s bit higher than the rock. 

Soil flow or creep is not oonhed, however, to the upper slopw, 
which are bare of vegetation, but takes place also on lower declipitim 
covered with m m  and grrrss, where it pruduoes a surface configura- 
tion of pculiar character. Such slopes show a. succession of roughly 
labate areas, each thinning out upward and partly overlapped by 
another like shingles. These nreas are caused by the grrtduaI move- 

amppa. 8. R, RmR dadem in Alnskm : Joar. Qcolo~g. vol. 18, 1014 pp. 859876. Bee 
*Iw Mollit. F. E., and Cappm, & R., TT. IJ. awl. Survey Bull. 448. pp. 62-69, 1911. 

'Momt. F- E.. U. 8. Qeol. Bnmey BalL 158, p. 41, 1810. 
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ment of the mil, under the influenm of gravity, aided by the high , 
moistare content and the setion of freezing and thawing and re- 
strained by the interlocking mesh of roots and fibers, They probably 
do not represent in themselves the total movement, but are rather 
the surface expression of steady creep, and the proms may be com- 
pared to the flow of a vi8cous suMmc~, such as pitch or asphalt, 
an an inclined phe.  No examples at  all comparable in h e a e s s  of 
development to the 'LmiZ flawu'' at the h e d  of Valdez Creek1 were s 
seen in this area, though such phenomena are abundant in the mom- 
t a b  east and west of upper Butte Cneek. 

Igneous rDeks Q C C U P ~  large areas and have conspicum tapographic 
expression in the Broad P a s  region The geoIogic map (PI. TI, 
in pocket) shows that they fall into two main d a s m v a n u l a r  jn- 
trusives that invaded the sedimentary formations and lava flows 
poured out on the surface. The &ranular intrusivep include bodies 
of granite, granite porphyry, quartz monzonite, quartz diorite, 
olivine gabbro, and pek (probably an elder intrusion a I k d  by 
pmum). The lava flow~l include a seriw of acidic eflqsive &, 
principally rhyalites, tmhyhs, and andmites, which are clom1y m- 
ciated with one of the larga granitic intrusions, and a wries of basic 
rocks, basaltic and andesitic, with interbedded tuffs, which show no 
m n n d o n  with intmsive bodies. The sedimentary formations, 
momper, are cut throughout by acidic dikes, whose i n m w  in 
abundance toward borders of igneous massea suggest a genetic . 
relation. 

The igneous formations and their ages, so far as determinable, 
are m a r i z e d  in the foZIowing table : 

'hrtlary (In part) -,.Intrusions of granlte, quarh mo-te, and 
quartz diorlte, accornpanlsa or followed by 
Injection of granite ~mrphyry and bg e9tm- 
~ f o n  of acid lava& 

Pmt-Jnraaslc ( 1) ---.IotmsIon of ollvlne gabbm. 
Pr~Tertlarg Une188 (altered granular intmdve). 
TriarssIc ( P) ,,,--,, Basfc Iava flows with tn@ bed% 

1 B e  W. 8, Geol. mmey Bull. 498, pln. 5, B, and 6, 8, 1912. 
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The T r i d c  bmic h a s ,  becaum of their bedded character, the 
d t e d  deposits of tafl, and their general structural analogy t o  
the sedimentary formations, have been described with the sedi- 
m e n  bds. (See pp. 2628.) 

Southwe&wtwd from Butte Lake to the valley bordering D e a b m  
=. Mountain there. extends a belt of gneissic roc'lt which forms rounded 

mountains of moderate elerstion. This area is nearly mounded 
by glacial gravels; on the south only it adjoins an intrusive mass of - quartz diorite. Near the head of the east fork of Deadman Creek 
there am 8 few outcmps of a similar rock, evidently representing a 
prolongation of the belt beneath the gravels of the intervening valley. 

The rock is s typical biotite gneiss, differing from place to  place 
in coaz38ness, in the quantity s f  biotite it contains, and in degree of 
fohtiofl. The average type is dark brown and closely foliated, 
csrrjes considerable graanlated quartz, and glistem with abundant 
mica. A specimen coll&ed near Butte Lake, when examined under 
the mimmcope, was seen to be composed of a mosirtc of qua* frag- 
men ta, carrying. orthoclase, plagiocl ase, and brown biotite associated 
with magnetite. Its characteristics are those of an igneous rock of 
granitic to mownitic nature. 

'The dominant strilre of the gneiss is about N. 50" E., and the dip 
is comparatively &ep to the northwd T h e  area is intruded by 
d k  of andesitio porphyry and of a whits alaskitic rock, which are 
probably related to the adjoining diorite intrusive. The metarnor- 
phism of the rock and its relation to the massive intrusive of probable 
Tertiary age (see p. 56) indicate a pre-Tertiary development for the 
gneiss. The gneiss accordingly is beIieved to  represent a granitic 
intrusion of Mesozoic or Palwzoic time thnt became involve8 in sub- 
sequent metamorphism. In his study of the Mount McKinley region 
Brooks1 refers to p e i m  and gneissoid granites north of Trtnana 
River which are older than the more extensive granih intrusions 
dewloped there. 

G ~ X l T E G  mTRmm Rosa 

The aedimentaty formations of the Broad Pass region are invaded 
v by a number of granitic batholiths. Some of .the m k s  showing 

characters intermediate between granite and quartz monurnite mr- 
respond to granodiorite, but this term has not been used in this 

a report. The Intrusive rocks range from true granites through quartz 
momnites ~AI quartz diorites. In general, however, a single batho- 

I B m W  L HH, w. dt, th 61. 
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The T r i d c  bmic h a s ,  becaum of their bedded character, the 
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m e n  bds. (See pp. 2628.) 
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=. Mountain there. extends a belt of gneissic roc'lt which forms rounded 

mountains of moderate elerstion. This area is nearly mounded 
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the mimmcope, was seen to be composed of a mosirtc of qua* frag- 
men ta, carrying. orthoclase, plagiocl ase, and brown biotite associated 
with magnetite. Its characteristics are those of an igneous rock of 
granitic to mownitic nature. 

'The dominant strilre of the gneiss is about N. 50" E., and the dip 
is comparatively &ep to the northwd T h e  area is intruded by 
d k  of andesitio porphyry and of a whits alaskitic rock, which are 
probably related to the adjoining diorite intrusive. The metarnor- 
phism of the rock and its relation to the massive intrusive of probable 
Tertiary age (see p. 56) indicate a pre-Tertiary development for the 
gneiss. The gneiss accordingly is beIieved to  represent a granitic 
intrusion of Mesozoic or Palwzoic time thnt became involve8 in sub- 
sequent metamorphism. In his study of the Mount McKinley region 
Brooks1 refers to p e i m  and gneissoid granites north of Trtnana 
River which are older than the more extensive granih intrusions 
dewloped there. 

G ~ X l T E G  mTRmm Rosa 

The aedimentaty formations of the Broad Pass region are invaded 
v by a number of granitic batholiths. Some of .the m k s  showing 

characters intermediate between granite and quartz monurnite mr- 
respond to granodiorite, but this term has not been used in this 

a report. The Intrusive rocks range from true granites through quartz 
momnites ~AI quartz diorites. In general, however, a single batho- 
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li# does not exhibit this entire range in composition, but approxi- 
mates the granite or the monzonite-diotite end of the series, It 
has been pwible to apply them distinctions in the field, and ths 
intrusives have hen mpped, according to their dominant character- 
istiw, as granite or quartz diorite, though each term, especially 
quartz diorite, mu& be mderstmd as embracing mommnitic  aria- 
tions. Quartz diorite characterizes the eastern part of the region, 
where it is notably developed near Butte Creek and the glacier of x 
the West Fork of .the Susitna. The granite occurs in brge areas 
we& of the quartz diorite. 

Three large areas of granite have been mapped, one occupying the 
headwaters of &adman Cmk, ;Tack River, and Brushkana C d ;  a 
second occupying a broad belt stretching northwestward from the 
region near the head of Nenana River and passing into the Alaska 
Range; md a third area adjoining the Nenana Glacier. The granite, 
broadly speaking, h a medium to coarse grsined rock in which quartz 
in abundmce, biotite, and feldspar can be readily recognized. 

T ~ Q  large granite area that includes Deadman Mountain forms a 
series of rugged mountains bordered on the east by glacial gravels 
and ending on the north in an irregular contact against the Jurassic ( ? $ 
slates of Jack River. This intrusive m a s  has not been traced south- 
ward and eastward to  its limits, In. its northern part the e i t a  carrim 
brge amas of acidic l ~ v w  (we pp. B M 9 )  and of granite porphyry (see 
pp. 39, go), which are probabJy later than the granite and represent a 
k a l  expreswsion of the magmatic intrusion. Th~oughout the formation 
there are scattered outcrops of rhyolite porphyry nnd of ke-grained 
diorite, regarded aa dikelike intrusions injected at the claw. of or 
after the intrusion of the granite. It can not be a W e d  whether the 
granite throughout the area under discussion represents a &gIa bath- 
olith or wveraI maleacing ones, though the rather constant character 
of the rock, so far as o h m t i o m  go, favors the f i a t  explanation. 
The aver* granite is a graykh medium-grained rock, showing 
about equal, amounts of quartz and fcIdsprar and carrying a subordi- 
nab sprinkling of biotita A specimen from Deadman Mountaia 
when examined nnder the mimomope showed abundant qua&, a little 
biotite, m d  orthoclase predominating over acidic plagioclase. * 

The granite weathers rather readily to quartz feldspar sand, form- 
ing prominent talus fans of yellowish color which alternate with rack 
slides This feature is epp&lly prominent and c h a r a ~ ~ i c t o w l h r d  
the slate contact, east of upper Jack River, and suggests that the rock 
here has suffered hydrothermal aIteratioa. The contact effects in this 
vicinity were studied in e s p i a l  detd. The intruded s l a b  and 
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althongb hem fie rmk p-Ce a ~~d - Under & micro- 
mpe, however, it is a m  to b composed of abundant quartz with 
orthoclase, a little microcline and acidic plagioclase, shreds and foila 
of biotite, and a few small crggEaIs of green hornblende. 

Six areas of dioritic and moneanitic rock hsve been mapped, in- 
cIuding one on'either side of upper Butte Creek, an intrusion west of '- 

lower Butte Creek, a E a r ~  h d y  forming the gouthem portion of the 
sedimentary mountah bordering the glacier of the West Fork of 
the Susitna, an intrusion adjncent to Valdez Creek, and a h d y  near + 
Moose Creek The absence of diorite from the western portion of 
the Broad Pam region is again emphasized. The diorits is readily 
distinguishable from the granite in that it 8hows in the band speci- 
men little quartz, considerable hornblende, scanty biotite or none at  
all, and s c a t t e d  laths of feld~par in a feldspathie ground. 

The quartz diorite area between upper Wickersham Creek and 
Butte Lake exhibit8 considerable variation within itself. The rock 
is typically a quartz-hornblende diorite, but its color ranges from 
dark io light, depending on the proportion of hornblende to feldspar. 
h the mountains immediately south of Butte Lake the w k  carries 
titanih in conspicuous amount. This component is aim prominent 
in the intmives of the Coast Range of southeast Alaska1 Under 
the microscope the hornbIenda is seen to  be a green, intensely pleo- 
chroic, iron-bearing variety. The plagjoclase is mostly oliplaae and 
predominates over orthmIw~~ Quartz is fairly abundant and titm- 
ite is thickly distributed. Ontcrops of a gray he-grained phm,  
with components almost indistinguishable to  the maided eye, were 
noted near Wickersham Creek. This body invades the Triassic ?) 
slates, which near the contact, are somewhat hadend  and pyritized 
and carry foliated injections of She diorite magma. 
The belt of gneiss that extends southwestward from Btttta Lake 

is bordered by s body of qmartz-hornblende-biotita diorite. A speci- 
men collected from a tribuhry of Bum Creek is faintly gneimid, 
though most of the oocudnce is quite massive. 
The intrusion west of lower Butte Crmk invades the Triassic (1 )  

state formation, forming rounded mountains of moderate though 
t 

mnspicnous elevation among the gentler slopes of the sediments. The 
mass consists of medium-grained quartz-biotite-homhIende monzo- 
nite, fairly constant in character throughout, though locaUy p m  
sentkg fine-pined dioritic phasles, Microscopic examination of e 
n typical specimen shows it to be composed dominantly of quartz, 
orthocIase, plagidsse, biotite, rand hornblende, with magnetite and 

I ' 
1 Ida- r. I?., -8 rock rol. 2, p. 461, 1018. , 
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apatite aa m r i e s .  Quartz 00(:urs in rather abundant anhedral 
gxrrias. Flagioclase slightly dominatm over o r t h o c l ~ ;  it ranges; 
from oligmlase to  mdesiae in character and shows carlsbd, albite, 
and pericline twins, many with zonal development. Biotite occurs 
in brown, shongly pleochroic shreds. The hornblende is green, 
pIwhroic, and some of it is twinned. The rock is intermediate in 
chaxacter between granite and quarts dimite, and is classxed as 

P 
-+ quartz mommite, The adjoining imdiments have hen only lightly 

s f f d  structurdy by the intrusion, but in the vicinity of the con- 
tact they are injected with numerous dikes of rhyolite porphyry and 

O 
fine-grainad granitg and show considerable ~ilicScation m d  pyritize- 
tion. The intrusive area adjacent to the glacier of the West Fork of 
the Susitm is composed of a, quartz-biotite diorite, with phases that 
have been mineralized with pyrite. The rock throughout this intm- 
sion ia d v e .  

The granular inhwives of the Broad Pass region mark a period 
of batholithic invasion of unknown duration, but of notable develop- 
ment in Terkiary time, as indicated by the prence  of both granite 
and diarite cutting Tertiary {Eocene) aedimenh. The massiv~ 
chchardr of much of the igneous material points also to late intru- 
sion, but the gneissoid structure of some of the intrusions would seem 
to indicate that thm occurrences are somewhat older than the 
massive onea It might be argued dso that because the intru~ives 
are peral ly  quite massive they came to p l m  after the last period 
of intense folding to which the Alaska Range was subjected, the 
period of pwt-Eocene deformation, according to Brooh,l yet it 
mu& be remembered that bodies of mistant rock, such as igneous 
bathoIiths, may be involved in regiond deformation without develop- 
ment of secondary atructnrea Attention has already been called 
(g. 55 )  to the belt of mics gneiss near Dutte Lake and to the belief 
that this represents an older intrusivebody, probabIy of Mesozoic age. 

Granitic intrusions am prominent throughout th0 Alaska Ran& 
and me widely developed in muthem and southesdmn Alaska, as 
weU as north of Tanana River. The evidence gakhered by different 
workers goes to show that these crxmmmces are not all. the result of 

w a single period of intrusion, but rather of a suw&on of periods: 
ranging possibly from Jurassic or earlier onward into Tertiaq time. 

East Fork of Jack River rkw in a Mt of granite porphyry and 
expees h e  sections of this in its upper canyon-Iike valley. The 
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area lies within a large granitic batholith, adjoim a great bdy of 
midic lsvas and probably rep-ts a special p b  of the granitic 
magma. The rock is remarkable for the large size of its feldspar 
phenocqsk, its uniformity, and ih great areal extent. 

The granite porphyry mas examined in greatest detail in a emyon 
mrred by East Fork of Jack River between SeattIe Creek and Brush- 
kana Cmk. It here forms gr& vertical diffs, a hundred feet or 
more in height, of very striking aspect due to the abundance of white ,' I - 
orthoclase crystah e x p o d  on, ther surfam. The feldspars, which 
average an inch in length though the largest measure 24 inch-, 
are thickly st in a soarse gronnd of greenish sspeci; composed of e 

quartz, tho largest pieces of which are one-fourth inch in dim- 
eter, biotite flakes, and dark altered hornblenda The rwk is decom- 
posed and crumbles under the hammer; on its surface the -feJdspaa 
are more mistant than the groundmam, standing out as prominent 
white areas with ma1 ontline. The stream bed is covered with 
feldspar fragmmtq cryrrtals broken by weathering. Small biotib 
flalres are included in mee a b u t  the priphery of many of the 
phenocrgsk The rock carries nodular agregatiws, the largest 6 
inches in diameter, of hegained biotite gmnite. In places the 
feldspar phenocqda m r e  especially abundant, predominating nreally 
over the groundm&sa Under the microscope the groanrfmaPls of IE 

typical pedmen &owed q u d z ,  orthoclase, and acidic plgioclam, 
more or less a l t e d ,  biotite part1 y changed to chloritic material, ~ n d  
a little brown hornblend& 

The gmnite porphyry is cat by a faw dikes of rhyolite gorphyry 
and bIuish-gray fmc+grained andesitic m k .  The mlatiw of the 
granite porphyv to the adjoining p n i t e  is not certainly laown, 
but the line of demsreation is ~pparently well d e h e d  and wrg- 
injection af the porphyritic rock subsequent to the formation of 
the granite. The belt was not traced westward to  its termination 
h m  of diEculties of travel in that dimtion. 

At the head of Ehttle Creak, and near the belt of granite porphyry 
just d e b e d ,  the granite is associated with p a t  masses of effusive 
igneous rocks. Time did not permit their areal delimitation in I 
the field, ss they are intricately interassociated, so they are mapped 
together as "acidic lavas." SmaIler areas of similar rocks were 
observed near the head of Brushkana Creek and north of Soule 
Creek Farther work would probably disclow still other flowa * 
within the @nerd area occupied by the same batholith, and detailed 
petrographic study of more abundant ap&.em wwId nndoubtedly 
yield other rack t p .  
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M i m p i c  Btudy shows the lavas to cwsist mainly of rhyolite, 
trachyta, and andesita T h e  rhyolite is of at l e d  two tgpes. The 
most abundant phase is a reddish m k  showing flow gtructnre in 
alternab l~yera of red and buff color. In the hand specimen m a l l  
crystals of quartz and feldspar may be distinguished. Under the 
microsoope the rock is seen to Im m m p d  of phenmrysts of quartz, 
orthoclase7 and plngimlase set in a he-grained crystalline pound 

x 
r 

masa corn@ of an interlocking mass of quartz and h e h i z e d  
feldspar with a little magnetite and sericitic material. Quartz I s  
the most abundant of the phenocqsts; it shows well-famed hexago- 

* n a l  and quadratic forms with here end there s corroded edge or 
corner. Orthoclase in euhedral t~ mbhedral kaoIinized tabuIar 
crystals predominates over plagkdaee, which is not exactly deter- 
minable but of acidic character. A second and less extensive phase 
of the rhyolite was observed near the center of the largest lava, 
 am^ This i8 a cream-colored ~ a c k  showing on h k m  surfaces a 
conspimow sprinkling of small, clear, qnartz crystals. Under the 
microscope these quartz phenocqsts show both hexagonal and 
quadratic forms, with edges considerably rounded by corrosion; 
they are associated with orthoclase in tabular, rhombic, and trian- 
gular plates, mme of which show twinning according to the Carlsbad 
law. The phenocrysts am set in a p y ,  fine-grained groundmass 
mlvable  with difficultg mder the highest power. Near their 
northeast border the lavas are a m i a t e d  with outcrops of a coarser- 
gr~ined porphyritic rock showing well-formed crystals of qua* 
and feldspar in a granular groundmass of gmmish a9pect, The 
mimascope shows the feldspar to b lnrgelp orthoclase a d  the 
groundmaas to consist of a mosaic of quarts and feldspar mrsying a 
Little dmmpmitional material. The rock is s rhyolite or granih 
porphyry and is jedged to 6e a Mum1 variant of the rhyolite. 

The hchyte is typically a dark-gay m k ,  showing small feld- 
spar ccI.gstsls in a dense g~oundrnass. Vnder the m i m m p e  the 
feldspars are sesn ta inclnde both orthoclas~ and acidic plagioclasa 
in nearly equal proportions, end the groundmas is resolved into a 
h e - w e d  mosaic cumposed chiefly of feldspar, with no quartz 
discernible. Ferromagnesian miqerals are not notably developed. 
One specimen, resembling the trachgrte in other particdam, car- 

r ries in addition same small quartzes and seems to represent a transi- 
tion into rhyolite. 

hdesEte is not so widespread as the more acidic lavas; it was 
t noted st one paint only-near the center of the principal mrea of 

Iawa It is a heavy dark-colored rock, in which laths of g1'1swy - 
striated feldspars are m p i z a b l e  in a dark-blue line-grained 
pmdma9s. Under the microscope the rock appeara strikingly 
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fmh The dominant phenocryst is pIrgidm,  ranning into and+ 
sine in composition; it occurs in laths, rhombs, and tables and shows 
albite, Cadsbad, and pericline twinning. Orthoclase in subordinata 
amount occurs in tabular crgstals, and the d o n  contains a few 
enhedral crystals of augih. The growidmas is aa aggregate of 
h e I y  developed clear plagioclase laths, whose intersticas am sled 
with pale-green angite grains and cry&&. 

The nature of these rocks indicates an origin in the form of s 

effusive lava& Their contact with the pmih was not directly 
obmrved, but ths general relatiom imply that they were poured out 
nfear the consolidation of the granite. They probably mark the * 
close of the batholithic inmsion. 

An intrusion of olivine gabbra invades the limdme-argXlite 
ser ie  southwest of N e m a  Glacier. The mass was examined in 
detail only near ib western border, but the characteristics n o w  
there probably hold for the entire htholith. The rmk is hard, 
tough, and presents s math& surface of reddish aspsct. It is 
medium grained, and on fresh break shows an oily luster and red- 
gray tinge. C l m  examination of hand specimens reveals abundant 
glassy feldspars, m i a t e d  with a brownish pyroxene and mther 
prominent platm of reddish biotite. At one point a ma= peg- 
matitic phase of the gabbro was noted, in which the pyroxene c q s -  
tals attain a length of 2 to 3 inchea 

Under the micromope the average rock is smn to be remarkably 
fresh. It consists essentially of a mass of p9agiocIase Eathrr, carrying 
monochic pyroxene, biotite, olivine, and brown hornblenda The 
plagioclrase is notably fresh and shows albite, CarIsbad, md peri- 
cline twinning; numerous measurements indimte it to be rnsinlly 
labrhdorite. The monoclinic pyroxae is fgntly greenish to pinkish 
in color and nonpleochmic. It occurs in stout, irregular crystals 
with borders maw or lesrs penetratd by the feldspars, and much of 
it iis partly altered to fringing masses m included shreds of brown 
hornblende. Its highest observe4 extinction is 39O. The b i t i h  js 
strongly pfmhroir; from reddish brawn to &raw colored, and forms 
shreds and comparatively large, irregular p I a h  inclosing the other fi 

miner& poikiBticalIg, In plam it shows partiaI slhtion to pale- 
p n  chloritic material. The olivine accnrs in grains of p n i s h  
color, showing the prominent cracks chcheracteristic of this mineral; 9 

many pains contain areas and stringem of green s~rpenthe.  jnto 
which it is altering, acmrn@d by magnetite. Brown hornblende 
is p m n t  in small irregular crystals sparsely mttarad thmngh the 
section, in addition to that contiguous to the pyroxan& 



The roek is in numy r q e c h  similsr to the olivinbpymxme mon- 
wnih described by L. M. Prindle-m the Kchatne Valley in 
the Mount McKinley region, which is characterized by the minerals 
of the rock here disc&, together with more or less a r t h o e l ~  
No dehite  evidenoe is afforded as to the age of the gabbro btru- 

sion; it is regderi, however, as the result of the general intmsive 
period that was dominated by granitic and dioritic invasions. 

m 
C,' 

Am3ODbXRXDAL AMDmlmL 

Abnt 6 d c s  above the month of &vine Creek an important i b w  
" of amygdsloidal andesite lies within the Cantwell formation. This 

ama was not visited by the geologic party, and its limits are not 
precisely h o r n .  Its location and the character of the rock are 
based on information and specimens collected by J. W. Baglay, of 
the topographic p&y. 
In hand specimens the rock shows a light grayish-green h e  

gmndar  @;roundmass, carrying abundant rounded ta elliptical 
amygdaloidal cavitias, averaging 2 milligrams in diameter and 
partly to wholly filled with dark-green serpentine of radiating tex- 
ture, Under the microwope the rock is wen to msist of an aggre- 
gate of altered feldspar laths set in green augita, chenged almost 
cornpZeteIy to chloritic material. Feldspnr pbenocrysts of undeter- 
minable character are mathred h u g h  tho groundmass, together 
with grains of magnetite and a little ilmenite. 'Fhe vesicles carry 
radiating aggregates of serpentine fibers. The feldspars, though 
not exactly determinable, are fairly acidic, and the rock accordingly 
is called an mdesite rather than a basalt. 
The age of the flow is probably late Tertiary, since it omm w i t h i  

the CmtweIl f omation, of Eocene age. 

Dikes a m  fairly sbmdant h the &mtarg formations of the 
B d  Pass region and in the main seem to be genetically con-, 
n& with the granitic inimsives. !llesm M w  t h m l v e s  also in 
many places carry dikes that pmbably represent the last expression 
of the intrusive period. On the whole the dike rocks of the arels 

J studied are dihnctly acidic, few reaching the basicity of m ande- 
site. The subject can be treatsd in the most ge~~eral way only, be- 
cause the reconnaissance character of the field work permitted the 

*. examination of but a subordinate number of the dikes actually 
present. 

8. GeoI. B u m  mi. Parer 70, gp. 143-I~R,IDII.  
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The Triamic ( P )  s I a k  are intruhd by both acidic md basic 
dikes, the b ~ c  ones lea abmdant and of mdesitic character. On 
a tributary of Dsadman b k ,  about 6 mibs west of lower Butte 
Creek, a number of small pegmatite d h  are exposed in the stream 
bluff, In a fragment of the pegmatite were nokd brown garnet, 
biotite, emerald-peen mica, and specks of amnopyrite. A mile 
mutheast of this locdity, and near the contact htween date and an 
intrusive b d y  of quartz monzonite, the sediments are considerably 8 

rnetmorphmd and carry narrow dikelih intrusions of fine-grained 
biotite-hornbleada granite, a he-grained dioritie phnse of the sama 
rock in places porphyritic, md rhyolite porphyry, with well-crystal- + 
lized hart2 phenocrysts, the largest one-sixkmth inch in length, 
set in a rather dense cream-colored groundmass. On upper Wicker- 
sham Creek, a third of a mile above its largest tributary, a dike 
of hard m a ~ i v e  dioritil: rock croms the &ream, causing conspicuous 
falls. Th6 rock carries numerous patchw of pyrite and is composed 
of gem hornblende, orthoclasa, acidic plagioclase, and quartz, with 
biotite, shredded sericite, and tourmaline needles. 

The Juprtrrsic ( 1 )  slabs of Jack River rtre injected by d i i  of 
rhyolite porphgry, which are especially abundant new the granite 
contact east of Jack River, where the largest were 4 feet in widths 
No basic dikes were sgen to  cut this formation. 

The bslt of gneiss that sxtsnds ~iouthwestward fmm Butte Lake 
is intruded by dikes of whits alaskitic rock and of andmi& porphyry, 
which are apparently an expression of the diorite body that dadjoins 
the gnek  on the south. 

The limestone-argillite formation sonthwest of Nenam Glacier 
carries interbedded lenses and dikes of rhyolite porphyry and of 
m d a m  to h e  grained diorita that contains much biotite and pre- 
m n t ~  pegmatitic phaw 'with lath-shaped biotites, the largest of 
which are an inch in length. 

The Cantwell formation at the head of Wells C w k  is cut by 
abundant dikes of rhyolite porphyry that show well-defined pheno- 
c r y d s  of quartz and feldspar in in greenish ground Under the 
microscope this rock is seen to be c o m p d  of phenocrysts of cm- 
roded quartz, irreguIarly rhombic o~tboclase, acidic plagioclam, and 
hornblende almost completely altered to chloritic and mrpentiuous 
material in rt groundmass of quartz and feldspar, rn& of it graphi- c 
crtlly intergrown. Bowlders and cobbles of gray, fine-grained 
diorite porphyry were noted in soma ~bundmce in the bed of Wells 
Creek, but this rock was nowhere wen in place. Diabase dikes wem * 
not found in tbm portions of the Ca~~twell examined, though 
Brooks noted their premnm in this formation west of Nenana, River. 

*Brooks, & El., op. dt., p. T9. 



In the large granite area hcluding Deahan Mountain there lsre 

mattered outcrops of fine-grained diorite end rhyolite porphyry, 
which seemingly represent dikelike intrusions that c l o d  or foI- 
lowed the intrusive perid. A specimen of rhyolite porphyry eol- 
lected near the head of Seattle Creek shows a conspicnous sprinkling 
of quadratic and hexagonal quartz- with white rectangular f eld- 
spar in a d m  greenish groundmass, the rock having an aspect 

4" quite similar to that occurring in the IVells Creek ares of the Cant- 
we11 formation. The granite porphyry adjoining the granite batho- 
lith also carries dikes of rhyolite porphyry that show small well- - formed quartz and feldspar crystals nnd here and them also a dike 
of bluish-gray he-grained andesitic m k  

The h o r n  skncturel featurn of the fomations in the Broad Pass 
region have been decribed in the preceding p a p ,  but it still remains 
to consider these featnres together nnd so far as +bae b show 
their rslations. The Structure in this region is dificult of inter- 
pretation, for it is complicatd by ma- of igneous rwk that have 
invaded the dirnentary fomations nnd interrupted their con- 
tinuity; it is rendered still more complex and o h m  by the large 
areas of unconsoIidated deposits that cover most of the contacts 
M w e m  formations. 

The sedimentary formakions of the Alaska Range Wwmn Broad 
Pass and Susitnrr River and thoss of the region fadher sbnth lie 
iu belts that extend in an easterly direction and that are appmxi- 
mately parallel to  the range itself. (See B1. IT, in pocket.) For the 
most part the beds that compose these belts are clmly folded, the 
axes of the folds beig psmllel to the axis of the range, yet locally 
they show open folding, and it will be seen from sections A-l3 and 
G D  on Plate 11 (in pocket) that the axis1 plan- of the folds are 
not. pamUe1 bnt in mme p law dip to the south, in others to the 
north. 
The Alaska Ran* in the viciniQ of Bmed Pass has a spclrnal 

stnrctum. Cbn the north1 and mmth (Pl. TI, in packet) Paleozoic 
or older formations are exposed ; in the heart of the range only the 

s gently folded Canhell formstion appears. Probably the simple- 
ness of this structure is more appamnt than real, however, for es- 
hnsive faulting has affeded other parts of tha r w ,  and, in fact, 

c there is evidence that in this region the southern border of the 
Cantwell formation is a fault scsrp. Eastward from Nemna River 
the folds of the Cantwell became more mmprssped, but the gen- 

1 B. R., The BwnrneId mtloa, Alaska : V. I. C+eoL &rmq Ball, 601, pl. 2, 19a. 

mm4'-Bnll, go6--1- 



em1 ergncrinal stmctum- of the formation is main&ed ta the 
Yanmt Fork Gla& at 1- The atmtural relations of the for- 
mationa south of the 3man8-Chnlftna Valley m only imperfectly 
h o w n ,  but as indicated on the gaologlc map and sections (PI. II, 
in pocket), they are characterid by a northeastward trend and bg 
c l m  folding, with steeply dipping axial planes. 

Since the uplift of the Maaka Range in p&Eocene time, that 
mountain system has become the seat of active glaciation. This 
proceB ssached its maximum intensity at a time when mountain 
glaciers on the buth Side of the range were st, abundant and large 
that they maleewed into v a ~ t  piedmont ice sheets which c u v e d  all 
but the highest of the front range of the. mountsinssins At p m n t  
the glaciers nra receding and glacial activity is diminishing, though 
the higher and more rugged parts of the range are still undergoing 
glaciation. Tha Broad Pass region not only exhibib throughout 
unmist~kable evidence of former trampe&on of ice over much of 
its area, but in ita northern portion it still carries brge and active 
daciem 

~~~ 
Tmert Fork, Nenana, and Susitna rivere head in l a w  glscim 

h t  fd1 p a t  velleys and bsch back into inam~sib'te portions of the 
Alaska Range. In addition to these pmminent large-valley glaciers 
there ase many mall n?mnmtal glmiera that occupy hanging vaI- 
lsys tributary to the main glaciel-fi or thtrt lie in She upper parts af 
eirqnes. 

The Yanert Fork Glacier was not ~Std by the geologic p&y, 
but waa surveyed topographically ~ n d  its form and size rare well 
shown on the topgsaphic map (PI, I, in pocket; see Jso Pls. V, R, 
p. 14, and Vl, p. 16). In type it does not differ essentially from 
the glacier of the West Fork of the Susitns, described on page 67. 
It forms the souroe of Yanert Fork, which run8 for miles in braided 
charnels over a brmd flood plain built up of rock d&ris supplied by 
the glacier. 
The N e n m  (formerly called the Cantwell) Cf Iacier was examined 

only st  its fmntal margin. It descends from rugged mountains m d  9 

abuta against a low ronnded ridge, which waa once o~erridden by the 
ice, bat which now d e f l d  its course wmtward to a place where it 
hnninwtea in s ddbris-mmmd dope from which Nenana River 
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springs. I n  the depression that borders the obstructing ridge on the 
east a low wall of ice forms a spillway from the main channel and 
feeds a small stream. (See P1. VIII ,  B, p. 22.) Though time did 
not permit a detailed examination, the impression was gained that 
the glacier is retreating. 

The glacier of the West Fork of the Susitna heads in the heart 
of the Alaska Range and draws its supplies of ice from the perennial 

c snows of lofty mountains. With its multitude of tributary glaciers 
it forms a dendritic assemblage, whose main trunk sweeps south- 
ward for about 25 miles in a graceful line of double curvature. . 

s Though it almost unites with the headward reaches of the Nenana 
and Yanert Fork glaciers, it  differs from those bodies by contributing 
its waters to the Pacific Ocean drainage instead of to tributaries of 
Bering Sea. This glacier was examined at its lower end and viewed 
from its right bank 7 miles above. I ts  surface presents n rather 
miform gradient from foot to head (about 100 feet to the mile for 
the lower 12 miles), and appears to be notably free from medial 
moraines and from topographic irregularities, such as ice falls, caused 
by unevenness in bedrock slope. I ts  lateral margin, where observed, 
terminates in an ice cliff that is separated from the steep valley wall 
by a channel or moat, partly filled with rock waste and occupied by 
a stream. The entire glacier for several miles above its foot is man- 
tled with a thick covering of rock fragments, producing an ex- 
tremely rough, hummocky topography and obscuring the ice from 
view. This ddbris, together with rock waste and flour incorporated 
in the ice itself and dragged along its bottom, is supplied to  the 
streams that emerge from the ice front during the summer season. 
The abundance of this supply and the silt-laden waters point to the 
erosional activity of the ice, which by rasping, grinding, plucking, 
and undermining has worn down its channel and eaten its way head- 
ward into the heart of the highest peaks. Forward from the front 
of the ice, which has now withdrawn to the face of the range, stretch 
conspicuous lateral moraines nearly 1,000 feet in height, which mark 
the path of retreat of this glacier. The nature and disposition of the 
frontal debris suggest that the ice even now is slowly receding. 

The smaller glaciers of the region require no individual descrip- 
tion. Without observed exception they represent residual portions 
of more extensive ice bodies, and many present a crescentic shape 
with concave front, indicating incomplete nourishment and ap- 
proach to dissolution. These residual glaciers are practically con- 

4 fmed to the Alaska Range proper; in the mountains south of Nenana 
River few such bodies can now be found, though in sheltered spots 
snow banks survivt the summer and would require only a slight in- 
crease in precipitation or decrease in mean temperature to become 
incipient glaciers. 
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The mantle of rock d&s t h ~ t  covers the lowlands and gentle 
- dopes of the Broad Pam region includes ~~1consolidated materials in 

varied assortment and distribution. The character and form of the= 
deposits indicate that they mere laid down by receding ice, which 
once covered the entire urea where such deposits are found. The 
most widespread of these materids is the pound moraine or till sheet : 

that extends over the broad valleys and lowlands of the region. 
This sheet consists in the main of an un~mrted assemblagi of clays 
and sand, mixed with bowlders and angular pieces of rock. In the 4 

main this glacid sheet presents a gently rolling surface, dotted with 
lakes and traverd by sluggish &re- In many pltules, however, 
the surface is ch~mchized by low, rounded hills and elongated 
moundlike m a w  which represent mminal material dumped at 
the margin of the retreating ice. In Bmad Pws, near Jack River, 
there are long sinuous m o d  of glacial materinl, approximately 
parallel and extanding northeastward. Though not accessible for 
detailed study, these bdiw mere nndoubtedly shaped by the ice m d  
indicate the direction of ice movement a t  this locality. (See P1. 
111, A, p. 8.) In the smaller arrd higher valleys the drift invariably 
shows a ~1l'ing haphazard d a c e ,  which indicates depmitioa 
at a later stage in the glacial epoch, when the ice had receded from 
the piedmont slopes but still occupied th~rese tributary valleys. Out- 
ward f som most of these valleys extend well-defined lateral rnordnes, 
which mnrk the course of the valley glaciers that once filled them; 
the existing glaciers have invariably left such paths of their rehent. 
The drift sheet in general is associated with more or less stratified 
p v e h ,  sands, and silts that result fmm the amrtive action of water 
and that represent materials supplied by the ice but laid down about 
its mqin as outwash plains or valley trains. The relative abun- 
dancs of these fluvioglacial deposits is not known, ss in many placa 
they are covered by vegetbtion. Similar deposits are now being 
formed on river flood plains by waters opaque with glacial sedimenk 

The erosive effects of the ice ere of two dive= kmds--thm pro- * 
duced above the ice, which g i ~ e  rim tu sharp, rugged topography, 
and those produced h e a t h  the ice, which result in c m e d  surfaces 
and rounded form. No part of the Broad Pas region is free from 
one or the other kind of glacial: erosion, for even the drift rests w 
an ice-scoured floor and the high& peaks owe their form to im 
attack. The topographic map (Pl. I, in pmket) strikingly shows 
the anguIar o u t h  of the higher momtains in contrast to the sub- 
dued and rounded mLief of the lower portions of the arm 



The mountain upland awes its rugged character to the develop- 
ment of gImrcia1 .cirques-amphithesbr-shaw basins of character- 
jstic o u t l i n ~ a c h  lying at a valley head and wprwmnting a catch- 
ment ares of a former or existing glaciw- These basins were carved 
by the ice itself at the begrnning of glaciation, and some of them art: 
not at the heads of preglacial valleys, for a cirque may develop in 
any slight depression where mow gathers. As glaciation proceeds 

0 
and becomas more intenm, the cirquss am enlarged laterally, mb- 

, sidiay cirques are formed, adjacent cirques merge, and cirques an 
opposite slopes h a l l  y intemt. In this way the glaciers literall_v 
eat their wtty headward into the mountains, leaving, if the glacial 

P period continues long enough, no part of the upland free from their 
attack 
In the Broad Pass region the mountsins are dominated by cirque 

topography, and so little time has elapsed sinm the development of 
them forms that subsequent erosion has sarcely modified their 
outlines. The most conspicuous feature of the landscape;, however, 
h not the depressions themselves but the sharp ridges and pinnncIea 
that remain between impinging cirques Here topographic forms 
of the most rugged character abound--comblike and knife-edge 
ridges, sharp peala, sheer cliffs, and steep declivities. These forms 
vary in contour, t o  be m, according to  the nature of the rock com- 
posing them, far although cirques are equally developed in mom- 
tains composed of different rocks, the formation being dependent 
ody on altitude and precipihtion, it is in massive rmk, such ss 
granih, that the most intricate and rugged reIief is produced. Tho 
sharp ridges of the glaciated mountsins form in horizontal plan 
an involved and bmching pattern; in vertical &ion their roughly 
concadant eleration is frequently interrupted by U-shaped saddIes 
or cols due to  the interntion of two opposing cirques, m d  by higher 
peaks, some of them almost p p m i d a l  in shape, the whole repre- 
senting a cirque-scalloped remnant of a more extensive mountain. 
(See Pls. JT, B, p. 12, and V, A, p. 14.) The floors of the ice- 
abandoned cirques are now covered with rock d&bris, and here and 
them a lake, high perched in mch a depression, remains to indi- 
cate the lack of erosion since the departure of the ia 

The topogrrtphie forms de~elaped by the abrasion of slowly mov- 

t ing ice are very conspimous in the Broad Pass region. The most 
common effect is the ronnded outline, or U shttp, imposed on the 
valleys by the ice stream that once t r s u e d  them. (See Pls. IT, A, 

9 
p. 12, and V, A, p. 14.) The cross sections of these valleys are 
markeay different from the usual angular or V-shaped outline 
p d u d  by normal stream erosion, a shape nqtably I a c b g  in this 
e o n .  Sacond in importance t~ these ice-shaped valleys are trun- 
cated spurs whose summits have well-defined triangular f acea Theso 
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famu are likewise due to moving ice that impinged on lateral ridgee 
and p n d  them down to a concordant plane. They furnish graphic 
and unmistakable evidence of im transgression. In general, they 
occur in series, and a fmely .developed mt forms the southern wall 
of Broad Pass, (See PI. VII, A, p. 18, and the topographic map, 
PI. I, in pocket.) A third feature illustrating the abrading effect 
of the ice is the so-called hanging valley, a l u ~ r l  tributary valley 
that ends at a level above the bottom of the trunk valley and that 
results from overdeepening of the I a r ~ r  channel by the ica Many 
af thwe valleys contain small streams which c w a d e  in beautiful 
ribbon-like falls over the steep slopes to the main valley floor. Val- 
leys of this kind are typically developed along upper Jaclz River. 
From such well-d&ned valleys there are gradations in size into 
hanging cirques, whose fronts are intersected by the main valley. 
Rounded rock surf aces are common throughout the region end require 
no notice here other than the obervation that thoy Iocally carrg. strim 
cut on them by ice-dragged fragments. - 

The depmita and erosional f o m  jugt describd indicate, that 
glaciation, which is still in progress in the higher mountains of 
the Alaska Range, was formerly mare WVW and extensive and 
involved the whole Broad Pass r e g i o ~  The uplift of the Alaska 
Range in post-Eocene time established conditions favorrable to 
glaciation. With increased precipitation or decreased temperature, 
or both, the mountain glaciers increased in size and number and, 
on emerging from the front of the range, coalemd in a piedmont 
ice sheet that wm augmented by smaller glaciers that rose in the 
front ranges of the mountains untiI it covered the entire lowlands 
and overran the f ower mountains to an elevation of at least 4,600 feet, 
the highest observed paint of glacial erosion on a faceted spur muth 
of Broad Pass. The region affords no evidence of mar0 than one ice 
trttnsgression. Certainly no compicuous trmnsgressiow followed the 
major one, and preceding less extensive advances would ba ob-d 
by the maximum advmm The period of maximum advance is not 
precisely known, other than that it followed poat -Erne  deforma- 
tion and preceded the present waning glaciation ; the lack of erosion 
on ice-shaped surfaces, however, points to a short lapm of time 
since their development. After tho ice sheet reached its maximum 
development the climah became milder and the im withdrew from 
t,he lowland and the piedmont slopes. Whether this withdrawn1 
was continnoas or whether it proceeded at intervals is not known, 
though such change would probably not ba without fluctuations. 
Glaciers persisted in the mountains after the piedmont im bad dii- 



appeared, and a transition was thus eflected to the present epoch of 
high-level glaciation. 

The movement of the ica is not known in detail, but them is mi- 
d a m  that one part of the sheet moved southwestward through Broad 
Pw,  whereas in the eahm part of the region the movement in 
general was southward. The topography of the region and the dim- 
position of the present glaciers would seem to indicate that the ice 

2 nd~anced from two cente-ne in the high mountains of the Mount 
I- McKinley group and the ather runid the Cathedral-Hap amm- 

blage. During maximum glaciation the major lobes and the sub- 

.- ordinah intermediate ones merged into m e  vast im sheet w h o ~  
movement was determined by the topography of the country in front 
of the mountains, but during the advance and retreat of the ice the 
Lines of movement probably radiated from t h w  two centem Dur- 
ing all stages of glaciation there were undoubtedly many conflicting 
ice currents, w i a l l y  about the bordem of the mountain mams, of 
which a single example is furnished by south-facing faceted spurs 
between the prasent glaciers of the Weat Fork and the Middle Fork 
of the Susitna, which indicate a transverse movement here, at the 
very front of the Alaska Range. Tha maximum thickness of the iix 
sheet, judged from the height reached by glacial erosion en the 
mountain slopes, is believed to have been m m  than 2,200 feet, a 
figure obtained by direct; measurement of the height of certain 
faoeted gpurs south of Broad Pass. 

The drsinage of the Broad Pass region, which was established by 
the uplift of the A l a h  R a w  and conditioned by the topography 
then formed and by the structnre and character of the underlying 
rocks, has been profoundly aflectd by subsequent glaciation. These 
mbsequent changes in the drainage pattern are due (I) to  deposits 
of glacial matads1 left after the retreat of the im, (2) b cbsngeg in 
topography due to  erosion by ice, and (3) to the topography of the - 
original surf ma of the ice itself. 
The deposition of glacial drift aver the low-lying portions of the 

Broad Pass region h a  p r d u d  areas marked by abundant lakes, by 
undrained and sluggishly drained tracts, and by streams that are 

1 errant, meandering, md discordant to  the strncture and lithology 
of the underlying r o c k  The drainage has been lifted, so ta speak, 
from its former bed and superpwd on this mantle of ancboli-  * dated material, so that now amid a region of high mid rugged mom- 
tabs a kind .of drainage prevails that is normal only to regions of 
mature and subdud topography. n i s  condition ia locally striking, 
but is not of wide effect, for few of the larger draiaagewaye have 
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been entirely divertd from former courses by morakd deposition 
alona The eR& has rather beem to convert ~n active &mm into 
a sluggi~h one, a well-drained valley into a marsh, and only in ex- 
ceptional places ta reverse or &- the direction of flow. Whm 
a reversal or change in dimtion of drainage has stppamntly faken 
place the proces seems, in most instances at least, to haw been corn- 
plicatd by the manner of retreat of the ice, the disposition of the 
ice itself rather than deposits Ieft by it having bean the conditioning 2 
factor in. directing postglacial drainaga, An example of this condi- U 

tion is formed by the anomalous eonm of Butte Creek southward 
across the Trip& ( 8 )  date formation, with its abrupt eastwardl 

P 

meep into the Susitna, in contrast to preglacial Butte Creek, which 
probably flowed southwestward &om Butte Lake into Deadman 
Creek. Morainal damming: alone seems incompetent to have caused 
this change, for the p m t  stream cuts through a solid rock barrier 
of Triawic (9) slatm at an elevation greahr than the morainal de- 
p i t s  that form the divide between Dedman Creek and Butte Creek. 
The presence of ice & th is  Totality, and especially the fortuitous 
manner of its mtrmt, are therefom assumed to  have influenced the 
location of the present m u r ~  of Butte Creek. 

Erosion due to ice abrasion has modified stream gradients and 
de~eloped local features, such as fa& and rapids, but with the ex- 
ception of Nenmpb River it has apparently had little brond e%ect 
on the drainage p~ttern. Ranging valleys with their frontal cascades 
form striking and p i c t u q u e  examples of stream dishrbmce due 
to glacial erosion. The drainage of the upland regions, characterbed 
by cirquw, occupiea d e p d o n s  formerly filled with iqbut  whether 
t h w  lines were developed by the ice, in which event the present 
drainap is not superimposed on the preglacial. me,  or whether the 
ice merely deepened valleys initiated by n o d  processes of ero- 
sion, are questions that can not be aatisfadorily answered here. 'Sha 
presumption is that bath mndikims are in part fulfilled in the Broad 
Pam region. 
The course of Nenana Biver northward through the Alaska Range 

jmt,esd of muthwe9tward through Brod Pam into the Chulitna 
ba~in  is so digcordant to &ructura md preglaeinl topography that 
it must have been due to  unusual condition& It is now well Imown 
that glaciation was and still is mom inhnse on the seaward face of I 
the Alaska Range than on ita inland dope, a fad shown clearly on 
th0 geologic map of the Mount McKinley ~gi011-l The thick accu- 
mulation of ica in the Broad Pass region is thought to have f o n d  c 
a northward overflow through a depression in the Alaska Range, 

1U. B. Geol. Survey Prof. Paper TO, pl. 9. 1611. 



which it overd~eped aria left invested mith the prmmt Nmana 
River. This explanation derives additional weight from the fact 
t h ~ t  the course of the lYeaans lies halfway b e e n  two centers of ice 
developmentthe high mountains of the Mount McKinley gonp  and 
thorn of the gmnp containing Cathedral Mountain and Moant Hayes, 
so that an the recession of the iw the eastward and wwtwaql drain- 
RP W&S probably blocked by waning ice lobes. Delta River, 90 miles 
t o  the east, which flows northward thmgh Delta Pass, forms an 
example analogous to the Nensna, and a similar axplanation has 
been advanced for its discordant c o r n 1  Two other explanatiws of 

% 
the courses of these two rirers are pc&b1e--first7 that they are 
antecedent &reams, whose courses were maintained during the ele- 
vation of the Alaska Range, and, seeond, that they are due ta head- 
ward erosion, of streams which began on the north, side of the rnnge. 
Thm explanations, however, seem less adequate to meet the field 
condition than the one involving glaciation. 

The principal changes in drainage caused by glacial deposition 
and erosion by ice have been indicated, and the suggestion has been 
made that some of thew changes have been in part conditioned by 
the surface configurntion of the original ice sheet and the manner 
in which this sheet receded. On the whole, the tupography of the ice 

- has apparently played an jrnportttnt part in determining the coum 
af the present streams, though the precise way in which it exerted its 
influence and the places where it mas mod eflective are difficult to 
ascertain. Inasmuch as the prssent drainage was developed at  the 
edge of B waning ice sheet and mas left in the path of its receding 
border, it appears that the disposition of the ice at its different stags 
mud have fixed or cuntrolled the p i t i o n  of the aminageways in 
many places where the original topography wm insufficient to main- 
bin control. The COUW of Butte Creek was apparently 9o deter- 
mined. The explanation advanced to amnet for the noahward 
course of the N e n a n ~  involves this principle. The diverging paths 
of Nenana and Susitna rivets, which head within a few miles of each 
other, a m  due to the fact that their muroes were formerly more 
widely eeparakd by an im lobe of which their respective glaciers 
am remnants The course of .Jack River northward into the Nenma 
instad of through Broad P~ss is probably due to the extension in 

1 the past of the g1;lscEers near Mount McKinley acrm the upper 
ChnIitns Valley, where they formed a barrier h. southwestward 
drainage. 

e EBfamt, F. B., Headnahr reglorrs of Qulknna end Suslhr  five- AIanka: U. 8. -1. 
h m e y  BulL 4@8, p. 61. 1012. 



The geoIagic histov of tbe Broad Pam region can only be 
sketched, and very hperf&ly, for the facts at hand are too meager 
to warrant a faller or mom detailad account. The first event of the 
geologic record, so f a r  as is now known, is the deposition of ar- 
~llaceom and calcareous &ants in Devonian time. These beds 
of Devonian sbte, schist, apd limestone are more highly altered and 
more intricately folded than the other wdimentary formations of -, I 
the region, and they were probably folded and subjected to erosion 
before they were covered by later formatiom. 
The next major event is in doubt. Apparently the lavas that u 

form the mountains south of Butte Greek were poured out at this 
time, but the Triamic ( P ) dates of Butte Creek may have been de- 
posited before the volcanic rocks were ejectel  Facts bearEng on 
the relative ages of thwe formations have already been given and 
need not here be repeated. What appesrs to be the upper part of 
the lava flows in the vicinity of the Roosevelt Lakes contains water- 
laid tuffs, and tbe near-by Trike ( ?  j sediments also contain tuffa- 
muus beds. This evidence is interprebd as  indicating an interval 
between periods of volcanic activity and normal, sedimentation, 
during which the dastic material produced during volcanic outbursts 
and that due to erosion of land surface were intsrmingled. No 
indication of volcanic activity during the deposition of the upper 
part of the T r i d c  ( ? ) sediments has been found. 

Little, if any, evidence is at hand to ahow what took place between 
the deposition of the Triakc ( ?)  rocks and the group of slate, p y -  
wacke, md conglomerate on Jack River. This group is provisionally 
assigned to &he Jurassic on rather slender evidence. The beds that 
composed it must have accumulated rnpidly under rather nnstable 
conditions, possibly in shallow water near a shore line. They are 
the youngest mdiments of the region assigned to the Mesozoic. They 
were folded rrnd intruded by igneous mnmq and &er being ele- 
vatad were subjected to erosion for a long period, which probably . 
exknded into Tertiary h e .  If Cretaceous beds were ever laid 
down in this region they either have been unrecognized or have been 
entirely removed. 

It ia believed that when the mnglomerates and sandstones of the I Cantwell formation began to mmmalate in early Tertiary (Eocene) 
time the area where the Alaska Range now rises had been reduced 
by erosion to a @on of much lower relief than that of the present. 

+ + A mountain mass, or & least B region of bigher elevation, lay to the 
gouth and furnished material for the conglomerates, sand% and shah 
of the depcwits that wem being laid down along the front lof the 



highland, not in the sea but on a marshy lowland, p k b l y  near the 
BBEL Depition of the Cantwell sediments was followed in Tertiary 
time by mountah-building movements that mally gay& rise to the 
M d a  Range as we.= it bday.  The Cantwell and a11 the older 
formations mere hhruded by large m a m  of igneous rock, granite, 
diorite, and related types, and were folded together and elevated, 
permitting the revival of vigorous erosion. 

Tt is not h o r n  when all the diffemt igneom mda of the region -?  invaded the sediments. Pmb8bly intrusion went on intermittently 
v 

throughout all the time between the deposition of the Devonian for- 
+ mations and the elevation of the Alaska Range. It is known, how- 

ever, that widespread crustal movements and the intrusion of large 
, r n m  of igneous rock took place some time after tha Middle Jurmic 

epoch, According to Brooks; the great batholiths of the Coast and 
Mwka ranges and of the Talkeetna Mountains were then intruded, 
Kevedhelew it does not appear that the extent of Tmtiarg intrusion 
has been fully realized The mvival of the pr- of erosion that 
began with the elevation of the Alaska Range fed to the bImking on t 
of the principal topographic featurn seen in the range today, but 
these features have been profoundly nflected by other agencies than 
weathering and normal dream erosion, for the elevation of the range 
also gave rise to  conditions that led to  intern md long-continned 
glaciation of the region and great modification of the preexisting 
drainage and topographic f oms. These changes have been discussed 
more fully in the m i o n  on glaciation (pp. 68-78). 

ECONOMIC GEOLOGY. 

Geologic conditions within the Broad Paas region ara of a kind 
commonly regarded as favorable to mineralization. Wide areas of 
slate, shale, limestone, and other dimentary d e p i b  have been in- 
truded at different timm by granitic mcks of several I t y p ~ .  Many 
~uch intrusions in other regions have led to extensive mineralisation 
of the invaded rocks, but the results of the field work of 1918 show 
that the Broad Pass region is not so greatly mhemlized as our 
knowledge of the other featam of the geology wouId indicate 

S IIInny eonkta of igneous and sedimentary rocks were examined with 
considerable care, yet without finding notebls minedization. At 
some places there is rt mall amount of pyrite, and the invaded rock 

f has suffered such changes as baking and silicification, but otherwise 
the intrusive rocks appear to have produced little effeet. 



No mining is carried on in tbe Bmad Pass region. Parts of the 
region have beem prospected, chiefly for placer gold, in a hasty and 
imperfect way, but the m1ta of prospecting were not encouraging, 
though goId, copper, and coal have been found.' The men who dis- 
covered the gold placers of Valdee Creelr amndd Susitna River 
from the month of Tyon River, p-ting the tributary streams 
on both sides of the river as they went. They found coal w a west- 
ern tributary of the Susitns which they called Coal Creek, and 

-$ panned gold from the gravels of Butte Creek and Borne of the d l e r  
umamd stmama. .I 

om. f 

m e  p v e l s  of Butte Creek, Wickedam Creek, and several maU 
&mama that flow Into Snsitna, River from the west in the vicinity 
of Valdez Creek contain plncer gold. Gold prospects have also hen 
found on some of the small streams west of the glacier 3 the bead 
of West Fork of Susitna River, but no mining has b e a  don& An 
attempt to recover gold from the gr~vah of Wickersham Creek and 
one or two of its tributaries did not turn out profitably. . 

All these localities are in areas of slate or schist. So far as is 
h o r n  to the writer phmr gold has not been found within the 
areas of igneous rock, except in pl- where the gravel is derived 
in part from neighboring sedimentary formations, 

Capper-bearing minerals have been fomd fie I a n  flows b 
heen Butte rtnd Wschana c m h  md Susitna River and am 
report& from lacali ties on the upper part of Chulitna River. A 
rather large vain of chnlcopyrits was found sev~ral years ago south 
of the eastward bend in Butte Creek. This locality was not visited 
by the Survey party, but a specimen of the om h i s h e d  by Mr. 
Peter Monahan, of Valdez Creek, showe olivine basalt carrying dis- 
seminated chaIopyrite. No effort has hen made to exploit the lode. 

Coal h k  joins Snsitna River 8 or 4 miles above the mouth of 
h l ~ b r e n  River. Coal was found on this stream in 1904, but no A 

attempt hns been mRde to use it. Little can be said about the occur- I 

rence of coal in this locality, for neither its thickness nor the char- 
acter of the racks associated with it are known. 

llluring the aummer of 1914 mrumb of the dhovery of valuable l m h  #n €be  mad 
* 

Psa*s -on were wldtly dkmtriated These were deacribeB as large wtn c n r q h g  
ores of low value. The place at which thw lo&% were found !n unknown, m d  them hss 
been no antboritaave contlrmation of the dhmverr, 



Seam of d ady a few inches thick are interstratifid with car- 
hnacmus &ale in the Cantwell formation, but they do not ppromim 
to be of .[x)mercial valua 

Most of the conditions that would affect prospecting and mining 
in the Broad Pass region have a h a d y  been di'scussed under the 

.L head of " Geography," but further reference to one or two of them 
-. is desirable. Transportation is the most important, and might easily 

be the deciding factor in determining the profitabhess of a mining 
% venture in this region. Under present conditions ordin~ry snpplics 

can  roba ably be freighted to Broad Pass from F a i r b h  more easily 
and chmply than from any other point. Eren now same of the- 
minm on Valdez Creek bring supplies from Fairbanks, balding 
them over the ice of Nenana River. The w i n k  mnte from k k  

.Met,  however, should be fully as good, although the use of this 
rouh would n k t a t e  landing freight at the head of Cook Inlet 
before winter mtS in. 
On the other hand, most of the mining equipment and supplies 

used on Valdez Creek will doubtIes continue for s few years to be 
hauled from Chitina, md the lesser cost of trail breaking by this 
route mwt be taken into consideration in calculating the cost of 

' winter freighting into the B m d  Pasa region. 
The transportation problems of the npper Chulitne, Su~itna, and 

Copper Rirer regions will  probably ba entirely changed in the near 
future. Shce the pasage of the. Alaska railroad bill the different 
mu& from the coast to the Tanana and Yukon valleys have bem 
surveyed m d  that leading from Seward to  Fairbanks by way of the 
Susitna, Chulitna, and Neaana valleys has been chosen as the route 
for the first rnilroad to be built in Alaska by the Government. 

Construction work on this road has been begun, m that them is 
reason for believing that the Broad Pass region will soon be one of 
the parts of interior Alaska mast easily reached. 
The Broad Pass region, considered as a whole, is timberless, The 

&etch map shown in figure 2 (p. 18) indicates that  rum grows 
only along the principal w a t e r c o w  and that the higher country 
is without timhr. It is therefore evident that both lumber and fuel 

% > must be imported if required in considerable quantity. The lignitic 
coal that is so abundant in the Bonnifield region north of the Alaska 
Range may be umd, yet the higher grade c d  of M a t m k a  Vrtfiey 
is more likely to be employed when railmad communication with 
Cook Inlet is established. 

The B r d  Pass region may be said ts be alm& unqlored so 

far as a knowledge of posible mineral resource is wnwmd. It 
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appears unIih1g9 however, that it CIW~&H importapt depoeita of 
ml, for the principal coal-bearing formation of this part of Masks 
is not widely developed south of the Alaska Range in this region. 

Thongh no extensive minerahstion was found here during the 
geologic field work of 1913, that work was not mficiently detailed to 
warrant a sweeping statement as to  the pmnw ar absence of 
metallic depositp, particularly when the genera1 geologic conditions 
appear favorable t o  their prwmce, ~ n d  it is believed that a march 3 
for valuable metah may lm justified. i 
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