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PREFACE. 

Tba Ndchina-Susitm region, d k b e d  in this bulletin, &QU& 

much more accessible than m y  parts of Alaske which are far btter 
known, had up to 1918 been relatively little vis i td  It had, however, 
baen trsversed in 1898 by a party under the leademhip of Cap& (now 
Gea) E. F. Glenn, United StBW Amy, and had been pnettnted by 
a few trappers and prospectom h has BQ frequ~ntly happened in 
AI-, however, these conditions were quickly chmged by the m- 
ported discwery in 1913 of placer gold in the wgion. Ths usual ex- 
aggcmtion of the richness snd extent of these depcdts created enough 
excitement ta bring into the region several hundred m e a  Some sys- 
tematic prospecting was done, but most of the miners left after they 
had learned the actual mndjtians. 

As &own in this mport, there has been bat little produdive mining 
in the ~ ~ g i o n ,  and its geology d m  not encourage the hope of finding 
extensive pleeers, yet the wide distribution of alluvial gold indimtea 
considerable mineralization. Momover, the presence of a large nnm- 
ber of intrusive igneous rocks also enmurages the hope of finding 
local mineralization of the bed& During the relatiwly m n t  
pmfonnd glaciation of the area most of the pmglacial gravels have 
been eroded. This p m s s  would lead to the removal of -anany plmm 
f o d  in preglacial time and the dissipation of their gold contents. 
It is n d  impossible, however, that in favored lmlitiw some of the 
pregIa&l gravels may remain, and wch deposits, if they exist, m y  

L' contain workable deposit& Such placem am likely to be deeply 
buried and would have to be rich to warrant exploitation in this 
isolatd region, where operating costs are n-rily high. The 

t region will, however, be readily a m i b l e  when the Government rail- 
road is completed to the Matanuska coal field. Under the improved 
aoonomir: mnditiona which will then exist sygtematic p e i n g  
would appear tQ be+judfied. Furthermora, ths f a d  that some of 
the bedrwk is mineralized makes it at  least p i b l e  that muriferow 
l d m  may be found, though none has yet hen discovered. 

I .  





*Wis bulletin deals with prts of the drainam bagha of Copper 
and S n s i b  riaem. The t o m p h i c  map acmrnpanyin~ the report 
(PI. 1, in pocket) chows an ama of about 10,W q u ~ m  miles, which 

is inclndd between parallels 61° 3fihand: RBO OB' ~ n d  meridians 
145O 20' and 148O M*. The relation of this region to the 'mutharn 
part of AJaska is shown in f i p r e  I. 



The part of the region that was e&ed geolagidy and that 
.is d i m 4  in this paper extends diagonally from the s o n t h e  fo 
the northwest mmr of the area m~ppad. (See P1.11, in pocket.) 

i. 

Iir 1843 R t t h  Se&rhikoff, n Cnmle, a graduate of a school , 
of commercial m~igati6a in Petropd,  explored Tazlina La la  Re 
ascended Copper River fo Tazlina River and traveled thenas to 
Tazlina Lnke, which he called Lake Fleveznie. H e  spent two d a p  
exploring the lake and nokd two western tributaries, one of which 
leads to a portnge to Cook Inlet. We evidently referred to Nalchina 
River and ths routa to the COIL& by way of Matanuskrr Valley.' 
Lieuh H. T. AUml s k h t d  the border of this region in a military 
reconnaimnm made along Copper River in 1885. 

Aaide f mm the meager information obtained by thm two expedi- 
tions, the &st definite knowledge of this @on was gained from 
the reports of Government explomtion parties in 1898. In that year 
the =tern border of this region was visit.& by F, C. Schmder: 
who, as progist to a military expedition under Cept. W. B. Aber- 
crombie, made a @ol&c reconna&ranoe from Valdm over Valdez 
Glacier and down Klutina River to Copper Cenhr ruzd beyond. 
The same year W. C. Mendenhall: wting in a similar capcity to 
another military expedition under Capt, Edwin F. G h n ,  c& 
tRi region on s reconnaissance from Bmmection Bay to Tanana 
River. Hie mute was along Matanuske River, Hicks Cmk, and 
Billy C h k  to the headwaters of Little Nelchinn River (Bubb Creek 
and Nelchina River of form& publicetions), down Plat Creek and 
Little Nelchina River to the sharp berrd in the river 4 miles below 
the mouth of C m k e d  Creek, and, thence northwestward to  Lake - 
T ~ u i m  and on to Delta River. His route a c m  the region here eon- 
sidered, except* for a short distance along Flakt Cmk and Little Nel- 
china River, therefom lay for the most part across gravel flats, 
so that his investigations added little to our h o w l e d p  of the - 
geology of the brd rocks, Both these explomtory expeditions, how- 
ever, wem of great value in outlining the general features of the . 
physiography, dminage, and geology of a larger area, of which this I 

region f orma a pa* Mendenhall ' and Gerdine continued the dxdy 

%Allem, H. T., Elcport ot an expedltlon to the Copper. Tanana, and Ko~akuk rl-, In 
klm Territory of Alwkm, la the year 1885, p 21. Wssh~f ioa ,  1B87. 

IRchrader, F. C., A'mmnnamce of s prt of Prbce WClllam '%3Un& lmd the M m r  
River district, An&& !n 1898: U. 8. Geol. Barney Twentieth dun. Wpt, pt. 1, pp. 
341-428. 1800. 

aMendenhall, W. C.. A reeonndmmee -W ta *the Tmlma Mwr, 
AlMka, la 1890: U. &MI. Survey Twwtleth b u .  Rept., pt. 'l, pp. 285-840, 1800. 

Meadenhall, W. C.. Gmlm of th c e n M  Comr atrv -0% A h h  : U. 8. -1. 
b e y  Pro!. Papea 4b 1806. . 



of the Copper River region in 1902 and mapped the mnth and west 
slqm of Wmgell Mountains and pa* of the Alaska Rgnge that 
am4ddned by kributaries of Copper River. 
. h 1906 T. G. Gerdine and Adolph h p f  carried reconntris- 
sanm topopphic and geologic surveys up Mattandm R i m  and 
Hi& Creek ~~ to the headwaters of Little Nelchina River and 
down to, Tahneta Pass. The same year R. H. Bargent and Sid- 
ney Pa& members of the same party, ascended Cbickaloon River 
to its head, went down Talkeetna Rjver to itst mouth, and con- 
tinued along the west flank of the Talkeetna Mountaim to Knik. 
J. W. Bagley, D. C. Withempon, md C. E. Q i f i  mapped the 
headwater regions of Gulkana and Susitntr rivers, and F. R, MoEt 
and B, L. Johnson studied the geology of the same @on? Two 
gears later Mr. Moffit. and J. E, Pogue extended the geologic mrveys 
to Bmad Pass and J. W. Bagley carried the topographic happing 
over the same area.= The same year G. C. Martin and J. B. Mer- 
tie, jr., studied the geology of the upper M a t a n d  Valley and 
the-headwater region of Little Nelchina River.' 

The purpose of the work on which the present mport is b a d  
was to connect thme former surveys and continue the work west- 
ward. A party organized for this purpw was placed in charge 
of J. W. Bagley; who has prepared the following statement regard- 
ing $he topographic survey of the region: 

The topgraphic mmey of the region was started from a barn 10,973 fet 
long, whlch wm laid out near NeIcl3ina village, on the low ridge Iying between 
C m k d  Creek and Little Kelchina River. TMs barn lay at tbe edge of the 
reglon included in n topographic wrvw by T. G. Gerdlne in 1908. end at the 
o u h t  a tie was obtained wlth several of his &atloas, whlch wpp1led the 
t e m p o m  vertical datum. The baee was expanded by thml01ite at the same 
time the topographic work was being carri@ forward by planetable an8 
~anoramic camera: The survey took a general northwesterly mume, extend- 

- 
Ing acrom Smftna Rlver to polnts.only 15 milen Prom Broad Pass, and In 
this regIon it was jolned to swveys of three former years. On the return 
trip to Ne1china additional ~tatfom were occupied to embrace as much of 
the a n t r y  adjacent to the mute as the short time permitted. W e  later 
part of the season was employed In extending the survey from Nelchlna tn 

Stdnw, md Enogf, Adolph, Oeologlc mnnalmuce in the Matannaka and 
Talkeetna b M a ,  Alaska : U. 53. Geol. Survey Bull. 82T, 1901. 

mkromt, I?. H., Headwater reglous ot Galkana and Susltna rivers, Ah&&, wlth aooonnts 
of the Vnldm Cnelt and CMstochlna placer dletrletm : TI. 8. W L  Survey Ball. 498, 191P 

UMoitff. F. H., The Bmad Pas8 regtort, Ala&a, with m?etlona on Quntemurg deposlta, 
~ ~ M U E  and glaclatloa, by J. E. Rogue : U. 8. Gaol. Burvey Bull. 608, 1916. 

4 Matt ln ,  0. C., and Mertie, I. B., jr,, Mlnsrsl resonres of the upper MaOsnufka nnd 
Hdchina vallege : C. 8. Qwl. 13urvev Bull. 692. pp. 2T8-2Q9, 1914 ; Geology of the upper 
EBatannskn ValIq, Alibka: U. S. Oeol. Survey Bull. - (in prepamtion). 

Bagleg, I. W., The +panoramic camera in topopphlc mrveying : U. S. W. i3- 
B f l .  867, 1.917. 



&vm Center. h r  thta m t e  tIee were made wltlt the Iatltude!mdtrpde 
rhtlon at  Copper Center, determined lestmnomlcally the Cmst a~ Qeo- 
detlc Survey In 1fKL wfth the lend mmeg ILnea laid out by tM Genetal 
h n d  OfAce ID the Pfdnitg of COW?E Center ie 19046, wlth the topographic 
work of the &a!agical survey by T. tf. Gerdlne in 1902, and with the rail- 
road mnnatsmnm of the route from ChWnn ta the lower Mabnnska, made 
hy Henry Deyo: of the Almbn Bngfneering Commlsdm, in 1914. The ac- 
curate Ilne of lev& carried over the railroad snrveg Irom tidewater to tid* 
water supplied a vertical datum to which the survey WAR adjnatwl Wore the  
compilation of the map waa'eommencd Tbe last few days of the s e w n  were 
LIpent In recowring the Initial east and west base Ilm of the land BntPey nmr 
WIIlow Cwek and expanding I t  t o  We stntions occupied in that lw~~l l ty  

The party of 7,men md 15 pa& horses left Knik June 7 md 
arrived at Xelchina June 24 by way of Mrttanuska Valley, Sqnltw 
CreekI and Crooked Creek. Provisions for the season were h u - g b t  
in from Valdez during the wintar, and a cache h ~ d  been left st  
Nelchina and another one at  the mouth of M~ciaren River. A d a 1  
Aeld work was started June 15 at Albert Creek and extsndd north- 
westward dong the foothills of Talkgetua Mountains to. Kosins 
C m k  The party crosIKd S d t n a  R i ~ e r  at the mouth of Maclraren 
River on August 1 and spent a month mapping the region north 
of the river. Tbe return trip from the mouth of Maclaren River 
was by way of Susitna River, Tyone Creek, Sanonra Cmk, and 
Little Tyone to Nelchina and thence ta Copper Center by wky of 
Tazlins h k e .  The pa* spent a few days in the vicinity of 
Rlutinrs Lake and left Copper Center October 10 for Valdez by 
the Government road. To the writer wa8 ~ w i @  the investiption 
of the geology and mineral remums of the kegion mapped. H e  is 
indebted to Mr. Bagley for many conrtmies rendered and also ta 
Messm J. E. Clsrk and G. J. Chnmbedain for &nee in eolhc+ 
ing specimens. A preltminary report of thia district was p b ~ ~  
ju 19lSda 

Although the party w m  the recipient of many conrk5es dnring 
the wason, special mention ~hould be made of t h w  extended by L F. 
Shaw, commissioner of Nelchina recording precinct; Massrs. Tolson 
and Sell ick, of Fourth of July Creek ; Cmille McGtom, of Nelchina ; 
5. L. Sirnpmn and R i n p a l d  Blitz, of Copper Center; amd F. J. 
Ringham, of Willow Creek. 

QEOORAPHP. 
80BFACE Flu-. 

The dominant topographic forms h r  evidence of the intense 
daci~t ion to which the region has been subjected. Three diatinct 

1 k laaha  m. Corn* R q t .  for lSl4-IS: #th Cmg., l m t  u ~ ,  IT. DOE. 810, p& 
1 nnd 2. ISlA. 

*Chnpla. ThmNore, A d f ~ r n n s  gracels 0 5  t k  SclcbIn8-lmltn8 m%on : U. 11. ad. 
vay Bull. 822, pp. lTg180. 1816. 
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A .  LAKE-DOTTED MORA[NE, COPPER-SUSITNA BASIN. 

View [ o o k i n R  southwest from Mende l tna  Riv::r: Tazl ina take  and C! iu~acR Mnurl:ains in the background. 

I:. TAZLINA RIVER A T  T H E  MCqUTH OF MOOSE CREEK. 

View showing d~ssccked gravel plain of Copper-Susitna basin. 
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@qm- of tqmgraphy are represented by the d6bris-filled lowImd, 
in which the relief is slight; the rounded foothil$ which include 
ioaaaoured knobs and ridges; and the rugged mountains, in which 
t h  am numerous cirques. These type8, although divmm, are all 
the inheritance of a profoundly glaciated region md are wried 
e@ms of glacial ection. Although divisible into sm~ller topo- 
graphic unih, this +on fdls naturally into four iphprsid divi- 
siwti-an exhwive lowlsnd and t .hm bordering well-defined moun- 
tain provinces of divene chnrachr--parts of the Talkeetna and 
Chugach mountains and the rugged ranges lying between Switna 
River and the Alaska Ran- 
The largest of them divisions is the 10wImd p d n m ,  s broad 

bssin -riding the length of the area mapped and including parts 
of the valleys of Susiba and Copper rivers and the a l m d  imper- 
captible low divide that soparates them. Z'his province is floored 
wi* glacial silts and gavels that fomn part of an extensive gram1 
sheet mching from Mentasta Pnss and the headwaters of C h i h a  
'Ri~er ta Cook Inlet. It is of late geologic age, md its glacid origin 
is e ~ d e n t  from its poorly drained, lnke-doW surfam and the 
chancter of its depusik (See PI, 111, 8.) It has a. rolling, nearly 
Ievel d a c e ,  broken by gravel ridges and  harp canyon-like &ream 
valley& The drainage is young and poorly developed. The &reams 
have cut into the gravel# in V-shaped troughs, and the inter&ream 
amas contain ponds and swamps that have no apparent outlets. 

'fhe lowland province is bordered on the southwest by the Chugrtch 
trnd Takeetna Mountains. The Chugach Mountains form a belt 50 
to 60 mila wide that extends from Mount St. Elias ta R m i  Penin- 
sals in a ooum roughly parallel to  the cortst. They form s com- 
plex mam whose p k x  reach elevations of 8,000 to 10,000 feet"& 
of Tabeta Pass the boId front of the C h ~ p &  Monntttins rim 
'ahptIy from the gravel lowland but is flanked in places by foot- 
hills, the only pad of the #upch Mountains i a d u d d  within the 
region h m  mpped, 

The T a h t n a  Monnbins rtre =pafated fPom &e Chupch Moun- 
S n s  by Tahneta Pass and Matsnnska JTd1ey. They form rr rudely 
circular maas, which has no definite trend. They are rugged in outhe 
md m q e  in elevation from 5,000 tm 6,000 feet, though indiriduel 
padm are 8,000 to 9,000 beet high. On the south they rise abruptly . 
f m  the floor of Matrrnvska Valley. On the, north the low rounded, 
&&top@ foothills of this mnge carved Zrom an extensive 
peneplain that liss along the northern base of the Ttrlkeetna Moun- 
tab. This pateplain dips gently to the north and i abruptly tarmi- 
natd by the d e p d  trough that is now covered bp thC gravels of 

1 B m k e .  A H., Owgraphy and geolm of Alaab:  rf. R. -1. Prof. -C 46, 
p 10, 1% 



a-glacier dkharged bergs into the upper end of the lake. Aa 
the.l&e md glacier are now separated by a gravel-filled flak it i~ 
-&denti that the glacier has m n t I y  d e d  or thab the upper end 
of the lake has been filled with silt. 

TBe upper end of the lltke is confined within rmk walh in an ex- 
tawion of the valley occupied by Taelirta Glacier, but most of the 
lake liee in B d e p e o n  in glacial deposit9 near the owtact of tha 
e v e 1  sheet and the Chugach M ~ ~ n h l n ~ .  At it9 lower end the lake 
contracts to a narrow stretch of water from which Tazlina River 
issum over rapids and flows in s canyon-like g0rg.e in the glacial ' 
deposits The Tazlins enters Capper River 9 miles above the 
K l u t i n ~ ~  (See PI. III, B.) A rather large tributary, lmallp h o r n  
as Tolsona C w k ,  antem the river from the north about 10 mila be- 
low Tazlina Lake. 

Ndchmxla Bivar, which is tributary ta Tab hh, d v m  its 
wabr from the Chngach and Talk- mmt~gina I& south fork, 
which k generally regarded as the main filrk, he& in Ke1china 
Qlacierl and receives severs1 tributsrieg from the Chngach Moun- 
tains. Littl~ Nelchina River, which has ltwo main bmches, Crooked 
and Flat cmeks, ia  large^ and longer than the NeIcba. It rises in 
the T a k d n a  Mountains. Mendeltna Creek, the outlet of Made- 
swinas, OM Man, and &her lakes, enters Tmlina Lake half & mile 
below the mouth of Nelchina River. . 

Susitna River, the mastsr stream of the w w t ~ r n  part of the region, 
is formed by. the melting of the ice of several large glaciers in %he 
Mash Rsnge. From its source it flows muthward and south- 
ward far 70 miles to a point where it makes nn abrupt bend to the 
w* l d y  known as the "big bend." Above this M d  the river 
flows over gravel flats in a channel that becomas deeper downstfeam. 
From t h ~  mouth of Maclaren River to the " bia bend '' the river 
flows In a meandering come in rt channel cut in s flat p v e l  plain. 
At mme places .it is eo&d &tween steep walls; ~t others it  is 
fladed by terraces that extend baok from the river and indicate its 
former W t i o n a  West of the mouth of Wetna River the character 
of Susitna ValIey changes eon~iderably. The valley i~ inclosed by 
Iow b u t h  and sock crops out along the river, which flows in rapids 
through narrow gorges mptlmted by long stretchen of quiet water. 
A view of Susims River near the mouth of Maclaren River is shown 
in Pltste V, A. 

The watewhed btween the dminam bagins of Susitna and Copper 
rivers is ill defined. It lies on a broad flat area that is dotted with 
emamps and lakes, and the direction in which many of t h w  drain 
is doubtful. The largest of these lakes are Lake Louise, Switna 

SElsIcbbfi B1*rr mad Nelchtae Glacier hw e m m a I y  been mnpged aa Z Y d h  1Eim 
a Tamllnn Gladcr on earlier Bnrvey maps. 



Lake, snd QOPB Ldm, whuse exact pkt ion  and -tent am irtil1 in 
doubt. Thnm three appear to be connected, so that they fom a owl- 
tinuow body of water nearly 80 miles long. They are the mnrcpa of 
Tyone River, a large stream that mtsm the S u a i b  mar the pbint 
where it bends abruptly to the wait. Thmagbut ita mume Tyone 
River meandm through glecial deposits. Neat !its mouth it is shg- 
gish nnd deep. Its water, like thkt of many &mms whi& head in 
lakm and drain swampy regions, is highly m l o d  with -Isle 
stain. Ita prinoipal tribhries are Tyone C m k ,  locally known ~s 

'Little Tyone, md Sanona. Creek, ptrmme that head in the Td- 
keetna Moun&. Sanona Creak is formed by the conflnence of Joe 
C m k  and Yacko creek. N e ~ r  v a n e  Lake there are r number of 
smaller lakes which discharge into the tributaries of Tyms h k  

Oshetna River and its confluente drain a large area in the Tal- 
h t n a  M o u n ~  Its two main tribt~trrries are Little Oshtna and 
Black rivers. Little Oshet,na River rises near the head of Gttle 
NelchZlina Rivw and flows northwerd for 20 miles to its mnflrkenca 
with Oshetna River, the main fork of which imes fmm glaciaa in 
Talkeetna &fount8ins but receives other small tributaries. In its 
upper course it apreads over a broad, f l ~ t  bottom in s brnided chan- 
nel and &ern an easy route of travel, but & its month it is d e d  
in s singla cheaneI and is difficult to c r m  Blaek River is B glacial 

'2ributary that entern the Oshetna from the w& It flm in a 
&might glaciated valley, which is overdespenecF in its upper pnrt 
and bordered by immenrse lateral mcmrainea For aome diBtsace it 
Aom parallel t o  Oshetna River, which it eatem abont 4 miles wed 
of Lane Butte. 

West of B h k  River is another glacial &wm, h o r n  tQ the an- 
tivm as Kosine River. It mrriea leas. water than Rleck River but 
ha# many ~imikr characteristics. Its valley is W e d  by glacial 
momhes and profound glacial erosion. Tsisi and Temce 
cm&, tributaries of this &earn, are similar to it. Each immpies ta 
gorgelib baain that shows strong gfacial &on and is covered 
&th gh&l depasits in its lower prt.  Each mntein~ lakes that oc- 
cupy mck deprassions mused by glacial $corn snd l a b  formed by 
obdnctions corn& of glacial debrig 

The t r i b u b k  that enter SuiJitna River from the nor&, named 
in order from wad ta Bggt, are T m w q  M a n ,  W ~ ~ B R ,  Jmy, and 
Coal mks. These am 811 cle~r-water dreams that head in the 
nto&oua @on north of Snsihm Rivler. 

-m. 
In the a b m  of weather records r howledge  of the weather 'md 

climate in the region must be derived principally from ~ n a l  ob- 
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mm&ons made daring w e  seama, supplemenbd by such informs- 
.tion sa could be gathemd from ethers. 

Far the purposes of the pmpmbr mid tmveler the year may be 

I 

dhided into sn open and c l o d  season which may 6e called sum- 
mer and win*. The clhate i8 that of the district behind the 
coastal barriem and i~ marked by warm summers and long, cold 
winters, The rainfall is a medium betwmn the excwive precipita- 

? tion of the ma& md the *miaridity of the interior. A personal 
record kept for 102 days, from July 1 to Octobr 10, showed that 42 
day8 m m  free from stom, 29 of which were fair and 13 cloudy. 
On 81 days it mined or snowed for a considemble part of the day, 
and on 29 other days there were light showers. The snmmefs are 
warm, but mddm change3 of hrnperatures are not uncommon and 
may be ammpanied by a heavy froat or a light fall of mow. On 
one day late in July snow fell heavily for several horn but stayed 
on the'pund for only a short time. A little snow fell also in each 
tif the remaining months of the summer. The wintar mawfall k 
not heavy, but the weather is cold. 
. The- apen season for placer mining I& from May until October, 
varying somewhat f mm year to gear and depending on the eleva- 
tion of the region. Ice suitable for winter sledding u~ually forms 
in November and lasts until March or April. 

Sptam irr the principal timbr in the regioa It mwrs the lowland 
awns to an elevation governed somewhat by local conditions but 
ranging from 2,500 to mom thsn 8,000 feet. The quality af the 
timber varies greatly. Considereble areas of swampy and poorly 
drained gravel flats maintain a growth of scrubby spruce t m  only a 
few feet in height and 2 or 3 inches in diamehr. At some pines, 
however, the trees p w  mnch larger. On Tsrussaa snd Watana 
cmah, northem tributari~ of the Susitna, ex~pt ional l~  lg timber 
wss mq many of the tm measuring over 29 feet in diameter at 
the basa Most of the timber along the Susitns is not m large but 
is ample in ~ z e  end quantity for use in mixing and building. Good 
timber also gmwa dong Little Nelchina, Tazlina, Oshetna, and IOU- 

., ti& riven The general distribution of spruce timber ia shown in 
figure 2. 

B i d ,  of which there am merid s p i e s ,  is Earn abundant than 
spruce. One dwarf variety, comonIy hown as "buck b-," is 
a buah that amageg 3 or 4 feet in height and at some places p w s  
Mger. It grows chiefly on relatively dry, gravelly g m d  and not 

~ e - ~ a a ~ 2  



on dwampy sreas QuaEng aBp and willow grow along st-ream 
mums and on wall-watered hiIlsides at s dightly higher elevation 
than spruce and at many plsceg furnish the only available f i r e w d .  
Alder also grows s b v e  timber line but is not abundant except in< s 

I 

few localities, A dew o o t t o n w d  tress grow along stream m u m  

F I U W  2.-Sketch map showhg distribution of spmce timber in the Nelchlnn-Susltna 
region. 

Several rarieties of grass are available for hame feed, The most 
wful sre bunch grass and redtop. These grwses grow luxuriantly 
in places but are not abundant, HO that it is not elways easy for the * 

trrrveler to find forage+ A substitute for them Erases is a rank black- 
seeded swamp grass, which horses will eat, though they do not d i s h  
it. A little grass Rppears about the 1st of June, but grass can not 
be depended upon for forage until the middle of June. H m  feed 
lasts from mid-Jrme until the time of the heavy fm&, which varia 
fmm early in September to the 1st of Octoher, depnding on the 
g~ason and the location, After the other g r m  am gono a '&pea . 
trine," which p w s  along ,river bars and dry bencherr, is sometimes 
available for grazing. 



The most plentiful large game mind of the SusiOna region h the 
. amibou. T h w  animals, which are found on both sides of Susitna 
River, are tame and are easily taken. They range from the river to 
the high ridges and a m  often seen in lrtrge herds. Moose also may 
be found in the Switna region but am more abundant in the low 
muntrg to the east and around Klutina and Tmlina lakes. A few 
sheep live in the Talkeetna Mountains and in the mountains north 
of Smitna River. Brown bears are plentiful but are not desirable 
game. Other fur-bearing animals are foxes, rabbits, quirrels, mnr- 
mots, martens, wolverines, muskrats, and waasles. Ptarmigan are 
plentiful througlout tb mgion, and Bpruce hens are found at some 

, places. Ducks, geese, and other wnterfowl spend the summer in the 
streams and lakes but leave in the fall. The dear-water streams in 
the Snsitnu basin abound in grayling and contain also M V B ~  kinds 
of trout. A very large trout is found in some of the lakes. Salmon 
nre along Copper River but ere not found in the llpper 
Susitna. 

aoums OF W V E k  

The NelchinK region may be reached either by way of Enik or 
from Cordma or Valdm by way of Copper Center. The route fnom 
Copper Center follows the wagon road for 10 miles to a p i n t  half a 
mile north of Simpson's road house, and thence goes by a kai l  along 
the north bank of Tadina River and Tmlina L ~ k e  to the mouth of 
Maidelha Creek. From this p i n t  the trail takes a northwesterly 
d i d o n  to Little NelchIna R i ~ e r  ltnd thence follows that stream to 
Eelchina, a t  the mouth of Crooked Creek. This is a winker trail and 
bns been laid out in a winding mum in order to crow the ice of sev- 
eral large lakes. It is in placm very m m p y  for .use in summer, but 
with caution it may then be traveled by pack horm. The distance 
from Copper Center to Ndehina is about 80 milea 

The linik route goes by trail up the M~tanuska Valley to  Chicka- 
loan, from which several pmible routea lead to the Nelchina-Susitna 
region. One route follows the Matanu~ka ~mund the e a ~ t  end of 
Sheep Mountain, goes up Squaw Creek, and cromB a low divide to 
the head of Crooked Creek Another route is the Rich C m k  trail, 
by way of Billy Creek to the head of Littla NePchina River, or by 
way of Alfred Creek to the h a d  of Albert Creek. Susftna River 
may be reached by way of Chickdoon and Talkeetna rivers through 
low p m  at  the headwaters of KO& Cmk, a tributazy to the 
suaitna. 

Supplies for this region am taken in during the winter from both 
Xnig sad Copper Cantar, bet as Knik is not an open port during the 



winter, frbight from the outaide m d l y  p s  by way of Coppw 
Center from either Chitina or Vddez, The dbtatm frwn MbBrt 
C d  to Knik is about 108 m i l a  

Before the VeIdm-Fairbanks w a p  mad wag bnilt tbia region WM 
I 

c m d  by the wintar trail from Valdm to Val& Creek by why of 
Valdez, Glacier, Klutina Lake, St h e  Biver, Taelins b k e ,  *one 
Lake, Tyone Cmk, and Susitna Eiver. The region wilI be more 
accessible when the Government railroad is constructed ~rlwtg Snsitna 
River through Broad Psss to the Tanma and the branch line is built 
up the Matanttska to  the coal field When the coal-field branch i~ 
built to Chickdam, Albert C w k  may be reached by an overland 
journey af 50 mila 

PoPmA'EIrn. 

Copper Center, the principal &Iement of this +OIL, gtande at the 
coduenm of Copper and Klutina rivm, I01 miles north of Valdec, 
on the F8irbangs-Vddez Government mad, and may be mched 
f ram Cordova by mil to Chitins, a distanm of 131 milea, and thence 
by wagon for 50 mil- or by wagon mad direct from Valdez, Copper 
Center is R diStSibutiq point fOr the NeIchina, 7Jppe~ Susitna, 
Gulksna, and Chiatochina regions 'A p t  offiae, United States com- 
missioner, .Govemeut telegraph station, end a C f w e m e n t  mhml 
for the nntim are lwted here. 

NePchha ia a small village at the &th of Crooked CreeIt, It is 
the segt of the Helchina mrdbg precinct and the general head- 
quarters of the neighboring region. Aside from t b w ~  two &1e- 
menta the white population is m&ed to the r a d  horn dmg the 
Govement road and the tranaimt pmqechre and miners. 

The Indian population is small. Cabins and camps on K h t k  
and Tmlina Zakas, on Sneitna River, and a t  other places am wed 
temporarily by natives on hunting and iishing expeditions, but aside 
from a few nativm scattemd over the region the prmmmt hdian 
population is confined to Capper Gnter. 

0- FEAmm. 
.P 

The gem-1 &hiWm and probable extension of the geologic 
famations of the Nelchina-Suaitna region are &own on the plogic  
map (PI. a, in pdcet). They represent a variety of t yp~ ,  includ- 
ing roch of d h e n t n r y  and of ignmw origin md their metamor- 
phic derivati- 
The oldest & of the *an indude gnehs,  grem&on"r, and 

d a t e d  1-rn hB, =hi&, and ather altered dimen$ a*- 



derrtly of Psleomio nga The M m i c  mb am widely W b m t d ,  
Formations regarded as Trkaic include an extensive aeries of bssaltic 
and andmitic lavas and a dimentery forrnrttion cornpad of slate 

\r and p y w a c k s ,  with which are associated limestone and echist. 
Jurassic strat if id rocks include a group of Aandesitic ~ n d  rhyolitic 
lavas and associated tuffraceous d m e n t s ,  in part altered to green- . stone, and a number of sedimentary formmations consisting of con- 
glomerate, wcbtona, and shale. 

Granular intrusive mks, including diorites, quartz diorikw, mon- 
mites, and granites, are widely distributed in the Talkeetna Mom- 
tab and in the unnamed mountains north of Susitna River. These 
fall natutally into two groups, which differ greatly in composition 
and apparentl J in age, although they may be two phases of rock 
that were f o d  during a long period of igneous ackivity. The 
older igneous rocks are dominantly diorite and quartz diorite; the 
younger ones are graniha and quartz monmnieg with which am 
&ated wrrioas lavas, including andegite and basalt. The un- 
a l t e d  igneoes range in age from Jurassio to late Tertiary. 
Gneissic mcb am -iated with the quartz diorik 

All the had-rock formstions are covered in part nnoweo1idated 
depmita of glacis1 p v e l  and dhbris. The stratigraphic s u m i o n  is 
summarized Mow : 



The moanhim that form the north barrier of Ktuthw h k e  from 
St. Anne Creek &ward are composed of altered sediments and 
intrumona of quartz diorite and basic igneous rock  The sediments 
were pr06gionalEy wiled the IUutina " series" by Schrsder,i who 
described them as mica schists, quartz schists, wmetime~l cherty or 
jaspery in chamcbr, and crystalline l i m h n e  or marbkn M y  tbe 
section east of Chdtikana Creek was examined in 1914. The domi- 
nant rocks in that section are he-grained black dates and 
Interbedded with the argillamons sediments are beds of dark-gray 
crystalline limestone, ranging in t h i c I m ~  fram a few inches to 2Q 
feet. The argillamus rock are fractured and. seamed with q u d ,  
which form an intricate network of tiny ~hhgers,  and in places the 
rock is largely replaced by silica. The limestone throughout is mom 
or less altered and veined with calcite. SiIicification of tha limetone 
has formed irregular masses and beds of white cherty rocks, a produd 
of the complete replacement of limestone by silica 

The Klntim p u p  is bounded on the north, muth, md w e t  by 
gravel. On the east the beds of the p u p  are separated £mm green- 
wone by a mass of intrusive quarb diorite, md the group at some 
places includes smaJl bodia of intrusive gabbro. 

m- 

In the mgiori &died the Klutina beds have a nearIy constant 
strike of about PJ. 60" W. The gene& dip is toward the northead 
but is intempted st m e  pIaces by variatibns caused by sharp folds. 

The agw of the R1utina group is not certainly known. Schrader 
h te s  that the Elutina may be pre-Silurian, this tentative detemba- 
Zion having been bned on a seeming similarity of the roeks of the 
p u p  to those of the Fortymile " series " of Yukon Valley. The 
Fortpile '' =rim '' is ragarded by Brooks as a mlmreous member of 
the B h h  Creek &st or a higher member of the metamorphic series, 
none of which is known-to occur south of the Alaska Zknge. The 

* Schrader.F. C.. og. dk. p. 410. 
A R., The Mount McKinley regfan, A h :  U. 8. GeoL gamey R o t  Pager 

70, p. 59, 1011. , 
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fclptina m k 9  are bas deformed than those of the typical Fortymile 
"eeries," snd if degree of metamorphism may furnish a mans of 
comparison the Hlutina rock are younger. Evan by lithologic simi- 
larity, however, the Klutina p u p  can not with mddence lm car- 
related with m y  near-by formations. 

The beds are intruded by quartz diorita of Jurassic or Iabr 
Northead of the intnxsives there are flows and bmccins of mdesitic 
greenstone m d  interbedded slates, which on lithologic and mineral- 
ogic similarity a m  doubtfully carrelated with the lower Jurassic 
volcanic rock. The Klutina slates appaar to dip beneath the green- 
stone and are therefore probably older. 

QmNBTONB, LXMEBMNE, AND BCHfsP. 

Qawd f ~ ! a ~ ~ . - T h e  low rounded b u m  within the big 6ens of 
Snsitna R i ~ e r  are made up of p n g t a n e s  and schists, I w l  beds of 
limestone, slate; and q u a m e  rocks, and dioritic and diabasic in- 
trusivea Similttr rmks occur east of Susitna River. 

Though the rocb that form this group differ widely in c u m p i -  
tion and character they are more or less related and are therefore 

- treated m a acartogmphic unit and represented on the map by a single 
sgmbl. More detailed work, however, mill doubtlegs show that the 
group comprises several formations. A distinction which was notad 
in the field but which mu1d not be shown an the map, owing to th43 

mmaissance nature of the survey, wg9 msde between g r e e n h e  
that is schistom in part and a series of d i m e n t s  and baaaltic flows 
that am also somewhat albred but that do not look so old as the 
typical greenstone. 30 unconformity was noted between the younger 
and older rocks, but one is wggestd by the apparent difference in 
the degree of alteration. 

With the @bIe exception of mmes of the ancient greensbe, 
w h m  dation b the less-altered rocks is uncertain, the lower part 
of th i s -pup  is dominantly sedimentary and the upper part igneous. 
The e m  b w  is the massive limestone, which in its upper part 
becomes thin-bedded and contains intercalations of whist and quartz- 
om ~~dirnents:, which in turn are interlayered with p n s h n e  flows. 
In the upper part of the group the peenstone predominates arid 
gmdes insensibly into' the overlying aeries, cornposed of sugite 
andesite lavas of probable Triassic age. 

Qreencrtone.-l'he predominant rock of the grwp is greenstune, 
which includes several types of dtered effusive and intrusive mlcs. 
The typical greenstones of the effusive t y p  are dark-pen fine- 
grained rocks that contain a few small crystals af hornblende and 



pyroxene. Under the microscope the pocks are seen ta be altered 
augite andwites and b a d *  The gronlldmas is compwred of B finely 
gmmdar ophitic aggregate of.pyroxane and plagiocl&se rmging from' . 
a n d h e  to, I a b d o r i t e .  hrge p h e n m m  of p y y ~ e n e  and feldspar 
which wcurred in the original rock are in large pgrt nlterBd to horn- 
blende, epidote, chlorite, serpentine, and calcite. The calcite mplaces 
the feldspar of both the groundmass and phenocry* and in places 
is so abundant that the rock effemesm freely with acid. Altered 
diabtws also mur.  

The most conspimons gwmstone of the intwsive t y p  ie s h e -  
grained green m k  that includes irregular white areaa of fel@ar 
and flashing needles of hornblende. The originel rock was a diorilte 
c o m p d  esgentiaUy of hornblende and oligmlrte. h n d e r y  epi- 
d&, chloite, and a little quartz hsve formed a t  the expense of the 
original minerals and in placea have entirely replaced them. 

L i m d ~ b e . - U n e  mum only in a mall a m  between W a h a  
and Jay c m b ,  but at tbis placa it is arnepicuoua Its b m  ia con- 
cealed beneath gavels. The low& strata exposed are massive M a  
Vhem o b r r d  the general: strike b northwest and* the dip mngea 
from 30" to Ma NE. The beds am folded and twisted, sa that iB 
t l z i c b w  can not be determined but ia estimated to be 500 feat. In 
its upper part the Iimeshne becomes t b e r  bedded and contains . 
interc~lated she& af preenstone and metamorphmd sediments. 

The rmk is crystalline and for the mod pert white but is m&. 
by bEwk and green bands, which give it a variegated appaarmm 

Sc&t.-'lnterklded with the limWme and gmmtone are thin 
beds of black slate and quartzites, fine-grained qu& whi* and 
phyllites, evidently of sedimentary oriRin. Schi~tR derived from 
igneons rock also occur. One such rock expased on Jay Creek is n 
greenish-gray schist with large quartz crystals set in a he-grained 
matrix of quartz, feldspar, sericita, and epidoh. More basic schista 
composed of hornblende and feldspar occur but a m  not mmmm. 

I d r n d t ~  rocks.-Dioritic and other intrusive mka are elm m- - 
&tad with the greenstones and schist9. b o n g  these intrusivm am 
malbred diorite and quartz diorih rocb similar to the rocb cum- . 
@ng. the large batholith south of Switna River and evidently to - 
be carrelated with them. Thv are in large part altered, howev&, 
and appear te grade into the typical greenston& 

The age of thin group of rocks is mcmtain. AB has been ~td, it 
pmbtrbly contains a number of fonndions of widely differing ages 
In part st least it is the continuation of '& wide belt of greenstone and 
schist emt of Soeitzrs Bimr, but it cantah also limestom and q e -  



rrae dhmta, apparently conformable. The gmemhe and whist 
mut of Snsitna River are.reganded by Moffit as pro-Carbonifcmus.' 
Re b his opinion, which he states is little more than s p a l a -  
tion, on the dat ive  m o u n t  of metamorphism, which indimtee; that 
the txhista are older than the nearest Carbonif~~~us ssdimentary 
fofmatim. 

If the p r e - C W m s  age of the greenstone and schist is ac-' 
apt& it may be well to consider other fonn8tions with which rnm- 
be= of the group may be correlated Carboniferous rocks with 
which these may possibly be correlated are the sedimentmy r& at  
the base of the Nikolrti gmmtane, the Chisna formation, and the 

, Carboniferous I ? )  rocks of Hmgita Valley. The rocks of the 
Ransgita Valley that are tentatively mferred to  the Carboniferous 
consist essentially of schist and slate but include also limestone and 
a p a t  mount of awiciatd grmr~tone,~ In their relations with one 
'another the m d s  of Hanagita Valley bem a striking resemblance to 
the lower part of the greenstone, l i m b n e ,  and schist gr~up of the 
Susih VaPley* 

The Chima formation is a group of wla h t  &mds from the 
hsadwatew of Chidochina River westward to the mum of Eureka 
Creek."t oowkh of conglomerates, slab, peisses, quartzitic d- a 

merits, bffacaow bed+ and limestons amxiatad with diabsic and 
dioritic rocks. The beds are folded and are in part whistom. No 
striking mwmblance was noted between the C h h  formation md the 
greenstone and achist gn,up of the Susitna Valley as a whola No 
conglomerate was soen on Susitna River and no quartzite except thin 

' 4 schistma be& Such members, bowever, may be conoealed. The base 
af the series in Susitna Valley is not expo&, a fact that may aooount 
for the absence of these memhrs 

On the whole the Chisntt formation has d o r e d  lw metamorphism 
than the p m s h r i e  and schist group of Sasitns River, yet the similar 
mlstion in both regions of limestone beds' with altered sediments and 
aamcistd diab~sic and dioritic mks is at l& suggaive of a F- 
sible cornlation. The Chisna formation was temporarily assigned 
by Meedenhall to the lower Carhniferous or Devonian and by 
Motfit with remnable but not absolute w&ty to the Cmbonifer- 
OUB. M O B  pegads the Chigna as younger than the p m s h n e  and 
%hid of the G u h n a  region, his view Wig in harmony with that 
which mgmds the lower part of the grwnstone and schist formation 

lM&lt, F. K, Beamter regions of Onlknaa snd S d t n a  dvem, Alaska: a. & Oml. 
Bull. 4% p. 26. 1812. 

9LIomf F. a., Oeolo~lg of the Haaaglta-Bremner region, Alnska : U. 8. Qeol. S m r  
BmU. 676, P 18, 1914. 

*MandenbJi, W. 6, Q d a g y  of the central Copper River reglm, Alaslla: U. a. Gaol. 
%(LPpel Fmt Pttper 41, pp. 8848,  1906. MofBt, F. R., Heaawater regitma o t  aullcana 
md Bmltnn rlvera, & a h t  : U. B. aeol. Burv~y Bull, 498, pp, a7-28,. 1912, 



in the Switna Valley as the equivalent of the greenstam and schist 
east of Susitna River and the upper part of the group as the equiva- 
lent of the Cbisna- 

Tfm NikoIai formation ig made up of massive amygdaloidal basaltie 
I 

lava dows similar fo the lavas of this mgi0n.l At the base it has a 
' great thickness of conglomerate, data, I ime~tom,  and tuff, with inter- 
dalahd flowg The ~esemblana of the sedimentary portion of the t 

Nikolai to the greenstone and schist formation in Susitna Valley and 
the apparent conformable relation of each to similsr overlying Iava 
formations is ~Iso suggestive. The Nikolai greenstone waa formerly 
regarded as Triassic, bll t m n t  collections of f mils made, by MofR t, 
Chapin, and Mertie from the dimentar$ beds intercalated into the , 
lower poAion of the lava flows prove that 8 portion of it is Carbon- 
iferous and probably lower Ca~hniferous.~ 

T B U s s I O  ( 7 )  KAVAB AND m 

W a b a  IJresk and its mdn trib'tlhry, Fox Creek, $ok through a 
broad belt of heavy dark-colored volcttnic rock, which extends from 
the main forks of the creek northeastward to Susitna Rirer. The 
lavas form the end of a range of rugged mountains, which beyond 
Snsitna River stretch in a broad crescentic belt roughly parallel to 
the Alaka Range. These monntains are made up principally of 
badtic  and andeaitic lavza flows and beds of water-Isid t u f f m u s  
rn~terial.~ 

The Watana b k  l a w  am m p o d  wntia l ly  of dark b w l t s  
and andesites, in part amygdaloidal, end beds of tuffaceow material 
and bmcia. They &ow conspic~~ous bedding and consist chiefly of 
lava flows and beds of tuff and breccias, indicating a long perid of 
volcanic outflow md intervals of explosive acctiviq and wdimenta- b 

rim.  The beds dip dominant at a low angle to the north, but at  the 
north& end of the ridge they dip gently to the southeast. At wms 
plaees the lave beds show more deformation, indicated by sharp folds 
and m p  dips. 

The dominant members of this seria are d a r k - p n  -I& of b e  A 

grain ~ n d  even twtture. Amygdaloidal phms sm common, in which' 
. . -- 

* M d t ,  F. H, and C a p ~  R. R., Geolosg and miwmt resrmrcta of the NIntoa W e t ,  
Alaska: U. 8. Gml. Survey Bull, 418, pp. W&, 1811. 

1 Moat, F. H,. The Eot~lna-Kurknlsna redon, Alaska : U. S. -1. SUPvey BaEl - (in 
prtparatIml. 

Momt, F. A,. Euduater mp$ano of Qnlhaaa m4 E b m t h a  rfvma, Almnka: U. $. CfeDt 
Survey Boll. 498, pp 2-0, lelZ. 



k g & r  cavities, the largest half an inch in diameter, am flld with 
calcite, chloritic material, and quartz. The pundmass of the tspi- 

- _ -1 6 is composed of a ke-grained ~ g m g a t e  of fddspar and 
highly mfracthg mineralsrals Phenocrysta of plagioclase feldspar and 
pyroxene are mom or less altered to epidote and chloritic material, 
which am plentiful enough to give the rmk a p n i s h  cast. In the - lower part of the exposed wction much light-colored tu f lmus  
material and local beds of coarse wngular breccia are intemlahd 
with the flows. The lava flow~i conhin beds of both andsite and 
basalt" 

T h e  thickaew of the beds south of En* Chek is calcdatd to be 
3,500 h4 . l  The maximum thieh- of the beds exposed in the high 
range betwean Butte and Watana creeks is evidently greater", 

AGE A m  m T I D P .  

!l%a only available evidence of the age of the Watana Creek lavas 
is aaen in their relations to other mh The lsvas appar to overlie 
oonformablg the group of gre~nstmles and schists that are exposed 
along Snsitna River, but as the age of this group is not horn, the 
apparent relatian does not Indicate the geologic age of the Iavas, 
which must IM determined by obsemtions made in other regions, 
principally by Mofit in regions north and east of that hem consid- 
ered.   off it states that. the lava flows between Cleamatar Creek 
and Snsitna River were probably poured out either in late Cabon- 
iferons or in s l y  or Middle Triassic time, and in a later report he 
no& that the Buth Creek lavas closely resemble the Nikolai green- 
stone of Chitins tTdey end the p n s t o n e s  that are e x p a d  in mme 
other parts of the Wmngell Mountains. In a &ill later report, now 
in preparation, Moffit ' presents evidence that the Nikolai gmamtone 
is T r i k e  rather than earlier. 

R a h  referred tentatively to the Upper Triagsic conskt of lime- - sEona, slate, argillite, and related coarser sediments, as well as 
diaritic and other i n h i m  A small area of these r& is exposed 
along the northwest side of T&Q Creek for an unknown distance. 

"omt, F. H., The  mad mar region. Alan- dth .sedionr on Qua- depodts. 
1-11s roeku, and #laclation by J. IE. Pome : U. K Geol. 6- Ball. gDB, p 27. 1915. 

Mofif F. H.. Headwater regloma of Cl- and Elusltna f i~era  dl&.: 8. 8. Ueol. 
~ V P J  Bull. 4B8, p, acl, 1912. 

M d t ,  F. II., The Bmed Pam region. Ala~ka: U- 8. G d  Bn- h11. gMI, p. 28. 
19111. 

Momt, P, H,, Tha Kotadna-Knmkn~aua reglon, dlaeLs: E. S. L aeol.$ar*e~ Boll. - 
(In preprtadon). 



The m& p&ent m e m h  a k ~  dark-blue .and black dnh and 
&mites and m i & - p y  p y w a c k &  The pywacke  is mads np 
of pains  of t p a d ~  and feldspar and hgm~11ta of ~ocB. The htb . 
are elmly folded and in p l w  have sufFemd mnsidernbIe meta- 
morphism, which bm m l t d  in the formatian of talc and mica 
schi~ta and inhrmgdiate whistwe rock Intemalatd with the slate, 

t graymke, and =hist are t.hin beds of crystalline Iimmtme, veined 
with calcite, and in part silicified. The beds of slab and gravaeke 
have bean invaded by m a w  of qnnrtz diorite and in plam exkn- 
aively mineralid with quartz veins. 

The date and gmywacke gronp is a o m p d  of a series of closely 
folded beds 'that have steep dips. ' The general strike of the I d s  is 

, N. 45" E., parallel to the direction of Tsisi Creek, along which the 
has dip steeply to the northwest, standing nearly verticsl. The 
close foldmg and disturbance due to intrusions of quartz &rite 
make any estimate of thidmesa diflcult and doubtful, md ths ~laty 
cleavage and wchistoeity add ta the difficulty, for they may be 
easily mistaken far bedding. H m  measurements made on a d e n  
exposed along a trihutarg of Tsisi Cmk indicate that the group is 
at leist 2,000 feat thick, but it may b much thicker, for neither the 
top nor the baee of the mtion was m. 

A(fE AND W T Z Q R .  

No f& were found in theae m & ~  They are referd to the 
U p p ~  Tri-c by cornlation with Upper Triatmic rdm that form 
a belt extending from G u l b a  Glacier past Valdez Creek to Wrttwa 
Creek These rwh are dwcrihd aa dark-blue or black slats, inter- 
kdded gaywacke itnd arkom, and Iimentone, mhists, and granular 
intrusives.l By reason of their lithologic mmblance to and appar- 
ent structural cuntinuitg with the rocks on W s h a  Creek the mks 
rrf the slate-pywacke e e s  sre doubtfully referred to the Upper 
Triassic. 

The Upper Trimsic mki on Valdw ere& am the eqnimIent of 
theChit i~nelmestoaeand~a~hyformst ionofChit insVaUq , 
find the Triakc lirnmhne of the N a h n  River region.g Thick 
Upper Triawic formations are fomd on Cmk Inlet a d  Kensi 
Peninsulas 

1 M d t ,  F. E.. Hdwnfer  reglow of Onmum rod Smttba d m .  -: U, J. &L 
llumey Bull. 488, pp 8148, 1912. 

Ifdem,  p. 83. 
* Stantom, T. W, sdl Martin, G. C,, Memmfc & ou Cwk Inlet & Fdn- 

mrla: Bull. Qeol. Ibc. bmerku, ml. 16, pp. 3WLSBfI. f9W. Yartln, Q. C, and fiat., F. J., 
A wlaglc r e c o n n k ~ m  ot the Rimma redon, A b b a :  U. 8. W L  Borrep Bull. 484  
pp. 41-60, 1812. 
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B. 1NTERBEDOED TUFF AHO ANDESITE, OSHETNA RIVER. 
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DMTBIBVlTOB ARD C B m e r a f  

7 .  

A &It of voIcmic racks, conding -tially of andesites, rhyu- 
Kt- dadtes, breccias, and associated tuflmmus diments,  extends 

. from Tyone Creek westward to the high divide between Oshetna 
and Black rim% Thsse rocks me boanded on the north and east 
by dsposib of gravel and Qn the w& by the batholith of quartz - 
dioritk On the south thay are ovarlain unmnfomably by Upper 
J m k c  sediments. To this group is referred an iso1at.d area of 
aimirar m k  on Cmked and Albert creeks and also the andesitic 
Javaa and tuffs of Stuck Mountain. This group might by detailed 
mapping be bmken up into a n u m k  of units, and it may include 
areas of Tertiary lavas similar to those that are expotsea north of 
S u s i h  River. 
In the region atudied the rocks of this p u p  are dominantly 

andwitin and rhyofitic in composition but exbibit wide; vmiatioi in 
texturn Mong Oshetna River a ebort distance abve the mouth 
of IjUle Oshetna River them are flat-lying beds of he-grained 
tuffswus shale, which appear to orxupy the l o w e  position in the 
rmks of this group. Farther up the river the shales are overlain 
by a d d t i c  and dacitjc flows and intercalated beds of tuff. (See 
Pt VX, A, B.) On the double butte between Black and Oshetna 
rivem them am rhyolite and rhyolitic tuff8 with beds of chert, which 
am cut by diorih and basic intrusives. 
In the upper part of the group as e x p o d  in thii region nndssitie 

tuffs md tuflaceaus sandstones predominate and are M developd 
in the vicinity of Albert Craek. Gold Hill is m m p d  of a he- 
p i n e d  mddi&-brawn scoriawow mck, which under the mimomope 

- is saan to be s tuff with a g l q  base indosing feldspar crystals that 
are in large part altered to calcite. Stratified wster-laid tuffs are 
mnspicuous in this locality. They are coame-grained rmks corn- 
p o d  of angular fragments of plagimlase feldspar and ferro- 
rnqx&n minerale, mall rormdad pebbles, and chloritic material, 
which in p l m  colors the rmk bright green. In the more explosive 

; t p  the cbloritized areas occur zm bright b lu i sh -pn  angular frag- 
ments indosed in a fine-grained brown matrix. 

Folding is prominent. Compression and m b q e n t  tilting haw 
thmwn the  bed^ into a series of enskwd-trending folds, mom or 
less mmpmsed, but; with few sharp flex- T h b  dominant Sip 
is southward, at anglw ranging from nearly horizontal to 80'. 



-.- 
DMTBIBVlTOB ARD C B m e r a f  

7 .  

A &It of voIcmic racks, comidhg -tially of andesites, Ayu- 
Kt- dadtes, breccias, and associated t u f l m ~ ~ u s  diments,  extends 

. from Tyone Creek westward to the high divide between Oshetna 
and Black rim% Thsse rocks me boanded on the north and east 
by dsposib of gravel and Qn the w& by the batholith of quartz - 
dioritk On the south thay are ovarlain unmnfomably by Upper 
J m k c  sediments. To this group is referred an iso1at.d area of 
aimirar m k  on Cmked and Albert creeks and also the andesitic 
Javaa and tuffs of Stuck Mountain. This group might by detailed 
mapping be bmken up into a n u m k  of units, and it may include 
areas of Tertiary lavas similar to those that are expotsea north of 
S u s i h  River. 
In the region atudied the rocks of this p u p  are dominantly 

andwitin and rhyofitic in composition but exbibit wide; vmiatioi in 
texturn Mong Oshetna River a ebort distance abve the mouth 
of IjUle Oshetna River them are flat-lying beds of he-grained 
tuffswus shale, which appear to orxupy the l o w e  position in the 
rmks of this group. Farther up the river the shales are overlain 
by a d d t i c  md dacitjc flows and intercalated beds of tuff. (See 
Pt VX, A, B.) On the double butte between Black and Oshetna 
rivem them am rhyolite and rhyolitic tuff8 with be& of chert, which 
am cut by diorih and basic intrusives. 
In the upper part of the group as e x p o d  in thii region nndssitie 

tuffs md tuflaceaus sandstones predominate and are M developd 
in the vicinity of Albert Craek. Gold Hill is m m p d  of a he- 
p i n e d  mddi&-brawn mriaceoua mck, which under the mimomope 

- is saan bo be s tuff with a g l q  base indosing feldspar crystals that 
are in large part altered to calcite. Stratified wster-laid tuffs are 
mnspicuous in this locality. They are coame-grained rmks corn- 
p o d  of angular fragments of plagimlase feldspar and ferro- 
rnqx&n minerale, mall rormdad pebbles, and chloritic material, 
which in p l m  colors the m k  bright green. In the more explosive 

; t p  the cbloritized areas occur M bright b lu i sh -pn  angular frag- 
ments indosed in a fine-grained brown matrix. 

Folding is prominent. Compression and m b ~ e n t  tilting haw 
thmwn the  bed^ into a series of enskwd-trending folds, mom or 
less mmpmsed, but; with few sharp flexnres. T h b  dominant Sip 
is southward, at anglw ranging from nearly horizontal to 80'. 



Fndting on a ma11 scsle ia conspicuous throughout the group, but 
evidence of extensive movement was not obsewed. 
The estimated thicheas of the dominantIy igneous part of the 

p u p  is over 1900 feet, and above and below this igneous m k  there ;. 
are ~seversl h m d d  feet of tuffs and tuflaceous sandstana and shale. 

A= Ann MIUREUTIOH. - 
No forerills were mild fmm thia group of volcanic r d m  in the 

Ndcbina e o n ,  so the determination of its age xesta upoh its corre- 
lation with nertr-by rocks of known age. The field evidenca is not 
conclnsive, but it indicates that the m b  constituta a part of a ~ r i e s  
of bedded volcanics of h w e r  Jurassic age that are exkkively de- 
veloped in the Tdkaetna Mountains. This p u p  consists of bmccias, 
agglomerates, and andesitic and rhpolitic lavas and tuffaoeous shales, 
sandgtones, and congIomenttes. The rocks of this group we widely 
distributed in the Talkeetna Momhins, and from place to  place the 
members differ in chnmcter. 

North of Doone Creek Mmtin and Katz noted creamy-white and 
drab felsitq bmwnish-green narrow-banded ttlfls of fine angular 
clastic M u m ,  dark fine-grained fragmental rock, banded fossil- 
i f e m s  tufis cornpod of angular bits of feldspur and. dark h g -  
men* stratified brecxias containing angular fragments of porphyritic 
or felsitic rocks, and black ~phanitic vesicular basal& The develop- 
ment of secondary minerals is indicatd by the prevalent. green color, 
which is more pronounced where the mks are crushed and shattered. 

Features of the stratigraphy and structare of the group dm hdi- 
ekte its correlation with the LotPer Jttrsasic rocks of the Takeelma 
Mountainla The volcanic m k s  e x p o d  along the tributrtriw of 
Oshefms River and Tyone Creek bear the same unconfombIe mla- 
tion to the o d y i n g  Upper Jmssic rocks as the h e r  Jumwdc 
volcanic rocks of the TaIkeetna Mountains, and a w&ward gmjec- 
tion d o n g  their strike would carry them toward the Lower Jurassic 
r o c k  of the Talkeetna Mountains, with which they were prohablp 

m continuous befom the intrusion of the q u a d  &write. 
The Zower Ymssic mcks of the Talkwha Mountains w m  first 

studied by Pa@ and Knopf and on the basis of a small mllgction af 
fossils found in -interstrmtified tnfb from Sheep Mombin  were as- 
sign& to  the lower Middle Jurassic. The f h l s  mere mrbmittad to  
T. W. Stanton, who reported as follows : * 

1 Martin. 6. C, and gak, F. J., Omlogy and cad ilelam of the I- Mataauska Vallcj, 
A l l t~ka :  U. &. -1. Bflaey BuIL WO, p. 80, 1912. 

1 Pa&e, Idney, amd Knopr, Adolph, Geologlcd lefoll~dmmnes in tlw and 
Talbretna bins: 8. 8. GeoL Emey  Bull. 82'1, p. 18, 1907, 



8708. Creek enterlllg Cbicknlmo Rlwr from we& 1 mile above CWemment 
Bridge. Flaat above falla 

=ap 
Several rmdetermPned m 1 I  peIeqpW. 

PcaibTy Jnrasslc s 
6109. On enme creek as @TO8 at elevation 2m deet. 3rrom talm 

Cardinla? m. 
Jwamfc.  
The lots nnmttered 6%03, 6607, 6'708.8709 are refwm3 to tbe Jura~ic  and C 

are probably h e r  Jammic, though 'he wleonblodc ddence for the latter 
refernee is not rn full as l a  Oealrable. Tbe fmsiln are almost c e d l n l ~  
from the =me beaa from which Mr. KnW collected ble lot No. 201, at the  
head of Matmush Elver, In 2908. Mr. Knopf's collection WWI at that ttmme 
donb@lly referred to the "Enoehkin formation," but I am now inclind to 
m r d  me b d s  from which he collected as equivalent tc the wpponed b w w  
Jurassic nenr seldovla and to m r d  them as h w e r  Jurndc, It la tros that 
not m o p  than two or three sgectes are common to the different IwalItkn from 
which these ~ ~ s I E B  b a ~ e  been collwted, bnt the genera2 character of the Worm 
Prom ench mmetrb the Lower Jurasdc, and probably more sJnrtematlc ml- 
lefting would prove tbat the acerent Ioh really belong to a slngle fatma. 

Further collections by lblartin and Mertiel frwn Bonlder Creek 
nnd from Sheep Mountain furnish f m a l  and floral evidenm of tb 
Lower Jurassic age of the mks of this p u p .  

BrooksB provkionaIly mapped the. ruch with the Skwdm, 
with which he guggestg their pogsible cornlation. 

The %xed& sanddone extends from a line passing through the 
forks of Alfred Creek and Tahneta Paea rrortswsrd to Flat C d  
and WiUow Creek, bclo8ing a ma11 area, of b w e r  Jar&& and 
Tertiary volcanic mk& The base of the formation was not ob- 
s e n d .  T h e  only lmality at which fkl-bearing rocBcs were noted 
is on s small tributary of Crooked Creek a mile north of tbe month 
of Albert Cmk. The beds am composed emntially of buff sand- * 
stone, soft mndy hala ,  and a smaller amount of dark-brown arkosic 
sandstone that contains black minerals. On weathering the Lighb 
risndstone becornea red and yellow. 

A mIl&ion of famils found in th ig  formation waa mbmitted to 
T. W. Stanton, who repodd w follows: 

iMartln, a. C., .pa Mertte, J. 8, jr,, Oeol- of uppet Ymmwh Taney: V, 8. Qed 
B-F Bd. - [In mparathn). 

lBrwka k H., The Yomt M c W w  redom, A b h :  U 8. Qcot B u m 3  Prot Fnpa 
70, p. 86, 2QlL 
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Trbnla m 
Protocam'lia 8 ~ .  
Coprlna? sp 

.c Trlgoaia sp. d T. &-I w.gl. 

Gtepb-? sp 
"Middle Jurafjalc. TumM fatma. 

-T?m relntion wf the Taxedni formstiw to oIder m b  is: not evi- 
dmt with the purely volcanic portion of the h w e r  
Jurassic volcanic mb on Albert Creek are beds of tuffaceow ~ h d e  

' and sandstone, which fmm their dominantly E u f f ~ u ~  character 
are evid~mtly members of the volcanic mries snd were sc, regarded 
in mapping. They may, however, mpremnt s tramition & q e  from 
volcanic activie to a period of sedimentation, and mark an mm- 
formity between the h w e r  Jurassic and Middla Jumgsic rock A p  
parent conformity exi& between Lower Jurassic lsvm and the over- 

, .  Jying diments with &sW volcanic beds, which am aexpdsed in 
the lhtsnusks  region.' The relation, however, of the m a l l  pateh 
of Lower J u m i c  rocks inclosed within the a m  of Taxerlni sand- 
stone on Albert Cmk indicates an nnconfomity, This plation is 
in acaod with that at the me localitp on Cook Met, where an un- 

- confofmity separates Lower and Middle Jnrassic r ~ b . ~  
The Taxedni sanddme is widely distributed ao Coak Inlet, and 

its tgpa section on Tuxedni Bay is the most complete known section 
_ of thesa rock& ' I n  this section, 'where neither the base nor .the top 
is axpoeed, Stanton and Martin' measured 1,128 feet of Taxedni 
& At Taxdni Bay and other placas on Cook Inlet f a d  phta  
rn htmklded with maripe d i m e n t a  
. l h k a  of about the same age mar in the Tordrillo formation in 
the Ahaka Range: mveml places in Matmush Vdtey: and on 
Chitintr River.# 'aarrrr~~ r o ~ ~ ~ l m d .  

DU4TUIBUTIO~ AHD OH-- ' 6pon the mdii sandsk~ne, and in apP&t mnfmni@, lis, a ' 
&rim d s t i n g  e n t i a l l y  of mnmtionary sandy shale and some 

mmey, m rn@, Adolph, op. dt, p. m. 
I-rtln, Q. C,, nnd ftitm, F. I., A pwlo#!e r e c o n n a ~ m  af the r@on. 

A h o h :  tl. 8. 4hL Survey Bull. 485, p. g0, 1912. 
a B h t o n ,  2 W,, and Ynrth, C1. C,, Mmoaolc mctkm on Cook Inlet mnd bl.Ba Peoh- 

ah: IWL Gd. 130c Amedcn, pol. 18. pp. 8 0 M 0 0 ,  11BW. 
'-8. A &, op clt.. p. 00, 
* Palga, EMncf, and =opt, Adolph, on dt, pp. 16-19. 
'Momt. F. R.. W o g y  of the Hmnaglt.-Bremntr re%On. AI-: n. $. QWL 8-7 

. 1 ~ m '  a m  p. IPIL 



rnrMwm& mB l3RxIh.k in p h m  C m g I ~ r n t i d  *d.mmhi?M 
angular fmpnents of Elbale and black minerals. It- m d s  from 
the a m  covered by the 'Snxedni mndstone northward -for an nnd* 
krrnind digtaMle toward Little Nelchina River and I&t Crwk and % 

is bounded on the east by gravel. - 
The Middle J m i c  m n h ~  awl & a h  formatimp exhibit em-  - 

ddentble folding and maintain a genepal dip towed the north. 
n e i r  pml dmctursl relations to the other J u d c  m k s  am 
aham in figrzrt, 3, They appamakly dip beneath the 1Jpw Jurassic 
beds and with tbem are hvolvsd &;a b m d  r r y n c W  fdd; 

Jh N * k ' ' ' k f O q  UmrJmsalo Jc. :Con omernfu 
Jcs, Cbin4ltna for- 
Jt, .Tuxsdnt sandston# Jun'ab . . Jv,  Yolcanlc brmtlt ,  ete. 1 Lower Jum#alo 

M E  A m  ComEu'EmK. 

No f d  mFs found in the Chinib formation, B its.*. lass 
determined only strstigmphic correlation, It apparently 'her- 
lies the Tux& sandstone mnf o m b I y  and dips benwth thd mas- 
sive 'conglomerPte that 5s amsidered the, barn of the Upper Jnk&c 
mcka It is thw Fegardd as the equidalent of the ~hi&a shale 
and is doubtfully referred to that fomat.ion, which it remnbles 
lithologicslly. \ 

Expocams of Chinins shale are f o w d  oear by &,the &&' of 
Little Ndchina River and at $evemI places in the ripper Matanudta 
Va1ley.l It also occura oa Cold and Dry brys on Ala~ika Peninslzle * 
and an Tnxsdni, Chinib, and Inhkin bays, on h k  Inlet." 

FwmerIy tbe T u x h i  sandstme and C h i n i b  &ale were gmuped 
together as the Enochkin fomlatiorl?"e Chinitna shde ia de- I 

mibed 8s &g with eppamnt conformity upon the Tbxedni sand- 
atone, from which it differs by being argiuacecm rather t b m . u s l u r -  
mu8 and by # g  distinctive f ~ p ~ a s  and donaa I *  

r M- U. C., aad Mettle, J. R.,.jr., op. dt M. Sidbey, and Iinopf, ddplph, qp 
at, p ~ .  ma2. 

allbartla, 8. C*, 3% petmbmmW ot the AdnF moist of AI*, alth an amount 
d @a mv*r  Splrl dwpodtltl: D. a WL 8-F Bull. %W, p ~ .  8 M t  1006. 

* &raytin, 0. C., anh Kata. F. a.. A mlMc -ria- tb m a m ~  
r AYmka: 17. 8, awl. Burner Bulk. 485, p 65, 191% 



Tbe Wppr J n d c  formations in the Nelchina @on am marked 
by m d v e  beda of mnglomerata In am1 distribution these rocks 
occupy two p a d e l  westkard-trending bands along the north and 

-mbtdh borders of the h o r n  areas of the Nalrnek formation. The 
'18rger of these h d s  extemds from Tyone Creek rtcms Daisy, Foufth 
af July, Walker, Yacko, Red, and Joe creeks to Little Oshetns River 
and b probably continuous with the cong.Eomerat.e on Oshetna Rirer. 

' *A ppantnel belt of wnglonerah extends from a point nenr the mouth 
of C m k s d  Creek up Little Nelchina River to the mouth of Flat 
Creek and an unknown distance beyond. The conglomarate ex- 
poeed at  them places ia mrnilar in. geneml appearance and mmposi- 
tion. It is compomd of qaesire plat- made u p  e n t i a l l y  of dioritic 
and vo l cdo  rocks a& in a gritty matrix wnt~bininp abundant frag- 
ments of mica and shale Along its base it is predominantly coarse 
and contains ementially material derived h m  the Lower Jun6sic 
volcanic rob, upon which it lies in pl- In its upper part there 
a m  lwms of fine yellow sandstone and beds of conglomerete mads 
up of m a l l  well-rounded pebbles, and with these beds thin M s  of 
shale are intercalated. This altern~tion of marwe and fine sediments 
waa noted along Little Nelcbina River near the mouth of Idaho 
Creek At this place a cliff over 400 feet high ia built np of lmticu: 
Iar h d ~  of sand~&~ne and canglomerata 

The conglomsrate extending from Tyone C m k  to Little Oshetna 
River, and the conglomerate on Oshetna River are with littla'doubt 
the W i k  conglomerate. The conglomerate on Little Nel'chins River 
and Idaho Creek is with Iws confidence a h  regarded as Chisik. Its 
10- contact is concertled, but it is believed to lie next above the 
W h a  formation, which is of Middle Jurrtssic age. It is known by 
its f d s  to lm Uppar J~trra~ic. Jt is overlain with apparent mn- 
formity by Upper Jurassic shales and sandstone of the Naknek for- 
mation. This conglomerate may b s, member of the Nrtbek for- 
mation and may thus occupy tl highor position among the Upper . 

Juraaaic m$z than the Chisik mng.lomerate, but probably not, for 
to amme that it occupies such a position is to assume also that the 
beds wem bfought to  their present position by faulting, no evidences 
of whfich wwera seen at this place. By mean of their similar strati- 
-gmphic relation fa the known Naknek rocks, their lithologic simi- 
larity, and a h n w  of p m f  to the contrary the mnglomernh on Little 
Nehhha River and the Chisik conglomerate that extends from Tyane 
&@& k~ &Me Metna River are believed ta be the same. 



srmcm& a m  -me.  

If the congl~~~arate m W l e  N d a a  River and l d h  k k m ; i i d  
"the mnglomemb that extends from Tyone Cmk to Lit& Oshetm 
BVBT & the same, the conglomerate and the overlying Naknek sand- C 

stem and shala wmpy s, brosd syncline that brings the conglomerrtte 
ta the surface in two parallel bel-nm on Little Nelcbina River 
and the other on tributarik of the Little Oshetaa and Tyoae Greek. * 

Tbe conglomm.ts i s  undefurmecl and but little disturbed On Littl% 
Nelcbina River the beds are nearly ledel, but in placres on the northern 
lid of the syncline they are tilted to ttbo~rt 20'. Thei~mtire thick- 
nem waa not determined. The cliff on Little Nelchina- Riwr shows 
a thichem af aver 400 feet. On Y N ~ Q  Creek there is a m m u d  
tkchess of 460 feet hesides conceded portions at the tap and at  the 
base of the fonnatioo. The relations on Yacko C d  are s h w n  in 
f i p  4. - 

. * 

A mall  mudon  of f &Is g~tbered  Irom the intetstratifid m d -  
stone beds was submittd , t ~  T. W. Stanton, who reported as foIlows: 
W No. 1& North bank d LiWe NelcMna R l m ,  fwt abops Idabc Qmk 

' Aucella ~ p ,  
nrbo  #p. 

W m  Jw&c 

Tbe conglom-te form the basal member of the Upper J d c  
rocks arid Jiea unconformably on older rocks. Along the northern 
belt its sontact is with the h w e r  Jurassic volcanic rmks. On Little 
Kelthha River iB lower contact b mncenled, but it is beliefed to 
overlie the Chinitara formation, which is of Middle 3rumkc ttg& It ia 
overlain with aappnmnt confarmity by Uppr Jumsic shale and sand- 
done assigned to the Naknek formation. Its mrrelrttion with the 

1 

Chi& eanglomerste rests upon its lithologic similaTity and its W 
position among Upper J u m i c  mh. 

DI-On AAD C E a P k m  
,I 

A greet t h i h  of shale and -&one ref& ta the.Nak& 
formahion werlim the Upper J d c  conglornemtm with apparent 



Q. I t  m d s  westward from Tyone h e k  .tO &h€~tna . 
a brasd belt and is bounded on the north by oonglomerate * 

believed to be the Chisik conglomerate and m the south, in part at 
least, by umglomerate regarded as the m e  fomation. 

The lower part of the Naknek formation is compcwed of l sand~he 
and sandy shale mmbl ing  members of the Chisik congIomemt& In 
its upper part the formation becomes ara_Uaceou& The a m ~ e e ~ u s  
membem m merlain by dark-blue b i l e  shnle containing beds of 
h$rd white sandstone. Fossils are not widely distributd in the 
N b e k  fomation but are locally very abundant. In placles thin 
beds of conglomeratic arkose are conspicuous on account of the 
gbund8nt fragments of aumllae which make up s l q 8  part of the 
rock. 

Lvmtmmm 

The NaZtnek formation mupies the trough of the lsgncrine in which 
the Upper Jurassic conglomerate is involved. The M s  are mom 
defomed than the conglomerate and show many minor gentlie folds. 
The beds are not knawn to be faultad e x h ~ i v ~ d y ~  though they show 
mme mall displacements. 

T. W. Stgnton made the follow  in^ report on a eoUe&ion aabmihd 
to him for identjficatioa : 
W!iK Ha 19. Idaho. Creek, 15 mlles above I t s  month 

smm1a 7 SP 
furn&c or Cretaceona 
a No. 20. Rfdpe LIttIe Nelchina River and Done  Creek, 2 miles 

north of Idaho Creek. 
AnceFla sp. . 

Upper Juramdc 
m!& KO. 21. ~ a c k a  Creek on claim No. 10 below, near base of Upper Jumaslc 

overlying conglomerate. 
Inmeramus sp. 
Tawmila? sp. 

The foesila are not sufFlclent to dli3HngtlIsh between Ju& and Cretaceou~. 

The name Nahek t a s  h t  used by Spurn1 to deserjbe a d e s  of 
arkaaaa and conglomerates with beds of limestone and associated 
rolmnic rocks that occurs in the Piciaity of Nahek M e  on the 
L L l A  Penimlla. He estimated that a tthiches of at Ie& 1,500 
fmt of Nahek beds is exposed near Kahai .  The Nahelc formation 
i dm exhnsively expwd on Cook Inlet. On the north shore of 
C I h i Q a  Bag Stanton and Martin m e d  a &ion camprisinff 



rn~;5;,000 f&. ?Other eqmF88 of the ~lkns 'k  f ~ r m ~ t i o n  
OaokInlet: on the A h h a  Perxinstlle,' and at meral p l m  in Mnrdi . nuska Valley. 

~ i u m m s  maas. - . .  C 

'me Lower Cretaceous limestone and Upper Cmtsmm-* and 
ssndhne d e m i i  blow occur only in an nma embra- the - 
drainage basins of the upper parta of Squaw Creek, Alfred Creek, 
and Billy Creek. T%B geology of this region was not &ndied by the 
writer and inforhtion regarding it wns obtained h m  others 

Rocks of Lower Cretaceous age am represenkd by a r n d ~ e t y  
bedded limestone that overliw 'tTpper Jurassic r m b  at the head of 
Nelchintl River and Billy Creek.4 

Upper Cretrrcebus shale and sanddone occur at  the headwabm 
of Squaw, Alfred, and Billy m k a  

Conglomerate &f Tertiary age h ~ s  a wide dietrihtion on the trib- 
utaries of Caribou m d  Billy creeb, m m a  which, dthomgh.ia- 
c1add in the accompanying gedegic map, mas not visited by the 
writer. The following dmription is taken from a repbFt by Paige 
and Knopi: @ 

QmaetonaI thin lasers of d m e  &ow that the cooglomeate fs lybg b 
horlwntal attItu& It L a l n m t  exeluuive~g r o m m  of large well-ronnbed 
houldem of nndte andeslte and quartz momnite embeddd In a tM8- 
mntrix. In the npger horimm the boulder# of nnrlmfte preponderate. m e  
boulders of the mnRlomerate are elllpsoldal in shape, nod many of, them are as 
nlurh tts 2 feet in diameler. The conglomerate Is IlthlfiRil &mly enoogb to 
form Imw bonldem In the preeent stream wash. Bhmts of lapa are d o n -  
ally Intercalated In the c0ne;lomerate. 

This eonglornemte was at that tima mrdstsd with the U& 
J u m ~ i c  sediments of the Nelchina River region, but since then has 
hen  studied in p t e r  detail by Martin, who mgmb it fa ,Tertiary. q 

On the upper part of Taueena Creek t h e e  am -1 1- d m  
- 

lava flows, including dacite, rhyolite, and andesite. T h e  mks, * 

*Mafth,  0. C, and Kats, R, f ,  A m l w f c  ~ ~ r n  Oi the M a m w  rclllon, 
Ah& : U. 8. -1. 8rwey Bull. 485, pp. U9-74, IS12 

#Atwood, W. W,, Geology find mlneml s e ~ o a m a  or pnrtrr of tk A b k m  Pmhwuhi 
U: S. W. 8 U m y  ElalI. Id?, pp. 83-88. 1Dfl. 

*Palm, Sidney, md Knnpf, Adolph, cfeoiogc m d - c e  iu the WalLOnah ,d. , 

Talkeetaa bnelns: U, &. Oeor. Snmey Bt~nnll. 827. pp. 1907. 
Idmn, p. 24. 

* Idtrn. p. 21. 



U. & QEOLOGICAL SURVEV BULLET IN 668 PLATE VI I  

A. TERTIAIIY LAVAS NEAR THE H E A D  OF TSUSENA CREEK. 

M o ~ i n t  Chulitna in middle backgrcund, elevation 6.i::lU fcct. 

U VOLCANIC ROCKS A T  THE HEAD OF ALFRED CREEK. 

Tertiary basalt unconforn>aSly overlyir,g Lower Juras:,ic tuff beds (white rock at right of picture). 



vhic*h ans mom or les~l 'amciatad in the field, am grot@ together 
wder lthe name of acidic laws and on the geologic map are repre- 
sented with a single qrnboI. (% P1. VII, A.) 
The .oldest of Jhese lave flows ia dscite, a h e - g m k d  porphyritic 

lock t h t  s a n w  id color from gray to dark brown. It oontaina cry#- 
tals of striated f e l d s p ~  mt in a fine-pined groundmw of biotite, 
feldspar, and quartz. MinemlogicaEly it corresponds to quartz dio-' 
rite, but its texture and field relations indicate that it is a surface 
dovL The saw that conbins the dacita was invaded by 1- bodies 
of *nib, and in zonee of deformatian mall areaa of garnet schist 
and s i l h m i i t e  =hid have baen fanned. 

Them rocksl include rhyolite and rhyolite tuffa One tgpe is a 
denae m k  with typicsl flow bande of white and green rnatefisl in- 
e b m g  pmiaent  phenocrysts of orthoclase feldspar. The micro- 
mope &we that the rock has a d e m  groundmass, mainly glass, 
mntainiq many spherulitedj and phenocxyets of feldspar. Orbha- 
dlase predominstes, and plagioclaae ia subordinate. h i a t e d  with 
this typical flow m k  is considerable fragmental material ranging 
from he-grained tuffs that ere not easily distinguished fmm flow 
sach to coarse angular breccia Another type of rhyolite b a butf- 
colored dense rock set eith small angular crystals of quartz. 

Amygddoidsl andmite occurs an the divide between the head of 
Jack River and the east fork of Tsusena C m k ,  just north, of the 
area mapped. Microscopically it is a fine dark-green denae rock 
containing numerous round amygdules of white quartz. Altered 
portions of the rock are purplish gray and are pitted with i r s m a r  
amygdalm mnsi&ng of an outer shell of quartz and an interior of 
dark-gmm serpentine and chloritic material. The groundmaas is a 
granular network of l~th&aped crystals of andeaine and a little 
chloritic material. C 

w T h e  of f h m  lams is uncertain. They appear to correspond, 
in part, at least, to a series of lava flows that occur in the Broad Pium 
region nnd that m regarded by P*e1 as Tertiary. Although 

a 
treat4 as a unit, these l a ~ a s  appear to include flows of different ages. 
The dscite is evidently the oldest.. It is intruded by large bodiea of 

S q  gmnite and has mfFered rnatamerphism, which w~~as not noted in the 
other lavaa The arnygdalaidal andesite lim upan the emded sur- 
f m  of the gpnite and is the youngest lava noted. The rhyolite ap- 

.* peam to b intermediate h age between the dacite and amygdaloidal 
ondeaita T h e  amygdaloidal andesite may & the equh1ent of sjmi- 

IPogns. 3. SL, ImaonO rocks [of the Broad Paslr region, AIaLal  : D. a. C)eoZ B- 
BdL m. pp. M, 1811. 



l u  mks in the Bmd % region whieh overlie Eocms 2% 
and ~ n e n v y ,  am mgaded as ~ ~ A i a r y . '  

Thi~  gmup of lava flow is thna probably ~ e & ?  except poa 
sibJ3,the dacite, which, on account of, ib relation to Q a  Tertirrj~ 
&te and of ib grater deformation, may be conaidered Bbromic, 

I .  

-A A m  em-- r !, 
_ .  

Ths mk. tbst form the mmmit of the high p h  &$he E d  of 
Atbed Cmk a m  h l t ,  .comprising flow ~ n d  interbsdded whits 
tuffs. {SBB H. V I I ,  B.) The @pi& Bow is porphyritic, haw a 
d e w  black pmdmass studded with msny crystals of feldqmr and 
pxromne. The ngroundmrss is a fine-gmind aggregate of f eldqmr 
needles, p p x q  and magnetite dust, and the phenmrysrCs are sngits 
and labradorite. Mingled with the &ow rock are Ws of whitay 
pllow-weathering tuffs. The baaah flowa lie mr1y b o b h l  and 
re& pnconfomblg on b w e r  Jum&c volcanic bed8 

leg AmD  TIO OW. + 
  hi bmdt ia .probebTy the eqaivale& of a eriei of hettia 0 m  

that clre widely distributed in the Talkeetna Mountah. Thw flows ' 

are well eqmdw.an the summit of Castle Mombin, in Matanda 
VaUq, where the,foUowirrg m i o n  was studied by the d t a r  ia 1930: 

. .  . 
$eat 

Iknse ~:-,..,,-,,,,,----la3. 
.,Tuff& b m x b $  and Peslmhr ,,,,,,,,,,,,,,-, 110 
, Dense -It, In part mlnmmr at thq bottom and v d c n h t  

at  the top - ,-,--,,,,,,,-,,- 250 
Taf f~  brecctm, shala sa-ne, an& cofiglomemte ,,,,-,- '- 90 " 
h s e  end amg@aloldtll b n ~ a l k  ,,, - ,,,,,,, !2XO r '  ' ' 

Unconformltg. - 
-ka condometate, WJ 

The h l t  re& nncmformably upon the Esh mmg-te, 
which is regarded by Martin as Tertiary md p"sibly Mbcma' 

Qnabmary d-ts are widely distributed in the Nelchina-Sdttut 
reaiofi. The7 mantle all the lowland and reach their mdert, de- 
vekpment broad Copper-Supitna b-, from whi& a p o p h g ~  

* Pow@, J, El, op Clt. p 88. 
IMartIn, 43. C, andgat4  F,J., Omlology and eorl delda d'the 1- V& 
m, bks~r: a. a  as^^ RUIWY B ~ I I .  m, pp. M, xnla 



U. 8 OEOLOOICkt BURVEY BULLETIN bed PLATE Vlll 

S A M 0  AND SILT BLUFFS ALONG TAZClNA RIVER NEAR THE MOUTH OF TOLSONA CREEK. 



of.- &end np the vaflep aad d e p b o n a  They a~e4Iiickasrt in 
fdi;8,&hrior of fha broad valleys and thin out up stream vafleya ~4 
oo, the dopa of the b o r d k g  mountains The d m  of this Qua- 
ternary t e m e  is gently rolling. (See BL 111, A.) At eome locali- 
ties the place of the contact of the deposits with the bedmck is 
n w l y  mncordant with a contour line, but over a brolrd area it 
varia greatly yet s l o p  gently muthea;stwd in conformity with 
the dope of the b&. The maximum thickness of the glncid de- 
poeita is not horn. The thickest mmsumble section observed is 
along the Snsitna st s plaee where the &am flows in a gmvel 
c h d  500 feet blow the surface of the plain, MI the maximum 
thickng~~ ma& ex& this figure. Copper, Tdinr, and Klutina 
r i v m  expme aectione over 500 feet thick 

The beds are c o m p m d  of uncona,lidafed material and exbibit 
b d e r a b l e  variation in character, ranging from cmm morainal 
htqw to finely Iarninatd silts. (See PI. Vm.) The chrracbr of 
the deposits shows no definite ndation to t h e j ~  distribution They 
cowid of h e  silta m o u n d e d  by coamer rlep&ts and are overldn 
by till, indicating rapidly changing conditions of sedimentstion. On 
th whole their character indicates that they wem deposited through 
the agency of ice and water and in time were clmly m & d  with 
tbe ica invasion and mom distinctly with ita retreat. The extent of 
the icn transgneeon is dklssed in detail under the heading" Glacia- 
tion" (pp. b4-58). As the g'lnciers melted materid suspended within 
the ice or carried on its surface was deposited in morainal beapa 
Such deposits m widely distributed and in placm they are thick, 
hut on the higher slop= they con& only of a thin covering of 
m h l  mhrial or erratic bwldem MorainaE dqwits were ~ t -  
tscW by the s t m s  thak flowcd from the melting i ~ ,  m h a t  w 
the glaciem d e d  the material they bore was in large part redis- 
tributed and mingled with that carried by the d6bris-laden dreams. 
The h e r  material was carried farthest from its m u m  and depmited 
es silts, clap, and fine sands. 1n this region much of it found lodg- 
ment in lekea and ponds, where it was perfsotly mrted. The coarser 
material was gpmad out by the shifting overburdened dm1125 in 
sheets and lemes of sand and gravel. 

Yominic depbsits nm conspicuous in the w d e m  part of the 
Fegion. On both aides .of Snsitna Kiwr there am prominemt mo- 
mines, With chmbristie lake-dotted hummmky d- A nnm- 
ber of &~eamsl math of Susitna River are b o d e d  by high Iahral 
moraines that extend b l o w  the pointg where the valleys leave the 
nplmda and deploy into spatnlata lo- which unite to form. a 
newly continuous moraine from Oshetna. R i ~ e r  to  K04m Creek md 
possibly beyond. On K&a Creek and Black River the lateral mo- 
raines fiom conspicuous ridges 500 feet above the r~lley bottoms 



h dkhsive m'braine rd&hes from k h a n  Cr&k"&':~&mb 1 

Creek, and a h*r one extends southward from Coal C& #a. 15 
milee. It r im hi .an abrupt warp above the b w b d  plain, to which 

t - 
it statids in marked d d f *  

-? 

C 
Q'G'AFflZ DIO- 

M13TECBWION AND C E A K h ~  

Quartz diorite hnd reldd~dioritic r o a b  are widely distribnkd h 
the Taaeetna Mountains and the mwntaifis nu&h of S m i b  River# 5 
A law boss of quwtz  diorikq c ~ v w b g  %several hundred square lnileef 
m&es up the mountainous arm that is drained by the upper p x t  of 
K w h  C m k  and its tribuhrh. From a point on Susitna. Biver 
about 7 mile  west of the mouth of Oshetna River dioritic rmb 
extend mtI~wPgtwsrd far an. unknown distanm into tha Tallmkm 1 

Mounthins. 
The rmh making up this rnrtsls are dombntIy quartz die* 

even-pined black and whita m k s  mmposd essentially of plagi* 
dace Seldspar and hornbleada in about equal amounh, together with 
n little quartz. nornblende is invariably present and in' plum 
fomna a large proportion af the rock. In the hand w i m w  it 
appmrs black, but nnder the m i c m p e  it is wen to be dark p x n  
and strongly p W r o i c .  The feldqsr is dominantly andeaiw and 
olipclase-mdmb. Quartz is not ablmdant and does not ooeur in t 

the dioritic pham of the 101:k . BjOCite mum very sparingIy ; other 1 

n-riw are kitanite and d m .  l 

From p h  to place tha quartz diarita shows c o m i d e d l ~  vllria- 
tion in, taxtum. Of very ~ommon ocmmce is a gnaimid appear- 
nnae cansed by a local folistbn of the rock and a padbl arrange- 
ment of the h b l e n d e  minemk Rocks exhibiting this dight 
gmbmid texhre are regarded as eataulastic phaw of the e v e  
qua* diorite a d  should not be confused with the typicsl gngnak 
in which there hBS been A recrystahticn of the nxk with the a 

davelopmmt of metamorphic minerals. 
In the amm north of Susitna River dioritea am not widely dis- 

hibutd. A d r i n t r u s i v e  m m  m u m  betwean T m m a  and Dead- - 
man c d w ,  and m a p p e d  nrem of diorific intrusivw w m  poted in 
tba gremstwo a m  inclosed within the " big bend " of Snsitna. R-i~er. I 

Small smm of dioritic rocks occur on Twin Hills and Zone Butte 
and in the vicinity of Stuck Mountain and KIutina River. L 

. pr  ' 
AND -TIOH* - 6 i,:' , 

The diorita and @a& diorite differ d y  in their c m ~ h f  b & a  
phases of a a g 1 e  m- T ~ ~ ~ ~ S U H ~ ~ B W  of 



didido rock are mmlated with the Tskeetna batholith only h a u s e  
bf hhologic similarity. Their age is determined by the mhtion the 

r quartz diorite beltrs to the Junts~lic sediments in the Talkeetna Mom- 
tsins, wbem it invades the Lower Jurassic vobsnie rocks and so is 
later, The Upper J 4 c :  conglomerate contains aurnemns bod- 
dors of quartz diorite, whose source is believed fo he tb quartz * diorite batholith of the Talkeetna Mountains. !J%e direct relrrtion 
of the quartz diorite to  the Middle Jurassic formations was not mn, 
bu* the ,absence of quartz diorite detritns in the Middle Ju&c rwka 
and ih abundance in the Upper Jurassic conglomerate lead to the 
belief that the quartz diorite was intruded following the deposition 

: of the Middle. h a s s i c  rocks and previous to the Upper Jurassic 
sedimentation. It is thus regarded rn Middle Jursssic, and it may 
have accompanied the uplift that marked the cIcm of Middle JurBBGic 
6edhhtion. 

03PEIg%. 

E h d  areas of g n e k  occur on Tsusena and Deadman creek The 
mad abundant type is granula~ gneim of medium to coarse grain, 
oampcd emtial ly of quartz, plagioclam feldspar, and biotite. 

.,r* The rock is black and white on a fresh break but weathers qnicklg to 
rustjf brown, a color which is characbristic of the exposed ~urfacea 
It has a marked foktion, mused by the parallel rarrangmnent and 
lmIticnlar agpgatm of the biotiQ rninerala 

M a t e d  with the most abundant type are p o i -  of somewhat, 
difFerent charaete~verp h e  grained rocks that are composed essen- 
tially of quartz, feldspar, and biotite in n a m w  alternating bands of 
dark md light minerals and that contain many red gam& 
Under the m i c m p e  the rock is seen to  contain also considerable 
.pyroxene and epidoh with m r y  magnetite and eircoa In 
'placxs thh rock is closely folded and contorted. (See PI. V, B, p. 16.) * The m ' i a t i a n  of the biotite gneiss with the quartz diorite is evi- 
dent. In areal distribution it borders the qnartsr diorih, into which - it gsedes by decrease in the amount of metamorphism. 

4. Awmiated with the typical gneisses are crystalline derived 
fFom daeite lava flows. They are hegrained bluish-gmy roch 
and' mntain large flakes of biotite Lwge red garnets are locelly 
&doped, and sheaf-like aggregates of fibrolite occur. + The fine- 
@d bsse of the rock is composed of an aggregah of q&z and 
feldspar. Them rwks might ba called @met whist or siUimanite 
schist according to the dominant metamorphic mined which they 

"7, mtnin.  The derivation of these schists fmm the dacita Iava flows ia 
indicated by the field evidence. The achists border an area of dacite 



I a n  0ow4 from which they are separated by a mnp of p d y  mmp 
t&W rock interndate in metamorphtn between the dwite and 
the cwal l ine  =hi&,. 

m rn ~ R O I .  f 

, ' . ,  
T& biotita rpsigs wasI in large part st lenst, dsrivd fmm the 

qna* diorita, of Middle Jurrtasic rage; the g n e k  ia inoaded b~ + 
Tert;iuT p n i t ; e .  and its gneissic character is therefore regsrdd na 
hf lote Mes01~)ic or posib1y early Tertiary qp It is probably the 
eqaivalent of gneiss a w i n g  near by in the B m d  Psas region1 

Granite mars  only in the northwestern part of the region. It 
occupies m m l  are% which am separated by depositis of glacial 
and dream gravels but ltre evidently parts of R single batholith that 
occupies much of the drainag bssins of Tmma ilnd Deadman creeks. 
Between them two strearas p i t a  is the dominant rock of the promi- 
nent ridges that form the southeastern end of the mmtainous ares 
north of Snsitna River. (See PI. IV.) The granib is intimately 
assocbted with &e l a v ~  that make. up a large part of thk range. 
I d  invades the dldest member of the lava group and ia appatsntly 
cnyemd by later flows It a h  invades the gneim ~ n d  quartz diorih t 

The typical p n i t e  is a granular rock of medium p i n  which can- 
tzrins, quartz and . feldspr and much biotita but sbowa considerable 
raritrtion from place to  placa in texture and rained compo9itioa 
Porph~ri tic ph- occur, in which large crystals of orthoclase an inch 
or more in diameter are mt i i  ;1 granular groundmsss of quartz, f ald- 
spar, biotite, and accessory hornblende. bother  variety is a light- 
colored p n u l a r  rock of 'even texture, cornpod -tially of qua& 
ztnd feldspar with a liberal aprinkbg of red garnets In all the 
granitic rocks qus& is abundant. The feldspar is =ntially oftho- I 

clase and suboqiinate plapioclsm. Increwe of plegioclasa f o m  
varieties that asppmach qu~rtz moflzoni- 

The granite.& the Chulitna Monntains appurs to be mtinuous 
with large bodiw of granite that occur at the hdwntBrB of Brush- * 

kana . C d  and is oomlatd with the- and b d i e s  of similar m k  
on h e r  tribukiee of Nenaas River.' Fmm evidence obtained in 

* Pome, J. & T g m h n  m!km tnf the Broad lhm reglon, dlaaLsl : U. L~ f h L ,  
Ball. eDB, p. 5%. IQlS. 

* 1 U. K. nwL Snrvey Bun. 808, pl. 2, 1B16, 



. .; hs ~ r m d  Paaa region Pogua mgards the granites as WE-e.' 
.T?&e granite in the Smitaa ragion is distinctly 1-r than the qwrtx 

+*&&te and wsg probably not f o d  during the ~ a m e  g d  period 
E ef ofruptiva activity. 

D m  mcx& 
4 

% Dike & are not mmpicnous in the NeZchina-$sib region but . 
mpreant great &re= in mmpmition. Diabam Pekes in the vicin- 
ity of Tsrusena Creek occupy narrow &ures.that invade the grmite. 
The d i a b  L a dark-green h e - p i n e d  rack that contains small 
fl rahing crystab of pyroxene and lath-shaped automorphic crystals 
of labradorite surrounded by augi@, which produse an ophitic tex- 
turn Magnetite is an abundant accessery. Bawltic dikes are found 
slso an Albert Creek in the vicinity of the Tertiary btbsalt flowa 
Tongua of alsakite that occur near tha granite and that are probably 
genetically mnnected with it cut the diorite and gneigs. Dikes of 
rhyolite and granite porphyry are found alao on Tamna Creak. 
Small intrusive M i e s  of serpentine occur in the Klutinn beds nanr 
KIutina Laka The original character of this rock ,is not evident, 
Specimens studied are composed almost entidy of mrpentine and 
veins of magnetite. 

- Chhg to the imperfection of the geologic record it is not possible 
b decipher, except in a general way, the geologic changes in the 
ragion and the conditions that accompanied them. The distribution 
of land and wster at  different geologic periods is indimkd by the 
nature and the p m n t  relations of the sedimentary formations; the 
@& of volcanism and intrusion are shown by the mlation of the 
ignmm rocks to the sedimentary and to the other igneous mks; and 
the p e r i d s  of deformation are indicated by the structural relations. 

P ~ O Z O I C  m. 
* The ediast Mble  recod in the Nelchina-Sasiha mgCion indicates 

that part of the land now occupied by the Copper-Stlaitna valley .. 
-. was c o v e d  in Carbonifems or earlier time by a shallow sea in 

which were deposited limestone and cl~stic sediments. The diversity 
of the A immts  indicates many c h a n p  in the @tion of the sea- . 

show in Pdmzaic time. The PaIaozoic waa also an era of volcanic . 
wt-ivity, as. is shown by the a-i~tion of lava flows and pyrmlastio 
P& with the marine sediments. 
- .  

--, - ,  . 'D: & QeoL R w  Bull. 808, p. 58, 1816. 
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m a -  A 

~ . e s r l i & n s a w d o f ~ i n h M ~ d m i ( s ~ d k t h e  
massive Java flow of W- md BW oreeb.  the^ flms 8i;El ba- 
lieved to have h p o d  out in Triassic time during a long perid 
of volcenism &st possibly began jn the Palmmic era During this 
period several thonsrrnd feet of lava flows sccumnlated. Thaw lavas 
are bieved to ba the epniv&Ient of the Nikolai gfeenstone of the Cap- 
per River valley. If this cornlation is co& the extent of the a m  
mv& by lava emitted during this period of .volcanism .is very 
m** 

Aa in& of the ssa jn Maomtic time is mrdd in the man 
se%rs of dste, graywwke, sad limestwe on Teisi Cmk, in the Sndb 
VkM. The exact .time of the depoeitim of them 8edh~nts is in 
doubt, bnt on wmmt of their seeming strnctural continuitg with 
Upper Triassic d h e n t a  an Detrdman and Valdez  creek^, which they 
rasedIe, they a ~ 8  regaded m s  Upper Triassic. A h r  their d e p i -  
tion the rocks of Tsisi Creek were deeply buried, folded, md injected 
by igneom magmas and wem afterward e x w e d  to emsion. 

A period of marine dimentation was followed in h w e r  Jn&c 
time by anather period of volcanism, in which a mt thick- of 
andesitic and rhyolitic b~as and a m i a h d  breccias and tuffs were 
deposited in the Tsl keetna Mountains. Af br s p r i d  of erosion the 
region wag again subme@ in Middle Jurassic time, and beds of 
the l b x d n i  sandstons and Chiaitna shale were deposited. 

During or just after Middle Jurmic tima there wae a pd 
parid of dinstrophism. M a p a s  that farmed the batholithic rn- 
of qusrtz diorite in the Tnlkeetns Mot~nhins were injected into the 
mcks, and Middle J u d c  marine sedimentation in this region wrsa 
brought to a c l m  by a general oplift of the land, which was fol- 
lowed by vigams denudation, which unmved Iarge m m  of 
quartz diorib and h w e r  Jurassh volcanic m c h  
In Upper Juresaic time &Be Tellteeha region was +in invaded 

by the ma, in which WMI deposited a great th ihees  of conglomewta, 
muidstone, and shale, forming in whole or in part the Nnknek f onma- 
tion. Marine d i t i o n e  apparently continued into h w e r  Greta- 
m n a  time, d t i n g  in the deposition of ~ i v e  beds of limestone. 
The aasuing chmgm ere not m r d e d  in this regidn, but the record 
in rdjamnt regions indicates thet  Lower Cretaceous miimenhtion 
wan dmwd by a ~ t l e  uplift of the land.% After this upliff in Upper 
Cmtlrmus time the land wag again invaded by the seg, and shale 
and mdstone were then deposited. Upper Cmtamons sediments are 
not known to oamr in this area north of Alfred Creek, which, how- 

- 

= m W ,  B W .  md =oPc Adolph OP. clt, p. $8. 



m e q . d ~ ~ ~  not newmmily mark the northern limit of the Wpper 
Enet848otlls ma, for deposits of this age may have reanoKed by 
d n .  - 

TEETUBY T-. 

M a h e  d i m t a t i o n  in neighboring regions was c l o d  in Iate 
Chhcmus or early Emne time by a general uplift of the land, which 
h d y  brought the entire province' above the &a. The Nelchina- 
Snsitm ragion wm doubtless involved in this general uplift and, in 
part at least, in the following perid of crustal deformation, which 
rssdtgd in folding and uplift along the Alaska Range and a general 
uplift of the entire region. The disturbance in tha Chulitna Moan- 
tabs found exprec3sion id a general outpouring of lavs a d  in igneous 
intmmion. A long a g e  of erosion followed, marked by a series of 
di fierentid uplifts attended by periods of active ermion and intarvds 
of q u i m d a  

This Tertiary period of d o n ,  in which the major depregsions 
were fomed7 was brought to a close by an uplift that shifted drain- 
age lines and brought about a general change of dimate, . 

When the climate became favorable for the eontinuolla accumula- 
tion of mow the glacial epoch began. The higher parts of the mom- 
kin8 became gathering places for glacial ice, which moved along . 
stream'comm as vdey g1aciem and as thew glaciers demmded to 
the lowlands they deployed to form piedmont ice shaets and h d l y  
coaleewed hi% a great infermontan~ glacier, which at the time of ik 
rnlaximm intensits spread from the Alaska Range ~ the Talkeetna 
and the Chqpch mountains It exhndd far np Chitina Valley and 
iacIudd parts of the CThuZitna and the WrsngeI1 mountains in ilts ice- 
csv~red bagin. 

D&kable evidence of the extent af this ice tranqpmion is 
~n in the mantle of glacial d&ris now found in the lowland amas, 

-.in - the marks of glacial erosion mmifest in m h h e s  on mtg 
mmded hilltom and gtraightened and o v e ~ p d  valleys, and in 
the numerous cimpm in the mount&& which still maintain a few 
&w &Cier& -. 
. ' I f '  

u-,-,.> -, 

Whem the conditions bec~me unfavorable for the mntinued m m -  
muletion of i q  m that the wash became greater than the supply, 
a gene& retreat of the glaciers b e p ,  which hm continued inter- 
mittently to the present and is still in pro- During this perid 



of. &cia1 &t the p ~ t  gravel sheet of the4Copp8n&m 
M a  jwm laid down. AB the ice melted wt qaantlties of nnmrtad 
material were dqmited in morah l  h a p ,  and on the farther -mtmat 
of the glaciers this material was in part mworlted and covered with 
coamr material by Btraama - 

The retreat of the im baa not h n  c0lltinu.m but has 3emi marked 
by -ions and advmus and.p&bly by an uplift and a period 
of inter~lacial &on. Pmded areas received silts and h e  mnds 
and interbedded mmr material. When lowlaads were freed 
horn im the hhted glaciers gave rim ta silbladen stmmm,, which 
conth~ed to farait3h material that built up the p ~ e I  p ls ia  Tbis 
glaciofluvial k ~ n  &ill continues below every active ggl-cier. A 
geneml uplift that followed or accompanied the glacial retreat hm 
rejnvenmted the dreams, which are now rapidly cutting deep chm- 
4& in the gravel deposits. 

The tern Capper-Sagifnu lowland i~ applied to the b d  gravel- 
0Ued dep&m that includm much of the Copper a v e r  basin m d  
a part of a a  Snsitm basin The Copper R i ~ e r  part hlrs uwally 
been called the Copper River plateau. The term lowland is used 
hem in prefemca to plateau, as it is really an extensive d e p d o n  
filled with a thick deposit of glacial pgravel into which the streams 
h ~ v e a t  deep tmcbes. The bdrockisexpolsed at only a fewplacea, 
but it is belimed to d o r m  in its bmder  fatatw to '#a s u r f ~ c e  
of the gravel which is undulating and warped, sloping.towqrc2 the 
caahr of the hsin and dm toward the southeast. Along Switna 
River the surf- af the lowland **the center of the valley stands 
at an elevation of 2,5433 feet  At Copper Center ~ n d  Stuck Mom- 
tain, aaar the d m  brder of the area ms;ppd, its elevation i~ 
5,000 feet and st Chitina only abmt 800 feet, 

The divide between the drainage systems of Susitaa and Copper 
rivers is IOW and imperceptibk It is simpIy an anredud portion 
of the gravel piain in which the pment s t rew am incimd--an 
d r a i n e d  awampy amat, from which project 8 fem buttes but no 
rmk barriers. Them ia no topographic break between the binage 
area of the Copper and that of the Susitns, the topographic con- 
tinuity indicating that the pfgeeat dminsge basins form parts8'of a 
single former valley and h t  the msater dream of this mgion, which 
dreind the upper basin of Copper River, once flowed v d w a r d  
through this old ,Copper-Suaitna vallq. 
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A. DISSECTED PENEPLnlN OF TALKEETNA MOU,r(TAINS AND VALLEY OF KOSINA CREEK. 
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B. TALKEETNA PENEPLAIN AND TALKEETNA MOUNTA! NS. 



.I: M m d ~ a l l l  FegaFda the Copper River valley as a d n  Mock 
between two uplifted a e b e  Chugach and the Alaska mngea 
,_U,. as has been BU-, the Copper-Susitna valley is topgraphi- 

, r ~  .,,: ,, 
s - al ly  continuous, the Copper River valley may have h formed in 

I '  I 

the w e  way ss &at pert of the Susitna Valley here.considered. 

This lowland province is bordered on the southwest by the Tal- 
htns Mountains, a rugged mass that ranga in p e r a l  height from 
5,W to 6,000 feet but induda peaks 8,000 to 9,000 feet high. The 
low m d e d ,  flat-topped fdhills of this range in the area studied 
-am cawed out of an extensive peneplain that lias along the northern 
b m  of the Talkeetna Mountains, which rise gently from this old land 
surfkCf5 This peneplain dips gently to the north and is abraptly 
b m b a t d  by the dep-d trough now covered by the p v e l s  of 
the lowland province. 

The peneplain has been modified by glacial and Btmam erosion 
and by volcanic outpr ings .  (Sea Pls. VII, B, and IX, A, 3.) It 

* has been & r o o d  and m d e d  by the overriding sheet of ice tbat 
covered the region and bears many minor isregularities awed by th8 
plucging and pinding of the ice. The streams that traversa it flow 
through mp-walled gorges p r a d u d  by stream empion and altered 
by a valley glacier of a later stage than that of the piedmont ice 
sheet that covered the peneplain. Small masses of Tertinry lavas on 
Alfred and Albert emks  overlie the bevded mrface of the peneplain. 
The- Talkeetna Mountgins are regarded by Fake and 3lnopf * as 
carved from a mass elevated 'by a domal uplift that was accompanied 
by normal faulting. 

Between the Alaska Range and S n s i h  River ;is a Om& of rugged 
' mountains, the crest of whose ridges, ranging in elevation from 5,000 

to 7,000 feet,-forms the divide betwen the Susit-oa, the Chulitna, and 
. the southern tribntmim of Menana River. These mountains are corn- 

II pomd mntially of granitic and effusive mks, with which are wsm- 
datsd metamorphosed sediments. The varied composition of the 
mks has given sim to a varied topographic expression. The b-lt 

* hills, thmgh sharp and rugged, are mom subdud in outline; they 
do not &om the extreme angularity seen in the gmnita momtaina. 
(See Pls. TV and VLh, 8.1 The present rugged aspect of thase 

maantaim is dne in large part to  glacial erosion, which was con- ' 

8 y~m&mhaU, W. C., G e o l m  of the centra Copper Elver reglou, Alsskn: n. & 0401, 
.a).rrsf Rot. Paper 41. pp. 84-88, 1905. 

+ FPlige. Smey, md Knopf, Adolph, Gealoglc m n n a l m 0 c e  in the mtmh mmd 
'T.R&nm M a e ,  &&a: U. B. Geol. t3urvey Bull. 827, pp. Elm, 19W. 
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t d l d  mntidly by the e x i s t i  drainage chmels. This mal l  
.iedaaed m n t a i n  mam is e~ident2y a link in %he cmmmt-arhapeicl 
chain of mounteins that extends from &e vi- ef Qulkaaa Ldm 
to the junction of Sasitaa and ChuIika hmm Them are 1 

roughly paralbl Q the Al& Ran@ but am much lower and Isss 
imposing. 

W X A U N .  F 

The NelchimWtna region is all drained inta h a  ma&m stmum, 
Capper end Suitma rivers, which empty mpAively into &ha h l f  sf 
Alaske and Cook Inlet. The parts of G p p r  River m d  its friba- 
tar ies that are included in the lowlad are Eecised in e k p w a t k l  
gorgm cut in the ghcial dsp&C and. differ in ;mi tion and am- 
mant from the drainage lines that existad before the region had been 
g l a c i d .  

S d t a a  River imuw from mved l a w  g l d ~ ~ 8  In the W 
Range and flows southward and gouttieastward for 70 mib to elm 
<'big bend," whem it enters the old Copper-fiisitna valley and tgm 
abruptly Eo the wwt. From the mouth of ~ m ~ a m n '  Riper i t  
for 25 miles in a meandering mume in a deep-walled e h a d  cut in . 

the gravel dewts.  Below the mouth of Oshetnn River the ohm 
acter of the valley changm considerably. The river is Ranked by 1s- 
buttm, and at one place the rock bed of the rioer e r m e q p  fma th 
gravel covering, revealing a narrow channel inciaed in the mxky 
.8oor of the old valley. Thia inner t m c h  wss cut during either a 
p r e g k l  or an interglacial epoch, for thifi old cham1 is filled in 
part with glacial gravel. The river at this plade has in part c~~ 
ou6 the old c h a m 1  and in pad a t  a w w  con- 

NaarIy all the large tributaria of Susitna R i m  &st - k 
the TaIhtnu Mountains are of glacial origin. In their ryrper 
co- where they flow in brad va1leys that have been widsasd and 
m h e d  by glacial emsion, they are overloadd with glmial d6brie, 
am rqidly building up their bottoms, and am e p d  out in h i d e d  
channels. (See  P1. KX, 8.) This deposition tends t~ in- dm 
s h a m  w e n t  bdow, so thst chon is ver~r active in the lower 
parts of the whem it has produced s b r p  V-shaped chanmla. 
T b  featurn am characteristic of the glacial st- thr2 head in 
the high monntains and enter the lowlanda 

The tributaries thst enter the Susitna from the north md west 
*re eof glacial stmas, although each may dmw a mall  pad of ib  
water frutn glaciers. The98 streams have closr water and are not 
overlsden with glacial d6bris. Like the glacial strauw, however, 
prsp~h wmqics a sharp tfaugh whew it enters the gmpel lowland. 
Thm troughs may be med as p d n &  of &net gldd &mama, 



. I ,. .,.lme p-t surface had ita origin in early Tertirtry h e ,  when 
a. 

II 
- the land WRS ilfkd from the g ~ &  and when active e m i o n  begm which 

1 h a  continued intermittently to the prRsent time. The lack of Ter- 
tiary sediments makes it difficult to trace in detail the Tartiarg hie 
tory of this region and the formation of the PITS& t ~ p o p p h y .  In 

r the main the Tertiary was a period of differential uplift and degra- 
dation. The' salient featurn of t;he p m t  surface were then da- 
vslbped, bat they have been greatly mdiLfied by glaciakion, ono of the 
mast po-t agents in giving the surfme its pregent mdgumtian. 

'Sbe w e d  uplift in early Tertiary time markd the beginning of 
a period of e&on in which parts of this region at lend were redud 
to a peneplain. Porti~ls of this old hnd sndace are well preserved 
mnth of Suaitn~ River and remnants of it appear between Tsusena 
md Wstana cseeks. (See PI. 1% A, B.) This planation m u m d  
in ssrly Te&imry time, probably in the Eocene epoch. The re- 
gion is evidently a part of the Eocene p e p k i n  that waa bed 

.in the Tdkeetna region1 The record of ih eexishmm n&h of 
Sktna River is &wured by later e ~ e n k  It is possible that parte of 
the e o n .  aorta of Snsitna River that SLIT now cove& by the Ter- 
tiary lavn Born were a h  reduced to a peneplain. . 

Emme planation was accompenied in adjacent ragium by extan- 
sive fluviatile deposition. In the Broad Pass +on Emne deposits 
~ttsin a thicknes of 2,700 feetP In Matanuska Valley deposits of 
Emxne mndsbne, &ale, and muglomerate -gate o w  4,000 feet 
in thieknemD Dsp&ts of this age are not found in the Nelchina- 
Susitna region, and if they once existed they have bean m o v e d  by 
eroaiw. 

m c l m E  nIABTBOPlUaH. 

by didnaphim that involved uplift. M a r W  omgenic movements 
were l m l i d h  The intam crustal deformstim that occurred rrlow 

I) the Alaska R a m  i~ not reoorded in the Nelchina-Susitna mtzi&: 
The greatest d%turbance was in the mountains near T'mLm, 
BU* and Wahaa c m e h  The uplift was acmmpnisd by fdding 
and igneoue intrusion rtnd a, general outpouring of lava. In the 

*EWgeI Bldmey, and Enopf, Adolph, op. dt, p, 88. 
' r h m t ,  B. A., Ybe BWWJ Paam redon, Alaska. with settioms em ' Q W ~  wtq 

Igl- FOCLB, and ulrclation, by J. m. P m e  : U. I. Geol. S a m y  BUU. 608, p, 47. i915. 
*%rtlu, 0. C., and Kntz. F. J,, Qeolagy ana con1 Aclds of the 1,ower Matammka Valle~,  

AhrL4: U. & Gmt. Burvey Bull, EO0. p p  8 M 4 ,  1912, 
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Talkeetna Mountains the entire region was uplifted but not greatly 
deformed. Even the Upper Jurassic formations stand at low angles 
and are but gently folded. Faulting is conspicuous but not extensive. 
More extensive deformation is recorded in the higher parts of the r 
Talkeetna Mountains and on their southern slopes along Matanuska 
River.' 

POST-EOCENE EROSION. @ 

The uplift in Eocene time was followed by another cycle of ero- 
sion in which the major features of the present surface were out- 
lined. The Talkeetna Mountains and the mountains north of Susitna 
River were carved from uplifted masses and the larger stream valleys 
were formed. 

The problem of determining the preglacial course of Copper 
River has been of special interest since the first geologic work was 
done in this region. Mendenhall a and Schrader suggesfed that the 
old Susitna received its waters from the region that is now drained by 
the Copper at a time when the Copper flowed northward, in a 
direction opposite to its present course, and that later the Copper 
was captured through headward erosion by a small stream that occu- 
pied the present valley of lower Copper River. a 

It has recently been held by Moffit4 and by Martin6 and is gen- 
erally accepted as a fact by all who are familiar with the region that 
Copper River cut its present channel through the Chugach Mountains 
since or during the Pleistocene or glacial epoch. Thus the old Cop- 
per Ever, which drew its waters from Chitina River and the head- 
waters of the present Copper River, probably had an outlet to the' 
Yukon through one of the low passes in the Alaska Range or, more 
likely, to Cook Inlet through either Susitna or Matanuska Biver, 
or the Chulitna and Susitna. 

In  addition to the pass through the Chugach Mountains that is now 
occupied by Copper River (which need not here be considered, for 
prior to the glacial epoch it was not occupied by Copper River) the 
low passes from the Copper Valley are Delta Pass, through the ' 
Alaska Range; Tahneta Pass, to Matanuska Valley ; and the low, flat 
divide between the Copper and Susitna basins. Through one of 

rn 
1 Paige, Sidney, and Knopf, Adolph, op. cit., p. 39. 
ZMendenhall, W. C., A reconnaissance from Besurrectfon Bay to the Tanana Biver. 

Alaska, in 189s : U. S. Qeol. Survey Twentieth Ann. Bept., pt. 7, p. 384, 1900. 
a Schrader, F. C.. A reconnaissance of a part of Prince William Sound and the Copper 

Biver distrkt, Alma, in 1898 : U. S. Geol. Survey Twentieth Ann. Bept., pt. 7, p. 412, 
1900. 

'Moat, F. H., Geology of the Hanagita-Bremner region, Alaska: U. S. Geol. Survey 
Bull. 678, yp. 41-42, 1914. 

ETarr, B. S., and Martin, Lawrence, Alaskan glacier studies of the National Geographic 
Society in the Yakutat Bay, Prince William Sound, and lower Copper Biver regions, 
p. 454, 1914. 



them gap the water of Copper Basin evidently flowed. These passas 
swage in elevation from 2,600 to 8,000 feet. Copper River is only 6fH 
fgat h v B  the sea at the mouth of the Chitina, and the bsdmk thew 

? which. is o n ~ ~ s l e d  by glacial gravels, is evidently lower. The bed- 
m k  in each of thwe passes also ia caved with gravel, which m y  
con-I deep channels, hut even if  stripped of its detrital covering no 

G one of them would probably ba reduced dc ient ly  in slevdi011 to 
bring it tm the present level of Copper River at Chikina. In a consid- 
.eration.of the altitude of the preglacial land surface the amount 
of dsepenhg by ice erosion and"the subssqnent glacilal deposition 
should be taken into account. In this region neither is accumtsly 
known, and as the effect of each ppmce&s i s  to offst that of the other 
both am disregarded. It is thus evident that there must have been 
n crustal movement by which the w b r n  part of the region was 
raimd mlativa to the eastern part. 

The wahm of part of the ares that hlongs geographically to Ithe 
Copper River drainege basin are now diverted through low passea 
in the Alaska Range northward to the Yukon system. One of these 
pama .is now occlrpied by Delta River, which receives its tffatRra 
from the Tangle Lakes, Gdkana. Glacier, and Eureka and Phelan 
cm&. Delta Pam, although a possible outlet for the wakm of the 
old Copper River, need not m i v e  extended consideration. Mofitl 

. hsa suggested that a low divide in the Alaska Range where the nrlta 
now flows was modsed to some exhnt by moving ice and that during 
the lebter part af tha glaci~l e p h  the Delta reached the Tanana 
by efoasing this divide instead of following its natural course to the 

' south. Furthermore, the DDelta Valley is not a mature &earn-devel- 
oped d l e y ,  mch as might have b n  mupied by the oId Copper 
River. 
'Tabeta Paas, a bmad o p n b g  between the head of M & m u h  

Valley and the Copper River bash, is also a @ble oatbt for the 
old Capper River. The river might have flowed through i t  into 
M~hnuska. Valley either directly or by wey of S~UBW and Cdribou 
c r e a k  The progressive thinning of the glacial d e p i t a  toward 
Matannska Valley indicates a northwsrd movement of the ice, and 
from its position and the constriction of its rock basin hward the 

e sonth Tahnetrr Plsss is regarded ns a tributary of the old Copper 
River &her than the valley nf the river itself. 

From its junction with a stream entering from Tahnets Paas the 
bld Copper evidently flowed northwestward along the p m t  mum 
of Tpne River to the big bend of Susitna River. The applrmt con- 
tinuity of the rock  basin^ of this part of Snsitna Valley and the Cop- 
per VaZley BU- that the old Copper may have found a pregla- 

-- - 

' Moat, F. R., Headwater -ma ot Qulksna an4 Hntldtoa rlm?m dlmka: D. & Oeot 
-11. 498, pp. 6 ~ 1 ,  I s l a .  



cid d a t  t h u &  the p m t  Sugitaa Vdey, either s d w a p d  doag 
Cbe m t  mwm of the river or n ~ r t h W d  dong the p m t  
upper mum of Stmiha River, Monnhan Flat, and Nensns'Rimr to 
dlta upper snd of the box cangon above the mouth of Jack River, and I 

thee  mutharestward through Broad Parrer and Chnliha River val- 
by, which is m@ed by Moffit as the pmglacid conma of Nenma 
River. -3 

While tbe &pprswitnn baain was being formed tht land waa 
in s mtnre stub of topogmpbic development and shod much lower 
tbm 3 p=L The larger stmm no do& flowed in broad, flat 
~ttUegs, add the hibutarim in winding counw in V-ahaped valleys 
bclosed betwcm sinuous, Aat-topped ridm and interlooking spurs-- 
the p d a &  of rmrmsl stream e r d m  and weathering. The up- 
lift that brought this period of erosion to a close- also marked the 
begbnhg of the glacial epoch. 

The exb3nsiv.e ice ~heet  that onm accnpied the Copper-Sdtna 
hasin bas left s most mmiatrtksble impreas on the entire region. 
The rounded hoba of the ice-cwered area, the glaciated ~sileys,  
the d u n  topography of the highland mgians, and the extensive 
~ h ~ e t a  of gravel, with their puprimposed drainage, slE testify to the 
profonnd influence of the ice on the configuration of the surf-. 

01d- -on. 

The degndation effected by gl~eiation is very marked and in 
large part has given rim to the varied mfqpra t ion  of the surface 
in all the region; even the drift covering doubtless iim on an ice- 
scalptured bed-. The most conspicuous features am the bmd,  
straight vdleys, with typioal U-shaped cmB &ion md the trun- 
cated spars, with characterietic kriangular shape. These  feature^ 
have been produced by the removal of a great amount of material. 
The deepening alone has been pat, as is indicated by hanging 
vellge that &and geveml hundred feet above the main valleya Ae 
the hanging valleys were doubtless a h  deepened, the degsrdatioe 
was great, and ~AI this erasion must be added the removal of pro- * 

A 
jecting spurs and the changing of a gotrthful straam-developed 
valley to a broader and straighter U -~&ped trough. Above the sur- 
face of the ice the destructive eflect of cirgue development has pra- 
ceedd to diffemant degrees and given a c h a c e c t e ~  form to 
the bpograghy. The region covered by the ice flood shows dif- 
ferent ermiond effects. ?In& and ridges that project from the 



-4 phis are m& and swakhed as though overridden by ice 
W was immmpkd tol d w e  them to the bval of the h~in on 
*ha, I b y  stsnd. 

BOmm OF T=@ Ern Awl) DmErnON OF MOvSMmm. 

Th Copper-Susitns Glacier drew its ice from different sources. 
Its main discharge appears to have been westward through Susitna 
Valley, but it had other outlets, which at the time of its greatest 
e d  may hoe  w&d m spillways. The Alaska Rang% contributed 
Lye he  sbmoms, which moved down Susitna Valley and its tribu- 
brim The momhins wrth of Snsitn~ River were local centem of 
@witation 3- which ice moved in ell d i d =  A part of the 
ice moved nodhwesfmard and joined an ice strea~ 'that st =me time 
moved w d w t t d  through R w d  Pam. The highest parts of these 
m u d i n s  were not ovedowed but projected as islands from the 
au .1 .E~  of bhe ice. The Chuwh and Talkeetna mountains were 
dm important munxs of considemble ice. The upper part of Rln- 
thm h k e  lies in s & p d o n  through which a large glacier that 
d m  its supply from tbe erest of Chugach Mmtains  moved north- 
ward b the lowlalsd ice sheet. Nelchina and Tmlins glaciers were 
other sources of southward-mooing ice Wies from the Chnpch 
~~~ 
Two of the largest tribntaries of the Copper-Snsitna Glacier were 

ChiGna @& and the glacier that mqielpied the upper part of khe 
m t  C o w  River. Tbese glacim were fed in large part bv ice 
b m a  from the Wrangp1l Meunhins, a local m e  of glaciation 
fssm which the icc moved in a11 directions. Chitina Valley was 
buried nnder ice, which overtlowed inta m t a  Valley. The 
pass thro~h Chtlgwb Monnlains now occupied by Copper River 
was cavered with ice, mrne of which moved northward to join the 
Chiti- Glacier. At a later time, when the ice sheet of Copper River 
~riEEey stood at a higher level, this pass k m m e  a southern outlet far 
ica lad water. 

M d t  and P w e X  &ate that ice rnctvsd northwad through Delta 
Bm tPd mthmstwad though B m d  Pas T h e t a  Pas wqa also 
cowred with b, which appam~tly moved northward, as is indicated 
by f i e  tbkk de&ts at the m m g h  of the Copper River b h ,  which 
t&m propc&veIy tuw& the Matmnska Vdley. It is not unlikely, 
harmr, h a t  J some s b p  in the glaciaeion of the rep;im ice over- 
fhd * Copper basin into the Mahnuska valley th-h this 
pssa. 

. ~rrnm, F. H., m e  Btwe Pssw mica. AlanLn. with d m  on Q a a p  sad* 
-mum m k ~ ,  nnO gladation by J. El. Pogue: U. S. Qeol. 8umeg Bntt. BOS, p p  O&lS, 
xwn 



The valley of Suuiha River, however, is c o m i d d  the main out- 
let of the Copper-Snsitna (%lacier. For a time it was able to accbm- 
modate all the outflow, but on the accumulation of ice, inf luend 
no doubt by differentid elevation, it became blocked and the ice ram w 
until it ovdowed thmgh different spillways. 

It h a  hen suggested that the ice of Copper River valley moved 
westward to Cook Inlet by way of Sasitna Valley, along kh0 old 
mum of Copper River. m e  ice movement, however, was not m 
simple as this snggestion would imply end, in the Susitna Valley 
at  least, it iinel~dr!d recessions and adranas, and possibly them was 
an interglacial epoch of erosion. The discrimination of the different 
e p h s  of glaciation and the interglacial e p h s  is of special interest. 
Cappel has recently shorn that the glacial deposits in the White 
River region unconformably overlie tillite, a rock derived from 

' glacial deposits. The tillite ia oxidized and tha beds am tilM at a 
high ~ l e  and overIain by lava flows, indicating. an earlier glacial 
epoch ~epaFated from a later glacial epoch by hterglmid deforma- 
tion, volcanism, and erosion. 

The fact that there was more than one great advance of the ice and 
a long interglacial epoch in Copper R'lrer valley has not been well 
mtablished hut Is strongly suggested. At many plaees Iava flows 
and bornh lie between glrtcial depmits. Schrader and Spencer= note 
that at one such place there was an advance of the ice subsequent to 
the flow of Inva, which they consider ment. The lava flows, how- 
ever, in their meal distribution show no recognizable relation fo the 
p m n t  topogruphy, whereas they would show some such relation un- 
leas their outpouring was followed by a long period of glaciation. 
Furthermore, since they were poured out they hnve been deeply fur- 
rowed, as if they had been subjected to considerable erosion. It 
therefore mems that the relation of the lavas to the glacial depmita 
may indicate the occurrence of a long peed of glaciation rather 1 
than the recency of the Ievtl outflow, which may mark an intarglacial 
epoch synchronous with that which e x i d  in the White River re- 
gion, an epoch marked alm by volcanic activity. The chasacter and - 
the relations of the sediments, whiclr consist of deposits of till intsr- 
calahd with bds of outwash gmml, indicate that there were minor 
millations of the ice doubtles~ with variations and revemals in the 
direction of its movement. 

1 Ckpps, &. R., The Cbhnn-Wbtte R ~ P  dlstrlct, A1.alra: U. 8. -1. E l m  Bull 
HWI, pp. 8 W 7 ,  1910. 

Rrhmdfr. F. C., and Rwnwr, A. C., Tbc geolow m a d  mlnem1 resonreear of s postlon 
4 tbe Copper Rlvtr W c f  ALanka : Bpec. Pub. U. 8. Owl. h i m y ,  pp. 6 M .  fW1. 



It is believad that the recession of the ice in parte of Snsitna 
Valley was followed by an intmglacid epoch and submquent ad- 
vance of the ice. An indication of this ret- and advanm is fomd 

3 in the character of certain &ream valleys that cut parts af the old 
peneplain, which was submerged while the piedmont ice flooding was 
at its maximum strage: Among the upper tributaries of Kosine, and 

9 Tsid creeks there are a nuirikr that occupy sharply incised mck- 
w d d  channe1a These channela have been occupied by valley gla- 
ciers, which evidently widened and straight,ened them, but they 
shorn no indications of emion by tbe piedmont ice sheet, and in 
this respect they present a marked contrust to the valleys that ex- 
kt4 prior to the piedmont glnciation. 

The form and relation of the ralleys of these tributaries of Kosina 
and similar creeks are most plausibly explained by essuming that 
they were not subject to erosion by the piedmont ice sheet and that 
s i n e  ita w m i o n  they were formed by stream erosion and subse- 
quently altered by valley glaciation. If this assumption is correct 
t h e e  valleys were cut during a long interglacial epoch. It is possible, 
however, that they were filled with ice at  the time of the piedmont 
ice flooding and ran transverse to  the direction of the main glacial 
movement and thus escaped erosion by the piedmont ice sheet or that' 
the emional effect of the valley glaciation was so intens that it 
obliterated dl traces of earlier glaciation. h Snsitna Valley, espe- 
cially along the base of the Talkmtns, Mountsins, these two types of 
ghcial erosions, one m u d  by the overriding of an extensive area by 
the piedmont ica sheet and the otber by the later mupation of de- 
p ~ s i o n s  by ice tonguas, are very pronound. Whether tbeae two 
intervnls of the ica occupation ere distinct periods of glaciation @pa- 
rated by an intarglacid interval af erosion or whether they am only 
phaees of the same g e n e 4  period of glaciation is not certain. 

Combomtive evjdenca of a later ice transgmmion ia found in the 
relation. of the morainal deposits that border the lower pads of 
Kmina Cmk. T h w  moraines and similar ones on adjacent streams 

3 and acrose Snsitna River stand well above the outwash grrtveIq which 
they evidently overIia They mark the limit of a glacial xeadvmw, 
concEusive evidence of the extent and duration of which is lacking. 

The mnximnm thiekn- of the im is not h o r n  but may be in- 
f e d  from the p a t e s t  'height a t  which glacial scfatchee are found 
and from the altitude of glacid deposits and erratic boulders. Near 
Qha .mouth of Oshetna River the ice overflowed buttes that rim 2,800 
feet above the valley httom. This figure repmsenta the minimum 



ahiaknws of the ics, fnr the positimm of neither the top no* the bt- 
km sf fhe ice is evident. Many other butks, the highest abu* $000 
feet akve the -3 fl- are h l i e v d  bo heve h mpEataly mbr 
merged by the ica f: 

P r n U C I d t  mmTa 
D E W r n O N .  

The grsvei sbest of the Copper-+sitna basin d of the v~llegs of o 
the tributary shwmts that form conspicuous feat- of the con- 
-tion of the p-t surface was built up of mkriah furnished 
from the dreams that issued from the ica while it was retreating. 
At that time, tm, moraines were so 'doubt reworked in part and 
mvared with glaciofluvial dernta. In the Snsitna Valhy, however, 
exhnsive morainaer that overlie the glaciofluvial gravels are con- 
spicuous tapographic features This dudation of the valley floor 
continued until a sheet of gravel*1,000 feet thick was laid down, 
This p m  is &ill in operation along the fronts of the preeent 
gIaders, which axe building up their valley floors, but its eif- are 
now relatively inignificant. 

W l W F T  AXD -OW. 

Afbsr the glnclrl pwIs  were laid down snd in p a t  m i n & ~ t  
with their depbsition, Rn uplift of the region rejummtd tha m a m e  
and initiatd the pmsmt cycle of erosion. TRnt this uplift was 
d i h ~ t i a l  is shown by th p-t slope of the basin toward the 
soutlmnd, and the relatire heigbba of the glacial d e w  along its  

, bard- 
T h a * ~ o l m t a f g ~ ~ 1 d o n , b a r r e a e r , i a i n ~ a o n ~ b  

that aeeornp- since tb withdmwel of the ice. The upper va- 
of I ~ k a  C m k  msupports two dreams which flow paratlel h each other 
in ice-cut tm& for 8 miles before they came together. In the 
lower part of this creek, as in many other locwlities, lakss con& 
with no other water &an# a t  discordant levels and are s~pcsrdd  by 
narrow p v e l  banks. Thesa eonditiona indicate that the postglacial 
erasion has been indgnifimt. Appitmt exmptions to thaw condi- $ 

' tions are found in the deep channels cut in the gravels by bhe large 
st- but evera here no rarnifymg agsbem h a  dimdad the .plain. 
The drsinage is young and is conbed to large streams that have m 

few tributarim 
Dhturbed preglacial: drainage and apparent l& of pmtglwial 

emaim am notably illusbratd by the fom&m and the p m n t  
autSebs of Deadman Lakm. These lakes aocupy a depmwion in a 
valley the stream in the upper part of which is now ealM Deadmm a 

and that i the lower part Delusion h k ,  an approprieh 
~rslae, for though the valhy is pmminent it carries little w n h ~ .  
Refore this region was glaciated lower Desdman Creek and its west 



fc& qm~ om BtrersD and upper l h d m m  Creek flowed through lthe 
p-t aita of the l b  down hlusiaa V&y. Wlaen the ice that 
filled M a n  and Delusions c m k ~  and their upper tributaries 
mel.tad a larga moraine dammed the valley ao effectually that the 

ef ahe upper part of Deadman ovsrftowed the basin and found 
outla&, am through a low divide to  the main channel of Deadman 
C w k  md the other to Wrtana Creek. The waters we now ponded 
by a aarrow grevel berrier, which if actively attacked by erosion 
w o a  be gasily reduced, and the waters of the upper part of Dead- - Cxeek thet now flew through the upper lake might be reclaimed 
by. their preghcial channel. 
Jbm glaciers, which are 1-lEg important agencies of postglacial 

budation, we long, narrow rock flows generally confined in cirque- 
like valleyal They a p p r  to occur only in the more recently 
glwiated regione and are believed to be descendants of true glaciers 
LSeved m u r  on the tributaries of Ts~mna Creek, but none were 
n d  elsewhem. 

MINERAL RESOUELCEB. 
Q- FIUTCIBELI. 

Pbm gold is the only mineral m u m e  that is attmeting atten- 
bioa in the Nelehina-Susitna e o n .  It is widely distributd and 
may be w h e d  from nearly any s h a m .  Altho&gh this fsct has 
h hwwn to prospeetom for same time gold had mot until recently 
been iound.in quantity sufEcient to mine pmfitably or even to en- 
murrge p@ing. A fresh impetus, however, WBS given to p m -  
wing in the Nelchina region by the report of a rich find on Albert 
k k ,  ona of the branches of Crooked Cm& a tribnhry of Little 
Nalcbm River, and during the open mmon of 1914 about 400 men 
were proepecting on the tributaries of Little Nelchina and Oshetna 
riosrs. Gold was found on a number of the near-bv neeke, but for 
the W part &I mlt s  of the ~ s o n 5 s  work were ~imuraging, and 
few men s t a m  in the district during tbe winter. Prospecting, how- 
ever, hnd not bean lthomngh enough to dehmine adequately the 
value of the region aa a source of placer gold. 

Gold bas been found in encoqraging m m t  only in a mail a m  
on the tributaries of Tjttle Nelcbim River, Tyme Creek, md 
Oshetnn River, and hm not yet borne  of economic importance. The 
placer gold is widespread but is concentrated sufficiently to justify 
a- only on AIbs1.B Creek Fine gold m u m  in the glacial pave1  
whkh cawm the region, and colors mey be found emn on the hill- 
% a h  ne crwcentration has taken plaee. The gmld occurs fmm 
#a gmm mob to bedrock. Even the stream gravelssshow no definite 

h p p q  8. R., BocL gladem la U k s :  roar. C~OIOFJ' YOL 18. gp, 8-7s. 1910. 
R R., and Capgs, 8. EL, -logy a d  mtnsral rascmrcen at the NLalaa dlstrlct, 

IluL.: U. El. -1. 8 m e y  Bull. 448, pp 62-69, 191L 



pay stre9gs, as though there had b n  but little latens1 or vSrtim1 
mmntmtion since their depmition. 

The fea- jwt mentioned indicate a glacial origin fur most of 
the gold. The glacial source of the gravefs has bean pointed out, 
and the widespread distribution of the @Id through the p v &  snd 4 
its lack of conmntration @how that it also was glacially transportad. 
Its M m k  mume is not known. The glacially transported d6bria 
was derived from mmny sources and contains an abundance of rocks 
foreign to this region, which were evidently moved a great distance. 
The -am gravels are largely of gl'laciofluviel origin and except for 
a narrow strip along each strewn wurse have not been reworked. 
These conditions account in part for the failure to End wmkable de- 
@ta h a region where gold is so widely dbtributed. The exten- 
sive deposits of glacial gravel evidently contain a wealth of dis- 
seminated gold, but owing to lack of sufficient recanantration give 
little promise of yielding valuable deposits. 
. klthough most of the gold was probably derived from the glacial 
$.ravels, some plmem may have been enriched from other muroe& 
Paiga and Knopf guggest that the gold in the &ream I d a  ww cfe- 
rived from the Upper Juwsic conglomerates by reconcentration. 
mesa rwlq however, can not now be regarded as even a contribut- 
ing source, for the beds of eroding streans show no gold enrichment 
where they crma the conglomerate formatim S d l l  veins in the 
bedrock are regarded by Martin and .?viertie * as r -ptx&ble m m  of 
the gold, but the veins in this region are not bnspicuous and are 
probably not e p ~ m l  sonma of the gold dthough they may have 
contributed a part of it. 

The geologic $ormatiom of this Tegim in which gold I d e s  are 
most likely to be found are the p n s t o n e ,  limestme8 and &is@ 
the Triassic whist and date, and tho Lower Jurassic l a v a  These 
formations are a11 more or less mineralized, although they am not 
known to contain gold in this region. 5 

OK)= PLACEEB. 

CROOKED CREEK. 

Choked C m k  is tribatary to  Little Nelchina River, It flm in a 
meandering murse throagh a, broad, flat pvel-filled valley that is 
b o d e d  by low &ciated hill& Throughout its mn~ae the streah 

=Pllm, Lndney, adl Kaopi. Adolph, Wls@c ~ o a i s s a n c c  tn tbe Mablmaka and ' 

Talkcetma baslna, Alamkm: F. 8. Oeol. Bumey Roll, 827. p. 07. 1W. 
3 Martin, G. C., and Mertje. J. R.. P., Mlneml rmnorce~ of tht nppcr Yrtamaslr mnd 
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:ha been mved by, locations, but little &wl wark h been done 
mt on its tributaries. 

, One daim, however, " ' 0 -  19 belowgw is being vigomdy pmpectd 
A sbafi was mnk d~ring tba summer Ito a depth of 180 feet, and 
winks work was ~ I I P I I L I ~ ~  tm d r k e  the hale to bedrock if pomible. 
The following log, which wtw fumihd  by the operators, shows 
the character of a part of the seetiw : 

k J w t h  & im s b f t  on claim 19 Below," Crookad Om&, Ndehha dmhbap8 
baain, A h & .  

mat 
Qiadal capping, muck, and wash ,,,,,,,,,,,,,,,------ US 
Wash m<el-----------------------I-------------,l--l- 2 
HI+-,*,, - , , , - - - , - - - - - - - - - - + - - - - - - - - - -  10 
Qra~el, bluegray, c o w e d  of quark and ba8altlc lava and car. 

r y i n ~  w Redlment ; contains a few mlom of ~ l d  to the pen,, 9 
Vegetable muck with willow twla ,,,,-,,,,,,-,-----------m 12 
Clay warn. 
0roveI,,,,,,,,,,,--,,,,------,,,,-,-,-,,,,,-,,,,, 2 
Yemhhle muck: gas bmrisg ------,---,-,---,,,----, 15 
Gravel, blae-pag-----------__----------,,---I,, 8 
Qravel, yellow ,,--------------------+----------,,,,,, 6 
Olean wash, containing no Wlment - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  + 10 

Blbert Cmk, zl small stream about 8 miles long, whiek &tern 
h k d  C m k  9 miles from its mouth (see PL X), is Ehe only 
stream in tho Nelchina region that has produced any gold. The 
placara were discoved in 1912, and in the following spring 10 
claim we= Btaked by Odin Oimn, Fred Gekhell, Jm Paher, and 
J h n m  McComick. During the season of 1913 much of the tima . . 
was spemt on dead work, but a cut 34 by 39 feet was opened and . 

yielded about 60 ounw of mid. The gravel averaged over $10 a 
mbic yard. Development work was continued in 1914 under a 
new leese. In June over half a mile of ditch was completed, and s 
strip. WBE~ bing grounds1uiced prepamtory to sluicing. Work ws~l  

mqmded early in the frtll. It is reported that 150 ounces of gold 
was m w d .  Prospecting wes dona by a number of other men 
on the cmek with indifferent ~uoceas, 

The klma main tributaries of Albert Creek are locally known as 
Money Cfnlcb, Porphyry Gulch, and Noon Gulch. The bedrock on 
Albert k k  ig tuffmus  ands stone and  hale, which are arekted 
with voImic mch. The bedrock is overlain by a b u t  5 feet of 
poorly stratifid eoam gravel mnhining many %at trnd angular 
bonldms of graywacke. Through this gravel the sUuvial gold is 
disseminated with little or no concentration on the hdmk Upon 



& a m m p * l i e a * b t d f h 0 r g m v e 2 l r t n d & p d ~ e f  
Ice, and upon thb Pies 2 feet of ailt and day. The pey d dms 
not appear to b mnth~on8 ,  but m e t i n g  has aaf ye& been 
adetpate. ta pme nr disprove its extent or value. Timber far mbh 
and mining uss was hmught from Startup, s a m p  a% f i ~  Bead 
a€ & p w  CH&, 6 milm math. 

Fhqmtiag wns being done in 1914 on other 'tributariee of 
C!mc~k~d Creek. Six men were at work on Poorman Creek and early 
in the summer had ground sluiced 850 fest of ground and had boxes 
m d y  t o  set up. B a h x k  OD the lower part of the creek con&& of 
coag1merate, shale, and smd&one, and on the uppr part of vesicu- 
lar red andesitic lava with beds of white tuff. Bedrock st the work- 
ings i~ about 6 feet deap. The gold is mthr flaky but canbinrr amell 
nuggets. It is reported that a small production was made, A little 
work was done m C ~ w o o d  h k ,  but bed& was not ireached. 
Prospecting was done also on Bonanza Creek, South C r ~ k ~  Willow 
Creek, and other small streams. 

Prospects on A I M  and Maaumit creeks, Itrib&& of Csribou 
Creek, were not visited by the writer. T h e  following is t a b  from 
a pubfbhed report by Martin and Medie : ' 

A r m  Creek.-Mired Creek 1s a l a m  &enm trlbatam ta CPrlbm U m ~ k  
h r n  the emt nboat 13 mtles above Its moath The upper pnrt of the d e y  is 
open and 11- amom mnded hilla, but the lower gad Is dmly  Incb& the 
creek pumlng thmogh w e m l  ~D.FoUS, oi whkh the lowest one. whlch ts a b u t  
hnlf n mlle l o n ~ ,  teterminawa a b u t  half or tbmequnrtera of a W e  the 
month of the creek in a braad flat The trsll fdlowa the e k  tmpt at thrs 
lower anyon, which it amMs by pa* over the bench to the nsrth A 
mademtely dense gruwth of small wpruce extends along the lower hnlf of 2he 
stream. In the n p p e ~  part of the valteg there i s  no vegetation laraet than 
willows and smnll mtbtlwoods a I o q  the StPearn mrae.  There are a ~ ~ m  
wtchee of gmm on the hlllsl&%. 

The mks dong the upwr half at dLiCed Cm?k EO- d ba-C 
mndstcmes and shalea cut 'by small dlkea. illoog the Power half of the meek 
the  only rocks eqm& are Upper CPetaceoar~ shales, except at the bwer end 
of the lowest canyon, whem there 'e a l a m  dlke of ddlahm. The rocks 

on the trfbubries are probably In the same an t h e  on 
tha main creek acrpt tbat tbe huh ridge north of tb8 CtWk Is mi'I to be 
capped by TertlatJ. volmnlc &. Thee be here, an they are ak m maria 
places In this dlmtrlct. underlain b3 Tertiargr maglomerate. J I  fa@ thls con- 
glomemte is a likely wurce of the placer gold. 

3 WMn, 0. C., and Martle, J. B.. jr.. BBlnerul msosrwm of  the wper Ma*. .rl 
Nelchiaa valleys: U. 8. Qml. S u m y  Ball. 682, pp. 278-280, 19LC 
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' . $ I  ,- bes apparently been W e d  tkmwlmt 439 part of 
iC,leagtb, but on only n few Claimer has more thdn technical &mwsment ar0fIr 

done. 9% dimvery wllis made In 1911. A total of about $1,500 of' gold 
. is i s d  to have been pecovered from thh cmk 

7 .  

Yoarrnw t3wk.-Mmrna Ureek i s  trlbntarg to Uarthu Cm?B ' w m  the 
northeaRt at an altltutle of abwt 3,300 feet. The lower part of ltpl course 
In an InaawsIble canyon, but the upper own p r t  of  it^ vfllley mag be m c h d  
by a trail l&dlng a c r w  the hllls from the mouth of the rstrearn enterhe: Carl- - C h d k  next below Mamma Greek, The entlre valley IR nbme tlmhec llne 
add contAim no v m t i n n  larmr than modemte.sI~ wlllowe: and small cat- 
to~woada The marest timber Iu OII Cnrlbou Creek n h u t  2 arlle~ below Maanma 
Creek, where there b .a spar& growth or nmall ~pruce. Gram k abunaunt 
along the *ail leadfog into the upper Maeuma Valley. 

?& rmb an Mazuma Crwk are b~ealtlc lavan and tn&, fltlderlah along 
rBe upper part of the creek by coam condomerate. An eqmmre at an alti- 

' of abut 6eOO feet shows mttme, m r 1 ~  cloneoltdated conglomerah over- 
lain by aogalar blocb  of lava whlch were pmbably tramported Irotn the - 
hilMdea ahre. The condomerate is well mnsolldated near creek level,, but 
l m r  atmve. Thla  dlRetence mag be either the mult of local cementation, 
locat leaching, or morking .  It I s  probably due to rewotklng, for the l w e r  
part b drddedly mrwr than the weH-coomlldated conglomerab? at the meet 
1~veI. The wel lcon~l idata l  mnglamerate mnelnts of boulders, in meml not 
over 8 Inches In diameter. and conialoR lenm of shale and flmdst6ne, while 
tbe looeer conglomerate.ha8 nnmemna bulders from 1 to 2 feet long. The 
bonldas ate chleRy mnl tk  and flrt~-p;ralrml Zga~ou% mBs wItb ~ o m e  sand- 
st- crbale, nnd porphyw. The mnglomernte, both above and below the 
contact of the better and the Pew coawlldated pnrt, Is t h o m g h u  indnrated 
along wttlcal d m u m  whlch stand out Plke dlkes. The creek grave& so 
far a8 noted, contain only ntateterlal which mlght be derived from ih m- , 
glommte or the owrlylng volc~nfc mker and Include numema large huldera. 

dalms have been a t a k d  from 3 to 5 m l l ~  above the monoh of the creek. 
The dlnmvery was made in 1W. Nuggets up to 16 or 18 cents in value are 
raid to have k e n  found. It la reported that a l a m  number of t lwa~ bare 
matt" atlc'klq to them. TheR ha8 apparently heen llttle or no p r d n e  

tlon frmn t Y a  creek. The improvements mn&t of a wlag dam aeve~lrl prot+ 
holes, and a ditch whlch will deliver water from a elbatary d m  

under lnibder~te head. 
Whatever gold ocrmm in the gravels of Bbmma Creek u w  m b b  derived 

by tWormntratlon from a mom d M n a t e d  d w l t  Sn the mnglmuemlz. If 
tharr? fa, an t h m  nppesm to be. a loose reworkml ctmglomemte lying p ~ o a  
and derived from an older and more thoroughly lndnratal conglomerate, the 
conhct of the two I8 posalbly gold baaring. 

A nnmber of claims have bean stnked on Little NeIchina River* 
but little work ban been done. The nature and depth of the gravels 
of h e  Little Nelchina am not h o r n ,  as hdrwk ~EI not e x p o d ,  Set- 

+.+:.< ' 
#om of the p v e 1 s  have not been exposed by mining and only 

*+ '&'htly by erosion, as the stream is not actively deepening ib 
ch-el. Low benches along its border am composed of warn 



glacis1 material. From the depth of the gravel on Crooked ,Creek 
it, i~ mmmed that the bedrock of the Little N e l c h  is dm #,deep. 

~ N E  -5. 

Y& md Joe e& unite to form Sanona Creek, one of the 
trihtarias of p o n e  Creek. Seveml men were prwpeethg on Yacko 
em& in 1914. M m k  waa not reached, but enough gold wae 
found in the overlying p v d  to encourage further work The gold 
is c o a m  and flat. The contact between the volcanic rocks ~ n d  the 
Mesozoic * d i m e  croaseg thia atream. Abve  this contsct the 
stream flows over a wide, flat valley bounded by rouded hiIIs, bnt 
where it enters the volcanic rock the valley narrows into a canyon 
and the hills are mucp more rugged. 

WVRTA bY JULY 

Qold has been found on Fourth of July Creek, but development 
work in 1914 met with little wcces~ 

The dominant rock on Fourth of July Creek is basic lava of 
Lower Jurassic age. Near t,he head of the creek tho lavag am over- 
]&in by coarse conglomerate, mndstone, and shala 

Dsiq Creek has been worked at several p l m  and fair p- 
hsve km found. Bedrock on the lower part of the creek is lava 
and on the upper part sandstone and oongIomerata. The upper 
valley k wide and flat, but where the stream enters the volcanic 
m k  the valley narrows to a ianyon, below which it widens out eon- 
sidembly. The gravel: is shallow, ranging in depth from 5 to 12 feet, 
but mnsidembfe trouble with ground water was met. In the fall of 
1914 a drill was taken in ~AI praspect the p u n d  during the follow- 
ing winter. 

O B m A  RIVER. 

Several prospects were located on tribntariw of Oshetnrs River 
in 1914. Allnvial gold m r s  in the gravels of Little 0ehetna'River 
hut is at few places concentrated in pay dreaks on the bedrock. 
Pmqmtors on Gold Creek found mrse gold but had difficulty in 
getting to bedsock on account of the p u n d  wahr. Gold enough ta 
encourage further prospecting has been found aFm on Granite nnd 

I 

Rowing cmks, mal l  tribubriw of the Oshstna thnt enter at  11 and' 
* l a  mileer, respectively, above tho moqth of Little Oshetne River. 



A. 
Fagt. 

&*., +M.. a t  w. R. emlo=- 
.P. tlon by ,,,,-,,,,,,,- 10 

A c h e ~ M g m t n t a  tor 6Id- ,,,,,,,- - I? 
lubert  c m k ,  gn~d on --,,,,------, 6% a1 

plate showlog,,,-- -,,-------- 80 
dlired C m k ,  ~ e o l a m  and dwa10~- 

mentn on---,,------, 81-83 
* J l w , L h t . H . T . , e X p l ~ r a t l ~ b , ,  10 

* .  
age of----+---*,,,,,,,,- m a  

-@ . m. on Oebdna Blm, plats 

+' >'c' - sbowlng------ -I--r-, 29 
=tare oi ------,------------- m49 
aod tnd, lnterbeaded, glatt 

mhdng 2R 
- d the  regfon ---,,,----- 10 

spglw, 3. w., ~ z o r u t i o a  by,, ,--- 11 
topogrsgble mwey by -------- 11-12 

, - M l t ,  em of 4U 
. mtme m d  .ocnrrreace of----- 40 
Blngham, F. b. acknowledgment to, 19 
Slaclt River, course of 16 
mtr. Blngwnld, aehowledgment to- 12 % B l m  mad, md 8 i I t  along TasHna 

Rlver, plate showLng-- U)  
Bun- Cnek, p r o w t l n g  on----- 6% 
B-L~, dlined a., preface by,-, T 
Brrtte Cnxk lava. depo~ltlon of---- 46 

C. 

' C*;bw- ot pm-~mb~rh~ferans 
3 .  rDcJE$ dtgMhutlou and 

character of --------- 22-28 
Cmk, ltrrbntarlee oi f324 

Cwtls Moumtaln, nectIon la wrmmft 

9 
of ,-------,-------- 40 

e b M k r M n ,  G .  J, mtwffltdgment 
to ----,------------- 12 

, z formattom, age and mr- 
. %&; relation of ih ,. : ' dl#Mmtloa and c k o t e r  of- 83-34 

, atrrrFhrrc oL-",---*,,**,,,,- 
CbCLba formatron. mature end oc- 

B4 
. "Pa.?+ c n m c e  of -,-,,-,,,, 25-28 

Ikount.lna. fentuna of,,, 13 
fhrk, J. E., acknoaledyt to-- 12 

. Cltmete a t  the rcdon ---,-,-,,-,, 18-17 

, ~ * - 1 & B n ~ .  888--6 

m- 
Conglcrm@rate, TerHarg, mtma oi-- 29 

Upwt Jnraaslc, age and corm 
letloa of ,,---,,,,, 80 

dep6aItlou of ,,,--,--,, I a  
dlstrlbnt'm mad rhuractct 

Of--,,-,,,,-,, a5 
mtmcturo ma tblchumoi, 80 

Copper Rlver, developm~nt of-,-, 62-w 
MppebRnriitna glncler, etdon 8y- 64-55 

flncmatIon8 of ---,-------,, 6a-57 
movement of -,,,,,, -- ,,,,, 6.5433 
t h i c l n e ~  of-- ,,,, ---,,-,,, S74a 

Cottouwmd c ~ L .  dewropmemt 
work m -  - -  62 

C&ceous rocks. oecllrrmm of--, 83 
Clvrokcd C m k .  mrd on ---,,,-,,,, -1 

mction in uhnIt on,-----,,,,, 61 

h c l t r ,  am of ---,,,,,-,,,,,,,,, B M U  
nature of-,-:,,,,,-,--,,,,, 88-80 
schletn derived Krom --,,,,,,, 43-41 

.hiSY C-k. gold 8U -,,--- - ,,,,, M 
Deadman Creek. BeaeFapmmt ol~, I = D  
Dike rockg naNFe and -mmeeof 45 
Diorlte. Res Quart= dlorfte. , Dralnagr, dereIopment of-------, GO 

I 
PC-t condttlon of --,,,,,,,, 14-18 

Eocene dme, laad mofdtnz In,,,,, 51-52 
Rroxlon, gl:lsdal, reaults of -,,,---- 64-53 

ma-Erne, features of---,, 6 2 4 1  
mst-glaclal, record ad, 68-50 

~ I o r a t l o n s ,  pecedlng -----,,--- 10-11 

Ftah of the re@on --,-,---------- 18 
Fowtlq occurrence of,,- 80,81,82,58,37 
Fonrtb of July Creek. gold on----, 01 

a 

Game of the M o m ,  ,-,,-------- 19 
Geogmgby of the region 12-20 
Ck-r<lirte, T. G., exploration by--- l&ll 
81fis C. P1, exploratton by -,-,--- 11 



L .* - 
-w. 

mqa, m t a  m t l w  - 4 4 2  
T t O I l b W  - -9 
mrd of -,-,--, ,,,- I f 4 S , M d 8  
m W o t  ,,,,,, - -  13 

Gloan, apt. Edwln B, arplomtcon 
by,,,,,,c-----,,, 10 

Cneiu, -tort&, on -Cme& 
plate s h ~ h ~  -,----- 16 

Pirrdbutlon and chrmcter of, 4844 
Wid, M c ~ ,  ocearrenm of,,, M. 6f&84 

muroc oi --,,--,,,,,,,. au 
Gold Creek, gold on ,,,--,,, M 
Omnile, dIutr1butlon rrd cbam.c& 

of .,,.,,,,,,, 4446 
Qmnita Creelt, gold oL ,-,,,,, 8-4 
Gram, btrlbntlon .Od&amEt%r OL 18 
Omrmt&e, dcpoa'tSoa # ,---,,, 40 

Uppv T r i a ~ d c ( t ) ' ~  nature and 
aw or ,,,,---------- n-23 

CIreenatmm, age and m l a t l o n  of- 2626  
nature and r~lrkIoas of ,,,.,,, 2&24 

W r l  tlntclng on Albert Creek, 
plnte showhg,----- W 

10ml+, m k s ,  d w h n t l w  n;a 
. character o L  -----,-, 4 2 4 5  

nntutg of ,,---,,,-- 24 

L 

Jobmo& PI. I*, explwath by,.,,. 11 
JUEIO~IC rOCk8, dktdhtltloil and 

fhumcttr df --,,,,,, 2998 &. w sna m u m  of,, B M P  
.dlatribatIon rrd character 

.A O f  ,,,,,,-.,,,,,,,, 29 
, , -dm aM?#blcknesa at, 28-&0 

Mldde, clfsMb& and char- 
acter ot --,,,,-,-, BZ-34 

EW, atstrtbnrbn-., .ma char- 
acter of -,,--------- 3- 

Klutlm grcmp, age and com7~- 
tlom of ,,,----,,, s 4 a  

-tlon and &mm&w of,, 22 
Klutina Elver, courm ef -----,,, 14 
Ihopl, Adolph, rzp Iom8w b y ,  11 

law, Sldaey. and. cft4-- .,,, 38 
KWlna C m k  valley, pmepkln oi, 

plate gheg---,-, dB 
LWm P n r ,  maras ok---,,, 16 

. .cter of ---, ,---- 
:* bead o f  T- 

phte showing-,,--- 
pature and a*.&, 

TrkWc, depasltlon 46 
t 

rrature aad v c e  d,,, 
Eielchtnn Elver, gold an- 

gttvel. w ,+,,-,,,,,,,- 
Uttle m e h a  Rtrer, cm~m b,, 18 

goldon ,,----------,,--- tM 
r m t f o n  or the negl- -,,,--- B . 
-tan* itam of+,,,, 11 

aatrtrt and orlnin 4-O 

M& cmw4 - m t  '4-, 
to , , , - - m e - - - - - -  It 

m p u  of Um d n ,  laologW rad 
topographic ------ h 

Hmrtln,. bl. C, ezplwatlon m*,-- 11 
and Iert~a. 5. D.. It.. d a -  

U u m a  Creek, wlom d -lop 

BTmhnhll, ra. c., ezplorntlon bf,, X M l  
Mertle, 3. B, jr., explomtloa by,, I t  
, Wrth, (1. C, and. cl(sd,,,, 5- 

Yewnoic t h e ,  epenta of ----,,,,,, 4 W T .  
Ailnernl resonrcea, featurn of,,,, -4 
Bfomt, F. H., sspIwratton by ,-.,,, ,lk, 
Nouep Onlch,. Iocatloa ot  ,,,,,,,,, $I 
Nomint. Inbdotted,  plate abowMg-' ' 1s 

bemnon ot ,-----,,-,,,,-,, 11-1s 
M m t a I n s .  general f e n t a m  HI,,,, 18-14 

 taw and orlgln oi --,,,,,, 4 M  
Mmotaron between Bwltaa an& Me 

nnna rlrerrt, plate ohorrc . -: . 
IllK -..-* 

N. 

~ a & k  ~~lmatlw, am end - 
lntlon ot -,,-,,,,,,, 8 1 4  

d e m t l o n  of ,,,,,,. --,,,---- 4il .'k 
. dlstdhtlon and chatactor aim, 8-7 

Structure of -,,.---,,,,,,,,,,, 3 1  
Nelehina Elver, ma- of ,,,,,,,,, 
N I ~ O ~ I  tormatloat, ratme m d  I E / i  

of-,,,,,,.,,.,,,,,, P% 
Noom Web, location of--,--,--,, B q i  'I* 

' I  



reeb of-------------,,------ 8-0 . . 
I. _, Tlmber, dletrlbnllon 8nd character 

on 4 dmxncter of,- 42 - ,  
~t -,---,---L------- 17-18 . - 

d-m, nature and *, 
T~lm. -. 8 b ~ W e n t  to----- 12 . , , .  , . 

dletrlhtlon of------- 46-U Tol~ona MI location of------- li , ,,.., . .  , . : ,::: : i ma, avepts of------- 47-48 Topogrophg of fha reg-on,------- 12-14 i - ,;yg 
mag abowbg ,,------ ,,--- In pocket .. ;?? ,.y 

... a : .'*. 
Travel, rontea of ,,,,--,-,----,- - IS20 , _  .'I. 

10 Trlapolc ( 1)  dlrblbutlon and , ,,-, , -. fntme nee- by ,-,,---, 
.< ,.. ,f 

character of --,-,,,,- 3528 . - .,.:-i ... Z 

. '-' &&@It4 of --,-,,,,----,_-- S b 4 0  . . \ I  ' I  
TuE and aodealte, Interbed&& plat0 , L ,  .." 

mtnm at,, ,-,------, ,, ----- 8-S 
. . 

abawbg -------,---, 23 :;. 
TnxeUnl mndstaae, ago md 'come , - .," 

. . 2 
letion of ,,-------,,- 9- .-.:, 

dlstrlhtian nnll ehRtacter of-- 32 . . 
, ; .  

-one ILLver, course of ID-10 a(. BL gold on ,,----,------- -- ,-,-- GD 2 , :,? > , ."' ,: 

, mt. Q IT..' exptoratlon by -,,,, 11 
,: . Wrt. we and wrreIatlon of ,,---- 24-28 

natwa and occummye of--- 24,45-44 
B+bmder, F- C., arplomtlbn-by ----- f: "i &lllc4 -. sclnovledggment to---, 
~ f k o U ,  Rdw, acplomtlon by- I 0  ' 

.. Sl+y, L B., eebowIedgment to--, 12 
i, .. :- ;,&!$mSb L L ockBor~~engmeot to-, 12 

-4 u ~ r  TrlaPelc ( 1 1 ,  Mture 
&ad age of-,-,,--,,, 27-28 

~~arrth creek .  proepmUng on -,----- a2 
: & . , m f b O .  T- W., iOaeilB determJned 

,, ,..'. by----- M-Ba 94 97 
. . A -c ~ aaqnenee In tbe RgSbn. 
-. .' table obodng,,,--,-, 21 
. %uefW Rfver, cmuse d-; -------- 16 

. . , 8- Bher near month of Mnclaren 
, -. , %mar, phte ebowbg-- 16 

trtbutadea of ------,-- ,---,- 04 

V. . . . . . . .  . .< I 

.... 
Vegetation, dlstrjbatlon and cbnr- , ?  

,:3 nckr or 17-1s , ".-4 - , z:.. :.....L: 

.., . . . .  2 w. 
. .  , ' "  ', ..- .,+ 

Wntnnn Creck lama, ago and ear- .* 
relation 02 -,-,-,---- 27 ,: 

dc~oaltlon of -----,,--,------ 40 . .,;r .... - , ,> 

dlebibutlon and cbuacCer of-- 2&27 *-$ 
' ?  . 

WIIIOW creek, p r ~ r p e c t j n g  on-,,-- 02 
t 

,>. \ 
Wltherapoon, D. C.. c=xpIoraCtam by, 11 <, !.': 

~. . 
F. . . '':.:,<; . ., , , 

, , 

Potko &reek, gold on --,--, ---,,- M - , '.. , <; 
.: ? , . - .  

, , ., . . . . '. , 
0 >.- 

: .> :? 
. . , 

, . 
. ... . - * > 

,.. 

' . . , :$ 

. . . . .  z2 
:,, .i'. 8 
::'; , B 

, . , ~  . . * - .  

, ., . . ,. , , . * . '.'-2. ' .  .>Q' ..... Y Wt,..;. :* (4 
, *i. - ,,. .,.: . .4 

: .' . '.,> 
I 5~ .. 

. . 
; o . . . . . .  - ,!. 




	B066800001.tif
	B066800002.tif
	B066800003.tif
	B066800004.tif
	B066800005.tif
	B066800006.tif
	B066800007.tif
	B066800008.tif
	B066800009.tif
	B066800010.tif
	B066800011.tif
	B066800012.tif
	B066800013.tif
	B066800014.tif
	B066800015.tif
	B066800016.tif
	B066800017.tif
	B066800018.tif
	B066800019.tif
	B066800020.tif
	B066800021.tif
	B066800022.tif
	B066800023.tif
	B066800024.tif
	B066800025.tif
	B066800026.tif
	B066800027.tif
	B066800028.tif
	B066800029.tif
	B066800030.tif
	B066800031.tif
	B066800032.tif
	B066800033.tif
	B066800034.tif
	B066800035.tif
	B066800036.tif
	B066800037.tif
	B066800038.tif
	B066800039.tif
	B066800040.tif
	B066800041.tif
	B066800042.tif
	B066800043.tif
	B066800044.tif
	B066800045.tif
	B066800046.tif
	B066800047.tif
	B066800048.tif
	B066800049.tif
	B066800050.tif
	B066800051.tif
	B066800052.tif
	B066800053.tif
	B066800054.tif
	B066800055.tif
	B066800056.tif
	B066800057.tif
	B066800058.tif
	B066800059.tif
	B066800060.tif
	B066800061.tif
	B066800062.tif
	B066800063.tif
	B066800064.tif
	B066800065.tif
	B066800066.tif
	B066800067.tif
	B066800068.tif
	B066800069.tif
	B066800070.tif
	B066800071.tif
	B066800072.tif
	B066800073.tif
	B066800074.tif

