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PREFACE. 

Native copper from the district dawribed in this volume is the 
first mineral reported $rum Alaska. SteIIer, tho naturalist who 
nccompaaied Bering on his voyage of discovery in 1741, notad the 
use of copper Icnives among the natives of Kayak Island. This 
copper undoubtedly came from the Chitinn-Rotsina belt. Among 
the Alaskan natives the use of copper was widespread, for it was the 
only metal utilized by them, but appnmntly the century of occupation 
by the Russians pamd without. nny search on their part for the 
l d i t p  from which the supply WBS derived. The only attempt made 
by the Russians to explore the Copper River (Serebmnikof, 1847 
resulted in the massacre of the whale pfirty by the Indians. 

Tila fimt successful explomtions were made by Allen (1886) and 
by Schwatka and H a p  (1891), and tho first systematic surreys were 
c~rriad out by Schrader of the United States Geological Snm~y 
and his awciates in 1900. 

It is part of the Survey's plan for the investigation of the mineral 
resources of Alaska to keep the work abreast of the mining develop- 
ments in each district sa far as the means available will permit. As 
a great deal of prospecting, which has developed many new facts in 
regard to the occurrence of ore, has hen done in the Chitina Vdeg-  
since 1900, and as the palley has become a focal point of interest to 
those who nre considering railway construction into the interior, a 
reexamination of the copper beft seemed to be nemaary. A new 
report was, furthermom, ju&ed by the fact that the edition of 
SchFader and Spcer's report, published in 1900, is now out of print. 

The portion of the present rolume which heat8 of tho genernl 
geology is to tm regarded as a rer iw~l  edition of that report, whiel~ 
has ken of incalculable value R.S a guide to the prospectom. The 
geologic map which resulted from Schrader m d  Spencer's very 
hasty recunnaissance. 'has stood the teat of seven years of active 
prospecting, and the authors of the present report, M m .  Moffit I 

and Maddren, after a areM rwamination of this +strict, have 
%* made but few dmges 
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m a  topographic map wmmpaaying this repork, b a d  on the m- 
v T a  of Gerdine and Witherspoon in 1900 and 1802, and of R~milton 
and Hill in 1905, has h e n  entirely mdrawn, with the aid of the data 
affordet'l by seveml railway mrv~ys find of the work nf the Coast 
rind C+eodetic S w e y  along the seaboard. 

The description of the murrence of mineral depsits is entirely 
by &fit. and Maddren, but their work was much aided by the enrlier 
studies of Schmder, Spencer, and Mendenhall. 

This second report on the copper belt can be regarded as only 
another step toward the soIution of the many problems oonnedd 
with the ~ o n o m i c  geology of the region. DetaiIed Eurveys will be 
nemssmy b e f m  tho problems can be submitted ta an ultimate an- 
a l ~ i s .  For this reason them is in preparation a det~i led t op -  
p p h i c  map of the eastern end of the fi~ld,  in which the deep& 
miming has hen done and which seems to afford the beat opportunity 
for solring the geologic problems. The dctai ld geology of this 
area will bo studied as soon as means will permit, for it is believed 
that such a m d y  will throw light on the oceurrenm of copper 
thmnghout the field. 



REGION, AJASKA. 

By Fho R. MOFFJT and A. 13. MM&. 

The inrreased demand far copper and its pmnaing high prim, 
due chiefly to remarkable admnm in tho use of electric p o n P r ,  hnve, 
during the I& few yeam, attract& much attention to tho copper 
deposits of A l a h  Copper hns \wen found in many parts of Alaska, 
but at p m n t  only thm regions or districts give promise of mnk- 
ing any important contribution to tho copp& market. These regions 
ars Prince of Wales Island in mutheastern Alaska, Prince WilIiam 
LSotmd, m d  the Copper River-Chitina River region. The first two 
regions have produd copper for several Team, as their mines am 
situated near the ocean and enjoy cheaper transpartation facili- 
ties, but the interior region is ski11 in the p-ting stage and will 
remain rn till a better and more economical means of handling sup- 
pIies and ore is provided. 

The investiptions of the Geological S q  in th8 i n w a r  copper 
region during 1903 were mrried on in its southern portion, which 
includes Kotsina River and most of the northern side of Chitinti 
Rives valley. This work was E continuation of the investigations 
of Schrader and Spencer in 1906, and with the results of their s t r e  
in hand gmater headway was rn~de than would otherwise have bwn 
p i b l e .  The work consiPted chiefly of visits to the mriaus c~pper 
prospects and investigations of the occurrenm of copper, but the 
dudy 01 tho regional geolom waq continued, so far as it cwtld 
a d v a n m u s l y  be carried on. A mond object of the eqeditiou 
was an inwstiption of the K i h a  gold p l a m  The party ltlnded at 
Vddee in the middle of June, but, owing to the n m i t y  of making 
double trips with the mmrner's snppli~s and ta other delays, field 
work WRS not b e ~ n  till JllIy 10, when Elliott Creek was reached 
From that time till the last of Sopternbar i t  wa,s continued with 

. little interruption, BO that nearIy eighty day8 were included in fhe 



field mason, of which much the p t e r  part was devoted to  s dmdy 
of the capper d e p i t x  

Explorntion in the Cbitina Rives vdey was began in 1885, when 
Lieut. (now Maj.) Henry T. Allen, iu the course of a remarkable 

, journey from Prince William Sonnd to St Michael, during which 
he traversed portions of the valleys of Copper, Tanam, Kayukuk, 
and Yukon rivers, amnded Chitina River on the ice from Tam1 to 
Nikolai Home near the mouth of Dan Cmk. Lieutenant Allen 
made a, reconnaissance route msp of the region through which he 
went ant1 in his repork mentioned the m r r e n c e  of copper in the 
vicinity of Chitietone Itiv~r, or Eiizina River, as it is now called. 
In 1891 Lieut. Frederick Schw~tka, U. S. A, and C. Willad 

Hayes, of the I;)eolodcal Survey, both acting in a private capacity9 
entered Chitina Rirer valley by wmy of Skolai Pam. They descended 
Nizina River nearly to Darr Creek on foot, but nfter buiIding a 
canvas bont continued their jonrnap down Xizina, Chitina, and Cop- 
per rivers to the mast. They also made s mnnaissanm route map 
of their traverse. In 1899 a party in chnrge of O w r  Rohn explored 
the region south and east of Mount Wranmll. This party was a 
detachment from the military exploration in c h w p  of Capt W. R. 
Abercombie. 
h 1900 a plog ic  and topgraphic. remnai.mnce of the Chitha 

and H~nagita vdleys and of the lower Copper River was made 
under the d i d i o n  of Frank C. LScl~rader, of the Geolog i~ l  Sur- 
vy. The topgraphic map was made by T. G. Gerdine and, D. 6. 
Withefspoon. The geolopic inyestiption3 were mrried on by F. C. 
Schrader and Arthur C. Spencer. ?'his work, although hastily done, 
owing to the difficulties of trsvel and the nemwity of covering the 
watest e b l e  area in the time available, has nevertheless h n  
of very p a t  value to p m p d - ~ r s  of the region. 

Two yearn later, in 1902, Walter C. Mendonhall, of the Qeological 
Survey, dltring an investigation of the geology and mineral resources 
of the central Copper Rirer region, visited the copper prospects of 
Rotsina Rirer and Elliott Creek 

A list of the publications mdting rErom the work of these e+i- 
tions is here given : 

Aunt, ttent, Henry T. Report ai an eqmaltlon to tbe copfwr* mnann, md 
Koyukak rlvera, Ln the Territory of A a s W  in tbe yeur IS%. Wa~blagton, 
Government Prlntlng OUlce, 1 W .  

HAYFA, C. Wlllard, An expdltlon through the Yukon Dl&&: Xaflmnl 
Bmmphlc Mafv'i~lne, v01. 4, 1892, pp. 117-182. 

Ror~w, Omr. A remnnaiemnce of the Chltlna River and the Skolai Moun- 
t a i n ~ :  Twerttpflmt Ann. Rept ,  U. 8, G m l  Rnmey, d 2, SM@, pp. 3934W. 

SC~MDER, Frsnk Ghartpu, and Rm~ctnr. ~ r t b u ~  10DelODe The geolopg omd 
mlnerai maourma of a portlorr of the C o p p  River dbtrkt, hlas$a. -1 
publicanon of the TJ. I. 0eologIca1 Bnrveg, 1% 



OEUGMPHY AND HBMRY. 11 

WVILSK Walter C., ma S c m m m ,  Frank C. The mineral sesotrrces of 
the Xonnt Wra-lE district, Alaska: Prof. Paper I T .  8. Gml. S m e y  No. 15. 
1903. 

SLmmmffb~~., Walter 0. Geology of the central Copper River rq$oe. Alanks : 
Pmt Psper r. 8. pel. Survey No. 41, I-. 

GEOGRAPHIC POSTTION. 

The KotsheChitina r@n, as represented on the topographic 
and geologic map made under Schraderb d i d o n  in 1900 (PL II), 
i s  included in a quadrangle bounded by parallels 81" md 62" north 
latitude and meridians 142" and 14.5' west longitude. T h i ~  map doe4 
not, however, include all the areti surveyed that year, since the trail 
from Valdez to Copper River, tho Iower Copper  rive^, and t h ~  
upper portion of Tam River are omithi (PI. I). 

Copper River is joined about 100 miles from its mouth by it7 large 
eastem branch, Chitina River, whose general course is nearly wesb 
northw~t .  On aweriding the main brsnch of the Copper it is  found 
that the river first h r s  to the northwest, then swings northeast, and 
finally southeast. Thus the two branches of Copper River, the 
Chitina and the upper Copper, nearly surround the JVrangell Moun- 
tains. The area included between these two streams and the h e ~ d ~  
of white, Chisana (or Shusana "'), and Nabesn~ rivers iis generally 
referred to as the Copper River copper region. It i s  divided into 

. a northern end s southern district by the Wrangll and Hkolni moun- 
' tains, whom ice-covered ridges form an almost impassable barrier 

between them. This paper dmls with the southern, district only, 
Tila Wranbngell Mountains am a somewhat detached or partly iso- 

lated mass, bounded on the north, west, and south by valleys whose 
trend is west-northwest and east-southerad. To the sontheast they 
merge into the Skolai Mountains, and these in turn mite with thc 
S t  EIias Range. Their sumrnitg rise to a l t i t u d ~  ranging from Bj000 
to more than 16,000 feet, and rmch their greatest elevation in such 
peaks ss Regal Mountain (13,400 feet), Mount Blackburn (18,140 
feet), and Mount ,Wrangell (14,005 feet), all of which are visible 
from Chitina Vdey. Mount Drum (12,000 feet) and Mount San- 
ford (16,200 feet) are co:oospicuous in upper Copper River valley, b d  
am bidden on the south by the other peaks mentioned. 

The Eof@ summits of them mountsins and the rid@ that join 
them are the gathering pl~ces for slows that feed the  numerous 
glaciers thst creep down their sides and out into the mlle;rrs at their 
f& These snow fields and glaciers are t.he soumes of nearly all 
the larp tributaries of Chitina River. A glance at the map [Pl, I) 

, will h o w  the great Merence between the qu~ntities of water wp- * 
plied to the river fmm the t.wo sidm of its drainaffe hasin, 



12 THE ROT6INA-CHITIHA REml)N, AWBKA. 

Nizina, hW, Gilahina, and Kuskulan~ rivers are the h r p t  
northern tributaries of the Chitha. Eiotsina River, which joins the. 
Copper 2 rnjlcs aborc the Chitins's mouth, and is therefore not a 
tributary of the latter stream, is also fed by the gladem. Tha lrr@ 
mathern tributaries to Chitins River are T ~ n a  River, hoadmg in 
a glacier of the mountains between Chitina l'alley and the coast, 
and Chakina and Tebay r i m ,  dmining Hanagita Valley. 

The Chitino Valley floor is a broad, pmvcl-cavemr2, lake-dotted 
flat land expanse with a maximum width of at  least 10 miles, who~e  
surface is broken here and there by low round-topped hills and hg 
deep canyons of streams which cross it. Chitine River, in the lower 
50 or 60 miIes of its course, has cut a deep broad channel in the 
valley flmr, and for most of that distance it flows close to the foot 
of the mounhin g l o p  on the sonth. The f l d  plain in plsca, par- 
ticulrrrlp nlong the river's lower course, reaches a width of 1 mile, 
and is bounded on one or on both sidw by banks-in some plam 
gravel, in other places hard rock-which gradually decrease in h e i ~ h t  
downstream, b t~ t  which have an avenge height of hetween 100 arid 
200 feet. Over thin p v e l  flod plain the river flows in numerous 
brancllina subchanncls, whose p i t ions  are constantly ch~nging? and 
nre prrrticulnrly unstable at the time of spring flwls, so t lint those 
who follow them one year may find them entimJp different the ne.rt 
year. The current is swift, rarely l a  than G or ? miles per hour. 

About 45 miles above its mouth Chitins Rives forks, the southern 
branch retaining the name Chitina, and the northern king known as 
Nizina River. The northern branch chis almost as large as the southern 
and drains nearly hn1f of the copper-bearing region. For 2 or 3 
miles ~ h v e  its mouth Nixins River flows through s d e p ,  narrow, 
winding h x  m y o n ,  cut through solid rock. Above this for 8 or 10 
mil= the crtnyon is much l c ~  pronounced, the walls in places being 
steep gravel banlcs instead of rack cliffs. Still farther upstream tho 
canyon gives WRY to R wide gravel f l ~ i  plain, which p d n u l l p  nar- 
rows and leads into the open glaciated mountain valley of the 
upper river. Each of the important head water tributaries of Kieins 
River, except Dan and Chititu creeks, hew a glacial origin. 

This p n ~ r a E  description micht IN applied with slight mditlmtion 
tu all the large northern trihutarifiq of Cliitjnrt River, and ta Kotsina 
River aIso. AU exwpt Gilrtl~in~ River spring fmm glacial mm, 
traverse broad, grnvcl-floret1 gl~eirtted vrtlIeys in the mountain dis- 
trict, and finally WRS tho Chitina Valley in deep canyons before join- 
ing the main river. 

They drain an a m  of d h g l y  r u e  topography, whom gbarp 
outlinea urn m f h d  only in t,hn vicinity of Young Creek. %ween 
Hanagita Valley ~ n d  Chitha River the mountains are lower and I- 



rugged, and lack the snow fields and glaciers so mmmody Men in 
the Wrangell Mountains. The streams are smaller, and d m n d  
through steep gulches to the ri~er. South of Hanagita Val le  sre 
other lofty snow<apped sierras, forming part of the Coast Thmp,  
but they are hy~rrd the limits of the area under consideration. 

TRAILS AND ROUTES, 

The Hakine-Chi& region may Iw reached from Vddez !n mm- 
' 

mer by the Government trail between Valdea and Esgle, and in win- 
t ~ r  either by tho same route or by map of Tesnuns and Copper rivem. 
One may also enter the region from Eagle or Fairbanks by the Gav- 
ernment trail, but these routes are used only by those nlresdy in tho 
interior. Skolai Pws is now frequently C ~ O X P R ~  by those going from 
Nizina River to  the head of the White, or in the opposite directiorr, 
and it is reported that two prospectom went fmm Yaktag on the co& 
to Chitina River by way of the Tsna River glacier. Kei t her of these, 
however, is a practicable route of travel. Up to the present Valdez 
has been the mast point from which $111  upp plies were taken intb the 
Copper River region, The Government trail is the route nlways fol- 
lowed in rmmmer, and is the one usually chosen in winter. having 
Valdez the main trail is followed till 'Ihnsinn River bridge is crossed. 
From there a second trail lends eastwnrd about 26 mil- along the 
high bluff north of Tonsina. River t o  Copper River. The total 
distanm from Valdez to Copper ltiver by this route is approximately 
100 miles. 

Copper River is crowd at a point 2 miles above the mouth of 
Tonsins River, An Inclian named Rillurn has a ferry license and 
transfers travelers with their hnggnge in two small boats. IToms 
must swim the river. After croirsing Copper Biver the trail follows 
the esst bank 6 miles tm Billurn's lower cabin and then, leaving the 
river, proceeds northerrst 3 miles to Horse Creek. At Horse Creek it 
divides, one branch leding northeast to upper Katsina River md 
Elliott Creek, the other soutl~east to the copper camps and gold 
placem of Chitina VaIley. 
The T~snuna-Copper Ri\*er route from Valdez to Chitina Biver 

ran be used only when the river is fromn aver, for the trail is on the 
ice ~ 1 1  the way after leaving Tasn~ma River. Suppliea for the 
Chitina Zrallep leare Copper Hirer on reaching Chitina River snd 
are carried up that stee~m. Tl~ose destined for Rotsina River and 
Elliott Creek continue up the Copper to thp .summer trail at Billurn's 
lower cabin. The p a t  nd~a'antnge of the Tamma River mute is 
the mving of time under fnvorable conditions by the possibility of 

' 
hmling heavy loads. A mow plow is 4 to break a t.rsil, wer ,*,, 

' ", 
'" . 
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which the freight is hauled on heavy bobs in plaoe of the n m m  
doubleended sleds employed elsewhem This advantage may be 
entirely offset by the loss of tima due to the fearful. winds which 
sweep down the river and prevent any travel for dsys st a time. The 
Government trail has the advantage of being kept open all winter, 
since it is the mail route and is traveled regularly. Its Chief difi- 
cult7 lies in the crassing of Thornson P a s  

Returning now to the Rotsina-Chitina area : Of the two trails lead- 
ing from Horse Creek-the Kotsina trail wnd the Chitha Valley 
trail-the Kotsina trnil proceeds northeastward tn Willow Creek, a 
small trihitnry of Kotsina River, where a branch trail, after the 
Hubbard-Elliott bridge over the Kotsina has been crossed, leads 
over a steep spur of Il~tbbard Beak to Elliott Creek. The main trail 
aontinu~s along the right, or west and north, bank of Kotsins River' 
into Kotsina Valley. The stremi issuing from Tiong Glacier is 
c r a d  on ice at the glacier's lower end; and bridges over Rluvesna 
River and over Kotsina River near Rock Creek obviate most of the 
difficulties and dangers formerly offered by these &reams. 

The Ohitina Vdley trnil runs southeastward fmm I-Iom Creek, 
and reaches Kotsina River st a point S miles below Willow Creek. 
A br idp  recently built by the Government at  this plnca does sway 
with another dangerous ford. From the government bridge the 
trail continues eastward along the Wrangell Mountain foothills, 
cm&g Kuskulana River 3 miles below'tha glacier, and reaching 
Clokosna River and the hakina by way of Huskalana Pass. Akend- 
inp: Fohlin Cmk, it pfoceeds by way of Rear Creek and Fourth of 
July Creek to 'Hennimtt Glacier and Kennicott River, which is 
crnwed on the glacier ice. A good trail hru been built from the 
glacier's lower end to the Bonanza property. Another trail ascends 
McCarthy Creek 4 miles and, crossing the rid@ known as Sourdough 
HiU, lands one on Nizina River at  a pluce from which Chititn Creek, 
Dan Creek, and Chitistone River are reached with ease when once 
the Nizina has been forded. There are no bridges east of Kotsina 
River, and the streams being of glacial origin am very cold and 
subject to great and rapid  change^ in the quantity of water carried, 
but the only ones likely to cause trouble arc the Kusknlans, Lakina, 
and Nizina. 

Most prospchm letiving the Nizina country descend Chitina ~ n d  
Copper rivers in mall boats, either leaving the Copper at  Tasnuna 
River and going overland to Valdez or following the river to 
the ma$ and landing in  E p ~ k  or Owe. Several days' work is r e  
qnired for whipsawing lumber and building a h t ,  but even then 
the river trip is much easier and quicker than the trail. The tGp 
from the mouth of Tonng Creek to Tsmuna River, over 116 miles, 



has h made in less than twenty m&g horn  A skillful boat- 
man wodd meet with little or no difficulty on the Copper or Chitinit, 
but the canyon at the lower end of Nizina River is dangerous, par- 

a 

ticdarly at low water, and a number of persons have been drowned 
in trying to rn throngh it. 
In July, 1907, n s m d  steamboat called the Chiti- made her first 

trip from Tasnuna River to Copper Center, on Copper River, and to 
the Nizina, on Chitina River. Material for her construction was 
carried over the mow from ITalders during the previous winter, and 
she was wmpldd  early in $111y, but after the trip up the river was 
hauled out on the bank for the winter. She draws very little water, . 
but will probably be unable to run after the middle of snmrner, be- 
caum the Ghitina is much lower in tho fall than during the spring 
and early stlrnmer. She can not descend Capper River farther than 
Abercrombie Rapids, 25 miles below Tasn~mtt River, and any freight 
she may carry up the river must be delivered to her either at the 
rapids or at Tasnuna River. 

The mineral resources of the Copper River region wilf remain 
undeveloped until a more reliltble and wnomical means of tmns- 
porting. freight to and from it hns been provided, and sinm Copper 
River can never become a highway of eommnnication, such as the 
Yukon is for the northern country, no important copper prohction 
can be expected till a railmad has been constructd to wnnect the 
copper-bearing area with a coast point. On the other hand, it is 
hardly possible that ~uch  a road would be profitable nntil the region 
reacha a stable pmdlictive stage. The success of the one then tip- 
pears to depend on the establishment of the other, and it is not 
strange that the fnture of each has so far been more or less in doubt. 

There has been no Iack of projects for the building of a ampad. 
Some have even ken carried to a point where their amamplishment 
seemed almost assured and yet have fallen through, Nevertheless, 
it is probable that within a few years there will be railroad com- 
munication between the const and the lower limit of steamboat navi- 
gation on Copper River. 

Bnnr refhad mutes to the interior are possible and have been 
comideserE by those interested in building a road. Preliminary mr- 
veys, furthermore, have been made over each. . Each route overlaps 
some m e  of the others in part of its course and all have difficulties to 
rmrmomt. Two of the four routes originate fmm Valdez and two 
from pints adjacent to  the mouth of Copper River. The first one 
from Valdez is pmcticaUy that of the government trail. It follows 
h w e  R i ~ m  to Thornson Pass, orex which it proceeds t o  the head 
of Trrina River, or South Fork of Tiekel River, as it is more 
e d l y  d e d ,  and then continues northward to Tonsina, The 
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ond ascends Lows River to its head, m o m  Marshall Pam to 'ha-  
nuna River, and after descending that stream follows the west bank 
of Copper River northward. Of the two strictly Copper River 
routes one starts h r n  Cordovm Bray in Prince William Sound, 2P 
miles w& of the river's nearest point; the other from Kahlla, nearly 
17 miles southeast of C o t t o n w d  Point, the muthern extremib of 
Copper River's east bank. 
Them are not safficient data nt hand far n, thorough dlmssian of 

these rout% but some of their advantages and difficulties may be 
pointed out. It will be seen that there are some discrepancies between 
distanm given here md elsowhere, arising from the 11% of rail mad 
stlrr.eys in connection with small-scale maps. The given ele~stfons, 

Fso. 1.-4mnpuratlm grades of the four p r o W  ralIrnad m t c a  from the to tbe 
Intarlor Copper Rlver baain. 

too, take no amant of minor grades ~ n d  are therefom minimum 
quantities-less than the total number of feet a. Iocfimotive must rise 
in going from tide water to the interior p i n h  indicated. 

Tlre Ton~ina mute has the most difficult grade% (See fig. 1.) 
l+om Valdez to Thornson Pass, 34 miles distant by the miIraad sur- 
veys, them is a dimb of 2,370 f e d  Then com.es a, deacent of 1,250 
feat in 19 miles to Tieke1 River, followed by an w e n t  of 710 feet in 
16 miles to the Ernestine divide. Fmm Ernestine to Tonsina, 16 
miles, there is A descent of ahat 440 feet. Tt will be seen that the 
total of the d%tance here given is 86 mil-, or 6 miles p t e r  than 
the distance f mm Valdez to Tonsha given by the mad oornmiasion. 
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The p a t e s t  obtaclea encodered on this route nre the Keystone 
Canyon of Towe River and Thorn11 Pw, by which ttba ooad range 
is crossed. These iuvolve a great deal of rockwork and are subj~ct 
to dcep snows and mowsfides in winter. The latter rlifticultp, horn- 
ever, will be met on any mute 

hew difficult grades are presented by the Taanun~ rouh From 
Valdez to Marshall Pass, 34 miles, there is a r i se  of 1,800 feet. Then 
mmesafallof 1,74Ofwtk%miEesteCOpper River. FmrnTaenun~ 
Hivw mouth to Chitine. River, 47 milcs, is an ascent of 870 feet. The 
Jifficalties of Keystone Canyon RIT cnmunted on this route also, 
but Marshall Pass is 500 fwt lower than Thomwn Pam, nnd the heavy 
p d e  from Tiekel to Ernestine is avoided. 

'She two Coppr River mnt~s  hhae pmcticnilp the snme grad- ( e o  
. fig. 11, a r ise of 480 feet b t n w n  tho mnst nnd Chitina River. The 
distance from Kntalla to Chit inn Ritrr is 120 miles, and from Eynlr 
or Cordom Bay slightly farther,  hut 124 mimiles. 

A railroad from Katalla involves the construction of a harbor avail- 
able at a l l  ~~ whe.m ships can dischatga their c a r p  in m'fetg. 
d bridge aver G p p r  Riwr  is required immediately ahre  Childs 
Glwicr. but there is no rockwork, except a mile or two a t  Ratnlla, 
till ~\brcroml~ie Rnpidq hrrrc b c n  mashed. TKO rniIways are-lmocotcd 
and under construction a t  Katala. One rnns we& from the town 
end then ~orthwwt to Copper Rirer, bnt hm n spur up Ratalla River 
to Bering Lake and the *on1 fields; the other ascends Katnlla River 
and rrtaclres MaAn River, which it d ~ c e n d s  to the Coppr by the 
Lalre Charlotte divide. The Lake Charlotte route thus pa,ws throngh 
the con1 field. Each of these Kntslla mads has its own plans for s 
wpnmte h?%~hntRr and terminn] fncilities 

Codovn DRY, 'in ~mtrs.t wit11 the open madstead of Katalla, is 
n proteded body of wntec that can be entered at any time, but n 
m d  from this place involves rockwork below Abercrombie Rapids 
and two b r i d p  over Copper River in order fo avoid Childs Glacier. 
Furthermore, i t  will b~ necesmry to build a branch line to the ma1 
fields, The upper bridge, bbween Childs Glacier and the little lake 
fronting M i l e  Glacier, can pmbnbly lw built without unusual tmuhle, 
since it is not long and the foundations ere believed to be good, but 
as to the bridge Z~lelow Childs Glacier there is uncertainty th~ t  will 
not be m o v e d  till the nature of the river's lmttom has heen morn 
fully examined, 

Sorthwasd from Abrcrombie Rapids the Katalla and Cordom 
Bay routm rre the same, and above Tasnuna River they also coincido 
with the Valdez-Tmuna mute, following the river's steep west bnnk. 
Immediately above the rapids is the moraine or stntion~ry dbbris- 

, 
covemcl lower end of Baird Glacier. This is overgrown with a thick 

%k;.,. . W~WT-BU~I. N-2 
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growth of alders m d  exbnda down to the river's edge, where the 
underlying ice has been exposed occasionally in test pits. It is known 
as '' dead glacier " and must be travermd for wverol miles by any 
road fallowing the west side of Copper River. The surface is some- 
times disturbed by melting of the ice beneath, but whether this will 
cnuw serious dBmlty in maintaining the track is perhaps doubtful- 
Between Baircl Glacier and Chitina River much of the roadbed must 
be cut from the solid rock, but it is not believed that any unusual. 
engineering difficulties will be met. 

A great advantage of the two Copper River routes, in addition to 
their lower grades, is their nearness to the Controller By c o d  fields. 
This is doubtless one rentron why they nre regarded with greater favor 
than the shorter routes from Valdez. 

VEGETATION AND CLIMATIC CONDITIONS. 

Chitina, Valley is a timbered region and furnishes a supply of wood 
suitable for most of the miner" requirements. The greater part of 
the timber is spruce, but cottonwood is abundant on many river banks 
nnd delta8 ; and though it is of little value for lumber,it iy nevertheless 
useful for some purposes. The broad, marshy, valley lowland supports 
a mniy  growth of very inferior spruce and of aspen. Better timber 
grows along the borders of the lowland and on the lower mountain 
dopee. It covers the slopes to an elevation varying from 2,000'to 
3,000 fed above sen level, but trees growing near timber line are of 
course dwarfed and of little m except for firewood. Near glaciem 
or in the narrow valleys leading to them the timber line does not 
reach as great an elevation as on the interstream slopes. Some of the 
best timber in the valley grows in the vicinity of Chititu and Young 
creeks. Trees 18 inches in diameter at the butt and tall enough to 
give two 16-foot cuts are not unusual, bnt the large majority of 
them are smaller than this. 

South of Chitina River between Nizina River and the Copper 
there is a h e a v  growth of spruce on the north slopes of the maun- 
tairis. It is of much poorer quality, however, than ,that on the 
TVrangeIl Mountains. The wood is brittle and has little strength. 
Most of the trees, too, are of m a J l  diameter and will pmbbly be 
of more value as fuel for the steamboet Chitim than for any other 
purpose. 

Inadequate and expensive means of transportation have been the 
chief obstacle in developing the copper rmurces of Chitina Valley, 
b~ t t  another ad- condition, which, however, affects prospecting 
more than mining, is  the short summer mason. Up to the present 
practically all supplies have been carried during the winter with 
sleds &awn hy horses. In the earlier days dogs, or even man power, +'- 

J 
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sem sometimes u d ,  but in Inter gears h o r n  have been employed 
almost entirely. Sufficient feed to lnst till pis starts in the spring 
i s  carried: in h m  the m~st,  but after spring most ha- " live on 
the country." Early mows come about the end of Augast, SO that 
between a late e p r i n ~  find an enrlg winter h o r n  can not be expected 
to h d  their own f e d  long~t than from npproximatelp the first of 
Jnna till the ftmt of Sept~mlwtr. C h s s  is a l w a ~ s  abundant. near 
b h r  line in June, July, nntl Xngur?t, and @ pasture is usually 
found at lower elevfitione ~ f t c r  the tinlbr has been burned off for a 
number of years. L%mc of tho prospectors have provided their stock 
with fine f e d  by follow in^ this prnctice of brlrning off the timkr. 
Ilorses frequently hnve d i f  culty i11 finding feed in thc tirnbcrcd 
ra l l e~  bottoms, cven in mirlsummer, but in the fall, after frost I ~ s  
killed the grnss on thc moantains, the river Gars a-ltbd a plant known 
1ocaII-y as " pert vine," of which horses aro very fond and which is 
cxcelEent fornp. Since most prospectors urn at lenst oone or two 
horrses for pricking in summer and for hauling supplies in winter, it is 
m d i l y  wen that the matter of horn feed has n p e a t  influenm in 
determining tlie number of available working dnys in n, mimmer. 
The prospecting season is still further shortened by the fnct thnt in 
the hidl mountalns, where most of the copper ores hnvo k e n  found, 
much Hnow oft en rernnirls ti11 thc f i n k  or wen tho middle of July. 

Fimres for the yearly precipitation and tcmperrtnm nre not avail- 
able, hut it may be mid that the cxtremes of ternprnture  in summer 
and winter are much greater Ihan 011 the coaat r ~ r d  that the rainfall 
is very much less. 

HISTORY. 

Native mppr from the Chitinil (rAiti=copper and m=river) 
Valley wits used by thc Cnplwr Hiver Tndians hcfore white men 
entered the munh.  Spear and arrow heads of copper were made 
by them and hare hen found in  the duke lwxea by n~inem on a t i t u  
and Dan creeks Gmonit l l  knivw of roppr arc e n n  now employed 
by the natives for cutting the first w11rnon caught in the beginning 
of the wasan's run. Lieutennnt Allen relates that Nikolai shower1 
him specimens of bornite and told him of nntive copper on Chititu 
Cmek He a h  showed him bullets of nntive copper obtained from 
natives " over the mountains," probably at the head of \I%i to River. 
A much-worn a d e n  sbovel nntl birch bucket, found in tho lorn 
wash below an outcrop of native copper in ~rn?plaloidal penstone 
on Glacier Creek, a tributary of Chitistone River, indicates that bha 
Indians also knew of nativo copper in place at  that point. Whether 
they had any Itnowledge af the presence of gold on Chititn and Dan 
creeks is not known to the writam. 



White prospectors fid. appear& in the Chitina Valley in 1898, 
their presence restdting from the general interest amu~ed in Alaska 
hy the dimveries nt  D a m n  two.pears before. Spenoer,a after visit- 
ing the reginn in 1900, sags : 

me orr~rrs~n@ of rlch copper d m t a  wltbln the Mains of apmr and 
Chltlnn slvem bas been commonly regocted for many ymm, but It wna not nntll 
the  mummer nf I= thnt efforts to lncate ore# pror7d successful. In this gear 
a e ~ ~ r a l  11roRpectonr rer~rbed the interlor and made some ImUons,  whlle fn 1$99 
n numhpr of mpn penetnktfxl the I\'rana~l1 Mountains by way of Kotaloa RIrer 
and dlmrprwl p a l  Iritllcutlone at  Inany places; othem, exploring t o m  the 
east, prorprl the contlnlrnnce of the copper-h~r!nfi belt In the dlrectlm of White 
River, r r h ~ r e  mppr  nrr.nm In Importnnt qunntttiea In this rePlon the h'lkolai 
mine W&R d l ~ ~ o v ~ r w l  In July, IRRII, r~nder the gu-oldane of a native sent br 
C'hlef KIknlnI. Durlnn the mummer of 1900 aevemI pmspect-lng partlw were 
apertltlng III the lCotalnn rind ChltIna reMona, and many additional loeation8 
were ntade, and upon the  luorrt ~~romlslnR properties conmldemble development 
work was done. 

T h e  Bonnnza was discovered ebout the end of July or the first of 
Angad, 1900, by two pmspecltors, C l m w  Warner and Jack Smith, 
who staked the property. It was dismvmd independently two or 
thrw weeks later P,r -1. C. Spncer, of the GeoFogical Survey party, 
who found it while tracing the lim&one-pnstorlc contact a s h a r d  
from Kennieott Glacier. Warner and Smith were rnernbem of a 
party acting under an agreement to share whatever minerals might 
be discovered. Some of the men were also h n d  to d i i d e  their 
intemr with others, not memkw of the party, who had furnished 
them with supplies-'' grubstaked " them. In consequence of this 
mrnplication of ownership the proprty became involved in Eiti- 
psiion tlmt was not settled for seven1 

The Sizina gold placers were discvvered in 1901, but the rush of 
pmspectom to the region did not begin till the following year. '1 
larpr! numlwr of men left Tsldez for the nppcr Chitina in J~tne and 
d ~ ~ l p ,  1902, and Dsn, Chititu, and creeks, h i d e s  others, were 
propected and staked. After the richest and more easily hmndId 
p v e l s  were worked over the claims wem sold or abandoned and 
Lwadually came into the hands sf fewer individuals, so that now most 
of the claims on Dan and Chititu rmks are included in Zhm separate 
ownersllips. There has hen little mining on Young Creek. 

In the following account of the geology of the Kotsina-Chitina 
Pegion the cktiptions are confined tm the area lxtween Chitina 
River and the summits of the ITrangell and Skolai mountains rep- 

= Rfchrnder. F. C, m d  Rpmwr. A, C. The %wlm md m k m l  - of 8 portilln 
of tbe -per Rlrw Ql~trict. Alanh:  a -la1 publ~mffo& 6-i the Q, 8. WI. Buwq, 
1Wl: p 82. 
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resented cm the geologic map (PL 11). This map is reprdnced from 
the report of Schrader and Spencer (IDOl), but has received such 
mrrectiona in some of ib leser details as were indicated to be mceg- 
mry by the later work of Mendenhall (1902) and by the more recent 
work of the S m q  party in 1907. The formation name8 used by 
SSchreae~ and Spenmr on the map m d  in the description are here 
retained. 
In ontline the impartant facts concerning the geology am a9 fol- 

lows: Both sedimentary and igneous r c k s  are encounted. Four 
principal fomstiom, including the unnamed Triassjc shales and 
1 irnestones, occupy mod, of the area and appear througl~ot~t its length 
from east to west. These formations, in order f m m  oldest t o  young- 
est, am the Nikolai greenstone, the Chitistone Limestone, the Triassic 
limestones nnd shales, and the Hennicott formation. These rocks 
have been folded and fauIted, but the metamorphism is not &reat. It 
is most noticeable in the greenstone but has hardly aflected the Ken- 
nicott formation. 

The Nikdai greenstone consists of a succession of basaltic lava 
flows end is overlain confomably by the massive Chitistone lime- 
stone, This limestone is of Triassic age and is s u c d d  without nny 
known interruption in deposition by at.her Riassic rorks-limestones 
and s h d e ~ o n s i s t i n g  of a lower memhr made up of interbedded 
thin limestones and black or gray shale and an upper member 
formed nalrnost entirely of shaIe. The Kennimtt formation is in large 
part a conglomnerate, but includes limestone, sandstone, and shnla 
M s .  Ita s g ~  is Upper Jurawic or h w a  Cretamus and its depa- 
sition was seseparatd from that of the Triassic shales by a long erosion 
intprval, scl that in some p l a m  it is fotrnd to lie nnmformably on 
the greenstone, in other places on the limestone or on the Limestone 
and shales. In addition to the sedimentary rmh that have been 

'mentioned, there is in the western part of the district an area of 
limestones, shales, and conglomerates with associated si l ls or flows 
of b n d t  of unknown a p  ttbnt has not been correlated with any of 
the four first-named formations, and there are elsa in th0 eastern part 
of the district flat least two nrens of coal-bearing m k s  that are perhaps 
yomgPr than any of the four mnjor formations. 

The igneous rocks, in part extrusive and in part intrusive, arc rep: 
r e n t e d  by bath basic and acidic types. A liat of these includes 
pbbro, disbase, diorita, andcaite, gxanite, and rhyolite. Surfacc 
flows, mostly andesite, and f r n p e f i t 1  volcanic deposits, chiefly rhyo- 
lite, cover relatively large areas in the western part of the district and 
higher parts of the MTrangell nnd Skolai mountains. S u r f ~ c e  flows 
of diabasic character that have been covered by younger sedimentary 

. deposits have their most important representstive in the Nikolai 
" ; . p n s t o n e  previously mentioned. Intruded porphyritic dikes related 
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to the diorites are very abnndltnt in places, particularly in the Tri- 
assic limestones and shales. Only one considernble mass of the 
lighter-colored granitic intxwives, however, is represented on the 
map, and gabbro, so far as is now known, is restricted to 3 localities. 
The principal unconsolidated deposits of the region comprise sands 

and gravels deposited in water and the more poorly sorted or unsorted 
fragmental material resulting from glacial activity. They are most 
extensive in the broad lowland bordering Chitina and Nizina rivers, 
but ere well deveIopcd in mosk of the tributary valleys. 

The geologic map (PI. 11) shows the general distribution end areal 
relations of tha rocks that have been briefly described. It is given 
in practicrtlly tbs same form as when first published in 1901, but a 
few changes have been made, particularly in the vicinity of Elliott 
Creek. Furthermore, the representation of the Chitistone limestone 
in the southeastern part of the area has been omitted. This region 
was not visited in 1907 and was seen only from a distance by geol* 
gists of the Survey party in 1900. Prospectors report that lime- 
stones outcropping near the Chitim on its north side above Tana 
River are not part of the Chitistone limestone. That the identifica- 
tion of this limestone was doubtful .was also suggested in the original 
report, and it bes therefore seemcd best to omit i t  on the amompa- 
nying geologic map, One other change of less importance has been 
made in mapping the vicinity of Ridden Creek awest of Kennicott 
Glacier, 

The detailed geologic descriptions which follow are quoted almost 
entirely from the published report of Schrader and Spencer.* Such 
portions of that paper as deal with areas outside the limits of the 
area hero under discus~ian are omitted. A few explanatory words 
are inserted in bmclwts. Some new material is introduced, and a 
few chanps are made where later work has shown the earlier con- 
clusions to be inaccurate. The most important change appears in' 
the substit11 tion of Chi tistone for Carboniferous in those places where 
Carboniferous was used to indicate ,tee massive Triassic lirnwtone. 
The error a r m  f m m  a lack of fossil evidence with which to deter- 
mine the age of the Chitistone limwtone and from an attempt to 
correlate it on stratigraphic and lithologic grounds with the mas- 
sive " Upper Carbonifem~~s '"mestone at the head of White River. 
It has been necessary on account of the substitution to change the 
original wording slightly in one or two places, in order that there 
mag be no mistake concerning the age of the limestone and that the 
close relation between the Chitistone limestone and Triassic lime- 
stones and shales may appear. - ehrader, P. C, and Spencer, A C,, The geolog~l and mineral retIOUmel of  a portion ot 
the Cogper Rivsr A l a a N  a 8gedsl publication of the Unit& ataten O e o l o ~ I d  
S~~mey,  1901. pp. 4 M 2 .  
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The account of the unconsolidated Pleistmene and Recent deposits 
is entirely rewritten in such a way that the general discussion of t h m  
depmits RR occurring in the Copper River Talley is not taken rrp. 

UNDETERMINED ROCKS ON KOTSINA RIVERU 

On elthw Bide ot Rotslna Rlrer and tamding from the edge ot the lindealte 
of Iring Ct~cler  nnd tbe mion  ahut Clear Cneek southward to Elllott 

C m k  there la a aerl- of rocks whom relattons and age have not k e n  rleter- 
mind.  They are made up of  muliluents, iuclndlng limestone& Bbalea, ~ n d  
m a m  ecmf?lomerateq with intemlated sheeta or flows of haanlt llke tlie NIRw 
Inl  gmm~~tonnne. Tbe m b l e ~  of tlie conglou~ernte are c w m p o a  of grmmtone 
materlnl. 

The serle~ shows a reneral dip taward the southwest, and In this regard it 
ioIlows the gtructuro of the SIkolnl greenstone and the Chltfdone lime~tone 
whlch occur fnrthrr up the river. The age of the series Is nnknown, but from 
the sltmctnre it would mtn that it m u ~ t  be younger tbRn the Chlttatnne, whlcb 
appears to dfp beneath It, Wing t o  i t a  mslre-up, however, and the fact t l ~ n t  
I t  has been nflectml to ri twtnin mtent by m~tamorphlsm, It  seem^ Impomlhle 
to comlnte It with the adjacwit Trlnastr: ntmta. If, however, it IR older than 
the Iimeatone, it may he reprwt~wtive of R serlea eqdvalent to the Orm 
rock8 occurring in Prlnce Wllllam Sounrl. Tbiu mggestlon Is  made in the most 
tentative my,  slnce them lfl no ~rldpnce at hand for the determlaatfon Of the 
slmtigraphlc po~it lon of tlie wries. For t h l ~  reasou I t  h ~ n  heen represented 
on the mag n# unlinon-n ~ ~ t l l r n ~ i l t u .  
In m a s  m l o n  PrIl [PI. I11 n fault i s  suggrsted to explain the relatIm of 

the racks ahown on the mop In the region of Copw and Pass m e b .  The 
existence of  such a fault would nlm esplaln the occurrence of the unknown 
aerles in Ita ob-ed relations, on the mpposition tbat it belmpe beneath the 
mam of the PTIkoloi -stone. 

Desrriptfoa-The term " S l k o l ~ i  -stone " In employed to d&gmte a aeries 
of volauic d m  farming an Imtmrtnat mas8 In the WrangeIl ilistrfct. The 
rock &nw mmsldersble rnrlation from plat?@ to place, b t h  lnternlly and +er- 
tlcalb. in the separnte flows. Tn mlor i t  1a $memlly meen, though in some 
places It is of a reddish hue. I n  texture !t vnrlw fmm f l n ~ g r a l n d ,  very densely 
ergstaHlne, to rather mrspeCrained Imrphyrltlc, tlt~d I n  many pIacea it shows 
amyp3mloldal chamctere. Under the rnlcmolm the ruck tn fonniE to consla of 
feldspar and aagite, mlth ranslderable qnnntltlm of two grmn mlnerfdq mblch 
n r e  found to be chlorite and seqwntlne. 111 rare Instnncea grnhn  of ollrlne are 
noted under wch conditions that it mema crrtata that the Mrpenffne had its 
orlgln tn the alteration of the olirlne. The rrtructure la nlwnys tBnt which is 
characteristic of dIahnae. where the laths of folauper fmm R frltlike mesh 
with auglte lying In the intemtlce~ At time8 the rock I s  m fine g d n d  that It 
llccomes almost aphnltic, while nt o t h r   time^ tbc cryat~ls of f ~ l d s p r  hare 

' 

rltrtiensinr~a reaching e~erztl m i l l ~ r a .  Wbeo amgp;tlalnldaL aa it frequently 
-- 

a Scbtaner and Lpmcer, op. clt. 
aGraenstone In a word BOmetim~ med in tm indddte  nmcommlttal nay to deslgrate 

altered lmpous rocks tbat mag difPer much ln other waw hat pokwus the mmmm cbarec- 
tertntlc of color. The term " greenstone" i B  Dfthnph m m t  frequently applied ro  
certatn metamorpbosled diubam or dinbase M a  but la alao used In mmeetlon wltb n t t r d  
dloHtem m d  pnbhros. 



24 THE K O ! E I R A ~ A  EIZGIOE, A L ~ S ~ A .  

14 the cralrltiee are B l M  by chlorite or gerpentlne, eltber with or withoot cb l -  
cedootc q u a r t ~  Acceamrs magnetite is alwam p-t sna freqnenllg In roe- 
slderable amounts; also In mang csaes mehlllc wlphldem are p m n t ,  t h o n ~ b  
t h w  are probably of secondary origtn. Locally metnlllc mppr  mttm in m i n u  
or striugem but always under mcb circum~tnnces thnt I t  map be cousldeml of 
secondary rather than p r f q  odgh. The c o r n ~ l t l o n  an11 strnchlre of the 
Kikolal greenstonea ebow them to havema orlglnallg typlcnl hmlta. 

Occarrrence and dbiHbartion.-The Xikolai grepnetimt? m u m  l a  many place% 
In the Wmngell and Ekolal mormtaina nnd whcrevrr ppen is  found to RbOw the 
same relations to the Redlmentary aeriw ol  the rwion. The maaslre Cblttfstane 
Ilmestone, which i s  the lowest unmctarnorphosed wdlmentary formation of the 
dtstrict, lies directly upon the meenstone In srtlch n W I I ~  that It would seem ns 
Lf It had k n  originally Iald down utmn the surbctr o i  the mrller volcnnlc 
flowa In this relntIon It is observed In the upper part of JCot~ina River, where 
the m e t o n e  pa- beneath the Chitlatnne llmeetonq dIppSng toward tlle 
southweat, nuti foma it large part of the  mountain rwssea thnt nre dralned by 
the southern glnciere of the Kotalna baaln. From this reglon it connecttr 
dirertls wIth the m m c e  In the m b ~ ~ t f l i n s  In the vlclnfty of Kuskulnna 
G h c l e ~ ,  and, reappearing In tbe velleg uf the Lakina, l a  agnln found En the 
upper part at  the Kennlcott dmfnage, whence it may be tram1 (alwnye bearing 
the aame relation to the magelve Ilrnestone) a m f l  McCarthy C m k  and thence 
to the Nltlna and the  moontaIna to the mat. [ R e  PI. 111, A,] 

Tha thickness of the peenstone flows is not known, for while the 
top is r~lsily determinei the bottom has not been recognized with 
certainty. In the uppcr Kotsins basin the h'ikolai greenstone aa rep- 
resented on the map includes some ItuiTaceons beds, hard, gray, sili- 
ceous or silicifid b d s  (perhaps tnffaceous alsa), cherty 'beds which 
are possibly a variation of the siliceous beds last mentioned, and even 
some dark-gmy ox black slates. It is probable that on clsser study 
the Nikolai greenstone may IM divided and the word greenstone ap- 
plied to only a part of the succession in such a way as to more nearly 
conform with the stricter use of the terma The Nitrolai greenstone as 
it is mapped probably has its greatest thichess in the upper Kotsina 
country, where it was estimarted by Schmder and Spacer as roughly 
4,001) feet thick 

Btrsloture of the preenst~ne.~-E'mm the origin of the gmmstnne nwIes. 
thmn~h  the ancc&re ouMow of innnrnerabIe aheet~ of bwlt ,  It 18 natnral 
that the complex should show a bedded character comparable to atret2tlmtlon 
In MImentary m k e ,  and h m n p  places this atmcttlre ls rrry wcH exhtltltecl. 
The M d l n g  In the volcanic &eg h alwaya found to be In accord wEth the 
atrilcture of the evmlSing water-ldd lormatlons. 

k m l l f  the greendone shows a m n d n v  Btrnctnre due to abmlng [as 
IllastmtRa in PI. III, 81. which la r e p r d u d  from a pbotomph taken below 
R n ~ ~ ) r l n e  Crerk on Komlna Rirer. * 

Age OF the pree~tm~.4onceratag the actual age of the NIkoIar mEea littlt  
can be said. They are older than the Chltlaone Ilmerrtonea which rest npDn 

.The pmsiblllty ot -lath& put of the Nlkolml -.tar# m-lm with mmr 
ot the hterkdded Cuboolferws ebaleq &El. m d  lam flown elualnd In IsO8 In the 
wMon mbout Skold P8m and tbe M of Wblts Elves III m M  
' Scbrad~r and Bwnwr, op c l t  
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them. m g h  pmbably not r e v  much older, ante there seems to be no foldha 
lri the l n t e m l  betffepn tbr! c l m  of the volcanic outnnwa and the beHnnlny 
of marlne serllrn~ntatlnn. * * 

The evldence that tbe peeamtone wan formwl pmlolla tn the Chltt~tone Hmp- 

&me Is an lotIowa: Whrrever the two n t e  tn contact tho Hmmtooe ~ h o w s  nn 
rnetamorphlm, ~l l rh  nrr ~lnl~al ly rwaltn from the intrualau of a calc~reona rack 
bg an immun mmu: t b ~  p~ei~rloutrnltl Amtt~~n In thu preenstone is pamllel wlth 
the beadlnn of the  ov~rlylng l l n l r ~ t n i ~ ~  wlherever obwrvwl, nnd the layera In 
t h e  former nre dlff~rpnt In Otrurtrrrr nntE peneml ayrpwmnce. T h e e  fnct~ .  
and the frequent aTurwnce of nmy~lnIoEdnl phnwn tn the grpenrrtone and 
extremaly m n r k d  vnrlat loris It1 tliv C'wiwPnPRA 01 rryl.Rtnlll~zttlon wlth tn ~ h o r t  
dlstnncen, A ~ P  dIRtlnctly ln Invnr oi the 11rl~1n of the grwnutflne 67 aucce~sirt? 
nnwm of bamlt n t  a dlite prpeprllnp the rl~po~ftlnn of tlre limestone. Further- 
more, there nre no dikes or ! r r r ~ u l ~ r  Ititr~ialonu of t b ~  btrwlt whfch mn he 
deflnltely nhnwn to rnt Actom tlrrr 'lYlawIc Rtmtn, n mndltlon which m l t l  
1 nrdlg exlnt l i  Ihe m~mwtmhe lmd Iwen form3 Into tlw aedlmcsitarp m t s  in the 
term of a l o n ~  laccolltb at  n sot~wtnnt horlmn. * * 

CHITISTONE LIMESTONE [TRIASSICI. 

DeaMJpt4on.-The Cl~ttiLttoua formstlon 1% mmposPd of rm m ~ a l v e  llme 
stones, wlthont any important IntercnlattanR of ~bnlr .  When wmtherPrf, it ban 
a whlte or m y  color, wblch m k e a  it pruminent In mntmmt wltll thr g r m e t v n ~  
u p  wblch it Ilm, but when hhroken I t  I R  found l o  h n v ~  n blue mlor. which In 
Indicativeof couelrlerrlblecnrbonnceousmnterlal la ItsmnlprrrrltIm. In trxtnr~ 
I t  ia flnegmined throughout. 

Omwence and didtributlon.-Tbe massive Cbltlstwne Ilmewtcmt! le anp of 
the mod prominent forn~attone of the W-r~ngell reglol~. I t  le found lglng n b r e  
the -one Ln the apper mrt of the Kotslna hasln, where It CPMRPU t l l ~  r l v ~ r  
at the mouth ai Klnvmnu Fmk. h'orthwd of thle plsre It hnu I e n  trncerl 
as far as Long Glacier, whlch corn- damn from the s l o p  of hfr~unr IVrany~ll, 
but beyond this glacier It is hidden by lPcPnt Rows of andmltr. WontbP~ut nf 
the Kotslna the limestone la found a t  VAT~QI~FI l w n l l t ~ ~ ~ ,  wti!~b CAn llnt Ihr con- 
nected upon the surface, ~irpee them a m  overlyinf ur~confol-mnbl~ clrlm~Ltn nn 
the  h lgh~r  mountain% but the m ~ i n  ontrrnp mtuy be tr~cwl tnwnrd tllr ulr~jth- 
eamt to the divide betwen Rock Creek nnd the Koukkulnnu, and thence In the  
rnormtalne whlch lie behveeo Strelna Cmek and Kusk~slona Klvsr the  im~- 
tlon is pmmlnent. I t  SP thought that Ute I lmmton~ mny R ~ R O  m u r  nn fhc 
s o o ~ ~ e s l e r n  glopps of tbe J n t h l ~ U i h I R  W ~ m d  where tbr Knnknlnn& comes out 
into the o p n  h s l n  of the  Chitin. Valley, but no olmrsntlonn hnve been mntla 
nn tbls virlnlQ. At a mint e mIIe or EO shnv@ TmIl Cnlrl~.  on the ennt Blrln of 
K a a k n t a ~  IHcer. thc IimMltnne n p m m  and. r l ~ l n ~  rapidly ribovs the nlnsa!vo 
I;lbolal mnlrtone, m n  rcnchea the topa of Ihc rncnmtnlns 1y ln~  wuth rli  

Kuekutam ClncI~r. F'jlut nt  the  H n t  proallnent crwk on the  rrnutb ~ lc le  of the 
emtern fork of Kuskulanrt Gl~clrr o b m s t l o n a  bare not Ireen mnde, but fmnj 
the dlatant vlew wbtnlnwl of tbr u p p r  prurt of t l t ~  dmtnage It w m a  thst  thl? 

toaslrlve Flm&oot! In not ptecrent. Its nbwnce mnst kw cxpylnlned through fold- 
Enp or h n l t t n ~ .  the nntnre nr wblcl~ could not bc ~ w e r t a l n d .  The lime~lonr 
ngqw~~rn nmln ou the mPt ulde of Eeklt~n Rlvt-r above hhp lower end of the 
pIacler, whPw It ri-m rrlplrllg tnwRrrl the  northenat, and whllt! pmbably I t  
connects d l r 2 l y  wlth tbu e x l m r e  on tba wwt ~ l d e  of the Kmnlcott drwinam 
It ban not hPen na reprewnterl on the map becaatw? of tbe Pack of aufflcient 
wbscrvatlons. On tb* e~kmt R ! ~ P  of the mountaln8 hew Lakiua and I<-1- 
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cott ghclem the 3lmeston~ la very well expnwd, and dipping ~Iightly toward 
tbe north apmara In the  mountnln between the first forks of the ~Facter, A n d  

:im.aln acrms the eastern fork ahout 7 r n l l ~ ~  nbore Zbe foot of Zht? glacier, Front 
thls place the nlasslre ntrntum cnn be traced a m s  -McCart$y Creek to the 
head ai PdlkoP~l C m k  nnd to XIzinn River. In the region between Kotslna 
Hi\-er and the h k l n a  the -era1 dlp of the formation is southward, bnt from 
the Kennlrntt to the NIrinrr the Atrnctnre la in the o p p I t e  d i d o n ,  the d i p  
mrylng front 20° to tWO. Thlu Rtructure is Indlcatir-e of nu antlcllnal axis 
having a general northwestaoutbmat dlrwtlon. 

East of Kizina River the ~tru~ft111-e l a  more complex, and while the dlpa 
are not m Bleep the almple antlclinnl structnrt! glrps jllace to a series of bmnd 
folds at timea showlug qUnquaverMt1 dip& so that eroslon h a  revealed the  
mderlylng greenstone nt vnrlous phCi?B twth P l o n ~  me Nlzlna and on the trlb 
utartes m-hich join it fmm the enfit, A vlew of the drnlnnge hasin of Skolal 
Creek ahows the limeatone rialtlg gradually toward the White Rlver dlvMe, 
with greenstane lying It1 the valleya. At the nlcmth of Chitistone Rirer the 
Ttm&oae comes to the T R I I P ~  bottom on thc north stde, whlle on tbe math I t  Js 
from 1,000 to 1,500 feet E~l~her, and between the forka t b ~  -stone reaches 
to the top  of the monnhlt~. Prom the lnwcr side of the Chiti~tone the forma- 
tion may be traced along the aide of the monntsln nntil t h ~  npper pnrt of the 
ereek [llan Creek1 which joins the Nlzlna at NikolaS Holl~e I N  reached. wbere 
the rocks are seen to he demcendln~. [The charactrr of the contact k t m n  the 
l lme~tone and the nnderlylnp: vnlcantc wrlee ia illu8trnterl fn PI* 111. A. which 
also exhfbits mme of the structiiml featnr- thnt Ilnw teen mmtlmerl.] 

Routbward from the Stream Inan Creek] s h i c l ~  jolna the XlzIun nt Sikolai 
House the Ilmestnne Is not found, an11 It w m s  trecromrj. to r m ~ l f w s e  that Its 
absence is due t o  a fault which %Ilamm the gm~ntl m u m  of thls tslbotary. 
The monntaine to the sonth are composed of black ~hnletr lntrnded by igneous 
dikes, and are suppoaed to belong to the TrIamIe iwrien Iglnn west or the 
Nlzlna. The aame seriw h fonnd mtrth of the b ~ l t  or meenstnne wttbout the 
murrenm of the limestme between, eo thnt It ~ m t r r  ~bmbnljle that the m i p  

p o d  fault extenda toand the west at l ~ s t  *R far an LakInn Iilvm. The Ken- 
r*ml line of the dlsplecemwt bas heen represented on the amlmcal map. * * * 

Thiclitw#a of Chlti8tone limesfone,-Stodiea of the f Clrlt latone llrne8tonel 
and [the other] Trlasstc strata of the Wmt~gell district hrtre not hwn st~W-  
c i m t l ~  de tn i ld  to afford evidenre aa to where tbc line hetween t h e m  two 
iormatIona should be d r u m  dbore the massive hnwl wrieu of Ilmmton~s 
there la a aeries of thin-bedded limestones with shaly partln~a whlch !s a p  
llarentlg in lwrfect conformity d t h  the nnderllylng beds and whirh ~ B R R F R  

Ily m d a t l m  into the black &le% abve. Them hlnrk shaleu cw.olitflln tlw 
iossils by rneana of whlch the Triasslc age of the formutlon hnhe hwn deter- 
rnlnPrZ. The provisionaI and arbltrarg lhe betwwu the two formatfonm haa been 
11lnced at  t h ~  top of the mamire limestone s~rlea. Tlie thfclmem of the Cbitt- 
Rtone fomntlon, aR thus deflned, Is somewhat variable. ltsl maxlmnm dew?- 
npment isr probably in the region ot Niaina River, where I t  renchea n thlcknem 
ot ~pproxlmatelg 2,000 feet. In the Kotslna trnd Streha region Its thickness 
18 lomewhat kM, but it a n  not be made out that there I N  any pmpmstve 
IhInolng tomnrtl the w e ~ t .  

Age of t h  ?timaeEm.-Them has b n  doubt concerning the a p  
of the Chitistone limestons owing to the fact that no determinable 
fossils were collected from it until the summer of 1907. Schrader 



I U I ~  Spencer correlnted the Chitistone with the massive limestone 
nmr the head of Whit5 River en Kletsnn C'rwk, described by Brooks." 

Schuchert, who determined the fossils wllcct~d by Rrooks, states: 
" T h e ,  two 1ocrrIities are of orlo pnern l  horizon in the Upper Cnr- 
hnifprous. * * * 1 have made no specific determinntions, since 
thc fauna is not to he comlntcd with thnt of tlic Upper Carhniferorls 
of the Mimisippi Valley, but with the .Fqi~?~bin:na zone of China, Tndin. 
and the castern s l o w  of the TJrnls."' .it n Inter date, ho\vcvcr. 
Schuchert nssigned the White River m k q  to the Perrninn.6 

Afendenhall, on the aesumption thrt the Chitistone lrnd been cor- 
rectly cor~.ehtcd with the lin~estano nt the hend of Wl~ito River, nc- 
cepts provisionally the Permian nge of the Chit istone. TTe evidently 
frlt dint t t ~ a  correlntion wns t~ dokrhtful one, home~rr, nnd sums up 
the evidence for a~ltl rtgn inst the Pcmninn nge of the Chit istone limp- 
stone as follows : l' 
For PwmIan nge: 
1. The Chltktone 18 ~ p h l m l l g  wry ilrnr nltd IIthoIn~lcnllg wry Rlmllnr 

to the PermIan north of Rkol~I  I'asa. 
2 It  l i e s  bneath known 'rrlnsalc. 
3, There 18 no slo~llnr lrrmry I l r u ~ t n n ~  In the known Trlawlc. 

AmlnRt Permlsn ngc : 
1. The Chltiston~ IIMVS. I t m ~ ~ t n n e  nntl the t h l n n ~ r  l p l n  nhnre It nre nnn. 

iomlllferous, mhlle thr Pernllnl~ It1 ather local I t k ~  In wry fns~llllfernrin. 
2. The Galtistone Reprnpl to IIP ronrormnl~ly Iwlnw k~inwlt 'l7rlRaalr. whllt* 

the known Perminn llca unconfomnhly W o w  Trlnmlr \vlwti the wlt-ttEnn~ arF 
shown. 
3. Tbe Cbitlmtone is * a  nr nearly free from bnnir Inttrmlrem and nverlla*~ 

basic eWu#Ivm, while tbc known P~rmian  RMLr hy Es .~xt~nuI~cmlp lntrudd by 
baaic m a w %  

h 1907 fossils wem collwted from the Chitidone limes ton^ F I ~  a 
nnmbr of Iwalitiw btween Kotsina Riws  and Chitistone River, nntl 
they definitely determine its age as Trinmic. Pnrt of t h w  fmil.; 
were found in place. but a majority werc rollerted from the tr111rr 
dEbris b l o w  cliiT3 of the limestone. pet ~ I I P ~ P  trns no plam whew ito 
seemed possible that the linreston~ fmgrnentg containing the fosqils 
couId have come from any nth~r  m~~rre than thp cliffs ~'bove them. 
~ n d  no hesitation is felt in ncwpting their r~irltnce for the a p  clof 

the Chitistone. The fmils wen! determined bp T. 117. Stnnton, whn 
descsrihs them as follows: 

Aeveml dl-t loca3ftle~ are wmfw~twl fn the mllectlonq but the fmdl*. 
with one erceptlon. are all mId to h+ h m  the Chitistone Elmedow and clawlg 
n w i a t e d  fomatlwa. Tbe rnllwtlon ts n r n ~ l l  nnd somewhat h m t n t a ~ .  hut 

gmoh Alfred H, .C mcmnafnmw lmm Pgfamld R a m r  to  h p l p  Citp. dlnrke : 
hmtpflrst Ann. Aept T. R. Grol. Survfp. pt. 2. 1900. p. 859. 

'Mendenhall. TT. r., GeoIogy o t  thp mtml Copper R l w r  redon. AInskm: Pmf. Paper 
U. 8. G d .  S a m  KO- I t ,  1302. p. I?.. On the otllcr band George II. Gins  bellcvpsl that atl 
the sdlmmtary heils of  Alapka thrt hnV* hwn d m c r l t d  am R.rmlmn are " f 'ppr Carbon- 
Ifrm- " 
' Op. dt. p. S1- 
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it bas provtxl miatlent to ahow qoltt! moclnslvely thnt the beds in q n e s t l s  
are of Tsiamfe age. The ammonltw m l a l l y ,  are all charrmcterl&lc Trlasslc 
typea, and the few bracblopxls obtalnml are aim Memmlc. There la no Indlca- 
tion of Paleozoic fosslls in rtnr p a n  of Ure wctlon reprwnted, 
The sIngle ammonite from Chltitu Creek is of more modern types and morpt 

pmbablg comes from the Jnramhc. 
The tollowhg IIsts give the forms reeognlsed from each Iocaltty. In most 

caw apeclfle identiflcatlans hmve [lot k e n  possible, but this does not lessen the 
nccnmcy of the age determhutlar~. 

4 W .  TYn. 1. Elliott Creek, from beda ;bow ChltlMone lirnestona Pseudo- 
monetis subdrculads ( G ~ b b ) .  A alngle imperfect smlmu of t h l ~  Trlnsslc 
~ ~ i e x  

4 M .  Kos. 2 and 23. Hoodoo or Mullen Balm on Copm Cm%. KotsIoa 
River. Chitiatone Urneatone. fllnsdtt,#? q. Undetermlnt~blr? mas aectlon nt 
ammonite& 

4805. Prlos. 3 to 6. Chlttstone Ilrnestnne. Talan on Copper C m k  TereQm- 
tuEa RP., N p i i f d ~ ~ ~  ~ p . ,  HfnnitrsP ap., Ylewron~yn? IF. 

4M5. No. 7. Crawford's Skyscraper clalm on Roaring Creek, Rotrilna R i m ,  
CBlt lstone Ilrnesrtone. Aratka? a p  Undetermined blvalre frugrnentta. 

4808, Nos D, 14 to 19, 21, 22. Bonanza mine and Bonanza Creek, Vndeter- 
mined cocols. T m b r a t u b  pp., 8piHferina sp, Ulnnfieal ~p., Patrsdamonoti~ 
~nhFdrwlnrB8 (Gabb) ? 

4800. NOH, I0 to 13, 20. Jumbo Creek n a r  the Ronnom rntoe. Penbacrinus 
Bp., Tmbrulv4Irz sp., Asimla? sp, &roesten? sp. (cram ~w%ion),'Juua~itr~P MI!. 

The I R B ~  two 11~mMi are certainly Trlnmic types of tuuuruuitea nnrl probably b e  
long to the gewra to which tbm arc provislonallg nsaimecl. 

4810. Noa, 24, 3, South slde oi Chltistone Blvcr at Hooghton-Blnska Com- 
pany's praspwt. Bplrijrrina? ap., flalobia ap., Arce8lcsl BP., Trapitear ~p The 
la& two arc Trlaamic ammonites provisionally Identl8d from lmprfect ~pecl-  
menu. 
4811. No. 2R. Ohltttu Creek PerIsplaQrrectesf sp. Tbls ammonite i s  not a 

typical Pcrlnphinec#e#, but It l e  probatrlg of Jurassle ag+ertalnly not older 
thnu Jnrnsaic. 

TRIASSIC LIMESTONES AND SHALES. 

Ddptimw-The racks whlch hnve been hcludeA In the R l a ~ s l c  [ l l m  
dries and shales] series cumpriae nll the stmta that, lie above the Chttl.tlatone 
llmerrtone and below the unconfclrmable Kennlcott forn~atlon of Jura-Cretacmurr 
age. In the lower pnrt, Rnrl r ~ a t t n ~  conform~hly upon the Chittatone lime- 
atone, is a sedea of thin-bedded tlmcstonea, ffn utratn from a few inches to a 
foot or more in thlcknea~, ul~pportcrl t1,y thiri partlnm of black shnle (PI. 1V. -4). 
The thlchesa of thle m ~ m h ~ r  is npproxlmately 1,W feet, and the limestone. 
so br a s  observed, dld not contnin furnail rprnnilla, Ahrlee thc thin-Wded limp 
Ptone$ and sharpiy dcflned from them, fire black mhllle~ containing d o n a l  
bands of impure limestone, locally atTordlng foumlls, from which the a g  of 
the farmation hna been determlncd. The thlrknwln nl the upper member of the 
Triassic IR very great. p~wsthly more thnn 3.000 fM. but no opportunity w a a  
offer& for i t s  dl- mesntlrement, slnre f t ~  occttrrenw beneath strata Iying 
unconformably upon it, together wlEh thc at tltude whlrh It has amtrmetl as the 
result of foldlug and faulting, rwderrr i t s  relatlona comp1Imted and obscuse. 
A few thin flows of greenetone, dmIlnr to that of the NIkolnI serl- were ob- 
Wrved here and there interbedded with the black s h a h  of the TTdasefc. The 

-8ehradw llnd Spencer, on, c f t  
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- TrJasdc [limestone nnd s h f i l ~ ]  wrlm may be ~ a s t l g  rmrnlml from Itn m- 
eral homogeneous natnrc nnd t h ~  flnc-grnlr1~1 chnrncter of ItR black cnrbnna- 
CeOllR shales. 

h l I y  the Bh-bedded Ilmerrtonen are rery ZnWmblg folded rind cmtortd. 
n feature whlch is wrll shown In the rtdm f o m d  of Trlnaslc rwka nt tbe 
bead of Gllnblna Creek [and Is  lltnstr~iterl 111 F1. XV, R]. 

Occamnce and dklrCbulion.-Ttlu Trlnlleic m k a  [IlmeetoneB and nhalaJ w e  
found dipping tnwnrrl tZ~c mntllwmt In thr K r ~ t ~ l n n  rwloa, nnd mny be traced 
Ln a contintlnnu brtntt mutUfh~Lwnri l  ( ~ ~ ~ ~ t l b m ~ l u ~ n r d ]  to Kunkulana lZIver find 
fram.tle east ulde of that strmnl tn Ja!klr~n Itlwr and thence tn the 6 q ~ i c o t t  
and. Nlziaa. Enst of tlltr Nlxlr~n t h ~ y  occur llrlnclp~lly In the regloa g o s h  of 
the gat fault whlch lfmlls t h ~  IqbItI.lrtone Ilmmtnne, and !n the r e i o n  bnth 
of the Nlzlnn the black ~ b n l P 9  rmrh ACroRA ChItlni~ and Tans rlvern nnd come 
In contnrl wlt11 P O C ~ R  o f  the Vnlalrr. " w r l w "  Tlletr accrlrrence In the vteltlity 

of Rkolal Tbaaa lfl seporM bg IInym ' * 
In the rc~pl~m flnuth of the fault  nntl eant of hklm Rtver and again east of 

tbts mgIon nH far nri tho n ~ o t ~ u t ~ t r ~ ~  bPsnnd the Klztna the TrlassZc ubnlw are 
rergr lntrlcatelg Intrttdd bby c l l k c ~  nnil flhwtR of porpItm. 

Fas~fls n/ Ttfnealn brtls-*~~ly two rrcnmlznbte foeall 'forms hare bPen 
determined In fhc? n~nterlfll alalcll wn6 cnllected fmm the Trlnsslc b d q  hut 
t h e  are conslderml RUMCE~I~ ta flx r1rflultrl.v t h e  age of the ~PPrles. TT, IT. 
Stanton, of the Omloglcnl Rorrey. reports tbp follow1n~ forms of Upper Trlaask 
am : M m t i a  srrlrlrrularks Gnblr R n d  Ilu0at:lla lSke I). Imntneli WImann.  

DISTURBANCES FOLLOWING DEPOSITION OP TRIASSIC, 

The i r n n t b t m  next younger than t h ~  Trinmlc shnl~a In tbe Cnpm 
mglon were R * p w f t w l  fit tlip crow of ti*? d u r ~ s s i c  or the  k g l n n l n ~  of the 
-famug-that IR. nt FI tinir mrrr~pnndln~ to the d~wattlnn af t h ~  Rnrrsvill~ 
bede of the northwmtern UnEtml Stntm. T h W  latter rocks are nnconforumble 
nwn the T~IAPUEC and n ld~r  fnrn~ntlona find pwrioum fn theis fomnllon the 
nldm m k s  hati &ti fold4 and raid nbow the wa and thelt npturnrrf dpps 
reduced hy thp process n i  errmlnn, The c l w  or TrInssIc r l ep~ l t lon  In t h e  
wpyfpm nnd wnthwmt~m pnrtln~nrc of tbe tr,ntlnmt h n ~  &TI rerp p n m l l j *  
rmmtzed as a mrlnrl ot mnuntnln h o l l d i n ~  nnrl of groloplcnl rrrolrttlon. I t  
in  snppwed by h w m n  tbnt n t  t l l l ~  pr lod  thr! l'nnror~rrr nnd mnst m n m  of 
Brltiah Colnmbla wprp o ~ t l l n d ,  nncl that there mns prbnhly B E  thr mrue tlme 
wme mrrugatlon along t 1 1 ~  line nt the ltockg Blo~lntnlns,~ The r m l t  of tblir 
dfstntbrrnw .en the Trannell  rllntrlrt wnR the prmlnctlnn nf the bmnd folAa 
which hnve b m  mpnize r l  from the rttl~nde of IhP Nikolnl grwnstonc nnfl 
the overlylug dlmentn.  Thp p-rlwl of rro~lcrn whlrh fnllowml the nplfft nnd 

- 
-Tbe term valdcs " whm" was Brnt uupd by Bchradcr In a rrport cntltled "A spcon- 

nalman~~ of w p a n  of Pr!nm 1Tllllam Round unfl thc Coppr nlver dletrlcl, hlnukn, In 
1888 " (T.mttlrllr Afm, l l ~ p l .  r. F. Cio.ol. Purror, pt. 7. lflfl0, p. 4nR) to describe the rocks 
tpplcnkly d ~ v v l o p ~ ~ i l  In the r lc lnty  nl Vnldca. The Vnldfa " krrSru" Includes n auccesaion 
of h l ~ h l y  m e t u m o r p h M  wt l lm~nhry  hpda and Connlstn rrC " hlulnh-gray and dark quartz- 
i t e ~ .  ark-, nnd quartz achistn, InErrlwddwl W i t h  CPnCrRllS Illin bed8 of dark b111o cr 
trlnck R ~ A ~ P .  nhalc, mlca whlnt (In mm* p1nr.g h l ~ h l y  nraphltlrj, nodnlnr mica a c h l ~ t ,  m d  
nrcsalonully Rome aZlrtc11d con~lomcmtr." Ra f ~ r  Us 16 now known the Taldw  aerie^ '" 
ronkcn 11p tbc m a t r r  pnrl or t l ~ r  Chugnrll Hot~ntntnu. It* rocks nrs cxpenctl along Copper 
H l v ~ r  from t b ~  vlclnlty of n'oorl Cnnrnn at lvnnt R I  tar sonth Rn WIrd Glacipr. It Is not 
known bow Inr rarlanrrl they ~ ~ x t ~ a d .  

Darnon, (:eorcP M., DR the Into ph~lo#mplalc Wloay of the Rocky MonntaIn regfm 
In Can~dh .  With  rppclnl r~iwvnw t o  rllannfq In elpv~tton and to the hlk!torp of the gladal 
per id  : T a n .  Roy. he. Canass. vol, 8, 1Rfib, stc, 4, p. 



30 .'SHE K O T S I R A - ~ I T I R A  REOFON, ALASKA. 

folding wan u verg lmg one, n i n e  the amount of rock removed must neccsnarlly 
have been meahmM by &%-era1 thousand feet 

The geneml trend of the folds fa the Trhastc m k s  Is ~ r a l l e l  with the 
structure of the adjacent Va'aFdez "ml~." This older structure Is very uni- 
form thron~hont the whole reglon from the mst to Copper River, and I t  la 
rmly nntur~~l  that the rwurrence of dynnmlc action in the region should hare 
pradacdl strnctnrea in nccord with the Ilnm of weakues~l that were ileveloped 
at  a very airly date. 

The Nlknlai ereensto~~c and the sedimentary fomatlon which lie confomahly 
rtbnva It are nt premt fallnd to t ~ e  m~~uiderrtbly jvlnterl r~nd cut bg flwures. It 
Is probable that thls f m c t u r i n ~  of the r w k ~  wns pruduml during the post- 
Trlnwlc dlst~~rhance, though ft la ren~ollable t o  mippuse that subsequent move 
menth w11lch must h n v ~  nccompanled the volcanle ~~henorneaa of the region. 
mrly haye CII!I& ndclltian~tl fracturing ond foldlng of the racka. 

It  is hl levml  t h ~ t  the erliptlvo yhcnompua or the Wranmll reglon mag have 
bexun diirlng thls perid nni rlleiturbance, but there la no evtdence to show thnt 
the IntruaIun of the Trlnsslc shfile~f occumed at this perSod rather Than at a 
ruuch luter CIrtt~~ when, npl is known, volcnnlc f o r m  were very active. 

KENNICOTT FORMAT1 ON. 

De&ptton.-The &ittl~tn which, on tbe evldenre of fouf~ile~ have h e n  assigned 
to the IJ~lper J U F A B R ~ C  or 1.ow~r CCefnr~ue mbl~llt of a variable Wies of con- 
glomerates, anndatonea, I1 nleRtonen, and ahslm, The formation H e 4  uncaniom- 
~h blg upoll the upturnml edhr.u of the oldrr mka sevtiug In dlfY~rent plnces u p m  
the h'ikolal grceuwtone, tllc Chllfstnne Ifmestone, nnd the ~ l ~ a l m  of the Trlamic. 
In placm it appears tLnt t b m  order forruntions were completefy leveled by 
rrmlon pre~loun to the drpowttlrm of the Reonicnit iormatlon, but elsewhere tbs 
relations, though obircure, are indicative of tl~c ~~robabilltg that flepo8Itlon tmk 
platme 111 narrow, deep Inroons. 

At the bnne of the formatlun there is usnallf a eon~lomemte or mare mud- 
 tone composwt of mnterlnts derlvd from the preefirrtone and from the l ime 
stows and ~bnles ,  with tin atlmlxtarc of qtinrb m n d  Above th2a tliere are 
~lternatif~ria of gmen ~nllcrtouc with bllck shales, nn% oc~nsionnIlp bands of 
Iln~errtane. tn placee cont~inln~ cot~sldernble mnd. 

Ocvur-rewc #nil dtrlribirt tor&-The nortbernlnmt h o r n  o~~umsce of t l~e  
Kcnnlrott iormat1on la at  the hem1 o t  J,lmcston,ne C m k  Getween Clear and 
h' lurmn creek% Here the formation 1n In contact with the Chttlatone Hme- 
stone aud with the Trlatislc ~ h n l e ~  FJoutb of this tbcre le an o~ttlier resting 
u p n  tlkp I J I I B ! ~  forming the top of a high p m k  between sear Creek and 
Klureslm Creek north of Rotslnn IHver. Houth of the Kotsfna the formation 
113 found nsually cnpping the highwrt ridge% where it r a t s  n p n ~  the Trlasslc 
[abales nnd limestonm] or locnlly awn the (=hit!Btnue or the  stlll olcler pwn- 
stone. J?rom the rid* between Shwp ant1 C n ~ p e ~ ~  creek8 them Em c~u~lderable 
cropplling of the formation, mhlch extends continuously to the dlvlde betweeu 
Rack and Strelna c m k a ,  and egaIn there Is a connl~lernble tblcknm In the 
high monntalncl at the hgad of the wutb fork of B t r e l ~ u  Crcek 

dm viewed from a dlstnnce the h I ~ h  ridge betwen the nnrlh fork of RnR1;11- 

Iana Glacier and the enstam d m h p  of the  Kotslnn a p m m  to have a capljlng 
of mlmentary rock restlng upon the peemtcrne, and t h a u ~ h  thls r a n n  ~ H H  

not been ~Isited it eeems probable that the K~nnicntt tormntlon may occur In 
 them^ high peaka To the eaet of the Rn~kaIana BlncIet It  flrst appfxrs fu the 
bed of Trall Gulch, at an elevation of about 2,200 feet, and mny be t m w  east- 
ward for a distance of about 3 mlles. In tbls localtty the furmatlon hCCvrQ6 



t i -13  O r  t.!I!i(~~!.i~l CREEK. 

RR,,. 811 K. .~sT. IT  .! '.s.*n:.q,. cr. ff l fel!?l>~n~l; Cnuqach Mn?rnr* r: .n h-cC,-rn,~n.! 
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all belong to tho Upper Jurae&, though submquent work may mhow the con- 
trary. The question 18 connected with the  till nnmlvd problem of the exact 
boundmy between the Juramlc and the Cretaceouer in the Atwelhbearing h d a  
of Rnswa, Hiberia, and the Pacific coast seglon of North America. The AmIra  
occurring iu the Copper RIver dlskfct appear8 to be referable to a R n a a n  
Jurassic apwles, but I t  is alao quite simihr to the Cretaceous form in the lower 
Knoxvtlle bede of California. The few other forms Are rnwtly undmrlbed 
mpecla of types that occur both In the Jurassic and In the Lower Cretacmuan 

POST-KENNICOTT DISTURBANCE AND EROSION. 

After the deposition of the Kmicott formation the region Heems to have 
been npItfted from Its previous low po~itian with reference to  the sea and to 
h ~ v e  suffered a aught deformation, which gave rlae in great part to the pment 
sl i~htly Inclined attltucle of the m k s  that mere demited not long hefore Ita 
inltlatlon. h respect to the amount of folding produced thia uplift WRR of 
much lose lrnpwtance than the earlier dl8turbnnce wbIch cnnwd the foldlng oil 
the Trlaale fumstlona. It wems tu h ~ v e  been a relonal uplift without very 
much of the deformation whlch corn- from l a m 1  pmsure. 
The uplLft wblch followed the demsitlon of early Cretaceous time wema to 

have been redona1 In I ts extent, and m y  be s u p t ~ ~ a e l  to have affcted all at 
the a m  betmeen tZle present Wrangell Monntaine and the roast and to hnve 
raiwd a~ Inge continelit Worn the watws of the EM. The limits of the upllft 
cnn not be determfnd, bat it waa followed by a pmEod of erosion during which 
the &reams that developed upon ihe new land surface were able to reduce the 
lma very nearly to =a level. 

Before the cwrnpIetion of this cycle of erosion a perlod of volcanic acttvity 
m a  commenced which very materially altered the character of the topography 
by the upbuilding of lmmensa pilea of Lava and of volcanic hlPs , 

COAL-BEARING BOCKS. 

Two localities where coal-bring mcks are known to be present 
lie within the area under discussion. One is situahd on the high 
ridge between Hidden Creek and the heads of Bmr and Fourth of 
;Tr~ly creeks, the other is near the head of Chitistone River. Little is 
known about, either locality, and there is no evidence at hand on 
which a define statement concerning the a g e  pf the beds may be 
based. The first-mentioned locality is approximatdy 2 miles north 
nf the saddle known as Fourth of July Pass, thro~lgh wbich the trail 
runs in crorrsing the ridge between Fohlin Creelr end Kennicott 
Glacier. The ama is small, possibly not over 20 ac%, snd l ia  at an 
sltitnde of nnertxly 6,000 feet. The beds are probably not much over 
50 feet thick, and consist of black carbonaceous shales with thin coal 
aeams overlain by arkose sandstone. The coal beds have a horizontal 
pmition and Be unconformably on the upturned edges of beds be- 
longing to the Wassic limestones and shales. They adjoin the Chiti- 
stone limestone on the north and appear to pass over the great fault 
by which the Nikolai greenstone and the Triassic limestones and 
shdw are brought in cant& A mass of and&@ with a !pirelike 



M l  remallla It does not a p w r  agaIu w ~ n t  of bEfna Rlwr, btrt to tlw 
enst of that altPlrm. In the dminam of FohIIn Creek It attfilns maldembZe 
development, hmlng a thickness whIch po~s lh lr  mnrl l~n 1.m iwt or more. 111 

thln lml i tg  and In the last it seems as it (he fornl:itfn~l nn* depDott~tf In n 
mbmerm mlky, the sides of which had mnsldernhle l le l~bt n l m c  the l e d  at 
the water. 
Fa& of KennEcott Rfrer tbe Kmnioltt f o m t l n n  C K W ~  A t  Ihe bmd of Xlkolnl 

Cpwk, w h ~ n ?  its penem1 relntInnx ta the topomphy and ts the  TrlamIt? forma- 
t i on~  am shown I I I  PI. [TI. The. slo(~iii:: stnitik i t 1  t l ~ r  nltdtlls lllr Itlt~strn- 
tlnn are the s ~ i ~ d ~ t o n e s  of the ham1 portion or the klmnlcott iormatlon, w h l l ~  
the dwp trench~a cut tbrongh them illto t be ~~tltlerlylny Iln~eatr>~le r~ud  prnwr~- 
Rtnne. Tbe mntir~tafna In the dt~tance are cnnrfloswl ot Trluwlc ~tlhtalm, with 
Immus Intm*Inns, whlrh have pmtectM the rnountnlns from eraslon. 

Regond t h ~  XIzInn the formation is fauna cnpping thc ~ h l e  rlrl~t? b b w ~ r n  
Tottnn C m k  nnd the tbttina.  

Apc of Kcwnirotf jwrntntfon.-The age of the K~unlmtt farmrition 1mi1 bm13 
deflnltelg rlet~rmln~cl hg Dr. T. W. Stanton, who 11~s Rtndlerl. Jts ~ D R R ~ I R  nnil 
pror~r l  tbrlr prn~rnl corrwmndence with tlie fcmalls nt thp Knr~xvllle fnrrnlltioi~ 
of northwmtwt~rn Krnlted States. Thta pllam the for~nntion In t l~r  Aotrhtf111 wrlen 
I y l n ~  nt the t r ~ p  of the Jt~rnssic or at  the barn of llre C r e i n c ~ r ~ u ~ .  The fn l luwln~  

Inmrnmus exlmltrs Eichwnlcl'! 21ucella pilIairf Iie,vmrl In*? 
Relemnlte~ np. I,fimr&a sp. 
IIRIOIIIII or~trlmtt~lifi Whlteacrs? Hoplites ~ p .  
lillynchmelln q r .  Olmt~phanna? r q ~  
Tnrten up, Gryph~a sp. 
Avfcula ~ p .  Sagenopteris AE). 

Cnncernln y Inncrmm rta exfntiu~ -tor Stanton 8 8 ~ s  : 
'Thls  fnrru I* repwmtwl by a single qmitnen ~ I l e c t m l  nn C'bltty C m k .  

It mnp b tdlnttnrt from EIchr9nldas stwieq originally descrtlbed from Turkanltun 
nay la f'mk Inlet nnd rcfcrrwl h_c bin! Zn the S m m l a n .  b~teltm~ld c l e ~ ~ r l h l  
I l t m  otbtr n.yrrrlett-l. nml)ipsas. L prrectus. and I. lwifer--aH Monglng tn 
oue m t l o n  n? lnnr~mmra,  from the same borimu in Alaska. The pmrrit ulwll 
dm0 not 8lmw ~ I C T ~ C C ~ I ~  with R n r  of the tiprrs. Itnt It 1s most neftrlr l l l i r l  
I. crlmtur I I I I ~  l~nt!mOIy mmcs from the wme formation. R h l l a r  forms m l i r  
both lo the Jnra~elc and ln the Cretamus, hut the erldeace of the athet f m l  In 
fmm tbln part of r \ t ~ ~ k n  fsmm the wfprenw of the  Kennlmtt iorrnatlon to d b p  

Juremtc." 
Of thr form referrnl with n q a d m  to Bolobin omidmtalh, I)octor Stan- 

ton ~ F R :  

'*The W m e n s  IIR fnIrlg well In mlptnm and general appearance wlth 
some nf thp tlmsprr nf Whlterrrm's spe~ies from the Liard Rlrer. and mny he 
ld~ntlm1 altlr It. nw. hnwpvfr, mnlewhnt rmgpstlve of Hhrt;tf~ I i n m M ~ ,  
from the  durnantc ( :. I nf Slhr.rt;r. 

" Rnpmoplrrb Ss a pcntrs rr-blch m u m  both in tbe Jomssjc and In the Crr- 
tnmtrls hut the spwlrn In fhatiaht Iry Pmfrwmr War& to whom It mas shnwr~, 
to t ~ e  war a R ~ I P R  OCTII~~IIP: I I I  th9 JurnmIc of f$e PaclRc coast"' 

Conctrrnln* the gwprnl  nlatlonn of  the fossils imm the Kennimtt formstlo11 
Dr. Rt~ntcm obs~rveh : 

" Thew fo~nlla Rre all clther 'tlpwr Jnm~aIc or Cretaceous, wtth R BUEgeH- 
t!m of R som~whnt Toungpr rim for n frw localltle~ In the present state oP 
howldut? ,  nnd with t h ~ w  small sollwtlons, It is not practicable to deterrnlll~ 
whether they represeat one hortaon or s~vernl. In my opinion, they probably 
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Ape of vo?camb #eriP~.-In the description of the topographic development of 
the Coppw Rivw redon it will be ohown that the land surfam whlch'wn~ p m  
dnced through the proem of crtoslon prePlon8 to the formation of the volcanic 
wries had its nrldn mrne tlme d u r i n ~  tbe Tertiarg, and with this conclnslon 
as a b ~ s h  it ltlrly be mt~cluded that the age of the vnlcanlc wries ia nlao Ter- 
tiaq. There itr, howevrr, no crlterlon for determining the exact portlw of the 
perloil to  which It8 formntbm belongs, tbongh It la do1ilbtie88 later thAn the 
Eowna R m k a  shows that the 1-olmnics of the St. Eljaw Range are probably 
of Tertiary a@ 

IGNEOUS ROCKS. 

PreFim,inq rtaikment.-The igneous ro~ks of the Hotsina-Chitina 
area, as has hen dated, includc gabbro, diabase, diorite, andesite, 
granite, ~ n d  rhyolite. They have not bccn studied in an exhaustive 
WILJT and the following descriptions nre pnera1. The various rocks 
are grouped in tho description nccording 10 their mmmence in the 
larger geological divisions of the aedimerltnrg rocks. iireas of igne- 
ous roclrs are not repressnted in a detailed way on thp map (PI. 11). 
Iliorito and granite nrc not separated from each other, but they are 
distinguished from gabbm. 

The intruded rocks of a po~ph~yritic nntaw .ere given a distinct 
color. hndesites also have a separate color. bat no nttempt is made to 
%parate those of intrusive from those of extn~sive cl~nrncter. 

Om.nulnr m k 8  in the tmmdnmorphaned a~dlment~.~-!SI~c lntnlded rocks 
which orrur Irr the nnmetamorphnwd Rtvlirnentn of the Wrangell region . . . 
ronulst of pnhlrron, #mnltm, and dforitic mcl;~, B I I ~  In nf1Altlon them is a large 
crmwattlnp: mnrrrr of nndeIte whlch forma Castle Mountain . . . 

The pnt l lm 111 the Maunt Wrnngell district IR C~nflnwl, m fnr a1 known, to 
three ~ n ~ n l l  n m a :  O r i ~  lo the Thte111x rt-gilun h r t w ~ m  T~wn Glndler and 
Klr11.e~n11 C l ~ r l ~ r .  another at the heild of N ~ l g e t  Treek north of Kr~sknlann 
River, nnd t t i ~  t h f d  j1i.t ~ b v e  the forks o f  Ptrrlun r r c ~ l ~ .  Tllc rocks nf t l m  
three lor-nlltirn bpl0IIg to thp anme typr, hut show mlnw vnrintionna TIP gnh- 
bm occurring In the ulclnlty of T.on~ (:lncI~r ia R conrw-mined rock, mnnCntlnR: 
of a vem Ih~~nlr pl~p~!orlnm~, grobnbly hytownite, and auplte In 1ar.w Irr~;~~lrrr 
=in& With the artgltc, thsre IR II ~rnnl l  nmount of brown hornblende, wlilrb 
is prohahly original. fiInmetlte occurs in Iar~e  gmlns. In the g~bbrn ot 
Strc*lna Creek there IN m~ue lnterstltlal mlcmprgmatfte mhlcb la prnbnblg of 
secondnry orlgln. 

A rock whlch la  a l m i l ~ r  to thew gnbhms, but which has. In addltlm to the 
minerals which they rontntn, n ronsEd~rnhle amount of hmm mlca, waa~notd  
In the vlclnlty of the crosaInu of thc nialn, t'hltinn and the Kotrrina trails. Here, 
in the rmlls of the caugnn. there Ih n mar-pmtnecl sranrrlnr rock mnde up of 
andmite, diallam, hyperathe~re, rind a consldemble nmount of dark-brown biotlt~t 
The re!ations of thla rock nre rather unnmn1, since it is granular rnck cutting 
gladal p a  vela 
The only granite which  ha^ been notM In the Wmngetl Fionntains I s  located 

somewbere in the drainage of the m n d  Kotsinn Glacier. Its preaence la 
known only from a spPcImen rnll@Cted from the momine. It Is a finegrained 
rock composed of blotlte wktb some plngloclfise. - -- - Op. slt. p. 8433. 

' Schmder and Spencer, np. dt., p. 5"Jt seg. 
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On the north side of the main tributav of ICotslnil River, near Surprise 
Creek, there ia n mass of diorite which varles considerably In character from 
place to p l ~ c e .  In some parta the rock is prncticallg mnular,  while elmhere 
it becornea porphgrltic. It 18 composed ewentlally of ahund~nt thick prisms of 
plagioclase, which IR probablp andwine, while between these prima there ia a 
mrt of gronndrnfiss cornpoem3 of orthoclase and qnarta. Biotite m d  horn- 
Mende occur in Irregular gruEna anti imperfwt prisms. The mck is related to 
grandiorite, but mag be called a quartz rllorite. 

A perpbyritfc phase of diorite m r a  along the meat aide of Euskulena 
Glacier. below the forks, though t I l 1 ~  mass has not been reprewnted an t h e  
map. The b m d  dike whIch I s  re~resenterl as crossing the mountaln mas- 
between the forku of Kuskulan~ Glacier is rsupmEled to have the fmme cbnracter. 

PurpAyrie# in the 1cntnst~mrphosl.cI08 aedimet~te.-Resides the g ~ ~ n u l n r  or 
nearly granular rocks aIrmdy mnatdererl, there i~ a considerable rariety of 
porphyritic rocks Occurring in dikes nnd i~re~nlar mams in the black ~halw! 
of the Triasstc formation and in the shales and snndstones of the Kennimtt 
wrles. Tbese roc& are rather generally dlsklbl~ted from the rbinltg of 

' Ruskulana Rlver eaatward ahi far na our obaerratIous extended. They arc 
well shorn In the shale on elther Alcle of Kenntcott River, and it i 6  t o  
the resistance which the intradd rocks have presented to ernsina thnt the 
mountains of thle vlclnlty owe their pmwrvation. Some legs important oc. 
currentm are obmrvd In the ~al lcy of Young Creek nnd ha fat toward the 
south aa C h i t l n ~  Illver. P1 VI [A] IS IlIustrntIre of dikw of me-grained 
porphyry cuttlng the black shnle In the ~ m l l ~  of Young Creek. 

On the mnp the intricate intrusion of the shales 1~ reraraeuted in a dia- 
grtlmmtttic wag to iuatcate the charncter of the intrusions rather tbnn the 
actual m r r e n m  of the crnw-cutting betls. 

The porphyries of the claw here under consideration are alwnys much 
altered, fm much so, indeed, thnt i t  Is very rIIUlcult to determine their !irgacct 

nature, but It nlay be i3een thnt they are all not ideutira1, thongh tbtbey are prob- 
ably FIowIy related throughaut. T h ~ y  nlu nlwlly diorite or quai-tr diorlte 
porphyries, judging from the aggreg~~tes of alterel n ~ i n ~ r & l a  which now make 
up tbelr mass. They vary in gmin from cr.wtacrsstnlline t o  porph,rrltic with 
Istony g~oundmn~a. 

T h w  porphyries  re, in part at least later than the Kennicott formatlon, 
of Jnra-Cretaemns age, fo r  they nre found cutting this wries in the e o n  
between T ~ k i n n  and Kennlcott riuerg, and dikes of porphyry cut the bedded 
volcsnlc wrlea east of" Iinskulana River, and in thr? S i r l n ~  rpgion there nre 
masses or unltnown character cnMng scroP~ the volcanic wrlm. It mppeam 

'that in general the lntrnded rwka hnve been Injected n t  comparntivelg rccent 
date4 although thete are no dnh far determining the priority of nne or the 
other of tbe dlEerent types of rock It mag b? thnt the porphyrie~ were 
intr~rded durlng the perlod of foldlng which p&ed the deposition that took 
plaw In Jum-Cretaceous time, bat so far as the evidence goes, It may be thnt 
they were i n t r d u c d  after the deposition of the Terti~rg volc~nic  m k s .  

Andmite mtting the Triae8ic.-The mass of C a ~ t l e  Mountah l a  composa of 
dark andmite, sfmilar to that mblch forms the eurface flows of the FVrmg.cll 
regla. On the weatem side of the mountain the contact wltb the shales and 
crumpled llmestonen may be clewly dlstlngni~lhed by the ~ontrast  between 
the dark-colored andeslte and the mimentary mcku which hare bwn blenched 
and whitme13 through rontact metamorphiam. The appearnnce of Castle 
Mountain and the BnBe8lte -act Is illustrated In [PI. V1, B ] .  Looking at 
Castle &Xouatala from the aoutheast, one w e  the contact runnlng in a zigzag 
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cottrm down the ridge an the left slde, aes mhom In the picture, and ngaln, 
with lem dlrrttnctnw nt the right, wblch la a t  the Mas or the steep cllff. 

Intrunf re  rocks In T~lrtdrnry z~nlcnaic ssr&~,The occurrence of dikes of dEorlte 
pomhyry In the valtaalc ~erles baa already been noted, slid aside from thla the 
only knowl&l~e of crosa-cuttlng masslve rocks llas beea pR1UPd imlh R dIBtant 
rlem of tlte region lying e a ~ t  of the Nixina River, belweerl Chltlntoile River nnd 
the drst crwlc Bowlnp Into the Nlelna. Above the foot of the glacler there Is 
n monntatnoun rnasa, wblch shows the tomgraphlc chumctersr that are mmlnon 
In the cam of mtkaalve w k e ,  wid thlm rnmm ie In gnrt rnirroundM by tbe flows 
and t a U ~  of the volcanlc mrfea. Tbfs mul-renm la theonly erldenceof the p a t -  
rolcanlc date of the Intrus1r.e rocka, and It ~nnat be admlttd as Incomplete. 

Andcrrila flozua,-Th~ rccent lrlvata whlch m u r  011 tl~e muthem and we&o 
~ l o m  of Mount Wmnw11 are typbnl Iiypemtliwe nntlesltem, composed of 

.. plngloclt~ae, at: leaet U R  bnslc aa Jalr~ndorltq n~ncb Ir.vpemthena fn abarply out- 
lined pbenocryat~, and a small amount of nugtte. Ollvlne is  sometimes prwdent. 
The grounarunw variesProm glaasy to floelg crystnlltne. In color the andeeltea 
vary from red to grny and black, and In texture from reslclll~r to cloae-gralneil 
parphyritlc. 

The ~ g e  of the andealte Is Plelatocene and Rerent, The form of Mount 
Wrangell ia the rmult of ~ummlve l a v ~  flow& hy which 1 t ~  cone has hen mu- 
bructed. The great slleet of andealte to the north of the Kot~lnn drelnnge Ilea 

, above the masm (12 the Plelatoceue, but gmvela are founa resting upom It l m l l ~ ,  
and glacial acor in~  is nIao observmf, RO that at  some tlme 8Snce the moat lm- 
portant outflows glacktlon must halve hmn more extenatre tban a t  prwnt .  * * * * * * 

Below TOtl~lntI River, on the ennt nlds of tile ropp?r, the rlrer Mnka have o 
helgbt of 400 to 800 feet, and here they are mmpmal I1en lnrwly of t i l l .  Here, 
alm, andesite occurs In the upper part of the rlcWnIt. and thin mlrseace ap 
p a r s  to be the western extension of the genernl a l ~ n t  of andmtte which mny 
be found at  lnterval~ and h e e d  toward thc emf* bemmin~ of mom imlmrtnnru 
as the monntaiua are mched. Enst of the trull lentling from Tonalun to the 
nppy Chitlna the rtntlmlte la of consldemblc Inrllortanw, nnd hem dvm rim to 
n prominent bench. which may be traced aarthwnni to the yolnt where It con. 
nec& with the andmite already maltIonetl ns occurring an CheEnaIlna River, 
and f m m  tbls ~ I n t  still northward, forming a marked terrace for a distance d 
s t  least 10 miles. Wherever ohsewed thete Is wldence t h t  the nndesth wns 
pour& oat durln~ the gladat e w h .  The grenteat thickness of the glacIol de 
llosits Is below It, bat In protected placee It alwnys shmvs euriaces which hnre 
been smoothed by ice action, and there Is nu mostlderable a m  of the andmlte 
rxpmcd U a t  doerr uol carry exotlc bowldm o m  It. h e a l l y  there is abn A ' 

mnsfderabTe mount of gravel regtIng upon the andeelte. Thle relation may be 
seen on Copper Rfrer In the vldnity of Blllam's, and a3m a t  tbe cmming on 
Kotslna River. * * * * * I 

The edge of the lava flow Iormlng the plntena north of the prilnt at which 
I C d a  River em- from the  noa ant aim ~w2rn1 unqu~tIonably to have hem 
in contact wlth the aide of a glacier whleh -tended outmrd fmm the Umer 
 alley from the tlme of the eruption. The same mnditlona may be Bogge*ed 
almg the nort'$ klde of Long Glacier. 

The dlstrlbutioa of the andesite ns mpresmte8 on the map I s  only approxi- 
mate, and underneath the Intest m v e l s  the lava mdanbtedly h8s a much 
grenter extent tban Is indicated. and over much more of the area where it 
Is represented gsavels mity be formd khve  it. 



Just north of Tnng Gl~cfer t h ~  tblckn~au of the andealte ia several hundred 
Mt, whlla at  the d m  of t h ~  flow, In the nelghborhmd of  Chetadlna RIcw, 
It Is leaa thnn '160 fwt, and wbere I t  reaches Coppr Rlver and at the csossln~ 
of the Nlkolal [Xlalnn] tratl nn ICotmIna Rlver I t  18 lew than M 

FAULTS." 

Dlqla-ts of the formatlous ylv-utrlup In the Wssngetl d o n  ere not 
a t  all lulwyurut. and wbClr tlrp fuulfa are u8ually of   mall Importance struc- 
tamtry, they IIW Zreqwntlg followprl by luineml-bpnrlag veln*. An e x ~ r n ~ l e  of 
tbls IR MWI III the  S l k u l ~  I reln, wbirh followaa fault having a throw of ~ecemt 
iwt. Two hPntte of very mnsIdprahle Imprtanre have, bower~r, been recoE- 
nlaxl wbere they c m  Kbina RIrer, while, from the observed rclntlonu of 
the various iurm~tlons,  a thfrd bretck In  s n p p o d  to exlut In the Kotmfn~ 
Moa On the wePt side of Copmr CEeek t h ~  Chttlatone Ilme&oue !R found 
dlpplng toward the west and orcrIying the Silrolnl f lmstone In  it^ normnl 
~ m i t l o n .  while on the east ~ l d e  of the crtrelr the pwn#tone cornea In contnct 
1 ~ 1 t h  Trfamlc ahelm; and t h o n ~ h  the relntiona of the former wem not ~ t ! ~ d l ~ l t  
sufflcieutfg in dptet? to allow the  r e p r m t a t l o n  of t h ~  fnult on the  ~ ~ ~ I Q R I P A I I  
map, b m k  bae b m  shown In tbe geoluglml croccs e t i u n  In accordunce wlth 
tlip bymtheafa of 8 faalt. 

There I8 a halt cmmln~ h'lelntl RIrw a b u t  3 rntles a- the mrrnth of 
Ghttlstme RErer. an& t l ~ u t t ~ h  Its m m c e  WRS noted, no opprtunity wan 
~Rorclpd for n d&alld exantlnntton. TbZn fmture wnR ohmewvd by Hnyea In 
lPnl  rtnd dmrllwd 8s r n  over-thr~~nt h u l t  h a v l n ~  a dl*plncpmcnt ot orer half 
a mf1e.b The rq)mnZatIon of t l r i ~  fault on the geologicnl mmp must be taken 
as only approximating the  octtlal rdntlrma 

The maet prominent Inult wblch I ~ R R  hffn m l m l  la  the one whlch llmlts 
the muthem extpn~lon of the peenstone an It m m m  h'lztna Rlrer. Here the 
shalem of the T ~ ~ ~ A R ! c  are brought nm1nAt the NHiolaE $ w m R t o n ~ ,  and. thounh 
the nctual fault plane waR not oha~rred, I t  lu ~ p c n  imm the borImnrr whlch 
come In contact t h r ~ t  the dlwpll~cement nlrN amount In 3,0130 or even 4,000 iwt, 
Xnst of Nlztna Rlrer the rontlnuanre of t be break IFI not known. nlnce t lw swlon 
wan not rIaItPd. hot tnwurd the wPnt I t  prhahly extendm for a mn~lrlen~blt! 
dlntance, and on the @nut alde of Firl~oimtt Cll~clpr the dl~placement nluat ~ t 1 1 1  
be In PxcesR of 3 , W  fet. WIQ i l ~ u l t  w n l  almo ohrw?rved on tlle went side of 
Fienntcott C:lacl~r, and from this plnce It Is probably contlnuon~ to Lakina H i m ,  
whem there I s  I dlsl~lacement of wrcml hundrptl feet, In nge this great ~tnac- 
tuml break nnterlatm tlle tlPmsilinn of the K~nn lco t t  fnrn~~t lon ,  and fts pro- 
Ructlon pmbahly belonv to the wilt-Tslasrric p r l d  of nopllft and deformation 

PLEISTOCENE AND RECEMT DEPOSITS. 

Intmdwth.-Under the heading of Fleistrrcene and Recent de- 
posits is given e pneml de.4criptioi of the anconsolid~ted d~posita 
that now occupy the vaIley portions of the Ghitina and Copper rivers 
and their tributaries as included in Itrho a m  shown on the pologic 
map (Pl. 11). The scale of this map is tori sninll to give a detailed 
rcpfesentstion of the deposits. bnt their general distribution is well 
shown. 

Rcbmder md Rpenm. up. dt. p. 82. 
b Hmycq C. W, An e m i t ! -  thmagh the Yukon dIsWtct : Sat  O w .  Mag., *dm 1, 1882. 

p. 141. 
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Pwwnt feutu~~'ps,--A view of the river vs l l~ys  of this region dis- 
clam turn wry distinct toppaphie  f a t u r n ,  mnml hy two ~ q u n H y  
distinct pologic p m s m  that have dominated the derralolpment nf ' 

1 1 1 ~  topogrnphy d~rring Pleistmne and Recent, time. Theso fen t~lres 
are verv EorciZlly i r n p w d  on anpone who may hrtva occasion to visit 
t l ~ a  region. The first is tIre present-day aspect of the accumulntions 
of a fnrrn~r period of r v g  rrlpjrl deposition, the completion of which 
was the clwinp: event of the I'l~istricene period. In their brosd ~ n r -  
face charact~ristim these deposits bnve chnnmd but little since they 
were laid down. The ~econtl i s  the recent trenching by ~trcams that 
is so marked a featurn of Itrtc drninnp ectivity in many othcr p ~ r t s  
in Alaskn at- nntl fhmt i n  brought partic~~larly to notice where 
streazns have worIrer1 upon unconsolidated deposits of Pleistocene n p .  
(See PI. 711, A , )  This trenching h e p n  with Recent time and re- 
salts from conditions that still pwvnil. 

Tbe completed msult of P1~i~tocene deposition is presated teday 
in the form of g r a v ~ l  rrnrl silt plains thnt rxtend orer all the lower 
areas. They floor thc large :enlain velf~pw almost completeIy and ex- 
tend up the tributny rallegs cnnsid~rahle diMnnces into the mom- 
tnins. Their mrfn~llces * l o p  p t l u n l l p  in two diredions--from the 
sides of the mUeps inward to IIIC lower levels occllpicd by the drain- 
ing streams, and dram the heads of the vnlleya totrnrd their outlets. 
They am chamcteridic rnllcr plains. 
The cornbin4 iw ~ t l d  water dminage of Meistacene time, that 

brot~ght down such vast quantities of rock rnat~rial from the sur- 
ronntlinp mountnin ranges, filling t h ~  v a l l ~ p  find spre~dinp it out 
jn the form of the gravel plain, has Iiad its gmdients ~ n d  its relation 
tn wn ICVPE changtr(1 by a widespread eleontian which wlrs differen- 
tial rr~tlrer than hnrrnonio~~s. T'he preaerlt rivers, in working down 
to the ncw grades thus impowd, ~ I I I T P  ctrt deeply into the Plei.stocene 
plains (1'1. VII, A ) ,  ~o t h o t  to-day all  the ~ t r e a r n ~  occupy tr~nches 
in t h ~  f i l l ~ d  valley f oor. Th~ls the v~lEeys are inched from 50 to 
GOO feet into the unconhlidated Pleistocene deposits, and in many 
places throuuh them. 

Pre-l'baiatocenc land mrface,-To understand mom fully the dis- 
tribution nnd thiclcne~s of the unconsolidated l'1~istmw-a~ deposits 
it rnRy 1w m ~ l l  to intlicnte briefly what the upFrance of this region 
must have been jtwt before tbe deposition of the PEeistooene bmn.  
This appeamncc mag be imngined from an undemanding of tho 
pwlserlt nurfnw. To-dqy 'the corlntrp is espciallg d~amct~rized 1~y 
rugged mountains, most of them ~howing well up on their sides the 
effects of vigorous glacial erosion. $he sides are steep and in many 
places descend abruptly to the valley bottoms where the bd-rock 
slopes disappear bcne~th the comparatively flat P l e i m n e  deposits. 

The bed-mk mntorrr of thc larger tributary valleys of the Chitins 
to-day present wide U-shapetE cross sections ~ Y P ~ C E ~  of st~wly 
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glaciated valleys, th011~1'tl t l l ~  bottoms aw now hidden in mnny plnces 
to a depth of at least ZOO or 600 fwt I)y Pleistcwene deposits. Be- 
fore the glaciers occupied them the broad vnlleya were no doubt es- 
aentiallg of the uniform deeply e r d d  rork-floored typ, pre-writing 
rolling sur fam with here and them considernble hills rising from 
them, and encircled by high rugged mountains. At that tirno the 
mountains had not been glncintctl ant? mere not so steep sided, and 
the valleys were cut deeply only by stwarn eroaion. T3ven'in the 
main valleys of the Cl~i t inn,  of the Copper just north of Tarill, and 
of the lower half of the Hatsina, the rock floors were not flat, but 
presented roDing snrfnces, for to-day thcrc nre considerable hills of 
hard b d  rock standing almve the more lcvcl unconaolidat~d Plei.sto- 
cene depmits that surround them, like island~i in n body of wnter. 
The general attitude of these bed-rocl; idnnds indicntes thnt the p e -  
Pleistocene grade of the Chitinu. Yalloy mns not ns stccp from the 
head to its mouth as it is to-dny, for the arem of the older bed-rock 
surface exposed above the unconsolidated deposits arc of consider- 
abla extent near the rno~lth of the Chitina, nnd nre Iem expow1 up 
its valley, where they are more deeply buried by thc gravel ancl aro 
only shown where the main stream and its larger tributnrics have 
cut through the nnconsolitlateci sedirnente. 

The work of Pleistocene time wns the; filling of these ralleps by 
vast quantities of poorly sorted material eroded by icc and ~*~utcr 
from the mountains that surround them. The old dr~inage  of the 
valleys was overwhelmed by an invasion of g1:lacirl ice, and erosion 
and deposition by this ice and its attendant strenrns left the surface 
almost as we see it to-dny. These nnwnmlidatocl: deposits nre the 
evidence that tell of Pleistocene time and its activities 

B~osiola and depositiom d ~ c ~ i n g  PIektcreena and Recen,l f ;m~.-T?le 
Pleistocene and Reeent geology of this region is probably brought 
most conspictlousIy to our not ice by its unconsalidatcd deposits, but 
the erosional effects are a h  marked. The character and esterit of 
I l ~ e  deposits are. a direct msult of the character and extent of the 
drainrtge of that time, and these were dependent on the charncter of 
the precipitation. It is noL necessary to suppose a larger srrpply of 
moisture nr a greatly different climate from thnt of to-day, but tho 
form nf precipitation must hare been such as to give a great incrense 
in the development of- the snow fielcls that fed the pIaciers and their 
stmama A g r e ~ t  change in the charnclter of the drainage appears to 
hnve come over the repon at the beginning of Pleistocene time. 
This change involved IE marked development of glaciers and their 
attendant streams, topther with the gwater rapidity of erosion and 
more active transportation of rock material that accompanies such 
phenomena. The growth of this kind of drainnge seems to have 
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been rapid, until it finally dominated the whole area of the Copper- 
Chitina region. It apparently hsd various stages of ~dvance to its 
maximam extent snd then stages of decrease to  its present condition. 
The p.wsent character and extent of glaciation Is well shown on the 
map. The detailed stages of its advance have been larffply obliter- 
ated by its retreat, but the evidences of its greatest development are 
stiIl distinct, and a detailed study no doubt rvould bring rmt much of 
the history of that period. 

Chitinn Valley appears to have been occupied by a g e p t  valley 
glacier, and its tributaries, especially the hliaina, Kennicott, Lakina, 
find Kuskulana valleys--the principal feeders of the master ice dmnm 
nn the north-were nlso filled by ice streams that united in the great 
Chitinra. Glacier. In addition there were smaller glnciew flowing 
into the Chitina from the south. The glaciers from the bead of 
Kotsina Valley, together with the Klvvesna and h n g  gluciers from 
Moufft TVrangell, united with each other end their combined ice 
dream extended at lesst to the point where the ralley opens out into 
Copper River bnsin. Thns it will be seen that this region at some 
t inle drrring the Pleistocene was practically hidden under snow and 
glacial ire. Only the higher moimtain ridges pmtrudd above it, y ~ t  
even tli~se were the gathering phtc~s for snow that fed the glaciers 
below. As the ice streams moved slowly, br~t powe&llp, down their 
confining valleys, tIley mere loaded with ~ a s t  quantities of rock ma- 
t~rial which they carried with them to the Tower level. 1 .10~  long 
ihe maximum extent of the ice invasion was maintained i s  not h o r n ,  
but when the glacielr; had reached their greatest development and 
their increase was stopped by the lack of su6cient mow a t  their 
sources tn balance the waste by melting at their lower levels, their 
retreat bcgan. As the melting proceeded and the lower limits of 
the ~lnciers withdrew dp the valleys, a p e a t  qnsntity of morainal 
lnaterial was d~rrnperl fin the va l l~y  flmw and the water h m  melt- 
ing ice spread this heteropnmtts amrtment of m k  material over 
[he valley Rood plnins, l p f t  bnre by the meding glaciers, thus fom- 
ing the vallep-plain depsita aEm& as f hey are m n  to-day. Melting 
of the ice did not pmceed nt a uniform mte, nor was it a continuous 
ct~urse of recession. There were intervals when melting was not so 
rapid, and then teminnl moraines were la id down which the ,-ms 
issuing from the ire fmnt were 11nah1e to spread otrt in a uniform 
manner. There wpm t i m ~  also when the ice readvanced over areas 
it had formerly mtcnpid and !aid clown ti11 s k t s  nf p a t e r  or less 

' extent on the llnconsnlid~ted partly mrterl sediments+ Terminal 
moraine heaps twday mcupy considerable meas in the, valley plains 
nhd mark positions of hnlting in the recession of the glaciers to their 
present positions Till deposits alw occur on top of d imenta  that 
were lair1 clown in h l i a  of quiet water after the fimt retreat of the 
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im, in order to m u p - y  their prpsent positions in relation to the d i -  
ments they overlie, they mud  hmve lwrn formed lly n readvancement 
of the icec. 

Chariwter of ofhe ~taUey-plain dcpm'h.-The nnconsolidated de- 
paitv Iaid down during the m i o n  of the ice are of v~rious kinds. 
1I7ith fe\v exwptienq thcy nre 1111 wdiments of prononncpd glacial 
'character rtnd p m n t  all the pit variety nf phases of st~ch d e p i -  
lion, frorh the ~~nmrted 1norafnt11 r l ~ r n ~ p ~  nf hwlders,  with nlanp * 

angular blocks, to pnrtially .sort4 coM~lc I d s ,  regularly armngw1 
gravels, and coarse cmq-beclderl sands, nnd in many places consider- 
able areas of typical lacl~strinr miimsnts consisting of fine sands nnd 
siIts 3lendenhaIE a has dewribctl tho chnracter of t h e  deposits in 
the Copper River Valley, nnrF !\in description sppliea also to tlnir 
continuation in the Chitinn R i v ~ r  valley: 

Snch d+ta IIW pypr~~mlly.aeporutml lnro 11) ntrnttfl~d ar assorted drift, 
and (2) nnsttat1Red ur omnmrtal drift, the Rrst bnvlng been InlA down iinder 
the inflowce of water, nnll het1t.r ~1 inwVn~ n mote or lm mtmtlHerl condltlnli, , 
whlle Xbe ~emnd. deymaftPd dlt-wtly fmm the im. conslats of betero~enrrra~~ rlR- 

gregates of m a w  nnd dnp nlntrrlals without evident rnnrlt~ at atratlflc~tlan. ' 

The two t m m ~  ore nnt nlwsys m d l l y  nelmrnble, nor nre thrlr r ~ l t ~ t l v e   PI- 
tians nlways the mmp, ~ l t l w r  one cnrorrlilz nlp?rmmt, ontl not rlirely they 
alternate wlth pnch n t h ~ r  WPPPPJI~ times Iwtweei~  the ~ n r f n w  nnA thp hotton! 
of the drlit. 

The gre~ter part of tho deposits that fill the vnllep do not sham 
the characteristics of p v r l  nnd sand laid down in standing water: 
Their deposition waA g o v ~ r n ~ d  by mom or Im Iml conditions of 
glacial and &ream transportation and depition,  nnd thew condi- 
tions ench had its partic~rlnr featt~res in diflemnt localities that. 
chanmd mpidly from time to time. On the whole, the peculiarities 
af d~porrition were a rapirl dumping of mat~rial,  rntrrh of which waa 
roam, into the ample v~ l l ey  basins, ~ n r l  a viprolrtl fluriatile grading 
of t h w  materials in the lower arens of the vaHcy!v~. Rnch tributsry 
vaIley furnished an amount of material comrnrns!lmtr! with its size 
and the ability of its s t re~m to tmnsport rnsterial o ~ i t  into the larger 
ralleps, where the combined rlminap net sprent] nilt and p d e d  it 
d l  into more eren surfaces but was i n ~ d q u n t e  to do the work of dis- 
tributing it in uniform stratified r l e v i t n  of any mnsiderrrble extent, 
as might have b n  done i f  t 1 1 ~  dtposit ion had heen dominated by a 
I sre  My of water, m~ch as a Inkt-. 

There are, ne~ertheless, lac~~strina d e w i t s  consisting of fine h t i -  
fied sediment- occupying more or le* rwtricted areas throupho~lt 
the valley drift deposits, which ~ h o m  Chat local hkes  of g m ~ t ~ r  or 
less extent existed in the main vnllqva, w h i l ~  t h ~  dreams of tributary 
raUq% were contributing t h ~ i t  rlepmita of lietempneoua material. -- 

mUmdmhlslt. FP. C.. QfoEollp Of the WntFal Cnpprr Rlter region, Alastra: Pmt. P n p r  
GG S. Geol. R i m y  hb. 41. 1W5. pp. 01-74. 
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Tha outflow of andesitic lava indicated soutI~west of Mount Wran- 
gel1 on the geologic map (PI. 11) occurred after s large part of the 
Pleistocene deposits had been laid down, as is shown by the fact that 
it overlies a considerable thickness of these sediments. This relation 
has been examined by Schrader and Spencer a along Chetmlha River. 
They also noted a deposit of fragmental volcanic material in the 
sediments directly nnderneath the lam, which they associate with 
this outburst of volcanic activity. This fragmental rnate'rial shows 
every appearance of having been ejected from craters in the form 
of bombs only s &ort time before the outflow of lava began. Frag- 
mental volcanic material of this fisture was observed by the present 
writers in the ;benches of Pleistocene sediments of the Kotsina Valley 
opposite the mouth of R,oaring Creek. At this locality there is no 
lava overlying the material, ht the bomb-lika fragments have a rough 
stratiform arrangement under about 20 feet of gravels and silts. 
The bombs at this localitg have a porous friable texture, and occur 
as rwghly spherical masses from a few inches to a foot or mara 
in diameter. 

After the outflow of lava had taken place the area was again o-rer- 
ridden by the glacier, as is shown by the fact ihat the surface of 
the lava has been smoothed by moving ice, and deposits of glacial 
dhbris lie upon it. 

ECONOXIC GZOLOOT-u 

GENERAL STATEMENT. 

The mineral resources of the Chitina and the Kotsina River vaI- 
leys that are of present commercial interest are @Id, copper, and 
possibly coal. 

Gold has h m i n d  from the Nizina placers since 1602. As in 
many other placer regions, however, no records of the early produc- 
tion are avaiIabIe, and no attempt is here made to give even approxi- 
mate figures for the yield of gold in these- six years. Gold placer 
mining is now on a more firmly established basis than in the past, 
and d ~ u b t l ~  an increase in the yield of gold will be seen in the next 
few years Possibly this yield may be increased further by an ex- 
tension of the producing area as the conditions for economical min- 
ing grow more favornble. 

Copper, k u s e  of the high price of that metal from 1905 to 1907, 
has received much attention from prospectors and others interested 
in copper production, but this region haa not yet produced a pound 
af copper in a wmmercial way. 

The ma1 deposits of Chitha Valley are probably of only local 
interest. No coal csmparable in quality with the coal af Controller 

lchrader, F. C., and Spencer, k C.. ap. dt., p. 59. ' 
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Bay or Matanuska River has been found, yet, if obtainable in proper 
quantity, the Chitistone River. coal may have a small local demand. 

At present, then, the Kotsina-Chitina area has an actual production 
of gold and a prospedive pduct ion  of copper, but, without detract- 
ing in any way from the importance of its gold placers, it mny be 
a i d  that the f u t u r e  position of the region as as producer of mineral 
wealth may be determined in large part by the importance which its 
copper deposits assame on cleveIopment. 
In this paper greater attention is given to the capper deposits. It 

is hoped that the fact4 observeil nrc presented irnpartiullp and in 
sncb a way as to give a proper idea of the type of ores occurring here 
arid of the p r o p s  in developing them since they were last visited 
by members of the Survey. Those seekking information in reprcl to 
the commercial value of the deposits described mny be disappointed 
in finding no definite statement in regax1 to values. It has become 
the established practice in the Alaskan investigations of the Geolog- 
ical Survey not to treat this subject, for it evidently falls within 
the province of the mining engineer who investigates a p ~ r t i c u l ~ l r  
property. In the short time available for their study it wot~ld ob- 
viously 6e impossible for the Survey p l o p i s t a  to sample the deposits 
visited, and it also appears unwise lo  p~~h l i sh  the rcstllts of ~ S S ~ Y S  

furnished by propertp owner*;, l m a ~ ~ s e  iit is not almnys possible to 
Iearn how a give11 sample was taken. It is ndn~itted that thc descrip- 
tions am in no wny exhaustive. This is necessarily m from tlre con- 
ditions under which the work was done. In thc first place the copper 
properties are all prospects and not deve1opet-I mines, The ores ex- 
nmined sre near the surfam and are expasd in &nllow open. cats 
or in short tunnels, so that there is  little data a t  hmd for determining 
the character of the ore in dcptll or for obtaining an accurate idcn 
of the form of the ore bodies. In tlre m n d  place time mas too 
short to m ~ k e  R thorough examination of all the pmperties in the 
region. A few pra4pects nTero not visited because their locations 
were not definitely kntmn, and in the absence of the omncrs either 
they were not found when enwhed for or it did not appear to b 
in accord with the b& interests of the work to spend time in Iookmg 
for them. 
T h e  omission of the name of a claim in the descriptions to  follow, 

the~efore, reflects in no way an the valuo of that clnim. On the+other 
hand, in a few indances whew there was more than the usual oppor- 
tunity for gtudying the ores it is possible that the more nearly cempJete 
descriptions of them mill mrlke, it a p p r  thnt they wen! considered 
to be of unusual promise or vnlee. These more detailed descriptions, 
however, are given in the hope that they may lead to a better under- 
standing of the copper deposit.9 by tho reader and enable him to draw 
his own conclusions respecting the character of the o m  Knowing 



the harm that ximetime4 is mused by prernatuse or hasty condusions 
the writers have endeavored to state facts rather than inferences 
in the h o p  that more detailed and thorough studies may be made 
in the futnrc. 

COPPER. 

THEI COPPER MINERAGS. 

Pwlimhaq etabma.tab.-The copper minerals most common in this 
region am not many. Those ameinted with the copper are even fewer. 
The copper deposits, therefore, so far as their mineralogy is con- 
cerned, am not complex, but it is diflicult with the data at hand to give 
an ot~tline of their history that is  f111ly satisfying. Copper was seen 
in greatest arnatint as chalcmite, bornite, and chalcopyrite. Ntttire 
copper shonld probnbly be mentioned after these. Malachite is tha 
most noticeable of nll the copper minerals. dznrite, cuprite, cha17 
eanthite, and tenorite occur locally. Calcite, quartz, and epidote are 
nssociates of the copper minerals in Borne places. 

Descriptions of ull  the minerals named Rre to be found in any 
book an mineralogy, but for the convenience of thorn who may nnt 
have stlch bonks at hand their chemical compmition end percentage 
of copper will be given in describing the copper minerals ss they 
occur in this regim. I 

NQ~~zW coppw.-hfative eopper is  fonnd in the Nilcolai p n a t o n e  
in many platres. It is believed to  be entirely of secondary origin, 
~ n d  occum most mrnonly either without quartz in the amygdnloiclnl . 
lavwflaws or accompanied by qrrnrtz, or quartz and epidote, in small 
veim or shattered portions of the lava flows. It appeam to prefer 
the r*mggdaloidal phass of the p n s t o n e  rather than the more 
compact beds mrch ari: the coarser  pain^? d i a h s e  lying immediately 
below the Chitislone limestone, pet nntive copper is found there 
also. IS takes the fom ( I )  of mal l  pa ins  and dugs fomed by 
ulteration or replac~ment, or deposited in cavities which. were either 
produced when the lavas solidifid, or else m l t d  later from sulu- 
tion, and (2) of thin wumplwl l e n r * ~  or films depmited along frac- 
tures reslilting from strains and movements in the rock. In places 
the coppei forms m a l l  lenticular veinlike rnasws, or it occurs as 

, a network of intersecting *rims almmi like the complex of quartz 
veins sometimes seen in a rtxlk that Zlsa lwen bwciated and rece- 
rnented, This last pha.9 is p~rticulnrly common where the copper* 
accompanied by quartz, has filled cavities in the country rack. When 
such a mixture of quarts nnd copper ia  truck with the hammer so 

- RS to shatter the more brittle quartz, it l e~ves  a cavernous ar sponge- 
like mass of copper. That the copper hss in some places filled open 
cavities seeme to be shown by the pmsenea of perfatly formed quartz 
crystala in it. In at least one place native; copper is Mricted to s 
pnrticabr lnva flow and is not wen in the Rows lying imrndiately 
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above and Lelow. At this  Iorality it is associated with a blnck 
g1ws-y amy@aloidal filling consisting of a mixture of copper oxide 
nnd carbonnceous matter. The copper is present as grains and films 
in the amygd~lles and also in the grwnstone. Na quartz was seen 
here, but it was reported that a ma% of copper md quartz weighing 
CiO pounds was taken from at1 outcrop only 400 or 500 feet diatant. 
This is the largest piece of nntivo copper found in plnw reported to 
the writer. 

Native copper is found in tho pnvels of everal strenms, such as 
Xugget, Dnn, nnd Chititi1 cre~lcs. Thc Inr* piem get, discovered 
is on Nugget Creelc It i s  cstimnt~d to weigh bctmeen 2 nnd 3 tons. 
Native copper is common in the g r a r v l ~  of Tlnn and CI~ititn creeks, 
the pieces mnghg in size from srnnll p i n s  to maws of 300 pounds 
weight. The copper is all more or l ~ s s  r o ~ ~ n d c d  and some of the 
pi- rmume most fant~stic shnpes. N ~ t i v e  copper and nati~iz silver 
c q s h l I i ~ ~ d  together in the same nspget arc? not unmmmon. n 
mk the placer copper is nearly frm frum quartz, but is considemblp 
oxidized, and some pieces when broken are found to be spnm or 
cavernous. Nitive mppr was not seen in the Chitjstone limestone. 

.Cupre'te.-The dark-red oxide of copper, cuprite. (Cu,O, S8.R per 
cent copper), is found in the Chit ina rcgian, whew native copper is 
found, and usually does not occur without it. It is diffict~lt or perhaps 
irnpmible to determine whether the native copper resnltn frnm thc 
rwh~ction of the cnprite or the ct~prite from tho oxidation nf the 
copper. Probably both chanw take place. Cuprite is not known 
in the Kotsina-Chitina country in qnantitim sufficient to mnlre it of 
ralt~e as an ore. Manp of the p k e r  coppPr nuggets s110w littlc 
crystrll~ of cuprite when the o x i d i d  mls is bmken from the ~l~~rfnm. 
Caprite is also seen ns little ml specIcs in copper-bearing grecnstene 
or on thc native coppi- in the greenstone. 

Tmn"te.-The black oxide of copper (CuO, 79.8 per cent coppe~), 
tenorite or mclaconite, is of rare occurrence in this region. Together 
with a cerhin amwnt of mrbonaceous meterial it forms a black, 
glassy or minous filIing of cavities in some of the amygdaloidal la VR 
 flow^. It also was found in one place in amciation with the q ~ ~ n r t z  
nf R small vein filling. 

Chlcodtt3.-The cuprous sulphide, chalcacite, frequently called 
m p p r  glance (Ca,S, 79.9 per ccnt copper), forms the most valnnble . 
of the known csppr deposits of Chitina Valley. It is found in the 
Ic'iknlai p n g t o n e  at  many places from Kotsiaa R i ~ e r  to the Chiti- 
stone, but its greateat  deposit^;  re in the CI~itistona firnestone. It, is 
more abundant in the eastern part of the field than the western. In 
the green~tone.it farms irregulnr lenticl~lar nnd veinlike bodies, re- 
placing the rock, or i~ di~iwminated through i t  in small particles, En 
places 'it is associated with epidote, Large masses of prsctically pure 
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chalaacite were formed in the Chitistone limestone by replacement of 
the original mck. It is unoxidized Bave for a thin film on the sur- 
face, and breaks with rt smooth, shining fracture, like stove polish. 
Both Izere and in the greenstone it rnky more probabIy be of wmndary 
origin, but from what original mineral it is derived is not known. 

Bam.it~~-On the whole, bornite (Cu,FeS,, 63.3 per cent copper) 
j, perhaps the most widespread capper mineral of the region. It is 
found in, the greenstone and in the limestone near the limestone-green- 
stone contnct, but it is much more common in the greensbne. The 
bornita uslrally occurs without accompanying minerah other than 
those of the altered grmnstone. It is alsa seen, however, accom- 
panied by calcite and A minor amount of quarte in ~e ins .  In the 
gr@en,4tant! it assumes practically t.he mrne form as does chalcocite, 
that is, it is disseminated in p i n s  through the rock or occum in it in 
irregular yeins or lenses. Sheared portions of the grenstone in 
places show a mixture of more or less replad countq rock and 
nearly pure bornite. Thin sections of the ore shorn that tho p n -  
stone, while it appears in the Eland specimen to b quite fresh, is never- 
theless highly altered nncl mntnins much secondary mlcite. In some 
thin sections the femomagnt?sian minerals nm pmct icnlly lacking- 
!I'he bornit~ is scatterpd through the rock in small p i n s  that are in 
places interprom with rhal~p~yrite.  This intergrowth of bonite 
nnd chaIcopprite cm a much larger scale is usunl in the vein deposits 
accompanied by a d c f t e  gangue. 

C h a k ~ p ~ t e l S o  far as proqmAhg has shown, chalcopyrit~ 
(CaFeS,, 34.6 per cent copper), is not an abundant copper mineral 
in tha region under discwsion, but it accompanies bornite in n g r e a t  
many places, forming an intimate intergrowth with it. It may not 
h distinguishable in a hand specimen, but many of the thin wctiana 
examined under the microscope shaw it to be present. Where chnI- 
copyrite nnd borriits are accompanied by calcite in vein deposits the 
two minerals crystallize in larger masses than in the greenstone, and 
with the white calcite back,p~~nd they form a handsome 01%. It 
is natural to expect that the rich sulphide deposits map have been 
derived from p r e r  pyritic a s ,  and proof of this was mught, but 
no conclusive evidence on this point was discovered. 

jKolacJl it.??.--The p n  copper c a r h a t e ,  malrtchita (Cu, (OR), 
CO,, 57.5 per cent copper}, forms a shin on the copper minerals and 
on the inclosing country rock wherever copper is found. In most 
places it is conspicu:uoua in a degree entirely out of proportion to 
the quantity of capper premnt and is apt to give one a greatly mag- 
gernted iden of tho deposit it marks. Malachite forms a p n  film 
that covers exposed surfaces of ore rand rock and penehtes dong  
joint planes and fractures wherever the copper-baring waters find 
an entranm Though it is the most widespmd and nuticable of . 
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all the copper minerals, it is not known to be present anywhere in 
the region in sufficient amount to make it of importance as an ore. 
In a few places it forms small deposits in broken limestone. Weed 
in describiflg this mineral says: '' Owing to its brilliant green color 
a very smdl amount will stain u, very large mount of rock or vein 
matter, or color thin and worthless incrustations or nodules of 
valueless material, so that it is difficult and, in fact, often impos- 
sible to form any accurate opinion of the ore from its external 
appearance." 

Aaurite.-The bIue carbonate of copper, azurite (Ch(O.H), 
(GO,) !, 55.3 per cent copper), is much less common in this part of 
the Copper River region than malachite. It is found chiefly in con- 
nection with deposits of chnlcocite in limestone, and in places is 
clearly an alteration product of the chalcocite. At the Bonanza 
mine wurite forms small veins or veinlets in joints or fractures 
of the limestone around thc boundaries of the main ore body. Some 
of the veins when broken show a core of chalcocite. Azurite also 
forms beautiful deep-blue crystals on the chalctlcite. On the whole, 
it may be said to be an uncommon mineral in this region and is 
rarely seen as an alteration product of tho ores in p n s t o n e  except 
where they are accompanied by calcita 

Cha7mnthit-e-The blue copper solphate, chalmnthite (Cu80, 
5-0, 25.5 per cent copper). was observed in a few places where 
water =ping from the copper-learing greenstone had evaporahd, 
leaving small crystals of the sulphate on tho rock surface. It is 
easily recognized by its appearance and acid hsta It is of no im- 
portanm as a copper are in this region. 

& ~ a s d  etcdant.-The capper ores of the region axe asaoci~ted 
with the Nikolai p n s t a n e  nnd the Chitidone limestone. Copper is 
widely distributed through the greenstone, but the largest and most 
valuable of the known deposits are in the limedone very close to the 
limestone-greenstone contact. Copper, however, was not seen in 
the Chitistono limestone 5t any considerable distance a h v e  the peen-  
stone; that is, the copper minerals found in the limestone can be 
shown in almost every instnnoc to  be near the base of the form~tiorl 
and consequently near the gresnstone. A.ll of the important known 
deposits in l imdone are in the enstern part of the district. The de- 
posits in greenstone, an the other hand, do not appear to be more 
developed in one Iocality than in ttnother. 
The copper ores may be referred to one of the thre~ fallowing 

classes: (I) Copper and capper-iron stllphidGs associated (a)  with 

Weed, W, H., The copper mines oi the world, p. 30. 
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greenstone and ( b )  vith limekine ; (2 )  native copper associated with 
greenstone; (5) plawr coppet. 

On the bmis of form the first clam, and to a mrtain extent the 
second also, may be divided into (1) vein deposits and (2) d e p i t s  
of irregular shape to which the nnme "bnnch clepoaits" has k n  
applied. Under veins are inclatl~d the depoaib o f  tabvlnr form. 
In nearly all places obwrv~d they nre clesrly nssoci~ted with fnnl t 
plane or shear aoncq, and are nccomp~nia(Z I)? tha vein minerela 
calcite and quartz, with epidote also present in some places, Ore 
b d i m  of this nature wpprmch mow I I P R ~ I ~  to tlw gwrnetric form 
commonly awribad to " figsure veins." 

Regnlarity and definiteness of outline, however, are not character- 
istic of the Kotsina-Chitintl ore bodies. In by far  the pre~ter num- 
ber of places they have an irregnlar f o m  that Mendenhall ham 
described under the term "bunch depo~its."~ This tern1 is not cn- 
tirely satisfactory, but it probably describes as clmly IIR any onn 
word the form of ore body most common in the Kotsina-Chitinr~ 
meion.' It d m  not nec~.ssarily imply a maas of ore corn@ of 
copper minerals done, since most of the ore bdim to which the kern 
might Iw! nppljed are not such ma-, but it does SUE@ an approacl~ 
to something like equality in the dimensions of tb ore-hasing rock 
maw, and espciaFly i t  mnveps an  idea of ~eparntion of one 'bod? 
from of her bodies. 

It has almdp h e n  pointed out that faulting is common in the 
rocks of the ITran~11 hlonnhins Some of the faults are of p a t  
displawment, but most of them  re small. Crashing and #hearing 
are slightly diffefent expwions  of the same disturbancm thnt 
pmrlnc~ thp faulting. O p n i n m  prodnced in this way have givcln 
nppostl~nitp far ~ x t  ensivr circulat ion of waters that carried ancl 
d~posited coppr rnin~mln Most of the channels must have hwn 
exmdin~l.lp vnriablc in f am and diredim, because regularly former1 
and clear-cut veins are w rare in the region. This is particularlp 
true of om W i e s  in the wnstone .  

Copper mlp &podla in pm8tom and ?imelone.-The capper 
ares in p n s t o n e  are prenitinply brnite with m a l l e ~  arnonnt~ of 
c-halcopyrite, chaleocit~. and native copper in approaimatelp th~l 
order given. In limestone the ores are chrlewite, bornite, and chal- 
mp+w!te, Tho snrf~ce oxidation prodr~ct in greendona areas is 
malachite. In limestone azurite is common as an oxidetion p d u c t ,  
but perhap no mom, aht~ndant than malachite. 
Capper ares in the penstone are composed in many plaeas of 

mnntrp rocks and mpper minerale without ncxompanying vein min- 
erals. The copper sulphides occur in shear 7nnm or in jointed and 
- -  - 

MmleahuI. W. C, QwFm at  tht central Copper ryflun, AlrmLr: Pmf. R p r  U. % . 
GeoE. Rnrvey No, 41. 1906, p. 42. 



OCCURRENCE OF THE ORES. 49 

shattered portions of the rmk; they fill fracture in the mck and 
also occur as n replammmt of it. As has been stated, 'bornite is the 
most common copper mineral in the penstone, but chalcopyrite is 
pmbabiy always present wit11 it. All the thin wctions of hrni te  
ore examined showed chalcopyrite in smnlt amount. Tn same of the 
calcite vein deposits chalcopyrite is nearly, if not quite, ns nbundarlt 

bornite. CElalcociie is s e n  in the penstone in some plilces arctml- 

panying or ticcompanied by hrnite, or by hrnite and clralcopyrite, 
a relation suggesting the deritation of the cl~ulcocite from the poorer 
sulphides. il careful examinntion of the ores in peenstone is usunlly 
necessary to determine the limit of i~npregnation, which is nnt marked. 
by any definite boundary, the replacement becoming gradually lew 
with increasing distanca from the center of in~prepation. In lime- 
stone areas, on the other hnnd, the transition fmnl ore minerals to 
country m k  is more abrupt and the boundary sudace is more 
easily determined. Unfo~tunately deposits in limestone appear to 
be 1- numerous than tho* in gmenstone. The large size of the 
chalcocite bodies in limestone and their comparative freedom from 
included fragments of tllc country YOC~C, mch as are always prewnt 
in the p n s t o n e  ores, is probably due to the pnter solubility of the 
Iimeslone. There is n possibility ~ l s o  thnt some chemical quality of 
the l imdone p v e  i t  p n t e r  pr~cipitrating power than mas pwssetl 
by the pens tone  ancl matle it 11 mure favornble pIlrce for dppnsition 
of copper rninernh from solution. This, however, i s  offered merely 
as suaption, for i t  can not be proved with our present knowled~c 
of tho conditions during ore depmition. 

Where copper n~inerals are associated with pngue  min~rnls i l l  

veins the gallgue is chiefly calcite, but is lrsually nccompnni~d l?y a 
small rrnoi~nt of quartz. One of the strikinp featr~ses of the copper 
depqits th lm~~ghout  the region is the snmi t y of r ~ u ~ ~ r t x  accompnnying 
them. Veins uf quartz s ~ l r l  epidote are of 1mP in~prtnace ,  but on 
the whole calcite is the prevailing vein rninernl. Veins nnd stringers 
of calcite, ns well as smaI1 grains of that mineral, nre found throu~11- 
a t ~ i  the censtone,  but are morc ahundnnt ncsr tlre Cop. I'nrt of the 
calcitr: may hare been derived fmm the overlying limestone, but n 
m n d  scurce of calcite is the basic feldspar in the greenstone. dI1 
the thin sections of ore in p ~ c n s t o n e  sllnw n mlt more or lem d m m -  
p o ~ ~ d  in which ,secondnry calcita is mrnmon. Althotigl~ it w u l d  br 
diEcult or impossible to prore that the cnleite in n ptarticrrlnr case 
was not in trodud from other so~~sces thrtn the peenstone, the pas 
sibility that some af it has that ori~n is to be considered. SQ far 
as could be determined at the expoattres, the veins of this kind that 
were examined nw subject to rapid ch~nges  in thickness from place 
to place, Few of then1 were traced far any considerable distancr. 
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This statement, h o w c ~ ~ r ,  is not to be-interpr~ted as implying that 
they do not so continue. At ~eveml  lmlitics variation in the thick- 

* ness of the veins is plninlp due to faulting Inter than the ore deposi- 
tion and oblique to the  veins. Slight mnwrnentq along such faults 
may either increase the thicknms of the vein or diminish it nccording 
to the direction of tllc rnov~menl. 1 t is perhaps safe to say that the 
effects of faulting will be one of the difficulties encounted in mining 
in this region. 

fitP've e o p p t  mao&ted with tha greemtane-Native copper is 
a m i a k d  with amygdrloirl~l phn9e.s of the Nikolai penstone and is 
also found sct.ompanicr2 by quartz or by qunrtr, and epidote in veins 
cutting the p n s t o n c .  Most commonly il occurs ns p i n s  and small 
slugs in the a m y g d t i l ~  nnd disseminntcd through the greenstone and 
as  films or leaves ntid snlull vcinleta cutting tile greenstone. Tabular 
mas= deposited in joint planes also occur ~ n d  without much doubt 
indicate tho may in which the l u r p  ma* of nutjrc copper on Nugpt 
Creek mas formed, Such mams were not w n  in place i n   chitin^ 
VaIley, hut they hare Imn found ellst of SkoEai Pass :scar the head of 
White Rivcr. In a few placcs native copper occllra in amggdatoidal 
wcnstone in asmintion with 8 mixture of mppr oxide and car- 
E,onnceons mntter filling the cnritim of the lam. 3Z~ch of the nativp: 
copper is probably wcond~rp anti is thoupht, to I ~ I - c  resulted from 
tbc reduction of prerior~ply d ~ p i t e d  slilphid~s or oxides, ' T h a t  
part, if any, is primarp is e question which i t  is difticult to nnsraer. 

PEdm ropper.<opper is prcwnt in stream and bench p.t.avela in 
a number of l d i t i e s ,  particularly on Chitittr, Dan, and Nugget 
m k s ,  It is found in pieces mnging from 111s gin- of shot to mnsw 
weiphing hundreds of pound4 or even sevpml tona, K ~ t i v e  sijver 
accompanies the copper, either in nnggets of silver only or united 
with the copper in the same nugget, showing that the solutions de- 
positing the mpper carried silver as well. The mom nf tht. two 
metals is not definitely known, but tha native copper depmitrr in the 
greenstone g re nnturally suggested as a place from which they are 
most probably derived. 

ROWRCE AND CHARACTER OF THE C O P m  DERWlI'IW. 

The wide didribntien of copper minerala thronghont the NikoIai 
preenstone leads to t h ~  belief that the copper has lwen derived from 
the preendone and ow- its p m n t  concentration to the action of 
cireulntin~ waters. Yo widenre at  hand warrants either affirming 
or denping a mom deep-seater1 murce for =me of the copper-bring 
solutions. hrlt the weight of evidence is in favor of a local soure for 
the copper. 
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The ormrrence appears simila~ in this lbespect to that of the Lake 
Superior copper deposits, in accounting for which Van Hise says : 
In this reglon the only IocaIlty at which the ore hna been found in paylug 

quantltles is at Ktrweenaw Point, and the prodnctl~e district 1s at preaent con- 
fined to a very small area about C;klnmet n l ~ d  laughton. Wotwlthstandjng this 
fact, there i~ 8~~rcely a locality In the I ~ k e  Superior re#lon w h a e  the Iiewee- 
nawan bask lava8 occur in which smoll amounts of copper nre not found. 
Alma& wery poroua nrnygd;d~10id shows flnlces of It. In mnny lmlltles it in Ro 

abundant that extensive exploration h:is beeti nnrlertxkw~ with the hope of 
fi~ldlng ore W l e s ,  as, for instar~ca in 1)ouglaa Cqbunw, Wia, Isle Royal, and 
MamaEnse. But a11 thew explornt!o~~a b n ~ e  resi~ltd in failure. To me t h e  
aImost anlveml ahtawfatlon of sun11 quanilties of copper with me Kemeena- 
wan lavas is the mrmt conclualre e~idence thnt these Inras are the Bource of 
the metal. 

It is a noteworthy f a c t  that the Kotsina-Chitinlt region has been 
one of considerable volcanic act,ivity since the time when the Nikolai 
greenstone was poured out, ns is shown by the  lnrge amount of 
igneous rocks present-porphyritic intrusives, Tertiary volcanics, and 
Recent andesita flows. Steam issues f r ~ m  Mount TVrangell at the 
present time. It m m s  that the presence of such heated rock masses 
must have -greatly promoted the circulntion and mlvent power of 
water in the rmlrs, whatever the source of that water may have been. 
The formation of ore bodies would a p p r  to be d ~ ~ e  to the migration 
of copper minerals laken into solubiion and redeposited in more con- 
centrated form in favowble lmtions by water circulating through 
the gmngtone. 

The study of ore deposits in many other pl~ces has shown that in 
typical examples the character of the ore is not uniform from tho sur- 
face ta the lowest parts of tbe deposit, but that om bodie~ may be 
divided into three zones, each of which has its own characteristics but 
is not sharply separated from the one immediately above or below it. 
These three zones are the upper zone of oxidized ore, the zone of en- ' 
riched sulphides, and the lower 7mne of una1tered wlphides. In at- 
tempting to divide the copper deposits of the Kotsina-Chitina region, 
according to this arrangctnent, it is immediately seen that they do 
not fully correspond wit11 the ideal case. There: is no zone of oxidized 
ore in the deposits of this region, such as is commonly wen in many 
0tht.r districts. Oxidation produds in nearly evety instance are mn- 
fined to a thin film on exposed ore surfaces o r  along fracture planes 
in ore that has not been exposed directly to weathering or in fractures 
in country m k  adjacent So ore. This absence of an oxidized zone is 
general throughout most of Alaska, and is due to climatic mnditions. 
Many of the large masses of copper minerals have been exposed di- 
rectly to the weather for s long perid of years, but the mechanical 
breaking down of the ore body and inclosing rock has kept pace with 

.Van Rtse, C. %., A treatlw on metamorphiw : Yon, U, S. Geol. Burvey, wl. 47. 1904, 
p. IlOB. 
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or has exceeded the rate of chemical alteration. The talus slopes on 
both sides of the ridge at the Bonanza mine conbin a large amount 
of unaltered chalcocite fragments derived from the outcrops of the 
ore body a b v a  Float ore is p-nt in streams, and either shows 
nothing but a thin surface alteration or is practically fresh. 
It is desimble to dete'rmine, if possible, to which of the two lower 

zones the present ore bcdies belong, whether they were deposited in 
their p m n t  f o m ,  nlid nre therefore primary ore bodies, or whether 
they hare resulted from altemtjon and enrichment of previously 
existing ore b o d i ~ ,  and arc therefare mondary. This question i s  
of importance because it will help in forming rn opinion of the 
chamter of the om bodies that may be fomd at depth If those 
now expmd are &own to be mondary enriched ores, then it may 
be expected that the deeper ores will be leaner. If on t.he other hand 
they art, primary, there is no mason to suppose that the deeper ores 
may not bs as rich as those a t  the mrmrhee. To answer this qudion 
with confidence would q u i r e  more time and closer study than it 
was pomible to give. No deep workings have Geen made, and there 
19 no evidenm from &at muroe conce&ing the probable character 
of the ore at  depth. 

It b neverthelm desirable to state such facts M throw any light 
an t h e  problem. From studies of many ore deposits it is h o r n  
that the gronnd-water level is an i m p r b n t  factor in the considera- 
tion of veins whose original material has been rndified by the action 
of surf- water. Above the water table the vein, as well as the 
001mtry mb, are most rapidly affected by the ordinary promses 
of d a y ,  and material is taken into solution by circalating water to 
be brought to the surface or b h carried downward and redepited. 
By sue11 mlution and redeposition an enrichment of the lower part 

- of a vein map tske place. Such enrichment has hean found to be 
mare or Ies closeIp connected with the ground-water level and to a 
d i n  e h n t  gives p u n d  for the belief ~ n e r a l l y  held that the 
richness of ore deposits increases with depth, The depth at which 
ground water is encountered varies in different districts nnd localitiax 
In some regions it is found near the surf ace ; in others it is not 
encounted until a, great depth has been reached. From the ovi- 
dence at hand it appears that the ground-wa~x love1 in the region 
under discussion is near the surface in most places and in mRny 
places reaches it. Furthermore, mechanical .breaking down of the 
ores and wuntry rock i s  so rapid at prmnt as ta prevent the; forma- 
tion of an oxidized mne, and consequently of an enriched zm& It 
themfore seems improbable that secondary ores are forming or have 
formed under present conditions, but it is still possible that the orerr 
may b bendary ores formed in a previous cycle when conditions 
were different from what they are now. 
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Them are R ~lurnb,r of facts that mv be stated as having soma 
bearing on the M m m q  or secondary c h ~ ~ a c t e r  of the The evi- 
dence, howeaer, is for the most part of a. negative rather than R posi- 
tive character and is cotwquentlp more or less nnruttisfactnry. All 
of the o m  under discussion that a m  of possible economic vulue are 
sebbndary in the sense that they are conmntmt.ions fmm coppr dis- 
seminated thmugb the peenstone, p(~Sib1p in the form of orle of the 
two s u l p h i d ~  just mentioned or contained in some of the constituent 
minerals resulting on mnsrrlirlatim of the rnapn.  CIarke a in dis- 
cussing the mlntions of the several sulphide rt~inemls of copper h s ~  
stated that " chalmpprite snd hrnite ant pmhablp the primary eom- 
pounds h r n  which the others in most c a m  am derived, nnd they 
h a v ~  h repeatedly identifi~l as of magmatic origin.'' It is, how- 
ever, the primary or mwdarpl character o f  the ore I d i e s  themselves, 
irrespedivo of their original mum, that is under diwnsion, and the 
following ataknents have reference to this question : 

(1 )  All ther copper sulphides that h n ~ e  k n  dewrihed are h o w  
to m r  as primary minenls in o m ,  and the fact that R given am 
is cmpased of bornite or chsleocite is not nec3essarily evidence of its 
samndar.y chamcter. 

(23 The a k n c e  of the le~ner m i l p h i d ~ h ~ l m p y r i t ~  and bor- 
nite--in S U C ~ I  chalcocite deposits a% that of the nonanza mine might 
be mconsid~rpd as pr~sr~mptive evid~nm that the chalooeite maa depos- 
ited primarily as such and not secondarily by the alteration and 
enrichment of an earlier ore body. 

( 5 )  In considering the ores in greenstone it should he stated that, 
while bomite ia the prevailing copper mineral and in many places 
chalcopyrite may not h distinguished by the eye, alone, yet nmrlp a11 
of the thin sections examined zmder the microscope show it to be 
present either i n t e r p w n  with bornite or wrroundcd by it. This i s  
true of both vein arrd " bunch deposits " and sug-s an alteration of 
primary chalcopyrite to brnite RS being mare probable than a simul- 
taneous dewition of the two minerals. 

(4)  Chnlcocite, although it  is held to h primary in ROm6 lourlities, 
is l~srially considered a s e ~ o n d ~ w  mineral. In the Bonanzn ore body 
chalcocite is practically the onlg m i n e d  in the limestone. Keithcr 
chalcop-mite nor hrnite was fowned in the ore. Yet immediately be- 
low the conk& in the same shear zone brnite, chalcocite, and nntiw 
copper are present in m a l l  amounts. If the sul phidm in the p m n -  
stone are secondary, it appears more probable that the ore in 1 irnvstone 
is secondaq also. 
(5) '' Xative copper is commonly, if not always, 5 sorondny min- 

eml, kither deposited from mlutian or formed by the rduct.ion of 
wrme solid compounds." 

* Clrrke, F. W.. Tbe dktd d gewhemlstry : 8~11. U. & Oeol. f l u m y  KO. 9 R 4  lBOt3. p. 6M. 
'Idem. p. 6M. 
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If tbw facts are considered in the light of experience in &her 
regions, they appear to favor a w n d a r y  rather than a primary 
character for the sulpkide ores in greenstone, but they learn still 
greater doubt concerning the chalcocik deposits in limestone. No 
reason was discovered why any of the ore bdies examined should 
increase in richness and value with depth through any other muse 
than by an incream in the siza of the ore body. It is bslieved that 
the surface indications in most places give n, fair idea of the maxi- 
mum richness of the deposits in so far as that richness depenh on 
the character of the copper minerds resulting either from enrich- 
ment or from oxidation and removal in solution of minerals in the 
upper part of the ore bodies+ 

DESCRIPTION OF PROPERTIES. 

Copper prospecting in the Chitina region is c a m i d  on from a, few 
central localities, nf which those receceiving most attention are Kotsina 
River (including EIIiott Creek), Kuskulana River, Kennicott River, 
and Chitistone River. These centers are named from west to east, in 
the order in which they were visited, and the prospects wil l  be de- 
scllribed in the same way. 

Kotsina River receives a Iarge part of its water from snow fields 
and glaciers on the southern slaps of Mount Wrangell and joins 
Copper River 2 miles above the Chitina. Much of the; drainage area 
is occupied by Nikolni greenstone, but the limestone, shaleq tbnd con- 
glomerate are al present. Prospecting is most actively carried on 
in the upper part af the basin and on Elliott Creek. The upper 
tributaries include Peacock, Surprise, Roaring? Ames, Rock, Klu- 
vesntt, and Copper creeks. No work has been done here which can 
properly be caIIerI mine development, RS there is no place where s&- 
cient work has been done to demonstrate the presence of a mine. 

PractiraIly the only prospecting on the Kotsina itaelf is that done 
by the Great Rorthern Development Company. This company i~ the 
largest one carrying on operations on the ICotsina, to which, however, 
its i r i t e d s  are not confined. The headquarters of this company 
are on the Kotsinn B i ~ w  at. the matrth of R o ~ r h g  Creek, and its 
equipment includes a sa,vrniU and telephone connection with the 
government telegraph line at Tonsina. Probably 100 men mere em- 
ployed during the summer, The prospects on the river include five 
short tunneb, the nearest of which is about one-half mile below the 
camp. They are within a short distance of one another on the south 
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side of the river and almost on the smie lewl with its broad gra-r~el 
floor. None of these tunuels had been driven farther than 20 feet 
in August, 1907. At the fist tunnel a porphyritic dike 10 feet thick 
cuts a fine-pained greenstone. Its course is N. 30' W. and it is 
bounded ou both sides by fault planes A little copper-bearing 
pyrite was deposited along the faults in the fractured rock. At the 
second tunnel, a few hundred feet to tho west, a quartz vein varying 
from 4 to 6 inches in thclmess contained a little copper pyrite. The 
vein has a strike S. 50" Mr. s nrl cuts the. geenstone in a perpendicular 
direction. At the othw three tunnels a, little pyrite is present in the 
greenstone, and its oxidation gave the bmm stain by which the 
tunnels were lccated. 

AMPS CREEK. 

Ames Creek is the first stream below Roaring Creek on the south 
side of Katsina River. It is a small stream in a hanging valley and 
Like nearly all the hibutarks of this river owes t,lm broad round 
crow section of its valley to the work of glacial ice. The copper pros- 
pects include three tunnels, ihe property of the Grent Northern 
Development Company, known ns tltnnels 0, 7, and 8. 

Tr~nnel fi is on the west side of Ames Creek, 1,400 feet above its 
mouth. Early in Augnd, 1907. it hnd been driven 50 feet in a south- 
w-rly direction in frown slide rock from th.he hill sbovo. Country 
rock in place had not been reached. About 100 fee t  above the tunnel 
rt little pyrite is seen in a dense, hard, faulted greenstone. 
On the east side of Ames Creek, $0 feet higher than C m ~ l  6, is 

tunnel 7, which runs N. 30" E. for 70 feet through loose aIide rock 
beforo reaching the undisturbed grwnstone, which bere is fine , , 

p i n e d  and stained with iron from the oxidation of pyrite. 
Tunnel 8 ia alm on the enst side of i h e s  Creek, one-fourth mile 

south of tunnel 7. It has bcen driven for 30 feet in amygdaloidal 
greenstone, but no oopper h ~ s  l)mn foi~nd. 

ROCK CBE6K. 

Rock Creek is one of thc largest southern branches of the Robina 
and heuds against Strclnn mil n'ugpt creeks, tribntaries of Knsku- 
lana River. A horse trail crosses the divide from Rock Creek to StreIna 
Creek and is the shortest route from upper Kotsina River to Chitima 
Vxll~y.  Active prospecting way confined to Time Creek, a tribut.ary 
of Rock Creek, wbich joins it from the east. The Warner prospect, 
at the m w t h  af Roclc Creek, which mas visited and doscrihd by 
Mendenhall in 1902, is now patented and no further work ,has been 
done on it. Lime Creek flaws near the limestone-greenstone contact, 
and the copper deposits, although mostly northsast of t,he creek on 
the opposite side from the southwestward-dipping limestone, are not 
far from it, The prospects are near the point where the Rock CreeIz 



t&il c m s  Lime Creek. h duly, 1907, a tunnel was being driven 
in the p n s t o n e  jtist lleloa the limestone, only a fern feet above the 
creek, but no ore had been found at  that time. 

Several hundred fect up the hill to thn northeast was a tunnel 20 
k t .  in depth in jointed greenstone. The principal copper mineral 
is bornite. n.hicfl m u m  in the greenstone RR lenws or irregular lumps 
that have rlinrnehm from one to ~eve:ral inch-. These patch-, as 
far aR the? p m n t  surface shows, appear to be unmnnected. Bornita 
alw w l i m  filling frnctrtres in the rmk and forming m a l l  lenticzll~r 
reins, but i t  appears principally in joint planes, on whose surfam 
it f o m ~  n veneer that in places is an eighth of an inch or more in 
thiclrnew. T h e  are m a l l  veins of calcite and quartz. 

A h o ~ ~ t  50 feet farther east is rn open cut showing similar rock 
and ore, althongh here the ore is in greater amount. The bonito 
orcurs in shmred greenstone, cut by small faults striking N. 85" E. 
~ n d  dipping 00" S., rind forma n lens-shaperl mas 2 2& thick. The 
p n s t o n e  has nearly been replaced by bornite. 

A t  11 point 200 fwt furth~r north and I00 fet hi&r is an open 
cut in t~mygdaloidt~l grcenstone. The cavitim are now filled with 
quartz or wi tEi n dark min~rnl .  possibly chlorite. Several faults with 
gouge nnd zones of c.nt~hwl rorEr rip to .I foot in t h i c k n m  cut tho 
gmnstone with B strik~ of N. 13' E, and a dip ranging from GO0 to 
70" E. A litrlo coppPr dain was wen along the cr1ish~(1 rock, bat na 
other copper rninemls aw p m n t ,  alrhoupll hornite is found in the 
slide rock rrenr by. 

BDABLNa C m R .  

Roaring Cmek is R mnthern trib~ttarp of Kotsintr River, which it 
joins R fihnrt, didanre above the  main camp. Tt hmds in s small 
glacier nrtd flows thro11g.h an open r r l l g  several bundrd feet higher 
t hnn the Isr~l of Kotaina River. The rount ry rock, except oee small 
limestone nrea on top of the ridge Letween Ronrinp Creek and Pea- 
m k  Creek. i s  p n s t o n e ,  Z~nt tllc pens ton^ in not of uniform char- 
acter, bnr slnty k l s  and hnd ,  f ine-pined,  cherty-looking beds are 
intermingled with amprdaloidal tlom*s. Most of the prospects nm in 
the upper part of the rn1lep. 

The Gwnt Sorthern Development Company has severel prmpects 
on lbarinp Creek, One of r h w  is larated on the muth 3ida of e 
small gulctb west of Roaring Creek nmr the camp known as camp 8, 
A tunrlel was started in gray and blsck rnottlecl sI&s nenr a f ~ u l t  
plant! which separates them from A preenstone mass. The strike of 
the s lab cleavage and of the fault plnne is thc same, No. 90" W., and 
the dip is steep. The tunnel in perp~ndicrllar to the strike. Them is 
some brown iron stain resulting fmm pyrite alteration, but no copper . 
ore had been found. 



Another tunnel was being started un the east side of Roaring Creek 
about half u mile above tlte tunnel just mentioned, but not enough 
work had been done to show the presi.nce of ore. A piece of peen -  
stone picked rrp near this plam contained .small particles of native 
='Tper- 

A h v e  camp 3, on the west side of Ronring Creek, a tunnel 60 feet 
long had been driven by the California-Alaska Mining and Devdop- 
ment Company, TItis tt~nnel i~ 2,600 feet shove the mouth of Row.- 
ing C m k  and st least 1,500 f e ~ t  above camp 3. T h e  country roclr ia 
greenstone, ~ n d  the ore consists of small calcite-quartz veins contain- 
ing native copper and azurite. In the slide rock in a little p l c h  a 
few feet north of this tunnel, but Rome distance below it, tl. nngget of 
native copper waa found, which was taken to Valdez and is reported 
to weigh about 800 pounda. 
The Kotsina Mining Cnmpany holds severnl claims on Roaring 

Creek. Among them are tho Skywraper and a s s ~ i a t e d  clrrims, 
1mrM near the smell limecrtone aren pr~vio~~s ly  mentioned. Several 
open cuts and short tunnels llave been mnrle, and in Jnly, 1907, the . 
company was stading s tunnel on an exposure of copper minerals 
8511 feet b l o w  the base of the limedone at  the northern end of tho 
n m .  This cut e x p o d  n lenticulnr ma= of chalcucita 6 inches thick 
and 3 feet long, ns s e n  on tbe face, lying horizontally in the rough, 
coarse-grained greenstone that ocrvrs i~~m-t~diatelp below the Chiti- 
stone limdone. Ira the vicinity nre  severrl p e ~ n d o n e  exposures in 
which chalcocite forms small patches or lenses. They am seemingly 
in no w q  related to one mother. 

Peacock Creek joins Robinn Rirer nhout 2  mil^ below the more 
southerly of the several larw glaciem f rorn which the river receives 
its water supply. There are two branches of the stream, one extend- 
ing toward the east and the other toward the southeast. The e~stern 
branch originates in a small glacier, ~ n d  the val l~y~i  of both brnnchw 
were formerly occnpied by glaciers. Greenstone is the co~mtry mck 
except for .the limestone mass on the ridpe between Roaring Creelc 
~ n d  the more southerly branch of Peacock Creek. Dilces of dioritc 
cut the. peenstone, probably apophyws of the diorito mass on the 
north side of Kotsins River. The copper prospects of Peacock Creek . 
are owned by the Alaska Katsina Copper Company. 

R o ~ e  cl&m,The Rose claim of t.he Alaska Katsina Copper Corn- 
pang is locfited on the point nf the ridge between the two branchm 
of Peacock Creak. I t  is a little mom than 2,000 feet above the valley 

*The ume of *be name Kotmlna M l n i n ~  b m p m y  ha. ken abandoned by the m e r  or 
thin properly ~iince this paper wae wrltt~n, but the name ueed in its place haa not hen 
learned. 
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of Kot~ina River. The p n s t o n e  is cut by t i  perpndicuIar fault 
striking N. 25" E. This fauU is easily tmced bar a distance of nearly 
NO feet" and is indicated by a zone of crushed p n s t o n a  with a maxi- 
mum width of about 12 feet, in which the cbpper rninemls are seen. 
Bornite, planoe, chalcopyrite, and a small amount of native copper 
with malachite and rt little d oxide as alteration products comprise 
the minerals misted with the fault. 

W h i t e  Dog m d  lliint cldm.-Two chims on the west side of the 
mare southerly fork of PeacwA Creek have h n  partly prospted. 
The fimt of t h e ,  cnlled the White Dog, is approximately 2,600 feet 
above lCotdna River. The country rock is greenstone and is cut by 
a fault plane striking U.4O0 E. and dipping steeply westward. There 
is a crushed zono of rock aIong the fault ranging from 23 to  4& feet 
in width. The walls are well defined, and clay seams show where the 
principal movements have talien place. An open cut 25 feet long has 
been made in the crushed rock. Chalcopyrite w copper-bearing 
pyrita is scatt~md through the crushed rock and clay seams and has 
strongly colored them with iron oxide. Green copper carbonah oc- 

' curs as a surface stain, but bornite and glance were not seen here. 
The fnult is plainly marked along the steep mountain side for mveral 
hundred feet. 

Two hundmd feet above the White Dog, and a little to the north, 
ia a claim called the Mjnt. A small fault with a strike of K. 1 5 O  TV. 
and a dip of 60° WT. cute a grayish greenstone haGng amygdaloidal 
phases. The rock adjacent to the falldt is broken and crushed, caus- 
ing a zone with a thickness of G inches to 1 foot which, besides tha 
greenstone, includes n little quartz and calcite accompanied by bornite 
and glance. Chdcopyrite was not o'bx?nved, but a heavy stain of iron 
o x d e  seems to indicnte that either this mineral or pyrite had formerly 
k n  present. There is a parallel fault 4 feet from this main fault, 
and both are cut perpendicularly by f i  third poorly defined fault hav- 
ing the same strike and carrying a little bornite. The main fault was 
traced for a, distance of 500 feet. 

Mmmtain chion.--The mountain claim is one of several on the 
north side of the east fork of Peacock Creek It is about 2,600 feet 
above Kotsina River and conquently is at a greakr elevation than 
tho other claims described. In August almost no work h d  been done 
on it and only R few m a l l  stringers of copper sulphides were 6 @ .  

SHOWER QPIX?R. 

A small stwarn joining Kotsina River a short distanm. below the 
glacier in which its southern branch originates is called Shower 
Gulch from the waterfall near its lower end. Native mpper is found 
near this fall in the amgrgdaloidal greenstone that f o m  the country 
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mk. Copper m u m  us thin lenves or films in fractures of the green- 
stone and as grains and smll slugs in tho greenstone and in some of 
the mygdules. It is in plnces associ~ted with .xmndary quartz, fill- 
ing irregularly shaped veim or cavities. SeveraI cfnirns have been 
staked on Shower Gnlch, but little prospecting has been done. 

Surprise Creek is a northerly tributary of Kotha, River and 
heads in the high moanbin sontheast of the lowr end bf Kluvesna 
GIacier. M& of ita bed is cut in the diorite mass previously re- 
ferred to, and in a rude wag follows the contact bctween the diorite 
and the greenstone on the east. It has a small eastern t ~ b u t a r y ,  
Snnshine Creek, which lies m d l y  in the greenstones. Tin is rc- 
ported to have been found in the dinrib of Surprise Creek, bnt the 
~pecimens of the supposed tin-bearing rock examined contrtined no 
tin, and no reliable assay twts of the rock are known to the writers, 
+&I1 the copper prospects are in the greenstono east of Surprise Creek. 
They are the property of the Alaska Kotsina Coppr Company. 

L d d h  cl&m.-Between Surprim and Sunshine creeks is a steep 
gulch r~znning down from the north. On the west side of this p l c h  
and nearly 8,000 feet above Kotsina River is the Caddie claim. A 
very close-gr;rajned m y i s h  "greenstone " forms the country rock and 
is a t  by a fauIt strilrirlg N. 20° to R O O  E. anrl dipping about 45" NW. 
Along the fault is a zone of crushed country nick ranging in width 
from 2 to 3 feet, in which is a quartz vein 18 inches thick. Resides 
qua- there is a small amount of calcite. The vein carries copppr 
glance accompanied by a little bornite and chalcopyrite. In p l m  
the percentage of copper minerals in the vein is high, but they are 
not distributed uniformly throlg11 it. - 11, line of pmspct holes ex- 
tends along the vein for a distanre of 200 feet. 

& k h a n ,  elaim.-At the Sl~ee~han claim, 200 feet higher than 
the Laddie and a little farthcr east arountl the mountain side, the 
,oTeenstone is cut by a fault striking M. 45" E. and dipping 45" NIT. 
'I%b fault resembles the Laddie fault in being accomp~nied by a 
aone of crushed m k ,  but the zone is here sorn~what  wider. ranging. 
from 3 to 4 feet. A m a l l  quartz vein is exposed, in which the copper 
m i n d s  are glance, bornite, and a little pyrite. The small veins of 
glance cutting the quartz are irl places half Rn inch thick. 

Bubburd eEaim.-About 306 fec4 east of tho Sheehan claim and a 
little higher on the motzntain the vein of the Hnhbad is cxpmecl in 
two open cuts. The vein is almost perpendicular and strikes N. 40" 
E. In the more southerly open cut there is a vein of white quartz 
&ng in thickness from 4 to 8 fwt and carrying the copper 
minerals, chalcacite, bornite, and chalcopyrite, which are named in 
the order of their abundance. A strongly m~rked fnult with 3 inches 



of clay warn define the no& wall of the vein, Eight feet h m  the 
vein on the muthead is n m n d  vein or lens of quartz 10 in&s 
thick and nlso carqing ch~lcocitc. Between the two veins is crushed 
grwndanc, h'earlp 800 feet to the northeast aIang the strike an open 
cut 40 feet long and 25 feet deep hm k n  made acmss the vein. The 
f ~ t ~ l t  is ngnin seen along the north wall, but the single large qnarta 
vein e x p w d  in the other*& is here repmented by many smaller 
veins of lenticular fornl up to 12 inches in thiches .  Chalmite and 
bornite are the mppr minernls. Nearly 1,000 feet farther northeast 
a well-rnnrk~d fmlt with a xme of sheared greenstone cmsses the 
ridge betwoen Kotsinn River and the Hubhard claim and is said to  
ext~nd as f n r  as thc glacier from which this branch of the Kotsina 
springs. There is lit.tle dotlbt that this fault is the continuation of 
that cras!$ng the IIubh'ard claim. 

Kkverma Creek and ib tributary Fall Creek  re the only stddms 
k i d a s  Snrpri~e Creek coming into Kotsina River from the north on 
which eny prospecting or assessment work was done in the mmmw 
of 1130'1. Hll~vesnn Creek dmins the main lobe of Klnves~la Glacier, 
nnrl the ~msller wcstcrn fork lrnown rts Fall Creek originates in a 
minor lobe of the snme ice mnss caning down from the snow Gel& of 
Maant llrrwngell. ?'be vnll~y floor is a broad gravel flat, and waq once 
c)calpicd tjy glacier ice, which has since retreated to its present po- 
&ion 7 miles from tha riverk mouth. The country rock is green- 
stons, except that the Chitistone limestone forms the top of the ridge 
west of the wuthern part of the river, snd descends ta the Kotsina 
River valley near its jrlnction with the vallev of KIuvesna Greek 
llikas of light-colored eruptive rack, mostly dioritic in character, cut 
the p e n g t o ~ l e s  locally . 
On the east ~ i d e  of Kluvesna Glacier and nearly three-fourths of 

R miJe from its w t h  end copper minerals have ken found in the 
p e n d o n c  wvern1 h r t n d d  fwt ~ b o v a  the i c n  Three open cats shem 
R light-polored mk-pmibly alter& greenstone-cut by irregularly 
hrtlrlching quartz veins. The light-colored rock contains chalmite 
and rhalcopyrite mttered through it in specks mwlp larger than a 
pin head. There nrt! besides this small veins of chalcopyrite. The 
grcmstone country rock locally contains small particls of cbdmpy- 
rite, t~ f ~ c t  that mnp have some bearing. on the origin of the richer 
mppr su1phide oms. 
West or R little southwest of the mouth of Fall Creek: and nearly 

1.800 feet a h v e  it, is a short tunnel, which is the p r o m  of the 
Kokina Mining Cornpanpr This trmnel is  on the north side of a 

*Thr Mtem hmn Iattlj l ~ l d  thrt the m e  Kotelna Mining Cmpmol la w longer 
In UDe. 
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small gulch running down to ICluveana Creek and is h a t e d  at  the 
contsct of a fine-grained greenfone nnd n grayish amygdaloidal 
gresnstane. The contact, which is parallel with several prominent 
fault planes cutting the country mclr, strikes N. 35" to 4 5 O  IT. and 
dips 50" StV. Tho fine-grained p n s t o n e  is  much shattered and 
requires timbering ta nialrc it ~tnntl  in the taonel. Xative copper ap- 
pears as small par tide^ in the amygdnloiclal greenstone, both in the 
npparently unaltered rock nnd in portions that ]lave been partly 
leached. It is also asminted with smnll quartz and calcite veins in 
the penstone .  At many placers where native coppr is found there 
is a little red copper oxide. Several pieces of native copper and quortz 
weighing 20 or 30 pounds were piled on the dump, but nothing like 
them was seen in the tunnel or in the opeit cut nbove the tunnel. 

On Fall Creek or its tributaries a number of small open cuts and 
-short, tunnels in which copper minerals mere seen were examined. 
These s m d  branches flow into Fa11 Greek from the west within the 
lawqr 2 miles of its course. thrtn half p, mila from the month 
of the most northerly branch there is a short tunnel on the south 
side of the stream driven almg H north-south fault i n  nrnygdaloidal 
penstone, The greenstone is m&ed and contains small veins of 
quartz and calcite, A green stain of malachite appears an  ZIP sur- 
face, but within the crushed country rock h t h  green and blue copper 
carbnatw are found in a WRY that suggests them to be the alteration 
products of some earlier copper mineral deposited along the fault. 
Between the rock fragments along the frtalt there is in places a soft 
black carbonaceous filling with which the copper carbonates a% 
mingled. Only a small amount of capper minerals is exposed by tha 
tunnel. 

South of this creek on tht? . m n d  tributary a short tunnel a b u t  
tr fwt under cover wns made dong a perpendicular north-south fault 
plane in amygdsloidal pwnstone. This tunnel is only a few feet 
above the m k  and on its north side. The greenstone is cut by 
many small, l ight-colored, f i n e - p  ined, porphyritic dikes containing 
abundant p i n s  or crgststa'la of quartz. h very little bornite is aEso- 
ciated with quartz veins in tha penstone, 
Up the hill to the south and 375 feet above the short tunneZ just 

mentioned is another tunnel 40 feet long, also in arny@aIoidd green- 
stone. Here, too, the prpendiculnr north-south f n ~ ~ l t i n g  is to be *en, 
and green, capper stains appear on the surface of the fractured mck, 
The t.untlel wns driven to strike the supposed downward extension 
of an outcrop of greendone, contaning native capper, exposed on 
the I d g a  95 feet above the tunnel and about. that distance, to the 
sonth, but had not reaaed it. Bornite and copper carbonam in 
small amount were seen in a number of shallow open cuts a short 
.distance wutheast of this tunnel. 
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aomm CGEEH. 

Copper Greek is the westernmost tributary of Kotsina River on 
which prospecting was done last summer. It h i u s  a portion of 
the ridge between ICotsi-a River and Elliott Creek and joins the 
~ots<na. 2 miles below Kluvesna C A r .  All the geologic formations 
already named are present in the upper part of the basin-the'Nikolai 
greenstme, Chitistone limestone, Triassic shaleq and Kennimtt for- 
mation. Their relations, however, are not simply those due to fold- 
ing, for extensive faulting has accompanied the folding. 

There are h a  principal branches of Copper Creek, but the western 
branch slso forks at  a point about 2+ miles from Hotsina River. 
Near this fork the limestone-grwnstone contact cmses the two 
branches in a northwest-southeast direction, and good .exposum of 
the limestone are found between the branches as weU as on each side 
of them. The greenstone, however, is not expmd on the slope from' 
the fork to the limestone outcrops between the branches. 

The workings of the Mullen claim are bebeen the branches, a h t  
1,000 feet from the point where they separate and 275 feet ab.bo~e 
their junction. Three open' cuts have been made along the foot of 
a limestone cliff. The strike of the lirneskone a t  this place is dificuIt 
to determine mumtely, but i nearly north and south. It dips 
4fi0 W. 'En the northernmost open cat, which is 20 feet long and 10 
feet in depth from front to back, a fauIt plane parallels the bedding 
and forms the west wall of the cut. The limestone is much broken, 
partimlarly near the fault, forming a zone of broken rock with a 
maxim~~m width of 3 fmt. In p l m  the limestone i s  almost corn- 
pIetely replaced by bernite and chalcopyrite. The best ore forms a 
poorly-defined vein, ranging in thickness from 12 to  18 inches, but 
does not outcrop on the surface. Azurite is more abundant than 
malachite where the copper minerals am oxidized, and in places the 
bornite is completely altered b azurite. Small calcite veins are 
numerous, especially in the brecciated r& near the fault, whem the 
fmgrnents have been cemented together with calcite. There are 
minor faults or joint planes in which a gseen mpper shin is  see^, 
but this appears to be derived from the main vein. 

About 75 feet south is another open cut, where the fault planes 
are not prominent, but where #0 limestone is much jointed. Bornite 
occurs in isolated bunches in the limestone. 

Abut  75 feet still farther south is B large open cut, and a shallow 
pit has been made. Several faults may be seen here, but the most 
prominent ones strike east and west and dip at a high angle ta the 
south. The north-south faults are present, but are continurns for 
only short distances. Patches of crashed rotten rmk shined with 
iron oxide and copper arbonah lie sd jacent to the faults and joints. 
There are elso small msssss of high-grade k i t e  replacing the lime- 



stone and forming bunch deposits in the country rock These depos- 
its were probably connected by the joints and faults with the chan- 
nels carrying the mineral solutions, but this is not evident at the 
d c e .  A little chalcopyrite and both malachite and murite are 
present with the bornite. Malachite is tlie surfam stain, but below 
the surface amrite is the alteration prduct of th0 copper minerals. 
The bornite is cut by many thin veins of azurite, and in places con- 
tains m a l l  cavities lined with iron oxide or with azurite crystals. 
More work has been done in this place than in the first open cut, but 
less ore seems to have been taken out, if the amount piled near by is 
an indication. 

ELLIOTT CBEEK. 

General desc~<~tian.-Elliott Creek (see fig. 23 is a tributary of 
Kotsina Ricer, and joins it approximutely 17 miles above the mouth 
of that stream, or 1'23 miles almost directly east of the Capper River 
crossing. I t  is reached by a traiI which Ieaves the Ilotsina trail at  
Willow Creek and crosses Kotsina River by R bridge about half rt 

mile above the upper end of the canyon, This trail passes over the 
southwestern spur of Hubl~ard Peak and reaches an elevation of 
approximntely 2,700 feet before the descent to Elliott Creelr begins. 
A second trail used for the first time during tho summer of 1907, 
leaves Elliott Creek about O rniles above the mouth at Five Sheep 
Creek, and crossing the west end of the ridge south of the stream 
leads to the Nizina trail not far east of the new government bridge. 

Elliott Creek is approximately 10 miles long, and throughout most 
of that distance flows in n direction about N. 30° W., but makes B 
sharp southerly bend bef me joining 1Cotsina River. More than 2 
miles of the lower portion is through R narrow rock-walled cnnyon, 
but the upper p u t ,  dong which the claims extend for a distance of 
4+ miles, lies in a narrow V-shaped valley. Between the upper caKin, 
situated about midway between the upper and lower ends of the 
claims, and the lower cabin, a distance of 24 miles, the creek descends 
759 feet, or approximately 360 feet per mile. Above the upper cabin 
this gradient increases as the head of the stream is approached. 
Elliott k k  is fed in large measure by melting snow, m d  although 
the stream is not large, it is capable of furnishing considerable power 
with the head available. 

The lowest and .the only commercially important rock formation 
exposed in Elliott Creek valley is the NikoIai peenstone. All t.he 
copper praspects so far discovered here are associated with this rock. 
The massive bluish-gray Chi tistwe limestone is conformably over- 
lain in some pl- by black and gray Triassic shales and thin- 
bedded limestones cut by light-gray porphyritic dikes and sills, and 
in other p l a m  is s u d e d  unconfmrtbly by coarse conglomerate of 
the Kennicott form&an. 
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In nn a'wnt of Elliott Creek the greenstone and overlying lime- 
stone appear far the first time on Magpie CFeek and continue east- 
ward fmm that locality to the head of the valley. Thw two m k  
formations form a gre~t  antidine (fig. 3 ) ,  whose wcis is appmxi- 
mately parallel with the c o u m  of Elliott Creek. It pitchm under 
the younffer m k s  at  the eastern and western ends and dips into the 
ridges on ench side of tha creek (Pl. VZI, B ) .  North of Elliott 
Crwk and at its upper end the Chitistone limestone forms a very 
prominent topopphic  feattiw. With the exception of the Copper 
 kin^ and Miaernl King the claims described are on the north side of 
I.:Iliott C m k  and rll but R are ownecl by the Hubbard Elliott a p p e r  
Mines Development Company. The description of the claims is given 
in the order of their location from east to west. 

C o w  Iidng and ;Ma'nemE I i h g  claim%.-The Copper Ring and 
Mineml King clnims, often spoken of as " the Kings," are the most 
easterly on Elliott Creek. They are located along the Iirnestone- 
preenstone contact at  an elemtion of over 4,000 feet nbove the sea. - 

l rm.  3. iFmM IwcHon (somewhat defframrnatlr) 01 tbe Elliott C m k  natlcllnr. I.  
Ntkolnl V n a l o a e :  2. Chitlatone Ilmestone: 3, rontortcd Trlamatr' ahilcm nad I i m r  
rlmm; 4, K~nnlrotl. formation; 5. tuff8 nnd sbalw: R. porph~ttk dlkrn. 

On the Copper King c I a h  them is an open cut in the -stone 
a little mom than 100 feet blow the base of the limestone vliff, 1.390 
feet above the upper cabin, The copper minerals are found along u 
shear zone i n  the greenstone. Bornite is the principal w p p r  ore, nnd 
is seen along fractt~res and between them replncing the country mck. 
Calcite veins are not so numerous RS r n i ~ h t  h expexted m a r  the Timc- 
stone contact. The shear zone, which, as far as can tw d~termined a t  . 
this exposure, runs pacallcl with the bnse of the limestone, striking 
?c'. 6Uu to TO0 E. and dipping to the muth, is mineralimd for II thick- 
n M  of about 10 feet, thoudl the copper-baring mlutinns have pcne- 
trated the muntv m k  for rt p a t e r  distance, as is  shown by a slight 
nltmtion of the greenstone. There is some pyrite in the ore, and be- 
sids malachite a blue w t i n ~  of copper slllph~fe appeam in protectd 
places This open cut is renched by cIimbing over a steep m k  slide. 

The two open cats on the M i n e d  Kisp are renchecl by another 
hard climb over a steep snow-covered talus slop. These cuts are 
a b u t  800 feet northeast of the cut in the Copper King. The lower 
one was filld wid1 snow a t  tha time they were visitd, but the ore 



piled up at one side consisted of bomite replacing greenstone. The 
second cut, 60 feet higher and about 100 feet farther west, is idmast 
at the same elevation mi the Copper King CUL The ore was found 
an the steep face of the cliff and consists of chalcocite, with a innall 
amount of bornite replacing the greenstone along a fault or shear 
zona Numerous close; perpendicular joints running appmximately 
N. 60" E. cut the greenstone; and there are B number of fault planes 
which strike N. 36" E. and dip 30" S. The trend of the disturld 
zone is the same RS that of the faults mentioned, The best ore hrts a 
thickness of about 6 feet and is t r a d  for a distance of 25 to 30 feet 
dong the strike, although the boundaries and extent of the ore body 
are somewhat indefinite. On the m t h ,  however, a fault plane makes 
n fairly weIld&nd wall. Them is some rich ore at this exposure, 
bat the development work is not yet sufficient to determine whether 
or not the ore body has any considerable extent. 

Cbim at t h  h a d  of Queen Creek.--On the claim at the h a d  of 
Queen Creek a small open cut has been made in the greenstone about 
GO feet below the base of the limestone and shews small veins of 
calcite and a little quartz containing copper. 

Van. Dyke cluim-TWO open cuts on the Van Dyke cIaim were 
visited, one I5 and the other 25 fwt below the barn of the limestane. 
The greenstone is stained with the oxidation products of iron and 
copper and contains also a small amount of pyrite, but the cut shows 
very little of the copper minerals. 

0opp.w Quem chim.-The open cut on the Copper Queen claim is 
nbout 50 faet west of Kings Creek. It has an eIevation of 905 feet 
nbove the upper cabin. The cut is nearly Hied by the caving of the 
bank above, so that the face of the p n s b n e  was not expod. A 
large mass of the rock, however, which lay at one end ww filled with 
e great number of tiny intersecting veins of iron and copper sulphide, 
either pyrite and chalcopyrite or, mom probably, copper-bearing 
pyrite. The greenstone fragments were covered with the p n  cop- 
per coating. " 

Mamot claim-A large open crrt has been made on the Marmot 
claim at  the base of the limestone between 200 and 300 feet west of 
Pauch Creek. The greenstone is much broken, and slicken-sided sur- 
faces are, numemus. The most prominent fault planes strike approxi- 
mately N. 60" W. and are nearly perpendicular. Small calcite veins 
carrying a m u l l  amount of copper-bearing pyrite occur along some 
of the openings. A malachite coating was seen in the graenstone, but 
is not prominent along the main fault plane, Bornite was not 
observed. 

Lm6e alu&m.-Tl~e h u k  open cut irl on the east b;ide uf f i n b o w  
Creek and 50 feet above it, or 390 feet abov~  the upper cabin. The 
country rock is greenstone and is cut by faults and joints, Slichn- 



d d d  surfaces are common. The best developed fault planes gtrih 
a b u t  N. 20" W. and dip 45" to 50° W. Small calcite veins, having a 
thickness in genend not greater than 2 inches and mntafning a little 
quartz, aoas the countrp rock in all directions. S~rch veins are more 
nnmemw here than in most of the other working examined. Rornite 
and chalcopyrite- are the copper minerals present, and of the two 
bornite is the more abundant. They appear in the calcih veins and 
disseminated through the greenstone. The om is best developed, 

. hawever, in the calcite veins and the p n s t o n e  adjacento to these. 
It is difficult to give any definite statement of the thickness of the 
mineralized zone. The ore extends parallel with the creek for a 
dishrice of ahout 30 feet horixantaUy. 

Above the cut on the step hill slope peen copper stains can LM 
traced for s distance of 130 or perhaps 200 feet. Such an exposure 
as this may be the surface indication of an ore &out., but the rich 
ore can not be traced for my considerable distance on the surface, 
usually not more than 25 feet and rarely as much as 50 feet. 

Liz& G. c.?&m..-The open m1t of the Lizzie G. daim is in the bed 
of Rainhw Creek only a short distance from the Louise. The p n -  
stone at this p l m  is s h e a d  and plieated, b ~ t  many of the resulting 
openings have been filled by infiltration of quartz and calcite. Quartz 
veins reach a Zhiches,4 of 2 inches nnd carry considerabIe chalcopy- 
rite. Cslcita filhng is, however, the more abundant, and in places 
the TO& consists of about equal amounts of sheared gmemtme ~ n d  
calcite similar to the knotty m a w  of schist and quartz seen in many 
regions where metamorphism has been p t e r  than in this area. 
These calcite-pmsbne veins, if such they may be calIed, c a q  a 
considerable amount of bornjte and cha1wppt.a and mttke n h e -  
appearing capper ore, but the open cnt, does not show how gre~t  a 
quantity may be present. 

Goodyear 4 H m v  Pyrathe~ rk.im9.--Direct lp opposite the Louise 
open cut, about 40 feet west of Raainbow Creek and 340 feet higher, 
than the upper csbin, an open cut has been made in the claim known 
a8 the Goodyear. The amygdaloidal greenstone is cut by f auks and 
is much jointed. The most prominent, of these f a u h  strike nnrth 
and south m d  dip about 40" W. Another set of less well-developed 
faults has a more ea4terIy strike and a lower dip to tha northwest. 
Betveen two of the north-south faulta is a mass of rock lighhr in 
color than the greenstone outside the  faults. This lighter rock is 
shcnred or sheeted parallel wjt,h the faults and ia filled with a great 
nurnber of thin calcite veins containing chdcopyrite, or copper-bar- 
ing pyrite and bornite, ~omewhat like tho leaves of a b k  made of 
coarse paper. In the lower part of the cut this ore body is between 
4 and 5 feet thick, and forma a lenticular mass about 20 feet long 
bmded  by two north-south faulta and a northeast fault, Tho 
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upper north-south fault is not continuous, but the lower foot-wall 
fault extends to the north for some distanoe. On the soutb this Gody 
of ore is much mushed and is filled with iron oxide. It can not be 
traced farther in that dimction than the limit of the cut. Besidw 
the thin voi~w of copper minerals in the sheeted rock there are mall 
veins of cnlcite and ore throughout the mass. 

1Vong.tha strike a short distance to the north, and tr few feet 
higher, the light-colored, copper-baring mck reappars, but the 
tipper boundary of the mas? is tho f u n l t  which forms the lower 
boundary of the lower body. The ore body has a. maximurn thick- 
neRs here of not less than 8 feet. An irregular branching calcite 
vein containing small horses of the light rock w main ore body 
reaches a thickness of 14 inches and contains chatcopprite and bornite. 
This body of ore continues for a distance of 50 or GO feet toward the 
~iorth, These two bodies are portions of a single ore body included 
between two north-south faults and cut by later faulting. (See 
fig. 4.) 

Ylt; ,  4.-1)tagram ahowinl~ the fmultd wrtlonn of the Q d y e a r  claim, Elliott k k .  

Almost dimtly above the Gwdyear on the hill slope to the west 
and not mom than 100 feet away is the open cut of the Henry 
Prather. Hem la north-south fault dips 80" W. and is i n t e r d  by 
two parallel faults striking N. 40" E. and dipping 30" to 3S0 W. 
These faults inclose rt lenticular mass of rock 30 feet long and 5 
feet wide (PI. IX, R ) ,  whom weathered surface is lighter in color 
than the inclosing greenstone and which is similar in all respects to 
the om body of the Gdycar .  This lighter colored rock is impreg- 
nated in a similar manner with copper sulphides, ~ n d  through it runs 
a vein of c o a r ~ l y  crpstaIline calcite carrying chalcopyrite and bmife,  
which are very rich in places. The calcite vein has an irregularthick- 
n m  ranging fm R h 12 inch=, and in two plams is offset by small 
faults to a distanm of fO inch= 

The main north-south fauIt may h traced north for about 76 
feet, and shows much green stain and Rome mlphides, but the large 
calcite vein and main ore body end, apparently having been faulted 



DEGCRlPTION nF PROPERTIES. 69 

off. Rlmmt 50 feet from the ore body the large fault is intersected 
by a northeast fault. This also shows copper stain, and both contain 
amall calcite veins with the sulphides. 

Althougll no direct proof was obtained the similarity in character 
and appearance of these two ore bodies of the Goodyear and Henry 
Prather indicate that they are faulted portions of one mass. 

E l M e t h  claim,-The Eliaabeth claim lies north of the upper 
cabin, and has m i v e d  more attention in the way of development 
work than any other claim on the creek. This work consists of n, tun- 
nel and one or two open cuts. The tunnel is located in a narrow gulch 
a little more than 1,000 feet above the cabin. It has been driven into 
the greenstone in a northeasterly direction for 250 feet, and some 
ore has been ~~ncovered, but it is not believed that the main ore body 
which outcrops on the hill above has been re~ched, and the work is 
to ba continued. About 76 feet from the entrance the fimt copper 
appears in some lenticular veins of calcite and quartz, but there is 
only a small amount of this. In  the face of the tunnel the green- 
stone is irnpregnatd with bornite and chalcopyrite. Small veins of 
calcite alsu arc present and carry the copper minerals. These small 
veins follow joint end slip planes in the p r s t o n e  and are rarely 
owr half an inch thick. There is no well-defined master vein; the 
mineral waters appear to have followed a zone of fracture and fault- 
ing running, as closely as it is possibl~ to determine at the ttinnel 
face, in a nearly north-south direction. The grcenetone hm under- 
gone considerable mwemen t nnd slickensided snrfaces are numerous. 
If the dip planes and joints follow any definite gmeral direction, 
this direction codd not he d~termined. At prewnt the tunnel d m  
not reveal the thickness of the are-hearing zone, nor even its direction 
with certainty. 
In the gulch directly above the tunnel to the north, and aborrt 100 

feet higher, is an open cut: exposing the copper-bearing fault zone, 
which the tunnel is eqmted to cut. The green'stone i s  rn~ich shat- 
tered, and shows a nurnher of fault planes the most prominent of 
which range in strike from N. 10" IT. to N. 30' W. Movement along 
some of these planes has been very marked, and the rock is greatly 
mushed, Bornite and chalcopyrite are present in mrtU crtlcite veins 
and also impregnating the greenstone .in and adjacent to the fuult 
zone. The green stain due to oxidation is pramineat here, as it is 
in dl places where the copper minerals occur, and makes it possible 
to tram the copper-bearing zone from the open cut in a direction 
M. 1 2 O  W. for several hundred feet up the hill, where several other 
small open ~ucuts have been made. 

Mm'e Batoimbte cfai+n,-Copper minerals are exposed in the 
Marie Antoinette claim in two open cuts on the tap of a narrow 
ridgo adjoining hhe Elizabeth claim on the nortliwest. These cub 
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are within less than la0 feet of each other, and show shattered grm- 
done stained with the oxidation produch af iron and copper. There 
are a numhr of faults which krike in different directions, and in 
the open cut on the west brow a€ the ridge a crushed vein of variable 
thickness, consisting of calcite and a smaI1 amount of quartz, is ex- 
posed. The penstone also mntainsl veinleta of calcite, which fol- 
low joint or slip plaaea and carry the copper and iron snlphidea 
The larger vein atrikes approximately N. 30' W., a direction which 
wodd take it somowhat ta the south of the other open cut. Near 
it a small perpendicular dike of fine-gained diorite from 2 to 24 
feet thick cuts the greenstonone. ,. 

Albevt J o h w m  claim.-'l'be Albrt Johnson cIrtim and the Guthrie 
claim described blow adjoin each other end to end nnd lie pardel 
to and  lightly below the greenstone-limestone contact. Deception 
Creek c r o w  their common end line at an angIe of a b u t  45". Some 
open-cut work has been done, and a tunnel has been driven an the 
Albwt Johnson ebout 100,feet east of Deception C,mk, The tunnel 
is 30 feet under cover and is not over 150 feet below the base of the 
Chitistone limestone e-d ta the north in the meek. 

Small, nearly horizontal faults cut the greenstone, and the pohk ig 

otllerwise broken by joints, giving it a blockp cl~amcter. Calcite 
veins are present but not abundant. Copper om is expwed in the 
tunnel and in the open cuts. \Then a piece of the copper-hearing 
greenstone is broken, hrnite and chalcopyrite are found to be the 
copper m i n e d ,  the bornite predominating. The fault zone in 
which the copper s n l p h i d ~  m u r  enn be trnml by tho green stmain 
in a nearly horizontal plane almost around to the Gnthrie tnnnel, 
m that these two appear to form parts of one ore deposit. 

G'vflrde cZaim-The tunnel of the Guthrie claim is on the hill 
slope west of Deception Creek, directIy opposite tho Albert Johnson 
tunnel and about 200 feet from it but 10 or 15 feet higher. Above 
the tunnel for a diRtance of 40 or 5Q feet the ;surface of the cwntry 
rock has been cleaned off, exposing small veins of calcite in shattered 
penstone; them vein9 carry the sulphides bornita and chalcopyrite. 
The freshly broken greenstone adjacent to these small veins is also 
seen to be impremated with the sulphides. There is no well-defined 
vein, but the jointing or faulting has permitted the mineral-bearing 
waters to circulate through a shattered zone in the greenstone. The 
tunnel is not more than 100 feet blow the base. of the heavy. limestone 
as it is e x p a d  in the creek to the north, which would account for 
the considerable amount of calcite present in the greenstone. 

L e l a d  a d  Lamton cbim.-The Llend and lArr.wkon claims are 
located in the mddle between the heads of Five Sheep and Dtwption 
m e h ,  which here haa an devation of mom than 2,500 feet ahve  
the lower cabin. They lie north of the main body of the Chitistme 



lim'estme; w h m  warp forms the prominent cliff on the southern 
brow of the spur to the south. This unusual location apparently 
above the limestone is due to faulting, which brings the greenstone 
up against the Rennicott conglomerala or rather against the large 
porphyritic dike which here separates them two fomations, O n  
the Lawton claim a fault which strike3 N. 30" TV. and dips 50" to 
60" S. is seen Ixtween the greenstone c>n the south and the porphyry 
dike on the north. The dike here shows a t h i c h e s  of 30 to 35 feet. 
Several open cuts have been made in the penstone and show small 
riountq of pyrite and chalcopyrite impregnating the mck adjacent 
to  joint or fault planes. Green copper stain and also copper sulphate 
were seen in a number of other places. The copper minerals where 
observed were all within R few feet of t h e  porphyry dike, but any 
other relation between the two was not evident. 

CIif clQim.-The Cliff claim is on the w~,st  side of Deception Creek. 
Two open cuts have been made at an elevation of 600 feet above the 
mouth of this stream. The penstone is cut by numerous fault 
planes, and sliekemided mrfaces am frequently sem, but perhaps the 
most prominent of the planes of movement strike nearly east and 
west and dip s h u t  4S0 3. The &reen copper carbonate and the 
oxide of iron stain the peenstone. Small amounts of the copper 
s~ulphides also am exposed along joint planes, but no con~iderable 
expmure of ore has b e n  mnde. 

Chance claim,-Tf~e Chance is the most westerly of the patented 
claims and includes the prominent point of the limestone clifl which 
is Fleen on entering the valley. A small open cut only R few feet 
b l o w  the hw. of the limestone shows the green copper stain and 
a little bornito in the peenrtone. 

GEAERAL DkBCBZPTZOX. 

KaskuIana River receives it? greatest supply of w~ter  from Kusku- 
S a m  Glacier, an ice strean made up by the union of four principal 
branches corning down from the southwest side of Xount Blackburn. 
The river is a little over 21 miles long, and in the upper half pa=s 
thrclugh a b m d  gravel-floored glacial valley between high, rugged 
mountains. After leaving the mountains it flows for more t h ~ n  10 
miles, most of the way in a namw rwk-walled cmyon, across the 
broad valley of Chitina River and joins that stream 10 miles above 
Copper River. Stretna Creek is the largest tributary of Kuskulann 
River. It rises in the mmntains about the head of Elliott Creek and 
joins the Hushlam S miles from Chitina River, thus having a length 
of 12 miles. 
M d  of the copper prospects are in the vicinity of Kushlans 

Glscier, where the Nikalai greenstone and Chiti&one limestone are 



well exposed. There . k i d -  these two formations, some riclr~ 
of doubtful identity in the vicinity of Nugget Greek, a westclrn triba- 
hrp joining Knshlana River just below the glacier. These rocks 
am probably the same ss sorne at the head of Kotsina River which 
have been included in the Yikolai greenstone, but may be older. 
Triamic .shales and Iimestones are well developed east of the Husku- 
lsna and are dm rep-td in a small area west of it, 

The best-known copper properties of this area are on Nugget 
C w k ,  but there are other prospects on one or two neighboring 
dreams tributary to the main river on the west side and in t h ~  vicinity 
of the glacier on the east dde, as well as on SIatka and Trail cTeekrr. 
There are also a few prospects on the head of Strelna Creek 

Generd outtiw,-Nugget Creek drains the sautheast side of the 
mountain mnss whose northwest side is drained by Peamk, Roaring, 
and Rwlt creeks of the Kotaina basin. Several of its branches are fed 
by small glaciers. The stream b about 6 miles long and joins K U S ~ I -  
l ~ n a  River lesa than a miIe Iwlow the dscier. 

The coilntry roclr includes arnpffdaloidal p n s t a n e s  and other 
penis11 rnclra, which differ mmewhat in appearance from tppiciil 
Pxposnres of the Nikolni greenstone nnd might b e  separated from it 
on clowr study. A ~lrnalI area of Chitistone Limedono outcrop on 
the monntain slope east of the npper pnrt of Sugg~t Creek, mil near 
it,  long f h ~  creek berl, is a m a l l  eqmsrrm of pbbro. 

Most of the mppr prospects, of which there are a considernhl~ 
number, am situated in the lower or mthem part of Sugget Creek 
valley. Collectively they constitute thp Alaska Consotidated Copper 
Company's pr~pertim, only a pnrt of which mere examined by the 
writers. VIP, claims on which most work hns been done are located on 
the sma1E rounded hill between tha lower end of figget C m k  and 
Kushlana Glacier. It was not pqib le  in the short t h e  available 
to visit m y  other properties than those on this hill, so that no descrip- 
tion of claims in the Nugmt Cnxk valle? north of the hill or west of 
the stream win be given. A goor1 trail leads from the meek's month 
to the cnmp, where several very comfortable cabins have been built. 

T'aMez cZmaPm.--On the muth slope of the rounded hill referred to 
above is a claim atlled the Valdez. It is crossed by a fsult or a mt of 
parallel ~erticrtl f a n h ,  ~nnning N. 66' Em, along which the ore is 
deposited. The continuation of the fault or faulta for a distance of sev- 
eral hundred feet is shown by a line of test pits, but how much farther 
they extend was not learned. A tunnel run in toward the north ~ n d  
30 feet under cover gives a c m  aection of the deposit. At the mouth 
of the tunnel is greenstone sapratad by a fault from a large calcite 
vain on tho north. The calcite vein has a width of 24 feet, as merrs- 



uped dong the t m e I  wall. This wall, however, ia  not exactly per- 
pendicular to then course of the faults. After paming through the cal- 
.cite vein the tunnel penetmtss a close-grained, dark-gray rock, pm 
~ibIy ona phase of the green&on~ wries, for a distance of 5 feet. This 
latter rock and the vein rrre separated by a fault, dong which is a 
%am of blue and yellow clay, ranging from 2 to 3 inches in thick- 

* ness end containing amaII cgstitsls of chalcopyrite. All of the calcite 
vein as e x p o d  in the funnel is ore. nomite is the principal copper 
mineral, and is accompanied by chalcopyrite in minor amount. Move- 
ment has taken place dona both falilts since the ore was deposited, 
and the country rock, as well as the vein matter, is jointed and 
crnshed. The grwensbne is sheeted parallel to the fault, but the 
harder, c l o ~ ~ g a i n e d  rock in the face of the tunnel was mom resist- 
ant and broke in angular blocks. The calcite vein is rtlw rn~~ch 
broken and in plaws grnnulatd. 

A prospect hole or cro~~scut ii short distance northeast of the tunnel 
did not e x p  the vein, but 3 0  feet still farther to the northeast an 
open cut shows peenstone feulted against a light-colored m k .  con- 
sisting chiefly of calcite and quarts, much shattered and impregnated 
with born it^ and chalcopyrite. 

Thirty feet to the southwest along the vein from the tunnel mouth 
is a &aft which in August, IMi, was partly filled with water, but was 
said to be 30 feet deep. The shaft in sunk in the vein matter, but here 
tho vein has a thickn- of only R or 9 feet. On tho north side iq 
greenstone, much sheared, and containing thin calcite vein3 acwm- 
panied by bomite. It isnot evident from the expo~urm why the po- 
 liti ion of the greenstone 4 t h  reference to the mlcite vein is here re- 
versed. The ore is similar to that in the tunnel. No traces of the 
vein or fault were seen on the grassy hill slop southwest of the shaft, 
nor were they expected, since no test pits had k n  dug and the coun- 
try rock was not exposed. 
O m  Girl claim-The One Girl claim is on the w& slope of the 

hill between Nugget Creek and the lower end of Kuskulana Glacier. 
A h e 1  called the '' mud tunnel " has been driven on the sonth side 
of a smlall.gulch and extends ipto t h e  hill for 100 fwt in a &tion 
S. 75" W. Of this tunnel 91 feet in in frmn slide rock, and is re. 
ported to have caved in sometime during the early faD. The remain- 
ing 9 feet of the tunnel is in amygdaloidal gmensbne, the cavitp fill- 
ings being calcite. No ore was observed in the face, but the tunnel 
hsd not been extended far enoygh to encounter the mineralized l d y  
of m L  seen on the hill nearly 800 feet higher than the tunnel, toward 
the southea.4. This " lead " is amygdaloidal greenstone country rock 
impregnated with fine particles or p i n s  of chalmcita in asaociation 
with small calcite veins and epidota Several open cuts extending 
along a line from southwest to northeast show the same copper-hear- 

. 8 
I 
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ing greenshe,  but' no work has been dona to indicate the width of the 
mne, or any of its other dimensions. This ore, if the copper contmt 
is sufficient to wamnt the uw of tbe term under the conditions pm- 
miling in Alaska, is similar in many respects ta that of the Copper 
Queen claim north of the Nugget Creek camp. 

Nugget Creek m i v e d  its name from the large mass of native cop  
per found in the creek bed a short distance above the camp. This , 
nugget is estimated to  weigh between 2 and 3 tons, and is too heavy 
to be removed economically by any means of transportation now 
a~nilable. It is 7 feet in its greatest dimension, 3 feet 2 inches wide 
in the middle, and has a maximnm thickness of 12 inches, but, the 
average thickness is probably leg9 than 6 inches. Many smaller nug- 
gets, ranging in size from shot to pieces of several ounce or pounds, 
nre found in the gravels of the creek, but their bed-rock source h ~ s  
never h e n  discavered. 

BTBELHA 

The capper prospects of Strelna Cmek are of interest chiefly as 
showing a clow relation between copper deposition and the limestone- 
penstone contact. The Chitistone Iimdona forms numerous cliffs 
in the upper part of the meek, particnlrarly on the branch leading to 
the Elliott Creek pass. 

About a mile muthenst of the Elliott Creek pa5ss n small arm of 
Chitistone limestone caps the psenstone o f  the rid@ south of Stmlna 
Cmk. The north contact of the two formations is here a fault con- 
tact. From G to $ feet of the decomposed p n s t o n e  along tha f&nlt 
is heavily mineralized wit,h pyrite, weathering to brown iron oxide. 
Along with the pyrite is a little copper, as is shown by the p e n  
stain of malachite. In the heavy overlying limestone, but not over 
10 tn 20 feet above the contact, thin veina of copper-bearing pyrite 
were seen in the limestone. Stringers and m a l l  bunchw of ore are 
not uncommon in the underlying p-eenatone n t  various places on the 
meek. 

UEmL mvm. 

Lakina River rim in an area of glacial drainage of minor h- 
portance lying between the mnch more extensive basins of the Knskn- 
lens Glacier on the west and the Kennimtt Glacier on the east. The 
Lakina is not ns large or ns turbulent a. gl.lacial stream as the Rush- 
Iana or the Kennicott. 
The tmil,regnlarly traveled through this region reaches f~tlkim 

River about 6 or 7' miles belo* the lower ends of the two gllaciera 
from which the river e r n e r e  This portion of the v~l ley of the 
Lakina differs somewhat from the valleys of Kuskulana and Kenni- 
cott rivers where they flow from their glscial sourcea in that it hss rr 
more basin-like expansion in its  lower ha1 f. This basin-like expanse, 
which is about 2 miles wide  long the trail and gradually narrows 



inb a mountain gorp valley one-half mile wide toward the head of 
ltha river as the glaciers are approached, is floored with deposits of 
g m d ,  sand, and mud. 
In an ascent of Lakina River from the main trail, the first bd 

r&c fo present itself along the margins of the flat p v e I  floor of the 
vaIley is the Nikolai gm--nkone, This rock appears on both sides of 
the valley where the vaIlev begins to become mom reskictad, a b u t  
3 miles below the pIaciers, and rises in deep mountain slopes on both 
sides. Above tha greenstone the Chitistone limestone presents its 
chara,cteristic cliff-like h c e a ,  and above the Chitistone limestone a 
series of shales and thin-bedded lirne~tones on the east side of the 
valley forms bare slopes that are alsa present, though not so evident, 
on the heights west of the river. 

The camps of two prospecting parties are located within a few 
hundred yards of each other on the west side of the Lakina about u 
mila below the glaciew from which the rircr flows, The copper 
p- occur at comparatively low elevations nbow the river in 
the greenstones that form the steep western side of the valley at  t h i~  
place. 

The prospect flnrthest up tho river is about 230 fwt up the moun- 
tain side from the upper cnbin. A short open cut, atout 6 feet  deep, 
has h e n  made on a d~ear or minor fnul t plilne thnt  trikes N. 30" \IT. 
and dips SO" SW. into the country rock of rirnygrlaloidnl gl'eenstone, 
which at this plnce is weathewt1 to a reddish-bmwn color. The malls 
af this plane are separnted n t this opening for about 2 feet, and the 
Tam thus formed contains a filling of crushed and slickensided slab 
and h p e n t a l  pieces of the country m k ,  the whole k i n g  cemented 
together by the deposition of quartz in the interstices, The quartz . 

in one place is somewhat continuous along one of tho walls for a few 
feet and has a thickness of from 1 to 2 inches Most of the filling, 
however, is m s h d  mtlntry mck. X small amount of native copper 
in the form of specks and mEw occurs within this fiIling. The 
amygdaloidal greenstone country rock just north of this filled apam 
is checked with thin veinlets of quartz and contains some scat- 
teFed chalcopyrite in specks and films. The narrowness of the open- 
ing makes it impamiible to give any idea of the extent or amount of 
minmlization at. this place. 
The second p~spect  of this vicinity is similmlp located on the 

lower slopes of the mountain side only a few 5undred yards south 
of the one jast described. At this 1oc~Iity the n~tural  exposure af 
the mks is p o d  enough to exhibit the so-callod pseudobedding that 
the NikoEai greenstone shows in many locnlities. Here this bedlike 
structure of the p n s h n e s  strikes N. 70" E, and dips 48" SE. Ap- 
parently there has been some shearing or movement along a major 
plane of pseudobedding or faulting as well as movements along joint 
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or other pseudoMding planes pndlel to the principal one. This 
is shown by clean block or dab spalling for a distanw of 500 to 600 
feet m the strike and dip n h v e  seoordd. This well-exposed fa&. 
extends up the mountain side to the mest and ~ h v e  the camp i n * W  
diagonal direction. The surfam of the expmlre is a natural d i i  
slope ,dong the major pseudobedding plane, offset mmewhat by par- 
allel bedding or joint planes. Slick~nsided sururfnces may be obwzrved 
along the joints or p l~nea end a tendency toward plication, indicn- 
tire of shearing movements, is pment. d small stram flows down 
over the surface of this mck indine. d o n g  the major pseudobed- 
 din^ plane at this locality there is s somewhat continuous sheet-like 
filling of m k  that doea not look  re^ different from some phases of 
the  count^ rock a t  this locality and elsewhere. This sheet-like filling 
r a n p  f mrn 1 to E or R inches in thickness and, as the mrfam of the 
rock incline is now expmd,  this material lies in patches as rr veneer 
nver the surfam of the country m k .  It does not appear to 33e so 
rnnrkedlp siliceons as the filling in the prospeet sever~l hundred 
yards to the north. It is thia filling that contains the native copper 
in speeh, flakes, dnp, and nuglget-like lumps. No pieces of native 
copper of large size wcm oobsen~l, the largest pieces seen k n g   bout 
2 inches by one-half inch in area; the size of these, ~rs they are 
exposed ,on the wrfam, is due to the flattening and spreading to 
which they have h e n  mbjwted bp the impact of material carried 
down over this deeply inclined rock surfam by the stream. The snr- 
face exposum of this sheet of native copper-bearing material, which 
lies bare nver an area of e h u t  400 by 20 to 30 feet, has bpen we11 
picked over for specimens, and most of the Iarger pieces of copper 
originally present h a ~ e  been removed, For thia reason it is impos- 
sible to give an estimate of the quantity of native capper that a given 
volume of the sheet-like filling aIong this shear plane may have 
originally contained. h'o work has been done in opening up the 
locality to show how extensive or persistent the deposit may be in 
any direction, and there appears to be no e ~ d e n e e  to justify an as- 
sumption that them is R mass of native copper-haring rock "M1 h 40 
feet wide extending into the mountain in a dimtion perpendicular 
to the strike of the pxud~beddihg. 

EFigh up on the mountain side, 25400 feet abw and three-fourths 
of a mile west of the c a m p  on the river, some surface: stripping hm 
been done that e-rposeu a fault in shattered amygdaloidel peenstones. 
This fault strikes N. 15" E. and dips 75" llr. The walls are 1R 
inches apart and the spam is occupied by what appears to be a 
of crushed country rmk, the 6 inches of material adjacent to the 
hanging wall being er;sentially earthy snd the remaining 12 inches 
on the foot wall being cemented by s quartz filling. Appamntly just 
m g h  copper-bring mineral matter is associated with this cemented 
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gouge to stain the surface of the 18 inches exposed with green car- 
bonate films. No other copper minersls swmed to be present, but 

1-e may be finely disseminated through the cementing rnatmial. A 
.my little bornite in specks and stringers not over one-eighth inch 
thick was obsemed in a piece of loose material at this ~ b c e .  

The summer trail that leads through the rnwntains east of Lakina 
River to the Kennicott Glacier follows the banks of the Lakina to 
Pohlin Creek, a tributaq flowing from the north. The trail then 
ascends Fohlin Creek about 2 miles to its first large tributary from 
the east, locally known as Bear Creek, and continues up the valley 
of Bear Creek to Kennicott or Fourth of July Pass. From t,his 
mountain gap the trail d w n d s  Fourth of July Creek to the western 
margin of the Kmnieott Glacier, down along which it continues to 
K~nioot t  River. 

HIDDEN m R .  

Hidden Creek is a tributary to Kemicott Glacier on its west side, 
&out 4 miles northeast of the mouth of Fourth of July Creek. It 
presents a feature of lateral valley drainage that is unique in a way, 
y& dso characteristic of many glacial vaUeys that are tributary 
to larger glacial valleys where the main ice stream still flows past 
and completely dams the moath of the smaller valley. Considered 
by i td f ,  the valley of Hidden Creek presents all the features of 
larger glacial valleys. The head of the valley cornprim ample 
cirque basins for the accumulation of snow and its transformation 
into the ice of comparatively srnaIl glaciers that now exist at its 
head. These glaciers flow from their basins and terminate well 
down toward the valley level, but they do not extend into its flatter 
main portion. From them issue small streams that within a, short 
distance join to form a creek of g o d  size that flows down over the 
gravel-floored part of the x~alley. At ih lower end the valley of 
Hidden Creek is completely dammed by the Kennicott Glacier, which 
ponds back the waters of the stream so as to farm a lake which 
mupies the entire lower valley. This body of water is known as 
Icy L k e .  It is one-half mile a c r m  and extends 19 miles up the 
valley to  a point where the gradually ascending gravel floor riw 
above its surface. This g r a d  floor continues as bare flats to the 
foot of the slopes of the cirque basins, from which the small steep 
glaciers occupying the head of the valley descend. The stream 
flowing over it from the glaciers at  its head to  the lake at its foot 
is about 2 miles long'and has been well nttmed Hidden Creek, as its 
existence is not to be suspected and it can not be seen until the 
valley is actually entered. About half a mile above Icy Lake on the 



south side of the valley e smalI stream that heads near F d h  of 
duly Pass flowa out of a steep mountain @rp. This stream is 
locally known as Glacier Creek. 

The steep walls of both the north and south sidm of the valley of 
Hidden Creek oxpose on the lower brtlves of their slopes the 'Nikolsi 
peratone, abavo which rise practically inat:cwible cliffs of the 
massive Chitistone limestone. A nrtrnher of 11~rle rlaims have been 
Iocated along the contact of the p n s t o n e  and ove~lying limestono, 
where in plam R little evidence of copper mineralization is to be 
w n .  Most of these locations were m ~ d e  in lWG, and during the 
snmmer of 1907 assessment work was performed on them with a view 
to prospecting the ground, 

The Great Xorthern Development Cornpsny had in this neigh- 
h r h d  for pnd of the wason n crew of men who expended most of 
their labor in making a trnil to the valley by faltowina along the 
steep mountain that boanrla the w d e r n  side of the Kennicott Glacier 
for a couple of miles .south of Bidden Creek This trail wz~q nbt 
completed. 

The only actual work on claims located in the Hidden Creek 
valley was done by the Valdez Exploration Company, Thi~l con- 
pang packed its supplies with horses up a trail over the western 
lateral moraine of Kennicott Glncier to the Hidden Creek valley, 
thence by n hazardous route across the ice that dams thst valley to  
the north side, and thence up the northern shore of Icy Lnke to its 
head. The camp was located 500 feet ~ b o v e  the bed of Hidden Creek 
an a ma11 area of bench ground, about 4,101) feet abow sea level?' 
thst lim in the fork formed by the junction of Hidden and Glacier 
rreeks. During the summer seaaon of lUO7 five or ;six men mete 
employer1 by the company in prospwting s group of 25 lode claims, 
more or less, some of which are located on tho preenstone-limestone 
contact that extends along the m t h  side of the Hidden Creek valley 
above Glacier Creek. About htflf a dozen claims extend from this 
group talonp the contact to the west and ocmm the cot~rse of Glacier 
Greek into nn area of peenstones hother chain of claims has been 
located up the valley of Glacier Creek and acmm the divide at its 
head into the headwater drainage area of Fourth of July Creek. 

Most of the work on Hidden Creek is an its south ~ ide ,  about ai 

mile above the camp, and consists of open cuts in the peenstones 
about 300 im 400 feet below their contact with the overlying limestones. 
All the work done d~lring 1937 was necwsarily in the form of open 
cuts, because of the diificulty of getting supplies into the place, wpe- 
cially timber for tunnel work, necessitated by the condition of the 
rock. No timber of any kind grows near Hidden C m k .  Five open 
mts were seen on claim 3 at this lmaliQ, at an elevation of from 
4,800 fa 4,900 feet above sea level, in m u c h - s b W  greeasWee, the 



h a t t e d  blacks and fragments sf which are tightly keyed into one 
another. The displacernonts that the greenstones hare undergone at 
this place have been severe enough to  obsmire thc pseudobedded s t n ~ c -  
tuse to a large extent. Tho mineraliz~tion tllrough and between these 
keyed shattered blocks consists of irregular and disconnected string- 
ers of bornite with lumps of the Rnms mineral, mme of which may 
weigh as much as 20 to 30 pounds. There is no continuity to the 
mineral deposits. They appear to bc mttered erratically through 
the p n s t o n e s  in an irregnlar xnna for R width of 25 fa 75 feet, 
and hy far tlie gmate~ t  amount o f  this materia1 is nnly dmttered 
country rock. 

o ~ a ~ n a  A ~ P D  vnuum ow J ~ . T  cstrcge. 
6 

Np-braska t?hh.-Ahuit thm-  fourths mile up Glacier Creek, at an 
elevation of approximately 4800 feet above sea level, an open pit 8 
feet quare and 8 feet deep has h e n  sunk, on whst is called the 

t Nebraska claim, in a shihattered mass o f  the p ~ n e  that forms a 
low hoI l  in the valley. This knoll appears to be a slide mass f m n  
the mountain ~ i d e  on the east, Green copper carbonate stains, specks 
of bonite, and one speck of chalcopyrite were ohserwd iri some of the 
pieces of rwk that came! from this pit, but nothing more was re- 
vealed. There is said to he a sr~rdaee showing of chdcocita, upon 
which no work has Iwen done, in ttle peenstones about 400 feet 
below the limeskones on the sw~thmst ~ d e  of Glacier Creek opp&te 
the camp. 

Bekka and Eli claim.-Above the Nebraska claim the Chitistone 
limestone dips southward under thin-bedded limestanes and shale. 
But the atratipphic continuity of the rocks that occupy t.he bead- 
water areas of Glacier and TPourth of duly cmeks is disturbed by a 
line of major fat~lting that palism in an east-west direction through 
the head of Fourkh of Jl~ly Creek. This f ~ u l t  throws the h e a ~ -  
bedded Chitihtone IIirn~tone to the surface again on the divide be- 
tween Glacier and Fourth of July creeks, mlrere i t  is exposed for a 
thickness of nbout 600 feat. There is pmbably a minor fault that 
passos ~ c m  Glacier Creek north of and parallel to the major dis- 
placement on Fourth of July Creek. Over this faulted arm the 
nekka and Eli clnims extend, crossing the divide to the, head of 
Jrburkh af J~lly Creek, whem the major fault brings the thin-bdded 
limestones and s h a h  against the penstones. In the peenstonas at  
the head of the creek, ubout 200 feet below the massive Chitistone 

, limestone, is a bd of crystalline mck nbout 30 feet thiclr that has the 
attitude of a sill, Abve  the. sill-like rock at this place is typiml 
amygdaloidal p n s t o n e  that does not appear to be altered from ih . 
usual texture in any wey. Along the contact between this crystalline 
rock a d  the overlying amy gdaloidnl greenstone are a few thin seams 
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of cbalcopyrita, and th8re am slso of this m i n e d  within the 
amygdsloid a few inchas &om the contact. &mite ocmra a~wciated 
with this chnlcopyrite in very m a l l  quantities, and the p m n c e  of a - 
small arnotlnt of chalcocite is wrspxhd f m  its mamnce in a piece 
of rock not in place picked up helow. 

BonAau o k .  

The Bonanza mine, on the most vkltihbb known aapper depasit of 
Cbitina lTallep, is situated at the head of Bonanza creek, about 14 
miles & of Kemicott Glacier and 7 miles north of the glacier'rs 
muthem extremity. I t  i s  the psopertg. of the Kennisott Mines Com- 
pany, and is the only proper@ visited during the wsson that gives 
promise of shipping ore in a .commercial wag in tho nenr future. 
Two other groups of claims, known as the Jumbo and Independence 
p u p s ,  are situated in the vicinity and are owned by the same com- 
pany. 

Bonanz~ Creek is a h t  8 miles long snd heads an t.be west side of 
the high mountain ridge sunning north and south between Kennicott 
Glacier and McCwthr Creek (Pl. VIII). Its general calrm is 
sonthwest. The company's main camp and ofice, however. am lmeted 
at  the mottth of Kationnl Creek, almost 4 miles hy trail from t h ~  
mine. A new trail, safficiently wide for a wagon road, is nearly mm- 
pleted and leads from the lower camp to the upper one, and a second 
trail of easy grade and guod width leads down the east side of tho 
glacier to tho ICennicott R i ~ e r  crossing. 

South of National Creek the high north-south ridgo b e t w m  tho 
glacier ~ n d  McCarthg Cmk is made up of Triassic sl~lales and lime- 
stones, intruded by large masses of a light-gray quartz pmphyq. 
These Triassic m k s  and the intrusive are separated hy a p t  fault 
from the p n s t o n e  and overlying Chitistone limestone on the north. 
The strike of the limestane is northwest and southeast, and its dip 
a v e m p  between 25" and 3 5 O  NE. It therefore cuts diamnalty 
acrass the main ridge and appars at the glacier's eastern edge, nearly 
9 miles north of the head of Rennicott River. The limestone here has 
a thickn~ss of more than 1.000 feet. Still farther northeast the Tri- 
assic shalw conformably overIying the heavy limestone reappear, but 
they do not occur within the area of the copper-bearing r m k ~  , 
Bonanza C w k  and the other cmeks where copper claim have been 
located lie wholly &thin the greenstone-Iimmtone area. 

The Bonanzs mine (fig. 5 )  is situated on the west side of Bonanza 
Cmk, on a spnr running down to the southwest h m  the main ridp. 
This spur divides Bananzra Cmk f ram a small southwestward-flowing 
tributary heading jusC west of the mine, ~ n d  is  crossed by the 
pnstoneLimedone boundsy a b u t  one-half rniJe so~~thwest of the 
main ridge. On the axis of the ridge this bo~fldary ha8 an elevstion 





of appmximatelp fi,CKK) fwt a l m v ~  m~ level, or 9 . W  Pmt n b v e  the 
rnouttl of Sational Cmk, whew the om hins are to tw Rnitt, To the 
southwwt t h  spur is g m n ~ f o n e :  to the northeast it  ia limestone, r i 5  

FIO, 5.-llrtcb m p  of tln Rmang mhr, m b h ( t  tbf I t m n t w r l m t  th 
lmr t lnn  nt thr rlcb o m  of tkr r o h w ,  end thr frmnrlr. 

ing to an eleratinn mom than 1 . 0  fePZ p t e r  than that of the 
contsct, 

The m n d o n a  imrnprlistely lwlow tlw urn l d y  is vnrinhlr in 
texture and peneral appearance. Part of it is am-yplaloidal. but 
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porphyritic intrusive phasss are also p m n t .  rlrnygdnlm sm not 
confined t o  the uppr part of R flow, but are present throughout fmm 
bottom to tap. In some plam they hrrve been dissolved out on ex- 
w e d  surfaces, leaving a cellular m k  t h ~ t  Imks like a recent lava. 
Between the penstone m d  overlying lirne.stone them ju a M of 
green and red uhnle having a thickme5 of almut 5 feet. This shale 
forms a nzsrrow bncll for a short distance alonfi the northwest side 
of the ridge, but ie ev~rgwhere mvt?r~d with ~ I I I R  and is only fonnd 
after a careful march. The barn of the ljmwtone consists of not lesr 
than 40 feet of coarse gray, slightly argillaceous rock, whme brok~n 
surfam in plam is cov~rerl wit11 Ratten~d cylindrical l d i ~ a  that im- 
mediately suggest organic materi~l  of some kind, but rr mmfut exarnf- 
nation of the markinp did not indicate such origin, and it, is pmbuble 
that they merel~  represent some peculieritp of fmctur~. Over this 
is a few feet of impr~m shaIp limestone, which in t ~ ~ r n  i.cl ov~rlsin hp 
dark and light-pp rnasive lsetls which cnrry tha om bodies ht . 
tho mine the limestone dip is sli~htlp vnriable, bnt a v e r a p  n t m ~ t  2 2 O  
toward the northash 

The limestone is broken bp numerous faults find fracture pl~nw, 
tho mmt prominent of which am nearly perpendicular and r s n p  in 
strike from N. 40' E. to 5. 7Q0 F,. A minor et of fault planes, wit'h 
shout the same strike, dips steeply to the w&. knother set nlns in 
R northwesterly direction, and in several plaw.4 Ftriat.ions on slicken- 
sided surfaces or clay seams show that the movement was horizontnl. 

Fault planes with low dips, some of them ne~r ly  horimntal, am 
also p m n t .  Fane of the faults o k m d  give evidence of much 
di~pIacement, but tagether with tbe numerous joints they afforded 
an opportr~nity for mineral-haring waters to cnter the limestone. 
The principal ha l t  p l n n ~ t h m  m n i n g  from northpast to 6011th- 
westform what may be described as a sheeted zone in the limestone. 
This zone has a wirltli fif 50 or 60 feet and extends through the shale 
bed into the gnwnstone below, but is lew noticeable in the greenstone 
tlrnn in the limestone. A vertical displacement of 2 feet m u d  
in the l i m e s t o n e - p n d o n ~  contact along one of the fault plan= in 
the shmr m e  ~ n d  is the maximum displaoement o h w d .  This 
zone of fmctum nnd sl i~ht displacement was not traced in a well- 
developcrl form for any considemble distance to the northe~st, 
although the limestone e s p m n m  are on the whole very g o d ,  and one 
n-ould e-ct to find it with littla rEifT~rnlty.~ 
T h e  copper ores are chalc~cite and azurite. The chalcocite is in 

veins or tlrbular masses of solid ore up to 5 or 6 feet in thicknesg, 
in large i r r e ~ l a r l p  shaped Mi-, and in stockworks in the bree- 
ciaW limestone. TWO principal veins of chelcocite are s e ~ n  an the 

Rlnee rldtln~ thb mglon tbs wrltera h l v b  bean Intormd that the mear m e  
to the H c C n n h ~  Cmf rldt of tbs ridge- nQPthmlt v t  the Bonanm mftlu 



surfaca Ther stand almost perpdicularlj*, 12 tu 15 feet apart, 
and strike S. 41" E., forming the mmb of the sharp ridge, but ere 
ing it at  a slight angle, as the ridge a t  this place has n more nenrly 
north-south dimtion than the veins. The veins do not extend down 
into the impure lower part of the limwtone, hut end abruptly ant1 
flatkn out on reaching i t .  In places the precipitous northwest face 
of the ridge is plast~red over with ma- of solid chalcocit~ for rr 
distance of 50 or 60 feet 1-ertically blow the top. 

&urite appears on the surface of the chalcocite and alm as r 
linirrg of small w e  in the glencc, but it is p m n t  chid? ax thin 
veins that form a network in the limestone am1 probably am due to 
the alteration of original c11aIcocitc rt'it~s, for sr>me of the rlzl~rite 
has an inner core of chalmite. Az~trite in mom mnspicuous than 
chalcocite in the northem 150 fwt of the. ore M y ,  i ~ ~ t .  chrrlccrcjto 
forms the p a t  mass of the remainder. The om bodies fomefl along 
the northenst-southwest fazrlts of the northern prrrt of the deposit 
RW not the direct. continuatim~ of the l ~ r g e  chalcocite vein8 at the 
south, but lie in nearly pawllel reins which cut the r i d p  a t  n grcnter 
angle, their strike k ing  about S. GO0 to TO0 E. The v e y  rid1 ore 
can lx traced on f l l ~  s~lrface for a distance of nbnl~t 250 fwt. Jt 
ends abruptly on the south in a nearly vertiml limestone wall, but 
on the north gives place to the Io\v~r g r ~ d c  ores, mn~istit~g of ~1na11l 
veins of azurite and chalcncit~ with S C H ~ Z P P P C I  ~ R S W  of c ! ~ ~ h x i c i t ~ ~  
some of thrm weighing .vv~ral t o n s .  This Inaver-prnrls ore ~ h n w n  on 
the surface for a distance of rllt l ~ a s t  150 fwt northpast from the, hipit- 
grade or=, und small ~cnttemd amrite veins extcntl still fnsther in 
that direction. Zhe ore, os ii shows on the susfrlce, ther~forr, exterrd~ 
northeast and southwest nIon ,~~  the strike for a diatance of 400 feet. 
The thicknam, however, is more i n d ~ f i n i t ~ ,  bnt t h ~  very rich (!re, with 
jtR included limestone, as wen nt the surfnm, has n width of apprnxi- 
mately 25 feet, although the thickness of om s~~Sficicntly rich ta be 
mined may be greater, 

A little c h a l ~ o c i t ~  nnd Ic-s hrni te  is found in some of the shearing 
planes in the greenstone, bat it d m  not ~ x b n d  fnr into the green- 
stone. The quantity ia m n l l  and inconapictiouw and might rtrrldily 
pass unobserved. A srnnll amnnnt. of ~pirlote i~ associaterl with it in 
places. The muin shear zone in the greenstone ct~ ts  an older set. of 
quartz-epidote veins. whew dimtion is ahout north-n~rt~hhwest. 
Thew qunrtz-epidote reins do not intersect the limestone, They 
nach a maximum thicknew 'of 1 foot and camp ~ l r n ~ l l  amounts of 
chalcmite, bornite, and native copper. 

Two c r m u t s  fig. 51 have been driven in the om hody in a dimc- 
tion N. 83" W. T h q  are, Ithcfefore, nat exsct.Iy perpendicr~Ear to it, 
The longer of the* crowcukq starts on the mst side of the ridge and 
75 feet b l o w  its top. It is 180 feet in length and extends through 



to the west, side of the ridge. The richat ore, consisting of law 
masses of chrlcocitc with hame included limestone, i s  encountered 
at a di4stane~ of PO fwt from tho tunnel'g mouth and aontinnefl for a 
dislanw of 914 feet, as measured in the roof. 'fiere are smaller 
bcuiies of chnfmite, hower~r, for n d i h n c e  of 10 or 15 feet on either 
side of the main ore body. ~ l h n t  115 feet from the entrance to  the 
tunnel s win20 23 fmt dwp was ~trnlt in tllo ore, and from the ht tom 
R drift. zigz11jy n o r t l t ~ ~ d  appmrirnatelp 110 feet. 

About 1 9  ffetlt m~itliwefit of this ttrnnel is A parellel tunnel driven 
h m  the west sidp. of the ridge and 50 feet lower than the little 
saddle above it on the north. This tunnel starts in a face a£ solid 
chalmite and extencls S. 8S0 S. for 50 feet. The are7 which k cha1- 
twit, with a mall amount of azurite, is e& for n4 fwt n l o n ~  
the tunnel, hut ia interrnptd I?? horseis of l i m ~ o n e .  The remaind~r 
of the t~~nnet ~hows limestone cut by amnll rzurjte veins and in plecc.111 
containing a small nmount of chal&ite. 

I 

o s 10 16 feet 

m. k-eh aowhr fdrm ot a n  bodf In the rmfn or nanhem tame1 at tam 
R m m r n  mlns. 

A b t e r  conception of the form of t h ~  OPQ WFm a n  be obtaind 
by an examinntion of figs. 5,  fi, and 7 thnn can be given in a written 
dewription. The two main pnmlEe1 surf- veins afford only an 
imperfect idea of the deposit, T h m  two wins represent a total 
replnc~rnent of limeitone a l o n ~  minor zones where ~heariry was most 
inten*. The two tl~nnels show that not onIp is the limestone R- 

plaml along the main shmr mne, hut r h ~ t  minrralized watem fol- 
Imed minor fracture planea also, and thus yielded the low-lying ore 
Ilaliee anrl m a t  imepl~lnr mnsm seen unrlerpand. Bet~rerb and 
nronnd the large mn.swa of chalmitc? the limestone was shatted 
and filled with many small: veins of om, forming a stockwork that 
is most noticeable in the winze tunnel and on the mrftace nodhm,Pt 
of the main ore h j ~ .  AS R ~ I P  tlle brittle chnlmite ia v e v  little 
f r n c t u d .  The limestone, on the other hand, is greatly uhatted 



and is filled with thin veins of crrlcite, which arm older than the ore 
deposition. Open cavities in the fractured limastona have been fitled 
with ice, and both the country mck and the talus on either side of 
this r i d p  am frozen RII  Rummer except for a few feet ~t the marface. 
The bIus  slopes below the ore body cont~in a large quantity sf chal- 
coeite resuIting fmm weathering nf the  vein^ nhova and are a d u a -  
bb source of copper. 

It is a wggestive fact that, although the main shear 7nne of the 
Bonanza minp extands from the limeslon~ through the thin nhaIe bed 
into the greenstone blow, the large chalcocite lmdies, so far m can 
Ix determined 011 the ~urfam, e~id uhrllptly a t  the Cop of the impure 
shaly M a  forming the lower $0 or GO fnrt  of the limestone. Copper 
minerals arn n s m i ~ t ~ d  with the  ~llenr zone in the greenstone, but only 
in small amount. 1Ippamn.tl-y tho impure thin-l)ecfded part of the 
limestone was a le~w favornkdo plem for deposition than the purer 

lN0. 7 . e h  mbortng tom of ntr I d 7  *- In khc cwtkrm tnonrl at the Bonanu 
mlnr. 

massive MR a h w .  This fnrt has a practical haring on the v a n -  
tit? af ore p m n t ,  for it is evident t h ~ t  i f  the same condition eon- 
t inua  nnderpund it limits the downward extension of c h a l d t e  in 
the limmtone. The continuation of the ore M y  to the northeast mill 
probably k limited c l i l ~ f l ~  k)y the mntinnai ion of the shear zone in 
that direction. The exact conditions which determined the deposi- 
tion of the Rwan7a ow tmd? RSP. not known; p i b l y  it was the p e  
enm of a shear zone fartrrahle: to cimIation, hut its occurrenix 
together with that of the J u m h  and Erie chrlmite hodies to the 
northnest i n d i c a b  that favomlde conditions for clepoRition have k n  
established in mom than one glam and o f f ~ r  encouragement for sreek- 
ing other chalmite b o d i e  a t  the base of the Chitistone formation. 

Prom the description that has hen given it wilI be m n  that them 
Is little on the surfnca or in the tunnels by which ta determine that 
the ore body has a greater extension from southwest to northeest than 



86 TKE E ~ I H A - C B ~ B A  REGION, ALASKA. 

nbant e00 feet. or, at most, 450 feet, or that it e?rtends 60- into the 
hasal M s  af the Chitistane limestone, Jt iy  evident, howcvcr, that 
the h n z a  is an exceedingly rich and nnuwsl bod? of copper ore. 

From the Bonanza mine the Chitiatone limeshue continues north- 
westwad in a s u d o n  of lofty djff.s as far as Rennicntt Glacier. 
The hse of these cliffs ig at the p n s t o n e  contad, and in many plncm 
contains veinlets and stringem of azurite or chalcocitc. In nt least 
two pIam the quantity of these. two minerals, ~spwinllp of the chal- 
mite, is such as to make the deposits of cornmeruin1 importance. 

The ore M y  of the J u m h  claim is 4,600 f e ~ t  northwd.  of the 
Rananza, e t  the hhettd of dl~rnbo Creek, and i.s locnted in limestone 
just above the greenstone-lim&one .contact on a m a l l  .sorrthw&uard 
projecting spur or angle of the lin~estone cliff. Sot~th of it and nearly 
200 feet belorv is the glacier in whirh J u m h  Creek hetlds nncF which 
must be d ta lrnch the ore body. The f i m h  and Bonanza ore 
bodiers are at pradicnlIp the same elevation above sea level, approxi- 

. rnstely 6,m feet 
The limestone at  the mT~~rnbo is made up near the blrw of slightly 

cherty beds ranging in thicknm from 8 to 13 inrh~s. The strikt! is 
Y. 65" IV., the dip 35" PIT. 2% tunnel 15 feet l o n ~  wna M e d  on the 
~11th f ~ c e  of the ridge, 10 f e t  a h v e  the p n s t o n e .  T ~ P  limestono 
is jointed or cut by minor fsalts parallel to the bpdding and is c m w d  
by veiw of calcite from I to 2 inrhcs thick. Thin veins of thalcocito 
rrnd ~zririte amampany them snd fill same of the fsnctures Seven 
feet above the tunnel mouth is the c a ~ t  end of a large rhalmjte mnm, 
which is well exposcd on the axis of Ae ridge. As indirntrtf on tho 
surface, this body of ore is a maw of solid chalmite 30 f e ~ t  long, O 
feet by 4 feet R inche~ at the west end, and tnpering t o  s. diameter of 
1 foot at the east end. It appears to he a rudely Ienticnlar or p i b l p  
a conical body, hut hag irrrfl~larly shaped pmtubcrances, as mRy be 
Been I L ~  the west end, where the stcsp west ft~w or slope of the spur 
gives a c m  section of the ore body. (Res fig.. 9.1 

A little way east af  the Jumbo tunnel is a wmnd tunnel in lime- 
stone a short distance ahove the greenstone. The b~nnel runa neafly 
north or slightly to the northeast in lirnestqne that strikes N. 66" ITT'. 
and d i p  25" Eu'. In the tunnel, which is 12 feet long, the lime4one 
is mlslldl nnd jointed. Small veins of calcite and nxurib u p  to 84 
inches in thicknew fill joint crack, wpecially a set of perpendicular 
minor faults or slip planes rtznning N. 70" W. Xo chalmite is 
exposed in the tunnel, but it ia believed that the azurite indicatm its 
former presenm Fifty feet belaw the tunnel a lenticular vein of 



chalcbcite, 3 inches thick ~t its widest psrt and 3 feet long* was found 
in the limestone. 

h'orthwest of the darnbo claim and nearer Rennicott Glacier is 
anothe~ chalcocite body, the Erie, of similar character, th% is said 
to be larger than t h ~  damha. This prop* was not visited by the 
Survey party, nor was the Independence p u p  of eIaims visited, 
which lies 900 or 3,000 feet I~lou- the top of the ridge between 
Bonanza and McCsrthy cmku, on the McCartby Creek side. The 
vein of tbe Independ~nncc is in wenstone, and is described by Men-. 
denha11 * as k i n g  n fairly prsistent fissure vein from 6 t~ 8 inches 
wide and trending obliquely to the limestone-greenstone contact. The 

0 * 5 10 16 #) re& 

Fta. 8.-Rketrh nl thr ow I M y  81 thn Jumh clafm. 

vein mentioned is one of R nllmbcr that m n r  in a gheeted zone strik- 
ing N. 38" E. and made np of a nnmber of mall fissures, most of 
which contain considerable calcite. This zone pasFlas from the peen- 
stone into the limestone, and has its greatest width, about 50 feet, at 
the mntacL The ore is found i n  the grenstane only, and consids 
essentially of chalcocite, which fills fracture openings and permeat- 
the greenstow between them. In places the d~alcocita is present a9 
amygdaloidal fillings in the greenfitone. It is Inter than the calcito 
filling of t,he sheeted zone, and gradually disappeam with increasing 
distance from the zone of min~ralization. Tho m ~ i n  ahe~r  zone inter- 
sects a system of quartz-epidote reins striking N. 7R0 E. and carving - 

%lendenhall, W. C, Qmlow oi the central Copwr Elver mtn, Alnnk~: Ym!. Pap? 
tf. % Qeol. Eurvey No. 41. 1806. p. 104. 



88 TEE KOTS~A-CHITTPTA B ~ T O N ,  ALASKA. ' 

a amdl amount of bornite. Except for the ahen* of chal&ite 
bdies in the limestone, there is a marked simil~rity between the 
~ ~ x u r s e m c e  of capper minerals in this l d t y  and that at the Bonanza. 

The Nikolai mine, en Niknlni Creek, a tributary of McCarthy 
Creek emptying into Kennimtt River a short distance below the 
glacier, was not visited by the Survey party, as no work has been 
done there since the claim was patented, and the shaft was reported 
to be filled with mow and ice. The following description is quoted 

: from the report of Schrader and Spencerqa 
EJikolaC mime.-The Nikolal mine Is located on the creek of the mme name, 

tributarg to  McCarthy Creek from the east. [See P1. X, A.1 The occurrence 
has probably been Imuwn to the natives for a long time, and was revealed by 
an Indlan named Jack to Mr. Edwad Gates, who, though be had never visitd 
the locality, was able to flnd it with the aM of a map drawn by Nikolal, late 
chief of the T a d  IndWna 

The k'ikolai mine i a  situated l,W feet or more above timber line, at an 
elevation of 4200 feet. The country rock in the lower part at the creek Is 
Triasslc nhale intruda by porphyry, but a great fault Brings up the Nikolai 
greenstone, whlcb foms the b d  rock from the vichfty of the matn form of 
the creek to a point above the mine. On the south side of the galch, opposite 
the mirl~, the green~tone I s  apposed by the unconformabJe beds of the Kennf- 
cott formation, but ta the north the Chltistone mmsi~e Hmeatone i~ seen d i p  
glng steeply Into tbe mountains, and this i a  followed by the Trlassic shales, 
coverlng R large area &tween McCartby Creek and Xlzina River. 
The veln occurs in the grenstoue at a horizon not more than 60 feet below 

the bottom of the limentone, which outcropx in the creek bed a few hundred 
feet above the shaft. R Is a true &mre vein, with well-marked walla, and 
there has been displacement ox faulting along it to tbe amount of perhaps 50 
feet, with the upthrow on the northwe& The conm of tbe firnore varlea 
from N. 60" E. to N. 55OE., and the veh dIpa about SE. It may be 
traced for mveral tbonmnd feet, though it &own no ore on the surface except 
neaT tbe place of dirxovery. The mFIh dsmm la  paralleled at a distance of 
90 and 140 feet,, re-vely, by two finsurea whIc4 though lem prominent, 
also contain capper minerals, and the rock between is cut by many gtrhgera of 
o m  In the vldnlty of the mhaft the main m4n has a width of from 8 to 12 
feet: and fa divided about equally by a harm of g r e d o n e  3 br 4 feet across, 
in which the shaft has been mnk. The ore on either alde of the horse i a  
practIcallg pure b o r n h  wIth only a small amount of quarb asmlated In an 
Irregalar wtlg. h a l l g ,  as ehown near the creek bed, there fa a band of 
chrtlcopyrlte lying next to the hanging wall. The development in the latter 

-part of Augu~t, 1140, condlsted of a shaft SO feet in depth, and an open cut 
along the vein for perhaps 50 feet. Thrwgho~~t this distance ore having a 
thicknew of from 2 to 4 feet had expo&, and In the bottom of the slraft 
the horw bad b#n penetrated and mite ore was found on the foot-wall slde. 
The development baa been aufecient to show the p-ce of a large shoot of 
ore which can be mined irom the present shaft or from a short adlt which 
cauld be &hen to cut the vein at rm depth of perham 1100 feet, but whether the 
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nre l a  gwemJly &strlbuted or whpthpr tbprp nm otkr large ow Wles almg 
its ronlge is yet to be det~rmhed,  

A god tr~i l ,  a mLle or more In length. ham hem mnmtrnctml from the mmp 
at thber line to the mine. nrring the Rummpr of lm nboot a d m  men 
tRere engam fn the explnItatlon nf the Ylknln! mlnr. 

Chitimne River is a so~~thwesttrard-flowing tributary of the 
Niein~ end joins that dream rpproximnt~ly 30 m i h s  above its mouth. 
It hmds in the glacim which cover tho divide between Capper snd 
White rive- ant1 its rallep is one af the routes by which prmpectclrs 
reach Skolai Pass and the White River GI~cier. Bet,ween the lower 
end of the Chitistone Glacier and Kizina Rivnr the strenm has R 
length of 18 miles, bnt the copper properties on which most work 
has h n  done are situated within the lower 10 miles of the valley. 
Within this lower 10 rniIes Chitistone River flows fiver a b m ~ d  
gravel-covered flat,, ranging in width from one-half ta 1 mile. The 
Ifirgcst tributaries are Glncier and Toby creeks, b t h  flawing in n 
northwe~torty dimtion nnd joining the main s t m m  within "ilm 
of R U C ~  other. The rnolrth of Glacier Creek, the mom mmterly nF 
the two trihrrtnries, is f miles f o m  Siziaa River. The larper tribu- 
taries, inclu(1ing two nr three h i d e s  the two named, harp broad 
pvel-covewil rnllcy floom similar to that of the Chftistonn itself, 
but much narrower nnd with higher gradients The m ~ l l e r  tribu- 
taries tumble down step,  rock-rrrrlld gdches 

Far mow than half its length the ralley of Chitigtana River ia 
cat in Kikolai gnwn~tnne nnd the overlying heaw Chitistme lime- 
stone In this vicinity the timestma reaches the maximum thick- 
ness &wed. at least 2,000 fwt. South of the river it dips gently 
northward. f o n n i n ~  a conspicr~ous cap on the penstone that may 
be swn for many mil- to the wuthwe*, and everywhere it l i a  at  
least 1,000 fet  above the valley floor. On the north side of the river, 
between Nizina River and Glacier Creek, the whole mountain maw 
except two or t h m  hnndrpd feet at the barn, is Chitistone limestone 
extending to an elevation of mare than 4,MK) feet above the ralIey. 
Oa the we& side of Nizinn R i w r  thr limestone is seen to dip to the 
north at  about 30": so tlmt thr p n t  thickness on thc east side repre- 
sents the central low-lying portion of a. lnrp syncline. Farther rxp 
the valley Trimsic and other younger mclcs trith gmndar introsEans 
and included coal beds appear. 

Copper is found on Chit istone River in buth the greenstone and 
the limastone, but in 1907 d~veloprnent had not revealed any con- 
siderable ere bodies. On the. Chitistone it4elf mast of the work had 
been done by the Hwghton Alaskn Exploration Company and by 



the Alaska UnitdI Copper Exploration Company, the W n a r n ~ d  
company directing its efforts to prospcting claims north of t h ~  
month of Glacier Creek on the north side of the river and to claims 
on the muth side of the river a h u t  4 miles 'below Glacier Creek, and 
the second to prospecting p u n d  on Contact. Gulch opposite the 
mouth of Tobp M k .  A large number of daims have been staked, 
including practically a11 of the Jimestone-greenstone contact, h11C 
Eome of them show nothing bnt the p e n  carbonate stsin. 

Glacier Creek, &onp the tribataries of Chitistone River, is a t  
present the awn of preatest promise. N a t i ~ e  copper is the ore 
chiefly found, 

The prnprtp of the Houghton Alaska Exploration Campmy west 
of Glacier Cwck on Chitidone River, on which most work has been 
done, lips at  the limestone-greenstone contact 1,225 feet above the 
river valley. A tunnel 20 feet long follows a faul t  in the limestme 
running S. 30° E. and dipping 10' to 80" E. This tunnel lies ju& 
-above t h ~  greenstwe contact a t  the top of s, large limestono taltw 
slope. Fifteen feet higher and 20 feet farther east is a sIope about 
25 feet long driven on the dip of a fault parallel to the bedding, which 
Ptrikew S. 00" E. and dips 35" S. There i.t a fault zone o f  rn~shed 
country rock which haw a thickness of 4 feet on the west side of the 
slope, Imt diminishes to 2 fwt on tho east side md practimllp dies out 
at n short distane. from the mouth. It can be followed for 15 f ~ e t  
westward and is then cut off by a cross fanlt, giving it a lenticular 
cmw w t i n n  with e: maximum thicknm of 4 feet and a leneh of 
about 25 feet. The limestone is further cut by many small calcite 
veina. The f ~ u l t  zone is heavily impregnated with blue and green 
copper carbonate, accompanierl br epidote. Iron oxide a h  is 
nbundnnt in the crushed zone. T ~ P  copper minerals penetrate the 
mlrntw rock, coating the joint plnnm with p e n  carbonate, but 
azurite is almost resfrictd to the c n ~ ~ h d  zone. 

T h e  mntrwl camp of the Alnskn United Copper Exploration Com- 
pany is a t  the mouth of Contnct Gulch, opposite Tobp Creek, and 
most of the summer's work was dona in that viciniQ7 although the 
company owns many other cleims. A l a w  part of the season was 
consumed in the! cnnstruction of a. cabin and trails bv which the 
prospects, situated orcr 9,OW feet n h ~ o  the month of Contact Gnlch, 
mrp b reached. Bornite in pwndone is the principal ore, but not 
enough development has pet k n  done to reveal any large M y  of it. 

Native copper ia faand m Glacier eFeek in a mall gulch a b u t  1 
mile above the lower end of the glacier, or 6 miles above the mouth of 
the creek. This copper was known to the Indians, who broke out 



fraperth from the bed rock. The outcrop is on the northwest side 
of H steep gulch 625 feet strove the glacier nnd less than half a miln 
from it. The gulch i s  reacl~ed by n tmi1 aver n high rock cliff, by 
going dong the north side of the glacier between the i c ~  and the 
bank OF bytcmssing diagonally from the south side a£ the glacier, 
Traveling along thc glacier's side is dangerous becau~e of almost 
continuous rock slides, and is not. ~ossible at all in some seasons. 
The mnntrp mck is x series of bedded nmygdaloidal greenstone 

dowg md the copper i s  seemingly restricted to  a particul~lr one of 
ihese M s .  Nearly 75 feet nbove the creelr, on the claim known m9 the 
Chiti, the (greenstone is cut by a fault running h'. 10" E. and dipping 
40" W., almost pnrallel to a bed of greenstone filled with black 
amygdules, consisting of a mixtun of copper oxide and carhnnceous 
matter, and cut by small veins of the same material. Above and be- 
low this bed, whose mnximum thickness is 8 feet, is pendone  with 
quartz amygdules and only a small amount of the black mineral. 
In the main open cut the fault appears at first glance to form the 
hanging wall, but there is R small thickness, not over 2 feet, of the 
black arnygdaloidal p n s t o n e  just almva it. Thirty feet farther 
north along the strike the fault is at the foot wall, and here the black 
amygdaloidal rock has its greatest thicknm, 8 feet. The main fault 
changes its direction here and strikes mom nearly east and west. It is 
cut by minor fanlts and slightly displaced. Tlre black amygdaloidal 
rock is covered by slide m k  56 fwt sorlth of the largest cut, but con- 
tinues with decreasing thicknm northesst~aard for a b u t  200 feet. 
The large faulkhowever, is easily traced fnr not less than 300 feet. 

Copper is present as malachite. native copper, chalcncite, and 
cuprite. Masses of natire mpper weighing several pounds siw 
found, but it. is present chiefly as smnll .spcclrs in the peenstone and 
the black amygddes and ns thin sheeta or lerrvw of a b u t  the thick- 
ness of paper and small stringers in the grcenstane. The larger 
mmes o@cnr in sponge or netlike form inclosing co~rntg  rack. The 
largest one saen in place n7as not over 8 inches in diarnetar, but a 
quartz vein 300 feet north of the main cut yielded a m s s  weighing 
about 60 pounds The fault with traces of the black amggdaloidal 
rock and some copper are reported to be found still farther ta: the 
northeast, but were not foIlawed. 

D M  CREEK. 

Dan Creek i~1 the first. tribntary to Nizina River below the miti- 
stone, from which it is  separated by a mountain mass made up of 
Nikolai gmndone capped by gently northwarddipping Chitistone 
limestone (PI. X, A ) .  On the northern side of this monntain mass 
the Eimesto~ie-greenstone contact st its lowest- pint is only a few 
hundred feet above Chitidone River. On the southern or Dan Creek 
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side, however, it ranges from 2,000 to 4,000 feet above the stream 
(PI. X, B ) .  A further desrription of the geography and geology 
of Dan Crsek is given in the account of its gold placers onp- 97-W. 

Just below the contact, north of Dan Creek, the greenstone in 
many plam is stained with copper green and contains small stringers 
and buncheg of copper minepals, chiefly bornite. This is mid to be 
particularly true of ia zone of penstone extending for a long dis- 
tpnce along the contact and situated about 30 feet belaw ik 

At the head of Boulder Creek, which joins Dan Creek below the 
canyon, is e claim called the ITTestaver, belonging to the Alaska 
United Copper Exploration Company. The exposed ore is a massr 
of born it^ at OF just B ~ V B  the limestone-greenstone contact. This 
ore Imdy is entirely in the Limestone and is onusual in that the other 
known similarly situated copper deposits of the eastern portion of 
the Chitinn copper region are chalcocite rather then bornite. The 
surface exposure has n length, in ra horizontal direction, of a0 feet and 
a maximum width of 8 feet. At one end the ore consist8 of nearly 
pure bornite, whose boundaries with the inclosing limestone are 
rather sharply defined. At the other end it ~.ntdually fades into the - .  

coantq roclr. No develnpment work has been dono other than tn 
clear away the face of the exposure. 

GOLD. 

The Nizina placer district, as now known, mbraces in a general 
sense the drainage areas of Dan, Chititu, and Young creeks, which 
flow into N S n a  River from the east and south. Young Creek 
empties into the Nieina about 20 miles above its mouth, Gktitu Creek 
comes in about 1 mile above Young C m k ,  and Dan Creek flows into 
the main river about 4 miles farthir upstream. 

The discovery and location of theso placers in 1902 has been de- 
scribed by Mendenhall and Schrader.5 After passing through the 
stampede stage of exploration the Nizins district relapsed into a 

during which a p a t  many ef the claims as orifially located 
were worked only on a small scale in ttn unprofitable manner. From 
one cause or another much of the better ground was soon invoIved in 
Zrswsuits whicIi, until last year, 1906, were not settled in a way to 
justify systematic work necessitating an investment of capital. 

nMlnera1 resources of the Mount W m g e l l  dlfstrlct, Alaska: Prof. Paper U. B. Qeol. 
Barney No. 10. 1903, gp. 5-1. 





The bed-rock flmr of this area is, SQ far ar known, made np d a 
wries of shales with a few thin limestones, thnt am rnther commonly 
intruded by dikes and she~ts of light-colored prphp@. This bed 
m k  on Chititu and Dan creeks is for the most part 8 drrrk, fine- 
grained, homogeneous shale in which t h e e  is very Iittle limestone. 
'Fhm shales.am hard anti closely jointed nnd hare heen intricately 
folded ~ n d  contorted. They h a w  slsn been subjectd to  faulting, 
wme of which is wry m n t .  as it has occurred since the uncon- 
mlidatd Tleistmna bench gravels that lie unmnformably upon the 
shales were clepsited. It is probable that Illis shale h d  rock is the 
floor upon which rest% the thick sheet of bench gravel deposits thnt, 
M far as known, a p p a r  to extend fmm tlw northern slopes of the 
v~ l l ey  nf D m  Crwk along the gently sloping mountain sides t h ~ t  
form the emtern side of the Sixina Valley to and pmhbly heponrl 
'17eenp: Greek. Schsader and Spencer r e p r e n t  the higher moan- 
tains to the east ss made up of this series of shales and thin-Mded 
IirneRtone. 

The hmad depression twtween the Skolai and Chllpch mountains 
ia floored by unconw.iolidated deposits, wllose cbamctcr snd origin have. 
almadg k n  discns4.  h part of them was laid down in m t e r ;  an- 
other part WRR deposited without sorting by water. The irnprtunt 
deposits of tho N i z i n ~  weion. howerer, were mainly water laid und 
include the bench and strenm grmels. Of the two the bench p v e l s  
are of less p m n t  comrnerci~l importance, although in amount they 
p t l y  exceed the sts~mm deposit% 

The ~ P ~ R I  distrikrltion of this thick p v e l  terrane nppears 
to correspond to the knclrlike surface featuw that extends along 
the eastern side of Xitins Vnlley from Dan Creek to IToung Creelr , 
and bepond in a soushwestrrlp direction. The gravels apparently 
have their upper eastwart1 limits about tht! middle altitudes of the 
mountain gides. They madaaIlp slope down toyard the west to an 
elevation of ahout 3,000 fcct nimvt the sen. level, where the surface 
descends more abruptly for ~lcveral hl~ndred f*t and t b~nce  continues 
on to tha west for 2 to d miles as rt grndltallp doping valley Rmr to 
Xizinn River, where the elcvatian is about 1,400 f e ~ t .  

It is not known to what extent the distribution of the gravels may 
depend on the configurntion of the mck floar beneath them, but con- 
sidemble topogrttphic irrcm~larit~ies exid, bntlr in slope of s d a c a  and 
in surface forms, giving r i ~ a  to r i d p ,  valleys, aad hills snch as wo111d 
be preenfed by a rolling fopography of moderate relief. 2%- 
lopgraphic  feature^ ham k n  fnctora in the. originnl distribution 
of the gravels, and their consideration j.r important In studying the 
Nieina placers, for the refison that a t  the p r e n t  time the evidence 
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points toward the bench p d s  on this older land surface as being 
the sauroa from which the supply of gold in the present stream or 
creek gravels is chiefly derived. 

'She view that tho easily worked creek gravels of the presemt 
streams h ~ v e  received their gold from a wurce in the higher bench 
p v e 1 s  is amply substantiated by the fact that the p-ncc of gold 
in the bench psavelv has been established. At seven1 loealitiw on 
Chititu Creek the bench gravels have been prospected systematiaIIg 
by trinnels following the bed-rock surface, and it has h e n  found that 
gold is pre~ent in no inconsiderable amount., and that while the values 
nre naturdly highest on or near bed rwk, yet mnsidersblo golcl is 
preaent for snme dist,ance above bed rock. TJnder pnwnh, conditions, 
however, it does not seem that the bench gravels can be ~ r o r k d  profit- 
ably, though when supplies and labor can be obtninetl ~t lower cost 
it m&y prove profitnble to mine them by tunnel and drift methods, or 
possibly by hydraulicking on a Iarge scale. The bench gravels arc 
not, frown, RS are similar deposits in some parts of Alnskrr, con%- 
quentlg in working them by tunnels and drifta i t  is newwary to 
timber the workinp thoroughly, an item aE expense that increases 
the cmt of such operations. It is by no means improbable that there 
may km olcl channels in the rock floar underlying ihcsa pa,vcla where 
placer aold has been concentrakd in amounts largo enougll to pay for 
mining by timbered tumelw and driftq, It may n1.w hc found thah 
over some areas the bench gravels are not. too thick tn ho profitably 
worked by hydraulic methods, even if tl considorable thickness of 
overburden should hava to !E removed to reach the pay gmund. 
Systematic and thorou~h ampling of Inrge awns Fly drilling test 
holes shor~ld precede any contemplaterl i n ~ ~ l f i t i m  for working 
gravels. 

Tho present stream gmr& of Dan, Lxititu, and Young creeks are 
the deposits in which gold wrrs filst. di.scnvered and on which active 
operations are now being condnchl. They arc in part derived from 
the bench p v d s  and in part by the cut . t in~  of tho streams in their 
own bed-rock channels Thew dapmits are more fully described in 
connection with the indivirIusl cweks. 

The mggmtion t hrtt t h ~ .  pwwnt. R ilri feroua crwk d e p i t s  h v e  been 
derived from the thick mantlo of bench p v e l s  leads to  a considem- 
tion of the source of the bench gravels rind the placer metals they 
contain. Bowlders, cobbles, and ~ebbles af penstone, with a con- 
sidembla amount of native copper, are charachristio rnrtferials of the 
bench gra~els. A few of these m p p ~  weigh more than 100 
pourrds, but most of them nln abor~t 1 or 2 ounces. The nearest 
h o w n  mum for the p n s h n e  and native copper of thaw gravels is 
on the north side of the valley of Dan Creek, and thenm nofihward 
in the a m  of Chitistone River. Here are area0 of pastones  in 



which some mall mounts  of native copper nre known to a w r ,  but 
no goEd has been reported from these rocka The following state- 
ments are qnoted from the report by Mendenhtlll and Schrader: a 

The rocks throughout the m t w  part of tho rllatrtut lire re~~orted by Rchrader 
and Spencer to be the blnck slrnleu nHo ttbln Ilmmtclnee oi the Trlaa~b, but in 
the northern mrt of the bas111 uf Lhul Crwk the Nikolal ~reenatouc and the 
overlgiog heavy-LMdd Chitlstoue Illnestone outcro~). fbrre Is A duubttul 
region about the head of l'uutip: Creek, nohere them older racks mng HJHD 3 ~ "  
found. 

The black Tdasmfc shales are reported to be intruded In tl~la reglou, as tbcy 
are known to be hi other lomlitien, by ahundr~nt porpbFrltlc dlkes, 11at1 the got11 
may be found to he geneticnlly ctr~lnectd witl~ t b ~ m  Intrualven. 

So fk no facts have h e n  brought to light ito show whether the 
porphyry dikes in the Triassic shnlw may bc a possible source of 
gold or not. On the other hnnd, it has been reporl~d by n prospector 
that free gold occurs in thn conglomerntes of the TCennimtt for- 
metioa in this region. This forma tion has h e n  assigned to thc Upper 
Jurassic or Lower Cretaceous, and at present tho only m k s  of this 
age known to m u r  in the Nizina plltcer area lie south of h u n g  
Creek. There is also an area on the west side of Sizina River, oppe 
site the mouth of Chitidons River. The Kamicott, forrnntion as now 
known wcurs in isolated areas, of no very great extent, distrihtttd 
from Kotsina River to the mountitins south of Young C m k .  Tt lics 
unconfomab1;v upon tho Triassic shahs and limestones and dder 
gseenstoneq. This aeri~s of mng1omentte.q was no doubt formerly 
very much more widely distributed than it is at pmwnt. Extensive 
deposits of it  have probably ken entirely carrid away by ~rosiw, 
end i f  they were gold bearing, in part or as a whole, it can ensilp ba 
Been how s~tch a source might have supplied the present huch p w ' l s  
in the h'ieinra district. 

tlI1TlYT VEEER. 

The s h a m  gravels of Chititu Creek (fig. 9) and its tributaries 
have receive4 the most attention in this district. The upper half of 
Chitititu Creek occupies a compnrrrtivelp narrow va1Iey that is exca- 
vated ta a depth of 200 to 4M) feet through the thick deposit? of 
bench gravels and expnses the underlying shale. In this shale bed 
rock the stream has rnrved n trugl l  from 200 to 700 feet wide and 
from 10 to 50 feet deep. conforming in slope with the surface of the 
m k  floor. The trough is filled to a depth of 8 to 16 feet by recent 
stream pavela mainly derivcd from the adjacent bench graveIs. Tn 
brief, the whole ipmcess has been that of a natural ground sluicing 
of the Iwnch gravels. The M-rock flume or sluiceway is paved with 
bowlders and cobhIm, and in the natlrral riffles thus formed the gold 
and copper have been concentrated. 

*Yradenball, W, C1 Behrader, F, C., Prof, Pagq U. B. Geol. & m y  No. 16, 1003, 
p, 61. 
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Ody one of the original Imators of claims on Chititn Creek has 
devdoped his h d d i n p  a l o n ~  conwmative and conaigbnt linm from 
the time of thpir disrtn-erp. On clnim h'o. 11 a b v e  Dimovesp open- 
cut work WRR I w p n  with pick nnd ~ h o v ~ 1 ,  During the second mason 
canvas huse was used, and finally a small hhgdraulic plant with giants 

wlt& installed. This plant hw hem improved fmm year to year and 
the results obtained have been increasingly satisfiwtor~r to the owner. 
In 1907 active development work was begun on a group of claims 

that includes the major porkion of the placer p u n d  on Chititu 
Cmk.  A complete hydraulic plant, supplemehkd by a well- 
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equipped sawmill run by water power and an electric-lighting plnnt 
to aid in night work during the latter part of the open m > n ,  was 
during the winter taken o-rer the snow and ice to Chftitu C m k  from 
TJaIder, s distance of 200 miles, by means of horses and sleds. This 
niethd of trnnsportation is the only trnp l ~ y  which any considemhla 
quantity of material can be conveyed into the Copper River rqion 
at  the present time. Even whrn e~nomieal ly  conducted, on n large 
acale involving quantities of 1 0 0  tons or mom, such transportation 
from Valdez to the Nixina district has nercr cost less than $180 per 
ton. On small shipments the cost may be its much ns $400 per ton. 
The greater pnrt of the own senson of 1907 was spent in installing 

this plank on the lower eight claims on Chitit11 Creek. The sawmill 
was e m t d  an daim So. 4, at~ove Diwovery, t o  m~pply lumbr for 
flumes, build in^, and other purposes. A large amount of hpdranlic 
pipe was riveted topther fmm tho spsmte sheets, and RS the season 
pro& the m h o l ~  plnnt, with dam and Izendgates on claim No. 8 
above, the flume and pipe litles, lighting plnnt, etc., was assembled 
in working order, sn that. by the close of the mason 811 arrangements 
were completd for befinning active mining on claim No, 1 with 
the opening of the season of 1908. 

Una Creek, in point of siizc. h the f i ~ t  important tribatrt~ to 
N i z i n ~  River n b v e  Chititu Cmk.  and, as bas ken previously stnted, 
is also  the first one 'below Chitistone Hi-rer. Its general c o r m  is wcst- 
northwest, ~ n d  it joins fie Sizina at the point. w11ere that stream, 
flowing ~outhward from the Skolai Iiountains, ehn~ptly changes  it^ 
co~tm. to the .r\wst. The drainage area of nan Creek covers nppmxi- 
matcly 43 sqtinre miles and is nearly as broad as it is long. 
T h e  stream for a distance of nearly a mile h l o w  the place whew 

it emargm from the mountains flows a c m  the p v e l  fl mr of thn 
Nizim River valley, but is raised slightly above it by the b m d ,  low, 
fan-shaped deposit of gra~els it Elas I>rou~ht down from ntwve. Tho 
valley above this portion of the stream pwwnts t h m  different to- 
pographic fent~itw. For nearly 2 miIw Dan Cmlr hss cut its s a p  
through the deep bench gravels bnrdering the Sizintl. VnIl~y and has 
excavated a shallow trough in the courltry ruck. In this narrow- 
trough the stream grnvel is lair1 down. A b r c  this portion the chan- 
nel is in a n a m  box canyon, which finally expands into tho mom 
open basin-like upper valley. Two principal branchsa mite a h v a  
the -yon to form the main &am. TI16 northern branch rctntains 
the name l h n  I=reek; the other is  knovin ns Copper Creek. 
The M rwk. as nat~tmlly exposed or as  uncnvemd by rnininR oper- 

ations along the lower part of Dan Crek, is made up of Triassic shales 
. 63i'K-B~lt.37-T 



int~udecl by l ight-py porphyritic and greenstone dikes. Thme 
shaIes, so far as is now Emown, occupy most of the area,muth of Dan 
Creek ta Chitins R i ~ e r .  Xorth of Dan Creek is the Nikolai -pm- 
done, orerlain by il hea1.g capping of Chitistone limestone that forms 
the top of the mountain mass between Dan Creek and Chitistone 
River (PI. X, R ) .  The unnatural position of the Triassic shales 
snutll of the stream with reference to the greenstone north of it is k- 
lieved to hnve bean brought about by a p a t  fault extending through 
the snlley from aouthast to northwest and removing from view the 
Chitistone limestone which normally shouIil be present Getwaen the 
greenstone nnd shales. This fault rontinues northwestward at Peast 
ns far.ns Lalrina River. 

Placer mining is nt prescnt restricted to the areas n h v e  md M o m  
the canyon. A h r o  tho canyon most work has been done on Copper 
Creek. This part o f  the stream is difficult to rend1 with supplies, and 
only a few men wpre nt work Ihrm in 19Oi. Most of them were doing 
nothing but assessnlcnt work, ~ n d  yet R few thousrmd dollars in gold 
have been produced during tho ~everal pcnrr; since work lxgan, The 
creek claims below the cnnpon am nndcr one control, and, though the 
gold production has not l w ~ n  large owinR ta the difficulty of working 
the grounci, prospecting 11ns shown that mid is  present. 
Placer gold is awocintd wit11 two classes of deposits, the p m n t  

stream p v d s  and the older ~ n d  much more extensive bench gravels. 
Mining or prospecting hns been carrid on in both of these. Undoubt- 
edly a p a t  part of the gold in the present stream is a mcentrntion 
from the benches throlrgh which the creek has cut its chmnel. 
Whether any part of it hug h e n  brought by the present stream di- 
rectly from its original source--that. is, w source other than the higher 
unmnsolidated bnch p ~ r e l - t o  the plaw ilt now occupies, wns not 
determined. 

The first cEah below the cnnyen is h'o. 5 and the nunibem decrease 
downstream. Kear the camp a cut approxirnaleIy 400 feet long and 
es wide as the sho~ders could work at  one setting of the boxes w m  
made in the meek gravels of daim No. 6. Directly n h v e  is a larger 
cut nmrIp as long and averaging about 75 feet it1 width. Tl~e bed 
m k  is hard, close-jointed shale cut by dikes, of light yellowish-py 

, porphyry and of greenstone. Tlie gravel and its @light soil cover- 
ing FanF in thickness from 8 to 12 feet. The gravel consista in part 
of shale fragments and contains a large percentage of greenrrtona and 
porphyrp. Some of the bowlders in the large cut have diarnebrs as 
pent as 4 feet and many of them average 10 or 12 inches in maximum 
rliarneter. N1 of this material has been more or 1- rounded by 
stream action. It is poorly bedded, and spruce logs and fragments 
of wood are buried in it. The large cut waa made by piling up u 
wall, of bowldem along the gravel face, thus forcing the creek water 



to undercut the hank nnd came it to cave. Berl rock was then cleaned 
by hand. Such work is expensive, as it requires several handlings 
of all the larger material. h third cut. 300 feet long and one l~or 
wide, on claim No. Ci showed gravel and bed rock of the same char- 
ader. 

The width of the &earn p a r &  is not great. in places not ovcr 100 
or 200 feet, but it increases down the meek. On each side b~nches of 
p v c l  close to the stream rise to a heigltt of several I~undrcd feet- 
Tunncls in these benches have denlonstr~ted that tho7 cnrry p l d .  
One of these tunnels on the upper end of Xo. 6 or the lower end of 
No. 7 h ~ d  n length of 7.2 feet. Tt, wns d r i r e ~ ~  along the roclr floor 
upon which the gravel rests and is 10 feet highrr than the present 
stream. In othe;words, the creek has here cut 10 feet into the tcd 
roclr wince the present drninnge- .ens estnblished. The t~innel was 
driven in minter as n prospct nwl pi~ldcrl p o d  vnIue~ in gold. 

The Dan Creelr gold Irtm the pat r r ls  b l o w  the canpw is coarse 
and smooth. Most of it is flnt, ~ n d  the Ilenric* {of it i s  fonnd either 
on bed rock or mithin 2 f ~ p t  nf it. Tt is  I I c ~ o W I P R R ~ H ~  by placer silver 
~ n d  pIacer copper. Knpg~ts  of silver nnd copper, ~ u c h  RS nrc called 
"half brecds" in tho h lrc  Silp~rior mgion, are  frequently bo~rnd 
here end on Chititt~ Creel; nlsn. Copper is a m i n t e d  with h t b  the 
creek and the hncli  gravcls in pirrcs rnnging from the size of shot 
to masses of 1013 pounds or n w e .  Only recmtly has nnp effort heen 
mado to scare  the mpper, ns i t  ia of 110 .r-nlt~t! wit11 the presetit means 
of transportation. Most of tht- opcrntors rrre now saving it, however, 
and when railroad tran~portation ik avnilable the returns from the 
copper map hc found to rrdtrcc consirlwnbly the cost of mining. 

Tho p l d  from nnn Creek nbove the crinyon differs from most of 
that below in that it is pncrnlly rough rind not flnttenrdl, indjcsting 
that it has not h e n  hammered auk and worn so much by moving 
hwlders. 

Snrvcys for n hydraz~lic plant on the Iower end of Dan Creek have 
been mnde, and it is  expccccd that the instnllation of the plant will 
be begun during the summer of 19Q8. 

About one-third of a mile d o m  Fourth of Jnly Creek from the 
Beklra and Eli claims there is nn wrtrwenw of mnIpr (mlphide of 
npsenic). The mineral Nls small spaces in n crush(3rl zone in thin- 
bedded limestones. Some of the Tams fire Rllrcl for a width of I 
to  2 inches with well-former1 crystals, but athcr scnrns coninin the 
rcaIpr in a more impure earthy form. The rest of the shatter 
spams of the hes tone  are Iarply filled by thin seams of calcite. N; 
omidera'ble amount of renlgnr appears to be present at this placa 
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COAL. 

On the divide betwwn Fourth of Jdy and Bear creeks, north of 
the pass cmsc~ed by tlre trial, ~t elevations of 6,800 to 6,000 feet, is 
a small patch of coal-bearing shales and ffaggy arkosic sandstones 
covering nn oval-shaped nrca of nhut 20 acres, The thickness of 
these lmds is pmbaMp not over 50 f(?et, Tl~ey are pnrtly covered by 
more, recont andesite lava, that occupies a. smaller area and stands 
at its highest point as a pinnacla about 50 feet Ir igh .  These rocks, 
which may lw, provisionally assigned to the Tertiarv, mppear not to 
have been involved in tho mnjor fnlrlt thnt is well exp& on the 
head of Fourth of July Creek, which brings the SikoIai g-seenstone 
and Chitislone limestone to the north, ngninst the thin-bedded lime- 
stones and shrtlm to the south. The Tertiary ooal-bearing beds seem 
to lie in a nearly horizontal position on top of the inclined beds of 
the older series. The coal wwns not seen in place. its preencB being 
indicated only by srn~ll  weath~red fragments mixed with the d k  
integrated shales. It is probabIy not of workitlde t,hickness; and 
if it were, the small amount and its inaccessibility would prevent it 
h m  becoming of conimercial importanmi 
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