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PREFACE. 

Topgraphic and geologic reconnaimmce aurvefrs of the Katsinn- 
Chitina topper belt, Alaska, wem completed by the Unihd States 

' -logid S m y  m e  !XI yeam ago. Surveys of this character de- 
h i n e  the p e n d  distribution nnd geologic occurrence of mineral 

' deposits. They do not, however, yield the detailed facta on the p I o g y  
of the mineral deposits nacessary to the mining enginmr who is 
charged with the duty of dehrmining the commercial possibilities 
of development. In the cwse of copper deposits it is particularly 
desirable to have full geulogic information before installing the large 
pIants that are necesanry to mine and eoncentmh copper ores. It 
is the purpom of the Geological Survoy t o  examine and map in detail 
all the Alwkan copper-bearing didrich which give promise of yield- 
h g  commercial ores. This plan is being carried out as rapidly as 
the funds available will permit, and the present report is one of the 
results of this plan. 

It is unfortunab that, owing tr, the intemption caused in Mr. 
Moffit'8 and Mr. Mertie'a bla6ka work by their assignment to war 
dntiw, &a completion of this report bas been long delayed. This 
volume not only contains a complete analysis of the economic pmb- 
leme relating to the ore depoaits of the district but is tr noteworthy 

i contribution to knowledge of its geology. It also becomes the medium - of publication of D. C. Witherspoon's topographic map of the dis- :& 
triet, which most admirably pictures the surface relief. - 

. - 
TT 





THE ROTStNA-KUSKULANA DISTRICT, ALASKA. 

By Fam IT. MOFFIT and J. B. &ma, Jr. 

The Kotsina-KueBuIana district is in the part of Alaska known 
as the Copper Rimr region. It lies at the west end of Chitinn 
Vollay, on the sonthwmt s lap of the Wrangell Mountains. (Sw 
PL I, p 2.) The district ow= it9 present importance ta the pmi- 
b9iQ of its becoming a producer of copper and perhaps of gold 
and silver. 

The a m  described in this mport is about 1% miles long md 1% 
milea wide, thus having 8n area of npproxim~tdy 200 squam miles. 
Ib longer axis extends from northwest to south&, and ifa center 
ia near the intersection of parallel 61" 4-0" north latitude and me- 
ridian 143" 55' wed longitade. 

1 1 1  1 , 
PEEVIO'lltS WOBE. 

Th "£it& mabwnt, of the Kobin8-Ka~kulans district bg a mpm- 
aenhtim of the Federsl Gwemment was given by Rahn' in 1900. 
R o b  visited upper Kuskolans River in 1899 on hia way from the 
month o f  Chitins River to the Nizina and wrda a brief description 
of ita geography and eology. His trip wm an exploratory trip 
and he conld give little attention to details of p 1 o g y ,  yet he inter- 
preted the principal geologic featurea of the district with cornid- 
emb1e accuracy md proposed most of the formation names now in 
use there. 

W a d e r  and Bpeneer a visited the K.oi%hm-K118hhna diatrlct in 
2906, during the mum of a geologic mnnaissance m m y  of the 

'Robe, Oscar, A mcmnalnnsnce of the CbMna Htlm mn6 the BktW Mmtarns,  Alll lh.  : 
8. $. Wt. Surrey Twenty-ffrnt Ann. Em., pt, 2. pp. 89M40,,1900. 

*$chder, F. C, and Spenmr, k C.. Tbe mlmy and mEa-l m& of w o r n  
id tbs Coppcr Rfwr dhtrict,  Alwka : U. 8. GmL Bnwey Bpcdal pub., 1Mf. ' 

1 



2 ROTSZWA-RUSKUlAB.4 TIISTRIOTI ALASKA. 

C%itins and Rgnnaita valleys. At the =me time Qerdine and 
IVith-n made a topographic map of an area inclnding this 
district, which, with mme corrections, has been in w e  ever e c e .  
The work of Schrader and Spenoer e t l y  increased our knowledgm 
of the areal geolqg and gave the first official @count of such copper 
deposih as were known at that time. 

Madenhall: tb a d  .to visit. the di&ri& examined the mpper 
p q e c t s  of Kotsiha River and Elliatt Creek in 1908. Re m 9  able 
to give a more extended account of the Kotaina prcrspects than 
Schrader and Spencer and described for the fir& time the copper de- 
p a i h  of Elliott Creek. 
In 1807 M d t  and Maddren examined the copper prospects of the 

Chitina Valley from Kotsina River b Nhins River 'and made cer- 
tain additions and a few c b d o w  b the ,geologic map prepared 
by Schrader mnd Spencer. New pmspds had been discovered in 
the five years from 1902 to IsM, and, although little u n d m E ,  
\wrk had bean done, numerous open cults on the many cf~ims gava oil-.' 
portunity to exslmina the mrface exposures, eo that with the longer 
time for study at  their disposal they were 5b;Ie tq d b b e  the mpper 
deposits of the ' district in greater detail than khe earlier workers. 

Regidea these Ettudies: by geologists of the United States Gealogica1 
Survey there should be mentioned the work of many capable mining' 
engineers who have visited the district from time to time in the in- 
terest of capitalist4 and miners. Their work is not intended for the 
public, so that theik written reports, although containing much vatu- 
able information, & not available for gene& uaa 

Tbe work thd furnishes the material for this report was begun 
in 19B, when an area that would include as much ns' pa&&.&- 
tlm cupper-bearing mcb was outlined for to- d p p i n g  
end a b u t  one-third of the aree m a :  -6ybcI By D. C. Wither- 
spoon. He was accompanied to the field by Theodore Chapin, 
who darted the geologic mapping about the middle of Jirly. In the 
~baence of a,suit&le topographic barn map Mr. Chapin made use 
~ ? f  a small-plu+ t~kb1e and an open-sight-alihde in meppiug forma- 
tion boundark nnd locating outcrops, trnnsferrin~ Mr. Wither- 
spoon's control points to  his ;wn ~heet  as fast as the pixtition of thew 
points was d e k i n e d .  About the middle of September 4. B. 
Mertiq jr., and +writer also enbred< tbe fie1d,.bving.,hn .umMt 

*, . 
Meudenhllll, W. C, rad Bchr*, pb. e., The mlneml rewarrm of the donnt Wraamlll 

dI#ixlc& bh&: U. 8. Qpot B n w  Prof. Paper 16, 1908, Mwddhall. IV. C.. Owlogy or 
th4 c a m  Copgsr reglo& AJ&&a : €l. 8. G?aL S a m  Prof. Paper 41. 1806. 

' I l l a t  F. El., and -dm,  A Q., Mineral rpswrcee of the KoteIna.ChMnr m a .  
Llama: U. 8. Uml. B w e r  Bull. W4, 1sOs. 
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summit of Moan$ WmgeU (PI. VJ) being only I5 miles from 
the mouth of Fall Cmk on Kluvesna River and that of Mount 
Blackburn {PIa V, A, and X, A )  only 11 miles from thehead of Kus- , 
kulena River. Adjoining the district on the southwest is the b m d  
roUhg.~alley floor of Chitins Ri~er,  which here, whom it joins that 
of copper R-iwr, ha9 a width of nearly 10 mires. The southwest 
slopes of the mountains along the border of the didzict merge into 
this valley floor and form the valley wan, which sharply delimits 
the lowland and mountain areas. 

The Kotha-Kikulana, didrict is occupied eatid7 by high 
mountains separated by narrow ~aUeya The maximum relief of 
the district w- shown by the diflerenm in elevation between Sentty 
Peak (7,395 feet), at the northern corner, and Ruakulaaa River 
(i,W feet), on tpe muthern border, is 5,795 feet. T h e  valley floors 
of Hotha,  Kluaesna, and Kuskulans Fivers ans'fhe..margh of the 
Chitina Valley floor along the muthwest border o? the dMd& r+ 
from 2,000 to 9,500 feet above the sea Few of the peaks within 
the, district rim with notabla prominence above their neighbors, but 
many of them h#ch ele~fikjons of 5,W to  &m feet. It thna np- 
p a n  that the general relief of the area is from 3kIK) t6 4,000 feet. 

!L'ha main valleys, those of Kotsin+ Kluveana, mid Kuskulana 
rivers, were once occupied by lrsrp ice stream that formed the thtnk 
glaciw, just as now the streams that flaw through these valleys are 
the t m k  streams of the present drainage system. Their walls are 
hp and &might', far the spurn of thd pregltacial mountains were 
truncated, and they  how the typical U-shaped cross section of 
recently. glaciated valleys. In placss the moot- of their oub 
lines is madsad by gca~sl  benches and other glacial deposits, snd 
everywhere pastglacial wmion bas bagm to deshy the forms pro- 
duced by glaciation. This.is Been most pl 
walled canyons at the. mouths of newly 
stram (PI. XX, r A )  and in the steep, ha 
mountain dopee., 

Some of the s m d e ~  streams within the W c t  show tha aune 
modifications of their preglacinl topography aa the 1-r str;erwna 
T h e  best examples of this are Elliott, Cbpper,.Rock, Roaring, and 
Peacock creeks, irr. the Kotaina drainage bash. Others have stsep, 
narrow V-shaped valleys that undoubtedly wem &led with ice at one 
time but show mnch less moGcation by glacial erosion thafi the 
lapgar valleya 

Mod of the d e p  tributary to the Eatsins .and K d d m a  are. 
bpnging valleps. Their mouths m abve the l e ~ e l  of the main 
$alley floors, and they are entered d y  after a steep e b b  of several 
budred or a thousand fest. Again the most st- examples ape 



in the K&h8 b a k  Copper, Rock, Roaring, and-Penwk valleys 
(PI. JX, A )  &bit thi feature well, althaugh each atream has 
cut at, its mouth a stgap, narrow canyon to the level of the m ~ i n  
d h y . :  Nugget Cm& and Slatgo Creek, tributerim td the Kugku- * . S, &m have %ne hanging valleys. Thie feahm is not so pro- 

+ nouncad m the Othw g t m s  flowing into the I E d m a ,  far the 
vdhy of that rivar ia broad and ita wdls have a @let dope than 

t &-of theK&im. 
The truncated spurs and straightand, ovemtmpened w& of Hob 

sina and K a n a  v d l e p  have been mentioned. Similar features 
am mu displayed h g  the southwest border of tbs district, where 
the p u t  Chitha Glacier impinged on the mountain wall of its val- 
ley. The strELight front of the ridge thnd the triangular fama of the 
& & w b ~ ~ ~ ~ + i p  rn- attract the attention of every o b r v a n t  

PT*. ; _) ,I 

. d #B topographic fo- in the district ars evidently de- 
pendent on geologic structure and the differenca in bs&, re- 
srietance to weatbering, and other characteristics d b i f e d  by the 
geologic formations. The valleys of lower Rock Cmk, h e  Creek, 
md.Qhp Craek and the ridges that bound them oa the wed'are the 
&p&,q& of botb of these masas. . The scsrp of the w&trddippbg - I,$iti@om limestone dabrminm the r i d e  and has crzntmlkd the 
g ~ g i t i a a  of the dreams tha t  flow along them. A g h w  at  the geo- 
1% w p  [Pl. 111, in pocket) will make this claar. The Cbithne 

' -W~ne - fo rm many h I d  cliffa &and prominent points throughout 
the district, for it bfeaka down in bl*, controlled by the joint 
planes, and d m  not disintagrate in placp. In s similar way the 
Nikolai gmmstone a h  brerah down along joint m d  fault plan-, 
bu$ owing h ite greater thickne, the abmm of m$t b d s  abovb and 
b e h  I$.at~d:&hm.ousma the topogrsphy of the gmmhm areas is 
unlike that of the Limestone nrelrs. In particular, the long precipi- 
bus wa113, like the limestone wa& on Lima Creek and on Elliott 
Cmk,  are not f o m e d  on the gmmtone. The gwmhma weathers 
into m g h ,  craggy dopes, steep and j n w d b b  in m y  placss, with * U h  tala dopa blow. I)m the other hand, the shale fom&ions 
giatd forms with smooth contours, even where wmthering is p r o d -  
ing at a mpid rate, for the rock breaks down in smaller fragments, 
which diaintegrah readily. The area south of Kotaina River, Mweea 
Copper end Bmk creeks, &ows well tbe chamctdskic topography af 
&ale a m .  

One other p i d n r  Eopognrpbfc form is compicnone h a m  of 
mrssive conglomerate like that at the head of 8 t h  Cwek and in 
the rid@ n&h of Elliott C.mk The rough surface and black color 
d f i e  rnamtnim formd of the wngl-mte o h  m s b  it e b l e  

r n s ~ z t - a  



b FBEO@ t&w fomsti~n:a& a long distaace.. Haga pillars and 
blocklike m m a m  oommon on the c m t a  of the mng1mmmB r i d p  
and make walking there bpadhIa ,  

The @tion of some of tha vallegsl haa mad probably k n  M u -  
e n d  by fsW Examples am the .part of the west fork of Rook - 
Ch& that m,northw&mrd and the branah of Streha Creek h 
I i e  with i*, gosBibly da l so  the e&. forb of RoeEr,Creek and Lime 
Cmk,  Yet many of the faults have no recopbed tapogmphic ex. @ 

P- -. . 
- Q m T a  - .  

The W* biountaina form the gahm wall 'of a broad bwin- 
like depression tbat is inclosed on the remaining three sidea by the 
Ahka Range b d  the Talkwtna and Chugaeh mountain& Copper 
River Bows along the eastern margin of this'bsein, and the heis- 
waters of M a b d c a ,  Susitna, and Delta rivers drain iu; y a r n  and 
northern msrgbm Thicl bmin, although very small in mpa&m 
with the rest df Alaska, form one of the climatic grovincm inta 
which Abbe divides the Territory, Ih hms Iow precipitation and s 
wide range ,of tanperaturn 

T&I Kobha:Kuskrrlana district Bes at the bordk~" 6f thie 
but ih climate; particularly the midall, does not fully cod&pd 
with tbst of the Copper River lowhd ,  to the northw& f i e  mom- 
hinone character of the district is the chief mum of m& differenma 
as exist. Neverthelw the weather r d  of Copper C w r ,  85 miles 
from the neimst, point on Xotsina River, are useful in helpjng form 
an idea of the c b s l h  of the district, and a of them, pre- 
pared by E h o r t h  and Davenport: is givm here. 

These reoar& wem made at a station in the open Copper R i k  4 

bmk, I6 mileg -from the Wrangell Mountains, so that in order to 
have figures for comparison which are mow nearly liEre tbm that 
might be q m h d  from the Kotsina and Knsknlana, valleys, a table 
based on +mqstions made,~t  Kwecott,  in the Nizina district, is 



lrls6 gim. T h e  -d coven a perid of yeam fmw '1905 to 19W 
but is imperfect and is therefore given without an attempt at sum- 
maxbt ian  
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..~i ipnimkd w d e r  mrds taken within the district warn avail- 
. able when, tk geologic mapping was completed, but a Weather 

Bureau station has since been &&lished at Stdna, where obsema- 
tions are now made by Mr. V. J. Dwyer. If m r d s  wem at band 
for comparison it would doumaas be fonnd thst the pdpitatian 
on.&e mountainom parts of the K o h  and Kuskulana drainage 
basins is considerably greater than at Coppr &tar and that the 
range of temperature is somewhat lasa In the paper by Ellsworth 
and Davenport previously cited the Copper h t e r  records are corn- 

,. 
pard with t h m  of stations on P h  William Sound and nar-by 
cwqtpl pints gs f d h w s :  

The records &ow that the henriel pm3pitation slang the mast occurs dnr- 
h g  September. November, ma December ; farther lnlnnd the aronthn of maxi- 
mum preclpitatlan are Juf~, Auguc and September. The mean monthlg tem- 
peraturn is below fi-g ior wven months in the year at Gopper Center and 
for tour to dr months on the coast. The average i~nrnber at ratnp dayu in 



r F&E L 8S at m r  Wter, aibont 160 at Seward end S-&, from 1m tq 
209 3 Valck, and &bout #)[].at Godova and K a U  

hcmda of mmvfW are rather meamr but lndlcate abut 10 f&,anuunlly at 
Codom, 12 feet at Valder, 6 feet at Sewad, and 3 feet at  -per @#I&. In 
tbe moantains the mowfall much greater and ammnlatea in enormwn 
d m  wMch In sheltered spots la& thmurhout the  mmmer. 

The -em of the Chitha and Copper river valleys am ~hort 
and pl-nt, the temperatures are generally moderate, although 
high rt times, 4 there are many claar days, particularly in the 
qring and early in mmmer. The ice g- out of the Chitha late 
in April or early in May. Snow dieapp$~m from the lower vdbp .  
by. theatid& o%%a9, $ in the , ~ l ~ r  ~ a b y g ,  in gu1che.ses 4 pie- 

- h&d phkes; it @ h a  ! iil I& iX the e~mmer or daes not melt at all, 
although m a  of the Kotaina-Kuskulana distdct ie below the line of 
prpstual mow. Around the head and on the math waU.of the F,lliott 
C m k  valley slides fill. ths gnlches and cover the slapeer witk: snow 
that 1asf;B till the and of July (PI. X, A, p. 30).  

Frosts may m u r  in the valleys in any month of the par but are 
uncommon in June and July. A sLight fsll of mow may be seen on 
the high mountsin tops after almost everg summer rain, Issting a 
day or more, but the snow disappears in a fm haum when the C J O P ~ S  
lift. The lower limit of the heavy storm clouds marks the lower 
limit of suermer mew. Below this plane precipitation takes the 
form of rain, bbny of the mias are entirely looal, being mdned 
to o m  of the 1-r n~lleya or to one side of a ridge. At timaa rain 
falls only in the mountainous area, while t h ~  clouds are absent snd 
the mm is shiing over the lowland n m .  
h m e r ,  during the wlsrm days of lab June and of July, the 

large t d  streams that head in glacie~s, such as K l u v ~  Rotains,' 
and Emkulma rivers, have their maximum did-  This st&- 
merit, however, d r a  to  normal conditions an8-66'huh mustla1 
flows aa those that take place otl the busatilrg of the glacial lake at 
the h&d of Kbtsha River and the disastrous floods of Septembst, 
1812. 'High wnhr on the hailer stteams corn- in June, when tha 
m m ' ~ m  melthg'in the mountains, and &idea, ,mspt & tinwa 
of h&Py rain, w h  the mow is. p n a ,  The priad of high water in 
the lwge stmama is thembclre longer than on most of the tributaries, 
lor the @isrsan$ s soam d supply that never fail tiU am1 weathat 
puts an end to the melting of fie ice. 

Some meammmenta of st- flow made bg'~ijlaff&h and- 
po*t are of intareat, nlthongh mch detached okrvatiwe can have 
no value as a hmia for enghaering calculations. 



: Ths early winW mows h g b  h Sptember. Ths -,fa& -1 J 
iast: riaom than a fm days, but grsduallg: tbe mow h c m p  dcmn 
the mbutltain.slopa, reversing the ditectim of i#: mag mbvememb, 
till finally-it h c h m  the loner ralleys in Oetabar or early i N&edlr 

L= 
her. Althaugh ,snow comes early in this district, the : h v y  .fa- 
do not take plam till the middle or Iatm prYt of wi-. 

C 
7. 

Winter work in many placea in the mountai~tbw parts at ah 
tegion ia made -dangerous by mowsli-dm. AH the va1le;ys of the 
.Kotsina-Kudmlknlt district are mbject to Ehem. Nine men hfg h n  

In- thk w q  the lwt few pars, a d  othm e i h r  M a  
beeaseriaudy i n j M  m have BarrowIy emtpbd #ith their l i v a  
- An nnwal  qmtniity of anow fell, in Zhe trpi%tk of 191%-I4i A 

ehed a'deptti df 5 or 6 feet'at.Bt&lna hntl l n ~ ' ~ n - t h ~ : g r o m d  for 
veeks later than is common, so that the g r w  and leaves were- . 
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12 KmIKA-KUSKWI&HA DISTRICT, W K A .  

backward in 4 g  eat. !l"kT month of Juw mas Clear, warm, and 
almoef without rein, Mast of July dm was pleasant, with occa- 
sional rains, but August md the h t  half of Septemhr were foggy 
or stormy, withhnly a few elear days. Cold, clear wmther, with 
tempefatures as low as 12" F., followed the stormy period and l a d  
for s week or tm days till the early winter snows began. 

v@aWbof s &on inteirests most+ . and miners 
only so far as ii dimctly s%&s their work. ~=d those who 
hv-h m i n i x  pmperties wish ta h o w  the quantity and dis- 
tribution of timber available for lumber and general 114e and of 
gmw suitnble far forage or the extent to which moss snd bushes 
cover the hard-mk: formations and thewby f- the diffimltgr 

' 

of h v e r i n g  am bodies. Only such. pneral subjmta M these can 
be coneidmd hem . t 

Vegetation ~ V B F S  the lowex lands and the mountain dopes of the 
district to an fltnde of 4,ooQ or 6,000 fmt d .&own a wan* 
growth st still @her lepiel8. It gmws lnrari*ntl$ in ltha valleys 
where con$tions are favorable bnt becomes more and more dwarfed 
aic the. altitude 'kcreasss. Timbr line r a n g 9  from. 2,500 to 3,W 
feet a b v e  the sea, yet in ga~eral halities a few mall, gnarly sprucas 
were saen at 4,000 fedt. Abovs timber line and exiendinE somewhat 
below it ia a belt in which sl&r, associated in places with willows, 
mall bottonwoods, and aspem, prevails. The alder, however, is not 
m large or so abundant as on the mountain sidee of ,the coastal 
mion, Above the alder belt is another lsett made up chiefly of 
dwarf birch or '%buck brush," with a few ma11 willow?. Above this 
come m m ,  a tpmm growth of graaml, md numernua m s l l  plants, 
forming the higher zone of vegetation. s 

.Ssp- ad.ooctprwmd am the , I R ~ ~ I . ~ T B B B  of.& region md are 
the 4-s uma&!mferred. to, as tinah. , Spruce ia widely distribuw 

d . d e ~ a l o w  ti;;;bar line. .(See PIS. IV ma, m, R, 
gp. 8, $1.) La~~ ,cd t tonwoda ,  on the other W, am +ricted to 
tha : .gm~Ey  kn&m and hrs  ~f the lower vallaya They nre of 
little if any d m  .for lumber but m r e  wfuI for h o w  logs if suitable 
sptl]oa.is not at b ~ d .  4 

Mu& of the spruce is of fdr siaa and gmd q d @ .  .Rass from 
18".inchs to 2 f ~ t  in dieunehr at the butt ere fomd in, fbe W r  
h d s - o f  t i m b r e  j.$u~h .-, hp~evplr, f m  a PW p~o- 
portion 'of. the whale growth ,wd am ahort is wxnpsrimr~ with trees 
of the anme dbw& on thgr M f i c  wad of the-ST&d States. Few 
if agg.of them w d d  fnmish 8 th&rn10 hbee sq6ap and 80 feb4 + - 

I%., r-, f ' 1  .- . *. - . , :' !- 

- - . - 
. . 

f *  d& > 



The best-timber (fig. 1) is fomd on the bench lsnd along the 
s o u t h a & f i  of the &rid, on the h c h e a  in the lower part of 
&dmhn*. Valley, and in the lower part of -%valley. very 

r g a d  4imber is fomd also on the lower part of Elliott Cwk. Away 
hm' the  mountain8 in the open Chitina Valley the ~IXJETB am small 
and &rubby exceptr& border of a larger growth dong the shmm 
W h m &  They are -*red over s m-covered morainal hwland * that bemmsa in part an almost impassable m.mp dirs'lxlg the rainy 

Raw:+-- the ~ b t l t l o n  of umbra ia the ~ o t d n r - ~ d -  W E D  
Y" ::. 5 1  A 

kasons. XohFt of thia timber has no value exapt for finaP$da;d, ?n 
m y  l d i e s  the timber on tha better-d ridges.haa hem 

c burned and is replaced by a den= p w t h  of small dm: 
t I+-* few , p b I  ,ych as Nugget Creek, prte ot the K&* ' - - - ---, t& m9kh of Surprise Creek, and an area near Fall L b k  

on $&lti.md W e r ,  the trees and smdl  brush were b c r d  purposely 
to give the grak o kiaace 2.0 p w .  In this way excellent patiraga 
for, s W  .has been provided. 

is not &+ant in most of fh% ~ o h & & k u 1 ~ ~  district: 
Rajr timber line it p w s  best and is s d d e n t  for any d k t i d i  likely 
to b made on it for local grazing n& but shows no such luxuriant 



pmbh w tbe:ghm af:W~.Paninthth and tba Coak h l e t  and 
Stlsitnr R i v ~  m&m&. No gtaa grow in the thbd &em except 
wbem the timbori;hw h u  b u d ,  nnd even there it rupirad y 
to b m e  whbWkd* parhicdarly rn tha lave1 gravel b w h m  liae 
thaee forming- tb fimr bf EtlsMma V d e y  a h  Clear Wa 
'h Ml dopee we mom favorabb to its growth, When the b m h  
b ha  killed fire gpmmmes up quickly and som Wmsa well 
cetrbWed. 4U t$e M +UFB@ of I the d idrid b a s ' h n  obt&ed 
in thia way. 

Cumsnta and b l ~ 0 b k a  rn plentiful in adah i&&bh.  Crrr- 
mta am pnfhapa mom m m o n  than the bluebmim. They rm 
found frequently widementh 1Lher+caWmd alders and in the opea 
Bpacea between t h  and form a w e b e  addition to the table fam 
in Angust and the early part of September. 
Thaw who hlsve never visited Mask& and hold the anmon ideas 

of ite climate and vegetation would b mr@d to m the Prristg 
and abundsme of ita wild flowam, They are no lees a t t d i v e  in 
the Kotsintt-K&ma district than in m& of the mmainder of the 
Territory. 

aara 

Severs-1 of the Inrger Alaskan-gnree m b d n  sxre fcrand in the 
fCohb-Kudmhs district, Among them sheep, bear1 and lynx am 
the mo& common Mmm hnve been m m  b& m - d y  that thay 
badly d w m e  ta be included in the lW 

Both shsep and bear are 1- plentifd thm-wbn white man first 
e r i W  the diet& It is evident to mjl6ne wBi t r a d  the higher 
ri* and reees the well-marked tmib thst sheep mnrit st stsome time 
hsve been mom ntlmerous than now. This is mnfirmed by the W- 
mony of prospecturn who have been in the mumtry b - k h - a d y  
daya A great. many sheep have been Mlled far mt doring the last 
11 JFBUPLG but the numbr killed at p m n t  is less than s few years 
ngo, when the white popnlation of ths district was greater. W p  
am mt foan&.bn cwme of the W i n g  p u a d s  tbh bmerlp 
hqnmted, and the p r o q w t a ~ .  in march of meat B p e r a l l y  obkiged 
h'go farEher &.$rk%dder for hls supply. kbut 50 iheep w m  
sesn by .m&&tFf the Thit6d &atis Geolagioal Sorvey party in 
1914 

1 U : +  

MO& of. ths b&?m of th; district are of th6 bhck d B .  f i e y  
fiiefer the'woo&&h*ai and $ha bfu~hj+ monntaib dm&, wh6they 
dan;~r&~ mdep h r ' a n d  i ~ f d  ~g mfi. A. law h ~ ' k t r ,  
pm%a'ly s v&&+ of 'grhly, lives in the aidliiky of the glaciers 
and is mmtimes wen on the glaciem or on the barq mbmtuin Bids 
near tb glaciers: 'It fe mu& less cornon than tRe ,I .hck'hr. - 

C i ; .i . 



A good mmy l* are caught bp ttsppers, b ~ t  ordinarily the lynx 
keep  h i m d f  we'll hidden so that it ia rarely pmible to catch sight 
of him. &I one of hi4 principaI food aourca~ is rabbit, the number 
~f lynx b a r n  a di& relation to the number of rabbits. Whm 

.L rabbits are plentiful the number of lynx increrrsres; when the mbbita 
die off, ms they da periodicnlly, the lynx decre- in numbers. 
, Babbits were exceedingly plentiful during the thma years 191% 

I - 1914 and WEE present averywhere in tha brush-cwed areas. Many 
aares of mall willow and dwarf birch or buck brush were eaten by 
t h m  during the two winters. When food ia scarce they cnt 08 the 
twiqiand wnoller branches at the snow level or peel the bark from 
h e r  ones, leaving s ~tubble of ibPnt white gti& that b k s  like a 
field a h r  the grainhss been cut 

The wdveriaq is not common but occasionally is known k~ rob 
a powly. pyokCd cache or the trap of huntera .Several small 
bberring animals found in the district arid am tsken by ths 
trappers. Martin, mink, and weasel or " emina " are tha prin- 
cipal onea 

The garnebirdsk~ ptsrmigan and spruce gmea. Two specia of 
m a n  we p m n t .  The larger one frequents the willow thicketa 
&r timber line, especidy at the upper ends of tbe sideye. A 
smalIar variety 1ive.n at higher elevations on the mcky mountain 
dopm. Like ths rabbits and the spmce grow, the ptarmigan have 
hyorsble mama when their nulobra incream mnd dsivorable sea- 

, & when thay diminish. n a  e e m n  of I914 was unfavorable, and 
ptarmigan were -,in comparison with th& numbers in the two 
p r e c e d q  m. ' Pmibly this was due to the down- with which 
the winter 'mow melted, cau~ing a late spring and roo1 westher dur- 
ing, nesting time. Possibly also the numerous lynxes may have 
kdl&mx of #.be- OM bids and the young ones. 

The spruce hen lives in the timbered areas but *ems to &void wet, 
marshy places. On sunny mornings late in m m e p  rtnd early in 
fall it is often m n  on the dry gravel and m d  paEahas near s t r a m  
y d  Itra;is or on,& *ailrod tr&. ,It either, has littk fear of 

e man' or. e h  no realiz&ion, of d-r and is em7y rahdc ; The spruce 
hen,'likk the &bit, is p.erioh&y abundant and war&e. '. 

Tmut live in some of the dreams of the district. AIthough they - - nsudly avoid the milky water of glacial streams, at timh they afa 
nnntepmg in such Btmams at the mouth of clear-wnhr ttibutatia 

%%, am present also in the swifk water of the l q e  dar-*ater 
cree and in the deep qniet wnter where gome of the* c m h  flow 
across. the velley floats. 
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part of them go to-pinB in the Statss; t k  reat to Chitiaa, Cordova, 
Valdez;, or other Maskan towns. The population is larplp a sum- 
mer population thst varies with the amount of amment work or 
tlevelopment work to be done. In 1919 the population was amaid* 
m~bly h68 than in 1914, for the war took aome who had not r e t u d ,  

- and the law exempt- 
ing annets from the 
neemity of d o e  
mmmnent work left 
Rome stmnma, mch 
aa Koltsina River 
and Elliott Cmk,  
witbou t inh~bitanta. 

None of the native 
popubti~n live per- 

3 mamnt1g w j l t h i ~ h  ' tc r .  arab mapped,  11- 
. t h g h  mwt of t h  

, ' 5  g l a d i a ~ s  who for- 
anerlyEPedatTam1, 
on the BlYE dde of 
Copper R t m  blow 
the mouth of the 
Chitina, have buik 
cabins a t  Btrelms 
ad live there thc 
year m d .  Nearly 
all the I d m  men 

rtparp a 81*Lm tb* - are at work in WIM 
mtd on thu pol* map of  the Eotdna-Emku1mn 
diutrlct. 

mpmcity maoh of tbn 
time. They are em- 

ployed re &ion banda on the rail&, aa w~itern at  guides, or 
in almost any l a b  requirk unskilled workmen. 

The e l f i g i ~  mp,'QPl. Ill, itl pocket) shows the a d  diqtribtion 
of the fomatidu *thin the r2btbrina-~mkalana dimlet. Figam 9 
shows diagrammaticalty the.-phiC relations of the mks mp- 
resented on the map 



Six hard-roo2r formations nre mgriid. They are, in order of 
age, from o l b t  to  youngest, the Strelna formmtkq the Nikolai 
gremdalie, the Chitistone limestone, the Knskulani ftirmntim, the 
l&tdm conglomerate, and the later JurasaIc lim&tm,-shale, sand- 

-&one, sad conglomerate s u m i o n .  In addition there are & 
deposits ccmaisting principally of stream paveb, glecial ddbrie, and 
nmrted rock waste. 
- ' As may lm BRen from fqyre 3, the oldeat m k s  mgnized within 
the dietri~t belong to the Stpelne formstion. This formation in- 
cjudea b t h  ipeoua and sedimentary rocks. It con&& chiefly of 

r a d  tuff beds and dense Am-greined h ~ ~ l t a  With the tgBa 
b bsisalts are associated a minor srtlaunt of a r g i l l m ~  and mndy . 

shale, thin-bedded cherts, and, loally, be& of Ifmedone in varging 
stages of silicificntion. In a number of p l m  the mh of the 
&reW%don are cut by intrusive r n w  of diarib m d  gabbro, 
a. bt ' less altered, The thieknesa af the Streln* formation L 
probably between 7,000 and 8,000 feet bnt may reach 10,OM f& 

The Nikolai greenstone is made up of ffowa of amygdaloidsl basalt 
(Pl. XVI, A, pm 88) m i n g  witheut appamt uncxlnformity on 
the'oaderlyhg tuffs md f inepined bits of the firelma forma. . 
ti&. T h  Rows have undergone extensive chemical alteration, ma 
have also the mderlying rocks, and are the typical Nikolai green- 
stme of the NSna  district. The thickness of tha basalt flows within 

. the Kotsina-Kuskulane district is thought to range from &,5OO to 
7,IK)O feet. The total thickness af the Nikald penstone and Strelna 
formation thus nppam to be from 13,500 to 14,MW) feet, yet it is 
mgnizad  thd there may b a mneidemble error la these %m. 
A few fwi l s  were collected from bastons  and argill- beds 

- - .. ir2. the .€%mlna formation, and they furnish the evidence m WIG& 
' 2 & @ 4 h k h m  ~ n d  ammiatad ssdimentsry and ignanur rmb am as- 

signed to the tower Carbonifem ( M i e p p i s n )  epoch. 
C 

The Chitistone formation is a bluish-py limestone w h m  thiok- 
nsss in ,this district ranges from 75 to TOO or W b l y  1,000 fwt. In 
the Iower part it is massive and without diRtinct marks of stratifica- 
tion, but in the upper part it is thin bedded, and the bedding phnes 
are mnspicnou~. It gredee withmt marked stratipphic break into 
the thin-bdd%d bwtonee  of the overlying Knskulrna formation. 
Alfhmgh it is of Upper Trimic age it appears to lie dthwt deposL 

.. tbd- s. -: &, 
' ty on the Ni kolni lmva (Permian or W k ) .  I 

*-:>:* Keshlaxm formation mmprku a gta*t t h i h ,  
tl,d00 'ibat @r nitm, of Bbele, thin-badded @te, m d  thin-bedded 
limestone. mala form the upper part of the fomdbn. Retwsan 

- 
' the m a d m  C h i W n a  limestone and the nhdw in the upper paft 
of the Kuakulana fornation t h m  is a tmneition m e  of greatly 
vmySog thickness, made up of thin-Sedded limestone, shale, and 



argdlih. In so- places. this, mne is almost 1 w b g ;  in others it I 

reachaa a thic- of mamy hundred feet. The:Ku&dans forma- 
tion h been &£-ed along with the older rocks, bat an account 
of its dat ive  wadmess it s h s  r n d i  mare pronoun& folding. 
It is of Upper Friqssic w. . ,  , . v 

Unmnfomablg overlying the ~ t l s k U ; g n a  a i d  older foimstions ie 
the Kotsina conglomerate, probably of Upper Ju~lssic a p .  - It con- \ 

gists of waterworn pebblm and cobbles i n c l o d  in a s111ly or arkmic & 

mat* The compronent p e b b l ~  are plainly derived from the forma- 
t iow already mentioned and from the intrusive rocks.in them. The 
mnglomemte weathers readily7 yielding a characteristic ruggd - topography. Measurements of its thickness are of doubtful a m a c y ,  
but in the mountains north of Elliott Creek the conglomerate prob- 
ably is from l&OO to 2,000 feet thick. . ,. 

The Jmwsk r d m  of this district in addition to- tk- mu- 
glamemte oomprjee limestom, mndsbne, sandy limstone d - 
and fine oonglomerrte or grit. Them beds are not widely distributed 
in the :,&strict and have hemtofore b n  considered part of the 
b i c o t t  formation (Upper duressic). At one place, the higher 
lmds appear ta bnmnfmmably on fine aandstane or grit that b 
referred to the Jurassic. Tha beds are highly f k l i f e m .  T h y  
have a.thicknem of, possibly 500 feet east of Kuskulana River and 
of 880 feet m a t  of the river, but in general the th ichm is much I e q  
not ~excwding 100 or a00 feet, 

All the formati- prerioudg mentioned, with the @loiehdsy; 
tion of .the Ju&c limestone md sandstsne .k&, am intmded by 
igneous mb. Thew intr~rsives am m a t  common in the older for- 
mation% particularly in the Strelnil, in which the largest intrusive 
m m s ~ , a r e  found. Thq include pyroxene diorih, gabbm, F a -  
diorib, .quarts d i d ,  quartz; diorite porphyley, and - Istit& 
Dikes and sills asa numemafl in mddn areas of tbe ~ u s k u l f t n ~  
formation but ape mot eommon in the Chitistone lim&ne or the 
Kotsina mglomemta The . i n h ~ i v e -  rocks probably blmg to 
several periods and mnge in age lower Carboniferous to 
pad&&mQus.. r 

All tbe mdimaBitnrgr famations and m i a t e d  lava flows have 
been folded aod,s&er~sively fwdtad. The gelding is matest in the 
formations hh+, :$he K o t s h  conglomerate, yet in places the Jum- I 

sic limestone and mndstona &ow p r o w u n d  folding. 'Thm 
bedq-lib the K & m . k ~  shde and lhstune, were,3mm.abkd.h,~ist:. 
prewre 'than a e *  inore masiwe Java flows, limwdone, end ..mn- 
glomenite, Thrust faulting. ia .the common type of displacement, 
but'folding has combined with faulting in some places to produce 
compl idd  and arrodons muh. 

I .. 1 7 '  



In addition to folding and fadting the Strelna formation and 
Nikalai greenstone have undergone metamorphic changes not Men 
in the overlying beds. Chemical alteration has taken pleoa, spe. 
c a y 4  ia all the lava flown of the Nikolai gemstone, and locally, 

Y aleng *B& of intense pmure, a schistow structure hm h n  pro- 
d u d ;  partimlaaly in the Stmlna formation. 

Unwnmlidatad sufieial depoaita are widdy dMributed in the 
CI - a*, They include p m n t  atream gravel, the bench gravel de- 

pmited by in an earlier period of their hi-, morainal 
d e y i t s ,  and accumulations of unsorted ddbris such as talus and 
a t b e F . d  w&.e not subject to the adion of running water in streams. 
--'In-tha paps that follow thee formations will be described in 
greater detail, their stratigraphic and structural relations will be 
explained, and-!their:hi&ory will be interpreted go far as psssible 
from tkm &dad- af hand. 
>:* ."' , * .  

SALE02010 m m b B P  -%, 

mmmmrb~~ ama OF mm BTEEU~A ~ ~ T I O I I I  wmmmnm. 
U'RAUmElt brn IIIBTBmumolK 

, The baaad formation of the geologic column the Kotcrin*Kus- 
&- district is s complex composed of bedded Iaves tind tuffs in- 
terealrted with sedimentargr beds md.cut by basic introsive mlm. 
T o  this mplex of igneous and sedimentary m h  the name Strelna 
formation is here given, f ~ o m  their occurrence jn the vatley of Strelna 
Cmmt The volcanic mcHs of this formation will be described sepa- 
rately by Mr. Mertie in the section that deals with igneous rocIra 
(p. 55), but the sedimentary members and the evidence for tha age 
of the whole formation are oonsided here 
. Schrador and Spencer: in 1900, noted the p m n c e  of cc wdirnenta, 

. *@&,j@e&nm, s h d q  and coarse mng10merates, with inter- 
calated she& OF flows of basalt like the Nikol~i pesnsbne," on Hot- 
sina River in the Picinity of Long Glacier and Clear Creek and south- 
ward t o  Elliott Creek Not being certain about the * of these 
rmEts, t h ~ y  showed them on their mmnnaiwance map as ,rocks of nn- 

w ZEpowe qp It is now evident that the rocks thus shown do not con- 
stitute a p 1 4 c  unit, for some of the baml roch w e e  included with 
sediments that have since been found to be of M m i c  age, and other 

L - portions were mapped as a part of the Nikolai p n s b n a .  Recent 
work has s smd to war&te the truly b a d  m t b  of this district and 
in,a,aertain*degree to  d b l i s h  their relations to the overlying rocks. 

The baais upon which the Strelnn formation h a  b n  separated 
Imm the ovm1ying Nikolai greenstone is strictly lithologic, In 
the. upper valley of Kotsina River, where the ,gmlogic stnidure is 

. km complex than at any other J d t y  in the distFieS the relation 
i'~%hdui-, a. C., ma epeacm, A. C, Tha.geolm and mlnakl resont- ot n Won 
*tbs afm dlstrlct Ahwka, p 40. W. 8. OWL Butlreog Bpednl Pub, 1901. 



betwetn the twe h a t i o n s  is fairly cleat. It wss found that mt 
the base of the Nikolai green&one the levas k a m e  less vesicular 
and finer gmind,  and that stlll Imer in the geologia column inter- 
bedded clastic mks began to appear. In accord with the urcsga of 
Bobn in the Nizima district, t h  term WWai , in~tmi i s  here re- * 
skricted h~ the m d v e  Earn Rom, and the lina between the Nikolai 
groenstone and the underlying S h h a  fornation ie drmn at that 
point, where, in dmnding  the geologic column, rock thmghb to be .rc 
of clwdie, d&n,ware fid encountered. Inasmuch ae many of the 
t u R m u s  m s h m  of the basal formation, espacially in its npper 
part, are so firre grained that the elastic char~cter is s ~ ~ o g n h a b ~ e  
with cmtainw mfy under tha micrrwtapq. and as the l w m  in- the 

~ o w a E . ~ b n  dLh Nikolai pens tone  are denra snd fim gmiaed, 
ths iin+ sf coataet-betwean-the two form* in-rn-Sly some* 
what indefinite in places. In spite of this iuMIri- h a w e r ,  
the mparation S estirely justified by ths incmasing divergeme in 
the litbob& cbarar;ter of tba two fomutiou away from the contact. 

Inssmnch 8s the sedimentwy rocks and the volcanic mb with 
which they are jnterbdded have been much folded ird faulted and 
have m~derpm +nsi~e further alteration, it wai not f q ~ d  p- 
mile to get a c1a'~r idea of their extent and stmtSgrapbie ra2stiorrs. 
Tbe &enG wa blnck argillitez that lm&y may be d&bed as 
shtq tJh-Wded;chertrr f iat  in part, at least, am possibly altered 
fim&ne, an4 rno* or 1- completelg silicified lh&me.,  They are 
btercalated in t%e tuffs, some of which appear canglomdmtic; and. 
f i n e - p i n d  basal@ but form o d y  tr d l  proportion of the total 
thickness of the Strelns dormafAm. In the field It waa difncult in 
places @ distinpkh between t h e  argillltcs and crushed and alterad 
phases pf the dense black basalt. The cherts also present dlficulties 
in that some of bitberm appear tu be alterad thk-beddad -& 
othem aw more probably silicified fine-pined tu&. Ohe% ere well 
devsloped in parts of the Stmhs formmtion, but most of them are 
pmbably of the h ~ - p i n e d  tuff variety. 
No ddnik -&ce of the sedimentrtrg membem of the h a d  fwma- 

tion npan which M h e r  subdivision could be based was OM. 13 ? 
the geologic m&hg it was found prncticable, however, to eepakta 
m& of the l i m a e s  f m  the mst of the formation; and these are 
ghown on the ,mIogic map as a ~eparnte unit. On the other band,the V 

gabbma and basic diorites which intrude the Strelna fornation wem 
not mpsratetE, a d  in the geologic mapping they are included h tho 
block mvering that formation. Thk wes made ncmmary the %ti- 

. mate natnre of the intrusions and the altadon of the f n d e d  and in- 
wdiq&; ru~h to -tunes that mmbEtd one another to such an ex- 
bnt as to m&a theh separation at many place in tha field impoEaibIa. 

The lim&m of the S t d m  formath is whits or ligbt $ray m d  
makes rather prominent expormres. It rn- in m a f l  M6td - 



arms, whi& ~spresent of beds that have bean much folded 
and fadbed, Few of the hes tone  a m  are continams for n# 
much m.a mile, although some e x p o w  show beds of messiva lime- 
atone not less than 200 fmt thick that must at one tima have been 
pr t  of a continuous bed of considemble. pxht .  Plate Pmn, B 
(p. a), illustratts one of the mapped expos~xrss of limestone an h a  
Creak The beds in this p l m  am vertical, but the strike and dip 
are conant  for only a short dimnce. In places the limestone haa 
been so much silicified that mme of the thinner M s  appear to be 
entimly replaced by silica. -A good example of Ehie cbsnge wm 
found on the r i d p  west of Iron Creek, whem tnffacwus be& are 
overl+in by lim-ne having a thichess between 1Mi and 900 f ee t  
'She bage of the Iimeetone;is massive and contains bossib, but the top 
oansists of thin cherty beds. Abwe the limestone is a l M  diorita 
which ie~ ovdnin in turn by light-gray cherty bedm that weather 
$ r o d  md look like q u e .  
. Axgillaceoua beds nre found at semd horizons in the h a d  for- 

mation. AB B rule they are dark-gmy well-indnmkd m h  wit- 
good cleavage and are 'best dwribed ae argillitas. h a few pI- 
aa on the gouth wall of Elliotk Creek, they have de~~Iapsd a gad 
acmndary cleavage and may be considered d a k  

'Suffaceous beds and Isva sheeta constitute the major part af the 
Strelaa formation, bllt the limestones and t i r & l m  and siric~ow 
beds that have been described are interbedded with them, and in- 
krtmh+@bm and pyroxene diorih are found at many lmalities. 
On account of faulting and ~ c t u m l  imgdar i tb  no wmplete 
aection of the formation can be given. In general it apppears to can- 
Bid of two park, of which the lower is prevailingly i p ~ o m s  and the 
upper cantaim the sedimentary m m b m  The following inoom- 

-@ froal. data obtained in the npper part of Nagget Creek 
valley, e h m  the iithologic vsriation obeewed at that lmali5. T h e  
exact position of this d o n  hi the Streha fosmrtion i~ nat known 
dehikdy, but it ia believed certsinly to be in the upper hslf. 

PaWZ s&bn ot Btmha fortltalroff t Nu#& C m k  ratw. 
1 F* 

Finegrained bamlt ,,,,,,,,,,,,--- ----- ------------- aSO 
IVatm-laid m d  8nbaerIal tuff -,-- ---------- - F.95 
FIn+gr&ieed basalt ,,-,,,,,,,,,-,,,-------------------- 450 
SMly, argfIlaceow k d a  ,,,,---- - --------+--------- 405 
Sillmas Ms---,,,,--,,,,,,--------------------- 10 

. , FThegrained balmlt,,,,,,,,,-----:------------------ 4FiO 
Sfidfled Umestow,,--,,,,,,,--------,--,,,--,,,,-- 17 
Gabbra with gome tnfhceonm be8n --dl------,,--,,,,d- 405 
Chert  --,,,-,,,,-,,A------,---,,-- 229 
Onhbm-,,,,,,-,,,,,-------------------,,,~,-- Efl 

-- 
51,845 

1 M m - w  



An unumal phsse of the sedimentary rocks appearing possibly to 
be in the. Strdnn formation is found in n smau area of conglomerate 
or b m i s  on the eaat branch of N u g t  C w k .  The conglomerate 

smsatially of gmemtone fragments and boulders 1 fmt or 
lesa in diameter in a cparse-grained matrix that also consisla of Y 

p n s t o n e .  It ik amiater l  with a few b d s  of hard fissile slate of 
varioua cSlors-py, dark blue, black, red, ~ n d  green--knd wit11 
B mft dirty-dhite Xnb in smsll implerly shaped hit very mn- V 
spicuous nma.  The stratigraphic relations of t h  mks are not 
known, but it appears more p d b I e  that the conglomerate is a 
fsulbd mass of rock hlonging to the Kotsina conglomemb. 

. , The, evidenca for the wition of the dimantmy U s  in the- 
%rehia formation i~ not complete. The formation is exposed along 

I. 

th& ndheast and muthwest sides of the area mapped, but with the 
&&tion of a minor amount of shale and a few thin I d g  of silicified 
limestone (sea p. 28) mks of undoubted sedimentmy origin are 
,found chi&y on the southweat s i d ~  Such a condition suggests R 

n u b r  of pmibifitiaa The d m e n h r y  beds may w c u ~  the mid- 
dle or the lower put of ths formation, or the mla of the two areas 
may not be pmp%rly correlated, or the equivalent of the d&ntary 

- beds in the southwedem area may be. found in the tuffs of the narth- 
&rn ama 

If tlm ad-  bds q - n t  a part of ths Strelas formation 
dl, below the b p  of the mtim, then i t  seem neomm~ b mzppom , 
that a larp part af the sdimentary beds -hm not k n  lam to the 
surf- in the nmtheastem a r m  and that they hsve been brought 
inta their p m n t  position, in contact with or close to the Triassic: 
rwks an Elliott M k  and the Nikolai greenstone on Strelna Cmk, 

, 
by faulting th& hrs cut out the upper part of the formBtiaa Fault- 

hns taken plrae dong the wuth side of EUiott C d  -su - .to 
bring the Stmlna & info wntet with ths M" limeatoxre and 
shade, but* the d i t i o n s  eaat of Stmhs C d  are diffemnt. There 
the Niiolai grw&une sppeers to rest conformnhly on rocks of the 
Stmlnr formation. A section which is believed ko include the 
of the Nikolai greendone was examined on a small sot~thwad-flow- w 

ing creek 1 mile en& of Stfelna Crmk (fig. 3). 
A11 the outempa dong: the lower part of the -It are rltmd 

diorita 'She diorita is followed on the north by h u t  M)(3 feet of >-I * 
black lFaintIy bnndd rock that appem to be bkd shale and con- 
tains thin sandy beds. Over this is 20 feet of thin-bedded cheq. 
Then follow about 75 feet of fin&geimd taffa@ms grpernsbne or 
dhreiI baeslt with pillow stmcture, 30 feet of thinly bedded chert 
containing wrbonwm matter, 150 fgst mom of t u f f ~ u s  green- 
stone with pillow strttcturq and finally a great thickness of amygcla- 
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loidal basalt, the Nikolai greenstone, extending to the top of the 
mountain. 

On the gast fork of Stlelna Creek the Nikolai greenstone rests on 
&w&y bdu wmiated with thin h d s  of limsstom and with tuff8 or 
shales that oonhin fa i l s .  

The fine-grained b l t q  t ~ t f l a ,  and chs~zs of the northeastern ame. . 

aomhted with the Strelna formation, have r structural pdralleIism 
-4' with tha overlying amygdaloidnl hamlts (Nikolai) in many plnm 

and-grade into them so that it is imposeible to draw a, sharp dividing 
line between the two formations. Only s small amount of limnstone 
and no f d l s  were foand in them rocks. 

If the rocks in these two areas refermd to the Strelna formation 
are not corresponding parts of one series of canformahle beds, then 

I 

? a . n . ,   SO^ 1,000 FEET 
- = , & . & ' .  ' 

Pr--k- at  the h m  a! the Rtkdal greenatone 1 mlle east at  Rtrrhna C w k .  

it is probable that an .unmnfomity e x i d  at the .base of the, Nilrolai 
gresnbne, that the equivalents of the northeastern rwks am absent 
on S t m h  and Elliott creeks, because they have been faulted nut 
or haye bsen e d e d  away, and that the tuffs, fine-pined bssalts. 
cherts, limestones, and other members of the Stmlna formation in 
the southw&rn area are much older than the tuffs, fine-wried 
W t s ,  and cherty M s  in the northeadern area. 

-m Evidence for the stmtipphic relations of the StmIna formation 
.& NiErolai gmmdane was sought in the places where thsse rela- 
iio& were likely b b e  shown, particulnrly on Kluvesna and Kotsina 
rir~rs end on Nugget Creek anrl the east side of Strelna Creek. On 
Kluvesna 'River there is a seeming discordance of stntcture and, as 
has been indicated, a variation in the character of rocks immediately 
MQW lava flows regarded as belonging to the Nilt01ai greenstme. 
The h t  of these conditions might be due. either to faulting or to an 



original unoonfmifv. The second might remit from an uncon- 
formity, from failure to determine exactly the position of the bound- 
sry Line betwgea the two wries of rocks, or from local variations in 
the character of the volcanic and sedirnenhry matmiale that were 
bing deposited at tt particular time. 
In a region of extreme faulting, such as the Kotsina-KuskuIans 

di&i& it is diffidt to weigh the evidence bearing on the rehtions 
of. two such wries of TQ&S as the Stmlna formation and the Njkolai '* 

greenstone. The field evidence in some places indicates structucnl 
parallelism, yet in other pImw dimrdance of &mcture and differ- 
ence in character of beds underlying the &reemtone su-t the possi- 
bility that the p n s t a n e  w m  p o d  out over an eroded land surface. 

The kmilarity htwmn the hrtsalfic and tuffwmus rmks underly- 
ing the Nikolai greendone on the two sides of the district is so great 
that no doubt was felt in the geld concerning the equivdenm of the 
mch in the two areas, although the thick fosgiliferous lime&ones 
were nat seen in the northeastern ama. Tt wns recognized, Ilow- 
aver, that the bait intrusive rocks in the southwestern area were far 
mom abundant and much more altered than thoae on Kotsina River 
and Nugget Creek. This was hlieved to follow from the fact that 
Strelna and Elliott c m h  lie in areas of great disturbance, w b m  
folding and fsulting have been in-. 

The southern h n n d ~ r y  of the Trisssic rocks of the south side of 
Elliott. C& is determined by a great fault, but the pi t ion  of the 
Nikolai greendone on the volcanic and associated adimentary beds 
on the Bast side of Strelna Creek is probably not the result of fault- 
ing. More likely it mpremnts the original position, which, from the 
b s t  evidence that wwaa aeen in the field, is one of conformity, althongh 
thst avidenca is not conclusiva. f f this ia true, the sedimentary mcb 
a p p r  to have a considerable range within the Shlntt formation, 
pbssibly from the middle or lower part ta the top. Furthermore, It  
*odd appear t$*t part af tb mdimentary beds on &reha C d  
and mar by are the equivalents of some of the fragmental volcanic 
m b  of t h ~  nor&~$sihrn area or el* are rutrepmsmnted Ithere. Y 

raTCm#3!9 m rnm 

The thicknea of the mdimntary part of ttb8 $Edna formation ia 
very much in donbt Reams am given on pnge 60 for rreaarding e 

the total thicknem of the formation as not 1- than 6 9 0  feet and 
powsibly as much graater. The t h i c h w  of the dhentary  prtibn, 
by which is meant the argillitea, limsstones, and some of the cherts, 
d m  not appear ta be more than one-tenth or p d b l y  ane-eighth of 
thst, although mmral Ws of argi1lite snd a number of lime~tones, 
the largest of wbich is not less than 200 feet thick, are present. 

The structure of the beds has bean indicrrfed. The members sf the 
formation, particularly those of the 50uthwesbrn area, are 'much 
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folded and faulted. In general the rocks of the so~~thmestern srea 
dip toward the northeast. Those in the northaestern ares dip south- 
west under #he NZaIai penstone except in the vicinity of Kuskulans 
Glwier, where the dip is northeast again, suggesting an anticfine 

w with northwesterly axis in the northeastern sam. 
Faulting and folding in the southwestern area are seen more dis- 

tinctly in the l ies tones  than in other members of the formation. 
- This is due to the fact that the limestones are mom readily identified 

and traced The limestone beds have been broken up into numarous 
isolated areas that appnrently bnve little connection wit11 one another 
and are scattered about without regularity or order. 

AGE AAD C O R R m T I O A .  

The age determination of the Strelna formation is based on the evi- 
d e n t ~  of EOSBili collected from the limestones and from some of the 
tuffs'or a*Uites. Although tile fossils are in a poor state of presewe- 
tion, they show clearly that tie rocks containing them are Car- 
boniferous, probably lover Carboniferous (Mississippian). The 
collections were submitted to George H. Girty for identification, with 
the result indicated in the following list : 

' Foe8ils c~ l l ec la t  from the S~rslns fmnration, 

8170 (I2ACW). 0- M tam€ mlde above m%h fork. L4me&we ~nemba of sedl- 
xdenu=rlea d Ilmeaone, @bale, con~Iomerate m d  chwtp dllceoaa bed& These appmr . .,. t o  dl eat4 tba reenwtone rind ma underlie I t  or be the  lower part of  It. slff ~ U A L ~ I L  %am bet=wn foAa ot Strelna Creek. Cbertv limeatone beds a m  
clatrd uith 

8172 ( I2sPr '"zfdge  soutb of west fork of Strelna Crmk. -Umestone, chert, md 
b h a k  InterMd*.d with ~r~onulonp. 

X l i 3  ( I P A C 6 7 ) .  W e t  fork of Strrtni C-. Limestone. 
Lot 1 ( J .  B. H. 24) .  8,600 feet N. i 4 '  1)'. from forku af BtreIna Creek, elevution 4,r00 * .... 
Lot 2 J. B. hC 8.4 . 7.000 feet 8. 48. W from Iron Mountsin o I w a t h ~  4 000 feet. 
L o L  3 IJ H M 111 7 1100 fwt 8 8-4. fv' from Iron ~ m n t a i o '  etewatlon 6'300 feet 
l ~ t  1 (J: &. k. 45;. ~ O J W  ~ w ' N .  18" 'I\'. I w m  Irvn ~ v u n t i l n ,  e l ~ ~ n t l o k  5,TOO ieet. 
h t  613 (F. 11. Y. 619l. Same rn lot 2. . 



Comerning the fossils fot~nd s t  the last five localities, Mr. Gi1.t~ 
says : 

TIW i tms i j s  III lthere m11wtim8 nrr -la n [loor etate of b w l ~ ~ u ~ n .  SO far 
ns IQII Iw rletwminecl 1111 the mllectlons Irpresent the anle fama, which is  
I-lmrly of ~rbonlfemua ape. A umre d~flnlte iltatmnent It I 8  cU l lh l t  to make v 
1~1th errtajnt;r. hnt I am incllnprl 2 0  herlcve that the hnrlmm is lower Car- 
lmifemus f3lfmimtpp1nn) or I,Id~rinrt. l l t i ~ t m ~ .  It' f not pmsible to dn 
tltnrP t b ~ n  s u ~ m  the ehnrarter of HIP f H ~ n a  In a'@?kMTtl \tap, for mCWate ' 

sp?cff!c rletesttllnatlms tnn not I l e  ruaal~ fnm t h l ~  materlr~l. Y 

The Lisb~~rne formation st its type locality consists of massive 
limeshne interstmtifi~rl with white chert snd has 8 fob1 thicknest 
of more than 2 , O  fwt. It contains an extensive c u d  and bryomn 
fauna. This formation ia well rlevelaped in the ricinity of Cape 
I~ib11rne ~ n d  ma6 tllescrikl first by C'oHierm snd later by Kindle,l0 
Smitl1'1 fonnrl it also or Nontak R i ~ e r .  It wmcorrelated with the 
limestones of .John and Annktuvnk rivers dmribeil by SchFsder:' 
and fmm the work. of h f i l l ~ w d l . ' ~  Kindle." lrnd Mtlddrt?n ' 6  it is 
known to extend ~nstward arrms northern Alsska to the inter- 
national boundary. 

Rmks yielding tlre fauna of ths Lisbnrne limestme.&& found on 
some of the ~RIRWIS of sontheastern Alaska1" and at the head of 
Chitiaa Riwr. Probably the Carboniferous fwiliferoua rock of 
tht? Stmlna formation are to be rorrelakl alm with tllm of 
Nanagita T ~ P  nearness of the two localities would SUE 

p t  this correllttion. 
A table lshowinlq the princip.1 districb of Alaska w h h  Carbon- 

ifemus rocks sre known appears opposite this page. 
C a w ,  A. S., amlolJ nnd EO.1 rssoarcee oi the Cape Lisbum -on, Alamka : U. I. 

~ a r r e ~  Bell. n s .  pp. 1-7, 190&. 
mmndle. P.. H.. rrpdloa a t  Cape Thmnpm. Alsakm: Am. Ionr. !kt.. 4th set, d. 

M. pp S Z W 2 8 ,  1W. 
ulmlth, P. 8.. The MmtaL-E&uk e o n .  h a :  U. .8. -1. -'*.'& 

7MU. 3918. 
U Hcbudar. F. C, Bsconn-ce In m& &ad. Im JBbf : O. fC w L  8- F'mt. 

P l p r  20, pp. M. 1904. 
I A m ~ p e l l ,  E, dd. ,  The Cumln# R l w  mltfon, aorthm bl*l: 0. u. nml. m r n  

Ref. Paper 109, pp. 1-118, 1919. I 

u Eindlp, E. M., -4-lc m u b m n c e  of the Pnmplne Ydlff. A l h  : -1. %oe. 
Amerla Bull., vol. IS, m. 81633FI. 1WR. 

Y 

3ahUddren. A. G., Oeologlc work .long the C a ~ d n . A l m  b o a W ~ 7 :  U. I. a d .  
Surrew Rnli. 520, pp. B l M l 2 .  1911. 

10 Khdle. E. M.. Motes w tbe rnnna~ and Rtratkrnpbl at Ah*: Joot. 

OW-, VOL 15, ppr 33-7, 1907. Wright. F. FA and C. W.. W Xett5aiL.a mml - 
Wmmi mhlng dlmwlctg, Aim: U. B. Bml. B u m y  Bnll. 811, pp azbr. lm. 

~ 7 M d t .  p. U.. ~ d e g y  or the Haaaglta-Rremntr mrr, Alimlra: U. 8. G d .  lo- - .  
Mr. 67s. pp. 1k1,  1114. 
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M H Z U I C  BEUIXEK'TAR1- FORMATIORA. 

amaTDIIZ - D m  (m -0). 

c a m -  rm rnrmrmrxoa. 
w The ~hGistona limestone is a marine sedimentary formation th& 

is extensively developed on the north side of Chitina Vdley and ie o 
conspiduous fasltum of the mountains in the Kotsina-Kuskulanrt d i e  

u trict. It forms b l d  cliffs (Pls. XI, A, and XIII, R, pp. 30,31), and 
i t s  light color is in strong contrast with the dark p m h n ~ ,  shale, or, 
conglomerate associated with it, no that the formation has been mmt 
umful. aa s horizon marker to all who have studied the geologic 
ntrnctafe of the district. 

Freshly broken surfaces of the limesbne show a blui~h-gray color 
that become a. Eigbter gray after the rock has been e x p o d  a long 
time to Ithe weather. This bluish-gray color is one of the means for 
distinguishing bdween the Chitiatone limestone and the yellowish- 
brown n-eat hered limedone of the overlying Kuskulana formation, 
yet a yellowish wedbring is seen on beds that are regaded as kt- 
longing. in the Chitistone limwkma 

The basal part of the Chitistone limestone oonaists ef one or more 
m i v e  limestone beds showing little or np evidence of atrrttifieation. 
The structure is difficult to determine in thia part of the formation, 
especially where the overlying Geds are a k n t .  Tbe upper part, 
however,,is d&intFy M d d  (Pl. VI lJ ,  A, p. 6) but is pmtically 

- without. Bbsly partings, the strata being of the same character as the 
basal beds and rmghg from less than a foot to several feet En thick- 
neRs. These statements destrih the Chitistone limmtone on Strelna 
Creek, where about 400 feet of beds are exposed. 

A slightly different action is e n  on C1-r Creek, where the for. 
-ion includes possibly 700 feet of bluish-pay lim&ne, Its lower 
part is c o m w  principally of massive beds (Pl, X R, p. SO), which 
make up a b u t  thw-fourths of the entire thickness. This part is 
dividd into two members by a few thin M(ls near the top. Frag. 

-4 
men* and poorly preservetl fossils were obtained from the thin 
beds. The upper p a t  of the formation i~ mom thinly stmtified, al- 
lthough the rnassiv~ character of the strata is still maintained. 

Although the Chitimne limestone has ~uffered less folding thall 
e the thin-bedded limestone and shale that overlia it, yet it is con- 

siderably faulted (PI. IX, R, p. 7) and in plsces is brecciated. 
The thin beds in particular show by an intricate s g h m  of fins calcite 
veins the effects of cnlshinp. h'sarly all the exposures of the Chiti- 
stone li-one contain inclusions of Hack cherty rnabrial in mas- 
of irreguht s h a p  and variable Bim, Some of the cherts axe in the 

. ferm of small  vein^, but more commanl y they have peeuliar a h a y  
Wm ffsttend and distorted cplindera with knobby protrusions such ss 
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might IM made by 6Ung the open s p m  of a giadt sponge with same 
hard black materid, Most of them cherty m m m  do not exceed 18 
Inchm in greatest diamehr* 

Fossils are rare in ths  part of the Chitistone. formation 
u and are EO like the limestma m m d i n g  them that they are diffidt 

to find until wgathering hw Es th@m from the casts They are 
more mmmon in the thin beds of the upper part of the formation, 
m that a shod mmmh i~ U S U L U ~  mficimt to discover them there. ~ r r  

The principal exposures of the Chitistone limestone form five &el& 
or scarpa t h ~ t  hnve tb radial armgemant and extend in an appmxi- 
mnte northwesterly direction. The longest and least disturbed of 
thw blts (Pl. VII, p, 6) runs from the month of Clear C m k  on 
Kuskdsna R i ~ e r  to  the top of the monntains west of Rluverma 
River; the southernmost belt is in the valley of Elliott C m k  (P1& 
V, B; X, A; and XI, A) ; and the re&, of less regular outline, Iie 
'between (PI. IXI, in pocket). The limestone in one of thee b e l b  
that which follows the valleys of Pass and h k  creeks--w~a at kt, 
regarded in the h I d  as p i b l y  a second massive limestone within 
the Kmkulana formstion, the chief r e a m  for this corklation being 
that the bestone is thinner than the Chitistone limestone on Clear 
ind Lime creek although no thinner than on Elliott Creek, and 
that leae of the thin-bedded limestone and shale appears to owbe 
it at  all exposum. This rack, however, ia lithologiccrlly identical 
with the baaal bade of the Chitistone limestone, carries the Chitistone 
fauns, and is fault;%d into its pment position on the ehsle and thin- 
bedded limestone. 

Besides these mom ot  less continuous belts a number of mall mat- 
tered areas of hestone are present in the district. The largest are 
near Kuskulana Glacier, on its east pide ; the othem am on Nugget, 
Roaring, and Pwm c m h .  They are the remnants of conthmmh 
sheet of limedone thst onee extenad over the whole area. The 
isoIahd areas of limestma; on Nugget and &ring creeks appear ta 
bs ont of their normal 'pit ion,  for they should be separated from 
the rwb of the underlying Strelna formation by the full1 thicknees 'P 

of the Nikolsi greenstone. They evidently were brought into their 
p m n t  poaitia by faulting, which cut out part of the rocla that 
rmrmally wooEd underlie the limastone, 

b 

Tbe apparent thicknm of the baiti&ne limmbne va& much in 
bartsin lmlit ies  On the north side of Elliott Cwek it m q p  from 
35 to abdutr 200 feet, On the north fork of Stmha Cmk it appma 
to be not less than 400 f&, lnrt hem the &BcuIty of drswing a defi- 

- nite line betwean the Chitistone l k m t m a  and the overlying thin- 
bedded lim-ne of the JCddma formation throws doubt on the 
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accumcy of the measurement. At this l d t y  the h - n a  tstands 
on edge and str ib about H. 4 5 O  W. Tho masaim basal beds on the 
southwest are 200 feet thick. They are followed on the north- 

- by 206 feet of thianer beds that am mnsided to hlong in the Chiti- 
stane, rsnd thm in torn am followed by thin-Mded lim-ne with 
a small amount of interstrstified shale that may belong to the K w h -  
lana formation, but the exact position of the hnndary line between 

Y the last two appears to be a matter of individual judgment. On 
Clear Creek the thicknew of the Chitidone limestone can be mess- 
n d  with considerable amuracy ~tt several places. The beds dip to 
thew& withoat minor fo lh  and indicate a thickness of 700 feet, A 
thickma of '100 or p&bly 1,000 feet is indicated at the had of Lima 
Creek. On both stream the rnoh unmrtain factor in this memum- 
ment is the position of the horizon that m a ~ b  the top of thd Cbiti- 
stone limastane. 

The Chitistone limwtone in ib type 10cali@~ op@h the month 
of Chilistone River, in She Nizina district, wss considered by M&t 
find Cnppsta to haw a thickness of 3,000 feet. 

For lithologic reasons the upper 1,200 feet of yellow-weat'he&gf 
thin-bedded limeetane in this &ion might be assigned to an aver- 
Iying formation, as has been done by Martin,= although this 'mip- 
ment can not: yet be confirmed by the evidence of fossils. 3n spite of 
sa p t  la reduction in thickness as this division would mean, it is 
evident that the Chitistime' limestone on Nizina River is much 
thicker than in the Kotsina-Rwhlana district. An even more 
striking difierence in th i ches  is seen within the district itself. 
Along the north side of Elliott Creek leas than 100 feet of tho lime- 
stone appears between the gtwnstane and shnle in some plnces. 
It is tbia small t h i c h w  of the CIlitistone limestone and the abwnce 
of iehe overlying thin-bedded limestone that led Martin to amme an 
unconfomity immediately below the McCarthy shale in this districL 
The possibility of thjs unconformjty is considered in the description 
of the rocks overlaing the Chitistone Iimestone (p. 37). 

* 
-+ 

Folding and faulting give the Chitistone limestone a complicated 
structure. So far as is known from the evidence collected, the lime- 
stone was deposited conformably on the Nikolni p n s t o n e .  Move- 

I 
m a t  has taken pIwe dong the contact of the two formations in many 
Ioc~lities, but no positive evidence of an extended interval of erosion 
between the pouring nut of the Nikolai lams and the +eposi&ion of the 
Chitistone limestone has h n  I-ecognized in the field, although from 

~M~~ F. H., .ad Cappa, l3. n., Gaols@ and m t n m l  rcswrw of the Nlzlna ulgrl~t, 
M a :  U. 8. owl. Snmep Bnll. 440, p. 23. 1911. 
P Martin, 0. c., T C I O ~ ~ B ~ C  roc& ot ~ ~ n s k n  : nro1, $ ~ c .  ~ d u  BUII., mi. n, p. m, Isla. 



other conddsmtiona the &nmnca of such a break might be sus- 
m 

The t b  no&m helts of the Chithtune beetone dip at rather 
high angles ta .the sonthwmt (Pls. VPS and X I L ,  k, pp. 6, 50). The 
nortbmmost belt liies on the Nikolai greenshorn in its normal posi- w 

tion, but the other two belts owe their psitiom 50 faulting, which 
th- thsm.ovarlbeds t h t  normally would rest on them. 

The two limdmne belts on Elliott Creek and the west bmnch of Y 

Stmlna C m k  are the limbs of antidinw (PI. X, A, p. 301, w h m  
crests have been eroded away. Faulting along the south ~ i d e  of 
Elliott Creek cat out the Kuskulanu formstion in plmw and brought 
the limestone into contact with rocks of the Stmlna formation. Tha 
limamne on the north side of Elliott C m k  d i p  north (PI. V, 3, 
p. 8 )  and reappears on Copgr and Pas creeb, forming a synclinal 
trough in which lies a great maas of Kotsina conglomerate. 

The Ckitimne is cnt by many other faults k i d -  the major onss 
already mentioned. Some of these are shown on the map. The area 
about. t h e d h d  of Elliott Creek and the meat fork of Strelna Creek. 
was subjected to an. exceptional amaunt of disturbance of this kind, 
m thet blocks of the different formations have heen brought into a 
most confusing complex. 

m m s m  POCKS. 

lgne~us rmb intruded into the Chitistone limstone are not cmn- 
man. No large of igneous m k  were seen in tha formation, and 
shbagh B few dikw were found, they and the sills atmciater2 with 
them are far mom numerous in the overlying s h l e  and in the Kotsina 
cqnglomerah than in the limestone. It appeam to ham h n  more 
diEcu1t for the molhn m k  to penetrate the firnestone than the shale 
or even the m i v a  conp;lornerate, and although it must have been 
n m . f o r  tbe,intrwiyeq to cut the Chitistone lim-na in order to 
m h  the overlying beds in p1- when  the limegtone had not hen 
retnoM by eraion, only a few auch places were disoovemd. The 
p i b i l i t y  of the sills having k n  intn~ded at different times is con- 
sidered on page 73. * 

Dikes of gmdior ib ,  apphyses of Cha larger Inass nar by, cut 
the Chitistone t h d u n e  at the mouth of Pass Cmk Dikea of quartz 
diorih porphyry with phenocrysts of feIdspar am intruded'into the * 

limestom west of Kluvesna River. They are d s t e d  at the same 
locality with dikm of porphyritic basalt containing long crystals of 
either hornblende or pyroxene. Near the mouth of Clear Cmk,  a 
tributary of Kushlana River, a tabular M y  of basalt prphyry 
nbout 100 feet thick intrudes the limestme. For the most part it fol- 
lows the beddig,plmcs of its host, but in plam it cuts acrw  the. 
beds. Columnar structure is well developed in thin basalt. A small 



dike of similar iwk cuts t'nr limestone-greenstone contact near the 
heat1 of Clear Creek. It i s  easily distinpxishd from the penstone 
in p l * ~  where the greenstone shows a 13~ddish color but is h a d  to 
recognize where the greenstone rsumes its nornnl appsrance. 

k Tha intrusiv~ in the Chitistone limestone have not pmduwd any 
pron~unced altemtion in tihe inclosing mck. Recrptalliantion, mar- 
rnsrization, and contact-metamorphic effects were not seen The 

Y molten m k  was forcod into thc I irn~tone rlmg planes,of fracture 
that cromcl the bedding or dong the betlrling planes themselves and 
there solidified witho~rt bringing n h 1 1  t crmspicuous chemical or 
physical changee in the limestone. 

AnN A M  LYIHBKWTl1b;U. 

The Chiti~to.ne limedone is of Upper T r i a ~ i c  age, F d l q  al- 
though not abundant, have b n  found in it at  many p law in the 
Chitina Valley, from Kotsina River tm the N i x i h  district. The fol- 
lowing list show-s the fmils mllectrd in the Kotsinr-Ki~skulans 
district : . . 
Pas#ariln wWled from the Ckitbfthra Ilmeslme in the Kolalm-KluLMam dfstrict. 

Ella. N#r btuem b d  of Pam Cpeek and Rock Creek. From blue 3uat Qader 
I*rl of bar a IlmeetDn% F. C. mrmder, 1800. 
4d)S (dJ. Ts lw  from lower 2W F.rr of Chltiatone limeatone on -r C d .  

Mofit and adrlrra. 1907. 
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4806 (&a). E- or Yullea c h h  an Co Creek, about 200 feet above b w  o f  
a ! t l s t o w  llmentow. Momt and Yaddrm 1eoP"T 

480fl. Crnwford'a -raper dnlm on &aslng Creek f m m  lower 100 feet o t  Chitistono 
Ifmestone. Momt mud Maltrlren. 1907. 

blue lltuestone  bow roadhorn Them 
Lr C m t ,  fmm tnIus alo c l o n  the , o l  the K-laria format%! Thedore C'bapln, 2812. 

- - - - -  - - -  

M. Clear C m k  Theadore Chapid 1912 
8185. Nagget ~ r &  near torkrr, f r t m '  fnult' block d Cbltlsrtrma Ilmebone. Thewlorn 

Chanln. 1912 
- nfaR; 8hf btkretl h'ugget ~ n d  Rorrlnp creek. m d o m  chapin 1912. 

8923. Rest elde of Lime Creek valley at  ~levatloa 4 806 feet. Yomt and Sar t~c  1011. 
8825. 8 2 M  feet B 67' E. from f o r b  of cart ford of Strelna Creek. cleuation' 4,500 

feet. F 'H Momc is14. 
l3?3l. ' a b h t  s .6h  feet N 14" m. of Dirle Pam, elevation 6,600 Jeet. P. A. Mofit. - -  - 

1Ylt. 
8832. bhut 6,850 feet N. 51. W. h o r n  Ammennk aclbla on Klnremna Rirer. F. 5, 

Momt 1~14.  
PB&. Alloat 11,Bt)O feet 8. 804. m. from Aiim Peak. ~ le r l t lon  4,8M feet. F, 

Momt 18x4 
$04'8. Sodth itirk of Rock Creek on tmll Isadhg to w e d  fork of gtrefnr Cwek. d m -  

tlon 4 800 tpe t  rohb  from thin I*& of Chitlntcme Hmtprtone. O. C. 3tartin. 1gI.l. 
D B L ~ .  &orthq&rk oi%treloa, ~ r e e t  m r  bench mark 8 W .  
9920. North branch of east toHz of B-lIOa Creek. 

. 9046. Dkie PRRS branch of Strelna C w B .  

It is importonti to nobe that P e d w n a w t i k  sllbchdmht which 
n p v  in previous lists of fowsils belonging in the C;hitibne lime- 
stone, is here omitted. Martin z0 sets forth masans for considering 
this ,particular fossil to be chamcteristic of the McCarthy shale, 
which is also of Upper Triasic ~ g e  and, in the Nizina district at 

, least, geemingly followed the Triassic lirr*estones without a break 
of any kind other t h ~ n  the changed conditions that brought about 
the deposition of interstrntified l im~sbne  and shale htls and finnlly 

. . of shale instead of limestone alone. 
Schrnder and Spencer 51 did not d&nnine the age of the Chiti- 

stone l i rndne  from paleontologic evidence during their reconnaie 
snnm b 1900 and correlated it with the massive limestone of White 
River, which was mprded by Schtschert to be of L' Upper Carbonifer- 
m a "  age.*' This correlation was quwtioned by Mendenhall,* but 
it was not till 1907 thnt definite svidence of the age of the Chititdone 
limedone wrrs obtained.'' 

A table of correlations of the Mesozoic formstions of mathern nnd 
southwestern Alaska, compiled by Martin,PL but with some ndditions, 
is @van opposite this pnp. 

' Op. elt, p 712. * 
. . 9 Bchmder, F. C., and IJpncer, A. C,  The pol= and m l m l  remama of a portion 

of the Copper Rivet dlstdct, p. 48, U. 8. Qeol, 8 n r v ~ y  spCdal pnbllcrnoa. 1901. 
=Broota, A. H., A reFnnnalnsanm iram Pgmmld Aethr to E&gle City, Alaska: U. 9. 

&at1 lln- TReatg-dmt Ann. Rept., pt. 2, p. aSP, 1000. r 
mMmdenhall, W. C., Gmtoay of the ranttal Coppr Rlrcr mom, Almslta: U. S. Od. 

B u m  Fmt. Faper 11, p. 43. 1005. 
r M o t .  F. H.. md Maddren, A. O., Mlntrst nmurets of tba Kotdna-Ch,1Usa~ m&m, 

Alaeba: U. S. Gml. RuiTey Roll. 314, p. 2R, l O o B  
mMartln, 8. C., G e o l o ~  And mlnernl reaoorm a l  Keaal Penlasula, .klasBe: U 'B. 
"up. dt., p. r12- 
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CRhRACTER AKD D l R T f S g ~ O T .  

The C h i t i h e  limestone is overlsin by probably 5,000 feet of 
+ Upper Triassic marine sedimentary st.mta consisting of black shale 

and considerable but varying amounts of thin-Mded limestone and 
~rgillite, which %are be& developed at  the base of the formation. 

d 
Them h t a  are. equivalent to the Nixina limesbne and the McCarthy 
shale of the Nizina district, but bec~use of their wmplicakd folding 
ant1 the difficulty of making the separation they were not rn~pped 
aa two formations, hing  hem described under the term Kwkulana 
formation, though it is realized that future work may d t  in 
dividing.the rocks into the two famations just named. It iis doubt-, 
fuI if the separation can be made. in the west end of the Chitina 
Valley on any other basis than the evidence of fossils, for the %tho- 
logic diffmscm are not suflitient to  make the sepsration possible 
where the M s  are m intricately folded into one another as is com- 
mon in the Kotsins-Kuskulana district. It might bo awerted. with 
reason that a separation of the shale and argillite from the thin- 
bedded limestones would be more logics1 then that oP the limestone 
from the underlying Chitidone; limestone, and this would undoubt- 
edly be trne except for the physical difficulties. 

The ~hshrrla is a black fissile rock nearly everywhere much folded 
and otherwise disturbed and nowhere without more or lew impure 
l i m d n e  in thin beds (PI. XI, B, p. 30). In m e  plawe it rests 
an the Chifistan8 limestone, but in others it is separated from the 
Chitidune by a mrittble thicknm of thin-bedded limeatone overlain 
by alternating thin beds of impure limestone or argiIlite snd shale. 
Dikes and sills of light-colored intrusive rock are-common in the 
sbda nt a number of Ioalitim. 
The thin-bedded limestone at the beaa of the formation, adjacent 

to the Chitistone beds, is bluish gray but alters to a brownish yeflow 
afhr it has hen exposed to weathering. It becomes impurn in the 
higher beda as the shale makes its appearance end changes ib mlor 

I from bhish gray to black. Where the impurities are most abm- 
dant the lirneatone changes to hard black argiBita or calcareous 
argiUite without dhtincrt cIeavap, but nowliere in the Kotsina- 

T KnsgRilana district are therlimestone or argillite be& m p l d  by . 
chert W, as they are in Chokosna and h b n a  River valleys and. 
in the Nizina, dktrict. 

The t h i c b 6 ~ ~  of the limestone beds m n p  from lest than a foot 
to2or3feetbutismoremmm~nlyles9than2feet. Thecrefiguras . 

apply ta the limestone beds near the barn of the formation where 
shale is h n f  as well as h the higher M s  whem limeatone and sl~rtle 
are intwdrstified. These Iim&ne-shale bsds are more exbnsively 
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developed than the thin limestones below, and in most of them the 
limestone predominates over the shale. 

The thin-bedded limestone is not  a constant member of the for. 
mation. In r few places it is practimlly absent; in others it eon- 
gtitutea a large proportion of the known thicknsm of the Kuskulana * 
formation. The bluish-gray Chitistone beds of Wme Ckeek, where 
the =tion appesrs to be least distarbed, am aucwded by brown- 
weathering thin-kmdded limestone without shale in its lower part L 

except possibly in the farm of thin partings. Higher in the mries 
the limestone b m e a  more and mdre impure, and shale beds in 
increasing amount make their apparanm between tha limestone 
shta (PI. XVIIZ, A, p. 58).  , A little higher the shale predominates 
over fhe lim&ne (PI. XVXfI, R )  and finnlIy replaces it almogt 
sltogether (PI. XI, B, p. 30). . Practically the same condition is 
men on Clear Creek West of Rock Creek, however, the thin-bedded 
l h ~ n e  rests upon the Chitistone beds, just as an Lime Cmk, buta 
is much r e d u d  in thicknwa and givea place more rapidly to the 
&hale. This pert of the formation is much folded. The thin lime- 
istone ,beds s ~ ,  contorted and broken and d i a p l a d  by faulting. 

Farther west, on Pass, Copper, ltnd Elliott creeks, the thin Iime- 
stones are still mare reduced in number. In m e  localities they 
s1.e pmctically absent, but there is reuson for mqmtiry: that this 
absence is due in part if not wholly to faulting. Thin beds of lima- 
gtone m men in the black shales at different b o h m  but sre idmast 
negligible in comparison wit11 their ebundma 10-r in the for- 
mation. 

Pmvious work?ers in Chitina Valley have hged divi~ions of the 
Upper Triwic. d i m e n t s  on lithologic differences done, for the 
evidence furnided by fossils mllwted in this region wrrs not such 
as to lead. the prrleontologkts to RUE@ the estrblishmcnt of for- 
mations on. other p u n k .  For this reason all #.he Triawic lima- 
stone of the h'izine, district apas mapped by Ifoffit a ~ d  Capps 26 'as 
belonging to the Chitistune limsstone, and about 300 feet of thin- 
bedded limestone and shale, regarded as a tmnsition zone, were in- 

5 
cZuded in the orerlying McCnrthy shale. 

Martin:' who h ~ s  made an extended investigation of thc M-ic 
. m k s  of Almha and spent part of the qummer of 1914 in studying 

the Mesozoic section of Chitina Vnlley, has reached the conclusion u 

that the Upper TrEmic sediments of this valley should he dividwf 
into three formeQons-the Chitistone liestone, consisting of the 
Iowsr 1,800 feet o* that formation as mapped by Moat and Cnpp~ 
jn the type locality near the mouth of Chitistens River; the Xizinr~ 

mMoak F. H.. .nd -8. B.. Geolm aml mln-l m r r m  ot tbe Bfsine dMrlct, 
a)&&: U. B. Oeol. B u m  BnlL 448, rn 81-80, pa. 2, X I s l l .  

* G. C, M & e  rocka of A m :  Ged. Bee. Bult., wl. 21. No. 4. 
pp. WL71% 1816, 
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1. Went ddt: of  Kubnlana Rlrrtr. OBmr Roba 1899. 
2. west nide o i  I ~ U ~ ~ U I ~ U R  IHPC~. a short d i s t a k  north of SO. 1. Oscar rtoho, 1 . 9 ~ ~  
220'2. Crwk on north ulde of EusLuIanlt River. A. C. B noern lW. 
2208. Itelad of Rwlt C w k ,  from blRrP s l n t y  l!nWstom! tb)n-bedded I!wnIollr an& 

olntc A B ~ F R .  F. C. Bcharntler, 1800. 
4804. Magpie Creek. 1 mlle above janrrtlon wltb fEfl!ott Credt. F. 8. YIomt, 1001. 
8147 300 feet above can (on of Strelnm CmL: P H M& 1912 
a146 North PorL of  #tre$na Crrek. s h f e  are i  U~ i)& mntb of Pkt brgs b n d  om 

east. F. 11. Mornt. 1812. 
8180. Horfb fork of Btrrlnn Crctk. 2.000 feet n m  ef flmt farre bsaaeh en enst. F. EI. 

MaBt 1912. 
- 

8 i b i .  Wret brsrwh d north fork at ltrelna Creek near ib month, U o l t  F. a. M A t .  
8168. Clanr C d .  T h d o m  Cham IBIP. 
8154. Eldge month of Ctaar Creek 'Ilbeadore Cbapln 1812. 
8168. Nrat  crwk aouth of Clear creek, Pmm black cillcarmus sbmle. Tbtodow Chnpfn. 

*-.'> 
LW1TL. 

a l a l  mmt at math of cleat crwt imm m y  ~ i w s t m e .  m ~ ~ d o r t  Chapla, ms2. 
8168. Clear Creek, born tbin-beddwl limwtone and  hale. Tbedare CbaMn, lRI?. 
81CO. Divtde bctwmn Clenr Crcck ltnd Rock Creek, rldgc =st of Dlxlr Pala, elerntlom 

6CW ftet Tbea~3ore ChapIa 1918. 
8182 ~ k d e  betnetn ClrRricreek znrl Bock C w k ,  Irall on ridge aouth of 6,210-tost 

w k ,  dmatlon 6.tM feet. T h e o d o ~  Chs fn. 1012. 
8189, MHck bEtw6-n Xugget and Eloarkg creek% from thin-bedded shalt. TheaAon 

C h  In. 1812 
8928. n'od6 Fork af 8trelaa CrM, elcvatlon 3,000 fe#t, F, TI,  Momt, 1911, 
m2B. 4 700 feet 8. 57" E. from forkn ot north fork ol Itmlnn Creek, tlwatlon 4 , O M  

Wt. P. kit. Momt, 1014 
8930. k f t  braneb of iortb tor& of BtrDna Creek, mouth a t  mlkb nbout 1:lM Imt 

above fork% Y. YO*, lB14 
8933. Cree& e n t e r n  B o t h  ~ i v e r  m m  north nt junction or Eotalna nnd Klnrertmn 

Clrcsu. elevation 3 400 feet. F. K. Yoifit, 1911. 
8942 Abont 106 feet ~ l r a ~ e  trail at 8aamc Iwelity am Mall, from llmcrtnnc above 8913 

and 8912 Q. C. Martln 1914 
SP1Z About 10 fcet e&ve trh at =ma locaUt~ aw 8B4l;'fram I l m b n @  n few Mt 

above SDW. O. C. Martin, 1814. 
PM3, Oatcrop b M e  of trait at  leh on north alda of E o M n s  River nbout'll mllen 

&low K l ~ v e a  b&t. 
8@14. maat from wrne%ea~itg~$&!'~b. C. Martla, m4. 
8046 Rock Crwk skvatiw 3 475 feet. 0. C. BfartIn, 1014. 
~~120+~921 9922 berth tork bf ~trelas Creek 
9823: 9924: 9 0 ~ 3  WZ6. mi. h a t  brancb nC P R R ~  fork QC l tnki la  Crerk. 
982% North b-h of ~ n s t  fort  of Btnlnn Creek, 
WW. RRldRe betw-a l ) l x l t ~  Pass hrnnrb of S i ~ ~ l n u  CeePL and Ck&r Creek.\ 
MB1. Ridge 200 feet nottb of  9930. 
!J9SZ Sonth brow o t  man8.topped hill an rl* betamn fast  furk of ~ t r f l n i ~  Cm'k alld 

m ~ I 1  cmk between Squaw and Clear c w b .  
90% Ridge between cast fork of Rtrclnm C r d  and CfeIIr Cmk. 
8834. West brancb ef Rock Creek. 
WSE. To of rId b e t w e n  i e r k o  of R o e t  C& 
DOf& ~ u % b  lead& from west b r ~ a e b  nf Rock C m k  to m#dle bctnwn Rock Creek 

nor! eaRt ,lurk a I  Cupper C ' e M  
8881. Bighest ~ l n t  or rid- Mtnccn t n ~ t  fork of Copper Creck, Pass C m k ,  and W k  

-. -. . 
7 000 Fw< i&thwea< ot-filr 
3 n g t  brnnth or ltock cwck . - . - 
Gtllcb trlbvtnry t o  ~ n * t  fork of Rock Crwk from 

. W e  a d c h  np 094.7, but oulr 200 fret from RML 
UlAe 'Paas branrh of Bttelnn Creek. 

north 
CmL. 

Whether the presence of P a d m o t h  a t s ~ c a ' ~ ~  in the Km- 
kulana formntion indicate n new fauna snch as might be expected 
in rocks laid down nn rt lnnd surface thnt had undergone erosion for  8 

a long prffod end hid then been submerged, rather than a fsum 
made yodbla by n changing a n h m e n t ,  not mmected with a 
p r i d  of land erasion, in sediments continmusly deposikd is by + 

no means establihd. This fossit ip ex&dlngIg ahandat at cerhiin 
horizons, in both the hard limestone snd argdliC b& and in the 
shale partings between the hard beds. I t  was found repeatedly 
within R few feet stratigmphically of exactly similar M s  contain- 
ing the typical fauna of the Cbitihne and Nizina limestones and 
within 500 fegt of the Chitistone limestone. On Stmlna Creek at 
the paint &era the trail to the west fork of Rock G m k  leaves the 



creek and starts up toward the pass t h  is a g m d  exposure of 
impulw yeiiotvish-meatheling platy limestone Kith paper-thin shale 
partings, striking W. ZtOo IT, and dipping M0 W. These beds can- 
tain PseudmonoEia suhcimhria abundantly in the s h l a  paltine 
and less abundantly in the limestone. They overlie black iirnestona 
in beds from 8 to 10 inches thick with little or no shale htween, 
which strike X. 10° W. and dip 2s0 W. Tha bhck brls are 50 feet 

v sthttigmphi~all~ k h w  ,the yellow-weathering limestone. an&, crop 
aut in the c m k  bank 150 feet east of them. They contain H&b& 
Ouhrops are practically mntinuons for 7CO or 800 feet fo the east 
and show that tha limestone h o m e s  less impure as th beds am 
followed downward, that the shale dippeare entimly, and that the 
dip of the strata inc& gradually for most of that d is tma At 
a point g00 feet from the Pmm&wmww~-hring beds the Iimduxm 
strikea N. 30" W. md d i p  80' W. A ndioe~ble feature of the purer 
limestone beds is that they pinch and swell and the bedding planes 
shon~ n wavy surfncc. The most distrnt outmops shorn variable 
strikes and dips. Ame8tea waa found a b e t  400 feet stratigrapki- 
cally w w . t h e  Pamd6ntonotis-bring beds. Theee details am given 
to S ~ O W  the orderly s u m i o n  of Wts within the Kuskulaaa for- 
matioh; they might be d u p l i a k l  from other localities They do 
not pm$i&'21ie"poasibility of an erosion inbrval within the for- 
mation, but they do not mlg@ it and at  letast they indicate that no 
dmetuml uneonformity is prezrent. 

T h e  f b l s  aa inhpmted by Mr. Stanton do not fnm* grounds 
fot separating the thin-bedded limdaone st the b a ~ ~  of the Kurc 
hlmm formation fron the Chitidone limestom, far the fauna at  
the two are essantially the mma. This mpration mud be made on 
lithologic punds.  
In *table facing pq# # ths Knekulann formation is m m l a ~  

with other fmnationb: of muthern and mnthwestem a]& It 
will be seen that the Kuskulana formation is repmnted w- equiva- 
lent to the. Nizina limestone (upper part of the Chitisbe Limestone 
as rephmmted by Moffit snd CsppsS') find the McCarthy formation. 

.It The McGrthy formation includes a considerable thicknsss of 
black chert, expwd on Nikolai Creek and on Folin Cmek but not 
known in the Kohim-Kuskulana district. Ita most common fossil 
i s P n h m t i 8  mbchdaria. 

The type lm~litp- of the M&nrtby formation ia on M&arthy 
Ci.eek,n where it has a thicknw of pr~bably not Iess than £!,BOO 
feet.A* Below the McCarthy formation are about 800 feet of alter- 

.I.Mamt. P. A., #ad C.pps, &. R, WIogl and mta* wsoorces of the NWnr dWrlct, 
Alanka: U. 7.. -1 Huwey BdL 448. g, H, 1911. 

~ A o h n .  m r .  k rtewualsaance of the Chitfm Rirm and the Bkolal MounhLnh 
&&a : D, 8. Otd. S u m p  T w e n t y - U r s t  Ann. Rept., pt. 2, p. 426, 1800. 

Momt, F. R., and Capps. 8. A., op. cft., p 29. 
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mating bdamh and. shde beds that were mgarded by MoEt mand 
Capps aa forming,& transitia zom betwgga the C h i t i n e  limestone 
and the XcCdhy famation. In the light of the work done in the 
&t&a-Knskulaas district in 1919 and 1914 it appears probable 
S M  t h e a  transition beds, togther pith about l a 0  feet of thin- 
Wdd yellowish-waathering limestone ontainjng only a aamaU pro- 
portion of shale, included by Moffit and Capps in the Chitistone 
IhesEom, are the equivalemt of the upper thin-bedded h & n e  
and h e s E o n d a b  beds of the westerm area in this district. These 
am the beds t b t  are now included in the N i  limestone a d  that 
gim rim to & difliculties in dividhg the Upper T r h i c  mks  
of C h i h  Vdey into formatiom mmkht, within t h m d a l v a q ,  

The Cbitktana limestone md overlying T r i b  limestarm, and 
sbsle sra presant along the a o n t h . f h h  of the WrengeII Mountains 
as far sest aa ,their type lodit im in Nisins VmUey. Pwbably they 
exbead still farther t o w d  the head of Chitba Valley, for the 
Nikolai greenstom and Cbithm limestone am erposnd near the 
head af Canyon C d  6 of Young and Chititu c m b .  

Qn the northend gide of the Wrangell Mom* tbe ea&,end of 
Chs hlaslca, Reom, called the Nuhotin Mountsins, ia made up farely 
of Mem7aic mdm that include Uppr Triagsic Mu Their mhnt 
i a  not known, but 8 maaa of Ihestone in &per Pam yielded fmih 
cpn the evidence of which the limeetone w m  c o d a t a d  with the 
C%itistona limestone. The foesils include P m d m m w t b ,  db- 
M, which au@s s cornletion with the thin-bedded. Eimeatane ar 
the t h i n - M e $  lCmedmw and &de of the .Cbitina Vdey.  FOT the 

mmn, at bast n part of tha Tria&o M n e  in tho bead- 
wntm regione of, BuIksnsl e d  Susitnr rivers '* would be correlated 
with the same b&. 

7:. ' 
CLIdlPllCm bb P I & h d ,  ' 

Ths mob of ths Kotsina-Kuakalana '&riot that' are e e d  aa 
k i h g h g  to khe Upper J u d o  epoch lie nnconformsbly +on the 
T r i h c  and older rocks and include mnglomereh, gd,, ~ ~ ~ ~ d s h n e ,  * 
s b l e ,  md lhe&me. b o n g  them rock types ooagtommmk is by 
far the mmt a b d n n t .  Its great& development is ~ e e n  in B n s m w  
belt eEtending northweatward from the haad of Streha Cmek ta the + 

north @ds of Kotsina River. Rohn " gaw its outmops in 1899 and 
called it the Kqtsina ~nglommte. Chhrops of the finer&rucEuFed 

w ~ r n k  T, a, sad mopb, ddolpb, rema- d t b  H a m - m  B i m  a b  
ttlet. A h u h :  U. 8. Osd 8- Bun. 417, w. 2142, IR!Q. 
, m Momt, F. H., B d m *  &no of (3.nRuu SM A W L . :  U. 8. -1, 
#$mm BnIt. 198, p 18, 1912 

*Rohn. Oscar, ap. dt., p. 481, pl. 52. 



fragmental rocb and the Limwtorie mre am64 to .a few d d y  
smst 1 am- mathred over the Wet. 

The belt of rock just mentirmed ia made up of m d w  black con- - glwmdb, without linw af bedding, + --. IitE2s 
black shah: It is m m ~ d  largely of watemom pabblea md cob 
blas, most of which are plainly of local origin and ape M v d  from 
ths underlying formations. Pebbles of gmmstane, lbms&m 

Y 
9 h e  

fight-colored granodioritic intrusive, and quwh ~ F B  m W  cmmmm, 
It was noticed repeatedly that in the vicinity of of tha Chiti- 
stone l i m h n e  the limsstone pebbles in the c o ~ 3 ; o m m h  hmama 
greatly in rmumbsr and form a hxge proportion of the roc$. The 
&sme ii3 doubtless true of other constituents of the mngtomemh, 
but- are not ao d y  men. 
Tha am inclosed in a ab& or lrlmeic mntrix which db ,  

infegrrtea rather wsily and bmka down rapidly mder the inhence 
of wasthering. Tn conquanm the mkmps are rongb, and, the ta ln~  
dopes consist laqply of pebblm freed from their matrix. The 
conglomerate moanhim a m  rug@, with precipitons cliffs and a 
mgged sgf line (PIS. V, B, and XII, B, pp. 5, 80). Their dark 
arlor md rough s u r f m  give them a forbidding q e &  and in fact 
many of the ridges are piwtimlly impassable. 

A few t h h  be& ef b l d r  ahale are interstratified wlkh the ccm- 
glomemta but form hn insignificant pad of the wha'Ia The sand- 
stone and limmbne membem of the J u r d c  are of much greater 

The rnakve mnglomerah (Kbtsb)  wm in a curving beI€ - th& d d a t  from Stmlna Creek ta and hyond K o b h  River. On 
the mountain between Clear Cmk, tributary to Rotaha River, and 
Hluvewa River it  ha^ a much finer stmctum &ah in ita mutheastsr1y 

' chsnghg firat to s grit made np of tiny flmktened pe#ha 
~ d o p f n a i m  ind thw to a soft yeLEowi~h-bmam fmsiliferaua 
sandstone. A h a t  60 feet of m k v e  light-py l i m ~ n e  with s 
dightly sugary texture snd surface peppered over with thy black 
qdxs re& on the brown 8andstone and is overlain in tarn by a 
mdl *i:kaesa of gray limy erandstone. Both the beatone and smd- 
stme am ~ ~ f e r o u s .  

T h r ~  s m d  areaa of J p d  sandstone md oonglome~ata are 

.cI 
h u I t d  inb at rest on the Kuslrulans fomtian in the mwntaiae 
W& of Clear C& in K d d a n a  Vdq. Approximatalp 800 2aet 

t IJf inhrbeddd mmdstone and cong1omemEe sl.8 exposed in the largest 
of them areatit, near the haad of Sheep Creek The Upper J-c 
wdhanta r& anconformably on Triararic & a h  and sm faulted 
against them on the wmt. At the h a  is a00 faet of conglomerate, 
and above is sandstone with i n h d a t e d  conglomerate beds. 

\ .  
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Forthsr mntb, on tbs W& %ide of Shaep Om& the Jul-assic iwks 
comprise 8 basal san&om kmd overlain hy l i  wid are folded 
d ftulkl into * p i t i o n  between m&ve Chi thne  b h n e  on 
tbe mt and $htria~badded Trimsic limartona on tha aast. .Th rah- 
tiom m e  &bwm in figurn Pi. 

hather small *arm of cungloxmmta md sendstme mgs one point 
oatha rnsuuhk h t m n  Sheep B R ~  8quaw crmh. It d i p  gently 
dd and &a unconfomably on eastward-dipping l d m e  
and &la b d a  
S d  m m b f  yelI&h*bmwn k n h n e  am d a b 3  with the 

Triassic mite on the ridge between Nugget ~ n d  R d n g  creeks. 
A small c o l l d b ~ ~  of J a m i e  or Cmtaceons fogsils was made m r  

the top of the mountain batween Rock and Lima c i d m  The f k b  
wem d l & d  from lm m k  within 100 feet of the top of a sharp 

ridge atid when hmd<w~sre s u p p ~ d  
to Mung in the thin-bedded 
limedone. They probRbly m e  froa 

mne a -11 maidual of J u M e  OF 
Cmtmmue beds remaining on tbe 

1 1  
ridge which was not discovered during 
the field work 

FroOEM mme - e-ru - ** TWO mall maam of Jnrnmtic lime- 
?-- d - ~  Mw am e x p a d  on Trail Cmk, anst 

. of Kuslnrlsnr River, The l i i  
nocth @f R n i l  M is from 76 to 100 fk$ thick. It liee ha~mnkrlly 
and ia.overlsh by limy m-ne mntijaing foa3ila This area and 
t 2 ~  mall one na*r by glay hnw besn corn& formerly with the 
much larger a m  of ~~1deaow, cmg1omerate, and &de that is ex- 
p a d  ih the upper valley of T r d  Creek and in mdinucm with t h  
Jlrmsaio Bsdimwtury beds &ween, Berg snd &dl)oagall mki3. In 
tha latter 1-litf the Jnrasbio bds rat on quartz W8B porphyry. 
The low&. bed is a, grit or h e  cong~omerate containing pebbles of 
chert, fine-pi& basalt, and hght-colored pni t ic  rock like the 
nrrdarIying prphyry. Above it am mitemating Ixdn of timeatone, rn 
sandy in places, and yellowish-brom sandstone. Still tugber on the 
mountain are black mndy shale, grsy shale, and brown sandstone 
beds cmsidembly folded in theit uppe~ pert. * 

Tba l ~ppez  3&c +ks: lie m-tomably ' on the n p h e d  
edgm of the older fsrmatio~l~~. ' In Borne places they rekt an,the basal 
tnfls m d  lava flows; in others on the Chitistone limestone and the 
Kusknlana Um&nes and shales, A good expmure of the cutitact 
of the Jurassic m k s  and the Kuskulma formation (PI. XLI, R, 
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p 80) was seen a t  the hend of a amall c& flowing into Kotgina 
River from the north about hdf  a mile below the mouth of Kluvssna 
River. The Jumaic sedimente r a t  on contorted argillite end shsIe. 
A Pertical fault striking PJ. 35" W. cuts the two formations but 

U gbsmiaglp ham c m s d  little displnment. West of the fault the haw 
of the Jurassic sediments is a bed of c-rse conglomerate, nbciuf 50 
feet thick, oontsjning kidders as much as 12 inches in diameter. 

w Many of these boulders are emygddoidal gmmshnes. Abo~e -the 
conglomerate is several hundred feet of fossilifemus brown sand- - TIEB contact of mnglomernte and sandstone is andisturbed 
by faulting. 

East sf the fault likewise the sandstone is mparated from the 
' Triassic ::shales by conglomerate. The cmglomerate is variable in 

tbbhw~,  however, md is much thinner than the mnglomerate west 
of the f.dt. At this locality it 
ie not over 5 fet in jb thicbr 
emtiom and in p l ~  is r d u d  
to p fmt or I-. A p p a r e n t l y  
the conglomarrte filled depm- 
sions in an old land surfma and 

q 10 20 YOFEET ' - whem 'dep-one gim&h of con$ct of Ju. 
ware d e e p s s t .  The  relations -,,,~,,-t.~adl~~asrdcahd* 

of the shale, mg~amarah,  md on - 1 h - m  joining ~ o t a l a a  
Btvecme&r tha mouth of the Kluve~nn. 

sandstone are shown in figure 8, 
Aboaf IrOO feet of ~urassic beds, oonsMing cbidy of b e  cm- 

glomerata, grit, and mndatons, i~ expoeed at this locality. T$e con- 
tact of the conglomerate and eendstone was examined mrefdty for 
some avidence of unmnfomity but without wrccess. The c h m p  / 

from conglomerate to gandstnne i~ rather abrupt, yet the w i n g  is 
mfopmurble, and mttared pebblm l&e t h m  of the congkmerak 
are seen in the lower part of tlm sandstone. 

]Less than half a mile to the east the Jurassic sandatone, much re 
d u d  in thickness, ~ n d  the Surmic limestone r& on C h i t h e  

* (Upper Triassic)-limestone. The origimt rel~tions are not entirely 
dear. Some faulting has taken place, yet it does not appear probable 
t.hat such a thickness of conglomerate and grit as liea near by on the 
west ever intervened between the Triassic and JuraGc lim&nes at  

+ this plaea It =ems necgssary b suppose either that the thick massite 
conglomerate and the sandstone were not widespread formations 
mnstituting the b e  of the .Jurassic sediments generally, or, if they 
were, that mat  of &em were removed before the lim~9tona was de- 
pasihd. This ae~ond inhrphtion intdueae an nnconformity, or 
w b l y  two uaconformities, inasmuch as the thinning out of the 
sasdstom must also be explained, for which other evidence waa not 
fcinnd, The first interpretation is believed to be the correct one. 
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The Juras~c k d a  sra ooasiderably folded, though much leas .so 
than the older formations. Folding is n;ot d y  m g n k d  -in the 
rnaesive conglomerate and i~ doubtless less prwommd there than in 
the thhmw, lees mistant members. The bds north of Kotains River 
have been dish&& little by folding, bnt th- southeast of Y 

lnnr Rimr G e m  Berg andt M e c h u g d l  CN&I much dgformed 
and b w e  a st*.mw nearly east than appears in my of the forma- 
tions northwest of the river. The dip is to the south. At least 500 Y 

feet of beds is expeeed here. 
The Jurassic udhsntary r d m  show their maximum W c h  in 

tho cong10merete area north of Elliott Creek. Them is no me*8ls of 
knowing the depth of the deposits in the rrgnclinal tmugh bheea 
Elliott Creek and t h ~  head of Copper Creek, but if the base of the ' 

mnglomerata wem plane the thich6cis of cm.g1omer& involved 
would be at least 1,600 feet. In all probability it is muob m, m 
that 2,000 h 2,500 feet is, a mmonsbI~ estimate. This, mareover, if 
correct may be a maximum thicknets, for the Jurassic sandstons, 
shale, and limestone,w& of Kluvema River md muthesst of Rush- 
Pana Riwr are p i l y  to to regarded for the mmt part b & p i t a  
contemporaneous with the mng1omerst.e and nat rs overlying bods. 

The p a t  thickness of coarse, m e v a  congbmarsta n&h of El- 
liott Creek euggph the pw$bility t h t  this pad of the J n d e  
dimenkg wm atxumnlatd*on land or dm to the shore along the 
front of a mountain mnge where the.3mam~ were dimbarging n 
gwat m o a t  of fransportad msteM. me c 0 0 g 1 0 ~ t s  sbom d- 
most m bedding, conbins d y  a few thin ehde beds, and &om a 
mihm ntrudmm bbrough s gnast part of its thicbeta The '@it, 
mudstone, and lirmstone, an the other hand, are u n ~ b h l l y  of 
marine* origin and may be h a  m a w d  eqrrivalenta of the am- 
g l o m d .  < . ' t ? b , , f h , t < ! i > #  ,: 

rmdnhm -0. I '  

The.btrusiver & tha JUT-c d b e n t s  are all, so far a9 is knowa, 
of the.qusrtz diode porphyry type. . %y have the $om of d k w  
cutting the congherate or.intruded alang the contact of the con: * 
glomerate and the older, underJying rocks D h  wem not seen in 
the Jupusic sandstons and Ijmeetone. They rrre most nnmerous in 
the conglomerak~ north of the lower end of Elliott C m k  and north + 
of Eotsiaa R i m .  

AGE XHD CO-TrOTI. 

The moks that have bee* dascribed .barn am m g d e d ' s a  in i ~ g e  
part if not ent idy  of Upper Jurassic age., F k l a  that would deter- 
mine definitely the age of the Kotsina mngl~merate and its few inter- 
strmtified s h s b  bsds were not found, although Mr. A l f d  Wan* 



- during the coum of an examination o f  the mppr d e w  of Elliott 
C%& in 1016, collected abundant shells of P-ot-6 8acbciw 

from a large bonlder embedded in the mnglomeratP, w the east 

u 
si&e of Alica Peak. Fosails are plentiful in the h e r ~ c ~  
detribl members and in the limestom. All the collections made by 
the writers ware r e f e d  t~ T. W. Stanton for identification, and the 
list of fossils is given in the foElowing table : 

a ETppsr Juraa8b tonrib ko K o t h K w L r l a n a  didrfcl. 

ZiW Im rn m t o m m  limcrtma 21 PUCl4hm th. mouth d Clmr Creek, " ~ r b m  
r Imr &em mlnb." F. C. S e b t a d e  XPOO 2lE game lomiit, Y 2210 I. C. dehder, leOa 

BID. Yountnln f i  to 2 r n ~ ~ e ;  notth-nortbmst oc a m p  13 c on a e n r  ~ r s e k ,  h r n  Mnd- 
#baa P. C. LIchradar 1900. 
221L Norm iurk o i  kunku~atla Blver. Bcbrrdsr aud B w r ,  lsOQ 
8 l h  mrat cwck muth or CI-r Cr from bnE ~.ndetona Theodm'  Chawb, XSl2. 
8 8& VlvlOs bt.twwn Nugget and B% g creek& Theodore Chapln IB12. &. Yolmtmln north ot maotb oC Klnuesnl Biver, rbout 2.000 feet d 12' W. mf a.0oir- 

i o o ~  
near bara ot grlb. J.  B. Mwtie, Jr, 1934. 
uthmnt .Ida or Trrll Creek nlong -11, elevatba 8,800 Ccet, tram l1mcatouk 

P. H. Momt 1016 
8t31. m m a t r b  'sorth of month or mamma River, a t  tram mm .loerUtl mn m. 

R H Moat 1914. 
~ ~ w h t r l n  aMb a l  wntb ot Klnrcma Rlvee, abut 1% m l l u  N. 47' W. h m  

~ j ' o , y b i q  on RIuvma Blver, from slurdstone b-th a Hmestoae bed. F. H. 

8 d .  Moon ta4 wrtb sf Klmv-a Blrcr rbou t 9 810 feet M 401 * . W irom Ammma'a 
.abib oa mutema Blm, elevmtloa 6,800 dmt, fro; naadstmnd beneakb'r Iiumuww M. 
F. a. mat 1014. 
W. ~o;ntaln aorih of mouth af Klmmr Blw -me Wall u M B ,  but tram 

M m  at (be eandatone over lng tbs Ihmtona WL P' & LFW 1%4. 
#W. Bldga letweeti ~l.la$s and 'Prall e r e  I& m l k  B. XQ* fs, now mwth af BI*tL* 

Creer elevrtlorr 4 800 feet F. H. Mofllt, 1%. &. halaera in ~ameaione Creek near conlnmca r l t i  Clear Crcst 0. C Mmttm. 
1@1+ 

An mdysia of Mr. Stanton'a report on the 14 fmif. Eoealitim listed 
+ in the table shows that the f a d s  from one locality are regarded as 

J n d c ,  rthoee.,hm five localitim aa probably Jurassic, thm'  from 
onq as probably Upper J&c, and thom from six gs either Jurassio 
or Cmtaceous. P k b I y  both J u M c  and Cretaceous time is repre- 
aented in them collections, bnt in the absence of more definite evi- 
dence for,the presence of Cretaceous mlfS it was deoided to coneider 
all the m b  J&c. The ooUection from sn unlisted locality on 
Tmil Creek, a ghott distance south& of the boundary of the atea 



mapped, *hian ducelln, the typical f m j l  of Rohn's Iiennicott - - 
formation, and h7definitdy referred ts the Upper Jurassic. The 
soft impurn sandstone or arkwe containing this f d  nppesrs to ln? 
part of the wtmard extension of tho belt of conglornel.ate, mudstone, 
and ahmle reprw#nted on the map about miles southwed of Trail Y 

C m k  ~ n d  c o r d e d  to be equivslent to the conglomerate and sand- 
stone beds between Clear and Squaw cmke. 

Upper dumssic sediments are estensirely developed in Chi& + 
Valley. The nama Kennicott haa been applied to them by earlier 
workere but is not employed hem, for reasons that will be given, 
This name was used by R o b M  to desigmh B m&on of " light- 
colored ark-, shales, and impure limestone typically e x p o d  
around the head of Kemioott Glacier " and was E E ~  applied by bim " 
to  the "light-gmy, ratlier coarse p i n e d  n s k m "  M s  thrtt, ha found 
in the valley of Folin Creek ant1 in the mountains nort11 of Kenni- 
cott Paw in the Nizina district: Rohn examined the Jurassio mdi- 
ments near Kushlana Pass but 103t the fwsils c ~ l l e c t d  from them 
and mas unable to cornlate the m h  of the two localities. The use 
of tbe m e  was la& extended bp Bcbader and Spenoar '* ,to 
aU the Jurassic roch that they found in Chitina VsHep. Still lnlter 
Moffit and Capps included in the Remicot formation k. b a t  
tbicHiess of Mack shale that is widely .devclopl in the Nieina rlis- 
t ~ i c t  and was m p p d  by Schmder and Spencer ss p r t  of the Tri- 
assic s%eles snd Iimestoaes. This asrrignrnent by ~Moffit and CPpp 
wm made on the eaidence of f ~ i l s  which. as was mrtained later, 
were not sufficiently djagndc to permit an m m t s  ape d e t m m i m  
tion. The recent work of M t a '  admnom the b W  shale d l 1  
higher in the time m l a  and places it in the Upper Crehceous. The 
term Kmnicotk Bws thus bten d to desjgnots both Ju-ic snd 
G m ~ u s  dimear ts  only recently diffewntiatd and *- 
fectly known. For this meson it seems desirable to red* 'it b 
Rohnrssopigind :d&nition and to include in the formation only beds 
mntainingtl-m ehacteriatic f d 8  of hio kelities. 

.cTuras%ic rodu+correIated. with thoge of the Kotsina-Xu'ekuhnb di6  
trict am e x p d  m Nikolai Creek and in the upper p r t  of Copper m 

/ Creek valley in the Nizinrt district. Theywmsist of pit, snndstone, 
and a mall amount of coxlglomerate a d  in the Copper m k  local- 
ity are overlain by Upper Cretaceons shale. Their tot.1 thicknem is + 
unknown, for they have not been differentiated drom the aoerlying 

O a ,  A wmnnalarsance of the Chitlna River nad the IJkol:olll Mmntnfab  
Alarb:  U. 8. Qml. Bnww Twenty-flrt A n n  R-, pt 2, p. 431, fWO. 

m 1 d e q  p 422. ' . . 
8chnder, F. C, md Ilpmcer, A. C,, The ~ c o l o f l  nnd minerel reeon- of  a port!oa 

of the Copper River dl&ct. Almka, p, 48, 0, 8. Owl. Butvey ~pc*rt.pnbMcatlon, 1801. 
~M-C P: u., 8. B., dedbg nnd mlnerr) rtwnrw* .or t h o  fltrlnr dlerlet, 

*: V. 8. Oml. Bnrvq Ball. 448, m, 8148, 1011. :T... 
1. MtrHn, CI. C., D. 8. Oeol. S u M y  Bull. - (In pfep8mttonj. 

I . , ' '  , 
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Cwtaceous &ale, 1mt the Ira~nt conglomerate and grit t a n p  from 
2i5 to 125 feet. This mr~cll st least is regarded as of Jurassic sge. 
With it should pmbably be included the yellow-wasthering sand- 

* stone and shtllc of Pikolai Cmk, which reach n thickness of not less 
thm 500 fmt! 

The known Jurassic rocks of the upper Chitina Vdbp4~include 
only mft brownish or pinkish sandstone and p a y  sand~bne, both 

4 of which contain concretions, tha largmt 2 beet or mare in diameter, 
some of them nhundantlg fwiliferous. The l a r p t  area is east of 
Barnard Glacier, where about feet of beds is exposed. Doubtless 
the several small areas mmsining are parts of a formerly widespread 
and mntin~rous formation. 

Rmks of Upper Jurawic age are known in Matanluska Valley, in 
Cdok TnJet regiotl, and on the Alnttka Peninsula. T h e  carrela- 

tiona art! given in the tahh facing page 34. 

Morainal clapasits, stream gr&vel~, including bench gravels arid 
ths present flood-plain gravels, talus piles, and deposits of unsorted 
rock waste such as result from wea&ering and accumulation, with 
little or no transportation by streams, are the principal Quahrnary 
dewi t s  of the dirrtrict. Thme unconsoIidated deposits merge into 
one mother, so t h ~ t  in rn& plaoss it i s  i m p i b l e  to draw s sharply 
diPidin~ line betmeen them. Talus piles and other rdck waste, every- 
whew pment on the hill slopes, move downward under the influence 
of pavi ty ,  rain, mnd fmt, till they cover the margins 6f gravel 
twnchesl and morminsl ddbris nnd then are overgrown with vegeta- 
tion;* that even. the approximate psition of a .bQudary ia &en in 
d o ~ ~ b t .  The d6bri~ left by the gJwiers is always influfinced in some 
degree by the streams of water from the melting ice, snd on the 
other hand the morain~I  deposit^ after they are deposited are £re- * quently 'attacked and rodeposited by the streams. In the same way 
the b h  graveh am undermined, transported for greater or lesa 
distances, and finally lsid dawn once more to await the beginning of 

r s similar cycle at  gome future time, 
. .me p w l s  ,on the wide Aaod pl&s of Hlnvesn*, Hotsinn, and 
. K h b n a  rivemi and of =me of the larger cmks have h e n  dis- 
tinp~ished on the mnp (PI. 111, in pmket) from bench gravels of 
exnctly the same origin. It should be remembererl. however, that 

, all the streams have ~ ~ i o r r  or less gravel of this kind in their chon- 

4*Mooflt, P. EL, The npmr Chltlna Valley, Alaska: U. 8. Oeol. Burreg Bull. 875. gp 
27-PB, 101 8. 
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nek 011 the band, no attempt hm been made to distingubh 
from m e  another the morainal de@h bnch graveb, and tala 
pilea The &dud material resulting from & decay ig prasant 
everywhere exapt where the dopes am too steep for, it to stay or 

w where it has been removed by wind or water. It 1s not didin- 
guisbd on tha map. 

_ A &her unusual form for m k  waste nnaorted by &ream mtrmnta 
to take is shown in Plate XVL, 3 (p, 88). The small, platy f r a ~ -  L 

ments from the quartz futite intrnsive between Slath and Trail 
creeks cover the hill slope and have been thrown into a wavelike 
form, Wambling giant ripple marks. 

voaam~t Dmama. 

Nearly all the @pica1 rnoA.1 deposits of the distria are d o n g  
its mathwedern border in Chitiinn Vwlley. Qmt qumtitiea of 
debris were dumped there by the huge Chitinn Glacier es it retreated 
up the valley, so that a view f mm the mountains on the north shorn 
a wide expanse of valley floor dotted with lakes separated by ridges 
of p v e 1  and bonldera. Not all the depressions are occupied by 
ponds or ldm, however, for hundreds of the pothole8 have wtllls 
sufficiently permeable to allow the water to drain away. 

The most typical glacis1 deposits within the distsick &re the 
moraihes about the edges of Huskulana Glacier a d  at the lower 
ends of the ma11 gla  Jem between the upper part of Kotsina River 
nnd the Kuskulma. With these deposits should possibly ba in- 
cll~ded also tht sa-called rmk glaciersM (PIS. XLV, A ,  A, ~ n d  XWI, 
A, p. 881, of mhi~h there ure sereralgmd examples in the area. 

The morainal d e p i b  abut Kushlana Glacier include s few 
heap of dhbris meat the terminus of the im (PI. XVT, A, p. 88),  
which have esca*d destruction by the glacial watam; and long line8 
of marginal m h h e  on each side of the glncier. Such mnrginal 
deposits ,appear ss long ridges, like rail& embankments, from 10 
to 30 feet high, in the depression between the ice and the mountain 
s l o p  They do not form one matinuoes ridge, nlthough nt fimt 
sight they m m  to do so. Mahy such marginal moraines when fol- 
lowed up the vsney for d d c i e n k  distance ir& found to merge into 
t h e  mountain &pe and new m o m k  begin between them and the 
ice. The long embankments thus overlap one enother slightly. c 

Prospectam take advantae of the lateral morninea in traveKng 
dong the glacier and hare established very gmd trails on some of 
them. 

Lateral morrrines like t h m  seen dong Kuskulana Glacier are not 
present dong the m a l l  glaciers Mween .Knsltallmn and R o ~ e a  



Most of the d6bris carried down by the maU glaciers ie 
dumped at the lower end of the itx stream to form i w l a r  hapa 
of terminal mo&w In plac~la the tamha1 m o m k  merge into. 
the ''ruck gXers3' (321. XVPX, A, p. 38). On the other hand, the 

Y hest aamplas of "m& gkim" "thin the a m  do not haad in 
g W m  & p m t  ar sre m i a W  only with small aoow and im 
rnaases h the cirquw in which they originate. T h e  mogt s t r i h g  

u . of the rock glaciers " is om the south side of Kotsina River between 
R& and Roaring m e b .  It is s h u t  13 milee long and 600 or 700 
feet wid% except at the lower end, whera it spm~ds out to 8 width 
of 53,500 feet along the river. Ik surface is marked with the char- 
acteristic flow lhm, longitudinal in plums but concentric and more 
or less perallel to the maxgins in the broadened tarnind lobs, No 
i a  is 6eihle in the darls, and very little is seen at the hesde of its 
b d g a  The material composing it is pushed out onto the ffaod 
plain of Kotgina River, which flaws along the mmgh but haa been 
unable to remove the dhbris land mainbin its own Mtion. A few 
straggling spec trees are scattered over the lowar end. . 
An& rcrek glwier " (PI. XIV, A, p. 38) about 1 mile long lies 

a IitkIe b the west of the one just destcribed, and e third ownpies the 
upper valley of llmy Creek. The map (Pl. Il l ,  in . p k e t )  show8 
other exampha, but most of them are much more evidently mm&d 
with glaciation than the large one on Kobins River nnd do not show 
in my such perfeion the surface flow l k .  Surfam mnrkinga 
are pment, but m& of them have the appearmica of guactssive 
marginal: or terminal mominearathar than of lim due td movement 
of the whole mws. 

Glacial .ddbri% that baa u n d e r p ~  more or 1.- mrtiag by wsfer is 
inti- d a h e d  with bench g r a d  dong the vaUey Bidw and 
is acf dkhgubhed fram them on the map. 

Under s h a m  gravels are included the p m t  flood-plain  deposit^ 

* of the rivers and larger creeks and elevahd bench para18 and other 
anmsotidakl water-laid graveIs that were deposited by stmam9 
during m n t  sbqps in the gmlogic history of the region, -Both 
the flood-plain g s v e h  md the bench gravela contain a lam mount 

L of material contributed to them directly by the glaciem and not 
resnltisg from tlm more common prooesses of weathering and &warn 
d m  

The fld-pl6in gmmls of Kmh1ana, Rot&% snd Kluvems 
rivers range in width from a few h a n d d  feat to one-third of a 
mile. They are mbj& ta f i d i n g  at t i m ~  of high water and are 
bare of vegetation, far the &reams rnigrste from side b dde over 
them, shifting the gmaele nnd attacking the benk on each side. 



la f l d  times ~aopmous q & k  of gravel am moved either down 
the; valley o~ BC- it and am spmd out over the flood plain or 

.depeited dong the margins of the b m .  3719 flood plains a£ the 
small Btreams are narmw, in few places exoeeding 100 or 200 $eet 
and in many phcm bing  little wider than the dream d m q d ,  Y 

'3[3wnslby Aoom adjacent ta the fload plains of the I srg  
ahd Mrdering m h y  of the me11 art~surrs can& largely of p w e l  
depasite that are cove& with vegetation but that formerly were c 

flood plains like. thorn over which the & w m s  now flow. Home of 
thsa bench depitls are only a few fmt abva  the strem~; vthem 
stand meny fmt gbove them. &me of these lower benchas are rmc- 
d e d  by other. more elavrtad benchas, soma of which m older 
flood plains; athers, aspeciaIly thm along the valley s l o p ,  are 
d q d t a  laid down by gtmnms along the mmgin of the glmcier. 
The ldter d e p i t s  am scamly dietinguishable in plaoss from 
marrrinal material that was laid down ak the same time. &me of 
them merge into OF are averlap@ by talus dPbris from the mom- 
tain aid= 

Tba elevatd p w l e ,  exmpt w h  they form umeptcuow bopo- 
gmpbio festa~ae or a m  q m m d  in s t m m  cuttiage, sra oammonly 
difficult to distinguigh from other loom surface deposite on the moan- 
tain slopw, wpeti1~lly whera they are overgrown with wrtion. 

&posits of gravel along the idea of Chitins Valley run up to 
nltitudes h e m  2,5EY) and S&W feet a b e  tlm sm, but on Kvtsina 
and Kuskulana rivers they. remh 4,MO f& l d y ,  and on some of 
the mall stmads they extencE even K e r .  
AU the unwmlidated &cia1 deposits of the district were laid 

down ei thek dtrrhg ot dmw the &at of the gl wiem. Ncr evidence 
of  mlder, ptd$lucisl 'gmmls hfis been d i m m e d  in tha dilriet. . . 

I .  

- IaXnmmJ-. 

*us mdm supply an imprhxtt part of the p l o g i c  m r d  ia m 

the Kotahs-H&Ians district. A n m h r  of different t y p  .hwa 
been mmgnhud and are b m  dearibnd, bu$ it is hlie~ed thaC the 
daecriptioae am not fully mreprmmhtiv~ of the Chitips Vdby. Ad- * 
diticnal detailed work in adjoining areas. w l l l . d w b t h  reveal ~sri- 
eties other than those hem deserihd and will probably disdcm'eoi- 
danm of other period$ of voksnim, which wE1l.hhmw additional 
light upon volcanic history of the district. 

The igneclue m k s  of khe district comprim both intsueive 8ns 
axbudme vsrhties and r a w  from d s  older than Upper Triaeeie 

'to racks of post-Jurmic age. The Ieck of eologicr sediments of 



Tartimry age randem it impossible to diflemtiats m y  vblcanirr epoch 
mbqmnt to the dapasition of the Uppr Junreeia bxlimeflta The 
ragisn, hmmrs has been and still L s centgr of volaanio disttlrb~ncs, 

w nnd thae ia W8rj7 mmn to beliem that. Y O I ~ M ~ C  ai?tion has been a 
potbnt fmkm in the hi-q of the region at diffawat perids in 
T&ry and @&marg time. A t  pmmt Mmnt Wr~ngell ie ha?- 
mittmtlg W e ,  though nonb of the m n t  lava3 8m fomd in tha 
Eot&bBdrulaaa district. 

Rdded errtmmrte lavae oonstitnte a park of the b 1  f6rmati6n 
(&&a) in this dimkick hnd all of the Nikullsi -a The 
Irth9logg, age, and aorrelation of ths hdded Isves have hem & M h  
in the description of the geologic formations of the di&& The 
patropphic dmription ie hem given in mom detail- 

The inttatgivb mks ere mparated, m far @ the field sad him- 
sHapic $at* pemit,"iato major dirigibns on the bash of reilutlva - 
Cbambl, rninam,Io@c, and textural vdatims m t l d t h  the bamb 
far fatthm mawividon. The @1ogi6 sttldjr of the diskfict in 1014 
j-m the remgnition of thme major periods of voolcsnic activity. , 
Thm 6ta -Wgn*ted p u p p e r  Triartsic, p W ~ T r i ~ e ,  and p k -  
dnrsoplc. The post-Jtl&c division wky e m b e  mml'vdcanic 
apwb& 

-mna fm?m. 
0 

Beddd bvlv d taflm cmdihb r large park of the Weha 
formation, perhap wa much as 85 urB3 per mnt of the e n h  leqnenoa. 
W sedimentarg rocks of this fum*tioa are d d b e d  on p a p t  
H.48. . A ~ ~ p h i o  d ~ r i p t i o n  of the igmmua m w b  of thev. 
&#3&ion i8.givem below. 
me bv* :inclllded in the Strelaa fonnatiw sl.s dfed brsalts 

and d i s b m ,  sjmihto thaw which mstitufs the mlyitlg Nikolai 
gmemtona. They are compoabd emntially of B pI@oclase (nerudlEy 
labradorite), aagite, and iron oxidee. In ganeml, the plagioclma 

I 
and pyroxene havo tmfiered -ive liltemtian to ddoritic and ser- 
pentinom pducts ,  giving rim ta the e o a l l e d  grwmtones. In the 
d k p t i o n  of the Nikolai gramtons thh type of rock is k e d d  
more fuUy, Et-t tbltt the l a m  of the Strdm formation are' * fmer g m i n d  amd contained perhaps dightlg more-&gid gtsee, 
dl that will lm h i d  of the I rvw of ths Nikolai sppLies 
eqwblly well h the9e flows. 

The .fmgmmt~l mks of ipmw origin are emmtidlg af fwa 
~ d ~ b m r i a l  and water-ldd. The mbmial deposib oonsjst of 
MR of vdcanio detritus, which was ej& &om vlcmia wntg and 
u m e  to  ita preeent position without the aid ef m&m waters. Tha 

1 8 1 8 s - u  



w&-hid d e w  are compmed of volcanic mgferisl that hma. bmh 
reworked to a greater or Ieea axhnt-;'bg. surfme waters. lk is.- 
d w a p  possible to distinguish between these twa varietk of pym- 
dastirr rock, for volmnic detritus that has been de@M ia quiet - 
water and not reworked dms no$ look mataridly different from other 
detritus W a c ~ n m u l d  on the land. This is especially true -in the 
ICotslaa-K* diskriot, where the pymclad%c & ham suf- 
fered a mmiderable amount of subsequent a l t m l h ,  which h a  * 
b n d d  ko o h r e  or degtroy the diagnostic data %refom the 
genesis of . m y  of thm tuffs must remain yndetemnined. In this 
dietrid only &me pyrclclsrctic rocks that afford in their 
ps i t ive  evidem. uf water wctian may lx c l 4  with certain* as 
water-laid. Tb:=yery fact, however, that water was present near 
the mters of eruption, as &own by ths mbgtilar to tmtlnded char- 
acter of wrna of the detritns and by the prwmce of bbrbadded mdi. 
mmts, is .god r m n  for the belief that some of , the volcsnie 
rnntwial. probably ,fell dh&ly into qeiet water ar slsa waa t- 
prted,;ody a ebgFt d i m =  and deposited therein -mithotat m y  
oomiderable amomt of reworking- On the dthw h W ,  &I mmj6 
gart of tb tuffweous material in the uppr portion of tho Stmlna 
group gives no evidence of water adion and is associated with the 
leva flows rather than witha sedimentsrg beds. The general stratig- 
raphy of the bedsJaid,dowg du'ring. thig period+ ho ,  is indicative of 
dominantl J t e d r i a l  rather than marine condikons. Therefom, i t  
is l i k e  that m w a f  the tu% were-mbaaA1 t h  --laid. 
In addition b.$he tuffs ahaukid be mentimed the &w blreoeiak 

which were ndadiat a few iocalitiS8.: Thm POGgs rqmmrtt flow 
and h c t m  in partly solidifid mnd therefom vkcaw prtiana of 
the lava streams. Except far the curving flnw lines thd  c b a r a d m b  
the matrix of snab rocks, they do not look mstddly dilbmht~- 
the tuffs, from whkh indeed they are in places d&ult to dhtinguisl~. 

There is considerable diversity in the appeamnca of the tuffs, due 
to vsriations in the size and color of the component fragments. The 
Indipidnal piem mge from rnimopic  dimensions up to an inch , 
ot mom in diamater, and the larger pieces ars perhaps the mom 
abundant. 'Red, brown, p e r t ,  and grayish tuffs are common; and 
whem the fragments that oomstitute t he  rOck a ~ a  lnrge enough to 
b G b l e  in the b n d  -ens and differ in color, rstber striking 
mottled eiffgcts srn m. The finest p i n e d  of theee tuffs ham B 
d s m  lithoidal appearance, and many of them bm& with .a &m- 
choidal fractnm. Such roclza, if gray ar greenish gray, m m b l a  ao 
daeely eome of the silicified aadimenb that a mimscopic examins- 
tion in n- ta dim= their h e  dmractm, and in the verg 
finest pined  @en8 even this is b~deqnate~ In ddition to 
tbe mxirtions sbom noted, the almost conglomeratic chnnuhr of the 



wahr-worked varieties and the flow lines that am common la the 
flow breccias mwke diversity of appearance a marked feature of this 
~~yroclastic series. 

Under the mimmpe the fragments that constitute the tufFa aw 
sten. to be'for the mmb psrt basic volcanic material in ao advanced 
n stage of alteration that exact determination of ite original petro- 
graphic character is dificult. AB a r111e the meterial is basaltic and 
similar to that of .the associated flows. Laths of plagioclase and 
equant &ns of pyroxene, usually augite, both much cblorithd, 
toptber with more or leas chloritizad glllgs and p i n s  of iron oxiders, 
constitub the basaltic material. Lighter-colord fragments of 
anddtic nature have also been noted. These eonsiatd of horn- 
blende, a little pyroxene, altered plagioclase, and a liWe iron oxide 
and epatib ia a, mimryptmrystalline groundmaw Flows &lar 

. to this .ham not yet b n  obaarved in the tuftaceous aariss. Fmg- 
m t s  of andesine, labradorite, quartz, pyroxene, and epidoh are 
also found and in r1l probability have been derived from older intru- 
sivs rocks. The matrix of these tuffs is usudly either doubtfully 
crystalline or exbibits only aggqntm plarization; and thia condi- 
tion, coupled with the alteration to wmndary prodn* mders the 
origins1 character undeterminable. 

Another c l a ~  of rocks, commonly m f e d  to in tbe M d  ae che* 
merit some mention. These are dense light.=gmy to grseniflh-gray 
lsili~eous rocks, which break with a conchoidal hctnra and which 
have been o h P e d  .interbedded wikh the They are rn fim 
gmined that the m i c m p e  is of little =iskame in determining their 
origin, though microscopic work rmggests a n . i p a ~ n a  origin for r few 
of thea Silicification has been so prominenf in the l i m m n e  and 
other m h  of this.complex that it would not be muwral if maay of 
thase rockaoriginaled in that way. The hest of the hEaceous mate- 
rial, lwing in a minute stata of division, would naturally be easily 
acted upon by permeating solutions. In the absence of any evidenm 
pointing to the deposition of original cherts the w r i k  is inclined to 
believe thk many of these siliceous k d s  are of secondary nature and 
represent partial or total silicificstion of fine tuffaceous material. 
In s i ~ e r a l  lomdities, notably in the Iower part of Iron Cr& and 

on the spar to the east of Amy Gulch, the Strelna formation and the 
intrasive & that cut it have suffered a aonsiderable amount of 
dynamic metamorphism. In the lowar part of Iron Creek, at an 
altitude of 2,650 f+ M e  diorih is e x p o d  dong the trail. In 
going n m  every gradation may be seen from thia rock into a 
sheareid and entirely recrystallized schi&me rock, Farther upstream 
the m k v e  t u f f a m  beds are entirely unafF&d. Again, on the 
& side of Amy Gdch tuff aceons beds were enmutered which were 
rendered schhtum along a zone of hulking. In other localities-this 



haia been noted te+ I eam degree. Such eximplea am t ~ i a a l  of the 
chamctw of t h e d p m i c  metamorphism whkh h~ s % W  the 
Strelns formation. It is local find mfmned entirely ta mes of ~hgnr- 
ing md intcmdeferrnabtiw. It ehould be n o w ,  however, that such 
mnea sre more cl~mmon in. the Strelna fbrmtion than in the Nikolai 
furmtioa Thia is susceptible of two interpretations. One would 
utilize this fact st evidence that ths Strolna formation had mffered 
more deformaklo~ bthan the averlying Nikolai greenstone ; the &er Ir 

would explain I t  &B due to  the ffi~ilfwrior rigjdity of the Niko!ai. The 
writsr is incliraed to favor the latter interpretation, but the former 
mighb'constitutd good suppl~mnt~~ry  evidence in casa a h e  break I% 
.ever demonrs(trated to exiat betwma the 6 t m h  and the Nikolai. 

Intmsiva pyroxene diotite and ebbm ham tol beenoted at many 
Icwlibfafl in intimsta ramciation with the rocks of the Stdm for- 
mation. Thee itltrusives m u r  in dikes, sills, sad larger and more 
irfegtilar shaped M i e a ,  The Nikolai greenstone on Nnget Creek 
and on Clmr Cmk,  in the Kuekulanb Valley, is a h  apparently ia- 
tmdd by large bodies of thin type. The petrographic description of 
thsse mBa Is g i p ~ r d  in IL section ddpotsd to  the iutraskeweks of the 
dittd& (p. 6'7). 
SO faf r; o h r d ,  granular bad& IntmsI~a similar to thm do 

~t invade any oithemks a h v e  the Nlkolai &reenstOna. Thie fact 
d h t a  e bwia for the blief that thew intnlsives ~epfastnt n 
perid earljet thsn khe deposition of the Uppr Tri~mic and 1&r 
a e d h t s ,  Mmaovar, the: gab- and rala ted rockg do not a p w r  to 
penatrste m y  botlsidmbla 'diittmce into the N j kolai panatone. 
Whib thie faC?t+kight bd i n W r p r & t d  as due to the rigidity of khe 
H&d&i l a m  dbd the cdlvMquent resicrtanca which they offmd to 
igneotls intmsim, n more likely inbrprbtation ia that thms intrasiana 
ended or becbme hm violent &ward the end of the prhd reprchnted 
by the outflow of Wikobi l a w .  It is certainly logical to belie rro that 
the termination 02 mch a period of prd~uhd  ignmus errtmeiorl ~ l ~ o u l d  
b accompanied by a cormpndhg diminution or csssation of jntru- 
sim action. I 

JnrdLar O-om. 

Z F P W m .  

T h e  term Nikola; p m h n e  is u d  to design& s thick m r i ~  of 
basaltic lava flm overlying the Streha farmatioi and occnpying 
a considerable propofion of the wee under consideration. This 
name was used first by Bobn:' who applied it b the " gmenst6new 
that 'C con trains the Nikolai copper vein " on McCarthy Creek wast of 
Nizins River. The. geologic map published by Rohn*%reprasenta the 

4bErn;:b -tmH bi Me ChMm M.sr a d  hala1 H8winm A=: 
U. Ek rrrl &mu W - i f 8 t :  dan IZlpt, pt. 2, p, 424 1990. 

fdem, pl, 18, p. 401. 
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Nikdai greenstone of the Nizine didrid and the bedded volcanic 
rocks at the head of Kotsina River by the symbol. These 
b d e d  volcanic rocks are now horn to be older thar) the. typical 
Kikoltri greansbna and are hem separated as the Strel~k formation, 
the nAme Nikolai being applied to the ooamr-grained and gene-lly 
ramygdaloidal lavgs overlying them. This distinction is h w d  -on 
lithologic digemms and is strengthened by the possib'i  of* an. 
uaconformity et  the b m  of the Nikolai 

The 'Paihlai gmenehons consis& of thick flows of badit (PL XVI, 
A, p. 88) without intercalat~d sedimentary beds. In general these 
flows are eoamr grained than the brtsalts of the Strelna formation. 
They sre more commonly amygdaloidal, and they show the bedded 
character much lw dktinctly. Individual flows are distingtlished 
with diflmlty. The bas& flows pwvailingly dark green but 
locally appecr' reddish or reddiarh brown a result of alteration, 
Their thickness i s  prolmbly not less than 6,6W feet. 

The Nikolai .penstone .is made up of strsag, resishnt mb, but ' 
the beds have been thrown into broad folds, w h m  limbs have otsep 
d i p  in p h c a  The p m r e  that produced intricate folding in the 
mftw r o c k s  found relief in the greenstow through faulting and the 
production of joints, along which movement of smaller amount has 
tsken place, Everywhew the p a s t o n e  b found to be crossled by 
fracture planes that divida the rwk into bloclie of dlffemnt   ha pa 
and sim m m y  of them showing slickensided surfaces. Such mks 
ere readily bmbn down. through f w z i n ~  and hewing, so that tha 

. taiw of newly all tho grewdone diffs are hidden by talus pila made 
up of p n s t o n e  blocEFs. In this way also a charactetkrti~ tqmgmphgr 
of rug@ swnds ;  and smooth lower slops 1s prdllred, 

'J'lw Njkolali gwmdone is  or& in a brmd belt extanding aorth- 
dP-&dwmm.the  wrthtern hslf of the district ~ n d  in imlatd 
meas in the southwestern half, particularly on Coppar, Elliott, and 
St&& c m b  and aoar Kurskulena River, Ih structure is well shown 
in the northeastern area, where in many place it dips southwest 
nndm the CLitishne limedone. This is true also of Coppr C m k ,  
but OP Elliott Creek the dip is r s v e r d  and the p n & m  g m  down 
under the limestone on the north, Apparently all hhe  areas of 
Mmmia  m h  are unde~lmin by tk Nikolai gmaetons, which tthw - 

. f+mw :a brohm And much dieurbed trough d n p M a g b  the 
- * a M l  .meref the ,irm mwped. h e  a n w i w -  sw - f a d ,  how- 
. ever, for in  i ' f t w  plstsen, notably en Nugget Creek, Trimsin + 

s t m e  rasts on & m f e d  to the 8trelm f omation. In: the a h n c e  
of c o ~ f i ~ n p !  evidence to the mntmry, this condition is regarded an 
the resalt of faulting mtber than as due to depitional ~couformity. 



60 KOTSEKA-KUSKUWNA DISTRICT, ALASKA. 

It L not p d b I k  to make a, reliable estimate of the t h i h s v  of the 
Nikold gm-n$in the Elliott or Strslna Creek blaas, because at  
the fomer 1orn11~~ the base is not e x p e d ,  and at the latter the 
structure ig 80 complex that it is impracticable to m&e the n-ary 
cabul~tions. In 'the valley of Kotsina River, however, just above 
its confluence with the Kluvasna, the geologic stmctnre is thought 
to  be mficiently simple to i m w  a fairly accumte estimate of the 
thichtss of the. Nikolai. From data in hand the thicknem them is 
cnImlated to be nbont 0,500 fet .  

D i d  eaidam by which tbe sge of the Nilrold gmemtane can be 
determihed h ~ s  not been found. The greenwe of the Kotsina- 
Hashlana district overlies mLI$ from which lower Cahniferous 
fossils have been o W e d  iuid is overlain by a massive limastone of 
Upper Triakc ~ge .  It is thedo* younger than the known Car- 
bonifemus and o l d a  than the known Triassic roc& of the d i d &  

Recant work in mother district m k w  it poesible to &ct thm 
6ge limits somawhat. During the field sesaa of 1922 Mr. Mofflt 
collected fmils from gand~l beds and a lime oong1omerata nnderlying 
the Nikolai greanatone on Chitistone RiPer abut  fiO dies east of 
Stmlna. Them 'ee- are inhrstmtided with tuff beds, lava 
~ Q W B ,  ohert, and-argillits, fortning a sut.icessioa of bedded. mb 
w h i o h ~ p v g l y  volcanic and mderlie the rndasi* flow of 
ths Nikhlai' gmmmtane with atrmtud mnf ormity. ' The fmils wvm 
snbmittd to Gemge H. Girty for identification and are. r e f e d  by 
him to the low* part of the Permian, It is avident, therefore, that 
the Nikolai Iavm h r e  a;struded at, a time intermediate h e  

. deposition of tha early Permian diments and that oY"thB' W@r 
Triasaic sedim~~ts. 

Yeither the Rotaha-K- district nor the neighboring d h  
tricts of Chitina Valley have yet yielded unmistakable evidence show- 
ing the structural relation of the Nikolai greenstane to  the o d y i n g  * 
srtd underlying fmstiona h m a d  places wbem t h ~  Ahtiom 
haw ken studied there appears ta be a complete parallelism of struw 

- turn, yet some d h r  llnsa sf eridenoa mggeet tha p-OB of an P 

urkmformity d b r  at the top or bottom or at W h  top md b t t a r n  
of the greenstone. - . In some l cml i t i  baae of the W h l a i  e n ;  
6- h w a  the-F.p;IIm shuct~m'' that is regbrded .by m e  p l o -  
gists as e~idencn h t  the ls~as were poured out under water. Only 
a few such locslitk are known, and even if the '' @OW s t m ~ r e  " 

is p m f  of extrasida mdar wster, those parts of the gm@nskone tbat 
have this structure do not nwxmarily indicate the ptesence of mom 
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thn I d  Mia of water. Probably much if not mo& of the NikoLai 
greenstone was poured over a land d m  and mnst hme been sub- 
jected b westhering for ~t least s brief inhwd b&m the flows 
mere submerged and deposition of the C%itistone limWom~ be* 
A thin bed of h a l e  between the gmm&ne and lim-ne in the 
Nirins districtu m y  W b l y  represent a thin mil that covered 
the lam 40- :It.is Waved, however, that the time during which 
a b h  m y  hverbeen subjected to the adion of amspheric 
agents must have bmn shoth, far no evidence of the prrretone @us- 
face haking baea eroded has ever been fonnd, and the struohmd 
accordance of the greenshne and h & n e  would indicste that the 
1a~a.s had not been deformed before the limestune was depited.  

Cgpp~ '~ ,  has pmmted e6dence to support hb belief that the 
Nikolni gmmhne an upper Nizina River ovsrliw the Permian b e 7  ' 

confomnably. 
This is in amrdanm with fie later o ~ a t i o m  made by.& 

MoBt in the n m b y  lokality on Chitistone River in 1952 and suggests 
'that wheth~k or not. a strnctarel n n d o r m i Q  exists . htween the 
StFebts f o ~ ~  and the Nik& gmmstone it is himy probsb1e 
that an erosion inhrvd immdiately pm&M the & d o n  of HNiko. 

- 16,  lavaa in the Kotsina-Kuskulane district, for Pemql~%nian glld 
~ P ~ i m ~ t s  am not known &ere 

Withod mod definite- howledge of the age of the N&&i p 
stone, it is d i h l t  to make correlations thmt mtrre Iiy to prom mr- 
rect- mi&. similar m k s  in other districtg One possible wmlation, 
however, will lm painted out, 

The Nikold peenstone of Chitina Valley * e&m& frsrm 
the. Kotsina-Kuskulana district to the head of Chitins River. 
Wt d roGks similar in man? m p e d s  to tho Nikolai gmaskim 
-!-Aha south side of the Alaska Range from 0u-a 
Rimit 6n&m f i e f .  This hit of m k s  is about 1s miles wide 
and consists mainly of diabase. lava flows that are I d l y  'myg- 
daloidel. They ara aseo~iated with argillitas, tuffs, and tufiamw 
conglomerate and are cut by dikes of intmive roclr. These lava 

C flown appear from the meager evidence available to overlie limestane 
. containing a few imperfect fossils that are regarded as of lower 

Carbniferous qp and to be overlain by %assic limegtone and shah. 
f Their strat@aphic psition appears, therefore, to be like that of 

the Nikolai p m t m e .  The rock themdves, in their m i a t i o n  



9lf tufi and srgWtm with Iaw fbw, w b l e  the combined StreIsa 
fsrmotion aad W a i  -a Mhm thau tba g m w b n e  alom 
T h  mmdefiC)fk~4hhe mIQ OL t h  two regions is mgwW m p b :  
qble ht ia by ng mnw 8stsbljnbd. 

.: Tbmis#mdlm& . . 
d d p  .iu the *pps*mntbsbf tb@uukum 

ik h-$md ipeaimans, &panding an h e  pnaleritlp, fabric, end 
e b l a  minmals of ~tha pun-, tho aim a n d ' n u m k  of 
p h n m q s t n ,  &e.dor  of the d s ,  the mwnt sf chemicd altemtian 
that hrs t&m;plree, the cherrwter md size of the amygddoidsl 
fillings, iknd thn dsfomnation that the ham undergona All 
pdstions may bQ mm fmm den- rpbanitio spscimene to & of 
medium p ia  1n the medium-grained rmh &e.disbmic hxtam 
can ustlslly ba distinguished nnd the mherala o f 0 h  eunrEmses, 
prkidarly the fddspsr, can o f h  be m r n i m d .  Faldapsr and 
pgrEoxme occur aa phena-, but -only wig the feldspar is 
vkihle in the h d  %poimmrs. Yhenacryatn sf @sgioclwm M 

ae 8 ~ i m ~  Inwe bean ~hmveB,,b& &a evaraple riore is fwm 9 
to  8 r n i ) J i m a  de s rule the raclrS am not richly porphyritic, and 
in ~ b m n  of #em nb p h e n w m  are b ' b e  saQn. h p n a ~ a l  the 
stone is dark in color, and tb davelopment mf m d a q  dnmrlele 
hre sddad B dwiW gretnish bne. Not un~dmmonly, homrrw, the 
m b  *.ppear reddish or dditrh b m n  as the rmdt of certain Sasme 
of dhmtica Tha amggdaloidai fiUinm ploanaist of doitm, Wrffia 
and serpentborn m&erial, qua&, epidob, md w X k ,  and the m 
d&g-kPhih+ or grayish spbts which them fillinp cause Imd 
f i r  diverriity to the ~ n e r a l  appearance of the roola Lacally 
tha m n e  b&$ uuffered w i d e r a b l e  deformation, dw hr@y 
to &wrhgq and d,tWm of tha original ntm&um b v s a i w ~  
lenvinjg a b r k w n i s h  nondescript rock which, may €h 
mqr&Jlilsed, 
at a few I* klm 1s- af the BTW grsenatbne baa bran 

feurrd b be eUipeoidsl kt tha bnsa This is exmptional, hownner, 
md so far M k n m  ellipeoidd levas de not mcar ekwhem in tha 
formlctien. 

Among fhe m a p e o i m a n s  tbrbbmbsan e x m i n d  d y  a 
very few oontaia:any nppmeirble rm-t oi ghm Muah d the 
-ne, boa&, a@y m n w d  glrpl ia conaiderabh 
ambaa@ but in the mum a) an- dtm&iwr-tbglasq marts-: 
rial w& changed f OF the most pnrt to seqmtinoue or cS3witic pmd- 
n e k  Were the rda0-i.e glnss the d y - r o o k  materid that; hns been 
c~oritiged, it ,wg@ not be diflidt to estimate .the original glam 
contenh for the anbedral amas would then repr-t original glass 
But both .pyroxene and feldspar have often been altered to seuondsry 

t- 
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products that are identic41 in appesrmwr with the chloritic and 
rserpeotiadns metaria1 that hps m l t e d  from the alteration of 
This, than, mudera aa murah estimate of the original cryd&Ilinity ' 
of the r& i m p d b h .  To judge by the f ~ r l y  coarse pain and 

w g d  habit of numerous spacimena, it appears tht  much of tSte 
grmotoa~ wse origindy bolocrrystsllim. On the & ~ r  hand, 
am h e - p i n e d  sgwirnene which show with little doubt that a IXW 

sidsrabla, porthn of the original rock was glesry, for a part a t  
lead of the srigilul glass is i h l f  still p m w e d .  It is very doubt. 

* ful if them ma m y  specimens in which the projxwhim of gLass 
amouata to ane4hird of Lhs total rock, and usually where glm is 
recognized witb certainty it d m  not exceed 10 or 15 per mat. Harms, 
a fair s t w e n t  is that m d  of the greanetone was ori~isauy holo- 
crgstallina, 

'Mwt of the greanstnas pmpr is porphyritic, but diflemnt qmi- 
mrls vary in the ch-r and amount of phanmrgsts which they 
m q ~ .  Wb0m the rock i\rr porphyritio rt all felhpar is an importaut 
pbmmy& aad verg e e m o d y  f e l d ~ a r  forma the only m h r  o f .  
the first ~ ~ n ,  Pyroxene occurs a h  aa phenocrysb, but A& 
BO wmmonEy, and ia u~udly  ddeveloped jn amaUer individualp, In 
many ~pechens,  however, no phenocrgstar are p m a t  and tha rock 
k rRtber @vgn wiw& 

The porphyritic grmatone may & derllcribed as perpatio, es 
pbenwrya do not uaually f ~ m  my awiderrrble propodion of tb 
wwk, ThQ gro~ndmass varies in fabric, but tba diabaic or opbitie 
fabrio i a  of fvquant oocurmnw. In fine-grained vwktiw the 
pyroxene is interstitidly di&ri6uhad in be grim batw8ea the fdd- 
spar, thus producing the intarsedsl fabric; %nd whom gIaw atem 
a8 I pmmirmt fador into tha nu&, the bypocry&aIliae-porphyrjtia 
f~bric i s  produad. In one or two specimens th feldspar and s a t e  
trppe&r to haw crpbUiesd more or l e s s~s id tanmi~ ly ,  with the.. 
~ w l t  that fine-grained hypidiomorphic-gmnuInr fabric bas been 
dqydoped. The diabasic or ophitic fabric, howebsr, pera l ly  with 
but oftea without phenmrysts, is tha type mmt commonly men, 

P The primary minerds that have hen observed, named in the d e r  
of the i~  relative abundance, are augih, labradorite, iron om, a@@, 
diving and orEborhambic pyrmene. A rough estim&, neglecting 

1 tho p r m c a  of original glass, leads ta the belief that the augita 
comprises about 50 per cent of the Mck, feldspar 40 p r  cat, and 
iron oxidea 10 per cent. Apstit~ is an wxssary constiheat; and 
olivine and ortborhombic pyroxene have been observd only in E 

few ~ Q W ~ B -  
Tbe labradorite pbenocrysts range from individuals 6 mi-m 

im size down to cr-ystals no larger than 0.5 millimetar, t-J'hq.q&& . 



am eahedral to mbhedreb1,:expd .to prismntk, and am twinned 
poIyqhtheticaIiy by thee la*, remly by the pericline law, 
Zonal growths am locally p m t ,  and not hdmpmtly mapatic 
resorption has taken place. The feldspar always WCUPS ixl an altered 
condition, the aihmtion izl imls lmirtg, in their ordm of relative, " 
abmdanee,, micib, .kwlin, calcite, and chloritic 8pmdncta Tn cer- 
binJ s p i m e n s ~ e ~ t e -  is developed. 

Augi'ite, trlthoq$4t occnr~~ in phen- as lawe as 1 rniltih&ttsr, r 

urmally much: smaller than this, md porphyritic i n d i v i d d  as 
small M- 03 rdMerter occur;so that it must be ~)mGbi.ed a micro- 
porphyritic cornpent. As a phen- augib is subhedral, &ant, 
&d dalorlt~s md &n carries inclusions of labdorib. 

At the time of the aolidifimtion of Ithe lsvn 0owd!rtugib' was 
doubtlsszs the most abundant rock-forming mined ,  and in many 
brgecim4ns, in spite of s n k q ~ t  &Idtieation, st itill ren~aitia the 
domiliant hinerd nf aft peendne .  'It ocmm as a co&?tue& la$ 

th ghbdmws ia two general habib, In the cmm1:-grained g & n d  

hugite is present as Isrrge mhedral pains, including laths of 
$hgi&ase f e l d ~ ~ r ,  the two dm1opifig the tspieak 4 p W  Wa+c. 
Whafi*tha hkc ' f s  not mame aad particulirl~ w b ~ r e ' b m a  g l a s  
is developed, a- takes the form of subhedrd equant p ins .  
which, though interntitid to the feldspar, have yet on it-cmunt of 
&heir smalln& had, an opportunity EG dbelop cry&l 'bouhdaI.ies 
Whm ~inte~tisl ,  the maxwim size df angits individursls is sbout 
0.4 millimeter and the mean sim is pmbd~ly about 0.15 miELim&. 
Th Weml habit of the augih is normal, d ther 'colarTem or 
* liaht yeUo*sh g'wen, nonpl&ic; and heving the charadxrlstic 
p$ibxese cleavage. Twinning is r~bm The secondary minerah 
immmoHIy derimd from the alteratian of in tbe'greemhne 
&+ ehloritic and serpentinm prodods, and mn~tirnq epidota is 

., . L .  " 
develdped. ,. ,: - .  A , 

Zabmdorite, w - w n d  &era1 5n-&mdanm, sxows but li* 
varistih in habit: In the gmndmass it is slm& invariably de- 
velopd aa snbhadral Zaths, tehned by the elbita law. m e  maxi- * 
mum length of thew lath-&aped caytsh in the average m n e  
id &hut 0,75 millimeter, md the mean Iength is abont 0.4 millimehr. 
In some of the m a m r - m e d  diabmwfehbpsrrs having a maxim& 
ldngth of f or 2 millimehrs have hen  obsemed, but thes~e tare ex- P 

mptiod. The %Idspars of the g r o u n d m ~ ,  Eke the feldspar 
phenmqsta, alhr into micite, kaolin, adcite, and ehloritic prcducts. 
As with augite, the presence of epidote as m alteration-'product is 
an indication t b t  a special phase of chemical alteration b s  taken 
plm id the d i ' ' T b  mdltian receives further cansideration in 

- the dWption af &e copper d m  (p. m. 



The iron ores, magnetite and ilmepite, take the form of snbhdrnl 
to anhedral g a i n s  that rarely err& 0.2 m i l l h ~ h r  ia diameter nnd 
are usually much smaller. They have likewim suffered alteration 
during the mtamorphio p m m s  involved ~ n d  have given place 
tO various m n d a r y  products, prominent among which are iron 
hydroxide and leuoxene. 

Apatita hay zlsusllp be found+ smsl1 quantitiek in of~the 
m p n s t a n e  in the form of tiny pale -pnish  needles, It is not by 

any means p h t i f u I  or prominent. 
Olivine is relativeIy scam in the NikoIsi pnstum h t  has bese 

&ed in u number of slides. It alters very d i l y  bo serpefi- 
tine and when observed is usually in an advanced state of alteration. 
Even =hen alteration is complete. however, the original character 
of the mrpentine may be recognized by it8 pseudomorphism af-ter the 
euuhdl  six-sided olivine cystals which preceded it; ahd st farther 
d&in&.uishin~ characteristic is the p m n c e  of hematitid antiprite 
qr iddingsite dong the irregular cracks which olivine commonly 
shows. 

One of &:gpscimens caIIected bp Schmder'mnd Spencer in 1900 
containd f aintb pl~mhroic c r a l s  of orthorhombic pyroxehe. a m -  
u i h d  with the augite.. This is the only known oerrumnee of this 
rszriety af pyroxene in the district. 

On account of the superior rigidiq of the mnaolidated lava flown 
of the Nikolai iormatien, these have not suffered extensive defurine- 
%ion except locally dong shear zones. Hence it may be stated that 
in ~ n e r a I  the m-mtsmorphism of the Nikolai greenstom hsa been 
chemical rather than dynamic, 

Refemnm haa already been made to a number of smmndarg mIn- 
at& which result from the eltmation of the compbnent minerals of 
$be gmmstme. !l!hua micite, kaolin, calcite, and chloritic products 
hmve been notea as the oommbn alteration produets of the feldspnr, 
sod in many mks a@ts has been converted to chlotitic tlnd wr- 
m i n o u s  products, Many af the original lam flaws, however, had 
numerous gas cavitiw or k c l a  which, by the a g m q  of mineml- * hmhg ~Iutions,  were lahr filled b form gmygdnleg 'I'his develop- 
m a t  of amygdnles fmm p d i n g  ~esicular cayitim ia as llnivefsal 
rrad iw @pica1 rm the dtsrstion of the feldspar and rtugite. 

% Msnp of the vmiclm were filled by two or mom rninemE~~ which 
m y  be oriented conoentrically with respect to tha walls of the 
a m y d u k  Tfim a yellow aslrpentinous maria1 with low double 

- re-iw m y  line the cavitp and pade inward in@ p e n  plmhroic 
chlorite with noticeably higher double refraction. T'hm two min- 
erals m y  ba arranged eith~r radielly with respect to the walls of the 
amygdule or in a succession of spherulites. In both srrmgaments, 
h-ver, the orientation of the two minerals is usually the mme, and 
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they grade by b n s i b l e  d m  in@om another, 1 n the center of 
the wnygdule may occur either's colmkm eerpentha with ~ e s g  low 
birefrsbtion, &owing indigo interference colors, or calcite, or both 
Otber cavity fillings, though Miel ly  or spheruliticatly ammgd, 
&re homoganwws m d  mnsiniat of any one of a number of chloritic or 
serpentinous minerals. It is thaugh%thJ the two outer linings 
wb;ch.maay of tbp emygdylm $how am due to &mid a&on be- 
tween tbe walk aP the ca.vitiea and the pemhthg wlntions and t 

where &mngl y developed indicate a aerhin amount of wcunbry en- 
lmgemg~t of tbe:v&cles, attendant cm t.he prcmm of mineral filling. 
It haw bwn m W ,  too, that the amygdules which are homogeneous 
or approadmataly so ham in general much more regular &apes thm 
those in whjah the diffemt mineral linings were developed. An- 
other evidenm of mrrdary anhrgameat is the common m u m  of 
rook-forming m6n-b pro jetting into the arnygdules, Thus, a feld- 
gpor lath may project straight into asl amygdula, md it wiU then 
have $he mme double mineral lining se was formed on the ~ w t  of the 
cavity M o ~ ~ ~ ) v e ~ ~ v a r i o u s  states in the chlorithtim of the project- 
ing &era1 me7 be obeemd, from the h h ,  mmaly m 3 i x d  mkmL 
ta a, mmphtelg &loritlaad and often detached crystal that iis but 
faintly d h r n i b b  in  the surrounding chlorite. The calaits a d  ithe 
serpentinotis or chloritic material whioh filled Obe canters of the &vi- 
ties am considemi ta be due to tha action of circulating p n n d  
w a t e ~ ~ .  

bn&r though 1- common m n c b r y  pmoses in the gmmtom 
was the development of epiiioh and qusrh aa aIEefation products of 
the pyroxene and feldspar and as c h t y  fillin@ As an alteration 
product of the &-forming miwmle epidah is mom common &an 
quartz, snd pyrorane is m r a  susceptible to epidotimtian thm feld- 
spar. .The development of epidote and quartz "in the ~greenutane, 
hewebr, agqmmtt~ be 8 nhwniml dtwdion. of . d i m  tyy&~amd 
appawotly b m b a  preceded by an earlier proces in which dlloritic 
materiel and ca- w m  the dominant secondary minerah. Where 
epidote and puub;-oormr as ainygdulrr fillings, their hebit, espwially 
that of the epidatk; is in euhodrsl c&nL ombedded in the chbit ic  
matarid and tf$i calcite. Additional light is thrown npon the 
development of epidote ehd quart# by the p m c e  of-%nP& of 
t h b  two m i n e d  whioh & acmm the gresndme, spsprPading'out P 

Iocallg snd rephcing the 'pock mnd it6 earlier 8econdav minemlm. 
From them mldions the mdusion is m h e d  th8t the mepidotquartz 
rninerrlization w g  s later p m w  thsn the devc1opmenC of et leu& 
eome of the chloritic mstariaI and calcih. It ia not inferred that 
tha developmenb of epidute m d  quartz wm mbeequent to a11 the 
&lorihpeal4te mineralieatian, for ddenae  is available which points 
ta still lnter rock alteration of the latter type. All that Is  pmt'brlabd 
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is an apidote+uartz mineralization which was euperirnpmd on an 
serlier pmmm of rock alteratiw and by which chlotitie material, 
dc i te ,  and unelhred primary rock minerals ware mplaed to con- 

Y 
sidsrabIe m t .  This development has been o h m &  chiefly in 
amonistion with and in the near vicinitpd copper depwits, particu- 
larly thowh not exc1usively in mnnection with the stringer Idw; 
and it ie believd, therefore, that n pneticr connection may mi& 

a Wiwean the cappar mineralization and ;the daalopment of gfartz 
and epidh.  

A third prwm of chemiaal alteration is the development of 
aweral mlih and prehnite as vein and cavity fillings. An11oite 
and healan&& have been identified optically rn vein fillings, and 
another ml i te  which hne not been correlated with any dmcdbed 
species has r h  km notd. This zm2it4 is rr tabular rninernl,.a.&n 
radially arranged in fibers, with a prismatic cleavage. It ha!! t i  mean 
index 03 mfrabtion of about l.M, is o p t i ~ ~ l l y  positiver and hm a 
negative elonption. The extinction is padlel, and the interferenm - 
colors are a little greater thnn those shown by quartz. In averp 
way, except in its birefringence, this mineral componda to thomp- 
mnite, but in f h ~ t  one p11rtimlm it is more cl~~eLy related ta natro- 
lita Mof6t 4P her noted the presenca of thornpsonite an mlingm 
in m e  of the p m t o n e a  bf the Nidna district. Pmhnib has been 
m a  in w\toraf didos and is probably connected genetically with the 
x d i h  So far ns observed, the zeo l ib  and tbbir mocbte pmhnite 
bare not rep!aoed the p n a t o n e  to anp extmt but are confined. 
mainly to veinleh and arnygdulerr. 

DW&uthn.-Intrusive basic diorita and &bm m not lwaIimd 
in m y  p&icuZar am& at any d 6 t e  horizon in the St'relxla forma- 
tion. Only in the upper part of Nugget Creek and at the head of 
Clear Cmk,  in the Kuskulana basin, do they intrude the Nikolai 
greenshna Geographimlly t h q  are found whemver the Strelna 

9 formation mps out, being &arefore W* sxkmsivaly in the , 

. . 
-EUiott,Creak,aad Streha Creek belt of thia formation and in the 
&m.belt, prticularlp in the d e y ~  of Raring and Nugget c d .  
Forhaps the largest single masa of the gabbro is at Ism Mountain, 
where much of the mountain and the r i d p  to the west appem to be 
made up of m k  of this kind. 

MMt,  F, E,, md Mpp% B. & WIogf and mi-. ses~afcm of tbe N i s b m  dim 
dl-: U. I. Oeol. Survey Bull. 448, p. 60, f9tl. 



Q8 K O T S I ~ A - I i U S K ~ # ~  DISTRICT, ALASKA. 

LMdugy.-Thediorita arid gnbbm am confined ta the Sltmha for- 
mation md to the Yikolai gr~m~tma,  but most of th m u m t e s  
are in tbe Strelne. ?A striking featum of these intrusive socks is the 
kdetinitenw of h i r  boundariii. - On amount of the alteration whit ah 
they have u n d q p ~  they d~ not differ materially in mhr from the 
inching p m h n e ,  and in many plwes the contacts can be deteFted 
only by making a cloa examination of the outcrops md 1mhg 
erititally for B sharp change in the granularity of the mh Though 
it was impractimble to differentiate them intrusives on thia account, 
enough was learned,ef their habit ta justify the opinion that ell tha 
common form of intrusive bodies am prmant, including digs9, dlla, 
and lamlitha 

These granular h W v e  rock arem of dark color, in places with 
a decided lgreenieb hue. This is psrticularly true where tha m k s  
have been g r e ~ b l y - ~ d d e d  by prwlating gronnd water.. On the 
ta lu~  pilae, such aqoccur on the aides of Imn M n n t & ~ ,  the d4bris 
is d d i e h  h w n .  As a rule pyroxene and h a  mumonly hornblende 
and feldspar a m  vieiMe in the hand specimens, obvioudy in a decayed 
condithn. . . I , .  .. 

Psbroppib .  ckter . -Udex the m i m p e  the rocdm axe ob- 
mmed cxrmmonly to have a granular nwporphfltic hbric fit, a 
few placas a pigiPitic fabric is developed, In which numemns 
euhdrd  crystals of feiaSpar am kic1awd in a single individnd of 
pgroxena A f e w - d  them intrusives are porphyritic, in particular 
.soma harnbbde @bm porphyry found &the hsad of Clear fkdq 
in the Kushlana basin, The rock minemls consist essentially of 
ppxene,  less abundant hornblende, plagimle, and oxides of iron, 
Tha wcemry minsraIs am qqurtz, spatih, and orthmlase. 

The plagidaee is comonly zonally gown m d  ranges h m- 
position from oligcie2ase on the rims to labradorite in the centers. 
Tha outaide rims, however, are thin aad have little influence on the 
mean cumposition of the feldspar, which ranges from andmine to 
acidic Zabmdorite. The twimhg is amording to the dbite- law. 
15 many places the-feldspar is badly alGwd thmnghont, but where 
the alteration is only padial the rims are lew a l h d  than the mn- 
tern. Sericite md chloritic msEerial are the nsual altPrntion prod- 
ucts. The pyroxene is the monocinic e e t y  augite and we11l.s in 
mbhedral to rrnhedrai individnah, many of which am 1- altered 
than the phgioclaae. TaPinning on tha plane 100 ia not nnmmmon. 
Pleochroic chloribe a d  d a t e d  products are the ~ecbndaig minerah 
thst m l t  fmm the alteration of the angita. Hornblende mldom 
Sakw the place of angite in the rack mode, the sols example known 



be'mg in the hornblende gabbm above referred to, but in many I 

p k  it caam with augite as s mbardinab wdtumt Horn- 
blende dfem to biotite and chloritic products. The iron oxide8 are 
usually dhed,  b e i i  generally rep-nbd in the rock by hydrox- 
idas of hn. 

&nartn: is by no means uncommo~~ but can bot be c b m d  as other . 
than an minerd. It ocrmrs a l i i  in gabbro end &mite se 

a anbedml grains. Orfhach is rare but may form r graphic inter- 
p w t h  with quartz. Apatite is widespread in small amounts, usu- 
auy aa emdl aabedraJ grains. 

Tbe intrusive rocks have been designated diorik or gabbros, w 
cording to,vhether the feldspar wlrs determined to be andesine or 
ldmdorih. Ham. the rmk types pyroxene diorite, gabbro, d 
bbmb1.ende gabbm have bean recagnimd. 

A g e . 4 0  far a i ~  observed, the basic diorite and gabbro are um6& 
to the S t d m  formation and the lower part of the M'ikohi gremmb~b~ 
The nxh of Uppar Tribe age, which directly overlie the NhIJ 
p n s h n a ,  haw not been intruded, nor has the upper part of the 
N W e i  gmmstone. All that may be mid of the age of these in- 
trusives is that they are lahr than lower Carboniferous and earlier 
than Upper Triaagic, 

DkM&ih-cTbe granodiorite at Granite Bdomtaim and in the 
.adley of Porcupine Creek and the latitic rock south of Kuskelana 
Wer am. the large& outcrops of rmh of this type. S m l l ~ r  areas 
were noted &.&a month of Pass G m k  and on f;he mtheimt side of 
JWm&ns-T$ivaa, opposite the mouth of Clew Cmk. Many siUs 
%d+dhn of'lrrtitio mabrial ware seen a& different places in the 
district, notably on the spur west of Sheep Mountain and muthward 
into Elliott. C&. 
Lithology.-Lighheolored gmnodioritic rtxks of variable granu- 

larify are found at a number of localities in the Kotsina-Kuskulana 
disrttictc The coamer-gmhed rocks usually m r  in larger bodies 
of the Iaemlithic type; the her-grained varieties occur both in this 
way end in tb form, of silla and dikes. The phanefocrystalline or * gmmadiarific types are as a rule nonporphyritic, but many of the 
heqgained~or, latitie r d m  carry phmoc:ry& of feld~par. As a 

,&b;:blYasc mda, particular1y the ooarssr-grained .varieties, m not 
dted &x~;mnaldembE~ extant. . 
- .. T+ watd& b w w n  them h-um snd tb mi&boring rocke 
ma: d4.m -and &ow thi @e inkusion w a  m m p m i e d  by 

- tgm~%; --wktieh mmhed or o h k  deformad the invaded 
TO& to r hgh d q p e ,  This condition is expressed mohtt forcibly 



by the rag@ d & e m  h t t r r ~  bf t h ~ ! c w e  at many.$- ~ h " :  
M d  of dan-mt mnW between the i n t d m  and the m a w  
rock, them is m d y  s crushed Mne bf mriab'la th;bich!s~, h p g -  
natd with igneuns material. Thii ir wd1 show in the lmw part 
of Pam Creek, w h m  the Chithone limestone is intruded; in &MU- 
pine (A%&, #I& the Nikalai p & w e  is Inmded ; and at Qrmih 
Mountain, #hem .the streasea developed by the i n t m i w  nbt only 
d e d  the -ding m b  but materially changed thb stfike and * 
dip of the beds &-the vicinity. 
On the south side of Kuskutana Xver  ssst d Iglntla h k  a I- 

M g  df qua* -Mite has intruded the Nikolai gmemtdfie ant3 the 
Chitietone Limes60tie. mi* exposum ahows in b ht4khg wsy the 
irregtlnrlty of thb co tac t  Iine betmn the i a t d m  and the comtrg  
racks. A large block of Nikolai gtahnatwe wan n h m t  engulfed in 
the pa latibh;rad ev~~f twhem in the vicihity of the! greamhe 
them ie a welEdds.~efoped flow structum i2r the lava. Tht h g u l a f  iQ 
of the contaot sugpsta that perhaps other blmh of greehskone have 
lwen removed fmm the reelltrsnts alohg the contwt and have w k :  
or riuan to other hurimne. * I  ~ 

" Petrogmp Aic &mzcW.-I'he grmodiorika srn grmullar, tlatrally 
nongorphyritic m k s ,  m m p ~ d  essentially of qnartz, plqhlase,  
arthoclapa, hornblende, and b i ~ h ,  M w e t i - k ,  ~patite, and titanite 
constitute the mssory  minerah. The ratio of plagimlaaa to orkho- 
clam is llsuaLIy a b u t  2 to  1. Plagioclsse, hornblende, and biotite am 
p-t as subbdral cry*; the othsr esaent.1 minerah, t p r t Q  and 
arfhoalree, ham the form.oi anhedm1 p i n s .  Zn the porphyritic 
wck, mth EB W along &e &uthm-border of the CEraaite Peak 
hme, pl@clnae farmg the prominmt phen-, and tha m d -  
msm m likely k, k v a y  fine grained. The plagioclus, tahiah b m -  
mody andeaine, hie beem stricitized to some ertent, brrt in.$med 
these mks are #mt m t I g  * l M ,  

The quartz Mites, which are believed to  be a her-grained equivr- 
bnt of the gradiosites, are grantlhr rocksl composed of quartz, 
plagiwlam, o~.tbmlnae, bidik, mnd muscovite. In the mpecimene ex- - 
amined plagioclmm and orthoclam are p-t in n&rIy equal 
emomts. Tha plagiaolara farms mbhedmf lath  in s cementing rn* 
terial composed I q l y  of orthoclase, On3p a littla d the ortho~lllse 
has developed mytal  bmdariee. Though not badly dhd, thmi C 

mBGS have undmgom p n h r  alteration than the e - e d  
varieties. Tha plegicclaae, which is between oligoclaae and atldeaIne 
jn composition, is somewhat sericithd,  and thie m g g b  that a cer- 
tain proportion of the biotite and muecooite may be secondmy. S p i -  
meins have h h n d  showing t&a outline of crystah thonght to 
bave been origiWllg hamblade ; bat thwa wem cumpWa1g & e d  

- - .<> ,;>&!- :; - 
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imp. hydrwih. 'Ehe oxid= of isdn s m  l h w k  d tmd  in this 
mAnnBF.. ' " 

C W ~  I M ~ ( P R O & L ~ ~  intrusion ~f thm WiOrifi ic -MB 

appears t~ have b n  arxlompaaied by c a t a d  mgtamorphism of the 
Y rdjohjqg, wmtry rock at  many localities. Such metamorphism 

wu afr iiwo -kin-@ mlting in the f ormatian of high-teanparr- 
tyre;mi~eds, MI& as mqmetite, garnet, pyroxene, m d  hornblende, * .a.&it.other m-bg i-lf by s i l i c ~ b i o n  At m h i n  l d -  
tias both kj,cb.of m n W  metamorphiam occurmi, Tkar first t p p  
was m w m g a ~ , b y  the formation of l o w - p d s  copper deposits, 
#*ag of p p i h  end chalmpyrite. Such copper ores were 
f o m d  &,the b u d  of Clear C m k  and along a zone on tha south- 
& side of K u s t u l a ~  River from McDou~itl1 Cmek,tu a point e 

- mile wutbwest: af h r g  Cmk. 1 3 e  Capper Queen claim, in this 
second zone, affords the kt illustration of both types of contact 
metamorphism. The tunnel on this claim bas bean driven for the 
fimt 100 fset in Uppr Ju&c Iimaakm, which, hw been corn- 
pletely dicified, , Beyond this silicified Jimaetow is ,  ,porphyritic 
-;gzy&one, whkk .owsinues nearly to the f a m  TI$#. giwenstona, 
comktbg both of fino-grained and mrsegraiwxl ~srirdkw, is in* 
W e d  by n w m u s  dikes and apophysos of porphyritic rock, of 
gmodioritic + W r ,  which are tha wurce of tb, contact &a- 
mprphkm. , Magwtib h i r r a g u h  bdiearnd in dismminetsd $om+ 
q s p p s o i ~ d  ,by. .bwqbl~dc  and pymxene, is developed in thk 
p n s t o n e ,  aad pekwesn the grePlnstone and tbn, face of the tmng 
a M y  of highly p n e t i z e d  limestone has also been f o m d  by the 
igneoue metamorph~.  'c . :- y 1 , 7  

At the bend of Clea~. .Cm& cQatapt m&amarphism similar to 
that at the .Copper Queen claim is alm develop$ but not ,in such 
Mhhjol tr t ,  ahd _'tine resnitant high-temperat& ft$r& am xi~t 
k~ admmon. : Them h'n~ slm kh  considehtbh' aUh%Catiion af the 

, grraenstone at- this lmlitg, dcmmpanied by a oe'rtah mount of 
- ' afAMzatian. It is of intared in this comd.irn '.h note that 

.a quark-@dote veinlets cut the Nikdai greenstone end ,$tmlnab 
. fm&&on at numkmus places in the vichity of'  the stdn.~  l d e i  

of &pPb~;'develpng silicilication and epidotiktion similrrr to +that 
sbwe d e d h d ;  

-a SiliciGcatipn bf #e country m k  adj42ning the gimo;di&tiD in- 
hsiw is miher common. Thns, on the spur west of Sheep Mom- 
fain and extending soutward ink the Elliott Creek basin an.iotri- 
c a b  of latitic silk has silicified the Knskulana foraati~n tp 
a,  considersble degree. Many of the thin beds of l i m h n a  bet wee^ 
these sllls a p p r  to be mmpletely silicified and reaembls cherta modi 
cimly ; and at one place in this vicinity the interbedded shale has 
been completely m r y a t p r l l k l  to an aggregate of quarks and epidoh 

19108-234 



At fie head bf f& &b&@m#~ a k w l ~ S i s a & d f i d  
the adjoining thin-hdded limestone for a dish108 of m v e d  i&b&. 
Om Mhtral. Ch& in t b  Ehvsma: Valley, siliihtioa' nhr the bbr- 
d m  of tha m a s d u b  mqmes .  Gmnite:Mountain is oomwbn. . - w 

$ Age.-Them nkihs intmth the Strelna f m t i o n  &G& 'M& 
hb,.the Nigolhi p n W n a  in:Porqibe C m k  and- theLChiti& 
kmddne in tb M r  part of Pass Cmek and .da ~ ~ ~ ~ r d h z g l y  'W 
ddar thm the ' I h d c .  - Sonth af 3El;tlshhia-Xver, how&&; a 

Upper J d c  sdimmta & m m n  f omably upoh the htitic "h&s 
them q m e d ,  . It15m mnalnded, khemfm, that the d am 
preJnmasic. If, as is now believedq the gmndioritic and lrrtitic 
m b  &re equivelemt in m e ,  differiq only in their granulvtrityi .th& 

. mcks ate po&Tdmsie and ph-Upper Jureaicn At all evein6, t?ie 
granodiorite are pest-Tridc and the Mites am'pre-Upper Juraseid 

, . - , -  . - -Am , . . 

Ibttls is a # f  badtic ~bck;(s of pmb!Mmiiic age in tW die- 
Erjct. ' Jm onlptd?tkalitis am mch mk~ M w n  to exist, w k  id 
131% li#r@md i which he described as b m l t  prphyry, Wg 
the Chikidtunre' 5-ne wePrt of Clear Graek, in the Kuskdmk Vd- 
ley. . During thb -son of 1919 the writers OM w e d  b d i c  
d i h  cnt$ing.'tb' Chitiahme limestone an.the wrtb side of mamma 
River, north bf T h e  %nh&la T%e& diw homve~, w h  n& cr? 
mappable h. ' "Xhm dat4 thdugh meQnr, rra& ta sstabli& d d -  
rritely that m h ~ M  this t y p  at143 age exkk in the -:I 7 .  

, '1 . . L . L  . r . J > ' . "  

m m ~ I I I T J C m m s ~  1,: :*L " 3 1 : 

phyria, which hsve kw y p p m d  from tha grand~riitea, on. the 
bssis of their c b v i c a l  .clamposition cut the . U p  ,-i% qxb 
we@ of Clear Cmk, in the Kuskulaqa Valley, and a t . o t h e r , l ~ e s .  
la the v a h y  of R m k  Creek a dike of qua-feldspar m k  that i8 
too b@y a1taw.l fpr exact + W n a t i ~  is thoght to belong ta this w 

class. This d i i  crops out f~ a distance of mverrrl 1488, emerging 
. I ! t  4 G  .'.-.A 

rocks, not unlilp tbd phi- 
in general appemncg bdt dif- 

e g  @ ~herni$~@d mineral composition, are aleo fo&d in thb 
diptrim Ruch'Jk$ks pave been noted cutting the Kmina. mni 
glomerata, which $ consibed to Lm of Upper Jurassic age. h' 



., . . && g b ~ - & @ $ & @ e ~ P ;  *&&;ps~h*ai&**lt to &gL 
tkkjpkh -from granadiorik The,lehibf diEerm6e in the h a d  
-116 is %hN-4he-.~postJnm& intmsi~es $re ' u h ~ & l y  porphy- 

.r 
ritile, wbilg .@nodbrites are mmlj so, Thad rbcks are 'rela. 
t i v e v  scam.:ill' ~th~Kotsina-Kushl~ntl  district rtlrd ' &I nbt attain 
anything ti& the kbundance which they s h m  in ithe Nizi.na+ drstrict, 
farther east. The quartz diorite porphyries hetfB: &en fomd sdI6ly + Iie; thi:  hrtn .bf:'dilw 'end sills, =me of which; R&w&er, have a con- 
eid&bld&tudi~~i~I prsistence. No laccoliEhk'Wfebaf this elass 

. sre h a m  in' this. district. , . I. 
Pelwpatpliie cJaamfer.-The rock consists .of a fine lighbgr&yisb 

- h a m  in which ire set numerous phentrrrJrsts' of felldspnr* and 
qnart~  The feldspar is plagioclase of the variety hndesine. 'She - 
groundmaas is m a l l 7  hlmrystalline ~ n d  -consid <if an intricate 
assemblap of. &l~ghclasa laths and quarts, with some hornblende 
and occasiondlp biotite. Orthoclase is mmlp pPeSBnt, and i t  la in 
this r e q &  that them mks differ most markedly f r d  the grano- 
-diorites. The plagim1ase k commonly altermi Sm p t e r  or 1.- 
dqme to-ser* and cdaite, and  ah& in~arjdMy the firm-pitred 
groundmass is .altmd tc gericite, calcite, and cMmitic pmducta 
Such inm o d e ~  as msy have been originsly present a k  changed to 
iron hydr6xidw Apatita, quite unaltered, is a fregamt m r g  . 

- . .  . minemi. . 
' ' .. Age.-On, the b b , o f & e  mIatim akmm citd, the qurrta diorib 

parphyrim. uzw < M i e M  ta be of poeWnrassic age. Wowever, it 
&add be &&mized thst mlg e portion bf tthk roch here c l d  
t q e t h r  are.def3eitdy hown to mt the Kotains eonptomemte. .The 
age of the other quartz diorite porphyries is I n f e d  from their 
dhr;tp En &emical a d  mineral compogitian. . 
. . .; - , . , . . ' . .. 

. slrpw- . . ? .. . . . 
. . 

'*&ounpd folding and faulting a k  bmmon to dl thp'fermstions 
@ .bT ,& ~&@a-Kuehlms  district. T h e  firmsic -9 &ow their 
5 ' - 

lea&,!' kit' :&en in them the beds am l o ~ d ! ~  muoh distorted 
?%y folding'and'nearly everywhere show d i s p l ~ a t  due to' fault- 
ing. A m o q ,  the plder. farrnstiona > the u K u s ~ ~ a h s ;  s&le and thin- 
b4W lime*&'&d the meks beneatK the ~ i k o h i  lav. ,dows 
most d l e f ~ r m e d : ~ ~ ~  Kuskulana famation especially, except the 
limestone beds immediateIy overlying the Chitistone lirndene, is 

' 
folded 'in- s most intricate way (PIS. XVII, fl, and XVTII, R, 
p, 38). soR shale and thin limestone Ms were less sble to with- 

- .. .-. ~ t p d  p~.assure than the massive Nikolai lava flowe and the Chitisto& 
@e&m Much of the movement and readjustment btween the 
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kls of the d i w  foqst3.e'ne .t& plsm ie lCbs m f t ~ a h d e a r , . ~ ~ ~  ' , 

tbe d t  were made thidmr in sow p l m  aod thinner 
in & w s  md WBW everywbre d 8 f a d  The Qhit&m li-RS, 
&bry~b mom Eeairtant than thg ehals, was h~ m tbasrs the 1 w ~ ~  
and in a few $wes shawa almost, ns muah dsfamwtion w thesshala 
-(Y1.- TX, B, p. 7). This falding,.howevar, wee sccompltnied l ~ y  
amidsmble fat&bgm , . 

Tha best e v M  af fd&g in t h e ~ & w ~ i &  moL8 i s  a f l k k l  
by .tb. l i m w @ ~ ; d  chert ,beds. IndividuJ absde af ~irpmtonn or 
chert are more essily distinguished than beds of tuff or tlls f i ~ r  
grained ksdt  flows, end althouglt.f~w.of them can be followad for 

# ~ n .  ghmt d h b w ~ .  a d  mny am , d i a p l d  or intmptad 
&getbsr by hdb.they ~ t 4 d d s s r . $ r a w  that t b y  am morn. in&+ 
c&lg folded thaa, the owplyihg Nikolai peastpss. ThiR is d4ek 
lea due in lare  .measurg t4 tha diflsrenm in the inherent ~bi l i tp  
sf tbs rwks ta w W m d  defomwtkn, 
. . ; jpm11y. ths mob b l o w  the Yilrelai p l n -  have ealsn ,on: * 
w h i s h  -&r@tw@ tb& .tEwta waaid&abh @Sang' the Jm'cir . 
w n h i a  g l o w  .&&rderirig Chitin8 VJhy; SuhkkdQ :& II&, 

in tbs.,yowgw.Wb wcept that it h~ &mloyJad in nwmw h d s  
not o w  a fe~v h c h ~ . t h i p k ; i ~ ~  fault ssd shear mnm euttifq the 
Nibhi bsseitu. * .  ; ,. z . . . .,; ,LL: .* 5 .  .. - . *:A,;. ,- . . . # I  

' TEle sedimentmy formatio&:isnd a-i&.d do& a&hest 
of .Pusklllneo. Ri* farm, s r h ~ d ,  # h & ~  & i o o r h  in which- 
Capbnif eroue tuEs .-and bauds: lia on tha hmth& :am4 mnthm& 
and the youqpp &PmAtiaas .eocmh. whe: .srxlol .por&n, - The'qn- 
&iporiumr=is aoti?simple. butr:i~ -&I .u~  .of folds fermhg 
miner. synclinea +ad antid* m d  ir..furttrer compk&d by a4 
learrt three lines of major fdthg-.~&hm &Ligm rm pr&iaUy 
parallel to the a m  of the folds. In,@neral the trend of 4h great 
syncline is n o r t h e ,  but th4 am$.irlXBe minor synclinea and anti- 
clines are diver@, opening,'& mard,the northwest and ranging 
from about N. HP W. on the-northmat Bjde of the grertt synclinq. to 
S. 60° W. on the 'kuthgb&;aide. It, thus" appems that the '&t 
~ p c l i n e  ia wider pn ~ o ~ n s  . ~ i v e r  than qn the K.pkd@a; but' it. j+ - 

npt fully 6videnb 'that this i d  to be in~rpmte$ ai due to a north: .- 
westerly pitch of' he sgncfhdaxie. " 

This major MCtural feature app&m''& to;oontime w w i & ,  
'mrd across K~skulsna River. ,In the &in& &ha m# Txia 
creeks the lava h o ~ s  sad seclhentary f$rniat$&.axe idtnided by 
Q great mass of igneous rock that disturbs their 'normil -mlktiohs 
md cmplicatea their dructurq, mhUa south of the modtht, of Clear 
Creek the diplentary formation& Srind almost at ,right angles to 
the &kaa ac- the ' river. These transvsm structhkatl SL&R& 

although the dips are steep, May indicate. th& end of a great 
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synclinal or anticlinaI fold. Not enough, however, is known of the 
#&miatlorn abont the had of Chokmet River h give much support 
% m h  ah m p t i o n .  On the contrary, the work done on the 

'Y 
h d s  of S l a b  mid Trail creeks seems to indicata a chgnge in trend 
of th p a t  kbmetuhd feature$ wrt of Rudmlms Bim, 

'Shm major hult;e cut $he fmntiom of thb Kohinb-Kwhlaa 
awria, pm&chg gwst diaplmmenta had di&utb!rig t h ~  norma-1 
succession of the beds. In addition, many sm~lfer SauIt~, m e  of 
them ptmlbX w3t;h lind wme tmnetem to  bhe tmnd d the beds, 
caused minor dispIatremenks and, iri cambination with fdding, W g h t  
dmht a cohfusingadatiotl of iwegul~rlg ahaped a m  of diffemnt 
formations such bk- is found hbout the head of StmIna Greek. 

Tha thsee major fa~ltPr rdirtte from the mouthtin mhss bet- 
t h ~  eddt f o ~ k  of ,bdmha m k  smd Clear C m k .  One extends - 
Kotsina River b the top of the maurttain between Kluveshrl River 
and Clear Creek, which is tributary to the Katd~s.  A second c m s  
the hea& bf Phss Crwk and the forks of Copper Creek, apparently 
dlappeshg htiaath tl he Kbtsina conglomerttte. The third crmm 
Strelna C w k  a d  follows the south side af the Elliott Creak valley. 
In some places the three faulta are plainly thrust faults 'with variable 
d i p  to the s o u t h ~ e s L t h t  is, the rocks on the southwcat have been 
t h m  up over the rocks on the northeast. In other places the dips 
are very high or are aven reveraad and inclined t~ the northeast. 
Theee statemerita for the mmt part are based on a ntndy of the rela- 
tion of the fsulkboundpry to the hpography rather than on obrva- 
tion of tha fault plane itself, and it should be a M d  that if the un- 
mnformity at &be base of the black shah inferred by Martin is 
proved to exist, the anomalous r e l a t i o ~  of the shale end underlying 
formations at o number of localities may be explained as due to  un- 
conformity rather khan to faulting. There is no doubt, however, thak 
>be contact of the Crtrboniferou~ and the Triassic rocks muth of 
Elliott Creek and extending over into Strelntr Cmk adlay is a 
fault mntect. In the same way the long warp of Chitistone lime- 
stone that e h n d s  from the head of Rock Creek dawn Pass Creek and 
across the Rohina is regarded aa due to faulting in mhich the lime- 
stone we@ t h r d  up over the shales on the northe&. The fault con- * tact map be $ese on Rook C m k  and also north of Kataina R i w ,  

le Bna a low southw&rly dip. 
The intermediate f a d b t h e  one that &mda acrow the heads of 

Copper, Pass, and SEmltla h f f e r s  m e  difficulty to  an in& 
bpmtation of simple everthrust done. This fault ap- to ham 
been governed b;V a sharp fold in the Chitistwe lim~pbna, F m  
the head of the WW branch sf Rock Cmk to its last a w m c e  
weat of Copper Creek this fault is red ly  expIrritled aa ovwthmst 
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-4 ~ t h  ,,a . V@~@B a o a t ~ ~ l y ,  dip wt exceeding 46' and in 
awst p4aa,wmidmsably lower ltban 45". B e t w e e m  the wed fork ol 
Boe& Creek and StrePna Creek, west of,Dixie Pass, the limeshe je 
faulted out except a few s m d  r n m  along the fault line. Stilt 
farther east, an the+sasterarbosf fork of Stralna Cmk, the limestone 7 

dips northeastward and is Loth overlain and underlain by Tridaie 
-. shale, m d  dipping.beath,aIl thew rocb is the Kotsins.wngfomerstarsta 

(PI. XU& A,  p. as). x 
 he ndmuth,  h ~ t  a; tbe squaw l creek villsy. sppbars to la 

the cantinuation :sf,, this, overthrust but may h . a crow fpulL. It 
should be kspt i ~ & d  &hat-the present inclination& tha b l t , p h e a  
is not neoessarily.#e original inclination, for all tbe rocks have &n 
more m lem foldeq since part of thq faulting took phce. ,A study of 
the map will make jt evident that the fault aurfaqem not plsne sur- 
faces but ~arpeil~gurfams, and doubtlesis they were so originally, 

Another fault of almost as great, extent as the three just described 
fqllowa the vallep; of ~ & t  Creek and Roaring Cree$, striking 
parallel or nesdy parallel with the main structural lines of the 
vicinity. Ifh; exaq psition on Nugget Creek ia, not, h ~ w n ,  fop an 
extensive body bf @ve1 and tsfua covers the vaUl?y bottom. Pmb- 
ably ili f o ~ o w i t h e  east side of the valley, but it is complicgtwl by p 
number of smaller faults. Its course across the divide between Nug- 
get and Roaring,ci.eeks and ~ Q W D  Roaring C d  can be detemiied 
with &re I M G U ~ C ~ .  The hip of this fault is not known, bat h m  
obwmations of thi fault plane it is believed to be high, so thalt the 
fault plane mimt v.considenrbJy wrrrped, The &pImment is such 
that tk& ~arbi;nifd'rbus tuffs (Streha fbPrnntion) below the Nikolai 
green-ne on the West are brought into contact with the Chitistone 
limestone and the.'Nikolei greenstone on the east. This would indi- 
cate a displaceme&of beds equaI ta the thihm'ef the Nitrbki lava 
flaws, or about 6,500 feet. 

It is known t h d  thrust fau1t.~ such as have' been dmribed cut the. 
Chitistone limest&e near the month of KEnwesna River, giving it n 
much greater th iches  than is indimtad by measurements in other - 
localities, but 'no evidence was found to show that the aonthwrtrd ex- 
tension of the l i ~ n e b n e  was thickened in this mime w8y. 

C m  faults and other minor f snlta am numemas throtjghout the 
ems mapped. May of them have daubt1w escaped detection, and * 
others are not shown on the map A nnmbe~ are sepmnhd,  how- 
ever, and one of them may be mentiwed. It is an &-we& fknlt, 
crosqhg Squaw Creek, by which the NikoIai %reenstone is brought 
into oontact with &ale of the Kusknlana fom&on. The displace- 
ment is thus not less. than the Wckness of the Chitistoner hestone. 
The most complicated fanlting of the district, involving both 

atrih t e d  nd fbultg, is sean:on the west branch of Strelna Creek 
.,*s 



TIie:.Csrbnifms tuff@ and f i n e - p i d  &l&"bar evidence 
W the oldest rocks df the Kotsins-Kuskulans district re? formed 
&king s perhd of *Wlcanic activity; A pit thickn-,' measuma 
in- thousahds' b£ feet, of fmgmental mahtial thrown out daring th:s 
peaiod'is mhgled with flows of lava and shows fer if any t- 
of normal sediments. 
This purely volcanic material, howem, .ia m&ded by materisl 

of t h  rrame kind ihkrcalated with brnestone,,ched,. and shale be& 
thkt indicate a temparary decrease in volcanic actid6 'or at leaat. a 
.time when thb proceses of normal sedimentation prevded over 
thcwe of ~oicaiiimi: F ~ o m  thase ~edi ien ta ry  b d a  the evidmm for 
khe age of tEe daposilts was obtained. The limestons contains, hails 
that ~hbw'  it ta 'be df lower Cerboniferoua (Mkimippian) aga qnd 
t h s ~ c o a  with the Lisburne limestone of the Arctic 
con& 

Mikine d i m t a t i o n  did not continue to be predominant,) hoi: 
me*, md was followerl, possibly in Permian or Trirssie time, by a 
mewad volcanic activity and the piling up of many thonssnd fwt 
of'lava flows, part of which now canatitah the Nikolai p n s t o n a  

Them is no evidhca st hand from this diatrict ta indicate a period 
of uplift md erosion immediately preceding the extrusion of the 
Nblalai Is%. On the 'cantrary, at the few pPacas where the h e  of 
tba Nikolai g h n s k n e  was o w  the Nikolsi I w e s  and under- 
1- mks seem to ha structu~dy confornable. Such conformity, 
however, can not be regarded as p m f  that no time elapeed betwean 
the formation of the underlying b d s  and the outpouring of tho 

and evid& hm been .given (p. (50) .to i n d i d  that the 
Rkohi b d t  flows miay hkve ken poured out on the eroded mdaea 
of the St&a f o d o n .  

There is also a lack of evidence repding the relation Wwmn the 
topmost l s v ~  of the Nikolai gmmsbne and the lower b d s  of the 
Chitistone limestone, so that it is not known at what time during the 
long internal betwean the early Permian and Upper Triamic ep& 
the Nikolai l a m  wem extruded. Some of the flows probably were 
poured out or soliwed aznder water, bnt others evidently were not. _ T& whichever. mnditiun prevailed when the last lava flows h k  
kh#,'jk ii d i n  that in Upper. Triassic time the land wss  sub, 
d&@ sedhentation was in pmgnsa.. Soma fada indi- 
&@Wit it t ' b e  of uplift and erosion map have pmcdqd the deposi- 
tion df the-Lkitishne lim-ne, yet no definite p-f ;of ,i$ is known. 
L&thg p& 3G4'arh the pmmce. iri ' h e  dd& mks of &Itend in- 
.-th%i%&k -A&' f w d  inx the formations, the more advanced 
&ate of metamorphism of tge older mks, and tha absence of any 



sediments mntining fodrAI &fig tdtb time betwarn tba arb 
Permian and Upper %&a 

During Uppw Triassic tima the masiva Chi t i she  l i d m  wa8 
deposited a d  wes buried under many/feet of thin Eim&one I+, 
which %n turn were 0v~r1,dn by a .gmrteq t&+ of black &ale. * 
All of this'indidw a phgpdve  change in the cbarmtsr of tke 
materid brought to €he se+ the cunditions under which it was de- 
posited, land prabably also the position of the shop he. s 

The Triassic Iser'Eiments, together wi$h the older formations, were 
Best fdded, w& elevated above the sea, and, ao far as is now bm, 
d e r w e n t  eiTbsi& till Upper Jumssic time, when they wem &n 
submerged snd were buried under many feet of copglornerata, sand- 
stme, and bastam, Them rocks all m f f ~ d  hrther deformation 
afid fii~d'sl>we the sea., but whm the elevation imk p h c e  js 
not him. No beds that can with certainty be am@ either ts 
C ~ W  a;r Pertiary are prosent in the distrid, It muin 
bppear, therefogf that upper kfesozoic nnd Tertiary aedimenk ware 
never deposited hem or that if they sera they have bend engrsly 
md. It mlrf not be p&ble to .determinle .whi& elpmtive is 
more-prob~bb, especially as it is known that Cretaceous sediments 
W& d~asi&d'& &ort distance to the -st in Chitina VsDq and 
that mst of Al&a WBB E land m a  in Tertiary time. . 

Deformation af the to& in the Ratsina-Kuakulma &st& was 
accompanieti or aps followed by the infmdon of ipmw m&z 
51 the fmn 6f &:gins, and large irregolar-shaped massea Them 
appear ta h s ~  kfi at l e d  th& periods when these i n d -  
W k  plam, and there m y  have h n  mom. Some of the al ted  \ 

dsrk-cttlored ~bfrtolc  and dioritic mks of the L%relnm formation 
am &limed to amongf'the old& of the inthsive rocks and to 
belo~g to a period of intrusion that preceded the depositian-d the 
Chit1 stone limeatoh. n e y  appear also to b older than- tbe q~ierkz 
Mite porphyry on which the Upper Jnrassio beds southeast of Kns- 
hIans  River de hrtd which is wgmdd as Belonging Ito the second 
period of i n t m i a  z 

Z$e ymqpst, htmatP'es cni the Upper Ju& beds and are 
thmfire of Upper JnnrssIc or later age. Their intrusion slay ham 
accomp~nied the fdding that defom'ed the Jurasaic sixbnents. 

'Fhs later gealtgic history of the district is conmed l ~ g e 1 p  with ar 

tth8 de~elopment of the prege~t topography. T h e  &dies of geologbte ' 
in many parts of Alaska lead to the belief that the p m n t  sn* 
of the Ternit.org h much like that which e x M  Ehmnghont m& 
of! the Tertiary petid but that the Falief at the end of the k n e  
epoch was rntlch~lea than now, Thin mode rat^ relief rewlted from 
Img-cantihued emion during which eleostiom of the land s u b  

I . -. 1 _ 



- were red- and &&oris wem fillsd. Wide amm of had a d  
bh &@ta were Isid down, and maoh of &he Al&n.cal was 
fd. . 
me hmg perid of emion and d-ition was followed by a 

: " perid of mountain building, when the present ranges wers &PaSgd 
and tha main festum of the present drainage were oatlined, - This 
ie the conditim that d s k d  when glaciation began* ma wed "': 

. appear- d &.e land prubmably was much tha -me thsn as no*, 
Im- .cbmgeu. in drahaga haw *&en place, but tb mombin 
chains and valleys are believed to have been altered only in Urair 
minor ~ ~ B ~ F B B , .  Tha larger f%ahm af the old Itapgraphy ware 
nok d a r n e d  by the invading ice but were so modied as to cbhm 
a laad surf cob ~ d t i n g  from normal aubamid wwioa to om having 
the ebawtmhkic espect of a glaiated momkin region. 

Little is h o r n  of the bghdnga of glaciation in the Wmn@ 
Momt8inn, but th men* ntudies by cappa in the White aim dis- 
trict giva same ground for the Mief that h h& wrrt dmnca a# 
the k a  was ~ e m p o r a x l e o r l a  with the W i d  of ~antinPmtaI 
@mUon. How lLlu& earlier than th ia  the fir& edvanca of thts-isa 
m y  have h it iff b p i b l e  to  my ~k p m n t ,  & t ~  idea af the 
extent and magnitude uf the former glaciers may be hsd from the 
efferh #uwd them. It is pmbsbI8 that dnh$  the t h e  of 
maximum glrtdtion mIy the highest peaks of the Wraagell Man. 
,tabs Ware tisible nbva the ice fi8.d~. The valley of Chitina River 
masomupied by a great ice maw that overrode the mountains south d 
h b  rivw md fafbd&ita evidem of ita p r a w  on penla m m  than 
59000 faet nbow the mi. T h e  bromrd b k n  of Copper Rioee, also, on 
the umrt sidd of the Wrangell kIotmt&a, wm filled with im ur was 
M a m d  by pidmomt glaciara that contributed an mrmatls qumtiy 
d ncrtrseial bo the $mw1 and till de@ts that f3l it. 

Cllwiation left itdl m& evident effects in the changed rrppeamm 
it g w e  to  the old topogmph~~. Them aRe&s am principally of two 
W w ,  thosa produced by depktion and t h w  padud by 8Mmi0d 

C 
To the may tse d d g d  c h a m  brought abnt in the pmitions of 
stxmm mammh 

The mdi6catiws of topography due to  the remo~sl of rn&rid 
are seen clearly in dmightened and dvemkepened v&y walls, h a w  

'ilc ing ~ a U # p ,  a d  the smooth rounded cont0nm of h& thaf were aver. 
riddm by tBe Im. 

F m  favorable pints in Chitina Valleg a h e w  of the wotmtsina 
on tb mrth show t m d o n  of triangular f m  OX tntmsted 
rspum farming s steep, straight wall &at sharply baunda the vslley, 

WCapp* 8. R, AU of tha m of tM leet peat glaehtlon la bluka: Wash. 
w n  AmB. Bd. Jar., eat 5, pp. lQ%115, 1915: Tbe Chlglna-mte Blrer dfstrl* 
xlbg. t n. a o d ,  namr mu. esa, w. as-, lofa. 
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k ,. w e n t  fom of tLis .w&+is.~dne+largdy tn the grrsrt--Chit&k 

' 

G h z k ,  dGekr+bved d m  the valley from the east r t n 8 . d  awwy 
the spurs projeEtmg between the mountnin streams. Similar,rasdts 
were p d u c e d  the glaciers of Kluwana, Kohina, and Knslmlma - *&i -, . . :. s,'i - .: " I .  

Q 

. . vmea w e  .r.l*ys d o &  typic.1 faamples of ihe stra..ighe,. etas 
Sbaepeged *allekeSnd1 U-sha;psd c m ~ . e i e e & m  ehanwteridic of stmnglg 
glaciated m u n b i n  valleys. .Other examples sm E&tt Creek mllegj . r 
&k Creek vdbyf+  and in fabt practimlly all the larw vallwp of 
the diertrict. . . 

Amother tnpgmphic .form, mbcla0ed with gI&atioil a d  h m o n  
in .the district, ie'&e aiqm er. steapwhlied mmicimilsr basin' (PI; 
KVllj A, p 58) .in wbich.Cha valley glacis~sl now origin& or .Erom 
which such ~ . ~ r l y  Q m e .  :The exact m d e  d their farm+ 
tioa hch dizspnte,;but they sre bo b mnnected with gl&iatibq and 
ev6n w b m  thdj am no Ionget' the places fed Es&mams 
they are m m w  nmpied by. hsodies -of snow and iae: 

The glaciem- oceupied :d0p within the Kotakns~KmMam& 
d&& did. nob Lam much meriinaI matmi81 that wm not rmbjmd 
to sottkg, a&rzedepoeition ,by atm~m an coon. as it m kid  down 
by. the. melting. ice. In places heap  of debris &ill remain, b ~ t  in 
@ e d  the s t m  iming from the ibe removed the m k  fmgmwita 
&s f& as they were &pmited and so preventad the fmmr;tion af 
m w a i ~  or made it i m p k b l e  for them b ba pmrPd. This ww 
not tme of the Chitha Glacier. As it retreated the mgae d 
roak m d d  by the im was dumped in imgular piles o w  the vdhy 
floor.. .These morsinal heaps have h n  subjected tor .the *&ion of 
=in .md Mi tm thst their surfaces. have d o u b t l ~ ~  W m m  of 
&or +rial fom, . They nre alsa orngrown Kith t-, and 0th~ 
yewation but d a B  from these ah-:pgbsMy.- Sa 
they did t~hetm;& ice melted.. The iiapedect drainage uf the mo- 
rainecowrad at+em gsm rim kt-nlumerom lakes and ponds that dot 
the v d e y  flmr. 'Such bodies of water sre tempom- nnd &sr will 
be filled by the. deposition of material in them and the ancroechment 
of vegetation on their shares or will ba drained by the dewlopent 
of new streams. 

Tha ruck @miem d&&d an page £ia.+belong to the final 
stsgegc ef glaal*.thn and are still in the pnmm-of .hrrnCtion. me7 w 

are not characteristic of all glaciated areas but are known in mmy 
-,of Alaskat They &ituCa only s smsU part* o-f :$he #lacia1 
die@ts. Possikdy they tshould not 23e included with glaial 1s- 
wits, yet the.fa& that mme of them merge into t e d r r l  mominea 
and ham glacial ice nt their heads gronnd for doing so; 
Wthough (' rock glacieis i r e  mlativaly unimp.tant when mm- 
pared with pd ranbmominal depmite and considered in comm- 
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tim with tha.qumtity. .of mcaml.i&kd material they - (1on'tsin, yet 
they"are nothable hpographic fmtum~ Little is known of their 
structure exwpt what can be on .the surface, They contain ice 
that U the spaces batween rock fragments, but a 4  iyiree of the ice 

7 apd the mlatim quqntitk of ioa and ryk h a ~ e  n~%.beea detemined; 
' The retsartf of itbg gkc-krs gave the stretrms am opportunity w. 

t,hhe work. of adjuclting their channels and grades to tha changd 
- . .5 - topgrsphy. In many places the headwateter grades of *earns were 

much seduced. bj'i*cl$ e W o n  or-the v d I q  heads Were even so gmatly 
lowswd aa to 3 a m  rock basins. In other places the channels were 
filled vi+,&vel i.d morainal deposits, $o that the st& were 
da&&ed aqd forc'd ta find WTV outlets. This they did by over-" 
flowling thi barriers. and removing the unconsolidated de@& or by 
.cutting htg the iofid rock itsalf. The canyons af lower Hotsina and 
Kuskulane rivers wgre formed & this way, as were a h  &me of the 
canyons in the vaueyn of small, shams. More bmmonl j ,  however, 
the csnyonq,of the small' stream had a different .origin. They were. 
formed at the4mouths of hanging v d e p ,  whem the increhd g r d e  
gave tbe sltreams,pwer to incise their chawels in the rock. Such 
canyons are weU illkrated by Fall Creek, in Eluvesqs Vallv; by 
.tEeqwck (PI. IX, A, p. 5 ) ,  Izmring, Bwk, and, bpper creeb, in 
~ b t d i n a  : V d a ~  ; and. by Nuggat and Slatka c&, ,in :Eus-a 
Valley. ' Each ofthesa streams flows in a .deep channel between rock, 
waIh at the plwe where it e m e r p  from,its own valley to the main 
river valley,. cutting of the canyons did not begin till ~fter 
the ice level. of thgrmain valley mas l o w m i l  .below tbe mouths of the 
hanging valleys.. It is still in p r o m  and therefore L a part of the 
most recent history of the district. 

GWi~Sioq  it^ the lateat great c a m  that gave thisdistrict its 1, . , 
temhp!,c,%e kffmts of glaciation are seen in many wags, aa has 
been pin& out, yet westbering and stream erosion have aIready 
&gun to  destroy the features produced by it. 

The mineral rammes of the Kohhn-Kusknlana district include 
Z 

gold, silver, and copper, Until racently copper held first place in 
the cunsidBF8tiori of pro9pectom and miners, although p l w r  gold 
is m t  in emdl qn~ntity on Slstka Creek, and some effort to re- 
cover it was m d e i n  former yeam. "She gold-bearing qua& vein 
on Bsnlto Creek, however, and the silver-gold deposits of the Nerth' 
Midas hpper CQ. on Berg Creek-have brought them metals into 
greater pmminmce, and they give bet&' promise of immediata pro- 
dadion than tbe capper deposits. 

. . 
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'Shamjmral ptcductim of t b  &&i% h data iac~dw.ertlp'nbttt. 
two mloada of high-grade hbdd-picM tqqw am ah&& f m ~  
Nil@ Creek pfim tb 1916 and 180 tsm of m n -  ndd*)t&nd- 
sorted om ahlppd h the m m  PEW! &d tM gredr, and b- laddi- 
tiou 1 ~ .  mall q u d y  of gilret md gold, pmh& at  the itrfwof tM 

, 

.r 

R M ~ I M I ~ A @  Cwg6.11. Co. T I k ! r & ~  t;o b w m  of hrdher 
cup* p r d ~ & a  fram tb Wet .Zn ths i d *  hhtrt... 

2' . , 1 
:V -BY OW -4.. .. 

<- . .__-  2- - 
hph(;ntb of &popper m i  reported to have baan Peen & tly hands 

bi' Coppep Bifktr. Indians by early 'Russian eXj,Iorers e d  hde* 
who visited the mouth of Copper @er- long before the mihral 
~ & t ~ W e d  of MUka were conmthH tS b4 of M u e .  'She& imple- 
III~S~IM w&fe said to coma from sodi+here on the Chitina- (chiti, 
oopper ; n ~ ,   rive^&' but it nm not until the exp~omtory~ gxpdit i~mi 
of ~ l f e t l  in I$ slid of Shmath  and Fhyeam in IS91 that the 
~ k ~ i - k d  ~ s d l i c r 4  ;lrf cap& iri Cfiidna, V ~ l l e ~  *as cm&&d. -.No 
dIf'&t?4 id five$tjghh the c o p p  deposit8 were a d e  mita 1B98, when - 
rl f ea prdsp8ctt-m from &a great company of st impedem +ha Iknded 
ifi T'slde2 Bay Ih.kfi8 f611 kf 1897 and the spring of 1898 entered the 
Kotdna Valley. Uthgt prdrntors followed in 1899, and by 1900, 
~ h e f i '  S chrader dtrd Spenetsr d64ted e6a d o n ,  inbay. Bairn had 
hen  Efeakdd and'crsnddwahle de~exopieflt ia'ork wu being done.. 

bbe of the f f r~ t  men to m m h  for EaXjper in &B dhtfict W m  A. 'ft. 
Crswfbrd, wha b k d  elaims sn Cbppr C'setlk ~ h d  who now lies 
hlfid neK? his mbin ott Klm&na RiW.  ' Tfid fist p+oopefties d i ~ -  
c6vePed bn Elliott C m k  #em staked By H. G. Elliott and Clhas. 
G. Hubbard in 1899. Jamea McCarthy staked the Valdez claim 
m Rfgget C& in 1901). $mwg ather b s l y  $-ta,m W m  A. 

, 
L. J3kwett and Adolph A@fiiam, W, t?~$~%vh&'# ph-, %%&,i..SiU 
&aim his i n t a m  on R f e ~  'Abiirit 1907 Ole B&g stalmd 
the claims east of Kuskdaria Ri%er thd !%re hoZo hifig developed 
for their gold d silver mntmt, d h y  other well-known names of 
men who took m. important part in tha mining history of tbe district e 
might Im mentioned, for in the 20 years and mom that have pwmd 
ah* fie flrst dkovmry &ys $1- tiumber hmve had an interest; 
in iQ possibiliti0s for yieldin& copper and gold, . 
The H~bbs&Elliott Cappet Ca, -rwrly hqpn tb devdopment 

# 

of i t m  pmp* aad by 1905 had 6bhd p t a t  to many nares of 
gmund, The holding sf the compmy, undar the a i m  m o t i o n  
.of I3 C, EIWd m n  kzum. one of the b& born., & klabkan 

m a  EL T., mS an m a a m  te the Copper, Tansn*, and WyukttL rlwm, La 
t# M W u f ' M  td tbb M r  ibbn, W- igd?. 

m E f w  C, W, An cPpsdttlw thmngb the #Wm BktHbC: M d t  d W ,  *., m* 4 
pp. Ill-1% 1882. 
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a a k + r [ ) $ m  &. .Ell* .wm. kig& by & ~ ~ B l i d q  while w- 
amipiq s ~ m s  of copwr me on a &mp near &ha h s d  
af Elliott C& in-1911(?). - * A 

Thv Gnat Nm$hern Dtwelopm~t Co. bgm weds m. K&ha 
~ i v w  in IWkwith E. F. Grqy aa manager. .&him4907 dbh m- 
peny.htm.employed a larger force of m n  atad be dwe OW 
optwt :wok t-2ran any other company in the dist~ict. ' Mmt of its 
opratioas have bwn on Kotsina River and Clear Cmk, tributary - 

~ J I u $ w ~ t z . ~ v w s - b u t  ddition~l work w w  d m  an Rrm Cmek 
awl gwr &p-, in the Niaina d i h c t .  A simwgLi&.in the 
whhr ~f .lBl%G dmtmyd pmt of tbe plan$ on Clwr C m k  and 
kilbd:geverJ raw. During w a n t  years the company lw ponflned 
+its o @ F & ~ @ w . ~  m ~ t  wWk On cIW f ~ r  which pat#~k$ b ~ 7 0  
not h ~eaived. . . 
. T h  W a  C o m x W ~ t d  Coppar Co. and in pmxbaaaeo~s on Wug- 
get h k  a i m  19M hrv~  expendnd large srurna of w m y  In ezplor~ 
iag the,,VaUez and neighbring c k h ,  so tW #the extent of the 
a a  k& -stem-@ b y  bees fuUy &tmmined and unfortunately lb 1 
se .dIw~=giwh,A& mwrs tW t h y  haw stqped work. 

.No data are st hsnd from which cwld b cablo;ted the pf . 

'-A . & i ~ n  .d prqmcting in fia &$q%t. .rt h-drrdes not , 

. wphl. T)wMlew hb totsd 4 mversl millha W o r n  , #  

. = Tb aopw dq&ta of t b  K&&tK& Wt: twmr .on 
dbkd~se, k b k ,  a d  XiaveBna .risers and th& t r i k h i e a  at 

, u number a# diffmst Iwditim. !Dm lodm ham no;.debita p 
-hie tmw& and it is therefore i n f e d  hbak the -dapssithn ofiLbhe 
ore knhemls ia lvof relatad to my major structural featumw, : 
- Gr#wdW$ie, latitie, gabbroic, aad badtic  roclrs am pm1w1 !in . - . . . 

**be Idi&~&*+'w dmeribled or1 paps 5673, and dthough the om 
' & p i t s  wi" ~tbnJ iy  related ta tesome'of  these mcka, y& at only 
w h w  b l i t + f m  inhme,naar k h s  csrabcts with intnrsi~e rock- 
i% $Itis datioimbip direct and abwkns. 

la rganwal, bba. Isdes Iia along shear m m  of mall s&m4..rrhi*h, 
wmc&bg *hh oneamother by an intricate q s b m  of f&yrw, 
have R$Q& &wiGabla channels h r  the circulaEion of ow-baaring 
msoEutioas md far the deposition of the aoppw mine& 
. 131 tha gedogic mlumn t h m  i~ a deaidod localization of th de+ 

'. -pi&+ COppr p P B E d ; B I  hgm JD far been found m l y  in the upper 
part of the Btrelna formetion, in the Nikolai p n d o n e ,  and in the 
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h&:,p.* A$ &-#w&,i- .,It-.&. n& ta bs erpatad 
%hat *par d m  wtmld% fomd In'hrmsic a&ptkngef*ochs, 
for the minerdimtion is believed to antaddb' th@dep&tia '& such 
&>! But &@ lwhlizaticm of the depdtk ih m n d  near4he'-M&olai * 
greeudon8- is: in W b l i M  faat and admi t i  of rtto& one i W c  
p l a t i W r  ef th Wesis ~f %he o~es, . .. I+ , A 

I I . . ; I *  . - , A .  r l  r r  1 ; - , . .  
- 1 ,  I i ' f ,  .,. D m ? ? .  ,. :)all.< . ,: ; . --r d 

R :Tb o dqmts, with iegav4 t b L k h i  *& a d  genesi%, bay 
be c&&d into two geneml t - e t h e  8tr-I' Ides and the 
&It& deposits: The stringei lodes, are the mom eornrnon. ': , 

The &ringer ltrdes lie.in - e h w  zon&, in Ieqe mhmm alone; %ik 
flanwdnd irregrllar fraehrte, and in plae&elrtend into the cmntrg. 
rock. Most af them have been de~eodoped in the Nihlni  gm?mtune, 
thug3 the m& of the Streha formation- ha* a h  been affected 
by the copper e n r l i ~ s t i o n .  One remn for this geologic locali- 
zation of fhcw:dapsits is the phy&al character af the lava flowa 
f i ~ t  &i&itute the Nikolai.'grtmstme andl form .a esndderable part 
of the stratigraphk ~eqaen~e in the Stdfiia f0rppft&im. - Thege beds 

. of amggdaloidd h a  have n hi'gh d e w 6  of rigidity, as compared 
+ kith mmt snd- rocks, and the fly'nmhic m&&rphkr-d! . 
+he region baa in tlim a midmum b f  hhdhk Am- 

- i m m  of in~al:BhatGrfng..  If m y  part m dt of tbn coppmm 
the lodes hae beaa leached £mm tbesg ,&c lay4 flvwg, this fact 
~honld coastita'hA2'h ad&Cibnal reawn foc the TwIhation of the 
copper d e p i t a  in the greenstomi 

Faults and c m a  faults, of indehrminate throw, cut the .country 
rock d numerous places, and the resultant h r e s  and fraduree. 
m&mg 7Pith a m  anotber m rn intticste sjrsberm;bWe hmgd 
the- chamla. a- qbich the om-- mhtima hdvs*&bEaa 
and d q m s i t d : & b  urcs. I Tha - ore-bearhg *%adim"-id thsa .&ringer 
Ida b w  ftwin ti%y vdnlets of copper minerals up to large i q -  
ulur Wiea of om; as at tlw Bonanaa mine; in the Nizina dietrick 
Thsrs ,ha6 bm, hauakver, a certain ,amannt of replmmmnt, mhd W ,  
b n c e  *he ere Was at certain lacalitiw h~e.be;8n 8nlsrgeB at the - 
sxpenw of tbe.aarounding matry rodk. Thin mditbn is par- 
ticmlarly prevalenk at the intemtion'of t w o - f i m m  or whem -om e 
depition has tagen place in the Chitidone iimestose. 'Th cMef 
&arachri&ic of 0- &ringer lodes is their irregnlariw 4 lack 
of pemistence ab most localities Only where hre dqa&iin : has 
taken plaw alon@r-mI1-marked mnes of aEi&urbance, OF 4 h m  a cbn- 
aidarable a r n m t r d  mehummatic replacement iI1' Iime&ane has oc- 
curred, nmlthe.d+hger lodes om bodies of commmial importance. 

The contact & v i B  c a d  of b m h a t e d  copper minerals and 
m e  &dies of o m  which lie &t or near t h ~  contact with i n t ~ i v e  
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mk- . I n & h - K & m L K u u ~ ~  fha:mts& r n i n e d i n h  
Ito bave tdtm .place mainly dong per ipheh of - bodiea Q£ 

gmlodiorita. a : r  :,. - - 7  

 om^^ . . ..:. .v .. ' . ". , *' ...,, : - . I  ; f- 

' '.he mppe+ imiP8rals that have been f iund. in ,@se d i e i t s  -$: 
&da bofni6 &aleapprite, chqmcite, rnslakhite, &&ite, nm&e 

r mppk, silver-bearing tetrahedritq (possibly in jp&., freibergita), . 
cnplriG* cov&ite, and chalcanthite, namd rpughlj! ,in $heir relati- 
order bf abundanca The principal ore minwals am&rnite, chaIm~ 
pypite, and ckalcocita, ,of which bomita and chabopyrh me M i e v q  
to k.hypogene and chaleocite both hmo&& and suprgepa, pt dif- 
ferent localities. The term h p g a m  and supergene A hem u& Itq 
indicate respectively the .minerals deposited from hot amearling 
solutions ~ n d  those formed from cold d~cending terrestrial watera, 
The term hypogene, as. d, does not necasarily imply that the 
mlventa were of m a p t i c  origin The terms primary and mco11dsry 
sa,wsd dri4l.y in .their ~ r a l o g i c  sense, ia mean only earlier and 
later mined formation. The tetr~hedrite, which m i e s  m e  
bismuth aa w& as silver, is also considered to be hypogene. -its, 
in aimciatian with copper minerals, is found chiefly in the contact 
d e w  thrmgh a h  to a malIur exkent in the. strinpr 1- 
I b k h h ,  -;native copper, cnplih, covellite, nnd ohdanthik 
are s n p e r p ~  amrywhem.~ Chsloocite is :in some plams s primary 
and in others a secondary mineral. 

~ 8 d  typas, which are distinct minerdogically md dm witla regard 
to $Hgir copper cantent. This division intQ.70m A y p  WEIS oonmivd 

-* ~ r w D y . i n  .the field, as a a& of thpl o k v e d  a- of chdmeih 
lc; in. I .af ,Qa .d~posits of lmmib and chalcopyrits. , S&qaea&l7 

P ' a i n ' ~ ~ ~ e ~ t ~ n s  tO this rule wera explained by microscopic ex- 
aminstion of the ares Thus it was discovered that the cbnlcwita 

-% m i W ,  with bdte and chalcopyrite rat the Valdez claim, on 
Nu* C d ,  ie in reality secondary-that is, a supergme mineral; 
and this - m o e  therefore d m  not aff& the.validity of the fol- 
lowing &&icatio- which is intended to apply.milg ta the mineral 
deposits fonned by mending thermal mlntiona . .I 
, -This,aatnraI cleavage of the stringer I d a  into mra or less d h  

tiaetb types m y  be emptible of more tban ons i n t a m t i o n .  The 
miterYhowever, is inclined to interpret this fact as evidence that the 



Wpai ~ ( t p ~ ~ i t i ~ ~ , ~ s i ~ ~ ,  i~ *.m&&et I- - - 

- . .* ahother bdk:h time m d  in the iichwgs in aapper oT tha ore; 
bewing solution8. . . . 

. -Theexact -usnee of €bees-mvwd Qqw h.a not been worked out a in detail, but thew is a certain basis far the beliaf that the mine*- 
tlm thst formed a e  stringer Idea  hgm with the depasition of high- 

. wde copper minerals and ended with a low-grade typs of cupper 
6emIization. 'C$alc&ite, bmite, and chdccipp-ite do not Corn; 1 

monly,oco~r bg&er in this dIstr;a as b p v e  miser&, .nd th$ 
' ht once S U ~ ~ -  t h a t  a certain differentiation of the am-bearing d u -  
Ziws took p l a e u - d t i n g  in min&hation in meral 8- The 
mm&tlce of e h d d t e  with boriite does not furnigh my @tipe 

.' f'br d&mXng the mlatire wnknt in conper of the esrljer 
, r a  I&er OM mlutions, for these two.as hypogemie minerals have Ma 

Par h e n  found &her in =parate deposits w intergrown in such: i 
rnsnmr as to slrggest s t m a y  their nearly simultaneous depcrsi- 
tion. Where &mite and chalcop-jvi&e mar  tagmther the chdd-  
p p i b  ,appam.tro $e later thrsn the bmita; thaugh both am WIad 

. C lrepmmnt d-tion from h-ne solutione. The *a#, how- 
, ew~,.'that chI&te and bomnita 5- *to be related 'to a -in 

extent. and that, chalcopyrite is dways. hter than borrri~ mtsinl  y 
m&gd that ere depmi tk .  in &e skbqpr lodm withf)4hbha 
forxnabion of the .higher-@ -.!.and turmin&d~..PPii-h i the 

- f e n  of'. bh.e ]ewer-pde depwiw; and &is mgg~stim h a  baen 
adopted as a workhg hypothasis. 

The following-types of stringer. lodes are d i n g l y  -, 
namd in their probable ardelr bf &pition: (1) hpntiferom 
MrahedFite om, (2) chdmih or* (8)  bornite and h ~ t e - c h a G  
&te ores, (4) brnite*halmpyrite ores, (5) pyrit+hlcopfite 

. . . -  - .;$I!. . ) .  5 . ' .  . . :  m. r. 
"wiiWdt &%mad it is nstqpdbls t6 pmvd &ki9 

&kt!?Aa! ailva~bbpper arsa whm em&+ thaamtha.other copper. da- 
p d t s ~ ~ ~  The ad?, ptmrgenetk infomf8tion beraring nn this pb4.M i i  

. . . . .. . ; -,.- -;W &. eilmr&ming tetmMrita a%- am locality is ck1.p '&~1iar 
-' . - "' -*&dmpyri# ; bub these facts, *ad no ihfarinatId -+fa-mg A- '$. L . . . 

,' tlce mlations ekihtlng h t w m  tetrahedrits and e i t h e ~ % & d b  :dr 
a h a k i u .  Tha msipnent of the. silver-copper o ~ s  Co m earn  

Ir &.p.h the w r a l i t a t i o n  ,is themfore onIy &n infenmce and not 
eumqtibla otddnite  proof. . q 

With a view-& detarrnikfq-the * ~ ~ N & L T  iif the *per 
mlphides and t& minerds a w i h h d  with &he*, a. narak of me- 
tions of the copper orm wera pliehed and mamined nder  d d  
l&t by R. M,.Omrbet% and the arihr. 'She rml0s  of this work, 
sccbmplished d a r  difficnlties with w g d  to -equip& -~n& t h ,  
sm by no mems considemd es a, fins1 a d p i s  of the mnditiona of 
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om deposition in the dirrtrict but am o f f ~ t d  ~ h l  mntCibufoy data 
to the dudy of the copper mineralisation 

U81llPlmllOm =-ME Om .  - Tatrahedrih ore m u m  only at  one 1mlity in the diat&t-& the 
Biiver 8tar p p  of claims on Rotsina River. The geology of this 
deposit is described on p q e  110. 

The Bulphide minerals present are tetrahgdFite, chalcopyrite, ' @ens, and a d l  amount of b ismuth-Wig m i n e  possibly 
bismuthinik The htrahedrite ore fmm this deposit is silver-bar- 
ing, fmm 0.011 to 2.4 per cent of silver having been recovered from 
ore containing quartz m d  other gangue materid* Frommthese figures 
it msy be asmmed that the ktrahedrite free of gangue is consider- 
ably higher in silver content; and rn Mmhedrite carrying from 8 
to 30 per mt of silver is commonly known as friberrgite, it is rather 
lilrelp that eome of this tetrahedrite &odd properly be thus desig- 
nated. Azurite end malachite are present as m n d a r y  products. 
The gangue minerah are quarte and barite. 
The tetrahedrib in the spimen examined by m f l d  fight iill 

preaeat aa two coalming stringers, which cut through a gangue of 
quartz and barite. Chalcopyrite o ~ u w  in a single mall stringm, 
cutting across the tetrahesdrite. Other small, almod micrrwcopic 
veinleta of a highly mflecting mineral believed to be bimathinite a h  
inta,mct the tetrahedrilte. Barite crystals ptojsct into the veinlet 
aud am mmunded by later qudrtz and t h h e d r i h ,  and the tetra- 
hedrita mplaces part of the quartz, The sequence of depmition ap- 
p r s  to have been barite, quarks, and tetrahodrite, succeeded both 
by chalcopyrite and by the bismuth mineral. The azurite snd mala- 
chite are of course supergene minerals, but all the other matorials, 
inelmding probably the chaTcupyrite, are hypwne. 

Gopper dewta  mpreeenhtive of the pars ahalcwite type of om 
dm lacking in the Kotsina-Kualrulana dietriot but are developed 

* farther east, at, the Bonanza mine of the Kemecutt &qmration. 
M& ""L ia&wd to believe tbet the chalmite at the Bonanza mine 
is a prim~ry mineral, using that term strictly in the mineralogia 
WXEB. That is, &a Bonanza chalmib is believed to  bsva ~FV?JI de- 
p i t &  es wch in the C'itistona hestone and is &ere fore not con- 
s idmd to be an eltaration pmduct of some earlier wpper mineral. 
Tha &den= h Iwking, however, for det e d d g  whether hypogene 
or supergene soIutiom were the effective agents in the &@tion of 
the ore. Yet in view of the observed differenoes in bypgene and 

W M o Q I t ,  F. El., m d  YIaddnm, A. Q,, Mineral moam oi the Kotdun-Chltina re&& 
m: D. %. -1. Samey EuHL 874, p. 55, 1BW. 

I--7 
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mpe-e chsldte in the ~ & - K u 8 ~ r  district the writer js 
inclined to cita the Bon- cha1rnite.a~ m emample of hypogene 
mineralization, mimg that h m  in the mwe pwviously d h e d .  As 
n d t  of more r e ~ n t  work, Bateman" is inclined to lagard most 
of thia chd&ta as hypogene but in part aacondary, mplscing 
bornite. 

The nea& approach to the pure c ~ a l m i t e  type of ore in the 
Kotsinn-Kuskuram district is at the SIrgscraper group of claims, on 
Raring C M ,  the mineral occumacea on which are dsscribed on 
page 106. A hand specimen of this ore shows a mixtnre of crushed 
greenstone, largely' epidote, with chalcmite and srpecular hematite, 
which mt the gteenstone. Hematite is the m& abundait m i n e d ,  
though chalrocite is nearly as plentiful. A small amount of mveUite 
is aswcisted with the chalcocite. The ore rninemls occupy soma of 
the k t u r e s  in the crushed rock, though others are empty mid in- 
tersect both the ore minerals and the .greenatone. 'A  polished section 
shows that chalaocite occura with hematite in string~rs in the green- 
done or in relakively large areas h e  from the penstone. It is.of 
various shades of blue-gray, Etchurg shows that the cha1oocit.e is 
premnt in o r y s h h  about 1 millimeter in size, in which grsins of 
specularite am included. The covellite occurs in a few small patches 
in the greenstone and in several smaU stringers cutting the g k n -  
dona. XE is probably dderid from the ohalcmita It is believed that 
the chdcocite and the specularite were deposited simultaneousIy fmm 
tha same ore-baripg solutionn snd that both are hypogene minerals. 
Of particular interest is the formation of chskmite and hematik as 

. independent minerals, instead of a copper-iron wlphide, such as 
bornite or chalcopfite. A possible explanation of this anomalous 
conditim i~ that the oreharing solutions carried insafficient sulphur 
for the formgtian of Gomite, which has a theoretical content of about 
28 per cent of sulphur, compared with about 20 per cent in chalocite. 
The firmation of ,bornite nuder the condition of a law sulphur con- 
tent would neoe~leitate the deposition of native copper, and although 
the m b i l i t y  of the formation of primary native copper isr by no 
m-ns ignored, yet it may be th& such action would not take place 
whiJe conditions permitted the formatian of a low-mlpHur copper 
mlphide. The p m n c e  of specularite is considered g d  evidence 
that intense hydrothermal wnditions exist& aE.tb time of the c 

formation of this doposit. This inference is of partimbr v&llne as 
indicating the formation of chaldte ,  in this indance at 1- from 
highly heated and presumably ascending watem, 

Chalmite mmpanied by native copper has k n  observed at 
~ v e d  locsliti% notably at  the Snowshoe claim, on Roaring h k ,  

m ~ ,  k Ik. a d  M d ~ w g l a ,  b. R., Qmw ai the ma d m &  of Em-= 
M a  : -XI. Qdw, rol. 15, pp. 68-81, January, llsa. 
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and a h  as float on the Skyscraper claim. It ia by no means h p m b  
able that much of this chtllmite lisd the nnme origin asthe chalcocite- 
specularite ofe from the Skymroper claim, though evidence adequah 

'I. 
to prow this Hfemnce i a  lacking, The native coppr has been con- 
sidered to be a secondary mineral, derived from the s&atd chal- 
mite ,  but a: ce*in amount of dor~bt is cast upon this interpretation 
in view of the conditions existing on the Skgscralpar ckim. I f ,  as 
above inferred, the ore-bearing solutions had an abnormally law mn- 
tent of sulphur, R tendency might exist for the formstion of ~opper 
sulph;aes low in copper and ~ i b l y  a h  of native copper. Hence 
if the chalcocite in the o m  carrying chalcocite and native copper is 
regarded as R primarg hypogene mineral, it may be poaible that 
Borne of the associated nnt iv~  copper had a. similar origin. 

Bornite ia the most eonvnon copper mineral in the district. The 
o m  of brnite grade on the one hand into bomite-cbalmite ores and 
an the othar hand into bornite-chnlcopwwite oms None of the lodes 
here included cqn~ist exelusively of hrnite, but where tha chdkk 
is known to be secondary in character the om may consistantly Im 
considad as, bornite ore, in conformity with the dassihtion of . 
the ,ores by Wehypogene minerals. 

Twenty or more localities are known where the copper minerals 
of the o m  wmist essentially of bornite nnd chalmite. By the 
mxaminntion of sleverl~l type specimens of wch ores i t  has been de- 
termined that a large part, of the chalmih is secondary and prob- 
ably supergene. Yet metallographic examination of one specimen, 
in conjunction 'with the data relating to itR3 field ommnce, leaves 
little room to doubt that the cha1meit.e and bornita am intergrown 
aa primarg am minerals. In view of this fact it is pmM1o that 
the chalmite in some of the other chalcocite-bornite o w  may dm 
be iprimav. This group of ores, then, on account of the intlmata 
emmiation of bornite with chalcocite, is mada to include both the 
bornih and the bornite-chalccile ores. 

Pyrite is p-nt in small amount in some of the bokite-ehalmcite 
deposit$ as on the ~ e 6 q e  M. and Joe Dmdy c l l t d ,  on Surprim 
Creek, but specimens in which the pyrite was in contact with the 

'I bornite or &alcopprite mere not obtained. Tt is rather probable 
that the pyrite was not deposited contemporaneously with the copper 
minerah 4 

A specimen. of bornite-chalcmite om, t&en from the Mined  
King claim, near ths head of Elliott Creek, was studied in re- 
0wbd light to deternine the relation &sting betwem b o d  a$d 
'~dcmite. ;The hand specimen was porous and showed masidmbla 
oxidation, being covered with malachi& Qulrrh and nulphides were 
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appamnt on s freshly broken surface. On &e polishad surfad 
bornib, chdawita, md q t ~ ~ r t z  sre present, rather thofoughly mixed 
md in about equal amounts. Chalmitt occurs n~ stringmm and aa 
patebee in the boraite and is of vvaiow shdw of blnish gray. The * 
large patches of c h a 3 d t e  are rather deep bltm and sham distind 
cleavage or pa* lines, -which may be inherited f rorn bornite. 
Chdcocita mlao-&rs  as small patches in tha bomite,  whose relation 
fo the bornite is nut clear, and as stringers that very definitely cut ! 

brnite. Moat 02 the chalcocite, then, seems to be  later than the 
h m i h  'She -tic relations of the quartz and the bornite are not 
at once evident fmm their textural relations. Them is r bare sup 
@ion that the qnsrtz may be later than the lmrnite, h t  thiu can 
not be proved or dispmved without further stady mdar higher 
pawem of rnagdhtion than were available. From tba texture of 
the ore tb nature of the solutions which deposited the bomite may 
not be statad with d a i n t y ,  but the bornih seams at least to be a 
primalt.g mineral. It ie probable that the mndarg chrtlcocita wafl 
de@Ead from d d  descending solutions, 

A polished e l m o n  of ore taken from the VsWm ahowa 
bornite, cl~alcocite, and a little calcite. The brnite makes up a large 
part of the ore. Most of the chaIwcite ocxnrs aa strinprs that cut 
the bornih. The calcite ia p m n t  in a broad h q d  cutting the bs- 
n i b  but is iktrlf: partly replad by chalmcite. It is of inter& to 
nota that in many places where such chdcocite stringers intern 
one another a granular htergmwth of chalcocite and brnite is 
develop4 which muld not be distinguished by itself from a pfi- 
mary interpwth of two minerals. Such textures, theraf ore, with- 
out reference to other available data can not lm m e d  as ulti- 
mste genetic criteria. In this instance the cmmmme of c h a l d t s  in 
strhpss and the general msgegcopi~ appmrmca of .th6vm~ ri;e coa- 
sidered su5eimtly defini* evidence &at the chalcocite is secondary 
with respect to the bornite. The bornih is Mieved to have k n  
deposited from s hypogene mlution, although the pobhed section 
affords no evidence either for or against this idea. - w 

Tha bornite-chdcocite ore at the Finch p u p  of el* is rather 
remarErable in chamfer, es well as in regard to its field occumnca. 
T h e  om body, described on page 133, consists of a disklike mass 
about 13 feet acoas and sbout 3 feet thick, dunding nearly on edge. 

d 

The ore congbta of cha'lcocih, bornita, and quartz in varying mounts 
in different specimens. The texture .resulting from the mixture of 
thm three minernls maembles that of a, granular igneous rock and 
suggwh at onca a primary intergrowth of the minerals inwlved. A 
polished snrfam, of one specimen of the ore shows chdmits, hmih, 
and quartz .in approximately equal mounts. Qnartz is present in 
rounded g a i ~  e;but one twenty-fifth of an inch in diameter snd 
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probably t r ~ s  the first of the three hinerals to crystauize oat. Chal- 
&te appeers.tg .bs the n d  in order of de@tion, and bomite Isst. 
The chalmib. is present in rather large cry&& and is of ~ar ioue 
shades of blue-gray. The texture and association of the chalcocitq * IwmitB, a d  qnartz in this specimen suggest that they were deposited 

' 

at.much the same tima from the same mineralizing solution. 

. 'L 
BO-TE-OX&ZaOSWrPE O ~ E .  

&mite and cha1copyl.j te occur together to f o m  the bomite-chalco; 
pyxite.lodes of the district. This group of lodes is rendered distinct 

. . by the almost universal absence from them of h~rpogene chaImite, 
The relation between the bornite and chalcopyrite is dierent 

from that between the bornite and chaIcwita. Chalcopyrite where 
studied in agsociation with bornite is observed t o  be sgcondary- 
that is, R replrccement of bornite. For three reasons, however, it L 
believed that this replacement represents the action of hypogene 
mlutiom. In the first place, the character and form of the chd- 
copyrite are quite different fmm those of the chalcocilte which has 
developed from supergene enrichment. The chalcopyrite ia p m n t  
in gash veinleta and also along the contact between bornite and 
gangue. At cerhin places these gnsh reinlets appear as discon- 
tinuous gashes oriented in R line ncrass the bomjte. Replacement 
deposits of thin sort differ materially from the stringers of super- 
gene chalcocite in bornite. Tn the m n d  place, i t  ~hould be remem- 
bered that this replacement represents an irnpoverjshrnent and not 
'an enrichment of the bornite ore, and this is not the sort of ution 
usuallp accredited to cold d ~ c e n d i n g  solutions. Last of all, the 
absence of s ~ ~ c h  replacement of hrnite by chalcopyrite in the bornite- 
chalcocite ores shows that this part4cuIar rephwement was not 
s universal proem which bornite underwent, as would be expected 
if the bornite vere mpl~ced by a copper mined deposited from 

. supergene solutions. . - 
It is inferred, therefore, that the bornite is the primary mineral 

G d  the chalcopyrite secondary, but that both are hypogene. This * conception raises the question whether the bornite and chalcopyrite 
of the* deposits were closely relatect in their deposition, perfinpa ss 
two phases of thq same stage of mineralization. or whether they were . 

% unrelated, the chalmpyrite replscing the bornite; in some Eater s t a p  
of the minerdbation. It is of course possible for miners13 from 
ore-baring solutions to replace other minerals formed at an earlier 
stage, but the deavage of the ores into rtrther clistinct types shows 
a decided tendency of the copper minerals from different o h  solu- 
tions tcj be deiposihd independently of earlier capper deposits. With 
this fact in mind, the writer is inclined to the belief that the boraite 
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and the chalcopyrite of t h e - b m i t e - e h d  deposib were closely 
related hi their formation, the chalcopyrite probably replacing the 
bornite shortly after its depition and before the containing soh- 
tiom had ceased to be active at the site of the deposit. : - 

t Pyrite, in p b e r  or less amount, is present in asmiatii%-dth the 
bomite-chalcopyrite ore at about one-third of the 20 IwZities w h e ~  
such ore was rscognized, In the two specimens studied in reflected 
light pyrite wae not observed in contact with either the bornite or 
the chdeopyrite, go- that the paragenesis of these three minerals in 
this particular group is in doubt. It is probable that the pyrite, as 
in the contact depmfts, was the earliest mineral to c r y s t a b  Pyrite 
is entirely lacking in the chalwcite ores, is p m n t .  ?rely in the 
bomite-chalcocite ores, is present in a b d t  one-third of the bornite- 
chalcopyrite ores, and is tmiversdly present with chalcopJrrike to 
form the so-called pyrite-chalcopyrite deposits, both in the stringer 
lodes and in the contact-metamorphic deposits. This incming 
amount of pyrite in the lower-grade stringer lodes, the constant m o -  
ciation of pyrite with chalcopyrite in the contact-metamorphk de- 
posits, and the m&;riction of goEd to the lamer copper o m  constitute 
evidence that tends to relate the stringer l d s  with the contact- 
metamorphic d e p i t s  and to connect both genetically with the jntru- 
sion of pnodioritic  rock^. 

In polished sections of bornite-chalcopyrik ore from the United 
Verda and G & B claims the ore occurs as a stringer of bomite and 
chdcopyrite in the Nikolai greemtone. The gangue is largely quartz, 
though egidota, calcite, and jnsper are present BB altaration and re- 
placement products in the adjoining greenstone. The polished sur- 
face shows chalcopyrite, bornih, chalcocite, and gangue. Chalmdte 
occurs only in two small irregular patches in the bornite. Stringem 
of bomite m u r  in chdcopyrita, and stringers of chdoopyr?tR iri . 
bornite. A study of the surface shows numerous undoubted examples 
of chalcopyrite mplacing bornite, but no undoubted examples of the 
nepIacement of chalcopyrite b i  brnite. The stringers of bornite are 
thus probably residual stringers due to the incompleta replacement. 
The 5mdl areas of chalcoci te are of doubtful: significance. They bear 
no mmhlance, however, to chalcocite occurring as a secondary super- 
gene mineral resulting from the alteration of bornite, and it is M- 

P 
s-d that they were primarily chalmite, deposited in small amount 
with the bomite. 

&mite is rep]& by chdmpgrite in a series of mil gash a- 
I&, m& of which are related to erevices in the ore and are appar- 
ently oriented with mpect tcl crystalIographic directions in the 
bornite at the contact between bornite and gangae, md chalcopyrite 



may *eplaca qua* Q Borne extent: BorPite and qu&z wem prob- 
~ b l p  d e p i t s d  at nearly the same time. 
On, the Valdez dnim the bornite-chalcopyrite om o m s  with a 

of q u m  in a sheared grwnstone. Bomite, chalcopfih, 
?, ehalcocite, quartz, and p n s t o n e  make up the polished surface, 

brnite is tbe most abundant copper mined ,  but chdcopyrite is 
nearly ss abundant. In most of the. &ions bomite md chalcopyrite 
#how mutual hundaries and conaeqnmtly would flwm fa be mntem- 
pomumu&. The presence of numerous small veinlets of chalcopyrite, 
however, throws doubt on their conhaporaneity, for they indicate 
that at lewt some chalcopyrite is Eater than brnih BorniB ap- 
pesm t~ be younger than the quartz in this rwk. Tbia intimate s m -  
eiatiw of bornite and chalcopyrite is interpreted as further evidence 
of the clom 'genetic relation existing 'between t h w  two minerals and 
further jW88 their gronping as a distinct type of ore. 

Oren m&ing of pyrite with a greater or less amount of chalco- 
pfita have h n  o b m d  at  ten or more localities in the district. 
Thexe m l o w - p d e  copper deposits, and on mount of their occur- 
rence as stringer lodes they do not form large bodieg of om like the 
mnhct deposits As coppar ores such deposits are of doubtful eco- 
nomic significance, but some of thasle lodes carry also gold and silver 
and have been pmpected for thebe metale rs well as for their copper 
Cmtent" 

Genetically, such deposits differ from the contact deposik in the 
dxm~ca of the high-temperaturn minemts, such as garnet, magne 
tite, hornblende, and pyroxene, ns well as in their mode of murrenca. 
It is not pmible, therefore, to connect them o m  directly with the 
inf;mim W e e  of granodiorite that were the murce of the contact 
deposit% though it smms highly probable that t h ~  two types of 
deposits are related genetially. 
The pyrite-chalcopyrite stringer lodes have not been studied in 

t pol i&ed section, azld therefore a certain amount of doubt exists with 
m p d  to the paragenesis of the two component sulphidw. It is 
mmt likely, however, that the chalcopyrite is later than the pyrite, 

.+ sa in the contad Ides, but the choice remains of cansidering the 
pylrite as rsp~68811ting a distinctly earlier &age ~f the mineralization 
arkf hiatarpmting the pyrite and chalcopyrite a~ c l d y  related 
minemIs in the same period of minedization. The latter hypothesirs 
is favored as the more probable, and the grouping of the pyrite- 
chalcopyrite ores into a distinct type of deposib is considered to have 
a genetic significance. 
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The contact & p i t s   re tlze pwdwkof a type of mpper minminersli- 
zation distinct genet idy from that which formed t h e  st~inger lodm 
of thkdistrict. The contact d e p k b  Mxur a6 or near the M e *  r 

of m- vf intrusive mck, mainly phodior i te ,  a d  con& of 
d-ated sulpibidee with some bodies of mlid ore, which mplam 
the country rwk. -The gulphide minerals tlre acluaively .pyrite and * 
chdcopyrib, and-the resultant om is consid& to be a.low-grad& 
copper deposit. .Contact-rn&amorphic minerals, such BE garnet, 
magnetite, p-, and hornblende, are p-4 but d y  locally 
in any large smotlnt. Thus at the copper propem of the Great 
Northern Dsvelopment Co. on Clear Cmek all four of these minerah 
have hen  found, but they are not to be seen except by u rather 
thorough examination of the ore. For this mason this puup of de- 
posits may bs said to range from contact-metamorphic d e p i b  
proper, in which a considemble mnfmnt; of igneous metamorphism of 
the country rack has occurred, to disseminated contact lodes,,in which 
high-temperature gontact minerals nre only springly developed. 

The c o n t a d - h o r p h i c  deposits were fomed under mnditiosxs 
of higher temperstwe and pressure than, the stringer lodes. I f  the 
original source of copper in the 9trhg~~ lodes waa the Nikolai W n -  
&me it is pnobable that tlhe stringer lodw were formed by the &ion 
of cimulating w d  waters, which were heated and given a higher 
golvent power by grsndioritic intmives. Hence it  is probable that 
the atringer lodes and cantact-metamorphic deposits were fomed 
mom w leas myncbmnously but at different lmalities. I t  is possible 
&at in the later &gw d'intmaivo activity both vadm and mag- 
matic waters had tt part in the formation of &ringer a o d q  p a r  
ticlady in the fopmation of the py-rihhdoqyrita om. 

The c o n w  &posits b ~ v e  been remgxtizsd chie0y at two localities 
in the Kotsha-Kuskulana, district, at both of which they directly 
adjoin.Mes of grttnodiorite. One contact d w t  occurs st the head 
of Glear Creels along the w&.sida of e large M y  of -ioFih m 
that foms tha bedrock in m a t  of the upper valley of Powuphe 
C&, The &BT zone of contact metsmorphh lies on the south- 
eapt side of EaMans River, enending fmm M d o u g a l l  Crock 

s to a point some -distance mnthw~~t of Berg b k .  A, %mall M y  
of ~anadiorite that e-d~ up the 8pur jnst n o r t b ~  &:Berg 
mL: to an sltihde of 3,400 feet is tfie only intrusive.mk visible 
in thia vicinity,.but the intemity of the contact metamofphisna in&- 
mtes that s large M y  of intrusive rock underlies thq d m e n t a r y  
formations at no great depth. 
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The mode of murreneb of the mnW deposih in the upper valley 
of Clear Upcek in tiatmibed on page 71. A specimen of the are 
from t h i ~  dap&t,;Lskea from tunnel No. 3, shows a gmnular a g p  

X 
. eta of py'?ib, chalcopyrite, calcite, and flaky magnetite. The mag- 

netik i of 8p&i41 intarest on account of its micaceous appeermce. 
Except for its brittle ehrrachr and magnetic p r o m ,  thin flaky 
magnetite might easily be mistaken in the field for tablets of biotite, 

L The pyrite is present as well-defined crygtale but is ve-q crumbly: 
Chalcopyrite occurs only in very small amount. A polished section 
of ths o w  showa that the pyrite is greatly crushed and broken and 
tbt  chaloopyrita oacurs between and partly surrounding the pyrita 
&yRtala Chrlwpyrita, together with ailcite and magnetite, also 
cats through the pyrite. The magnetite and chaIcopyrite appetw 
ta be of &out the =me age, md both are definihly later than the 
pyrite. The mapetite in this specimen, in addition to  other high- 
temperature minerals found in the om, such ag garnet, hornblende, 
and pyroxene, taken in connection with the proximity of the greno- 
diorite un the ridge between Clear and Porcupine creelnr, lmva little 
reason to doubt the contact origin of this deposit. 
Tho depo~itdJ .near MmDougall and Berg cmks a m  even more 

defhite1y of contscbmetmorphic origin. Mapetite in badiss of 
omwidarable aim occurs along this zone, and the country rock at 
clertain localities is extensively silicified and gametized. Thus at 
the Copper Quean claim the limestone country rock is altered to a 
chert, which is warcely to be distinguished from the silicified lime- 
stone in the Strelna formation; and inside the tunnel, near the face, 
e body of rock mmpoaed essentially of m e t  was in-. The 
pmspwts along this zone tire descrilmd in d e t d  on pgas 13'1-141. 
Ore;fmm-the Copper Quaen claim was examined in some detail. 
One hand spechen conside a t  quartz and daky magnetite, cut by a 

, stringer of pyrite and chalcopyrite. In the polished section the 
mbesal relations indicate that chalmpyrite w m  deposited lahr than 
pyrite, but the relation between pyrite and magnetite is not dear. 

Q The oharachr of the ow and the geologic and mineral associations 
iletemine the contact-metamorphic origin of the material. 

C 
.It is evidsnt~f-rom the foregoing dewriptiow that the cantact oop- 

per dapoaita originated es a result of igneous metamorphism dong 
the edga of Mi- of grandiorita- A goad deal of uncedsinty re- 
mains, however, regarding the origin of tha stringer lodes. Several 
modes of origin seem possible, and two of these have degrees of pmb- 
ability so high that it is impracticable at present to offer evidence 



that will &abW &h one Eraa&lmm of theee I&. Mom- 
over, the passib*@ ex& that bokh mphtiom m y  contlrin some 
measum of truth, and the source of the copper m y  tharefom be, to 
some d-, 8 composite cine, 

The genetic hypotheses held to be pamible are m fa-: ' - - 
t 

1. The copper, was derived from the Nikolai @mwbne b y - - h h -  
ing, which was accomplished by meteoric waters of the deeper cireu- 
lation, which *em heated and perhaps charged with mngmstie # 

products by m n t d  with underlying bodiea of hot intru~ive r o c k  
2. The copper wee derived dimtly fmm magmatic solutions, which 

wem discharged from underlying rnqpsa in the course of igneoue 
intrusion, the magma king either of besic c h a m r  and related to 
the Nikohi gremstone, perhaps as the underlying memoir which 
supplied the basaltic material of ths lava flows, or of granodiorititr 
character- 

The explanation .that poetulates the ledking of the mppm from the 
Nikol~i greenstone by cold d m n d i i g  meteoric waters, thongh pb~. 
sible, i a  not believed to give the true source of &ei mpper idea. The 
two following quotations from Lindgren B4 smmmazh depuately the 
writer's point of viaw with regard to this hypothesis : 

Waters of natrnospherlc orl& doubtlws have the power to d i d m ' m  of 
the rarer metals contained In roc&, to carrg them for conalderable dIataoees. 
and to mncentrate them In placea snttable for deposition; but unlws It Is a l d d  
by Mgher temperature a t  mnaldernble dmths below the snrface, thh power is 
pmhbly not strong enough to' prmluce important deposits of these rarer metah 

8 1 * * * Ib 

AU b d c  lavae conbin copper, but in manp cases conditions were evidently 
bniarornble for the mcentratlon of copper immerll~tely after the eruptton, 
and the mh retalwd their copper natll later opporhloltiea for ore ioemrttloU 
were offmxl. The arlstenm of va& ma- of mch basic lam nsar tba m ~ m ,  
wl-t any Indimtlun of copper concentration (e. g., the Ooltimbia ,Rlrar lam 
or the, baaalta of the, Hnwalian volcanoes), & o m  plainly thnt the ordinary 
surface waters a t  BHght depth we not competent to dlsaolve and concentrnte + 

accemry metals contained in theae:Wh A depth Of Petham n few thoumd 
feet Reem to be m r y ,  tmlw the most fatorable mndttlons, for water# of  
meteoric origin to mtract the capper; though it Is of conm posalble that such t 
watem, when amndingin witable chnnnds, may de~oslt the dlsaotm mpper 

The hypothe& &at would expIain the Ie1u:hisg of mppr from 
the Nikolai greenstone- through the action of heated ascending P 

meeorio watem is the one which has been held by Moffit to be the 
mom probable, though he further states that "no evidende it hand 
warrants either d k n i n g  or denying a m o m  deep-seated s o m e  for 
some of the copper-bearing mlutions?" 

Idndriea Waldmmr, %In-1 depordg, pp. 838, 882. 191a. 
M m t  F. R, and m d r e n ,  k B., M b m l  remutea of tbs Kotdm-ChltLna tagion. 

AI#nLk :'U. 8. QeoL 8amr BulL 374, pp. 60-64, 1808. 
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The strong& m n  advanced for mgsrding the Nikolai g e m -  
stone as the source of the copper is the geologic loidhution of the 
&ringer Jodes in and near the greenstone, particularly in view of the 
universsl pmnce  of copper in basaltic lams. Yet it is p e b l e  to 
explain %his l ~ l i m t i o n  in other ways. The physical ahamtax of 
the Nikolai greenstone and the p m s t o n a  of the StPeIntr formation 
mu& also have been a potent factor in determining the sites of the. 
deposits. On account of the superior rigidity and competency of 
the greenetonw, dynamic metamorphism exp- itself in these 
rocks by crushing and shattering rather than by c m p l i n g  and 
folding, as in the adjoining sedimentary rccks. This alone might 
be judged to be sufficient reason for the localization. Also the pres- 
ence of the body of Chitishone limestone near by, charging the ander- 
ground water with lime and carbon dioxide, may have baen instru- 
mental in causing deposition of the copper ores in the nnderlping 
Ni kol ai greensbns. 

The hypothesis that assum= s deep-seated source for the copper, 
dated to the M c  volcanism, can at bast be only a p d 5 d  explana- 
tion of the stringer Ides, for mma of them are p m n t  in the Chiti- 
stone limestone, which was deposited after the formatian of the 
Niisolai greenstone. However, if the Nikolai greenstone aa origi- 
nally p u d  out contained cupper, it is not unreasonable to -me 
that the magma from which the lava was derived contained capper 
likewise, There is also evidence, as shown on page 58, that the 
Iabr stages of the NikoIai volcanism were accompanied by the intru- 
sion of basic diorites and gabbros, very similar in chemical com- 
position ta the basic lava flows. There is no p o d  reason, therefore, 
why such inintrusive bodies could not have discharged magmatic 
waters containing copper, in tho process of their formation. 
':!l'%i- d h n t i v - k  rsmains of considering the Wies of gmmodiorita 

the dim& sourn of the copper-bearing solutions. 'Sbe strongest 
single w n  for thia explanation is that the granodiorite has already 
been definitely connected with the copper mineralization in the 
conwt-metamorphic deposits. but it docs not follow that all the 
copper in this district came h m  a single source. It seems estab- 
lished, howaver, that the copper mineralization in the stringer lodes 
resulted from a prooese either identical with or clw1 J m1ated to the 
deposition of ore from rnagmatic waters at mdemte depths, Cal- 
cite, quartz, and epidote are found in the p n p e ,  md quartz and 
epidote am the common alteration pmducte of the Nikolai g m n h n e  
near t h ~  lodes. The presence or s h n c e  of calcih in the veins can 
have Little bearing on the genesis of the copper o m ,  for on sc(30uut 
of the presence of the Chitistone limestone calcite might be expectd 
to be present, either in depositsi formed by meteoric w a r n  or rta 
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renascent calcita in depwita formed by magmatic solutions. -The 
quartz-epidatw &edion. of the greensbe, however, as shown on 
page 66, is B 1 4  ~lterztion which tmk p l m  sukqnent to the - . 
r s g i d  cbloritizetion of the penstone and has hen observed 
mainlyin the W y  of the stringsr lodes. Theee data would in-. r 
dim& %hat the &Anger lodes are the results of a a p e d  p m s  
gnd not the w~ult  of a mgioaol leaching of the hnsaltic rock . A h  
the qwtion a r i w  as to the 8 o m e  of the qua* in tELid~pr0~88~ of II 
quartz-epidote a l b t i o n ;  and it seems more rewnsble ta Imk to . 
the grmdioritic than the basic rbcks for it, particulsrly as silicifica- 
tion is a well-mgrikd feature of the contact lodes of copper.. 

It seems best at present to regard the sonme of the copper in the- 
ladm as sn open questioa The solntiom that depi fed  the copper 
may have been either of hamatic origin or of atmospheric origin 
md hoated by contact with bodies of hot intrusive rockrs, but it is 
blieved that irrespective of the original source of the capper the 
depi ta  were f o e  by heated waters, m i p t i n g  npward and being 
therefore c l ~ ~ l e ,  in effect at least, as hypogene solutbng. . , 

A considerable number of prospects within the Kot9ina-Kddane. 
&strict have bum described at variws thea.bg tbe p m n t  writers 
and by 0 t h  members of the United States Gedo@l Survey who 
have & d i e d  the mineral deposits on these riven m d  their tributaries. 
Some of the p~ospects are on claims on which assepsment work has 
been h e - e a c h  wnmar for many yasrs and are still held in t h ~  ex- 

=;. - . ~ t i o n ~ f & ~ i n g t h a m i n t a m i m e  O h m h a m ~ . M n i Q e I ~  
abandoned by tht4r owners after it had h n  shown h t  they either 
were va1ueh.w or. offered Uth hope of becoming prdudive prop- 
erties, or when the money needed for development could not be ob- 
tained, Althongh inability to i n h d  men with money in the de- 
velopment of a coppr prospect may or mag not be an indicntion of t 

the Wbil i t ies  of the pmspect, still where development work h w  
failed to show probable value or hm demonstrated that it does not 
exist them seems fB ba no adaguate remn for indnding the demip- P 

tion pf such pmpects in this report, e~ea though they have been in- 
cluded in fomrmports, unless they d o s d  & id-tim re- 
g~rding the &&re, composition, w ma= of occurrence of the 

bodies. A dwription of all the separate lmalities whew copper 
Btsining wss a n  or whew. evidences of copper mineralization were 
mamined would be hdim and of no practical value. The attempt 
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will themfom be nmh to giva an amunt of prospcta which the 
owners therns~lvas consider to  be of sufficient promise to justify the 
expndittlre of their own time and money in developing, of prospects 
that have ptvedu~ed om, and of such athem as yield information on 
the om deposits. 
NI the copper properties where m e n *  o t  daaeloptnenf work 

waa carried on in the Kot&n and Kugkulana valleys were visited 
i n  1914, many of them a p i n  in 1916, and part of those in the 
Kuskulana VaUeg in f 919. It is theref ore evident that the following 
dariptiom are not complete, yet it should be remembered that most 
of the praspe&rs, particularlg those having property on the 
tributaries of Kot9ina River, took advantage of the exemption 
granted duridg the war and did no asseasment work, so that de- 
velopment on same prospects is now at pra&icaUy the game sbge 
as in 1918. This statement d m  not apply to certaip tributtzries of 
Kaslmlan~ River where p r o m  in ,h ing  development suffered-no 
intemption other than that arising from the'cost and mrcity of 
labor end materials. For convenience of description tha diffemnt 
claims will be mnsidered in accordance with their geographic -Ern- 
tion, beginning with Kotsina River valley. 

' Th K&a and Kluvema River drdnage hains occupy the 
northern third of the area under consideration. The bwlt  flows 
of the Nikolbi greenstone and the tuffs and h d t s  of the Strslna . 

formation 8m extensively demlopd on these &earns and show 
many indicatiow of copper, which have been the objects of investi- 
g~tkw protrpe&tors since 1898. A Isrge. number of claims have 
been rrtskd at diffemnt times, and many am still held, although 
m n y  others were given up after more or lea work had h n  done 
on them. Ne~rIy ell the claims &re now consolidated into a few 

* * helrlings, 
The upper Kotsinn and the Kluvema are not w i l y  amesib1e 

men with the p ~ s e n t  improvement in tmnsportation brought h u t  
by the con&mction of the Copper River & Nortbweehm Railway. 

i M& of the supplies needed by prospectors are still brought in by 
sled in winter, although mail and smell articles am now obtained 
from Strelnn in mmmer either by way of Rock and Strelna creeks - or by Roaring and Nugget creeh. The trail by way of Rock and 
Stmlnn cmh is much the Mer so far as footing is concerned, but 
it is wed only for those walking and for p c k  homes. A wagon 
m d  d o n  KoCsinr River to Chiltina m to mme point on the rail- 



mad would be of p a t  W t  to the proepctors living in the npp'sr 
KO- basin, 

Nearly dl the copper prospect. are om trihtyg strams st m e  
diatPnca from the KoCina, and as a matfar of cunvenienw they , 
will tm described as groups determined by their J.&ion on the 
diflermt tribnhrisa 

RO-A n. x 
A few proqmbi& Xotsina River that can not be n f e d  to A9 

of its tribubriea muire description, although not much sxclept as- 
merit work is being done an them. They include, among others, 
one or two prospectB that3- f- their; &face. exposures, mrn b b 
of greater interest because of, their geologic relations than because af 
their wnomio  d u e  and have not recei~ed much attention from the 
mine? 4 - 

The high m&y hint on th i  north &de of K o h  ~ive;, 14 rnila 
above Rock CreeZr, :consists of amygdaloidal greenstone (Nikolai) 
th& &hhs r d a a  .capper in sharp-curmered grains and m a l l  per- 
ticks d a t e d  dth cha10bcitq from which the nafive copper k 
probably derive&'' A considemble quantity of quartz, both as m a l l  
veins and lenss and as n filling of the vesicles in the l-rasnlt, wes 
also introduced into the p n s h n e  with the copper minerale. Native 
copper and chaIcwite occur in the quartz and in the greenstone unac- 
companied by quastz, although so much qua*, is commonly pnmnt 
that the distinction may be of little conquence. Amrite and mala- 
chite am oxidation produch, as is probably also a mall quantity of 
cuprib on tha copper. T h e  native copper m u m  chidy on the brow 
and fme of the pint but is p-t likewise in the greeastone on 
the muth side of Kotsina River oppmite the poist 

b- Two tunnels have been started P$dQ 5 0 0  feetsbws. tb; $obriar :& 
b e  eaet face bf tha q u r  Bast of the " m k  glacier" milea above * 

Rock Cmek. Tbey are on claims belonging to Thomas h m n .  The 
country rock is wygdaloidal grmnstone ( Nikok) , Bled with quartz 
amygdules and cut by veins and l e m  of the same mineral. A zone 

t 
of f-cactura along. which the rock is sbind with malachite croasss 
the greenstone at the place where the tunnelsl are situated. This zone 
has been traced for several hundred feet near the western h m e I  snd 
m y  extend a still greater distance, for there are indications of it in P 

the hjgh cliffs south of the tunnd. 
Past of the claima along the south 4th of Kabin~  Rimr west of 

Roaring Creek that formerly belongd b the G m t  Northern De~el -  
opmenk Co. have been given np, but certain of- them are retained in 
o&r to hold the watar-right claims on RlaRring Crack. Several 
short praspecting tnnnels wer0 driven by the, company about 1906 or 
1907 on certain of these claim on the south side of the Rotgina or 



'W to the rim barn half a mile n& of Amy C d -  They uncov- 
ered no &able copper d e w t s  but illustrate a phm of mherdi- 
mtion ja this district. The eastern tunnel is in a ~08rs&-g&ned 
porphyry dike, 10 feet thick, intruded in gabbro and limited on both ' sides by fault9 that strike N, 80" W, and dip 80" W. The cmshed 

- zone on each side of the dike is mineralized with pyrh and ia muah 
stained with the oxidation products derived from it, At the western 

t tunnel, a short distanm downstream, the country rock is likewise 
gsbbro intruded by s porphyry dike &striking N. 35" W. At least 
ona contact of the dike and gabbro is a fault tuntact-that on the 
we63t aide. The dike is wmnwhat sheared, and the inclosing nxk is 
much shathmd nertr the fault and is mineralized with pyrite. A 
little sbpper stain is man in the crushed rock. 

Tbme other tunnele have hen opened between the two loealitia 
just described, The aame mrt of mineralization taok place in the 
rixka they penetrate, although the geology i~1 somewhat diflarent, 
for chert beds are a m i a t d  with the gabbro. No work bas been 
done on any of them tunnels in m m t  yeam. Annud assessment 
work, however, haa been done on a tunnel three-quarters of a mib 
to the east, near the mouth of Roaring Creek. 

Copper Creek waa possibly the first stream in the Katdiina Valley 
to be pmpected, for it w w  visited by the earliest egpZorem of the 
district. . The stream joins Kotsinn River a little more than 14 
milea below the mouth of Kluvepnu River and is formed by three 
principal brancheeof nearly the snme lahgth, which head in the ridge 
between the upper Kotsine Valley and Elliott Cmk.  These branches 
from west to .east are Copper Cmk,  the Middle Fork, and the East 
Frk The heads of the three branches are c m d  by a narrow belt 
of Nikolai greenstone, overlain by Chitistone limestom, which ia 
thrust up aver the younger Triassic shales on the north. Copper 
minerals hsve h e n  discovered jn the greetwtane at numerous places 

a 

* end in the limestone near the greenstone at one place, in consaquenw 
of which a consider&ble numhr of claims have been staked on the 
three streams, ,411 the claims with the exception of a mall groupof 
three were the property of A. K. Crawford and Adolph Ammann, * but since Mr. Crawford's dmth they have been held by Mr. Bmmsnn. 
The tbme claims not Belongina to 1Mr. Ammsnn am known as the 

Mullen p u p  and belong to the Galena Bay Mining Co. They am 
on the west side of Copper Creek at an altitude of 3,700 feet a ~ d  
mver tba contact of the limestone and was tone .  They aIso mver 
or are dm to the fault contact of the limestone and p n s t o n e  with 

' the black shala. Neither the penstone nor the shale is expoared at 
+ 

She ontcrmp an the Mullen elaim, and the copper minerah are in the 



limestone. A few ynrds e& of tha limestone am g o d  eqmmrm & 
-tone dmg the creek, but the interne* mka am cx,vared 
with soil and vggetation, 

The most abundant -per m i n d  ia M 2 8 . .  With it ate asso- 
c b d . ~  little cbaleopyrite and the carbonates azurite and rnrmte. * 
kzwik predomhtea over malachite, and in pleces tha original 
hrnite is entirely altered ta write. Sevml ehort tunneb and. open 
cub have h n  made in the limwhne, all witbim 200 feet of one an- - 
othsr. They am xattered along the b m  of a l i d o m  cliff or ledge 
that fa- the meek on the east. M a  of the work W L ~  dona to;hlfill 
m=smnt requiraments and d h o n t  a olefinite plan for p m p d n g  
the p n d .  

At the north end of the led.@ the ~ ~ t a n e  ia cut by a n d - m a t h  
fault along WW in a zone of frt~tumd limestone ba ing  a maximum 
4hiclmem of 3 .feet. The h&ured h s t a n e  ia crmmkd with 
mkiw especially mar the fwIt. In the original exposure m d a  by 
tbe open cut parfhf the 1-0 in this zone was dm& completely 
mplacad by bmdb and chalcopyrite, The c m d d  limstone snd 
eqper rninamla f o m d  s poorly defioed vein from 12 h 18 h h e s  
thick. This ore has since been largely removed, and a s b d  tunnel 
was driven westward into the limestone. The tunnel, however, un- 
coverd no ore. 

About 75 feet ta the mth ia mother open cut w h m  M t e  is 
p-nt tw gmsU ieoIated Wiea in the Iimduna The limestone ia 
jointed, ht the prominant fault of the nbRham expocrum was not 
mcognized. Abnt  75 feet &ill f a h r  south is m~th0r open cut 
aad shallow pit. North-south fanlts a t  the l i m d n e ,  ht t h  most 
prominent ftbnF.b.etrikes east and dips steeply south. Mamm of 
w e a h m d  limeatme, stained with iron and copper, and bodies of 
bornite; repIwing the Iirneslone are p m n t  war the h u h  and h r -  
ever the limestaae wns much fractured so ae to allrrw tka circulation 
of W r .  The bornite ia awxrmpanierl by s little cheleopyrih and in 
part is oxidbed ta amrite and malwhih. Malschite was mm 
prominent than &rite on the weathered surf ace of the outcrops, but 
balm the surf- amrite pmvtliIs. The bornite ip at mmy thin 
wins of azurite md in placee contains small mvities lined with iron 
oxide or with mrih crystels. 
O m  cZaim-Tbe Cave claim, the pmperty of Mr. h a r m ,  b 

on the west side of Copper Creek, southwest of tbe Mullen, & the 
contact of the liaaastone and the m e m e .  The C h i t b e  limestbne 
at this locality is represented by only a part of its thicheas. More- 
over, it ia & by a westward-dipping fault thnt makas a slight angle 
with the bedding, dong which the lim&m h a  been thrust aver on 
itself) tbns cawing the thickness to appear p t a r  than it is. Azurita 
and malachite stain the limsstone near the contact, and a tunnel .n& 



begun in the g r d n e  s few feet below the Ihmkuna fo detarmine 
whether the st-g was indimti- of an om bsdy~below. The 
funnel wss 50 f& 10% at the time of vieit but had naf reached the 
conZaet and showed no ore. 

9 P-k thh,-Tbs Peacock claim h on tbs east aide of Copper 
Creek directly oppmih the Gava daim. A tnanal wes st&d in the 
greenstma several hundred f& abova &a o m k  and is Btratigqihi- 

F c d y  near the base of the limestone, although the limestono-gresn- 
stone boundary is 400 or 500 feat highr an the mountsin dopi. The 
gmmuWw ia bptqpated with bornite and a little dud&, which 
~ r n  indicdd by $ilrfme staining nt ;several places above the tunnel 
lad are found in. r* taken, f rom the tunel  itself, 
M- 8 . b ~  abim.-The MounGn Shwp claiza-jn- cw tha 

Wddla Fork of C o w  Cieek, just over the top of. the Ad@ £ram. 
the Pea=% claim. The greengtone eontabs brnite and a little 
chalcopyritq indicated on the surface by malachite shining. Ssv- . ' 
4 mpsn cub and ium6e1s have been m d e  in the pas tone  a short 
d i d m c a  below tba limestone. 

Porq--wt dah..~cThe Fmpt-me-nat d d m  i~ on the & 
mda of the Middla Fork of Chpper Cm& near the Ximmtme-pm- 
&ma contact and not fm fmm the emek. An open cat in the green- - ahdwrs &ahpyrite and at one place a li* bornite. 
,?'Bhw B4d ddm--The surfam showing of the Blae Bird deim is 
the tra& showing of copper yet found on #a claims in thi basin of 
G p p r  C d .  This.clxim is on the aast side of the Middle Fork, 
nezr tbe I i m w b m e e .  -tact and considarrrbly higher on 
the mozlptain dope than the Forget-me-not claim. The contact is 

, 'a fault contact striking N. 60' E. and is cut by a aross fault which 
strikes N. 60" W. Bornite m d  L subwdina& pmportim of chslco- 
pytite wem depdked in m a l l  irregular veins in opniags of the 

2 Md gmmsbne and replace the p n a t o n a  itself. A large open 
cut, in which codderabh om w a  piled, ww &e on $hh w t ~ m p .  - U r n  Boy chk-Th.e Montana Boy claim-ia on the west slope 
ef thn.East Fork of Copper Creek-that is, on the mm ridge ~rs the * Blw Bird claim, which it either adjoins or lies new. Greenstone 

- is the camtry rocky although limestone is present only' a few feet 
h t  on the south. The penstone is crossed by a zone of frat- :* tum in which copper wan deposited. Bornite is the chi& copper /* 

3 
. d m d ' p d ,  %ut.a little chalcocite was found at one place near 
the l ~ - g . l w n S t o n ~  contact. The development work on this 
claim incluiIa open cuts and a short tunnel. Mr. Aimmnn mpoh 

- that fm gold was panned from ah iron-stained qtrarte vein on 
lnithar the Montana Boy or the Blue Bird c l a h .  - 

- fWgs,s---s 
* i  '1 - 



3- Ha ' Bmkar Ed. groap hdiadepl $bred 
olhims on the d L s l d e  & the East F d  A tunnel is hing di.ive~ 
in tha grcmstoniLmn one of the claims about- 300 feet belaw the top 
of the ridge between the East Fork and . P w  k k .  This.tumel 
is pesri the p a t  fault by.whiah the peenstone .was thraat over the 
T r i a d  shalw on the north and mu& be several h u n W  feet a h t i -  
gaphially bIow the Chitistone lheshne, which crosses the ridge 
muth of the tmkm1. Y 

The. .p&ne i~ & a t t a d  and k minerdid witb bomitq 
ppi@ and chlwpysite. Mdnchib. md d t e  are swmd~lyg 
produds d t i n g  from oxidatioa Tlie original mpw and iron 
sulphides am d a t e d  4 t h  q m r b  and d c i h  whem.th~y:cmmr 
-.a SUhg in kipan spaces; h P  vhem t h y  replace t h e . @ m ' t b e  . . 
grrn-8 rniaraIs.aw absent w afe hmnspimoua 

k , ;< b' - , -  L"' 
* b- . . . . ; l . - 

Fdami~e pnoelpecting was dme on Amy Creek for a fm-ywm, 
beginning about 1906, by the Great Northern Dedapment Co, bat 
mang if not dl afthe claims on which that work waa dam have piam 
babn given up.. Amy Creak ie a short, atgep &&m w& ef Rmhg 
Creek. It rises ia a small glider md throughout much of its length 
flaws mder ice ormomid  tkpoaiE9. All the valley axmpC a d 
part at its  up^ emd is in m h  af khe EkreEns formation-hff9 bssalt, 
shale, and chert. These mcb are .foldad and fa&d and l W y  nrer 
minenrlized with pyrite, whose oxidation prodacts color the w e *  
ered m k  sukfmsi Lodadly, pmmsbly dong rnm of &ear* 
that are identid ,with the original bedding and flow: p h w ,  tha 
roch are achi- 

Three tunneb, dl witbin squ& of - a  mile of one mdher. snd 
' 

mnging from 1,Wl to 1,6W fmt ah- K& Biwr, were.&M 
on Amy Cmk-o on the eaet side d 4 h 8  third on the-me&, - 
were driven ia imn-shined ontcrqe of. the baedtic country rock, 
which were thonghi to ha the iron upping of weathered om bodiae, 
but they unm~red nothing except faulted and fractured aountry 
ruck impregnhd- with p+te and Btained with copper. . . * 

. % *  

300E U- 
1 . i '  1. - 

The Wsmen,prmped, Aar the month of 'kn& a few p 
hpndred feet ~~QUI the &bins, is the only aop- p ~ t ,  on b k  
h k  exmpt thwqan ita se- b m b ,  L b  wk. W p ~ 9 g p m t  
is pstsn'tad prqmrQ,-and no work has been dcqaaait $or:may yeam. 

. A  tunnel 85 f& long was driven on the west sida of .tbe creek La 
the Nikolai pwwbne  new its coqtact with the avertying Chiti- 
lim-ne. Tha tunnel follows a mushed catcite vain deyited in e . 
fault zone striking S. 8Z0 W. The zone of mnshed vein mattes in 



+&om 3 to 8$ feet wide, but the mne of M u r e d  greenstone bordering 
,$ha m1eih vein is much wider. Tbe ~~ aarl vein matter rn 
stained with malachite, and small irregular bodies of bomite and 
chdcopyrite*m scattered along the zone of crushed rmk 

6 . .  - I ,  

IGIYE- 

Limaa Creek is* the large eastern branch of Rock k k .  Almost 
all th wrm drained by L i e  Cm& is in the Nikolai grwnstone, 
although kh&v+y is walled in on the west by a , p a t  scarp of the 
C'hikktum J b t a m  which foms the ridge between Lime md Ruck 
c& ;3'l?1ia boundary between the two formations is largely COT- 

ersd. by glacjax ice & talus d 6 b r i ~  but is exPOgBd whew it cro- 
.hime C'reek, h u t  t rt of a miIe above tHe rn~uth. 

Capper mimds are-horn on Lime Creek near the point whom 
f i e  limedona-greenstone contact crosses the creek and 'h&ve baen pros- 
pedd by t d e  md. open cuts. These out mop^ am on daime 
cal1d the Unitad Verde and the G & B and belong to Gillemu, 
Joe Rsl, and A, L. Bamtt. 

A tunnel close to the contact on the south side of the creek d i e  
covered littla mom than capper s t a b  and has bad no work done on 
ik for rxwqral yeam The principal opening on the north side of 
K ~ ~ C E E I & ~  a-hand, betwwzn 900 and 300 feet sabov the stream, 
in gmmhme impregnated with bornite and chdoomte. Borxlite 
predominates greatly over the &dcopyrita and is aswiatd in plsxles 
with quartz and epidote. In phcq however, the bornite, which 
frms mall lump and lenticular bodies in tba grmmhne, is unac- 
cornpanid by gmgue miner&. 
% v d  similar exposures of bopnita in gmmbhe are made in 

open. cub near by. The greenatone is cut by f d t a  or fimhmj 
tha& &ike N. 15"-35" E., along which veins of p & z  and hdta 
were fonned or the greenstone itrse1f was replaced. - 

BObBXHB -. 
Rm+ri.g Ureelr is the second large creek coming bta Kot&na River 

8kve the mouth of the muvesna and heads against Nugget Cre& 
on the e& rand Rock Creek on the west. It9 oeUey, a typical 
U-shaped glacial valley in which several. small glaciers still remain, 
is of the h a m  t d l e y  %ype and lies nearly 1,000 feet abobove the wide 
g r s q $ ~ , "  f d t s b  River. The creek hae cut s desi amyon i$ 
&':~p&& .v&y, thrpugh which it d-nds ta the stha. A 
h p  t-9 thi '&-side of ,tb .,cs11:90n lea.& from &@..bars O* 

Kotsins River up inb, the vallej pf +&R$ng-. 'w, .md rnbther 
- 

trail, mitable .for foot tfavd duriafi piit 6.f the. mW&, passes aver 
- -tbe,*4ig6 ridge beheen Roaring and Nugget cmks to tbe Kuskubna 

Vdeg. 



Xloaring C m k  &errs a good oppmtmiq for the devdopment of 
a m a l l  wahr 7, hmma~b as the flow of water, which is derivd. 
in large part f m  melting snow and ica and thus is not entimly 
dependent on the lwnmer rainfall, is fairly odo&snt. ~Rurthemore 
the steep grade at the mouth of the creak makes it assg to gpply the 9 

water in a suitable generator. 
Practically all thu rocks of the Ruaring CrseH valley balong.to the 

StreIan formation and the Ni kalai geeemtone. Seven1 small patch- 9 

of lime&ane and saahtone dn the topa of the rid* east of tbe 
m e k  are the only sxmption~ Them m k n  b m  been much Mlted 
and hcbmd, and in the psseapaya thns provied m i p d h a r -  
ing solutions h e 4  made nmerous Apoaita of copper mioefali 
Nearlx a dozen small hum& hum been started in such mined  
daposits in diflemt places thmnghane the valley, but a number of 
tge claims mpmserited by these tunada are now absndonded. 

The S@tmpe*group'comprises &x claims beIoneg  to Adklph ' 

Bmmann. Two of them lie end to end on the axh of the ridge north. 
of Skyscraper Peak ; the other four foIIow the base of the Chiltistona 
liestone, which ferns the peak, in such a way that two claims lie 
cn the Roaring h k  side of the ridge .end two on the Pmmk Creek 
side, with Shymmper Peak htw.een. From north to south the two 
claims on the ridge are the Snowshoe ,Exhaion and bhe%cwihm, 
t h o  east of the p k  are the Skyscwper and the Morning Stsr, and 
those west of ib  a m  the West Qkyscraper and the C a d e .  

The copper d e p i t s  on theea elaims consid chiefly of cbddta 
and subordinata native coppet Most of the exphraf ion d develwp- 
ment work is being done on the ~Snomhoe claim, where a tnnnel mni 
giderrtbl y over 1-00 feet long htui been driven on the en& side of the 
tidgg short -dMance below the tap. The greendone flaws &. the 
tannel dip dieqily east-northeast and contain scatteAl of 
chaImite. 

A short tunnel 880 feet below the h m  of tha Iimestone, prahb1y 
on the Wast $kpcrsper claim, uncovered a lens of chalcocih about 
6 inches thick in the p h n e .  Sach lenses and the ch~~lcocite 
k r n i n a t e d  through the greenstone probably occur in a zone of 
M u r i n g  of considerable width, for chalcmitei in grains and small 

is mattered through the grmnstone at many places on the 
shims alonb the ridge arid below thi ~irneston8 doas not seem S 

to be directly connected with major faults or M u m  but tp: M,'&&. - 
seminsted through rciclm broken by a p t  nuber,@ j6%% ghd 
minor frat- The native copper pmWtnab1y r e d s  from the 
trltemtion of #8 chalmita 'It occurs without gangue minerals 
& rough, brancBing bodies In' t k  @mtbne on the ~nomboa Ex- 
hnsibn, Ykympes, and Cbth  crairn~h 'The 'cbpper indiatiom in 
the vicinity of Skyscraper Peak mntinae around the mounbin,sPoph 



bbthev i lhy~fhewtbranchof  &ah$  C ~ - w i m e a t h t ! d  
J d f  a dozm s W t  h u w h  hava been driven. 

The other pmsp&ing tnnnels on Roaring Creek am all, with one 
exception, in rocks of the SCrelm formation. A tunnel on tbe east 
iide of the &, a %htort &stan@ above the myon, is probably in 
rtbe Wiaolibi greeastoxle. The claim on which it is situated has begn 
rrbdoned for a long t h e ,  but the rock at the tunnel cantpins 
pyrita, ahajmpyfite, a d  bomite in smdl qumkity. Another t d ,  
m tbe west s i b  mf ofh meek near the for@ is in a cletrk-wl~md, 
math alterad gmmIar re&, probably a gabbm, but bows nothing 
of d u ~ .  Two other m e l s  have been driven on a ridge between 
two small a p m l c h  on the wmt side of Roaring Creek, half a mile ' 

&PI the forb, The lower tunnel is 200 f m k  abve  the creek ia 
fiwgrmd bsmU of the S h l n a  formation and W ~ B  6Q fmt long 
. PPtlen visited. A fault striking N. 50" W. and dipping 30" SW, forms 
fhe mf of the tunnel and is cut by a vertical fadt that strikea 
N. 80" W. E d  of the tunnel i9 40 feat of hght-yellow M y  rwk, 
m d d . b y  pbbm a9d thin-bedded chert%. Iron staim are &un- 
-&at not mwh copper w a ~  888n. 

About 800 feet higher on the ridge to the west is another hurne3, 
b h T a k a  of the Streha farmation and between 300 and 400 feet ' 

Wtrw the boundary of the Nikolai greenstone, On the ridge above 
th tannel coppr &at, contdning the minerals chalwite, aativa 
eoppcr, and d a d i t & ,  mmi~tted with quartz and epidote, w m  found 
in the N&&i greenatone area. 

Anuthcr h m e l  is driven in the south side of a gulch &=ing into 
, the creek from the we& 8, little mom than hdf a mile a h  the f o r k  

;-Two others, one of which bas been abandoned, are hdf a mile farther 
up thgcreek, one on each side, at an altitude of 4,400 feet. 
;-/* . P U O O O X  ElELEEX 

> a-  
Peacock C&, on the northeast border of the area mspped, is * 

- h t h r b  tribntarg uf Kotsina River. The rock exposed in ib  vdlq 
Is chiefly Nikolai 'greenstone but may include some members of the 
ulfderlyirrg Streha formation and is cut by numerow p o r p h w i a  
dikes, 5pbpSryaes of the granodid~te mass exposed at the nnoueh uf 

. Peamk Creak andnh the mountains opp&ite, on fie-north side of 
the Hotsina, Indica tibm of copper have been fodn& at a t d  plam 
en Pmcmk thmk, and in the early days of the d&rict-considcmble 
pm?gectbg Was done here. The prospects, however, were disapc 

, pointing, and most of the claims have b n  given up. 
BEOWEB QVWE 

Shrvwer Gulch is isem the end of the small glacier h t  f& t& 
-&am bran& of K o h h  River. It is thewfore somewhat out- 
&& the mit& of the area down on the map [PI. 11, in p k e t ) ,  



bnt; ita dmriptkkh imIM;+itbthwd o f . a t h t . $ w  ao b 
Kotsina. It is a steep canyon:like p 1 c h ! m L y  more than a & 
long, lying south eblthe glacier, and at ih-lower and is easily smsi -  
ble £ram the grsvd- bars of K o h a  Riva. . . 

T 
Shower Wch .h casrPed ita caaym in W t i c  hms7 of tW 

Mikolai grwmtan~, which in p l m  contain native capper. At. a 
'point in the gulch about 500 feet b e  the bsrs of the- Kotaias the * gtee&ne is mnd8 up of distinct flows which east, and dip ' - 
about 20' S. Thes% flowa 'range in inhiakness from 6 ta 546 feet or 
mom. 'he upper part of etch flow is amygdaloidd ; the middlo and 
lower parts are d m  and without amygdda . -  . 

Two o p n  mta e x p m  the. -copper-.bring 8% t6s 
lowar open cut, mar the stream, is a lava flow 6 feet thi* whom 
upper tbird waa d g h l l y  vwicalar but ig now fillad with tumygddea 
~f quartz and epibb. T h e  g r d n e  i8 cut by a well-defined ver- 
ti& nbrth-mdth-f adt  bnt daes not bppsar to h anmually f m t d :  
Native coppm in leaves, gmim, and slum is deposited in the mnyg- 
dular @art of thel flew and is practically. the d y  oopper m I n 4  
viGble,aIthough B little chalcopyrite wsa seen in s @en of g r t m k  
stone largely replaced by quartz and epidob at this open cut.. 

' 

Nhvb cupper is not d e d  to the particular leva flew makiond 
but yet is not pment in all the flows. The upper o p  cut iw3W 
f d  above that. jnst daribed and difTars from it, r#> fiw as .mpper 
m h e d  are mmar.ned, d y  in the presence of s little ch~hm@te 
a ~ ~ ~ m p a n y b g  the native copper. 

Four dttims w m  held an Shower Wch st the.fime.the- 
w m  ki ted  in 1914 and warn the propem of J. E. Drake and H. Bj 
Qmnig. 

s m  a%Elk - 'I. - l i  

 he ~urprias h k  p u p  ine~udae niw daims nn w&L a&- - 
Sunshine mka, in the upper Eotsina Valley. Thy lie north of 
Smhina Cwek Mwmn Surprisa Cre& and the north branch. of 
Rotaim River. sad am thus outside the boundaries of the area 
mapped. The hidie,  Shmhan, and Hubbard claims, d d M . i n  a + 
former reporb," ase included in the goup but re~~iPed,.new name 
wben they ware.m&aked a number of yeam ago-md m r d i n g y  are 
desi&ahd by &.new names here. , 

surprise ~ r e ~ l r  is only 3 milea long snd ~ 6 w B  &ward &to .s 
Kotaina The gmmsbne of thL,Pi&ity is intmw-,by, a 
mlras of granodiorih, which is prominent in the arar bet- Gtsh 
m d  Klupesna rivers. S u r p r k  C m k  is in the grandiorite area 
clgrre to ita ea&m boundary. - T h e  copper depositsl, however, are in 
the greenst6ne. ' 
*- B: H., rpd:- k 0- 1Yaneral rtsonrfps d t*e Katslnn-Chtthk 
a&: U. 8. Qeol. B u m  -11. 574, v. 67, 1909. 
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Hmm .m ~ ~ T S .  . 7  

.A huh -6 whose mere1 Is n o w  hb the greenstone 
high on manritain,east of Surprise Cmk. Thia wne is well 
dafiaed snd may have &used considerable displnment 'in the green- 

+ - dthough w evidenm of the amount of displacemsnt, other than 
the gmml a p p x m m  of the fault, was obtained. The ccw1rse of the 
fndt  ia seen on the mountain to the northeast md k sdd to be plain 

r . 
aa h r  m the gWer at the head of the Kotsina. . . . 

, Six claims lying end ta end have been staked along the fsdtaone. 
The claim & the d w &  is the Gsorge M. (formerly Shhan) .  
ThaGnext to it is the Joe Dandy (formerly IInbGard) . Northwest of 
the Gorge AL &re the Drake and GmPig claim, lying end to end, 
and north of them is the True Blue (formerly Laddie). The long 
dhamioria of all the claims am parellel or approxbmtdy so, 

Since theee d a b  were visted by the wribr, in 1907, a tunnel 185 
h t  long has.been driven on the Joe Dandy claim, in addition to 
other -ent *ark neceersary to hold the property. The tunnel ki 
not long enoGh to reach the copper-bearing fractnrea, and neither 

\ 

it nor the assessment work has brought ts light much that is new re- 
garding the .depaaite. There ia therefore little to add b the earlier 
description. 
.,~&t&:Bh. *-Between Surprk md Sunshine & is a steep 
gddi d i n p :  d m  -.the north. On the west side of this gulch 
and nearly 3,000 feat above Kotsina River is the True Blue claim. 
A very d m  @ed grayish '' greenstoner* forms the muntrg rock 
d is cut by a fa& striking N. 2Q030P E. and dipping about 45* 
N W .  . Mong the fault is a zone of mushed muntrg rock ranging ia: 
~ d t h  from 2 to 3 feet, in which is a quarts vein 18 inches thick, 

- B&dm quarts there is a 4 amount of duta  The veih carries 
oM&ta mmnpdd by a little bmita and chaIcopyrite. In 
pLaoea the percentage of copper minerals in the vein ia high, but t h q  
are not distributed unihrmly through iC. A h a  of prospeat holm . . 
QX@& dong the vein for a d h m c e  crf 200 feet. 

Gerrrg~ M .  china-At the George bL. claim, 200 f&. higher than 
1 G h  TmwBlue and a little farther east around the mountain side, the 

gre~nrstatlai~swb by a fault striking N. 4s0 E. and dipp*45" NW. 
This. fault remnblm the T h e  Blue fault in being mcompaaied by 

t a zone of crushed mlr, but the zone ia hem somewhat wider, ranging 
ta 4 feet. 'A. amdl quartz vein is &, in which the copper 

amrhdcmite, bornih, and a Little pgrrih. *The md veins 
of chdcociia cutting the quarts are in plsces half aa inch thick 

Joe. D a d $  clmim-Abut 3M feet east 6f the George M. c l h  
snd a little higher on the mountsin the vein of the Joe Dsndy is 

. -  -.,- in two opear cuts. The vein is b a s t  vertical and SMIBS 
FA)- " . X%-4a,iTk -En #Be mare saatherly open cut them ia B aein af white 

¶air* mmgbg ii t h i c k  from 4 to 8 feet and mmyhg chukocite, 
d 
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b m d @  and p#&-whieh~are d : h  &ha order o£.&elr a h -  
ahc& A Btm* d e d  f d t  +ith 8 4.mhm d aky - deft as^! 

- the north wall af the vein, At 8 feet fwm the d on tha southeast 
is 8 saoond oeinqt h of qne& 10 inchee thi* aleo crrrging chal- 9 
mcih % w m  the two veins is cmdwd pmb1w. Nanrly a00 
feet to:tha nodhast alung the &dm ss wen mt 40 fmt long and 
25feetdaephasbaenmirdemthavda.  Thef idt iszg . in~ean 
along the north wd1, but the singla- Iarga qnerh vein exposed in 
the 0 t h  cut ie harub r e p m t e d  by mller w h a  af lenticuiar 
farm 22 in&es.in maximum thicbass- Cbd- and bomite am 
the *per m i x w e  

Nearly 1,000 fe& farfbw northlust a wd-marked fdt-mith a zone 
of aheared gmembma crohlaes the ridge bstwap Kotsina River md 
th& Jos Dandy c l h  and is said to e x h d  as far as the g h e ~  fram 
which this Gmnch' of the Kotsina *rings. Them .is liMe doubt thrst 
$hh fault ie the coatinuation of that croaging the Jm D d y  claimlj.- 

' . 
r T a  imam. 

,9 - i 
- @ ~ ~ e & i I m  4bt *p is of i n w h u s s  o i  thaqaituer miitanf 

of its mineral deposits rather than because of Ithe copper tuntent. 
This ma11 gronp of claims is on a short Btfaam tribu* t'o'B&&s 
R~VBF from the north a h b  miles s h v e  && &&, '3'b Silm 
Ster claim ia at h hesd of &ha .dmam, r little more than n mile 
from the grad bars of t h  Eotaina and 9,400 feet above them. 

Them clsima & near the b n d a r g  of the Nibhi  g~eembme'm ' 

the a d  the hffs and En+grdned h i t s  of the Stmlna forma- 
tion .on the east. The .&em1 deposih are mast probably in th 
alder mdt-that is, the St&m formation-but the beunbry line can - 
mot be drawn wibh precimon, and possibly the d e m t a  exbnd, up hb 

: . -the~Nlkolai roclm? Not more than n third of of mila elret of tba Silmr 
. --;.:-Msr timnels is the  western margin of the dh* r n m  thst forms 

' 
G r d h  Mountain.. Tha mdarika boundary on the nohh e lop  

, 4 Robtinu River th this vickity edertda to the south- and the ' 
intrndd rock oathe sou&w& m mmh fractnmd and f& mdG 
mngidmbly deralizec2. Ae a m I L  of these anditions the & 
a x p o d  in th @hes and en the.hill dopee M a h l y  southwast 
of the granodiorite a m  m u j i @ y  wl&d ~4th irod oxide. 

Tho metallic minerals on. the Silver Star and nrtjohbg -elaims am 
htmhddrite, galena, azurite,- and. mdnchite -in s qutwk g a q r m  
They mcut as hia& along hdttre p b  in a ahmm~t&. 7 r  

The lower tunnel on tba Silver 9&r cl&n im 2,4QU'fee%, asbve 
Kotsinit River. It hes a tow leMh of 2M feet. For 170 feat the 

. mainhume1 f o l I o w ~ a ~ N . 2 0 ~  W.,butitBlus-twobnchessD8 . 
3 s  feet, one going N. 80" W d  for 80.f eat md thestbm sftefih-&gb$ 
&8t €Tsmhg @tally the orighl  .eoum .of the*- for 80 

- 



- '- -&bL TI& tunnel a d  ib,branchm follow fsdb thd dip nth= 
-pSJC Taest, -c@ f i e  fadt atri%zng N. 80° W., which dips 3U0 N. 
"She lunging w d  of the main tnnnel and right branch la dense, hard 
b d t .  Ths foatwall is soft broken mck, w h m  or$inal character 
b nok Wly e v i h t .  Amygdaloidal greehne  and r greatly altcrzd 
prpb*tic inmive ,  probably ppxenita or peridotite, crop out s 
few &p~ WE& of the tnnnd. T h s ~  mm faanlhd to their prmnt 
position and are greatly shattered. Tetrrthedrite, the principal 
metallic mineral exposed in the tunnel and &ace ontcrops, occurs 
in dnb do* Ehe principal fault and in minor fracEares t ha t  extend 
MU &I bgimg wall. 

2"he upper bumel is '15 feet higher and a short distance ng- 
dopa- It is mly 20 fwt long but stam in an a p n  &*am newly 
as mmmch work h a  been done as in the tamel itself, The wmtrg 

.m&LAne-@md pmstone, m m h  bmhm that goad h h  hand' 
, q w c h n s  ers h a d  ta get. Severs1 faulh *&'the grtenstonb; the 
principal fault is that which the tunnel follows and which coakin~ 
&kt mhlk ia  miaerala It ia filled by & rnetalliperbus vein of quartz 
azld countzpmk 50 inches thick and dips stresply N. 30° E. The 
oorppm rnhern1.s are silver-bmring tetrahedribe, malachite, rr%arite, 
and @-: 
6-a fmnels is *n qm cat with a Mica] fault strik- 
&~:5?.  10'-W W. and mother fault dipping W W, 'North of the 
upper tunnel m the mountain dope and on the top of the ridge ate 
wbu4 qua* containing the same minerals alr am p a n t  in the 
im1he1. The upper tunnel and. a series of open cuts, $a@her with the 
&mvergr mt~rop, w , m  to indicate a vein or veins drikng about 
north and dipping wed. T h e  claims afe gtaked on this assumption. 
Tb is quite possible; however, that the minerdhation kmk place in 
overInpping f hrrtures that make a mall angle with a zone of f ractur- 
ing &anding in a southeasterly direction, pamllel to the p a o -  

. gorite contmh In support of this suggestion is the fect that similar 
w b  with northerly strike are p m n t  on some of the gulches near 
the gmmdblte area. Two-thirds of s mile south& at &ha Silver 
h - d t h  border of the grandiorite a m  md. 1,8QQ &at - elm& RMim River, the gmmliorita is cut by veins containing 
t&mMrite, malachite, amrite, and barite, which sbrike N. 15O W. 
d dip 40- W. Azurite is rather plentiful. This zone of flasuring 
md mining &ea& up the gulch nearly b the ridge almva. 

P-,ins like those at the Silver Star claim am exposed in an open at; 
m t b  af the aannels md about 1,.000 f e d  below them, This cut in 
between~900 300 feet west of the d mnd e ~ o m  a qnartz vein, 
mnhining g d e v  in much sheared pns tons .  The e x p m  is pour 

- snrt +emations are diEcnlt to mike, but nppsrentIy the vein s t r i b  
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n& or nortB:-wmt The bOQJt k&&~ed irdn 896 soppep. . 
who% origins1 form was not evident. No tetrahdda ww- 

Aeil and Tho- Fenndnd, the 5wmm ofa tha claims (1916), m- 
p r h d  that a large number of =ya had been made on ramplea tdmm 

+ 

froE &e wiP8 and that the &urns showed silvea rsnging fmm t2K 
to 106 ounces to the ton and mpper frok 1 to 32 per cant. B ismath. 
ia a d i t n e n t  of -aw of the miner&, probably the tetrahdrih. 

. i  I 5" 
ImvvmwABfwE.  

Zost O&  he Lost Cabin gmup, belonging to Adolph 
Ammmm, omists of six deims lying end to Bod w d  
northward along the confact of the Chitistone Limestorm and Ehe 
Nib1a.i greenstom fxom the deb a€ Klu~esna Zaer to  She top of 
the ridge west of & river, Most of the copper indiations are in 
the ~ n a t o n e  a fie* hndmd feet or l a  below $ha haatme.but . 
in pl~cee copper is:gmmt near the contact. It dma not a p p r  in 
the limestone. 

Chdcocite, burn@ and ddoopHte are the mplwr m 6 n e m k - r ~  At 
the {lowm OE mth sad of-, the r p u p  the aapper m W  ie I m m h  p 
h i g h  up, toward .the north, -it is chalcocite; and skill higher and 
near the hestone it ia chalcopyrite. The bornite and c h W t e  
are dbemhatd  *ugh k h ~  gfeenPr%aae withod not&&.- ' 

m h e ~ a k  W h d  Wcopgfite iEz prewnt the e m r e  -5s &&be& 
with iron oxide. . ' 1  

Four tum& sad4wverd o p  cuts bwo beow hadean the 
- The hmuels are st the eouth emd of &e gnonp d were.$tartad to 

p r w p ~ t  the vicinity of the contact. None of homver, haw 
yet been driven fsr .enough 4~ d W!conltact. 

aood E-L p a v p . - ~ b s  ~ o o a   EMU^^ grrmp, by .=. 
A m a m ,  is on thsthsthstest side of R l u ~ e a a  River only a .labart idis- 
tanm wed of Fall&reek. TI& lmlitg- is at  the boundq .of the 
Nikoki gran&~-~and the underleg Strelna formation. The 
country rook co* of be-grained basalt and tnff. It is 
md:fr&urnd md at this p I w  is mineralized wit11 native wpper w 
d ebnlrwh. ~ i a t d  with p w t z  and calcita. mda- 
chib,, and m&ts p e n t  in small quantity. . h w & w d  work ' 
has been done OIZ &rw clsims of the group and-is repmnted by 
two tnanels. The h g e r  and older twd is m 2be wrtIsaast ;P 

of a deep guIch, LHM feet above the trai1.h the cemp on Fell h k  
and mom thm ly500 feet ubave Khvesne River. It. q~ss &iwu 
in a northweshrIy direction for about 70 feet thmng'h much fiw 
twd  p m t m e  and includea o m  cwscut. Severd prominent 
fad& which st* N. 85O45" W. and dip 50° SW. cut the green- 
don& , These f anlte with the joints and other ~TWWXH~ gave o p r - .  
tunity for mineral-bearing solutions to move through the p n s t o n e .  ' 



Tbs w p ~  in thb ;d@& .m nstim wppr, cM*, . 
and r minor qnhntity of cuprite, malachite, and &b. Thetm 
minerals form veins with quartz and cslcite, make up the mygdules 
af .the greenstam, and 9 1 -  the p n s t o n e  itself. 

The rock iu which the tonne1 was driven.was so @y shattered 
that the roof enmd, making the work difficnlt and dangerous, and 
a new tunnel was darted on the south side of the gulch several 
&mdd feet awsy. 

rdLL mEgE 
F*U h k  is the largest tributary af Klamma River and joins 

it fkth the north 2 miles below Klu~asna Glacier. Only half a 
m i l e  of the lower end of the creek is within the area repremntd . 
by the topographic map (PI. II, in pocket), and none of the mpper 
'claims on the e m &  nre within it. 

Fall Creek lies in an area of M C ~  beIonghg to  the Streha. formad 
h, which here consists chiefly of tnff and hwgmined h a l t ,  
The mpper m i n d a  in the proaped on the c m k  sre b i t e ,  chal- 
coeih, nativg wpper, malachite, azurite, cuprite, md- a brittle b1wk 
d-ma sub&nce. which ccontrtins copper oxide. ' 
Mt #e copper prospects on Fall C m k  belong to Adolph Ammaml 

sw am a&nhed to the vicinity of two wzall~wmtern ETibutarim 
+ -  &ed Ttail Creek and Flhdem Gulch and to the top of the ridga 
' "Wween FnU Creek and the lower end of Rluvesna GIlceier. The 

firat group includes four claims, t h  of which, the Sunset, Sunrise, 
md Homestake, Eio end to end in a mrth-south dimtion and extend 
southward from Flimflam Gulch a- Trail Creek to t h  mountain 
slope suuth of Trail Cmk The fourth claim, the Newhoma, is .. . 
nearly perpendicular to the south end of khe Homestake claim a d  
exbnda eastward down the dope toward Fall Creek T h e  copper 
pmpmta of these four claims have been explored by open c t s  and 
severs1 short tunnels All a m  in rocks that are mainly tuffamus 

' 

but include ahgets of mygdaloidal greendone. 
i& short tunnel on the south side of Flimflam Gulch" about half a 

mile from F d  Creek is driven along s north-south fsalt in mygds- 
loidd ' p n s t m e ,  which is fractured and oontsitk Wall' w i n s  of 
gtz- and cslcita. Malachih s t a h a  the wrface expo- of the 
gmmshne, but both malachite and azurib p ~ n t  !t fmdnm 
in .the rock Cuprite .is also present, and betweem tlfu blocks of 
&hM&e'dong the fault there is in pl- a filling of 'tbe black 
csrbonadeona .copper-baring material. 

A short fame1 on the north side of Trnil Cmk, on the Sunrise 
- Bairn, eqkism a vertical north-south fault in amggdaloidal green-- . . 

&one, cut by mall light-colored fine-pined porphyritic dikes und 
' @)quartz veins containing a little bornite. Native copper is also 
pmnt  in an outcrop near the creek. 



, ~ ~ o f ~ n i l C & a . a d r & t a m e l j o . t m & d ? ~ 5 ~ ~  - 
ahma them ie a -el an taarHm&&e d a b .  S t  ia diim+mth 
a- a vtrtiFal Mt in grmmtona st& &b &&h. h- 
stone containing d m  q q e r  is erpoml in the 1adp;a 24r f t d  
itre &amel mmth and abwt W =me &ham south d iC. me 
+gmmbne dm m i m  e h d d t a  d - t h a  bhck arban- m p  
per-bearing mhhme. 
The discovery adcrops of the Newhome claim m mm the k a m d  Z 

south of Trail Creek bat are f d m  around on the dope toward 
Fd1 Cmk. At aBis place the 1.- a d a m  depi t s  ware wnshed 
a w v  *tb a stream of w a k  go rs to the M r d ,  which here. 
jls fradrtmd a d  is v e M  e t h  quid2 containing barrrita and 
cblcu@t& A tunnel m w  b r b d  r few h t  lower on*e dope 
toward Fall Creek to undercut the sreina aqm& in the open cuts 
'bnt Bsd not reaeeed t h  8t tbs time of, visit. 
. The Hiddm Tr&mre claim is on the mountsin top wt oi Fall 
h b k ,  about Q miJm from .the c ~ m ~  at  the month of Trail Cmh, 
twi ha% bma pwepectd % m v m l  o p n  cub pnd a tunnel, in which 
native copper, cb*beoci% and barnlte hpve beea dkl~wl ,  Wh 
amd-~hdeoeite  her at the &h end of the claim ; cbdcacita 
and n&ve copper- at the 0 t h  end ; d be twm are chdcocita, and? 

= nbtivs 'aapper in .qasrta, TM tunnel ,was etPGted ta axplomi- 8fre 
'Wta a& chdbwite at the mwtk& ef the d a b .  

m,;.. , . 
, dined CN&G r tribuhry: of ~ l o v - a  River nearti oppasite 
Fall Creek It WB in the gmnodiarite area of Qnrnita Mountain 

' ' rind flows northwes~ward thrcrugb a steep gubh to the flbts of th& 
Eluvmm. A narrow r i d ~ e  separatse it from the, gulch o a  *hi+& 
tha Silver Star m p  is situated. 

The country 4 includes chert and tuff interbadded~&ith lira' 
flows and belonge, to the 6trelns fernation, In general the strike 
qf,the mocb a l e h e  lawor part of t b  em& is almost north, anb 
the dip is about #,0 3. Tbe cheTts, tuffs, snd Ism flows are intmded t 
by diotite aad -morn basic,; dark-oolored graalar. d3qw w sills, 
Same of the intmims, .,especidy tb light-mlhd b e - p i n e d  
diorith &, oonhin r n d  dissaminstedqyrik h t h  the intruded 
snd t b  intrud*,mks are -cut by numerous 'fad@ along which 
were * depoeited q u e  v e k  mineralies9 with @h, ch&ppih 
~ n d  in places a little c h a l c ~ b ,  .. , 

a a l f  s daze:, tunnels have been stslted by different pr&e&ak 
on outcrops of rron nnd capper dphide &ends, chiefly pyrite and 
chalcopyrib, sltkg-the creek, but mast of the m n t  war$ has beem 
dane w the Vatds  group of daima The Valdez p t r p ,  which b 



longs to A. L. Baxrett, Ed. young, and Jake Nafated, inclndes tzix 
daims, all 3mf a of which are on the -&west dds of the cmk 

The grirt$pa~-hmn~l ia on the southwe& side 09 .the m k  about 
a quarter af rs mile from the timbmd flats of R1umrma River. The 
r&lm at tM kmel are chiefly diahse and are cut many fanlta 
At the mouth uf the tunnel is B north-south f suit which dips 50" E. 
A few feet upstream another fmlt strikes N. 40" E. and dips 76'- 
8 P  W. The tunnel extends 0. Be W. fm 60 f& and follows 8 

probabla bedding ox-flow plane, which is sha a fault plane, m i d -  
i& with pyrite a d  chalcopyrite h cruQed quartz rmnd country - 
rmk. The vein mtachw EL t h i l e b d  4 feet at one p h  At 50 

from the entrmce the min is f d t e d  off or off& by a fault, 
. d k h  M k e s  N. 6B0 E. an& &p.70° NE.,.and from thirs paint.the 
t m l  wes mntinued a i ~  two b~n&& cpne extending sonth a short 
e n c a  and the other S. TO0 .W. for 50 feet. The numerous 
frhm in the tunnel contain- vaina of qnarta, @te, and in m a  
cbslmpyrite, but t h i  py-rite predominahs. It contain; W h  gold 
a?d ~ V B P  h addition t o  cropper. h p  are reported to show s 
@ld m n h t  af @.?5 and a gilver content of 3 ounces ta the ton. 

A short tunnel on the Vsldea No. 1 claim, 850 feet higher than 
thq tunnel already described and near the cmek, shows veins of 
pm ~ie&fd@it~l md qua&. The vein conhias little gold. 

# t ~ t  200 f& higher than the Val& No. 1 trmael is a &art 
-&el on b h  north& side of the m k ,  on a win of niineralized 
rqah-kz. A strong fault at themouth of the -el d r i h  N. 50° E. 
sa;d diw 80" W. At 50 feet still higher am effo  mi^^ mna, 
about 30 fact apart, which follow the bedding or flow plants of.the 
a n t r y  rock and on which a little work hae k n  done. 
Thrw dm& have been driven on two claims nd belonging 

' iblthe Valdas group on the northeast side of Mineral Crack, o p  
pasib the Valdez and Valdez No. 1 claims. They lie along the cmk 
Irt altitndes differing by abont 75 feat. None of them &covered 
capgar pro~pcts of pmmiee. 

A vein of quartz containing pyrite, chdcopyrite, rand blllite rras 
found near the head of a smdl nortkrm tributary fo Mipsrd Creek, 
The vein is e k p s d  in a short tunnel 4,600 feat higher than Kluv~sna 
Rimr and is somewhat d%cult to m h  becsnse of the qgednm 
;of %ha m w t a i ~ .  Xf is abut  I8 inchea thick and wim depuded in .a 
$&& fu'fhe gmastone country rmk. A gold m n t  of tu h- 
ton i s ~ ~ &  to have been h w n  by mlcya. 

ELLIorT ms=x. 
Elliott Crmk L more widely known than any other &per-beering 

IqsliQ in Chitins Vdey  except Kennicott. It ww me of the c m h  
p&gpected. and ever .since has been kept cantinually before the 

public interested in Alaskan copper deposits. 



Elliott creek b a  tributurg sf .E-. It ha& against the 
rat branch of &&a CW-and follows a-nrss prdd to Chitiue. 
River for moataf-ih length. The stream is app&&ly 10 miles. 
long, but only theupper 6 or 6 miles is of inbred-on amount of ita. 
q p r .  This part, l i ~  in a e i g h t ,  narrow mllerg, praeb1Ey all of 
which is ahve  timber line. Tbe lower p& below.timErer line flows. 
in a deep &-walled canyon. The gfade of the.cmk &ween the. 
lower amp, ne*r:~he month of Fim Shep Cmk, and the upper 
camp, at the moll& of Rainbow k&,,a distance of 2 miles, ia ap- 
proximately 878 feet to the mile, for the altitudes of tha two armps. 
are 2,858 feet and 3,611 fnet rqmdiveiy* The aver&ge grade of the 
upper park of the cmk for 3 miles above the nppe camp ja i s n t  lam 
f& to the mile,.but the ,grade in+tba lnst mile h.crsa~idembly 
&per: than this, Elliott Ceak receives its wahr during m i d  af the 
m m e f  f m a  rnelking mow snd ica. -Thq b ~ d  -add ,mth.&de of the 
'Palky necumnhtas mt deal of snow during the awinh~ wd are m 
well proGechd f mm the dimct' sun that th mow <there melts slowly 
md furnishes watsr l q  ~ f b r  that .an the- north dopa of the 
valley is gone. Condderable water power4h.a'trtilsble and d d  be. 
obtsised advmtngeomly byarnahg  m of a power sib in the 

+ 

' canyon. 
The wrrnpa on @Uutt C m k  ue .mnmeotad witti - U m : r  
p& tcail which thd mi& ehd af the ddg6 berbnarrrf. the dmk 
and &e CXtina Valley and joins tha Kttdmlena-mad abut B mil- 
north of S t r e k  Pam uf this trail wem only m t I y  laidwtk, 
having been xeloeated in order amid m m p y  p u n d  t r a n d '  
by the former tfait Another Wail to Elliott C m k  follows S t ~ h  
C m k  to the head of one of ita w&m branches snd c r m  8 high 
pass between the two dmw. This trail ia kpdh ig w l y  
summer, becaum of snow, and is not aommonly nged at any time. 
The distance by &a wgnlar t r d  from Stmlna to the lower camp on 
Elliott Gnmk is s h t  14 m i l a  Strelna is now the post office for 
Elliott Cmk m d  the point from which all supplies are o b h h e d  in 
m m m m  The old mil a m  KotFlina River to BiZlum'a C d g ,  
on fbe Copper, b~ not hen in am for several years. 

Copper c'laimrr l ~ w r e  first h k e d  on Elliott C& in 1899 by 8. C. . 
EUiM and Chsa; D. Hubbard. The numhr of d a b  was increased 
from.time to time till now pracfiblly all the vallw ab#e Fiw S h p  
Ci.sek, h m  the d bed. toLtha clifle uf tha Chiwope lisldone on 
the north, is incInded in them,; .A . l aw pmprtiofi of khe,claimb. w e  
patantd, and all m the of the Hubbard-Elliott Copper Ca 

The  geology of that part of Elliott Creek where copper bas tmn 
fannd is simple so far .as rock formations am concerned but is com- 
plex s t ~ c t u r a l l y w u s e  of numeroas faults, some bf' them of-t 
disphcm~ent, whioh dish& th*e normal sucpmion of be& ''Most of 



tb d b e 1  and the lower north dope of the vdley is occupied 
by t h m  .NilroIai gmmstcme, which forms a long? ~ a k w  area bounded 

all, sides by ththe Chitistone limestone. Outcmps 6f hestana am 
not m p i m u s  on the south side of Elliott Ch&, bat the bold 
&fist high on th mountain dopa north of the m k  are perhaps the 
mast &iking gw10gic fmt~m of the valley. Thin-bedded Triassic 
limsdune hnd shale alone a m p a n y  the limwhne in pIaces. The 
,&va JU&C mnglomemte (Kot~ina conglomerate) capping the 
mountains north of the creek. and the tuff ad bawlt that form.tha 
mountains on the m t h  seem to haye no comection with the copper 
deposits. Dikes of quartz diorite porphyry cut both the gmmtone 
aid the hestone  but are aat numemns and, sa far as is known, are 
ahwt wholly dricted to tha north side of the v d e  yJ 
, ,- T k  pens ton^ and limes ton^ am not c10sPlly folded but are cut 

- by Ehe p t  major faults on bath sides of the valley and by nruner- 
o m  other f a d b  whom displasement is difficult to determine except 
where Ithey cross the contact. In wch plam the d;isphtmmerrt is not 
p& Mach greater displacement probably occarreil a l q  badding 
plan- or the mnhwt of the Iimmtona and greenstone at =em1 
localities. The greenstone, however, is everywhem jointed and frac- 
tured. Delinite zones of faulting or fracture rn lm made out and 
U%& b m  been m h d m d  by capper-bearing mlntions. 

The copper depmits are restricted to the Nikolai pemhne  and 
Wer little from one another, although the mcia4ion of copper 
minerals ia not mmywhers the same. The deposits commonly eon- 
& of either bornite and chdcopyrih or chdwite a d  bomih and 
am amampanid. by little or no gangoe, although- in p l m  some 
combination of the minerals cadcib, quartz, and epidote is p m t .  
..--and epidotei are likely to be p m t  toether. Calcite, on 
~ ~ W P - b  mwt W l y  to m u r  done, although it may be 
a€m&abed with qnarte. 

. The copper mlphides were dep~4t.d as irregular veins along f r a e  
.thh planes, either filling cavities or replacing the p n s t o n a ,  as 
fi2ms.and veinlets in sheared greenstonei and ss grains d i d a t &  
thmqh thqremekone mtrr faults and f mctures. Them appears to 
lm no8 good b m  for describing the h o t s  md network of copper =I- 
p?xides in the pamtons. Their form depended on the variations of 
fxsittrrring aad--sh&!irig that tmk plam b the rock and the way in 
~wN@~$hey .were able to replace it. .. Some aggregaw of. the dghidm . b r  

bi-eut bounbries. - Qthers, on the contrary, lac$ moh . 
b & d a r i e d M e  away hitha country rock. 

Evidencas of coppr, particularly tha mrf atae Aim of malalsch, 
em.nmmus and-in many p l w  incZTQata small b d k  of mhmE- 
%d mck that pro3JabIy have -little or no value. The d d p t i o n s  -of 
.i>ro+es win tharedore be :pradically d r i i h d  to the,,prospecta 



that  in the j u m t  of tbr owners held the great& pram& d 
bPve been the objects of @id hvehgttioa hmm& as 
was not available for mapping the tunnels and making a close de- 
tailed &udy of dl the prospects, the ddascripticm are inaomplete in 
certain m t s .  Xoreover, as no work has bean dane an many ef 
.the patentad c b  since the time when patent w*s v t e d  them is 
Little ta add to some of the descriptions that have already been pub- 
lisbd." The A J k k  J o h n ,  Elizabeth, and Go0dy-r claim a n  
thorn an which most work has h e n  dona, 

A h 8  Job- a d  Gtsthria chh. -The A . l k t  Johasen-abim is 
on Deoeption Creek and lies m t l y  oi the aast Bide, although w e  
cornerexbnda over to the wesk aide. On tho north of it kthe W h -  
rict claim. The two claim l i e d  to end and extend in s northwest-. 
srly direction, ekrtrr to  the m h c t  of a8 Xrntstone and m n e ,  
bnt do not extend over onto the h & a n a ,  which lies dong .their . 
northeastern boundary. Two tunnels haw been s t a M  tm the AIbmrt 
Johnson chin, The older is: near the limegtone and about l,2W feet 
above the mouth nf Deception Creek, The other is aeverd hundred 
feet downstream,si~d at s slightly lorn. dtititu - . 

The rocks asar tha upper tunnel have been much faulted: nnd are 
intruded by dikes of diorite porphyry. A few feet abwe the tunnel 

- is a faulted-in mum of Chitistone l i m h n e  seprrrted by: 8 4iaEmibB ' 

porphyry dike and thin-bedded shah md limestooe'frombthe main 
a m  of limeshe d l  farther north. &vent1 other faults that,dis. 
phee the green*@ end the  seddt&ry.beds &OW th& fh8 TU?b 

of the hality hem undergone much dihrbance. . .  . 
The apper t u d  was driven to t b  east in ~ n d h - & r  48 h t  

dong .r fracture wne rninamlid with bornite amd c h l q ~ i t a ,  in 
whkh bomite. predominates. The copper dpbides, are -ted 
with quartz, epida,  and cdcitc and oodaT am ~ i m s  ,*- 
merit deposih in the greenstone. T?le om taken .from the tnnnel 
e h m ~  pieces a foot ar more in diameter m d  consida dm& wholly of 
bornite but contrins a fitkh gangye or orcoantry rock. gome of it 
~ h o w s  banded v e h  of quartz, dcita, md e p i d h  lrccompanid by 
braita and eharmpyrite. Gnins of clhalrropyrih are 
through the pnstone  near the vim. A win= 16. k t  deep wpe 

sunk in the tunnel. and was mathued aa two d o p ,  me t32 f a - + h e  
o b r  98 f& longs The dopes +re idhd to tha north snd follow 
hdipdthemAmringhlchm% -.- .zz. + F :  . &-+< -. &= 

Abmd 200 feet a& of this tmrnd, oat &a d k  
a &rt_tunnel on the Gnthrie drim H~re the ii &at- 
t d  pltd cut by small veim c m h h h g  bodh and chrheflte -- 
dittad with quartz, dcit+and apiclotA. The -on~ m y  ffom 

. --. <' r .- < .  . - .- . .. . . _ .  . - .. I. - 
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the larger fractures is cut by Hma and veinlet9 of chalcopyrite, with- 
aut accompanying gangue minerals, which ahow s rude parallelism 
bat are mnnected with other films and veinlets 8o as to form a h e  
network of the copper mineral. Near the mouth of the tunnel a 

? mill vein of apidota and calcite that; &rikm N. MiOD W. and bas a 
. - t h i c k  of 1 inch cuts a vein of bornik and calcite that strikes 

N. 30" E. and is of about the same size. It is obvious that the epi- 
.X -dohealcite vein is older than the copper-bearing calkite vein. Evi- 

dences of mppr are seen an the surface of the rocks betwea the 
Whrie and Albert Johnson tunnels, so that there is re- td sup- 

that both tunnele are on the same shear zone. 
The lower tunnel on the Albert Johnson claim is the tinnel whera 

pmqecting is now in progress. It is on the east side of Deception 
W k  and estenda in a northerIg direction toward the limestone- 
greenstone content. Its length, when the tunnel was vk&d in 1916, 
was 1,076 feet, but several crawcuts add considerabIy ta the total 
length of openings. I& mum i s  about N. 25" E. The tame1 month 
,is only a few feet From the creek. The tunnel was d~rtesrterf to prospect 
a shear mne thought to extend through the hlbert Johnson clsim 
from' the Marie Antoinette and to explore the vicinity of the lime- 
stone-greenstone contact. At about. 300 feet from the tunnel mouth 

!,a z t l ~ r  mne wslr encoontend, which carrim bornite and chalcopyrite 
depoisited along the fractnre planes. Where the ore occurs in ~ e i n s  
i t  is amoci~ted with calcite, hut where it penetrsks the greenstone 
in grains and srnsll veinlets the calcite i6 a b s s n ~ .  Crosscuts were 
driven on h t h  ~ i d e ~  of the tunnel st this point: -?'hut on the east 
followed a copper-Imnring fracture S. 206 E. for marly'lllO feet nnd 
thefl swung to the east. The ore-baring fractures are cut and dis- 
, p l d  by faults later than the ore, so that the ore could not be 
followed continuously. ~ ~ ~ a r e n t l ~  the ore-bearing fis~ures are o f  
two sets, one of which strikes N. 20"-30° W. and the other approxi- 
mately at right angles to the first set. Tbep are cnt by barren 

'Rscnrree, approximately perpendicular to each other, one wt of which 
I !strikes from north ta N. 10' E. 

At g p i n t  860 feet from the t-1 mouth the miners encounted 
a zone of crushed greenstme which was not firm enough to stand ant1 
r e q u i d  timhring, though all the remainder of t>he tunnel is untirri- 

3 . bered. Small particles of native copper were found in this m ~ h e r l  
-mk, dm d y  nativ~ mppm yet discovered in the tunnel. At 100 
feat hrther on; or about 1%3 feat from the end, the tunnel penetrates 
black limdme md ah&. Thw sedimentu';~ beds are not in their - 
nomlrl pmition. They am brought here' by fanlting and are so much 
h e d  and bmhn that they Imk almrrst like dirty coal. No copper 

. +;. ! r ~ m  m a  ia them. 
- - 

leu&- 



Gbdgew9 Espry PrdJler, d C d  cZdm.-Tha Goodyear 
tnenel ia nearly half a mila from the mouth of Rainbtm Creek a d  
about 800 feet above the west side of the creek, near the boundary of 
the Goodyenr and Henry Prnther claims. The tunnel mouth is on 
the Goodyear cl&n only afew feet above thacmk, but the tunnel was * 

, driven west-northwestward so that its two branches would .&r 
both the Henry Prather and Curtis claims, -It is in ~ n s t o n e  and 
has a length of approximately 3M) feat. About U)O feet from -the ,t 
t~iauth veins containing pyrite, chalaopyrita, and bmite,  aswcillted 
with calcite and qnartx, cut the gmmstone. Pyrite predominates 
over the chalcopyrite, and bornita is inconspicuous 

Above the tunnel is mn open art on an outcrop of g-ne which 
has lmn leached along a mne of fracture and is veined with b i t e  
and chalcopyrite in a calcite gangue. The amygdaloidsl p n s t o n e  
is cut by f ~ l ~ l t s  and b much jointed. The most prominent of these 
fanlta strike north and dip about 40° IV. hother mt of lem con- 
spicuous. faulta has a more eaaterly ntrika and a lower dip to the 
northwest,. , Retween two of the north-muth faults is a mass of rock 
of lighter color than the ~ n s t o n e  outside ths faulfa. ,This lighter- 
colored rock is:r;heard or shwted parallel with the faults ind is 
filled with a . p a t  number of thin calcite veins contain% chsl- 
copyrite or copper-baring pyrite m d  bornite. I n  the lower pert of 

- the cut this mineralized h d y  is between 4 turd 5 feet thick and forms 
a lenticular maas nbolit 20 feet long, bounded by two north-aouth 
faults rind a northeast halt. The upper north-muth fault is not con- 
tinuous, but tha Iowes footwall fault extends to the north for some 
distsnce. On the south this b d y  is much crushed md is filled with 
iron oxide. It can not be traced farther in that d i d i o n  than the 

=limit' of the cut. Besides the thin veins of cupper minerals in the 
.' , .  s W  sock there are smaU veins, of mlcih and ,coppsr.mieerals 

-throughout the muss. 
Along the strike a -shod distance to the north and a few feet higher 

the light-colomd copper-baring mkreeppeam, but the upper bound- 
ary of the rnw is the fault which forms the lower boundary of the 

# 
lower body. The mineralid body has a maximum thickam hem of 
not less than 8 feet. An irregular brrmchinp: &cite vain containing 
small horses of the light-colored m k  or main om body reachea a 
thicbess of 14 inches and contains chalcopyrite and bornite, This 9 

body of ore mtinues for a distance of 50 or #I feet toward the ~ortb. 
Thm two bpdi,es are portions of a single bodg.includcd betma two +- . northmth fgults and out by later fat~lting. . % .  . . . , 

- .  Almost d M y  above the .Gdywr  claim err the hill dope to the 
.we&, ~t more than 100 feet.-away, is. the opsn cut on the Henry 
Pmther. Hem a northawth fault dips 60" IV .  an&is intereected 
by two parallel fautts striking N. 40" E, and clipping , 2 5 " ~ 3 0 ~  W. 



Thw f adts inclose n lenticular mass of rock 30 feet long and 5 f& 
wide, wlloge weatherpcl st~rfnm is Ti@e in color thm the inclosing 
gr~enstonc! nnd which is similar in all respects to the ore h 1 y  of the 
Godyear. This Eipl~te~colored rock i s  impregnated in a similar 
manner with copper sulphides, and through it m~ns a vein of m m l y  
crgstillIine ca1cit.e c a v i n g  chalcopyrite and bornite, which w e  rich 
in phcea The calcite vein has an irregular tlzicknesa ranging from 
8 to 12 inches and in two places is offset by small faults to a distance 

' of 10 inches. 
The main north-south fault may be traced north for abut  15 

feet and sl~oms much green etain and some sulphides, but the large 
d e i t e  vein and main ore I t dy  end, apparently having been faulted 
ofE. Almost 80 feet from the om body the large fault je intersected 
by a northeast fault. This also shows copper stain, arid both con- 
tain small calcits veins wit11 the sulphides. 

The similarity in character and nppearanm of them two ore bodies 
of the Goodyew and Henry Prather indicate thltt they are faulted 
pottions of one maas. 

A tunnel was s t a W  on the Curtis dnim, a short distance muth 
of the Qoudy<ar kranel nnd higher above the creek. It is 18 feet 
long nncl penetaaha sheared greenstone, mineralimd with pyrite 
Ciia .highly stained wit11 iron hydroxide. Two prominent shear y, 
zonk cut the greenstone. They have the same strike, N. 15" W., 
but the mom prominent fractures dip 30" W., and the others dip 80° 
NE. Assays of mmples from this tunnel are =ported to  how both 
gold and silver. . 

E M t h  &!.&%-The Elizabdh claim is on the hill wmt of Rain- 
bow Creek and north of the upper cnmp. Evidences of copper 
mineralization appmr on the east side of Emerald G~ulsh,and hare 
been prospected by saverra1 open cuts and a tunneL The tuanel is 
approximateIy 800 feet higher thm the camp at the mouth of Rain- 
bow Creek. About 100 feet above the tunnel is a large open cut in 
hach broken peenstone, cut by numerous faults The three most 
prominent of these  re a vertical fault striking N. 50" W., a fault 
d t h  high aasterly dip striking N. 50" E., and a fault that strikes 
N. 20" E. ilnd dips h0-80" W. Veins of bornilte, chslmpyrih, and 
quartz ware formed along the fractures, in the greenstone, pm- 
ticnlarfy the northeasterly fractures, but have b n  shattered by - 

, fa$Wg-*hith- n c c u d  after the copper minerals were deposited. 
One veirt 'bf Unite, Iping between ~ltered greenstone and a vein of 
quartz 6 h c h 6  thick, was 3 inches thick. The copper minerals slso 

- .*imprerepat& tbs greenstone nd j acent to the veins: 
": ' Still hi~her  oh the ridge and about 200 feet &om the open at 

. . 

-~&kent ioned i s -a seeondopen~~t~howing~U-dese lapadpars l l e l  .-, 

"'?i&&t~t &rib H; 25' W. and dip 80' 'E. They fie copper . . 



The EEizabsth tomel rrms in a northeasterly direction. and mxx!a 
a- .nrunbr of well-dehd faults and .zonrs af h a t  tered rack con- 
taining copper but does not disclose m y  large quantity of era 
&mite and chdmpyrite w e  the copper minerds and are amciated 
with calcite and quartz in small veins and lenms or impmgnah the * 
-tone w i t h a  accompanying 'gangue minersls, The tunnel is 
~ v e r a l  hu~dmd ,+feet long and has a number of cmmmh.  A winze 
ia the tunnel wsrs filled with water and could not be e x m h e d  P 

The  exposures on the Ejizabeth c l~ im Rpptar to indicate zone 
of fractured greenstone, mineralized with cop= extending. up the 
ridge in a north-northwesterly course., . Copper staim m n  Im traced 
on the surface for several hundred feet. Both on the surface and 
in the t m e l  the grgenshne is .mech fractz~red. The faults are 
marked by a breocia of crushed greenstone, and where distinct faults 
are not indicated the &ustone blocks are bo~mded by slickensided 
mrfmea, 
. Y W  Ring m d  Cqppm King ~ m . - T h e  Mineral King and 

Copper King claims are on the south side of Elliott Creek at its head. 
They lie end b,md and .with one or two other claims cover most , 

of an a m  of ~ n s t o n e  between the creek on the north and a pre- 
cipitous cliff of Chitistone limestone on the ~011th. This greenstone 
area is a W p ,  craggy slope lesding up to the base of the t h a t m e .  
I t  is subject to dmgemas mow slid^ in winter and is so much shel- 
bred from the sun that snow hangs in the gulches late into the 
S U m % T T  

The Copper ging daim lies on the w e  and hss been pmpecbl 
by an open d a little more than 100 feet below the lim-ne, or 
between 300 d 400 feet above the craek, The copper deposit is an 
intimate rnixhm of bodh, and chalcocite a l ~ n g  8 shmr zone. A 
little pyrite is present, and b i d e s  pa&chite a blue cuatiag.of copper 
sulphate, chdmhi te ,  a m  Fp&td,plaoes. T h e  shear zone 
apparently nrns parallel ~ i &  ,the l i ~ e  of the lim&ae cliffs above, 
or about a&-ncatheask, md d i p  to the south. It has been pene- 
trated by miner&bearing solutions, which not only have deposited 
coppsr sulphides along the frwtulres But have leach& the pens tona  @ 

sd j a w t  to them and have given it s lighter color than the surround- 
ing country rock. The mlations hrtve sfledel. the greenstone thuu 
to a thickness of about 10 feet st the open cut. . f 

The Mineral Kimg claim is east of the Copper w a n d  k W a r  
to it in gmEogyL,end the w m n m  of copper m i m a . ,  ., Several - -. open cuts have been made on it, two of whi&* hare, good o u h p s  
of ore. They are about 3 0 0  h t  apmrt along a, shew zone running 
N. !a0 E. an6. &owing a number of faults that dip 30" S. The 
preenatom is by vertical joinfs that, strike N, 60°, ,E. and 
by faults that dip 30" SR . One north-soutkfanlt dip8 &I0 Er,, ,me 
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copper ore is a mixture of bornite and chalcocite replacing green- 
&me, particularly along joint and fractm planes. Chalcocite pre- 
dominates over the bornite in some specimens, EO that_ the are appears 
to ,be all chal&te, but close inspection reveals the bornite. A 
e a t i o n  h r n  solid sulphides tD greenstone can be tmed,  and it is 
diftidt to bU whether some of the greenshne contains copper except 
by bmking the rock to get n f-11 surface. At one point the min- 
eralized rock has a thickness of about 6 feet and can be trmd for 
four or five times that distance along the shear zone. The bounda- 
ries of the body, however, are indefinite. 
S& eEm.-The Swazie claim is on Queens Creek opposite the 

C%tPper King. An open cut about 150 feet; from the base of the 
lihsstone  cliff^ on the north exposes a m a s  of shattered green~hne 
highly dained with iron oxide in contact with an isolated mass of 
lim&ne along a vertical north-south fault. The limestone near 
the fault is shined with azurite and malachite and contains a little 
pyrite, chakopyrjte, and bornite. The mineralized mclr is reporter1 
to contain b& $2 to $3 in gold to  the ton in addition to the 
copper. 

Cropper Q w n  cE&b.-The open cut on the Copper Queen claim is 
abut, 50 feet west of Kings Creek. It has an elevation of 905 feet 
above the uppr  cabin. At the time of visit the cut was nearly filled 
by th& caving of the bank above, so that the face of the greenstone 
was not exposed. A large mass of the rock, however, which Iuy at 
one end was filled with rr great number of tiny intersecting wins of 
iron and copper sulphide, either pyrite m chalcopyrite or both. 
The greenstone fragments mere covered with the green copper 
mating. 

M-ot C--A large nopen cut has bem made on the &mot 
claim at the barn of the limestone hetween 200 and 300 feet west of 
Pouch h k k  The greenstone is  much broken, and slickensided 
mrfims are numerous. The most prominent fault plane8 strike ap- 
proximately N. Mi0 W. and are nearly vertical. Small calcih veins 
a r q k g  a small amount of copper-bearing pyrite occur along some 
of the owin& A malachite mating was seen in the greendone 
but is not prominent along the main fault planes. Bornite was not 
o b m e d .  
L A  e h - T h e  h u i m  open cut is on the east dde of Rainbow . 

Cm& and 60 feet above it, or 390 feet above the upper- cabin. The 
country rock k penstone and is cut by faults and joints. Slicken- 
sided mrfsces are common. The best-developed fault planes strike 
about N. 20' W. and dip 46"-50° W. Small calcite veins, having a 
thicSnem in general not greater than 2 inches and containing a little 
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quabrtz, c r m  the mumtry mIt in all directions. Such veins are mom 
.numerous hem than in most of the other workings examined. Bornite 
and chalcopyrit~ are t h ~  copper minerals present, and of the t.wo 
bornite is the mom abundant They appear in the wlcite veins and 
disseminated through the greenstone. The copper nainemls rwe b& 
developed, however, in the calcite veins and the greenstone adjacent 
to them. It is difficult tn give any definite statement of the t h i b e s s  
of the mineralized zone, which extends parallel with the creek for 
a distance of about 30 feet horizontally. Above the cut on the steep 
hill slope green capper s t i n s  can be traced for a distance of 150 or 
perhaps 200 feet. 

Lkzi-e G. ddm-The open cut of the Lixzie G. claim is in the b d  
crf Rainbow creak only a shod distance from the Louise. The 
penstone at this place is ~heared and plicated, but many of the re- 
sulting openinga hare ken filled by infiltration of quartz and eal- 
c ih .  Quartz reins reach a thicknew of 2 inches and carry cun~isider- 
able chalcapyrite. Calcite filling is, however, the more abundant, 
and in plms the i w k  consists of about equal a*-iof sheared 
greenstone and calcite gimilar to the knotty rnasxs of =hist and 
quartz seen in h i ~ h l y  metamorphosd regions. These calcite-,=en- 
&one veins, if such tbay may he called, carry a consirlerable amount 
of bornite nnd chnlcopyrite. 

Mmie AN f &w?tte daim--Copper minerals am exposed in the Masie 
Antoinette claim jn two open cuts on the top of a n a m w  ridge ad- 
joini~lg the ~ l i m k t h  claim on the northwest. These cuts are within 
lem than 100 f w t  of each other and show shattered peenstone stained 
with the oxidntion products of iron and copper. There are a number 
of fnults which strike in diffemnt directions, and in the open cut on 
the west b~ww of the ridge a crushed rein of varinble thickness, con- 
sisting of calcite and a mall amount of quartz, is exposed. The 
greenstone also contains win1et.e of cnlcit~, which follow joint or 
slip planes and carry the mppar end iron m~lphides. The larger 
rein strikes spp&rnahly N. 30° W., a direction which would t a b  
it somewhat to the south of the other open cut. Near it a. mall  
rettiml dike of Ene-grained diorite from 2 to Z$ feet thick cuts the 
greenstone. . 

Lelafid and L a w h  c7dm.-The b l a n d  and Lnwton clnims are 
in the saddle between the Ileads of Five Sheep nnd Deception creeks, 
at an altitude of more than 2.600 feet above the lower cabin. They 
lie north of the main body of the Chitistone limedone, whom scarp 
f o m  the prominent cliff on the southern brow of the spur to the 
south, This unusual Iwation nppawntly  hove the limestone is due 
to faulting. which hrinp the greenstone up against the W s i n a  
conglomerate or rather against the l u r e  porphyritic dike w h i ~ h  here 
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mprrmtm these two formations, On the Jmwton claim a fault that 
strikes N. 30" W. and dips T B o - - 8 0 O  S. is seen b e t m n  the peenstone 
on the south ruld the porphyry dike on the north. The dike hcre 
show% a thickness of 80 to  35 feet. Several open cuk~ have b e ~ n  made 
id the greenstone and show small amounts of pyrite and chalcopyrite 
impregnating the rock adjacent to joint or fault plane. Green . 
copper stain and also the copper sulphate chalc~nthite were seen in a 
number of other places. The copper minerals where obsewed were 
all within a few feet of the porphyry dike, but any other i~ l s t ion  1%- 
twwn the two was not evident. 

Ctif cT&nb-The Cliff claim is on the west side of Deception 
C m t  Here two open cuts hare been made a t  an altitude of 600 
fset above the mouth of this stream. The greelistone is cut by 
numerohs fitult planes, and slickensided surfaces aro frequently seen, 
bui perhaps the most prominent of the planes of movement strike 
nerrrly east and dip about 4 5 O  N. The: F m n  copper carbonate and 
the o%de of iron stain the greenstone. Small amounts of the 
wpper sulphides a h  are exposed  long joint planes, but no con- 
siderable exposure of ore has been TtIad~. 

flhnnm c7ai,m.-Tbe Chance is the most westerly of the patented 
claims and includes the prominent point of the limeatone cliff which 
is seem on entering the valley. A small open cut only a few feet below 
the base of the limestone shows the w n  copper shin and s, little 
bontite in the g&enstone. ' 

Other clai?r~fi,~i considerable number of claims on Elliott Creek 
not indrlderl in thase alrrady mentioned ace held by the Hazbhrd- 
Elliott Copper Cn. Some of them are patenltecl claims; others are 
unpatented ~ n d  require a-ment work each year. To a certain 
extent the work required on t h ~  unpatented claims has interfered with 
the rapid exploration of claiins l i k ~  the. Albert Johnson and Elizn- 
h t h ,  for it h a  necaesnrily diverted attention from them during a 
large proportion of the working season. On thn other ,hand, it is 
not possible to work in a place like the lower AIExrt Johnson 
tunnel early in the wlmmer, inasmach as the deep guErh thrnugl~ 
which Deception Clwk Rows is then blocked by snow and ice. 

All of the Elliott Creek channel from n point sornewhe~m below the 
lower camp and in addition prrta of the mountain dope south of the 
m k  rrrs no* coverer1 hy claims. The clnims math a€ the creek, 
except those on the Nikolai greenstone, were staked as a rwarlt of 
excitement over I d e  gold cltusd hy the Kmenveries an Benita V~vek. 
(See p. 142.) They are mostly in the nwa of older mclm belonging 
to the Strslna formation and were not looked nn as fnvorable for 
maper. Furthermore, they have not yet adorder1 got(l-lde pros- 
p ~ t s  that Fire promise of vslne. 



C I L W  m k  

The copper p~ospscts of Clear Creek, freqnentIy referred to by 
Fm the name Copper Mountain, include 55 clrtims and are tbe pmpertg. 

of the Great Northern Development Co. Patent had km grantsd 
on 85 of t h m  claims a2 the time of viait in 1916 and w~ e~pected 
rm the remaining 23 claims within a short time. P) 

2%- claims are at the head of Clear Creek. They are reached 
from the lower a m p  near the crossing of Qmr C m k  a d .  the 
Strelna road by a branch road, sorriewhat out of mpdr in 1916, which 
leads to the upper camp, where the mining is carried on. This Pbsd 
is Q miles long and climbs-2,500 feet from the road c&g.(aIti- 
tuda 2,612 feet) to  the upper camp (altitude 5J34 feet). Most of 
the claims are in the Qear Creak valley, but: part of t h  e-d 
OWF the r i d e  into the Porcupine O m k  valley* Thy  wver m ama 
of greenstone (Nikolai) and intrusive coarse-grained granodforite, 
which probably represents a later phase of the grandiorite intru- 
sion. The principal: area of granodiorita is in the Porcupine Creek 
vaDey,but the mthwest boundary between the greenstone and grano- 
diorih lies partly on the Clear Creek side of the ridge. Apophyses 
of the granodiorih, in great variety, h m  large arms to stringers 
only a hction of an kc11 thick, extend out into the greenstoak In 
pla~eg particularly in the Porct~pine C m k  valley, h a m s  of green- 
Btone are included in the gransdiorite. 

Both the p d e  and the grandorih are faulted nnd sheared. 
Same of the faults are of considerable displacement and probably 
are ta be correlated with fadts indicated by the limestone-greenstone 
contact west of Clear Creek The shearing of tbe peenstom, and 
granodiarite probably accompanied the faulting. 

The greenstone at the borders of the ganadiorite is mineralized 
with pyrite and chalcopyrite, which occur as veins dong fmlt and 
frncttzre plan= and as p i n s ,  leaves, ~ n d  mall irregular-shaped 
bits of mineral replacing the greenstme or filling tiny openings # 
along zones of fitwture. Pyrite is dkeminated through parts of the  
granodiorite but so far as development work has shown is not ac- 
companied by any great quantity of capper. Magnetite and garnet 

+ 

have been found in greenstone in the tmueh, but the quantity is SO 

little as to escape notice except on ma& careful observation. 
This property haa been prmpded by three principal .tmeIs on 

which considerable work has been dona, and a fourth which is ex- 
pected eventually to become the, main -el but when examined 
was only fairly started. The 6mt three t d  have a total Iengrth, 
as reported by the manager, of 5,601 feet; the fourth is only 175 feet 
long. 
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Tunnel No. 1, on the east side of Clear Creek, is 3,000 feet north 
of tbe forb, at an altitude of 5,000 feet. It is the second of the 
tunneh in &e md has two branches, each nearly 1,000 feet long. 

2 !hme1 No. 3 is on the east aide of the creek, a short distance above 
c-., at an altitude of 5,200 feet. Tunnel No. 2 is about a quarter 

% 

of a mile north of No. 3 tlnd 300 feet higher. Tunnel No. 3 was 
s k W  to open on a lower level the ore uncovered in tunnel No. 2, * bot work on both tunnels was stopped by dketrous mowslide, 
which dwtroyed the power plant and most of the camp. Sin4 then 
only -ent work hag been done on the creek. 

Tunnel No. 2 foLlom in the main a succession of fracture planes 
that range in strike from N. 30" E. to N. 60" E. and carry the copper 
md b n  minerah. Pyrite md chalmpyrits are p m n t  dong many 
of the fracture planas and show their greakst development in a, vein 
about 2 feet thick in a short crosxut 350 feet from the tunnel mouth. 

The showing of chalcopyrite nnd pyrite in tunnel No. 3 is some- 
what less than in the upper tunnel, but the geologic wnditiom, in- 
cluding tha trend of the fractures, are much the same. The mineral- 
ization took place in a sheeted zone near the grandiorite contact. 
All these tunneIs are perfectly dry except for a short distance near 
the mouth, and even there moat of the water is due to melting mow 
which drifta into the tunnels in winter. 

Tunnel No. 4 is at the fork a£ Clear Creek, about 800 feet lower 
than the camp. It exposes no ore but is q e c h d  to become the main 
working tunnel if the property develops into a capper mine. 

The copper content of the minsralizd p d n e ,  ao far as is now 
known, ia too low to warrant the expectation of developing this 
p r o m  into anything but a mine of low-@B ore to be operated on 
a large waIe by cheap methods, although some of the higher-grade 
ore kn the upper tunnel, No. 2, might be mined pmiitabfy in a small 
way. This is the consideration on which the manager, E. F. Gray, 
has prospected the p u n d .  

T h e  work on Clear Creek represent13 the expenditure of a large 
0 amount of money and is more extensive than at any other place west 

of Kennecott in Chitina Valley. Tunneliug was carried on in both 
m e r  and winter for several years. Electric drills were used in 

* driving the tunnels and were mpplied with current from a generator 
3- driven by gasoline power. The entire power plant and the principal 

a m p  buildings were destroyed by the snowslide previously men- 
tioned, and mod unfortunately a number of lives were a h  1&. Thia 
plant may not be rebuilt even if prospecting is mmmed, for i$ iEl 
phnned ta use power generated on Rolrrhg Creek, tributsry to Kot- 
gin& River. When work is m m e d  it is also planned to bRgrn ex- 
prhmting with methods .for treating the copper sulphide in the 
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hope of devising a leaching pmmw by which the copper &n be ex- 
tract ed economically. 

* 
Part of the claim belonging to the Great Northern ~evelop~hent 

Co, lie on the I'orcwpine Creek side of the ridge between Clear and 
Porcupine creaks. . Assesment work to hold the p u n d  has been 
(lone on them, but mining operations me much lass extmsive than P 

in the Clear Creek valloy. The work ineludes open cuts and several 
short tunnels in shearea Nikolai greenstone. gr he open cub and 
tunnels are in a zone of faults and fractures that strike N. 2 5 O  .E. 
and dip a b u t  50" SR. Minute fissures healed mith veinlets of 
malachite and a little chalcopyrite cut the iron-stained country m k .  
A little gold is reported to accompnny the copper. 

Three claims at  the extreme head of Porcupine Creek are owned 
by Messrs. Barrett, Ynung, and Kafsted, These claims adjoin the 
claims of the Great h'orthern Dev~loprn~nt Co, and show the same 
type of copper mineralization. The ~ssemrnent work includes two 
tunnels, one of which mtla only recently darted. 

The Blackht~rn w n p ,  belonging to the Alaska United Explora- 
tion Co., is on the muth,hme& side of Porcupine Cmk,  9$ miles from 
the Kuskulana. Three tunnels have been driwn on the pmprtp. 
The tunnel farthest upstream is 500 feet above the creek and ia 75 
feet long. It is  in fine-grained basalt cut by dioritic dikes, and 
both the basalt and the dike rock-nre much shrtted.  h &ro~g 
vertical fault near the tunnel mouth strikes N. 25" E. and is almost 
perpendiculnr to the line of the tunnel. TIie bmken country m k  
is minemli~ed mith pyrite and a little chalcopyrite. which gave riw 
tm ronsiderahle copper staining. 

Nearly half a mile solitheast of tho tunnel jnst. mntiond nte ltma 
other tunnels about 900 feet above the creek. One of the t ~ l n n ~ l s  
was caved at the time of visit. The other is 75 feet b l o w  it in the 
gulch and is 125- feet long, including itrr two short branches. It is 
driven in greatly'shattared p n s b n e ,  stained with iron oxide and 8 
alC by dikes of diorite. Above the tunnel is an ciuttr~p showing 
striwers of cavernous quartz containing p e t e  and gtnin~rl with 
iron oxide and malachite, pmbabl?. derird from chalcopyrite ~sm- 
d a t d  with the pyrite. 

? 

=WET 
* 

Xu- C m k  hi an u p p r  tributary of Kushlsns, River, which it 
joins less than hulf a mile from the place where the main channel 
of the river emergcg from beneath the ghcier ice. It h e ~ d e  against 
Roaring and Peacrack c m h  and Is sepamtad from Roaring C m k  
by a high pass sometimes used by foot trawlers for renching upywr 



Kotsinr River. Nearly all the creek is a b ~ e  timber line. An auto- 
mobile road leads from Strelna to Sugget Creek and furnishes trans- 
portation for freight and sztpplies throughout the year. The dis- 
t a m  is I$ mih, 

Nugget Creek appears to be the place where copper clai~ns were 
first staked in Kuskulana Valley. James McCarthy, one of the early 
explorers of the district, came to the c& in 1900 and built his cabin 
n a r  its mouth. He staked the claims now owned by the Alaska 
Consolidated Copper Co. and was one of the first white men to 3m 
the big copper nugget from which he named the stream. BlcCarthy 
C-k, in the Nizina district, also owes its name to him. 

Prospecting or mining has hen in progress on N11gget Creek for 
many yeaw, and a large mount of money has been spent in develop- 
ment work. Without doubt mnch of this expenditure wrrs justified 
by the copper showing. but the results ham been disappointing, so 
that in 1919 it was decided to stop work and remove all the equip- 
ment of d u e .  This has hen done. much to the regret of ell inter- 
ested in this district, ~ n d  apparentlp no further ~levelopment will 
be undertaken. The follow in^. descriptions may therefore seem to 
be more extended than this 1)rolwrty warrants, but they nre believed 
t o  im justified because the expIoratory work on h'ugget Creek has 
hen more thorough than on any other propedy in the district and 
may throw light on the copper deposits in the p k n e .  

The Alaska Consolidated Copper Co. formerly held 45 claims hl 
the H~ishilana Vnlley. most of which mere on Nugget C& and 36 
of which are patentecl. This n ~ ~ r n b r ,  however. includes the Rams 
(Copper Queen) a - o ~ ~ p ,  an the east side of Kushzlane River, which 
was abandoned in 1915. The c l ~ i m s  on whicll most work has hen 
do- -.on the east side of Nagget Creek, although the property ex- 
tends a c k  the creek onto the mountain slopes to the west. NearIp 
all the work has been done in the lower end of the vdley. 

The equipment of the mine inclnctecl a mill furnished with a Isxgre 
&d a mall cnlsher, two jigs, and two tables, nll operated by a semi- 
Dimel engine. Air for Ith~ drills nnd the drill sharpener was pro- 
vided by a compressor ant1 two semi-Died engines. A small air 
hoist was also w51lwrl. Thew mas in addition an assay office and the 
necessary buildinp to care f o ~  men and horn. Freighting wns done 
after the m d  to Strelna was completed, by two 34-ton trucks. The 
total copper production of Nugget Creek  consist^ of two carloads of 
I~ig'h-grd~ band-sorted ore shipped to the smelter prior to 1916 nntl 
160 tons of concentrates and hand-sorted om shipped since that time. 

The bedrock of the Nugpt Creek canyon and of the mountains 
west of the creek includes tuff, fine-pined bassit, and a subordinate 
amount of shale nnd limestone, all belonging to the ~ t k l n a  forma- 
tion. The rocks east of lower,Nug@ Creek are basalt. flows, mnny 
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of them amygdaloidd, belonging to the N M a i  greedme. SeP- 
era1 maU areas of Triassic limestone and Jn&o (I) s m ~ b ~  are 
p m n t  in the upper Nugget Creek d e y ,  but they have no m e c -  
tion with the copper deposits. The greenstone on both aid& of the f 
creek is cut by dike6 of diorite and m l W  rock Such ' d i b  are .> 
conspicuous in the mountain sides weat of the creek, where their light 
color givw them prominence. 

The Streha formation and the N h I a i  panstone of lower Nugget s 
Creek are separated from each other by a great fault, which brings 
the older rocks on the west ta 8 position relatively as high M or 
higher than the Chitistone Iimegtone east of the cmk. &her f m b  
of considerable stratigraphic end struehint1 iraporkmce cut the 
gmemtones, but'with one axmption they have no h o w n  connection 
with the copper deyitsl. 

The mo& promising outcrop of copper ore yel; found. an Nugget 
Creek wag on the TTaldez claim. This claim accordingly has received ' 
much attention and has k e n  thoroughly praspmtd. It lies on the 
southwest slope of a small round-topped hill and is about a quarter 
of a mib from the creek mouth. The country m k  is amSpaaloidal 
grmstone, which ia cut and dispIaced an unknown amount by a 
fault that strikes N. 8 8 O  E. and dips 80" N. This fault probably . 
meets the much e a t e r  fault that follown the Nuget Creek valley 
only s little way west of the Valdsz claim and ends there, for it has 
never been found in the wnIls of the creek canyon. The Taldea fault 
is awrnpaniad by' el' fault b m l a  and s, gouge that in pl- is more 
than 2 feet thick. In places sLsw it splits into two or more nearly 
parallel faults with a horse of country rock or of vein filling batwen. 
Movement occurred along the f ~ u l t  before the c o p p  minetab were 
deposited and ~win after they were deposited, the d i d a n  of .#a 
latest movement being ~hown by ~ltriae that dip nbont 48" E. .Minor 
faults or fractures, prohably brenches of the main fault, have nearly 
the same strike sa the main fault. C m  faults striking N. 10°40 
W. internet the innin fault. In most places the hanging wall is 
amygddoidal ba~sl f  but I d l y  it js a dense bmaIt th& had ns P 
ves.Ide& ' The faotwsll is also memingly a dense hasalt without 
ntnygdulm, but the mck is commonly so crushed that its chnracter 
is hard to determine. P 

The w i n  fault is plainly aeen in all 1mh af the mine and has beea 
traced eastward alofig the Btrike fm !&$ clainl length, althoagh there 
Is no evidence to show thst the fault expeed in numerous cnts and 
asrmmed to be one fanlt ia not really a m&on of slightly over- - 

lapping parallel faults th-hat differ onJy a Ejttla in strjke f m  the H- 
68" E. tmnd ,of a f malt 2011% 

Bornite, chalcopyrite, and pyrite are the metallic *hides in the . 
a. They am m i n t e d  with a varying qnantity of calcite anit 



'appaer eithe~ in wsll-ddhd or as g~ains, f i b ,  and mall 
bodies of irregular shape in the s h d  and hcttlred pmtone.  
In one of the levels chnlwpyrite has filled the vesicles of the +. 

grmmbne. . 
Q, The original tunnel of the Vdda daim penetrated s win of white 
u and grey mlcite containing bomite and chalcopyrite. It was not 

exactly perpendicular to the vein, m that the thickness of M feet 
4,. of ore meamred along the tunnel wall w m  somewhat gr-r than 

the true t h i c h w  This tunnel seemed to indicate a large vein of 
bornite and chalcopyrite in calcite, but further work disclosed the 
fact that tha calcite mass at  this place was thick in omparison with 
its other dhensiona and did not maintain its h i c h e s s  either along 
the strike or in depth. The calcite body, now entirely mined out, 
mas bounded on both sides by faults but lay on the southeast side 
of the main fault, in some pl- adjacent to it and in others e v -  
em1 feet awayw Movement occurred along both fad& after the ore 
was deposited, so that the country m k  as well as the vein filing 
was jointsd ma crushed. The calcib was broken and in places was 
granulakd Furkhmore, the greeastone near the vein was sheeted 
parallel ta the fault. 

Copper minerals, however, are not restricted to veins of calcite 
a h g  the fad& Copper continues in depth to the limit of &e 
present workinpthat  is, fo a point 420 feat Mow the outcrop. 
Bornite diminishes from the surface downward and disappears at 
the 105-foot level h t ,  it is sEaM by the manager, reappears Iower 
down. Below the 105-foot ]eve1 pyrib and chalcopyrite are the pre- 
vailing miner& st least as far as the 300-foot level. The metallic 
dphides  are accompanied by calcite at all levels, but in places the 
quantity ia small and at 110 other placa has any mass of calcite like 
that at the mrface been encountered. The cabite veins were formed 
only locally, and furthermore the originar inequalities in thickness 
of the calcite ore veins have been incretlaed by faulting after the 
ore wzca deposited. 

4 
Development work (fig 7) on the Valdez claim includes about 

4,000 feet of excavation represented by adits, shah, drifts, and - 
, . 

r- cmwuta. A shaft 160 feet deep was sunk from the onfcmp to the . . -. 

main working or h k y  Boy tunnel, snd from it levels were driven ' 
-* at 35, 55, and 106 feet below the surface, but the part of the shaft 

, above the 6 6 - h t  level was dwtroyed by stoping out the om near 
the m r f ~ .  A geries of win- drifb,  and crcmoets below the 
Lu* Boy tunnel caxxied the workings to rt depth of 420 feet blow 
the outcrop. Thh exploration demonstrated that the best ore was 
that at the marface, und the failure to h d  it continued in the lower 

. . >. -;;$b,i. -:. levds led b the absndonment of the mine. 
.--a - .*' t' - 
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A little work was done along the fault east of the Valdea clnim. 
The bedrock on both sida of the fault is amygdsloidsl greenetone, 
cut at one place, 200 yards east of the Valdez shaft, by s dark por- 
phyritic dike containing large crystals of 5ornblende. f n places the 

% gmmsbne adjacent to the fault is leached for a fmt or more t~nd 
.9 ha9 a lighter color than that farther away. Several open cuts and 

short tunnels show copper sulphides, either bornite and chalcopyrite, 
1 or chalmita and boimite, accompanied in some places by calcite and 

quarts, in others by quartz and epidote. The quantity, however, ie 
nat d c i a t  to divert attention from the V~aldez claim. Work h ~ s  
dm h n  done on other clnims, some east and some west of Nugget 
d b k ,  but has not given much encoumgement for prospecting, 

The large copper n q p t  for which Nugpet U m k  mas named lies 
the bBd of the creek n short clistance aljove the camp and b a s  

discovered in lsrPO by A. C, Spencer, of the United States Geological 
S u m y .  It is 7 feet long and sh l~ t  3 fwt wide. I t a  greatest thick- 
nem ia 12 inches, but the a\-erage thickness is law tlmn half thnt .  
Few of the photographs give a e l e a ~  idea of ita shape, for most of 
them are taken with part of the nngpt under water (PI. XIX, -4, 
p. 39). The crmk p v e l  nenr the big nngget cocontnins nnrneroirs 
sum11 nuggets of myper ranging from shot to p i e s  that r n ~ i ~ h  
several poundg, APthot~gh native copper has been found in the 

. gmmsbne of Nugget Creek, no such lnrp pieces as those in the 
creek a m  known in their M r k k  snllrce, 

ORQVP. 

The Finch or 13ig 'ITorn p 1 1 p  of daims is an the southwestern 
front of the mountain htwwn the forks of 1Cu1~k11bna G I R c ~ ~ P .  
It Mongs to the Uniterl Copper Exploration Ce. nnd. inclurles ten 
dab+ one oi which is f mctional. It ]lies without the mapped RWfL 

but c l w  to it. 
A trail l d s  krom tht3 old MeCarthg cabin on Nugget Creek to a 

. -@ace on the west tide of Kuskulnna Ulncier opposite the point .of 
-..inad bckwean the glacier fo~ks  ant1 thenm cmses the wesb branch of 

f th~;glaci,er to a, wall-constructed cabin on the point, from .whkk. , ;.: 

3 mother tiail climbs the rid* b the copper-benring o ~ ~ .  The5' 
btel length of the trail f r m  ?Jugpet Creek ta the cabin is about A 

*, - 4 d m ,  af which 1 mile is over the rmvel-covered dwier. 
* 

-: - The -try m k  is greenstone (Nikolui), much fr~ulted and-other- 
.*h';m fractured, and has lncn subjected to the fiction of circulating 
,wsters, as may be ~ e e n  plainly in the Penched rock adjacent to fissures. 

. Theprincipal~hiho~vii~~ofct~p~ri~lSORf~tt~~bor;e.t~hegIacier,on 
thesouth brow of the ridge. It is n large disklike mass of granular 
bomb, chalmite, and qnrrrtx, nhut  13 feet in diameter and one- 

..- quarter as thick, which lics against the much shntted bedrock and, 



although in p h ,  appears:to be fadm eff from sn ore body not 
elmwhere e x p d  (33. XLX; B, p. a9). The plane of tb disk dstri~tes . 
N. 200 E., but the deposit e~dent ly  belongs h s prominent zone of 
faults that strike N. 40" E. and dip & a high angle to the a&. 

A tunnel about 40 fmF, 10% was driven beneath the di&, pwn- 
dicvlrr to its st*, and e x p o d  a little ore of the =me kind imme- 
diately below the disk. A deep open cnt or Smncb mom than ,110 
feet long leads to the tunnel. A second tunnel, 30 feet long, in F 
which a shallow shaft was sunk, is a few feet north=& of the first, 
but discloses no.ore. Numerous fauIta are shown in the open cuts 
m d  lunnels, "1Fh~ atronpst of them either approximate the stdm 
of the zone of fissuring, N. 40" E., or am perpendicular to it. 'me 
strong fault with a t - w e u t  skrike waa h r v d .  As a m l t  af the 
faulting and of weathering all the rock expeed by the tunnels is 
shattered nnd stained with iron oxide. This unusual body of copper 
ore d m  not -ble any other body in this district h a m  to the 
writer. Its peculiar charaateri&ic is the granular texture of the 
ore, bu& the form of the body i@lf is notable. It m p s  out in a placa 
where-the greenstone is highly fraatumd, p o ~ i b l y  as n . d t  of the 
intersection of principal fim of the shear zone by mm fad& 
An open cut 100 feet northmgt of the tunnel shows 13 series of 

. .  distinct vertical fractures striking N. Ma E. that donbtlwa4Amtg 
to the-shear 24110, but little or no copper is p m n t  Abont 100 feet 
to  the muthwest the shear zone is cut by a narrow dike of dark basic 
rock driking northwest and resembling the surrounding gmenstane. 

Another tunael was begun near the end boundary betwsn the 
Whistler and Big Horn clnims, 200 feet.lower than the ore body just 
described and S. 57O W. from it. It starts on a well-defined verti~al 
fault and mns in amrthe&edy dirsction but bmches 20 feet under- 
ground into tmo;praElel tunnels. The hhl length i n  76 feet. On 
the east gide of the tunnel mouth i s  a fault with a qtrikei of;N.'W0 E. 
rind a high eadrly dip. It ghows iron-hind gouge and mushed 
p n s h n e .  On the we& side of the tunnel mouth is a fault striking 
N. ma E. and &atfrer+striking N. 10° E. ~ o k h  dip shut .  fiOO E. 
and from the im-stained talus on the hill above them a p p r  tb save I# 

.-.1 

a pprogimately khe direction of the msin f rsult zone. . 

In the faice of &e left-hand bran& of the tame1 is a mall +eh 
of hornite and qu&z %t,&ng.N. 70" F3. Other h t u m  containing * 

' in short lmslikse veins hwe strikes ranging from N. 70" E. to 
90" and are cut by north-south fxactrrm, one of which in the right- 
hand tunnel h ~ s  e good gouge. Seveml tons of om st the ta&l 
mouth i s  ready for shipment and contains pieces ehowing that the 
high-p.tb mpper&aring reins attain a thickness of a t  least 10 
i n c h .  



Still another tunnel bas h e n  Mven on the Whistler cleim. It i 
Y. 80" W. from the tunnel Inst mentioned and is 150 feet lower on 
the ridge. If projmtd it wonld pas under that tunnel, 1 ts  length 
1s &ppmximately 400 feet, but it dkIusea no om. 

S, . A nmber of opn cnts hsva been made on diffesent claims of the 
* .  l?%h group, and one or two short tuuels, li&e more than open 

. cuts, were &&a. Native copper is reporkad to have been found 
at one of thw places. Although this p u p  of claims is almost st~r- 
rounded by the glmier, it is doubtful i f  the ice wouId offer serious 
difiulties t& the transportation of are, for the pvel-cowred sur- 
facs affords very good traveling exc~pt nenr fie western edga of 
the glacier. 

m-0- m. 

The Mayflower claim is on the sontheast ,side of Kuskolana Val- 
ley $g mila above the lower end of the glacier. 'Sfiis daim, with 
one or twa adjo- claims, has k e n  staked far a g o d  many yeam 
and is now controlled by James McConndl and Gus Johnson, aE- 
though there @re or have been others interested with them. 
. The country rock is greenstons (Nikolai), into which Ilave been , 

faulted mU masses of the Chitistone limestone, such as the one that 
cap8 the mountah top above the claims. It is evident that these 
mIts have h e n  much distnrbed, for faults are numerous and are 
partjcnlarly notimbre along the contact of &reenstone and lime- 
stone, wheix the conditions are most favorable for m @ h g  them. 
The e l a h  are on the west side a£ a prominent gulch opening into 
the main KusMana Valley just south of the piam where Kusknlana 
Glacier bends to khe east. 

' The priocipal ahowing of ore is in a steep, namw tributary gulch 
W-iY'~idt b h e e n  1,000 and 1,100 feet nbove the glacier. A zone 
of fttlctare along a major fault that strikas N. 60" E. and dips 76" 
NW. gave rise, t h m g h  erosion, to the small gulch and aontaina the 
-copper minerals. 

The om exposed is bornite and a minor proportion of chaIcocik * 
' in n gangue of quarts. Considerable epidote is ameisted with the 

7 quartz and copper minerals. The ore commonly has a banded struc- 
tore and fills parallel frsctures in the greenstone or replaces the 

+ greenstona altogether. Its place of patest  development is near the 
F W i n  of rt prominent fault striking N. 50" E: with one th& 

st&wmr& and dips 60" NR7. In the fm of the opwrent s minor 
fanltstri$ihgh'. 50* E. like themain fadtbutdippingsontheast 
instead of northweest connects the two faultS just mentioned. MI 
three faults are mineralid,  but the fault with N. IZQu E, strike and 
northwest dip shows most minenr2ization. About 12 inches of high- 



grade ore is e x p o d  along tftis-f ault in the open cut. The conaecting. 
f anlt shows about .I0 inches of good om, and the north-south fault 
shows less. About 25 feet =st of this open cut is another well- 
marked fanlt striking N. 40" E. and dipping 05"-?Q" SE. No ore 
was seen in it. The principal ore body extan& np the bed of4he. t 
gulch a vertical distance of 60 feet, ta s point where it ia cut ofl by a 
soutl~eastward-dipping fault along which there is no copper minerali- , 
zation. Bornite extends nll the way up to this fault, but minor faults * 
later than the ore interrupt the vein in places. Ne attempt was 
made to tmce the ore higher in the plch, owing to the steepness of 
the slope and the difficulty of getting o m  the cliffs. The ore de- 
posit is distinctly a vein d e p i t .  Xo bornite was seen disseminahd 
through the p a s t o n e ,  bnt mall gash wins, parallel to the main 
vein yet having no visible w m d o n  with it, were displayed in the 
open cut. 

A tunnel w m  B t d  a little math of the gukh and 800 feet below 
the open cut to undercut the ore b d y  expased ahre. It has n length 
af 75 feet and ahows quartz veins with north-math strike in the 
greenstone. Nnmerous veins of quartz and epidota are expwed in 
the green-ne near the tunnel and in the cliffs between the tunnet 
and the open cut. 

P ~ n O x  - 
An open eui) and a short tunnel, now c a d ,  represent the m r k  of 

pmpcting m :claim- bslonging to Oscar Pierson sad others in 
a small plch kdf a mile below Kushbna Glacier. At this p t q  
which is B littl~m0r0 than 500 feet abo~e the gravel bars of R~rskrl- 
lanrr River, the Chitistone limestone and Nikolai greenstone ~ r 0  
mparated by 807 fect of fine-grained light-colored h titic intrusive. 
The conttwt of the peonstone and the intrusive mck is~a"fsn1t that 
strike3 N. 60° E. and.dipst.6U0 E. A zone of cwshed rock, from 2 to 
!1 feet thick, mmks the fault and shows copper staining. Free gold 
is reported to have been found in this plsce. 

A group of 14 claims on !hi]. Creak was patanted by the hndon -= 

& C a p  Co. ie 1009. The,claims are an the mountain be twm Trail 
tlnd MacDougall creeks snd extend to its top, where the principal * 
outmaps of t b  copper minemh are exposed. ks may h sem f m m  
the geologic map (PI. 111, in pocket), the country rock of this vicin- 
ity ia ganodiorite. It is much frscturad and weathera into angular 
fragments of mall size ruther than into b h h .  Thie fracturing in 
places has been favorable for the circulation of rninSra1ized solu- 
tions, which depasited iron and copper sulphidm. A number of open 
ca ta on the med of the hill show small quantities of rmlphidas, chiefly 
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pyrite, and copper staining. The principal work of development, 
however, js  a tunnel 245 feet long, 2,300 feet above Rnskulana Hivrlr, 
and 500 feet below the top of the ridge. It was started in the es- 
patation oi.exposing an ore body beneath the ridge but was not 
-dtiven that bt and is reported to wnhin no copper. It wm closed 
at the time of the wrikr'~ visit. A steep trail with nwnemus switch- 
bach leads from Tmil Creek to the tunnel and thence te the ridge, 
ItR upper p ~ f t ,  however, is now almost obliterated. No work has 
been done on the property since the claims were patented. 

C. ' . .  - U O D O W G A U  CBLE& 

'MacDongall or Bigfoot Creek is on the southeast sida of Kusku- 
lana River, opposite the mouth of Clear Creek. Although it is mom 
often called by the name MacDougell the elsima on it nFe recorded 
m being on Bigfoot Creek. The stream i% about 8 miles long sncl in 
its upper part mupies a hanging valley wholly abow t i m h t  line. 
UDIy the lower part of the' stream ie rspmsented on the topopphic 
map. The upper valley looks out into tha main Kuskultln~ Valley 
ooer a w d - d e h e d  bench approximately 800 feet higher than tba 
river bottoms but is shut in by high mountains on all other s i d a  
All the mineral pmspcts am in the upper vdley and am the prop- 
erQ of the Chitina-KuekuIena Copper Co., of which Arigus Mac- 
Dougall, who mked the claims and organized the company, is man- 
ager. T h e  lower main camp on the bank of Knskulana Riwr ia 

- easiIy reached from the Berg Creek road by a wagon road about I 
mile long over the level p v e l  bars of the river, and from the camp 
a, pack trail leads up into the M a c h g a l l  Creek vnlley. The other 
camps have been built in the upper valley, an0 near t he  west end 1 300 
fM.abow.the lower camp, the other at  the east end 1,800 feet above 
the lower camp. G o d  log cabins wen? e d  at both places. 

MacDaugall C m k  flows for most of its length over grandiorite 
country rock, but where the mineral deposits are found its southern ' valley wall is made of Jurasic conglomerate, sandstone, and shale, 
the Chitistone limestone, and the overlying Trimsic: shalw (Knslnr- 
lana formation). Only the granodiorite and the dt~ra~sic sedirn~n- 
tary deposits appear on the geologic map. 

The property of the Chikina-Kuskulma Copper Co. includes 21 
claims, of which 6 are mill sites and 16 are lode claims. Exploratory 
work on the property has h e n  done chieffy on the War Eagle and 
CnFcib claims. 

The hxn3el on the War R ~ g l e  claim, shown on the geologic map, 
is 350 feet above the middle camp and 200 feet belaw the base of 
the J a d e  dimentary M s .  Its altitude above the sea is 3,700 
k t .  The tunnel is driven for about 100 feet in a south-wutbeastexly . 
direction in s white; silicified limetone, which might be mistalren for 



an altered fin*&d igneoue mck, b m h  by nmmr~us joinb nnd 
dips near which tbe limestone is mineralized. At abut 25 or 30 feet 
from the tunneI entrance a dark, heavily mineralized mna or dike 
from 8 to 18 inches thick is expmed. It aontrrins pyrite nnd chd- 
copyrite or coppar-benring pyrite and is etained green by capper - 
oxidation produck 

The copper and iron sulphidet are contact-rnetmnorphio minerah 
multing from the intmion of the diorite but m not the most .? 

abundant minerals of the kind in this locality. M e i n  of mag- 
netite locally associated with much garnet crop out'at aeverst plaoes 
near by. The largest body exposed to view is on the hill slope ah& 
directly above the War Eagle tunnel a little below the J u r b c  con- 
glomerate. . It is e x p w d  for a width of 25 feet and is sepsrated 
by a vertical north-south fadt  from ,n fine-grained p y  igneous 
rock, on the west, consisking almost entirely of fel+r but con- 
taining a little epidote. The magnetite extends to the base of the 
conglomemte a short distance away but stups abruptly them, Mag- 
netite is sxpmd st other p h  near this locality and farther around 
in the creek vdIey, but the lower dopes of the mountain am so 
thickly covered with lorn m k  snd vegetation that the writer did 
not get a dear idm of ifg relation to the inclosing rock. From the 
fact that rounded pebbIes of the magnetite have been found in the 
mnglomerate at the base of the Juraec sedimentary beds it is be- 
Jiered that the magnetite deposits were f o d  before the mdiments 
were depwited. 

The Calcite trmnel is at the bead of hfacDougdI C d  near the 
top of a narrow ridge between MacDo~llgall and Trail cmka.  Its 
aItitude is appmximate2y 4,8M feet above sea level, 500 fest abme 
the  upper camp, and 1,600 feet above $he middle na~np. ,- The hmeE 
follows the contact of silicified limostoke rrnd a light-gray medium- 
grained granodiorjte for ahvaut 800 feet. This conbct is a fault con- 
tact and originated' in a movement by which the Chitistone lirn&na 
and the overly in~~riass ic  shale (Kuskulana formation) were thrust, 
northward over the Jurassic sedimentary beds. The fanlt zone In # 
pried strikes N. 15" W. and dips 25"30°  S., but in t h  tunnel. the 
dip is 46" S. A11 the rocks in this vicinity are fmcturid and sheared 
and locally are minemIized slonp the fracture plan= with pypib 
md chalcopyrita ieopper staining is abundant. *: 

Pmker for drilling at the War Esple tunnel is furnilshed by ,qu&iht 
brought from the main camp on Ruskulana River, where a ateam en- 
gine and electric generator ~tra'installed. Wood cut near by an the 
river flats is used for fuel to generate the stertm. The transmimion 
line extends from the river to the middle camp, near the War Eagle 
tunnel, but not to the upper camp. T h e  equipment at the middle 
carnp includes a, compressor and air tanks, power drills, jack ham- 
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mens, and drill sharpener. Rand driIls Rere used at  the Calcite clsim 
for driving the tunnel, but a gamline engine and blower furnished 
eir for ventilatien. 

1 
A =parate company, closely afliliated with the Chitina-Kuakulann 

-- Cupper Ca. but separately organized and called the Mount Wrangell " Coppar Co., owns the Copper Queen claim, formerly h o w n  as the 
Rams. 

n OOPPEB ~ ~ f l b ~ t  m, 

The Copper Queen claim, owned by the Mount Wrsnge;ell Copper 
- Go., is on the southeast side of Kuskulana Valley about half a mile 

southwest of Ma~Dougall Creek and adjoins the War Rwle p u p ,  
previously described. It was prospected by a tunnel 1,200 feet above 
Kudmlana River, at an altitude of 3900 feet. The claim formerly 
belonged to  the Alaska Consolidated Capper Co, but was g i ~ e n  ap in 
1915 and was rastaked by other persons in the following January. 
Nearly all the work in the tunnel was done by the former omem. 

The country mik includes limestme, greenshe, and intpusiv~ 
&, all of which are much s I h d  chemically. The limestone in 
particular k silicified and in places is garnetid. n e s e  m h  are 
faulted nnd crushed and are so mixed together th& it is imposible, 
whh the outcrop available, to work out the details of structure. 

The tunnel, w h m  muma ia S. 15" E., follows a s u ~ i o n  of poorly 
Ffined faults, for  433 feet. For the first 100 feet it passes through 
silicified limestone. It next entern a dark-cxllored faulted arid broken 
'rock that is d l e d  porphyry by the miners bat is probably s modified 
greenstone and continues in this rock till it encomhrs 'the garnet 
rock, 22 feet fmm the tunnel fim. A number of porphyritic in- 
trusiqes cut the p n s h n e .  The contact of the limestone and green- 
Wri6:is a fault b d a  forming a zone of broken m k  and gouge with 
a mnm R.WO E. At a point 256 feet from the entrance a crosscut, 
50 feet long, was driven to tbe right. Just beyond the crosscut a 

- fadt striking N. 90" E. c m s w  the tunnel, and 'beyond that lies the 
4 

om body. The ore-bearing penstone includes an intrusive or in- - faulted m w  of basalt porphyry showing large crystals of hornblende 
2 and augik Nearly all the gp88nsbne is mineralized with pyrite, 

but the heavy mineralization took place in the rock batween the cross- 
. cut and the garnet rock, where magnetite, pyrite, and chalcopyrite 

sre p m n t  in considerable quantity. 
exposures of the cot~nkry r& above the tunnel show a weU- 

' d e h d  zone of fracturing that cuts a c m  ~imeshne and grwnshn8 
and extends S. Is0 E. to the base of the conglomerate, 600 feet above 

-&he t m E  math. The limestone croeEled by this zone is silicified. 
'^ . : ::&.the .paashme is highly ,stkind with iron and copper. - . -  

,:.*L7:.?$:?;~!>: -: -.., . , . -  .I I . . 
, -  . - ,  
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The area of contact-metnrnorphlc rock in which tile Copper Queen 
and War Eagle claims, previously described, are situated  nay be 
traced westward from MacDoug~ll Creek to the place where all bed- 
~ w k  is  covemtl hp the gravel deposits of JCuskulana Valley. Mod o f  '- 

.8 the area in which these rmh ere exposed southwest of Berg Creek 
is claimed by the North Midm Copper Co. The claims, however, 
are often connectad in the Ku~kulann district with the name of Ole 8 

Berg, who first ppmspectad them. 
The geology of this locality differs somewhat from &st of the 

area to the northeast, in thnt the prevailing rocks are limestone (Chiti- 
stone) dnd diorite porphyry. Dark-colared igneous rocks, basalt and 
basalt porphyry, are lem common. Many intrusive masses of diorite 
porphyq are included in the limestone, and the lin~estone adjacent 
to them is either silicified or nltered to a h i g h l ~  gamatiferons rock 
having little resemblanm to the original limestone. Numerons faults 
and fractures made the rocks a fsvorable place for the circulation 
of water and at a later time still further complimted the structure of 
the mineralieed areas. 

The metallic minerals of the locality nre magnetib, pyrite, and 
chalcopyrite, which occur chiefly as veins in the diorita porphyry 
and the dark-colored igneoms mcb and locally -my gold end silver. 
PMte and chdcopyrite are distinctly more abundant than in the part 
of this mnta&metsmorphic ares betmeen Berg nnd MwDouga~l 
creek 

Five tunnels ham been &a& on the property. df these Nos, 1, 
2, and 3 sre oncopper prospects. Nos. 4 and 5, although begun on 
W i n g  thlrrt indimhd copper, opened up a vein that is now valued 
for its gold and d v m  content md is dmribqd on, page 143,.. . h e 1  . 
No. 1 is near hrg Cmek at an dtiwde of 3,000 feet abov; 'the sea, 
or 1,000 feet a b 6  Knskubna River. Tunnel No. 2 is 501) feet south- 
west of No. 1, and No. 3 is about 1,000 feet, muthwast of No. 2. The , 

altitude of tunnd Yo. 2 is 3650 feet; that of No. 8 between 60 and 
7.5 feet lem. . .' I I L 

Trrnnel Yo. I is: almut ljOb feet from Berg Creek and is &O fwt 
long. Its course-;as given by the campass is S. B0 E., but compm 
madinpl may ba ~ b j e c t  to a considerable error due ta the qnsntitp 
of magnetite near by. The country rock penetrated byj the tunnei 
includes al tened , limedone, dsrk-colored fine-grained i g n e p ~ p ~  ,rock, 
and porphyritic ~trusives .  .A mtiop of 'the tunne1,betweem points 
250 pad 300 feet' from the h d e l  mouth includes imne of much 
diatahd country rock where several faults, by which mas= of sili$- 
fied limesbnq, vm dragged .into. the igneous :. a m , p m t . ,  
250 feet fr'om thsiunnel mouth is tr.$snlt ~f p&idar--._ 

-. - 
-. . . c  

- .  
- .  



marked by 3 inches of gouge, which strikes N. 8BQ E. and dips 50" 
W. The adjacent rock is mineralized and shorn pyrite on the hang- 
jng wall and magnetite on the footwd.  South of the fault am 
crushed porphyry and b m I t  containing magnetite, pyrite, and 
copyrite. The magnetite is mostly near the floor, but rn- of it 
are faulted into the crushed porphyry of the roof. Z'hs dark fine- 
grained bnaaIt erpoaed in the lash 10 feet of the tunnel is mineralized 
with pyrita 

Tunnel No. 2 is a winding tunnel 1M feet long, driven in a 
general 9outherly direction, and has n short cromut on each side 
100- feet from the mouth. The country rock wnsists of coarse- - 

grained granodiorih, porphyry, and limestone, much faulted and 
fractured. A fault atriking N. 25" E. nnd dipping 60° E. croases 
the tunnel at  the crcwxut. 

Tho copper dapwita are on the hanging-wdl or sautheagt side of 
the fault and mnsiat of pyrite and chalcopyrite cut by small parallel 
veins of chnlcanthite. They m cut off on the sonth by a vertical 
fault striking. N. 75" E. A parallel fault 8 feet distant on the north 
forms the north wall of the crosscut. The crosscut consequently lies - 

between the two pnrallel fnrilts. Thnt part of the crosscut on the 
west side of the tilnnel is in hamn ,sround, but that on the east 
exposed good ore, which ia now p a d y  mined ouk. X shalIow winze 
was sunk in the astern c m u t  but, was filled at the time of visit. 

Tunnel KO. 3 is nearly 500 feet long and trends a little south of 
sonthcmsk fir the greater part of its Igngth it is m igneous rock- 
h a l t  and intrusive tliorite porphgrp. Year the middle of the tzlnnel 
is a mass of silicified limestone md also a mass of coarse-grained 
dierite porphyry bounded by southward-dippbg faults on Goth sides. 
T b l ~ e s t o ~ ~  is not mineralized, but the igneous rocks newly every- 
whwe contain pyrite and chnlcopyrite. 't 

An open cut on the south side of the gulch south of tmmel No. 3 
.=poses the contact of limestone on. the southeast with a m k  on 
the nwthwest consisting largely of garnet. T h w  rocks Lie on oppo- 
sikai,deq of a foul'€ zone nearly 15 feet wide, which strikes N. 40"-60' 
'F,. .'~he,kmetiferous rock contains pyrite and chalcopyrite a d  is 
&bed with copper. 

Several open cuts have been made along the gulch between tunnels 
Nos. 1 and 4. They expm much magnetite with which pyrite and 
c b a l q ~ p i t e ~  em ssswiated and indicate .te zone of faulting axtending 
in a northeasterly direction. 

aom DEFOSIT& 

Gold, as compnred with copper, has held only B semndap$ interest - -  

. - among the *prospects of the Kotsina-Kudqlani- &strict. -ln d y  a 
few p1,y.a h a  it been found in quantity %Mcidnb to' 'attract mbn5 . - 
t ~ &  " paming stten tion, and nowhere hits'% - kes'inined ' r j ~ f i t a b l ~ .  - 

:. . . I : ' .  ;i . 



There are in the W r i e t ,  hbwever, et bast two p&g prospects- 
in which gold ie the most valuable or the predominant valuable 
metal and mveral prospects that contain gold in addition ta copper 
md that have b n  mentioned in the description of the copper 
daposik 

BENITO .ommH. 

Benito Creek ia a mall stream flowhg into Kotsina Rim from 
the southwest slope of the ridge between Elliott Cr& and the 
Chitina Valley. It is kossed by the' horse trail from St&a to 
Elliott Creek but at certain times of the year is dific& to mnch 
because part of the trail is very wet and soft, The direct distgncs 
from Strelns is 9 miles ; the distance by trail is between 1 and 2 miles 
farther. Spruce in the vicinity extends up to an altitude of 3,00C) 
feet above the sea, or about 600 feet higher than the Benito Ormk 
camp, snd is of fair quality, so that timber suitable for most mining 
needs is available el- at hmd. Most of the creek is within the area 
of glacial deposits covering the floor of Chitina Valley, from which 
it results that ontcxops of badrock are few and are found principally 
along the creek Id So far as is known, however, the country rock 
consigts of altered igneous tans ~edimentary roch belonging to the 
St re lna f omation. 

A gold-bearing vein was discovered on Banito Creek in 1918 by 
J. C. Clmning, and.& the time of the wr i te r ' s  lebst visit in 1919 it  w a ~  
being prospected by Mr. Canning and his partner, Rmito h t i n o .  
The original exposure is a white quaFtz vein 3 feat thick, which 
crops out in the c d  bed a2 an sltitude of 2,400 feet. !!%is exposure 
and others near by are now covered by five mining deims arranged 
in the form of a letter H, with the cross bar extending down the 
creek from the discovery point. The countfs m k  indoaing-the 
principal yein is in same placas mwm diorite and in others a &me 
altered basalt ~hwwd parallel to the vein, which s t&m N. 30" TV. 
md d i h  10"-?5* 3% The win itself is well d e W d  for nearly W- 
feet by open eua made by sluicing awBy the overburden and by $ f i e  
of five shallow hales which were pnt down to the vein d &' of 
which penetrated it to e depth of 15 feet. Mthongh the creek and - - 

the mominrtl deposits are not- deep, tba sinking of thess hols  was 
mmplished with some dIfficuIty bemuse of hte.r, which flows 
along t h e  bedrock m r f  am. This diffculty washprtly obviabd by 
building a dam md automatic h e r  on the me& above the #in 
and duicing away the loose material. Xn this way t+o cuf& ranging 
in depth from 2 to 25 fee& were made. They exposed s complex 
of e h 4  and a l b d  mlq including finegrained basalt intruded 
without. distinct. bpmdariea by dark mama-grained diorib contain- 
ing corspicuous hqlPb1ende qdd& . 

The gold-- vein is in most @laem h u t  30. inchen thick but 
from 2 to 3 feet. It mn~ida of quartz with 8 ~mba~diiste 



quantif~ of calcite. Ths metallic mn&itu& are pflte, armopy- 
rite, &nla,pyrita, silver, and free gold. In mmt places the vein is 
fractured and much oxidkd, yidding a &y1 cavernous quartz 
rn- in which the free gold appears. S t a b  of azurite and malachite 
are conspicuous on fresh surfllca. Many handsome ~pecimena of 
free gold in qua& from this locality were made by d d l v i n g  the 
mldh gangue so a9 to expose the gold. The largest piece of gold 
obtained in this way was valued at $50. Such specimen om is now 
uncommon, and most of the ore shows no gold to the eye. 

Newly 100 feet domnstresrn from the principaI vein, just de- 
scribed, another quartz vein crops out on the Isft-band side of the 
meek It strikes N. lo0 W. and stands vertical. This vein is also 
much weathered and conhim amnopyrite and .a shining black 
metallic mineral believed to be specular hematite. Still farther 
downstream, on one of the claims lying across the creek, is a vein 
of shuttered rusty quartz, 8 to 9 feet wide, containing a m p y r i t e  
and pyrite. Several holes were sunk on it but without particularly 
meouraging m d h .  

The ownam of t k  claims have not had the maans to prospect 
the ground on an extensive scab and have bad t~ work elmwhere 
to earn the money to carry on the prc-qwting that has been dow. 
It is nnfortunate &hat the real value of the property.has not yet been 
d&mhed. 

BEm CILIZPIE. 

The mining dsims of the h'orth Midas Copper Co. (me also p. 140) 
a m  FHE the southeast side of H u ~ a m  River and sxtend for nearly 
a mile along Berg Creek, from the mill site near the river onto the 
mountain dope south of the creek. They are connectad with the 
Nugget Creek mad b Stmlna by a branch road which leaves the 
main mad half a mile above Squaw Creek md mosses Kuakdana 
River by the new Government bridge 1 mile above the month of 
Squaw Creek. From the bridge the road follows first the foot of 
the bluff and next the gavel barn of the river to the mill on the 1m 
tarraca overlooking the river a short distance north of the place 
wbem Brg Cmk reach- the river flats. This road haa baan in usa 
sinm 1919 for automobile tmval. 

The mineral holdings include 18 lade chhs, 4 plscer d a h q  and 
%power site. Ole nerg m ~ d ~  the orifind lode lmations about 1907 
md h& been mmected with the property as owner or manager since 
that time, Theee firsl; locations were on minemlk$ veins whose 
valuable dwtent was thought to be sopper, and .until 1916 pros- 
pecting wm done in the expectation of developing a copper mine 
mthar than a gold or d v e r  mine. This earlier work is described 
on page 140, in the mtion devoted to the copper pr~pects .  In 1916 
th6 tumid horn  ss No, 4 inhmetkl a win of sulphide ore which. 



contains a consideRble content ,of gold and silver and which sinw 
ihnt time has had mnsiderable development work done an it, The 
copper-bearing veins haec meantime received less attention. 
-1 mill with a capacity of 20 tons a day was built in 1918 on a 

gravel terrace near the river aad is coanwtd with the mine by a 
cable tram 4,600 feet long and having 8 present capacity of 6 tom en 
koal= Power for the mill has been furnished by Berg Creek but 
prured to be insufficient, so that R Diesel engine was being installed 
at the t i m e  of visit and was expected to be in operation in 1920. 
T e a l  timber at the mill wag availabla for buildmg and genmil 
mining purpowa and mas used in the construction of the mill. build- 
ings and tram bwers and also for fuel during a short time whiln 
the mill and mine were being run with current generated at the 
plant on MacDougall Creek. Only a short mill run was made ia 
1919, for the tram was not mmpleted till late in summer, after the 
high wleter in Berg Creek was passed. The pduction for that 
yenr was therefore only a few ounces of d v e r  end gold. 

'I'he mineral-bearing veins southeast of Berg Creek: am near th 
boundary between an a m  of dioritic mch on the north and one of 
'L'riassic lime&one,on the sonth. These areas are not shnrply diatin- 
gnishable from emh other, far between them is a complex in ,which 
lirn~stone bodies, more or less altered trad surrounded and- intruded 
by igneous rocks, f o m  an irregular narrow zone not redily assign- 
able to either ama. Tha ignsous rocks in the vicinity of the mine 
workings show a variety of phams. .They probably are alt d&wd 
fGm a parent pnodiat i te  magma but vary in color, texture, and 
mineral composition. This is shown well in the mine workin*, 
where tbe adit walls reveal a rather bewildering succession of c b m p  
from-one kind of intrusive rock to another. The prevailing mka 
are a dark-gray or greenish-gray fine-grained diorite and a light- 
gray, conspicuoudy porphyritic granite. These rocks grade into one 
another without well -defined boundaria. 

The limestone i$.prevailingIy R, hard white fine-pined l i m d n e ,  
in pla&ces silicified,' and with lit$le donbt owes its present condition to  . 

the a lhrat iq  of:& original t%itistuie aa 0vmlJ&g w c  jim- 
:. - ' - $h&%y-ihe' int-on of the' igneoaa roelte d & d  with it. The 

. '.' , zone of contack Miween the two areaa of ignews and 'sediments@ 
rapk~ in a b  a wne of p m  and extensive movement, m that the 
rocks are tagether and cut by numerous ,faults otiwely difi 
feri ng strikes and dips. Some of th& fractures %rv9 been Wed with 
metallic minerals that ase plainly of contact-metvGrph,ic origin, 
% veb now hi hg exp1$te4 Gh'a well-defined fikure cutting the 

dioritic intrusive. TVO adik-tunnels (fig. 8) were dri"vaq.ta it aad 
m ~ &  connect& by drifts with a, chute far 'ore a,pd a losding pocket 
on the rein. The-lower pr, m+ a:W h,2,@q feet ztbrelms lpvel, or 
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Fm*. 6'klkn and pnol~ctlon~ ot tba mIne opaninga at  tbe hrth ~ i & a  COP& &;a 
goldalhtP mine on Hrrg Cr-. 

- .  
-A '' 800 fssi above Kuakulma River, and is about 1W gal@ frokm~erg 
, T ~ Q  antmga to the .other adit, tunnel No., $, 1s 450 feet in a 

. ' - .. mutJ~-southwe&~lg d k k i ~ n  fro@-the main adit. v d  at an altitude 
-1. '1.00 feet lugher. The vein strikes about N. 70" &.and dip 45" S ,  . 
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