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PREFACE. 
-- 

By ALFRED H. BROOKS. 

The completion in 1908 of the reconnaissance wrveya a of the two 
- capper belts lying north and south of the VTrangell Mountains 

paved the way for more detniled investigations. As the southern or 
Chitina copper belt will h the first one ta be developed, it was 
appropriate to begin the detailad investigation in tbis field. The 
funds available for this work made it ~oss ib le  to survey only a 
part of the Chitina belt, and after c~l-efi~l consideration it mas de- 
cided to take up t,he work in the Nizina district. This conclnsion 
was based on three considerations: (1) The information available 
indicated that the Xizinc district afforded the: best opportunities for 
s d ~ n g  the general geologic problems relating to the entire copper 
belt; (2) the mining developments of this part of the district were - rnore'extensive thnn els~mtl~ere in the belt, which gave both better 

'opportunities for observntions on the occirrrence of the ores and 
greater promise of soon reaching n prodnctire basis; (3) investiga- 
tion of this field made it possible to cover a placer district long pro- 
ductive in a m a l l  wap and giving promise of larger outpnt. 

The descriptions set forth in this report apply to only a b u t  one- 
fourth of the mitina copper belt, bnt the conclusions advanced as 
to m m c e  of the ores will,  it is believed, hnve vaIue to the entire 
district. If the developments in the Chitinn Valley continue, as is 
expected, further surveys will Ix undertaken as soon ns circumstances 
permit. 

The cost of detailed geologic maps is much increased by the fact 
that they must be preceded by detailed topographic surveys. .The 
Nizina region was surveyed by 13. C. FVitherspoon in 1908, and the 
mlting map, which is an excellent piece of work done under very 
adversa conditions, accompanies this report (PI. 11, in pocket) and 
adds much to its value. 

Momt, F. E.. and Maddren, A. G., The mIaeral resources or the Kotrlna.Cbltinrt mglon, 
Alanlnr : Bull. D. S. Gml. sumey No. 574, : Momi, F. H., and Knapi, Adolph, The min- 
eral reso- ol the NabennaeWhite River Plstrlct : Bull. D. B. Geol. B u m y  No. 417,1910. 
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The general geology of this district as mt forth in the report h m  
testimony to the awnracy of the observations and deductions of the 
earlicr workers in this field. It is rt significant fact that the strati- 
p p h i c  subdivisions, sugpstcd by Oscar Rohn, who did the pioneer 
work in this field, have found acceptance in the present analysis of 
the g'eologic squence. 

The most important conclusion haring on the economic palogy 
here presented is the fact that the copper-ore bodies appear to occur 
chiefly along: a system of cross fractares which nre nt approximately 
right angles to the penstone-limestone contact. Thcse fractures 
occur along well-defined faults, at least one of which has k n  traced 
for a long distance. This mng apply to the entire Chitina district 
find is worthy of consideration by the prospector. 

These investjga tions also appear to indicutn that the, copper depos- 
its are by no means confined to the immediate vicinity of the lim* 
stone-grcenstane contact, as has asuallv been mpposed. Though the 
most promising ore bodies thus hr found do occur in this contact, 
evidence of strong mineralization has h e n  found at a con~idcrnhfs 
distance fmm it. Another important fact brought out by this inves- 
t iption is the occurrence of auriferous deposits in the lCennjcott 
fr~rmation (Jumssic). 

This m p t ,  dthough far more complete than any other report pre- 
viousIy published on the district, is by no means exhaustive. With  
the progrcs of mining many facts will be ascertained which will 
make pc~sible more definite stntements on the pology of the mineral 
deposits. If the district deveIops into a great copper producer, a 
detailed study of thc mining geology shonId be undertaken similar 
to those mnde of many af the mining camp of the Western States 



GEO1,OGY AND MINERAL RESOURCES OF THR NTZTNA 
DISTRICT, ALASKA. 

By FRED H. MOFP~T and STEPHEN R. CAPPH. 

rnTKODUCTION. 

LOCATION AND B E &  

Tho Nizinn district tnkep, its name from Nizina River, n northern 
branch of Chitinn liiver, and lies in the eastern part of the Clopper 
River dr~inage  basin. Its po~ition with reference to tho coast ~ n d  

- the Canadifin boundary is shown on PIate I, opposite. That portion 
of it to which the following descriptions are confined is included 
between parallels GIo 12' and G I 0  37' north latitude and meridians 
142" 23' and 143" west Iongitlldc and is represented on the Nizina 
special map. (See P1. TI, in pocket.) The aren mapped, however, 
is irregular in outline and only 300 squnre miles in extent, so that 
it comprises little more than one-half of the quadrangle indicated. 

OUTUXB OF GEOORBPBX, GEOLOGY, AwD EXPLORATION. 

Chitinn River rises in tho high snow-covered molzntains notthwest 
of Mount St. Elias and adincent to the international h ~ t n d n r p  line 
and flows westward between the Chugach and the ITTmngcll moun- 
tains till  it unites with Copper River a t  a point 100 miles from the 
coast. (See P1. I.) Most of its waters, however, are derived through 
its northern tributaries from the mow fields of the Wrangell group. 
Nixinn River i~ the largest of these tribtltaries. It drains the solitll- 
eastern pnrt of the tl'rr~ngell Mountsins and e small part of the nrcn 
between Chitina River nnd the head of White River. From its prin- 
cipal source k Nizina Glacier jt flows southward for 15 miles and 
then turns sbruptlp to the west and mntinnes in that direction 90 
miles farther before joining the Chitina. It therefore has a length 
of 35 miles, al l  minor curves and imgnlarities o f  its course being 
disregarded. The big westward bend of the river lies almost in the 
center of the rwil eov~rcd  by the Sizina special map. 

0 



10 THE MTZlhfA DTSTRTCT, ALASKA. 

The two branches of the Nizin~, with Chitistone and ICennicotL 
rivers, contribute much the greater part of its waters. It is there- 
fore chiefly of g l a c i ~ l  origin. ,411 these streams are swift lint1 

heavily Inden with ghcial d6bris. They have floored their val- 
leys with broad gravel flats, over which they migrate from side to 
side, sometimes in a single channel, sametimes in R network of chen- 
nels, and, besides building up their flood plains by the addition of 
new material, they are continualIy cutting away and redepositing 
the material already laid down. The principal small streams shown 
on the Nizina special map are McCarthy Creek, a tributary of Ken- 
nicott River, and Dan, Chititu, and Young creeks, eastern tribn- 
tnries of Nilrin~ River. Their valleys do n i t  show such profound 
glacial ermion as the main streams, for the ice masm t h ~ t  occupied 
then1 were smaller, yet they nevertheless underwent ~xtensivt! alacin* 
tion. AII are characterized by broad, open valleys at their heads 
and by rock canyons in their lower courws. 

The WrangeJl Mountains. although n more or lew distinct gronp, 
merge into the St. Elins Range on the southeast and are not there 
sharply defined from them. They are limited on tho south nnd 
west and partly on the north by the valley8 of Chitina and Copper 
rivers, and are separated from the Nutxotin Mountains on the north- 
east by R depression extending'from the head of Copper River to thtr 
heed of White River. The group trends in a northwest-southenst 
direction and its length is approximately do~lhle its width. Its 
greatest diameter is a b u t  100 miles. Half a dozen or more paaks 
nf unusual hautp and size, ranging En height from 18,000 to  1G,2(X1 
feet, rim above the rugpd  snow-covered m a s  about them, and from 
one of these, Mount Wrangell, the p u p  received its name. The 
Wrangell BIoz~ntains were formed by the emion of a @at  maas of 
Tertiary and Recent lavas piIed up on an dder surface of very 
considcrabIe reIief and h a ~ i n g  its p a t e s t  development in the neigh- 
borhood of 5l011nt WrangelI and Mount Ssnford. The southeastern 
limit of these pnnger flows is probably somewhere in the vicjnity of 
Skolai Pass and Chitistone River, although it is pmibla that they 
may e h n d  still fadher te tho east. Thus the Vrangell Mountains 
consist essentiaIIp of lava flows and are distinct in their origin from 
the other mountains about them, all of which are made up principally 
of deformed sedimentary h d s .  The a m  shown an the Nieina special 
map is on the border line htween the volcanic flowrr of the TTTranpll 
Mountains on the northwest and the older sedimentary formations of 
the Chugach and St. Elias mountains on the south and soz~theast, but 
the roclr formations developed in the area are mostly of sedimentary 
origin. 



The formations represented on the accompanying geologic map 
(PI. I l l ,  in pocket) are shown in the section forming figure 1. At 
the base is the XikoIai greenstone, made up of a great but unlcnown 
thiclmes of basaltic lava flows, many of which are amygdaloidal. 
On the top of these flows rests the Chitistone limestone, which waq 
d e p i t e d  without any interruption of str~~ctural uniformity between 
it nnd the underlying rocks. Its thickness exceeds 3,000 feet. The 
lower part of the Chitistone formation con- 
sists of thick, massive beds of gray lime- s 
Hone, but toward the top the limestone beds 
become thinner and small shale beds Rppear 
in increasing amount till they finally pre- 
dominate. The Chitistone limestone thus 
passes by transition through thin-bedded 
shales end limestones into a black shale 
with only occasional thin limestone beds. 
M~rch of the shale was removed by erosion { 
before the deposition of the sucmeding for- 2 
mation, so that its thickness, though in co.nonormmte. 

Z'nmnmrmlty. 

doubt, can not be 1- than several Xhousand 
feet. Both the Chitistone limestone and the 
conformably overlying S ~ R  les McCnrthy Inrsrbcaded m d  Hlnmne. r h r l e  

shale) are of Upper Triassic age. 
A period of uplift nnd erosion twk place 

after the Trias~ic black ~ h a l e s  were laid 
down and wns not terminated till Upper 
Jurassic time, when deposition began once 
more. On the upturned eclges of the 
Kikolai greenstone, the Chitishone lime- 
stone, and the overlying Triassic shales a 
p t  thickness of Upper ,Burassic sedi. 
ments (Kennicott formation] was deposited. 
They consist of conglomerate, sandstone, 
and black shale, but the shale predominates 
greatly over the conglomerate and the B~,,i,, th, io-~O~B rep- 

sandstone. The J~lrassic sedimentma attain s m n t e d  the mofog1c map 
o l  t h ~  Slrlna district. 

a thickness of at  least 7,500 feet. They are 
the youngest of the bed-rock formations exposed within the mapped 
area. The later deposits consist of Qunternnrp ~ s n d s ,  p v e l ,  and 
silt, most of which are intimately connected in origin with the recent 
pl ficintion of the country. 
The Nizina district has been the scene of igneous activity from 

Paleozoic time to the present A great quantity of quarts diorite 
porphyry in the form of sills and dikes was intrudd into the 
,Jurasir rockq, hut for mme reason these intrusives rnrely Rppem in 
the underlying formations. In some places the porpl~yritic intru- 



12 THE RIZINA DISTRICT, ALAGKA. 

sives are so extensively developed that they predominate over the 
shale, and the shale appears only as great black masses caught up in 
the light-coIored intrusive rock. 

Folding in greater or less d e p e  has taken place in a11 the forma- 
.tiom mentioned, but is far more pronounced in the older ones, par- 
ticularly the Triassic shales, than in the Juradc sediments. Within 
the area of the Wizina special map the greenstone, limestone, and 
shale formations dip rather steeply to the northwst. The Juraasic 
rocks, on the other hand, %re tilted to the southwesk or lie in broad, 
flat folds. A11 have been faulted and show- local displt~cements of 
very considerable extent. 

The earliest references to the geology af the Chitina. Valley are 
found in the accounts of exploring expeditions made by Allen i11 
1885 and by e h w a t k ~  and Hayes in 1891. Such amounts, from the 
nature of the expeditions, could give only very incomplete infoma- 
tion. The investigations by Rohn in 1899, however, laid the foun- 
datidns of our present knowledge of the geology of the region. He 
recognized the formations that have been described and proposed the 
names Nikolai, Chitistone, and Kennicott. He also applied the name 
McCarthy Creek shale to the shale formation overlying the Chiti- 
stone limestone; but this was not adopted by Schrader and Spencer 
m their later work, since they believed that the shale sho~rld be 
divided into a number of formtttions.~ 
In 1900 Schrader and Spencer carried on a much more extended 

investigation of the geology and mineral resources of the Chitinn 
Valley, and at the same time a tcpographic reconnaissance map was 
made by Gerdine and Witherspoon which was used as a base for the 
geologic map. Two years later (1908) Mendenhall visited the; Kot- 
sina and the ELliott Creek copper prospects, in the western part of 
the Chitina Valley, and published also some brief statements concern- 
ing the Nizina gold placers, although he had no opportunity to 
examine them in person. No further geologic work in the Chitina 
region was undertaken by the Federal Government till 1907, whm 
interest in the copper resoum of the country led to an examination 
by Moffit and Baddren of all the copper prospects in the valley, 
which resulted in some additional information concerning its geology 
and the occurrence of both copper and gold. The importance of the 
district led to the preparation of the Nizina special map by Wither- 
spoon in 1908 and to the detailed geologic investigations in 1909, 
whom results are described in this report.. 

Many not= on the copper prospects, particularly tha Bonanza 
mine, have appeared'in the daily press and in mining magazines, n 

and although mast of them had only a tmporav value as news a 

a Schrader, F. C., and gpencer, A. G, The geology and mineral r e s o u ~ s  of n portton of 
the Copper River BfsMct, Alaska : Bpeclal gublicatlon U. 8. Geol. Surveg, 1901. note at 
bottom of page 32. 
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few are permanent contributions to the literature. An incomplete 
list of papen an the district foIlows : 

,\r.r,m, LIeut. RElWa T. Report of an expedltlon to the Cnpprr, Tnrann, nrld 
Rnynkuk rtvera. in the Territory of Alaska, In the y@nr 1885. W ~ ~ h l n ~ g t o ? ~ ,  
Government Printing Qftice, 1m. 

~TAYI:R. C, WILLABD. An expdItlon throngh the Yukon dlatrlrt : Xat. O m .  
Mag., rcrl. 4, Skg92, pp. 117-162. 

I :o~n ,  OSCAR. A rmnnaitrsnnce of the Chlttna Ittrer nttd Skolnl hlonutnlrttl : 
Twenty.flrst Ann. Report U. S. C:enl. Surrey, pt. 2, InW, pp. 393-4411. 

~CHRADER.  F H A ~ K  C.. nnd S ~ A C E R ,  ARTHUR C. The ~ r n l o ~ ~ ~  tnud l~!lrlerul 
resosms of a portton of tbc Copper Rlrer district, Alaska: Spectal ~)nhllct!tlo~~ 
of the I:, S. (:eel, Burvep, 194kl. 

MLPDE~HAU, WALTER O., A ~ I A  SCHBADER, F R ~ K  C. The nlinernl VPMrllFCUR 

of the Mount Wranmll cllutrlct, Aln~lra : Prof. P a p r  U. 6. Ih l .  Sun-ey So. 15, 
xm. 

HEAIJERHA~,L, WALTER C. 4%Ol0gy 0f the ~Tt~tFtll C O ~ ~ W T  Ttir~s regbll, 
Alaska: Prof. Paper U. 8. Uml. E?ur\-~y Sn. 41. 1%. 

MOFFIT, FBW IT,, and hIhon~~n, A. G. The mls~er:rl m o r c e s  nf the Iiotslnu 
and Chltina vnlleys. Goppcr IHrer wglon: Ilnll. U. S. G w l .  Survey No. ,295. 
190% pp. 127-375. {This Is o ~~rcllmlnnry stntouerlt of rrsrilla pnblish~d Iri a 
more complete form In Bullet111 374. 

Kmmn, E m ~ a a  A. The m p e r  Rlrcr dlstrlct, AInskn: Eng. arid Mln. 
JOUF., v01. 85, NO. 28, June, lws, pp. 153-127s. 

Mom=, FEED a and Xlaoasta, A. C. The RotstnnGhitltln regloll, Alaska: 
Bull. U. 8. Geol. Survey So. 374, 1W!l. 

Tl~e field work on which the present report nncl the gcologic map 
are based was done between July 1 and September 10, 1!)OB, or in a 
Tittle less than seventy days. I t  wus greatly aided by a previous 
Itnowledge of the region ~ n d  by thc earlier worlr of Schmder and 
Spencer, but the time available was too short to permit an excursion 
up Nizina River to determine the relation bet,w~en the Tria~:r;ic ~ n c l  
the Paleozoic sediments on Skolai Creek, or to make a carrftll study 
of the Kennicott, formation south of Young Creek. Both It~nl i t ies  
merit curefz~l investigation because of the light they may throw on 
the stratigraphy of the region. The chapter in this report dealing 
with the Quaternary system was written by &. Capps, who ala) 
did the ofice work on the gcologic map, The task of preparing the 
remainder of the description of general geology and of economic 
gcoIogy fell to thc senior author. 

. The climate of Chitina Valley is pleasanter in many ways than 
that of the Pacific cmst region of Alaska. Temperature variations 
are far greater, but the precipitation is Iess nnd the number of clondy, 
disagreeable days is very much smaller, No contin~~ous records of 
iemperature and precipitation are at  hand, and it is probable that 
none ham been kept, although ob*rv~tions for parts of several years 
have hen made at Kennicott and were made available through the 
kindness of Mr. Stephen Birch. 
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The Copper River region, of which Chitina Valley is a part, as 
118s l s n  stated previously, is separated from the Pacific coast by a 
broad belt of mountains nearly 50 miles across and ranging in height 
from 6,000 to 10,000 feet. This belt is broken only by the narrow 
canyon-like valley of the lower Copper River, and by its iduence 
on the warm moisture-laden air of the P~aeific it becomes an important 
fuctor in the climate of Copper m d  Chitina basins. Another factor 
of importance is the still loftier Wrangell group of mountains an the 
north. 

The seasons of Copper River basin are a long winter and a short 
summer, separated by a still shorter spring and fdI. Spring comes 
soolier in the upper Chitina Valley than in the Copper River valley 
proper, as is shown by the earlier breaking up of the ice. Snow goes 
from the valley bottoms by the middle of May and from the lower 
hiIls by the first ef June, but enough remains on the mountain sides 
till the first or middIe o f  JuIy to hinder prospecting. The summer 
dimate resembles that of some of our Northern States in late spring. 
Frosts are not expected from the middle of June to the middle of 
July, but by the f i s t  of September the snow line begins to descend 
on the mountain sides. After the spring break-up the volume of 
water in the streams, particularly those fed by snow fields and 
glaciers, gradually increases until it reaches rt maximum about the 
middle of July ; it then decreases rapidly as the cmler nights. come 
on. The JuIy period of high water is not the m u l e  of increased pre- 
cipitation but of the warm weather and the bright sun on the snow 
fields. Clo~tdy d ~ y s  always make a very appreciable difference in 
the daily rise of the glacier streams. Sometimes, however, the rivers 
are flooded by U ~ U S U R ~ ~ ~  heavy rains and occasionally in winter by 
the breaking out of water confined in the glaciers. This took place 
in the Rennicott Glacier early in 1909. During a perid of unusuttlly 
cold weather the outlet of the subglacial stream known as the '' pot- 
bole" was closed and the water backed up under the glacier till the 
pressure was so great that the ice could not resist it. The water burst 
forth from a new outlet and flooded the Kennicott and Chitina 
rivers, tearing up the ice and piling it in confusion. Fortunately 
no m e  was freighting on the river, and the new ice which formed 
afterward gave the best sledding ever known by freighters an the 
Chitins. A similar flood caused by the breaking out of confined 
waters from Nizina Glacier took place a few years previously. The 
high water of July makes the; fording of Nizina River difficult and 
' at  times dangerous, but this difficulty decreases in August, and by 
the first of Septembr it is ended. Temperatures low enough to allow 
standing water to freeze are usual in the latter part of Angust, and 
early in September the glaciers cease to  be active and the streams 
are clear and low. 



Temperatures of 30°, 40°, or even 50' below zero are experienced 
in winter3 and the snowfall is heavy, althotlgh much less than on the 
coast. 

Ohmations at Kennicott, at the mouth of National Creek, ancl 
at the Bonanza mine, a little more than 23 miles away and 4,000 
feet higher, showed that the temperature at the mine during the cold- 
est weather was always eonsidenbly higher thnn at  the lower camp, 

The winter of 19tE-9 was unusual because of its low temperntures 
and light snowfnlI. It resulted from these conditions that the 
streams were in places f r o m  to the bottom, and the water, breaking 
out above, ran down over the top and froze to  II great thickness. 
Some of the so-cnlled gIaciers on Cbititu Creelr had a thickness of 
15 or 20 feet nnd did not melt away till early in the following JuIp, 
thus seriously interfering with placer mining. Such condition3 aro 
common enough in thc streams of northern Alaska but are unusual 
in the N i a i n ~  district. 

VEGETATION. 

In this region, a8 in many other parts of Alaska, ~egetatiou flour- 
ishes in a way that would be surprising to those who think of tlie 
country only as a region of continual cold and ice The growing 
season is short, but the summer days are warm and much longer .than . 
in lower latitudes, so that in the few frtvorable weeks plants gram 
rapidly. Grass comes up ss soon as the snow goes and by the first 
or middle of June there is p o d  feed for horses in favorable places. 
It is not abundant in the lower valley bottoms, even in midsummer, 
and t.he best of it is found at or above timber line. There is good 
feed in the upper part of all the small valleys. h amall leguminous 
plant, localIy called " pea virie," groups on the gravel bars and in the 
fa11 and late summer makes excelIent forage. It is nourishing, and 
horses a m  so fond of it that they will leave almost anything else to get 
it. Grass loses i t s  nourishing qunlities as soon as the frost strikes it, 
and for this reason miners nnd prospectors start their horses to the 
mast about the first of September. 

All the lower mountain slopea of the Nizina district and all the  
vaIley bottoms except the flood plains of streams are co-rrered with 
spruce timber. The upper limit of t i m h r  mnps from 2,500 to 4,000 
feet above sea and is highest on the gentle and rounded slopes awaT 
from the glaciers, such as the south slope of the ridge west of Rex 
Creek and on Sourdough Rill. Timber suitable for Inrnber grows . 
on the lower ground. The best of it is forind on the fl nts stlath of 
Nizina River, from Dan Creek to 'Iroung Creek, in the drier ground 
at the base of the hill slopes. Some of the trees reach a diameter 
of 18 inches and are tnII enough to furnkh two 16-foot cuts. Be- 
sides the spruce, there are cottonwood ant1 birch, but these have 
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little value for lumber. A heavy growth of alders is usually found 
about timber line. Willows are present in the valleys, but am fnr 
less abundant in variety and amount than in northern Alaska. Tho 
" devilclub," so troublesome in the coast region, is found accasionally 
in the h'iiina district alw. 

During the e~r lg  rlnys of the Xizina gold exritement the white 
population of the district amounted to several hundred persons, but 
this number quickly tlecrcascd, as is usual in such stampedes. There 
are no accurate records of the number of early comers- Some of them 
wero of the '' hanger-on " class and stayed only long enough to lenrn 
that the district had little ta ofer them. The later pnpllIation hns 
been a variable one, but for the last two or three yenrs it probably 
has not been far from 100. Mwt of this number were employed in 
the gold placers of Chitit11 and Dnn creeks nnrl the rest were pros- 
pecting for copper. Wit11 the m p I e t i o n  of the railro~d and the 
beginning nf n~ining a t  Kennirntt nnrl tlie jncrensec~.adivit in llle 
gold-producing streams that mill come with better hnsportntion 
the white populntion will increase. There is no pemaner~t native 
population. Siz ins  River valley WAS the hunting ground of Chief 
h'ikolai, nnd his house was near the mouth of Dan C w k ,  but since 
his dent11 several years ngo superstition has kept his followers from 
returning there until within the last two summcm. The perma- 
nent dwellings of the Tndinns are on Copper River, where they spend 
mod. of the winter and ~vhcre they fish in summer. It Beems to hare 
k e n  the cnstom of mnny to lenve the fishing ground only dnring the 
time of the fal l  hunting or in the trapping season. 

To provide satisfactory means nnd routes of trwnsportntion h n ~  
been from the beginning the most serior~s cliRcuItp the prospectors 
in Chitha Valley have had to meet. 1-p to the present time all 
snpplies and ~qr~ipment for the Kixina district hnrc been brought 
from V ~ l d e x  in w i n k  by sled. The route ~~sual ly  fallowed in 
freigl~ting is from VnIdex to Tonsina over the Governn~ent trail, then 
by way of Tonsina, Copper, Chitins, and Nazina rivers to the desti- 
nation. Occasionally. I~ow+ver, this mute has been v ~ r i e d  by cross- 
ing Marsha11 Pass a t  the head of Lowe River and following Tasnnna 
nnd Copper rivers to the mouth of the Cbitina; but this lattw route 
was given up b u s e  of the difficrllties encountered on Tasnuna 
River and of the fact that tho Ciovemrnent trail to Fairbanks 
is kept open all winter by the reg~llar travel. The great advantnge 
of the mute lay in the ability to haul very heavy loads on the 



smooth ice of Copper River, thrt~ saying time and horn feed, the two 
p a t  items of expense, on this part of the trip. This route prob- 
nbIy would have been used exclasively for freighting to Chitina 
Valley 'if a pod trail down Tasnuna River had been available for 
travel. 
The time consumed in carrying large outfits from Valdez to the 

Nizina district is from two to three months. The cost of freighting 
has varied from slightly less than 7 cents to 30 cents per pound, de- 
pnding on the size of the outfit and the condition of the trail. The 
lower figure of cod is an exceptional one and is not possible under 
any other than the most favorable conditions. Probably about 10 
cents per pound is an average cost for the larger companies when the 
trail is good. 

Summer travel is over a route different fram that fobwed in 
winter. The summer trail l eave  the Government trail at Tonsina 
and crosses Copper River at. the mouth of Tonsina Ri~er. Fmrn 
there it passes to the north side of Chitina b l l e y ,  entering the moun- 
tains by way of ICuskalana, River and crossing KuskaIana and Fourth 
of July pasesfeKenniatt  Glacier and River. Xo freighting is done 
on the summer tmil, but the mail goes in ever it twice each month. 

Within the Nizina district trails connect the varidus camps and 
enable the miners Ito trrvel from one to another without serious diR- 
culty, a1 though there is little commnnication between them during 
the working season. The trails are all shawn on the topographic 
map and nced not be described in detail. The one most traveled is 
that over Sourdough Hill from McCarthy Creek to Chitita and Dan 
creeks. Becatme it is lpss swampy, it is used by many in preference 
to the Iower trail nround the. west end af the hill, but the hill is 
steep and the climb is hard. One great difficulty with this trail is 
the necessity of fording h'izina River. A proposal to bridge the river 
at a point several miles below the present fording plsce wilI probably 
b carried out in the near future. 

It is secn from the figures previously given that the cod of trans- 
portation is a heavy tax on all work done in the Nizina di~trict. 
This expense has not only hindered copper prospecting but has de- 
layed the installation of placer mining machinery also. This bur- 
den wilI be much lightened in a short time. however, for railroad 
communication with the coast is promised early in 1911. Qnstmc- 
tion work an the Copper River and Northwestern Railway was 
commend under ithe p m t  management at Cordova in 1908 and 
since that time has been pushed as rapidly as conditions permitted. 
In 1908 the tracks were advanced from Cordova to within 10 or 12 
miles of Ahrcrombie Rapids, although the lawer steel bridge over 
Copper River was not erected till tlie following spring. In 1909 
the piers for a second bridge, at the river crossing between Childs 
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Glacier and Miles Glncier Lake, were built and the tracks were ad- 
vanced to Tiekel River. With the completion of this part of the 
road most of the slow ahd difficult work was ended and there re- 
mained only 90 miles of track construction t,o reach Hennicott. This 
inclz~des a third bridge over Copper River, between the months of 
Chitina and Kotsina rivers, where it is proposed to place a tempo- 
rary pile bridge while the construction of piers for the permanent 
bridge is going on. Tlle building of the railroad ha~l noh involved 
any nnusuaIly difficult construction problems for modern railroad 
engineering; and the greatest obstacles to operation will doubtless 
arise from weather conditions. Along Copper River the tracks are 
particularly exposed to oljstruction by snowslides, and adequate pro- 
vision for their protection will have ta be made. Above Abercrombie 
Rapids the tracks follow t h e  river bank on the dbbris-covered edge 
of Eaird Glacier. The ice is overlain by n thin mating of loose 
rock and is overgrown with alders. It sppmrs to have no motion, 
but it is probable; that more or less melting on nnd that the 
tracks will require more attention ~ n d  repltir than in other places. 
S m e  have e x p r e d  uncertainty concerning the effect of the terri- 
ble winter winds that sweep down the lower part of Copper River 
valley and have even predicted that they would prevent. the running 
of traips, but such difficulties have been overcome elsewhere and pmb- 
ably will be here. Railroad communicntion with the const p m m i w  
greater aid in the development of the Copper River vnlley then any 
other single enterprise yet undertaken. 

The h'izinn district has been described as situated J the south- 
eastern border of the MTrangell Mountains, in the region where this 
p u p  merges into the Coast Rnnge Mountains to the east and south. 
The mapped area does not extend f a r  enough north or east to tnke 
in any of the larger snow fields or glaciers or to incIude the highest 
rnotmtains of the Wrxngell p u p  or Coast Range, although peaks of 
'7,000 or 8.000 feet are shown. To the southeast is the broad low- 
land formed by the junction of Chitha and Nizina valleys. The 
map (PI. 11, in pocket) shows w the major features of relief two 
mountain areas separated by the valley of Nizina Riwr, but other 
"topogrnphic forms are even as strilnng as t h e ,  particuhxly the 
steep, straight valley maIls, the deep gulches tributary to Young 
Creek, ond the peculiar wormlike rack glaciers. 

Three geologic elernen ts are involved in the relief-the high moun- 
tain masses, the grgravel-covemd lowlands, and the gravel benches or 
terraces, Glacial erosion and the character of the rock formati~n have 
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beerr strikingly effective in giving form to the mountains. The work 
of the ice in straightening and ~teepening valley walls is conspicuo~~s 
m Chitktme River and the ndjacerit part of Nizintt River and on 
the upper p ~ r t  of McCarthy Creek. It is also seen in t h e  numerolls 
cirque valleys in which most of the streams head. McCarthy Creek 
is a typical example of a glaciated valley in this district. Ib upper 
part is a broad, open, U-shaped volley with gravel floor. Its lower 
p r t  is a mccession of rock canyons mith high gravel terraces. Thew 
features, except the gravel terrams, ere characteristic of every 
glaciated valley of the region and nre probably the result of rapid 
head vaIley glacial erosion nnd the eflort of the stream to est~btblish 
a more advantageous p ~ d e  after the melting of the ice. 

Different kinds of rock were affected in diflerent degrees by the 
glacial ice and by subseqrient erosion. The massive Chitistone Ume- 
stone forms precipitous cliffs and tstll spiws, as on Dan Creek, Chiti- 
stone and Nizina rivcm, JIcCtlrtI~y Creek, and at Bonanza mine. 
The greenstone slopes are not so steep and are more uniform in sur- 
face contour; they rarely $urn] perpendicular walls such as are com- 
mon in the Iirnestone Ixpwures. The s h a h  give smooth, rounded 
outlines where they hnve u~kdergone g1aciaI erosion and sharp, jngged 
peaks and ridpa with steep, bare slopes where they have been sob- 
jected to attack by weather alone, These two features are secn in 
the shale nrea yolith of natl Creek. Hetween Dan Creek and White 
Gulch the shale rno~tntnins are characterized by angular outlines and 
bare slopes, but muth of Chititu Creek the same shales were over- 
ridden by the ice streams from Chitinu Valley und present month, 
rounded contours. This feature, however, has been modified by 
intense postplacisl erosion, mith the production of such topographic 
forms as Blei Gulch and the deep gashes cut by tributaries of Young 
Creek. A dieerent topograpluc form, dependent on the structure of 
the uppcr shnle formation. is the flat tap of the rjdge on the west side 
of Kizine River directly op+ite the mouth of the Chitistone. It is 
due to the nlrnost horizontal position of the sandstone M s  that form 
the base of the ICennicott in this locality. 

Taltls deposits cover the lowest monntain s l o p  and reach their 
g r e ~ t e s t  development at the bases of large porphyry e x p u r w  and 
limestone cliffs In this connection it, should be said that the occur- 
rence of a smnll proportion of p o r p h p ~  in talus slopes nnd rock 
glaciers is usually sufficient to obscllre other kinds of rock. Talus 
fans of notimble syrnmetq bsve becn hujEt up blow gulches in 
ihc limestone formation enst of McCarthy Creek (PI. IT, A$ and 
north o f  Chitistone River. The pculiar detrital accurnulntions here 
called rock glaciers are confind to the high mountainous parts of 
the district but are widply distributed in the mapped arm. The? 
are described in the discussion of Quaternary deposits. 
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The second important element in the relief of the district is the 
gravel-covered valley lowland areas. Their distriba tion is readily 
seen on the map. They represent the accumulated deposits of present 
glacial emion and the reworked deposits of former glaciation, to- 
gether with the contributions of present s h a m  erosion. lfTith the 
older bench gravels they occupy fully one-third of the mapped area. 
The bench gravels, which are of glacioffuvial origin, ltre most con- 
spicuous about the month of Dan Creek, the lower parts of Chititu 
and Young creeks, and on McCarthy Creek, but are p m n t  in other 
places also. 

D-AGE. 

Nearly all the larger streams of the Nixina district originating 
within the mountain area head in glaciers, end those thnt do not 
thus head nevertheless receive much of their water from melting snow 
banks throughout all or part of the year. All the s t ~ a m s  are swift 
-and subject to rapid variations in quantity of water flowing in them. 
Kizina River falls 600 feet in 19 miles within the mappd  are^, or at 
the rate of 91.5 feet per mile. McCarthy Creek has a grade of 100 
feet per mile and Chititu Creek 180 feet per mile in their lower 
courses 
Tn contrast with the well-drained mountain areas, the lowlands are 

swampy and dotted with numerous ponds and lakes. They are cov- 
ered with an inferior p w t h  of spruce and wit11 moss that acts like 
a sponge to hold water and prevent its rapid run-off. Tbe surplus 
water from the Iakes is crrried away in sluggish clear-water streams. 
These featntcs are characteristic of the southwet part of the mapped 
siren. Trails in such country are often almost impassable for horses 
in summer, and for that reason they keep to the p v e l  bars or the 
ridges. 

DEBCXUFITTE QWWGY* 

Tt has already been stated thut the Nikolai p n s t o n e  is the oldest 
rock formation exposed in the Nizina didrict and that it is conform- 
ably overlain by the Chitistone limestone and a shale formation 
(McCarthy shale), both of which are of Triassic age It was further 
stated that a great thickness of shale of Jurassic age-the Rennicott 
f ormation-rests unconfomably upon the upturned edges of the 
greenstone, limestone, and shale ; that  these formations, particularly --. 
the Kennicott, were intruded by light-colored porphyritic igneous 

w. 

rocks; and that the most m n t  deposits of the district are unconsol i- 
dated gravels of Quaternary age. 
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The Nikolai greenstone, k a u w  of its reldion to the Chitisbone 
limestone, i t s  importance as a geolcgic formation, and its stmmture, 
might fittingly be described in connection with the sedimentay 
formations. Inasmuch, however, as it is of ignmus origin, its descrip- 
tion will be taken up later in its proper place in the account of the 
i p e w s  rwks. 

TRIASSIC BY8CEM. 

CHARACTEB W THE FOBMATIOM. 

The name Chitistone was applied by Rohn to the great Trinssic 
limestone of the h'izina district because he found the limestone hast 
developed along the h'izina in the vicinity of the mouth of Chiti- 
stone River. This name was later adopted by Schrader and Spencer 
and has since come into genera1 use. The Chitistone limestone is a 
conspicuous formation occurring a11 along the south flanlrs of the 
Wrangell Mountains from ICotsina River t o  Dan Creelr and prob- 
ably extending into the valley of the upper Chitha. In the Nizina 
district the lower part of the Chitistone formation is m ~ d e  up of 
thick, mamive beds of a dark-gray or bluish-gray color but weather- 
ing to a lighter asay on the surface. The apper part, an the other 
hand, is made up of thinner beds, and this thinness inerenses toward 
the top. 11 slight difference in chemical composition between the 
upper and the lower parts of the Chitistone limestone is indicated 
by the brownish-yellow weathering of the upper part. Changing 
conditions of sedimentation are indicated, too, in a more noticeable 
way by the appearance of thin shale beds at the top of tlre fcrrnation. 
This limestone is the oldest of the d i m e n t q  fomtions exposed 
mjtl~in the mapped area and lies on the ?u'ikolai gree~stone conform- 
ably. exactly as if both were d i m e n t a ~  formations deposited in 
the same sea and the limestone hltd k e n  laid down on the greenstone 
before any movement. or rlisturbnnce had taken place in the green- 
done. This conformable relntion holds true wherever the contact 
has been examined, although in many places it is found that there 
has been movement of tho two formations along this contact surface. 
In several places a bed of red and green shale with a maximum thick- 
ness of about 5 feet was found to  intervene between the limestone 
and the greenstone, but it is not known whether the shrtle is widely 
distributed or not, since the lim~tone-greenston contact is nearly 
everywhere covered with talus. The shah is present in the vicinity 
of Bonanza mine and on Kennicatt GIacier. 

ExcelIent sections of the Chitistone limestone are seen on t.he west 
side of Kizina River, opposite the mouth of Chitistone River, and on 
McCarthy Creek. On McCafthy Creek the lower part of the forrrm- 



tion, which dips about 30" XE., consists of massive beds of bluish- 
g m y  limestone, making up approximately three-fifths of the total 
thickness. Above this lower massive portion is a succewion of more 
thinly M d e d  limestone strata weathering a rusty-yellow' cdor and 
making up the remaining two-fifths of the formation. The thick- 
ness of individusl beds decreases from the bam toward the tg, as 
has been stated, and near the top thin beds of black &ale make their 
appearance. Then comes an indefinite thicknms, approximately 300 
feet, of thin-bedded limestone and shale overlain in turn by a great 
thickness of b1ac.k shale, which Rohn called the McCarthy Creek 
slia2e.' It is thus seen that there is e transition from the bedded 
l imedones below through in terbedded thin limestones and shales to  
~llnle above, and it is readily understood that difficulty arises in 
choosing a definite dividing plane between these two formations, 

The section on Nizina River shows the same features as that on 
McCarthy Creek, but here the whole syncline is exposed, revealing 
the stecp northw~rd dip on the sonth, the horizuntal bedding in the 
middle, and the gentle southward dip on the north. The berldi~lg 
features aro we11 shown in the center of the syncline for the whnlr 
allccesaion from base to overlying shales. (Sw Pl. V.) 

DIRSBIBUTIOIC. 

The Chitistone limestone occ~~pies n. namw band along the norC11- 
eastern edge of the mapped area, extending muthenstward from 
Ksnnicott Glacier (at the northern limit of the area) to the head of 
Copper Cre~k.  The dip of the limestone nfong its southern bound- 
ary is to the northenst and decreases from approximately 80" in the 
vicinity of Kennicott Glacier and McCartl~y Creelt to only a few 
degsees or! nan  and Copper creeks. 1t msnlts from this that the 
width of the limetone belt is much less at the glacier and on Mc- 
Carthy Creek than on Dnn Creek. The Iimestone heit has n width 
of slightly mom than 1 mile on She ridge between McCarthy Creek 
and East Fork, which is probably loss than its width at any plaw 
between McCarthy Creek and Kcnnicott Glacier. East of Nixina 
Rirer the limestone caps the niountnina between Dan Creek and 
Chitistone River in the form of a broad, shallow synclfne fully 6 
miles wide. The continuity of limestone exposures is interrupted 
in many places by valley gravel ~ n d  talus depsits, but aside from 
separate limestone areas produced in this way there are a number 
of small detached areas whose separation from the principd lime- 
stone masses represented on the map is due to other can=. Sirch 
sn area is seen at the head of Nikolai Creek and owes its isolation to 
the fact that the overlying Kennimt,t fomn tion has k n  only part]?* 
croded. If all of the conglomerate and sandstone of the Kennicott 

n Rohn, Oscar, -4 reconnalasance of the Chltlna River and the Bkolnl Monntalnlr. .\tan'-n : 
Tw~nty- f i rst  Ann. Eept U. S. Geol. Buweg, pt. 2 ,  1900, p. 428. 
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were removed, the small limestone area would be found to 'be part of 
the larger area, b the east. , l o h e r  isolakd area lies south of Dan 
Creek, but in this case the limestone mas separated from the main 
lim@one mass to the north and reached its p r ~ e n t  p i t i o n  througll 
faulting. 

THICKAESPI. 

The two localities on h'izina River and McCarthy Creek afford 
favorable opportunities for n~easuring the thickness of the Chitistone 
limestone, since in both the IY hole formation is present. One 
element of uncerfainty presents itself, however-the difficulty of 
choosing the somewhnt nrbit rxry plane to separate the limestone from 
the overlying shales; yet, since She intervening thin-bedded shale- 
limestone s~xceession is probably less than 300 feet thick, the error in 
measurement, and the resl~lts are the same as on Nizina River. A 
ti per cent, as wilI lx seen later. 

The base of the limestone in the central part of the syncline on 
Nizins 12iver is hidden by river gravels, but since the curve of the 
beds is smnll and rrgnlar and greenstone is exposed along the base 
of the cliffs only a, dmrt distance north and south of the axis of the 
syncline, it is evident that almost the complete section of the lime- 
stone is shown in one verticnl column. This section gives n thicknem 
o f  8,000 feet f o ~  tho Cl~itistone limestone in its type locality. The 
McCnrthg Crack section gives an dmmt ~qllally good chance for 
maasurenient, and thc results are the same as on h'izina River. A 
action north of  Chit,istone River gives a greater thickness than 3,000 
feet, but as in this locality the limestone Elns Lwen folded and far~lted 
it is believed that the figures there are less reliable than those first 
given. 

Exposures of Chitistone limestone extend westward to Kotqina 
River, le~q than 15 miles from Copper River, but the thickness is 
much l e ~  than in the Fizinrt district and in places is more thun 
200 or 300 f e t .  Ne evidence hns betn collected to show that the 
limestone bcomes propssively thinncr from the east toward the 
west in Chitins Valley, and= a1thoug.h that may be the case, the de- 
cwased thickness in the vnlleys of Rotsjna River and Elliott h k  
mag In r11re to erosion beforc deposition of the Kennicott formation 
took place. 

A G E  

The age of the Chitistone Iimestone was loitg in doubt but is now 
known to be Upper Triassic. This age rletermination is bawd an 
fossil collectims made in 1907 at R numhr of localities along the 
limestone area from Kotsina River to the Chitistone and on larger 
collect.ions made in the ? i i z i n ~  district in 1909. All the c~llections 
werc submitted to T. TIr. Stanton for determination and the forms 
p m n t  are contain4 in t h ~  following lists. Thwe lists include, 
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however, only the speciles collected within the area of the Nizina 
special map. The nnmbp.~  given the specimens are the catalogue 
numbers in the h'ational ,Museum. Concerning the mll&ion of 1907 
Dr. Stanton says in part: 

Tbe collctiou fs small and fragmmtnry, but It tans prored m~fffclent to libow 
quite concl~~slrel~ that the beds fn question nre of T~WARIC nge. The nm- 
rnonltes, eapeclally, are nll charactedstlc Triassic -9, and the few braehlopda 
obtained are aim Mexomic There la no Indirntfou of I'nlcnzolc fornits I11 IIIIY 

part of the &ion repre~lenterl. * 
TllP fnllowing lists g i r ~  the form rwognizd  imm ench kwnllty. In most 

cam specific identLtiCntIons hnve not been pawihle, hut this does nclt le!Wn tlre 
n m r n c y  of the age determination : 
Bonnnw mfne nitd Bonanm Creek: 

4808; Noa. 9, 14 to 19, n, 22- 
Undetermined corals. 
Terebratula PP. 

Spisiferina ap. 
Htr~nltes? q. 
I'sewlomonotia subeircularfs (Gnbb) ? 

Jumbo Crcck, near the Ronanzn mine: 
4809; Nos. 10 to 13, 20- 

Pentacrinus sp. 

The last two ~ ~ a m e d  are certainly Triassic types of arnmnniten and 
probably belong to the genera to which they are lrroriulanallg ne?rlgnml. 

South 5Ie of Chltl~tone River: 
4810 : NOR 23,24- 

Bplrlierlnn? sp. 
Ilnlobin RP. 
Arrestem? ql. 
Tropttea? sp. 

Thp lnnt two are TrhaeIc ammonites pmnvlslonallg Ifientldml imm 

The list of f a i l s  collected in 1909 is here arranged by localities. 
Dr. Stanton says of them : 
Tbe fm81ls from the ChillBtone mafirm the w n t  detemtnntions of that horl- 

Y !  and detlnltely prore that It ta of Trlamic nge. 
J u m b  CnrG : 

Rase of Chltlstor~e limestone mrnla? Too obwure for Identlficntlm. 
BfcCnrthy Preek : 

aw- 
lkrebratnla e ~ .  Prhably Trlowdc. 

Nikolal Cwek : 
Ems- 

Halobin ~ p .  ; related to H, anperbit l4ioj~lmvIW% 
Ut~rl~term lned P~)ecywd. 

63% 
Jnmrlt~a? sp. 
Awestee sp. 
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NIkola l Crwk-4ontlnaed. 
631 2- 

Pwe~tdnmonotb rsuMrcolasla 1 Qabb). 
Arcestea sp. 
Ju'rrtrlt~? 2 ap. 
O~thOi'Wii~ Rp. 

Chltlrrtont? If iver : 
m19- 

Troplteer np. 
( l ~ w e r  pnrt af rltftirtnne Ilrn&oae.) 

6320- 

Arcestm RJI. 

Cupper. Creek : 
a- 

Halobia hperha 3lnjnlnnrlc~? 

When Schrader nntl Spenmr stndied the geology of the Chitina 
Vnlley in 1900 they found no fossils in the Chitistone limestone and 
w ~ r e  unable to give conclusirt! cvidancc concerning tho age of the 
limedone. They, however, correl~ted it with the mawive Carbonif- 
erous limestone at the hend of White River, fimt described by H n y e ~ a  
nnd later by Brooksb 

T h i s  limestone is exposed on the north side of Skolai Creek, one 
of the eastern tributaries of Nieina Jiiver, and is conspicuous in 
Skolni Pass, between the hcnds of SIzalni Creek and l'i'liite River. 
Thc correlation of limestones so similar in appearance nnrl so nenr 
to each other fieerned to have much in its favor, but better oppor- 
tunities for study have proved it to be incorrect. 

Although the Cbitistone: limestone can not be currelated with the 
lirnatone on White River, it is known that limestone similar in 
appeamnce nnd of the same age as the Chitistone limest one is present 
on the north side of the n'rangell hlountains, in the depression be- 
tween them and the Sutzotin Mountains. There is, however, no 
such development of Triassic limestone there as is seen in the Chitina 
Valley, and the known exposures are confined to one small area. 

A table of corr~lntinns for the Mesozoic sedimentsry rocks of 
Alaska is here given, from which it ippears that ~ r i a s j c  mclrs. so 
far as they are known at present, nre confined to thc region south 
of the Alaska Rangc. Aside from the Cbitina region, Trinssic rocks 
probably have their greate* development in the Goolr Inlct region, 
wheru! they m u r  principally in the form of cherts with a small 
proportion of shale and limestone k d s .  

nay- C. Willat.8. An m f t l o n  tbroafi the Yukon district: Nut. &OK. Mag., vol. I ,  
1802. p. 110. 

Lnrooka, Alfred R., A reconnal~~irnre from Pyramid Harbor to Eagle City,, k l a l a :  
Twenty-Rrst Ann. Rept. C. S. G-1. Susvef, pt. 2, 1900, p, 359. 
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YcCnrtby sha la, Umestooe. 
C U W m a  Ume 

mwxs. Bare 
not aeen. 

-- 
a Molhl Fred H and Kno I Adolph Mlnolal renwrcc. 0 1  the Nabesno-White dlstrlet Alraks: BuU. U. S. Oeol. Survey NO. 417.l0lO 
b ~nlpa,~~ldee &d ~nop?ddol~h ;?;eologIc ~creaonnalsdnee ofthe Ystenuslta and ~alkeetsrs MDS, Alssks: Bull. U. 8. Ceol. Survey i36. %', 3907, 
cdanloo T. 9.. &d ~ s r d n .  0 .  C.'~psoz.ulo seetlon an Cook Inlet. end L h k a  Penl~mla: Bull. Gml. Sot. ArneFlea, MI. I@, 1805, p. 410. 
d ~ m k a , k l f r e d  R. 'fbe ~ o u n t  ~ c h n l e  legSon, Alaska: Prof. Paper I:. S. CeoJ. 8mey 3'10. 70, J D I I ,  . w y t  F. B. and wn bt c. w. The t d n .  ma wmgen mWn disi*oir. AWh:  ~ I U .  17. S. 8 ~ Y ' i w e g  NO. YI. I s m .  p. 24. 
I Broo p: nlfred H.. arid L d d ~ e .  E: M,. Paleadc snd d a t e d  mcks oftbe uowr Yukon, Almks: Dull. Oeol. 8w Ameaca "0). 19,1808. p. 268 
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rnOAETHP B E A L E ,  

CHARACTEB OF THE FOBMATIOR. 

The term McCarthy Creek shnle was used by Rohn to  dwignate the 
Mack shales immediately overlying the Chitistone limestone, and the 
fnrmntion I ra9 described by him as " a  series of soft, black, highly 
fissilo shnles nnd slates." a 

The fornlntion as it is exposed in the Nizina district is -11tially 
n shale fomntion, although at its base are numerous thin limestone 
htls forming part of tlze transition zone at the top of the Chitistone 
limestone or the base o f  the &ale. Thin beds of limestone-are found , 

interstratified with the shales wherever they are e x p d  within the 
mapped area, but are not abundant and form only a small proportion 
of the whole. The top of the McCarthy shale has not been recog- 
nized. Bedding is easily distinguished in most places either by the 
presence of the thin limestones or of thin limy shale hds with 
surfaces highly colored by weathering. Some of the smooth bare 

' - hilltops about ths eastern tributnries of Enst Fork are marked mith 
exceedingly intricate patterns produced by the colored beds, for the 
McCarthy shale is found to be intensely folded whererer it has been 
examined, and i f  the folds are cut by planes or curved surfaces 
making slight nngles with their axes the patterns appear. 

The folding in the SZcCarthy shale: strongly contrasts with h t h  
that of the Chitistone limestone and that of the ICennicott formation. 
Pronounced folding took place in the upper thin-bedded part of the 
limestone in n few localities. It begins to be conspicuous in the 
transition beds st the base of the shale (see PI. IV, B, p,, 18) but 
was never found in the massive beds at, the barn of the I~mestone. 
The limestone beds were more able than the shale to withstand the 
pxessare h a t  tended to deform them, and that ability incrensed ns the 
thickness of the beds increased. h o t h e r  ftactor of strength lay in  
the massire flows of the Nikolai greenstone, which lent its srlpport 
to the heavy beds of the limestone in resisting deformation. 

The principal area of JfcCarthy shale represented on the geologic 
map (PI. 111, in pock$) lies between McCarthy Creek and Nixinn 
River, at the north edge of the sheet. This, according te Rolin, is 
the south edge of a succession of shales extending north in the 
McCnrthy Creek valley for a distance of 6 or 8 miles and mnsti- 
tuting the type locality for the formation. This is not only the 
Tnrg& ares of the shales examined but it also shows a greater thick- 
ness than any uther aren, for it suffered less from erosion before the 
K~nnicott formation deposited. 
- 

* Rohn, ORcar, A reconnalnnance of the Chltlna River and the SkolaS Mountain& Alaeka : 
TWeatpflnt Ann. Rept. U. 8. Oeol. Buwey, pt. 2, 1900, p. 4 2 6 ~  
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The McCarthg s11aTe and the shale-limestone transition zone below 
it form the bam of the rno~~nt~ins  south of Copper Creek. The for- 
mation is separated from the orTerlping Kennicott formation by n 
distinct uneonfomity, but the black shales of tha tmo fomatjons 
are so sirniIar in a p p m n a  that they were not distinguished until 
the detailed work of 1909 was und~rtaken. Only the base of the 
McCarthy shale is exposed on Copper Creek. The upper part was 
rpmoved by erosion before depi t ion  of the Kennicott began. A 

msller area of the Triasqic shnle forms the mountain top north of 
Texas Creek, and the formation is present in other places overlying 
the limestone north of Dnn C m k  but does not fall within the 
boundaries of the mapped area. 

TH1CXREIIB. 

Accurate measurements of the thickness of the McCarthy shale 
were not obtained, because it is probable that enlp a part of the total 
thicknm is exposed within the mapped nrea. It is possible, more- 
over, that the complete ariginnl section in  no longer represent& in 
this district, for a long erosion interval intervened htnecn the depo- 
sition of the Triassic shales snd the Jurassic sh~les. During this 
interval much of the Triassic sedimentary formations and of the 
Nikoltli greenstone was removed. Another factor of uncertiintg 
besides the amount of the shales that have been remored by erosion 
is the thicl<ening and duplication of beds that arise from folding 
and faulting. It is prohble, however, that the McCarthy shaIc bas 
a thickness nearly as great as the Chitistone limestone; gwsiblp it is 
greater. 

A thickness of about 1,500 feet of Triassic side overlies the lime- 
stone on the west side of Sizina River. The shales near the center 
of the broad syncline in this locnlfty have a horizontal position and 
are  probably less distorted by folding than they are to the north- 
we&. This merrsr~rernent is considered the minimum and probsbly 
much less thnn the tnre thickness, for soma of the sl~ale has certainly 
been removed by erosion. 

The mountains about the head of the East Fork of McCarthy Cmk'  
am made up of the black Triawic shales. They rench an ~ l t i t ~ i d e  of 
6,900 f4et above sea level or 3,000 feet above the limmtone shde 
boundary at  the creek on the southwest. The shales are much folded 
about the upper part of the East Fork valley, and me~st~remcnts arc! 
conquently uncertain, but it is probable that the thickness of the 
Tormation is at least 2,600 feet in this vicinity. So meast~rements of 
value were obtained in the Copper C m k  section, for, as previously 
stated, only a, part of the format ion is present there. 

It is evident from what has been said that- the total thicknew of 
Triassic sediments in Ithe Nizina district is p a t  and that i t  is prob- 
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ably not less than 6,000 feet. One-half of this figure represents a 
limestone ahow thicLcess can be stated with a considerable d e p  of 
accuracy; the remainder represents a great shale formation whose 
thickness is stated only approximstely. 

T h e  McCarthy shale is of Upper Triassic age. Some of the beds 
are abundantly fossififerous, especiJIy those near the base of the 
formation and in the transition zone below, m d  fmiIs can nmrallp 
be found in the higher parts of the formation if search is mede for 
them. Shells of Psewdomno$i~ isaub&rcuEa& (Gabb) are so plentifrd 
in some of tha shale beds between the thin limestones that the rock 
can not be broken without showing them; they sppertr, however, to 
ba almost the onIy forms represented. 

A list of fossil lmlilitie follows ; the determinations are by T. W. 
Stnnton. 
McCarthy Crwk : 

8314- 
P~eudomonotls sobclrcularls [Gabb) . 

Nikolal Creek : 
8311- 

Two or more undetermined ammonite p o r n  represented by trap 
mentaw speclrncns. 

D a n  Crwk : 
6317- 

P~ei~dotuonotlu ~uhdrcularls (Gabb). 
Copper C r e k  (two ! m l l t l e ~ )  : 

83% 
Pmdomonotls ~nhcltcularle I Gabb). 

KwL 
Pwendomonotln snbcircnlnrla (Gabb). 

,$mas of Trirss;ic shale are scattered along the south slope of the 
'PF"mnpl1 Jlountnins ~ . s  far wed as the Kuskulana and probably as 
far as the Kotsina. also, but in the earlier work in this region the 
Triassic shales and the black Jurassic shales were noot separated 
because the presence of an immense tflickneas of Jurassic shales in 
this valley was not known a t  that time. It is now certain that a 
mnsiderable part of the shale areas of cliitina Valley formerly can- 
sidered to be Triassic are in reality of Jurassic age. 
KO Triassic shale corresponding in thjcknesq or other ch~rscters 

to the McCarthy shale k known in Alaska. Other regions bf Triassic 
sediments of similar age have been pointed out (sea correlation table, 
pp. 26-27), but the conditions under which they wero deposited viere . 
different from thm in the Nizins district, ~ n d  attheugh they may 
be in part contemporaneous the resulting formations are distinct. 
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CBAUACTEB OF THE FORMATION. 

The name Kennicott was ~doptecl by Rohn to designate the con- 
glomerate and sandstone n~ccmsion which he found resting tincon- 
fomablp on the Triassjc shales nf McCrlrthy Creek and correlated 
on fossil evidence with the light-colored :irlzows, shales, and lime- 
stones between Lachjna River nnrl ICennicott Glnrier. Rohn did not 
recognize the black shale south of Nikolai Creek as part of his Icenni- 
L&. formation, but within the diatrict under 
consideration the bIack shale is far  more 

Black shale rltb bnl"l 
r a l n m n n  beds: ins 

important in amount than the basal con- 
glomerate and sandstone members. 

The Kennicott formation as the t e rn  is 
here used consists lnrgely of blaclr shale, but 
it indudes conglomernte, g i t ,  sandstone, end 
impure limestone members and is intruded 
by great ma= of light-colored porphyritic 
rock. It is the youngest of the consolidatecl 
gedimentary deposits represented on the p- 
logic map (Pl. In, in packet) and is more 
widely distributed within the mapped area 
than my of the formations previousIy de 
scribed. One of the characteristies of- the 
ICennicoft i s  its variat.ion in appearance 
nad composition at different localities. This 
statement is more applicable to its basal than 
to  its upper part and refers to features 
that r m l  ted from changing shore condition? 
of sedimentation. These ddiflemees \rill be a 

hrokcn rhr!lu. 

Uncnniormll). 

brought out by a description of the Jurassic Llrneumno find yreen. 

mcks northwest of hTizina. River, where the 
P I G U I ~  2.-Columnnr nectlon basal part is better represented, and south- rhl. bmal.part tlln 

east of Sizina Ri~er ,  ahere the middle and K@~~;tfMi~~y~~ek,*~- 
upper parts are better represented. 

The Kennicotd formation where it is exposed about the head of 
NikoIai Creek may be subdividd into three members as follows: 
A basal member made up of conglomerate and sandstone; a second 
member consisting &idly of 1 igh t-gray, yellow-wwathering shde ; 
and nn upper member of dark-gray or black shale interstratified 
with occasional beds of impure limestone or hard caIcareons &a10 
(fig. 2). The basal member shows notable riiflerenms in lithofogie 
character and thickness as it is follawed from one outmop to another' 
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These diffewnm, except in thickness, are dependent in large meam& 
on the kind of rock immediately underl.ying the Kennicott. I n  
nearly all places the lowest beds of the formation consist of con- 
glomerate, but this ean~lumerate p m n t s  a different appearance in 
nlrnost every expostme, far there is nearly every gradation between. 
an even-grained grit w?me well-worn pebbles are of llniform she 
and no larger than pains of whmt to II coam agglomerate with 
blocks and hwlders up to 8 or 10 feet in diameter (.PL VI, A ) .  
Such coarse material has probably traveled but a short distanm 
from its srnirce and mny reprtmnt a shore-line cliff. It is not a f 

constant feature of the basal Kennicott and its exposures are not 
extensive, for the very large bowlders are found in only a few 
localities, In many placea it was noticed that most of the pebbles 
in the conglomerate are of the same material as the dder beds on 
which the conglomerate rests--that is, where conglomerrrra overlies 
greenstorlc most of the pebbles are greenstono snd where it rests on 
the Triassic shale most of the pebbles are shale. Limwtons pbbles 
are not so, numBroas as pebbles of greenstone and shale, yet con- 
glomerate of this formation containing a large proportion of rounded 
limmtone fragments is found En other parts of the Chitina Valley. 
Some of the conglomernte contains a considerable numbr of diorite 
and porphyry pebbles, but it was not found in place in the vicinity 
of NikoIai Greek, where the basal conglomerate of the 1Cennicott 
is best developed within the area mapped. Nenrly all of the frng- 
ments are well r&nded and waterworn, and it is only in the very 
coarse mng1omerate that a,ngulnr outlines are noticeable. Erm in 
such places the edges and comers of the blocks are usually worn 
away. 

The filling between pebbles is finely ground makerial from the Pinma 
source as the pebbles and is for the,most part a greeni* sandatone or 
p a y ~ w k e .  The awn@ size of fragments composing the basal mem- 

of the formation d e m w  rnpidly as distar~ce from the Snse itl- 
creeses, until the conglomerate gives way to sandstone. In mast local- 
ities a b u t  Sikolai Creek where exposures occur it is found that the up- 
per half or three-fourths of the b a d  member consists of fine greenish 
sandstone or grngmtlcke containing little quartz and seemingly derived 
largely from the Triassic shale and the greenstone. This upper part 
sFlms fnr Iess rariation in character than the conglomernte, although 
in the base thin beds of graywacke aItsrnate with thin beds of con- 
glomemte. There are places where the fine conglomerate and gray- 
~vncke contain considerable lime and become practimlly an impure 
limestone, but such beds are not persistent. Some of them consist 
in part of broken shells, yet it is diffidult to find determinable fwils 
among them and still more dificult to secure the fossiLs when found, 
since they are in most cases partly decomposed and fragile. 
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mis Iemcst conglomerate-sandstone member o f  the Kennicott for- 
mation on Sikolni Creek has n thickness r~nging from 25 to 125 
feet, the p a t e r  part of which is graywacke, the remainder con- 
glomerate or grit. In a few places the b a d  member appears to be 
entirely absent, although becni~se of faulting and talus slopes its 
seeming absence may be explained in other ways. Furthermore, its 
praistence as a whole in many other place in spite of mprd changes 
in character and of variation in thickness makes it probable that if 
it is not seen in n pnrticul~r locality the failure to find it is due to one 
of the caiises mentiond. 

The middle member of the formation on Pc'ikolai Creek shows far 
lesq variation in character than the lower one, but it, d m  not tip 
pear so conspicrrouslp in other pal.ts of the Nizina region. It cun- 
sish of shale and shnlp ~ n d s t o n ~ ,  but. shnle predominates, The 
sandy phases are more or l e s  local, ~ n d  the bed exposures are on 
tba ridge gouth of Kikolai mine (Tl. VI, R3. -4 fml~ly broken 
surface nf the shale shows a fine-gminwl m k  of light color, but 
both shnle nnd sandstone weather a bright ?-ellow thxt mahs them 
conspicuous wherever they are ex@. Both shale and sandstone 
break down into thin fragments under the infltrence of the weather, 
and the dfibris from their ledges give riss t o  prominent talus slopes. 
Occrtsionnllp fossils are found in the snndstone, and rarely a shell is 
seen in the shale, but fossils are not nbundant and it requires some 
search to fjncl nny of vnlne. The thickness of tho yellow-weathering 
shales is as p n t  as 600 feet in the mountain between Fikolai Cmek 
and the East Fork of RlcCartby Creek. At the head of Xikolai Creek 
375 feet of yellow-weatherinp shah overIies tho congIomemte, but 
some of the shale has been ~rnded away. 

The highest member of the Kennicott in,the Xikolai Creek vicinity 
consists of black shalt-, with interstratified hard, impure limestone 
~ ~ n d  calcareous shale beds ranging in thickness from 1 inch to 2 feet. 
The hard beds form only a smaII proportion of the total thickness, 
probably less than one-tenth, but although jointed and broken they 
stand out in relief from the softer, crumbling black shales and form 
8 conspicuous part of the whoIe. This black shale resembles closely 
the black shales of the Triasic. The hard beds assume a rusty- 
ye1lowidr coIor on weathering, just as in the Triassic diales, and 
there seems to be no way, except by their s trat ipphic  position and 
their fossils, to distinguish them from the older shales. Fossils are 
fairly plentiful in some beds of this member, especiall? those in the 
hard beds, and ace in a better state of preservation than those found 
Iotwr in the formation. 

From 125 to. 1.50 feet of these shales nrc exposed north of NikoIai. 
Creek, but the figures toke no account of what has been removed .by 
erosior~ o r  what Ims been caught up into the intruded porpl~yry. 

7WaB0-Bull. # $ - - I 1 4  
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h c a l l y  erosion has destroyed the upper member, leaving the basal 
and middle mernbem. In sume locdities both the middle and the 
upper members have been removed, and without doubt the Renni- 
mtt vos once present in large areas where DO trace of it ipl now found. 

The section of the Kennicott formation exposed on Dan Creek is 
many times thicker than the ection that hns been described. The 
Nikolai section represents a phase of the bawl Kennicott that is 
thought to correspond more fulIy with the Kennicott observed wwt 
of Kennicott Glacier and still farther west in the Chitina Valley 
than does the Dan Creek section. An esceIlent exposure of the base 
of the Kemiicott formation was found on Eagle Creek, in the Copper 
Creek vnlley. All the upper part of the long ridge separating 
Eagle Creek from Copper Crwk is made up of 1omer.Kennicott beds. 
They rest on the edges of thin limestone and shale beds that belong 
to the transition zone ht-rveen Chitistone limestone and McCnrthy 
shale. The limestone and shale beds have R dip about 20° greater 
than the overlying ~~erk icot t ,  nnd the llnconformity is shown in 
diagrammatic dearness. The basal k d s  of the Kennicott nt this 
place consist of from 150 to 200 feet of fine conglomerate or grit 
overlain by snndstone. Black shale overlies the sandstone and forms 
the top of the ridge exteending southeast to the main mountain mass. 
This basal grit was traced northwest in Copper Creek valley to  
the vicinity of the linwstone area north of Idahn Gulch. It may 
be regarded as a constnnt feature of the Ken~iiccrtt irl the Nieina 
district, In most pIaces it is somewhnt fossiliferous. Pyramid 
Peak, at the head of Copper Creek, appears to be made up entirely 
of rocks belonging to the Kennicott formation. The lower part is 
black shale, but the top sha~vs bedding lines that are thought to rep- 
resent sandstones and impure limestones. Sandy shales and hard 
sandstones are interstratified with the black shales on Rex Creek, 
and the tops of the mountains between Rex Creelr: nnd TVhito CreeIr 
contain n large amount of gray sandstone n~ ld  impure limestone. 
Beds of b~own-weathering nodular limestolle in the shales high up 
an the slopes of these mountains contain nmmonite sheus 16 or 18 
inches across. These mountains appear to  be at the axis of a broad 
shnllaw syncline and give goud sections of the formation. 

A feature of geologic interest is presented by the snrldstone dikes 
that cut the black shnIes east of Rex Creek. These dikes range in 
thickness from tt fraction of an inch to 5 or 6 inches and cut the shales 
just as an igneous dike would. They are composed of angular frag- 
ments of quartz, feldspar, biotite, calcite, and pyrite mingled with 
fragments of shale. They are composed of the same material as some 
of the amciated sandstone beds and are numerous in places, 

Bedding in the black shales of Blei GuIch, on the south side of 
Chjtitu Creek, is shown b j  lines of small limestone concretions and 
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Ulin discontinuous caIcaxeous beds. More than 4,500 feet of black 
shde dipplng low to the southwest is exposed in Blei Gulch. Young 
Creek, south of Chititu Creek, flows in t~ shallow canyon whose walls 
are'mmposed of black shale of the Kennicott formation. This shale 
forms the lower slopes of the ridge south of Young Creek, and it is ' 
probable that Kennicott gediments make up most of the ridge. The 
ridge wis  not examined. in detail owing to lack of time, but a section 
up the first southern iributary of Toung Creek east of Calamity Gulch 
shows rocks of the Kennicott formation. The section extends up the 
east branch of this creek. For  a distance of nearly three-fourths of 
a mile from its mouth the creek flows over black shaIes with occa- 
sional limestone beds, all dipping southwest at angles of 30" or less. 
Thence for nearly a fourth of a mile are rmlcs that have been crumpled 
and much faulted. They consist of shales with interbedded cal- 
camus shales and limestone, from which fossils were collected. In 
many places the strata of this disturbed mne stand on edge, and it 
is evident that dispiacements of importance have taken place. A 
peculiar feature of this locality j s  seen in the limestone nodules, which 
occur in beds and reach diameters of 2 or 3 feet. They consist of 
bluish-gray limestone and show parallel bedding lines crossing them. 
They were seen at a, number of places on Young Creek. South of this 
faulted zone the creek flows for another three-fourths of a mile over 
black shales and thin gray and brown sandstones. The shale pre- 
dominates but the sandstones form an important part of the whole. 
The dip of these shrtles and sandstones is steper than is usual in the 
Kennicott formation of the Nizina district, ranging from 30" to 50". 
A mawive conglomerate succeeds the shale and limestone on the south 
at a point 1,500 feet above Young Creek. The conglomerate is 
several hundred feet thick and is made up of well-rounded pebbIes 
loosely cemented together, many of which are 5 or 6 inches in diam- 
eter. It; appears to have been deposited conformabIy on the under- 
lying shale-sandstone beds, but there is reason to believe that move- 
ment has taken place along the contact at this locality. No proof 
was mured to show that this great conglomerate d m  not mark an 
unconformity in the Kennicott formation or between the Kennicott 
and a succeeding formation, but the relation appears to be one of 
conformity in other places west of this creek whem the contact was 
examined. Flat-topped. or mesa-like hills composed of conglomerate 
beds dipping low to the south are scattered along the top of this 
ridge both to the east and to the west of this section. According to 
Schrader's field notes of 1900, the conglomerate on the west end of 
the ridge south of Young Creek is interstratified with a few beds of 
ark- sandstone and probably does not exceed 500 feet in thickness, 
It contains granite bowlders up to I) inches in diameter, dark lime- 
stone, flint; quartz, gravy slate and grit, and green gneissic rock, but 
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Schrader did not find any pebbles of Yikolai $reenstone. T h e  ark- 
or smdsbne underlying the conglomerate was measured by Schradw 
in a very favorable section, where the dip was Iom to the south-sontll- 
east, and was found to be between 2,000 and 2,500 feet in thickness. 

There is no reason to doubt that this s11,llccession of shales, b e -  
wtone~, sandstones, and conglomerate found in the ridge south of 
Young Crcek c o ~ ~ e ~ p w d s  to the bedded mlcs s e n  i n  the high moun- 
tains a l  the head of Copper, Rex, find Wllih creeb. It therefom 
represeienL4 the upper part of the lcennicott formati,on as it is known 
at present. 

The uncanformable relation of the Kennicitt formation to the 
older s~dimmtary rocks and the Nikolai pens tme  is plainly seen 
in both tho localities whose sections have b n  d~~crjberl nnd is shown 
in the view (PI. VII, A and R )  taken at the head sf h'ikdai Creek. 
Kennicott sediments there. rest on the upturned and truncated heds 
of the NikoIt~i penatone ,  the Chitistone limestone, and the Mc- 
Carthy shale. Tho dip of the younger beds is  low in most places, 
ranging h m  loa to PO0 W. or STY. On the otllor hmd, the dip 
of the ~rnderlying sediments and the lava flows (h'ikolai green~t~une) 
ttre considerably greater and in s different direction, averaging &bout 
aQO or 35' YE. 

Ona feature of tl~e Jurassic sediments that is more noticeable on 
White. ~ n d  Young c m k s  than in other parts of the district is the 
rapidity with which they break down under t,he action of weathering. 
Such tnpprrrphic forms as ~ l c i  Crnlch R R ~  the gulches tributary 
to Yotrng Creek sre due to this cansc. Rlei GnIch in particular 
shows how readily the shales are attacked and how little they are 
nble to resist the attacks as cornpard with t h ~  p ~ n s t o n e  and lime- 
stma. The $aft shale d6bris accumulates faster than the water can 
carry it away and the mouth of the gulch is choked with it 

The Rcnnicott was deposited on an old submerged lsnd surface. 
I n  a brnnd wey this a~lrface  on which the ICcnnimtt formation of 
Nikolai Creelc lies wms flat, but it is  readily seen nn examining the 
contact that them were minor irregularities in it such as,ara present 
in any level country. The conglnmerate and graywacke beds o f  the 
basal H~nnicott sag down into hnllows of the unrl~rlving s~trf~ce,  
and at  one locality pehblm and sand were seen filling old cracks in 
lthe Chitistone limestone. 

D I B T B I m I O a .  

The ICennimtt f o m a  tion occupies probably the-fourths of the 
total area represented on the geologic map (Pl. 111, in p k e t ) ,  for if 
n line be drawn from the mouth of S a t  inn31 Creek to Pyr~mid  Penk' 
practically all of the consdidat~d deposits wut'h of it ara Kennicott. 
It fo~ms  the high angular mountains between Dan and Chititu 
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c-ks and makes up the principal part of Porphyry and Snurdozigh 
peaks, although its presence is so obscured by porphyry intrusions 
in these two last-mentioned mountains that. its arnoilnt js  apt ta be 
underestimated. It doubtless underlies also 
the gravel deposits of the lowland south of 

~ ~ ~ o m o m t e  with 

Nizina River. Int~rlwlnvrl -MI 

Without question Jurassic gdiments are far 
more widespread in Chitjtu Valley than wns 
9u~pected before the fieId work of 1909 wns 
undertaken. They extend eastward beyond 
the h'izina district into the upper v d l g  of InlsHI*IIPuuI *UUI~. 

R~OII(. w1ut1 mbalo. 

the Chitins and westward along the flunks of 
the Wrangell Mountains, where it is certain 
that they have not been fully differentiated 
from the Triassic shales, ju$t as was true in 
the h'izina district The separation of .Turns- 
sic from Triassic shales mill q u i r e  mare de- 
tailed fieId work than Ilna pet hren given them. 

TIIICKIS&R. 

No such favorable section was found for 
rnmmring the thicknes nf the Kennicott for- 
mation as that fnrnish~d b~ the wnlI9 of 
Nizina River for measuring the Chit istone 
Iimestont?, rlnd the figt~m given are swllW(l 
from a stlldy of n number of svctions nt rlif l~r- g 
ent lmalities (fig. 33. The total thiclmem *t. 

given shorlld be regarded HA having orlly 
approximate accuracy. 

'She cmrse fragmental beds, including con- 
glomernte and grit nt the base of the Kenni- 
cott, range in thickness fmm 25 to 150 or 200 
.feet. An intermeclinte figure of 100 to 1 i0  hlnrk a h ~ l r  un 

feet is believed to represent n I11ir estimate for 
conrrlornrmte. 

the thickness of thew 1)cds thrnnghont the dis- ~ r l - i e  sbalc-~im- 

trict. It seems proper to incluclc tho yellow- 
weathering sllales nnd mndatones of N itmlni 

Flurr'nr: 3. - OeneralIrcd 
Creek with the blnck shales, since they arc tr. ,I,,,,, ,atoa the 
lmaI feature and contemporanrous in timcl of 
deposition with the lower part of thc blnrk 
shale muth of Nizina River. On this basis the black shale mem- 
ber at  the heads of Copper and Itcx creeks has a minimum thiclc- 
ness of not Iess than 4,500 feet, yet the black shales of Williams 
Peak south of Dnn Cre~k sltggest a considerably greater thick- 
ness, possiMp as m~tch ns fi,OlK) feet. This measurement includes 
dl U s  from the top of tlrp rnnplarnemte and grit to the begn- 
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r~ing  of the inkrbcddd shale-sandstone anccesion that forms the 
bps  of fhe high mountams a t  the heads of Copper and Rex creeks 
and the alpper pnrt of the ridge ~0ut .h of Dan Creek. The shale- 
sandstone member has a thickness of about 2,500 feet. If, now, 
,500 fwt, representing the heavy conglomemte of 'EToung Creek, be 
nddecl to the measrrrrments alr~adp given, n minimum thickness of 
over 7.500 feet i n  obtninrd for the lirnnimtt formation in the Xizina 
clistrict. 

AOE Ann conRnnTlox. 

Fasails hnve been collected from all parts of the Kennicott forma- 
tion, but ~~nfortannkly the strntigrnphic range of the forms is so 
great that they do not fix its age definitely. It appears most prob- 
able that t h ~  ICennicatt formation was laid down in Upper Jurassic 
time, but there is H powibility of its being T ~ w e r  Cretnceous. The 
prohnbility of its .Turnssic age rests in considerable measure on the 
presence of n species of dl~rretkr. collected firat by Rohn and later by 
Pchrntler and Sp~nccr and idrntificd by T. TV. Stnnton. Schrader 
and Spencer collected fossils rtt otl~er locn l i t i e  ns well ns in the Njzinn 
district, nnd on the evidence oi! these fmsils ihe formation was 
referred to "the dortbtfih series Iying at the  top of the Jurassic or at 
the buse of the Cretaceous." a 

The list of fossils follows. 

Concerning Ifioceramva e & m h  Dr. Stanton snys:' 
This form is reprp~pnted by R ~ I n ~ l e  m m e n  coSlPcted on Chittg Creek. 

It may be distinct from Elchwald's r rp lea  orlginnllg dwrlbed  from Turkusitnn 
Ray, in Cook Inlet. and r e f e m  bp lllm to thr .\'rocominn. IZlcbwald descslbed 
three other gpecies-I. onrMguue, r. poporrrlrtfm, 11nd I .  I r d f w ~ l l  b~longing 
to one wtion of Inocerona~ta from the saale horlson fn Alaukn. The present 
 hell d b ~ ~  not ngree prfectly with any of the flallr~s, h r ~ t  It le mo& nearly 
like I.  ~ximirrs and probably comes from the same formation. Wimilnr forms 
m u r  both In tbe Jnraseic nnd in the Cretamuu, but t h ~  widenre ol the other 
f a i l s  from this part of Alaska ~ ~ I O P R  the r ~ f p r t n ~ e .  of the Iiennimtt fornm- 
tlon to t l l ~  .Tnrnssic. 

Schrad~r. F. C., end Spencer, A C., The f?eolo#y and mlaeml refionreerr of fl  pmf0n of 
the Copper River dbtrlct, Alaska: lpecial gubllcntion o I  tile U. S. Gaol. Survv, 1901, 
p. 80. 
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Of the form referred n-it11 a q~~est ion to  Ilob7A-a o a d t : n t d &  Dr. 
Stanton says : 

The lrrpecirnens agree fairly well In wnlptnm and geneml appearance with 
some of the figurea of Whlteares's speclea from the I,Iard RIwr and may be 
identical wIth it. They are, howerer, somewbat suggestive of Hj?hw&es li%lePa&, 
from the Jurawic(?) of Slberia. 

Rapenopt~Pir  Is a genus which occurs Mtlt in the Jurassic and in the Cre- 
taceous, but the species is thonght by Prof. Ward. to u-horn it was shorn,  to be 
near a ~pecies wurr ing  in the Jnrasslc of the Fnciflc const. 

Concerning the genernl relations of the fossils from the Kennicott 
formatinn Dr. Stanton observes: 

Thew ~ O S S ~ ~ R  nre all eithelB Upper Jnrnsslc or Cmhemu~, with a suggestion 
of a somewhat yuuuger nge for n few localities. In the prwent stnte of knowl- 
&ge and with thew sstl~nll collwtions It is  not l~rractirnble to determine whether 
they represent oil@ horimn ar serernl. In q opiniotl, they probably nll belong 
ta the Ijpper JII~RSBIC. though snbseq~ieut work luny show the coutmq'. The 
question is connected w i t h  t l i ~  still utiwlrerl problem uf the F a c t  boondnr.v 
between the .Tnrtlmlc nnd tllr Pwtncml~n in tlie Arrc~lin-bearing beds of Russia, 
Siberia. :)ntl the I'ncifIc coast reefiton nf North Ainerirn. The Aescelln occurring 
in the Cnpp~r Itiver dlstrirt appears to be referable to a Rl~s~lltln J11rasflic 
qecles, but it IR alwo quite sin~ilar to the Cretaceous form in the lower ICnox- 
vIlle beds of California. The few other forma are mostly undefwrilwrl species 
of type  that occur both In the J~ii%ssIc nud In the Lower Cretnmns. 

A single fossil colI~cted on Chititu Cceelr in 1907 was referred to 
Dr. Stanton and described by him thus: 
Chititu Creek : 

4311 ; NO. 28- 
Perlsphlnctes, ~ 1 , .  T h l ~  ammonite is not n typicnI Perisphincte% bat It 

is probably of JurnsEilc :ipe, certainly not oIder than Jurassic. 

The much Iarger coIlection made in 1809 was nlso referred to Dr. 
Stanton, who says of them: Tbe fossils from the Kennicott indi- 
cate that one fauna ranges throughout the formation and that its 
n g e  is most probably Jurassic, though the types represented in the 
collection nre not as definite as could h wished for determining 
between Jurassic and Cretnceous. The entire absence of Aweella is 
noteworthy in view of the fact that thnt genus has previously been 
?ported from the formation." The list of fossils arranged Ily lo- 
calities and with the catalogue numbers of the Nmtional Museum 
followa. 
BTcCarthy Creek : 

w1- 
Inoceramns sp. 

6313- 
TjtorPras ~ j ) .  

P b j l l n w ~ ^ ~  K RI1. 

K n w  of Iimtiicott. 
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Sikolnl Creek : 
CWE- 

Inocesarnua sp. 
h s e  of Kennicotk 

mi+%- 
Rhynchonella q. 
P m n  sp. 

Rase o i  Rennicott. 
6305- 

RhmchoneIla sg. 
Terebratelta T sp. 
Exogma ap. 
Pecten ap. 

Collected neAr 0304. 
m- 

Phyllocms ap. 
8308- 

Inweramus 0p. 
Lower part of K~nnicntt formfition. 

6309- 
Rbyncbonella SF. 
lnocemm~~s g. 

8310- 
Ebynchonella sp. 
T~rebrateIla? sp. 

R n w  of Tiennfcott fnDRtton. 
&,531- 

Rhynchonel la ~ p .  
T~rpltmtelln ? wp. 
O~trea sp. 

Renr base oof Iie~lnlcott formation, 
h ~ ~ r d o u ~ h  HI11 : 

6.115- 
Inwromna m- 

Dan Cseek: 
4x1 B- 

Inoeemmus %p 

rnl& 
RnwEd~r In conglomerate of Gennicott formation. 
II~lohEa ! 4 t t p T b  hloj~iSOVk*'r 

Copper Creek: 
r3!22- 

RhynchonelTa ap. 
Ilnd~termlnetl small P e l m o d a .  
Kntlm PV. 

ZTndetwmIwd ammonite. 
Rnse of K ~ t ~ n i r o t t  formation. 

Texns C m k  : 
m M - '  

PhsllomrasP 8p. 
Rex Creek : 

6324- 
Trregttlns ecblt~oid, rr~iabed nperlmens. 
Fecten ap. 
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Rex Creek-Contfnued. 
0324-Cmitli~ tted. 

Pbfllncems S ~ I .  

8 h n r k ' ~  teeth. 
\'C7pl1 lip la thp lir~lr~lcfltt formntion. 

M25- 
Serpula sp. 
OBtrefi sp. 
Pecten sp. 
A ~ c a  pp. 
cyprina? EP. 

Corbnla sp. 
Aporrhtlis ~ p .  
Chemnitzlil? wtp. 
Crlocer~s? RP. 

64%- 
Fragment of lame a m m o ~ l t ~ .  

Higher in the formation than M24. 
6336- 

t~mdetpmlned frmgnwntnry nurn~n~~lte. 
Whlte Crrpl: : 

W27- 
ORtrea ap. 

7:pller /)art nt Ken~ticott fnrn~r~tlc~n. 
. 0328- 

Frament OF I n r p  nrnmonitp. 
IEIR~ up In the Gennlcott. 

Young Creek : 
h?2& 

The absence of A~rcella from the collections of 1909 raism n qum- 
tion concerning the IIennicott that can not be anmemd with tha data 
at hand. If, QJ seems probable, its absenoe is due merely to the fail- 
ure to find it, there is no renson to su~pect any difference in age of 
the lcennicott sediments enst  and west of Kennicott Glacier. If, on 
the other hand,' it dom not occur east of Rennicott Glacier, the pos- 
sibility that the bnml JCennicott beds mest of the glacier are older or 
that the sediments of the two locnlitics are not correctly correlnted is 
apparent. 

It will be seen from the table of correiation (pp. 26-27) that 
Jnrassic sediments are widespread in Alaska. They a re  found along 
the Pacific m s t  side from sonthenstern Alaska to the peninsula, and 
again on the Arctic slope, hut arc not known in the Yukon Basin. 
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Attention is directed more particularly to the Nabesna-White district, 
the Matanuska and Talkeetna district, and the region of Cook I n k t  
and the Alaska Peninsula. 

The Nutzotin Mountains, northeast of the Wrangell group, consist 
of a great thickness of banded slates, graywackes, and conglomerates 
associated with limestone and sandstone beds in minor amount. 
Upper Jurassic fossils were collected from these beds, but the beds 
are very imperfectly known, and it is highly probable that  they in- 
clude also Triassic or even older beds. They are exposed in  the 
canyon of Chisana River for  a distance of 18 miles, and, although 
they are much folded, i t  is evident that their thickness is great. 

Lower Middle Jurassic and middle and upper Middle Jurassic 
sediments occupy extensive areas in the region of Matanuska and 
Talkeetna rivers.@ The lower Middle Jurassic rocks have a thickness 
of 2,000 feet, more or  less, and consist of shales, sandstone, and con- 
glomerate, with coal, associated with andesitic greenstone, tuffs, 
agglomerates and breccias, rhyolites, dacites, and tuffs. On these 
was deposited unconformably more than 2,000 feet of middle and 
upper Middle Jurassic shales, sandstones, conglomerates, tuff, and 
arkose, with coal. More than 1,000 feet of this is conglomerate. 

The Jurassic rocks of Cook Inlet and the Alaska Peninsula were 
studied by Stanton and Martin in 1904 b and again by Martin in the 
region of Iliamna Bay in 1909. They include rocks of Lower, Middle, 
and Upper Jurassic age. The deposits referred to the Lower Jurassic 
consist chiefly of water-laid tuffs, and are found a t  Seldovia, on the 
east side of Cook Inleb, +nd probably on the west side also. The 
Middle Jurassic sediments, called by Stanton and Martin the Enoch- 
kin formation, include shale and sandstone, with a few thin beds of 
limestone and conglomerate, and reach a thickness of 2,415 feet on 
the shore of Chinitna Bay. This section does not include the lower 
part of the Enochkin formation, yet the thickness given represents 
what is probably the average thickness of the formation. Upper 
Jurassic sediments succeeded the Enochkin formation. They were 
first described by Spur rC  and received their formation name from 
Naknelr Lake. The Naknek formation includes shale, sandstone, 
conglomerate, arkose, tuff, and andesite. A thiclyless of 5,137 feet 
of rocks belonging to this formation was measured by Stanton and 
Martin on the north shore of Chinitna Bay. Lower, Middle, and 
Upper Jurassic deposits thus reach a thickness of 7,500 to 8,500 feet 
in this region. 
- - 

Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Tal- 
keetna basins, Alaska : Bull. U. S. Geol. Survey No. 327, 1907, pp. 16 and following. 

b Stanton, T. W., and Martin, G .  C., Mesozoic section on Cook Inlet and Alaska Penin- 
sula : Bull. Geol. Soc. America, vol. 16, 1905, pp. 391410.  

c Spurr, J .  E., A reconnaissance of southwestern Alaska: Twentieth Ann. Rept. TJ. S. 
Geol. Survey, pt. 7, 1900, pp. 169-171. 



It hns he11 seen fmm t h ~  brief dewription given that the Jnrassic 
section is moiw nearly complete as it. is traced westward from the 
Chitinn Vdley. The evidence is tm incomplete to draw definilte con- 
clusions, but it appears tlinl  a h a t  the lower part of Cook Inlet 
Lower, Middle, and Upper Jurassic sediments are present, that in 
the Talkeetnn and Matnni~slra district the h w e r  Jurassic is lacking, 
and that in the Chitinn T'dlep h t h  h w e r  and Middle Jurassic are 
absent. A possible explanntion of this condition is that the invasion 
of the Jurassic H a  wns from the mest and that the succesive drop- 
ping orlt of the lower mernh~r~l from the sbratigraphic sect8ion is evi- 
dence of prag= in the cnstwsrd advance. This explanation, how- 
ever, is not the only one, for the lower divisions of the Jurasqic may 
yet be fot~nd in the Chiiina Valley, or they may have been removed 
by erosion if ever pwsent. In this coonec%ion, also, attention may 
once more be drrtwn to the fact that the lcnown Jurassic sedirnpnts 
of Alaska nre folrnd on its Arctic ~ n d  I'tlcific sides. They have not 
been diucover~d in tllc I'nLoii 1-3asin. 

So far as lmown, the repion irnder diwlllwion was elevated above 
sea level at the end of Eocpne E ime nrld has ever since remained ii land 
urea. Ilaring and after the wssatfon of the mountain-building proc- 
esses which raised the land to its p m n t  ~ l ~ v a t i o n  3-r~nrn erosion was 
active and well-developed drninnge systems wPre formed, the area and 
distribution of which werr perhnps r e p  mtlch IIS thcy nre to-day. The 
topography of the land stzrfaco nnrl thc arrnng~ment of the smaller 
dr~inage  I i n ~ s  must, home re^-, Ilnve been gwr~tly d iff~tvnt from those 
existing at  present- T h e  relief was devrlrlperl by strcnm erosion, nnd 
in a reg-ion of such great relief the strcnms must llnve occupied narrow 
V-sl~np~d 1-nlleps, with the sprtrr; between t11e Intern1 tributnry VRI- 
legs overlnpping ln mch n wny as to give the ~tronms n somewhat 
sinuous co~~rsc nround the points of the intechking spurs. Furhher- 
more, there must have been n heavy covering of resid~inl soil find rock 
w s t e  mantling the ridges. Stream erosion w t ~ s  thc controllink fnctor 
in the development of the topography up to the Beginning oC pleisto- 
cena time. 

PLEISTOaElOI (" QLAQSdI, l') EwaE. 
CHARACTER AND ESTEFlT OF GLACIATION. 

A change in climatic conditions inaugurated the Pleistmene epoch, 
with a lowering of the temperature or an increase in precipihtion, or 
both. lee bepan to form in the heads of the more fnvornhlp situ- 
ated V A I I P ~ R ,  nnd with the gradual ~ceumuEation of ice glacial 
movement wns started. The srnalI glaciers which formed in the 
heads of n pent nnmhr of sep~mte valleys moved p d ~ ~ ~ l t p  down- 
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ward to meet and merge in the main valleys. Three primary glaciem 
existed within the limits of this district, two of them (in the ICenni- 
cott a i d  tho Xizina r-alleys) moving so~~thward and o m  (in the 
Chitina Val ley) moving westward. 

It is possible that the Pleistocene epoch has been repmsented in 
t h e  mo~mtnins by mare than one p a t  ice advance, with interglacial 
epochs in which the ice diminished g r e a t l ~  in area and map even 
have disappearid in large part. ?u'o direct evidence has been obtained 
that this was the cnss in Alaska, as the last great ice advance oblit- 
~rstdl nl l  cvidence of previews ndvances. In other mountain regions 
in the United Stnles and Canada a sums.qion of ice advances has 
been established, and somewhat similar conditions have probably 
prevailed in Alaska. The eflects of earlier ice invasions may have 
had an important hlflnence upon the erosion of the deep glacial val- 
leys of t h i ~  r~pion, but the immediate, eflecte now remaining, sr~ch as 
the distribution of rnornines and glacial gravels, are to be ascribed to 
the fiction of thp. 1~iit. p e a t  glaciers which filled thew valkys. 

A8 slready stated, the dismtian of the area in pneglacial time 
' ,  hacl Iswn nccomplished by normal; stream erosion. G r ~ n t  qnanti- 

ties of soil and rock waste were ready at  hand for the glaciers, and 
. thwe mnteri~lls mere incorporated into the advancing ice, tongues 

nnd served ss abrasives for t h ~  glaciers to  use in the further grind- 
ing ant of their beds. As they advanced down their valleys they 
o~lcoi~ntertd opposition from t,he spurs which projected into the val- 
leys, ttnd as the i c ~  was able to orerride these spurs it was upon 
then1 thnt  it^ eroerion was most effective. This selective erosion of 
projecting bodies of rock wns carried on continuously, and the 
1w.sn1tnnt is the broad, U-shaped, troughlike gorge which is recog- 
nized 11s the cvidence of severe glacial erosion. Erosion in the wl- 
legs, howerer, mns not confined to the removal of overlapping spurs. 
The rock fragments held in the bottoms of the glaciers and pressed 
tlown npon their floor3 by the meigl~t of several thousand Feet of ice 
formed admirably adapted tools for grinding down the floors and 
ragping away the malls. T t  is impossible to astimrth with any degree 
of accnrncy the amount, of glacial deepening which the trunk valleys 
have undergone. The difference in elevation between the mouth of a 
t~nnging trillittary  alley ~ n d  the: floor of the main valley below may 
'23e consider~d to offer n fair basis for estimating this deepening? and in 
lnnny places this discordance is from 1,000 to 1,500 feet. Same such 
figure may well r e p m n t  the depth to which glacial scour has low- 
ered the larger valIeys 

A t  the time of the fat  great period of glaciation the Ei.cina re- 
gion was invaded by an ice flood which covered it to  sr~ch an extent 
that the surfam rereli~f within the area mas not. more than 4,500 feet 
as compared with more than 7,700 feet at the present time Only 
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the high ridges ktwe-en the principal draibiage lines projected above 
the surface of the ice streams. The land areas were restricted to 
narrow, angular rn- of irregt~lt~r outline cut into on all sides by 
the smaller glaciers, which Irelrdcd back toward the crests of the 
divides. An attempt has bwn made (PI. 111, in pocket) to outline 
the land areas which project~d nhm-e the glaciers. This outline can 
not be considered as exact, ht~t  it must represent with a fair d e p  
of accuracy the areas which st& up above the ice surface. Of the 
total area of the h'izine spccitll nlnp (800 square miles) only about 18 
square miles remained ungkciated. 

The depth nt  which tho ico stood in the different valleys cat] in 
favorable plnces be determined ra t h ~ r  clasely by the present distri- 
bution of glacial rnorainm nnd erratic bowlders and by the shapes 
of the eraled valIey walls. Certain mountains, we know, mast have 
stmd above the glaciers, because of the angular, rugged character of 
their summits, which f n i l  to show the effects of the abrasive action 
of the ice. Other mmir~tninr;, w e  lrnow, must have been overridden by 
the ice, beau% of tilcis smoothed nnd rounded outlines and because 
of the moccflrrenra on their tops of glacial bowlders of rmlrs which 
occur in place nowhere i n  the vicinity of their present resting places. 
From such evidence it is found that in Xkinx Valley, at So\trclongh 
cabins, the tap of-the glacier must hare stood mom than 3,000 fect 
above tho prescrlt rivcr fltlt. 

ClIl'l'lN h W.ACIER. 

The Chitinu Valley, whiell extends from the head of Chitina River 
rtetlr the intertlntionul buurldary in u west-nertl~vcst dimtion to the 
Copper River basin, is tho channe1 which dmined all the ice fields 
from the south side of the Wrangell Mountnins as wcll ~s those from 
the north sIop af tho Chugach Range. Nthough only orle edge of 
the CIritina ItIacier lay within the area of the Nidna special mup, it 
may not 130 out of place to give hem some idelk of the ~ i z e  of this 
ice tongue as s whol~,  At its maximum it was n b o ~ ~ t  120 miles long 
in its own vallep, and it joined the Copper ltiver Glncier, the lengbll 
of whirh below the jlmction of the Chitinn is r ~ o t  known, nlt,hongh 
it must have been considemble. The icc field had a width for portions 
of its course of 20 miles and aremged about 12 miles, so that itb 
h ta l  area was not far from 1,500 sq11nw miles, exclusive of aII tribu- 
tary glaciers. South of Ithis arcs it was certainly close to 4,000 feet 
in thickn- and may have k n  n~ucI~ thicker. On arxount of its 
great thickness the ice surmounted the d iride l)etween Chitina River 
and Young Creek and pushed tn the nortlaw&, covering the ridge 
between Young and Chitit11 creeks, so that the northern bonndaq of 
this great, ice field was here the high mountain r i d ~ e  north of White 
Creek. That it completely covered the high divides south of this 
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ridge is evident not only from the smoothed and subdued slopes 
of their summits but from the presence nn them of scnttemd bowl- 
ders of mcks strange to this immediate vicinity. h Chititu and 
White creeks there rtre numerous bowlders of gemstone, attllough 
none occnrs in place within this drainage basin. Their presence 
here es me11 as that of the native copper and silver found in the 
placer p v e l s  is doubtlw due to the transportation of glttcial ice, 
the bowlders in White Gulch having been brought from the east by 
the Chitina Glacier, and the bowlcZers in Rex and Chititu creeks 
either by the same ice tongue or from the north by the Nizina Glacier. 
Much of the native copper and grenstone of Young Creek was 
brought in by the Chit ina Glacier, although there may be grenstone 
in place at the head of this creek. There is still1 a large 'glacier at 
the head of Chitina Valley, though little is known of its length or 
apperrrance. 

X I % I l b  G I X C I E R  
# 

The Read af the h'izina Basin is still mupied by R gwt~ t glacier, 
which now terminates about 11 miles above the mouth of Cltitistone 
River, The valley below, however, shows strongly the erosion of the 
former glacier which moved down it. Tributary im tongues entered 
the valley from both sides north of the area here considered, but 

. within it the large branches all came in from the east. The north- 
ernmost and by far the mmt important branch came down the Chit- 
istone Valley. This stream drains a ba~in which estends northeast 
to Skolni Pass and east into a range of high glaciated mountains. 
That tho salIey was the outlet for n rigorous glncier is evident from 
the steep-walled trough through which the stream now flows. The 
valley floor near the mouth of the canyon is only three-eighths mile 
wide, but the ice in it once reached a depth of at Ieast 3,500 feet and 
mas able to keep its trough cut down to grade with the f l ~ r  of the 
Kixina Val l e~ .  Toward the lower end of the Chitistone Valley the 
tops of the mountains on both the north and the wnth sides are flat 
nnd mesa-like, and, although the valley g l~cier  did not extend up to 
these mesas, they were occupied by gIaciers which must have extended 
to their edges nnd cascaded down upon the vrllley glaci~r beIow, so 
that only a portion of the steep cliffs at the upper limit of the valley 
walls were free from ice. 

Fire miles south of the Chitistone tt tributary ice tongue fed into 
the Nizina, from Dan Creek. This lobe drained the ice from a mac11 
smaller basin than the Chitistone and excavated its valley much 1= 
severely. In it the depth of the ice mas great, but this wns due more 
to the damming back by the great glacier in the Kidna  Valley than 
to its own supply, and the movement must have been compnrutiveFy 
slugdsh, Besides receiving ice from a l a r p  number of circjues, some 
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of which are still occupied by small glnciers, this lobe was fed by the 
ice sheet on the mesa to tlze north. This ice sheet still exists and 
covers most of the flat uplands, but now sends ice over its edge a t  
only a few points. 
The main valleys of Chititu and Young creeks were invaded by 

ice from the Chitina Glacier, wlilch spread over the intervening ridges 
and made a continuous ice sheet from Chititu Creek to the south side 
of the Chitina Valley. Rex Creek, however, wns separated by a high 
ridge from the Chitinx ice and sent down x tributary tongue to join 
the great ice flood at  the junction of the Nizina and Chitina glaciers. 

KENNICOTT GLACIER. 

The Kennicott Basin is occl~pied in its upper portion by a glacier 
which extends within 5 miles of the mouth of Kennicott River. The 
area of the Nizina special map includes about 10 quare miles of the 
eastern edge of this ice tongue. A line drawn from Kennicott to the 
point of junction of the two principal branches of the glacier %pa- 
rates the white irc of the east fork from thc moraine-cocerecl ice of 
the lower portion. The west fork, r~hich is the larger, heading on the 
flanks of Mount Blackburne, ~ h o w s  et banded, ribbon-like surface of 
lines of white ice alternating with long surface moraines. l3elom the 
junction of tho two branches the white bnnds disappear and the 
glacier presents a chaotic surface of sharp hills and deep, wide- 
mouthed crcvfisses, all more or less thickly covered with d4bris. Part 
of the drainage from the melting i c ~ .  nlns off as strenms, which flank 
the lower partion of thc glacier on either side, but much tlls greater 
part of the water emerges froin what is kwwn as the "pothole," at 
the lower end of the glacier. The pothole is the mouth of a subglacinl 
channel, and Kennicott River boils out of this opening as a gigantic 
spring. In winter the pothole has been known to freeze up, damming 
back the water until sufficient hydraulic pressure has been develapcd 
to break away the ire, when rt tomnt of water rushes down Kennicott 
and Njziaa rivers, sometimes flooding the ice all the way to Copper 
River. 

The severity of the earlier glaciation in the Kennicott Valley i s  . 

comparable to that of the Niaina. The ice extended southward to 
join the p a t  Chitinrt Ghcier, which had already been swelled by the 
ica from the Nizina. The surface of the glncier nt Rennimtt thenm 
stood sbout 3,000 feet higher than it does to-day, and the severity of 
its emion is shown by the straight lines of the contours dong the 
mountain sides and by the complete abseaco of projecting spurs. 

The Kennicott Glacier h ~ d  within this aren one important tributary, 
which occupied the valley of McCarthy Creek. Its course, like that 
of the Kennicott and Nizina glaciers, was from north to south, and 
its erosion was sufficient to reduce its valley to a straight, U-shaped 
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trough. Within the area of this map all the. important tributaries 
to AfcCrtrthy C m k  Glacier came in from the east, espedrtIIy from 
the valleys of NikoIni Creek and Ett& Fork. At one time the ice 
surface stood 1,000 feet above t,hb divide at the head of Sonth Fork 
of h'ikalui Creek, and it is probable that some of the ice h r n  the 
Nixinu, Glacier moved westward oveE this col and then down the 
McCarthy Creek valley, Below Sourdwgh Peak the Kennicott, 
McCarkhp, nnd Nizinn glaciers all joined the p a t  Chitina ice stream 
~ n d  moved northwestward down the  chitin^ Valley. 
In the preceding paragsaphs the attempt has been made to describe 

the glaciew of the region at the time of their greatest development. 
The individual ice Inhe &and their interrelations would have-been 
different st lesser staps of development. The arrawg shown on the 
map (PI. 111, in pocket) represent the directions of ice movement in 
the different parts of the area. 

WTRbAT OF THE TC1.2. 

In t l l ~  earlier stages of glaciation of the region the ice no dol~ht 
built up lateral and trrmiual moraines, bat further ndvunces de- 
stroyed or obliterated all traces of the earlier deposits. It is only 
those deposits that were laid down a t  the time of or subsequent to 
the maximum advance of the ice that have been preserved, and in 
many place even this material has k n  removed by stream cutting 
or been covered with stream deposits. There are left only a, few 
areas of distinctive terminal moraine, having the characteristic hum- 
mock and kettle topography. Some such moraine still exists west of 
the lower portion of CrwB, nnd some east of lower Chititu 
Creek, with omasionti1 more recent patches like that on Texas Creek 
near the head of Copper Creek. These areas often contain lakes 
which occupy undrained dep~-ions in the glacial deposits, The 
:ibseneu of strong moraines in most of the valle-ys is due, in ps1.t at 
least., ta the vigorous cutting of the streams, which have long ngo 
removed them. The .Kennicott Glacier, which terminates near the 
mouth of McCarthp Creek, has remarknbly li ttIe fnoraine around iis 
edges, and n l tho~~d l  the surface of the lonter portion of the glacier 
is covered with detritus the streams hare removed this ns fast as it 
has been dropped by the ice m d  in many plaem are cutting into the 
glacier itself. 

Glacial till or bowlder clay is rather widely distributed in this 
area along the lower slopes of the valley ~ ~ 1 1 s .  Its surface is gen- 
emlly covered by II henvy growth of mosses and timber, ht fresh 
exposures can be wen nt many places along the banks of streams. 
It consists of a rathrr dense blue clay in whicli are embedded bowl- 
ders, pebbles, and angular fragments of many different kinds of 
rock, and it is chsmcterized by uaassorted materials and lack of 
stratification. 
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BEACH NRAVELB. 

*l.s climatic conditions becnrne less fnvorahIe for glaciation and the 
ice diminished from its greatest thickness the glaciers in many of 
the smaller drainage lines tributary to the larger trunk valleys 
shrank until they no longer joined tlie main ice l o k  beIow. Thus 
the lower part, of McCartI~p and Darl rwek valleys were free from 
i i ~  while their mouths were L l w k n d d  by the ICennicott and .the 
Nizinzl glaciers. h like manner the ire in the Chitina valley had 
shrunk so that it was no Sonpr able to orwrride the ridges on either 
side of Young Creek, and Chitito ~ n d  Yo~rng creeks had lost their 
ice, while the Nizina Glacier still stood high in the valley te the 
northwest. As a result. the drainage in many valleys was impeded 
by the ice dams u c r w  thcir mouths, and the stream begRn to 
fill in their basins with grnrcl deposits. Tt map be that temporary 
lakea were sometimes forrnetl bel~intl the ice barriers, but the char- 
acter of the grtlvel depusitctl indicntw thut if such lakes existed 
they must harp been of diort dnrotion. 

Gravel fillings behind gIader dams in many places reached a 
great thicknms. In Young Creek vnlley, above the portion where 
the creek Bows north, the gravels are in places more than 500 feet thick 
near the m t e r  of the ra1lcy nnd thin out at the sides. The upper 
limit of the gravels is clificult to determine on acco~xnt of the thick 
coating of moss with wliioh the surface is covered, but it probably 
lies for the most part h e t w ~ ~ n  the elevations of 8,260 and 3,500 feet. 
In. Cllititu Creek, at  the mouth of Rex Creek, a similar thickness of 
gravels was reached. At  the point wIle~e Dan Creek emerges from 
the mountains a p e a t  bench mare than 700 feet high shows that  
the stream floor was grp;raded up to that leml when the Xzina GIacier 
still fiIled the valley below. In the McCarthy Creek valIey a broad 
area was filled wit 11 grnvels deposited tinder similar conditions. An 
advance by the Kennieott Glacier of only 2 or 3 miles would be 
s~~fficient to  cause 3lcCarthy Creek to begin again the grading up of 
its valley with p;rtlvels like those of which the gravel benclles are 
compoped. 
In nll of the vallt!ys aie~~tioned the alluvial filling wes due to the 

prespnco of an ice lmrricr which retarded the drainage and callsed 
the streams to build rapidly. As the great glaciers retreeterl and 
their' thi&ne%s decreased tho barriers to the tributary streams mere 
lowered and they h g a n  to cut inta the gravel filling which they had 
Inid down. They did not, however, remove the filling from tho whoIe 
width of the valleys, but intrenched themselves in this filling and 
developed deep gorges with gravel banks. Thro~~ghout much of the 
upper part of Young Creek and in parts of Chititu, Dan, and 
McCarthy creeks the streams have now cut completely through the 

7M48°-5t~11.44C114 



50 THE NIZTNA DISTRICT, ALASKA. 

gravels and into the rock below, lea ring thc vnlley filling as terraces 
or hnches on either side of the streams. In I'oung Creek valley, 
especiaIIy, many lateral tributaries have also cut thro~rgh the gravels, 
which now form interrupted benches along the slopes to the north 
and south of the stream. 

The larger glacier-fed streams of the area are in 'sharp contrast, 
both in appearance af nnter and in character of valIey deposits, with 
the stwarns which do not held in active glaciers. The stretrms which 
are s~lppliecl onl?* by melting snow and by the ordinary ran-off arc 
for the most part clear, and they are gradually cutting their vnlleys 
deeper. The glacier-fed streams, on the contrary, are supplied with 
great quantities of cletritus by the glaciers, and during the warm 
wason thcy are turbulent and heavily loaded, EO that they are con- 
stantly hailding np their vaEFe-w with graveIs and silts brought down 
from nbove. The Sizina Valley i s  a conspict~oi~s cxamplc of this 
building process. The present flood plain m n m  in width from one- 
fourth mile nt the extreme western edge of the area mapped to more 
than 3 miles at its widest points. The flnt i s  composed of gravel 
bars, for the most part bare of vegetation though sbme of the higher 
portions nre timbered. The proportion of the Rat thnt is coveretl hy 
water nS any one time not only varies gmrttly with the sensons. but 
often there is a great daily range as well. Since the water supply is 
largely furnished by the melting of the glacic+m and of the snow on 
the mountains, the streams are highest in July, and in periods of 
high water a large part of the flnt is covered. During the late fall 
and winter the rivers dwindle until but little water flows beneath the 
ice. The daily range, too, is largely controlled by the temperature, 
the streams being lowest in the early morning but on bright, sunny 
days incre~sing in rnl~lme until the late afternoon, when the flow is 
many times as large. ns it mns early in the day. 

All of  thew variations in vol~lrne are important factors in the trans- 
portation and deposit ion of dbbris. In high stages the streams are 
most tlzrh~rlent ant1 great  quantities of gravel and silt are carried by 
them. In low s t a p  the wafer becomes clearer and but little mate- 
rial is movcd. its 11 result of their overloaded condition (luring the 
summer, the streams, which Row in some places as single streams and 
jn  other^ as  intricate networks of channels, are constantly shifting 
thcir courses over the flood plains, building up bars in some places 
while c ~ ~ t t i n g  them m a y  in othew. In the Nizina Valley bclow 
Young Cmlr the present tendency of the river is to l o w ~ r  its bed, 
owing to the increased gradient given by the; cutting down of Nizina 
Gnnyori below. Above Young Creek the valley floor L being built 
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up, the b~~ilcling proceeding most rapidly at  the mouths of the tribn- 
t a q  streams. Chititu Creek has a large low-grade fan beIow its 
canyon, but the edge of this fan hns rcnched the Wizina flood plain at 
only one point. Dm Creek also has a low fan extending out to the 
Nizina bars. The largwt deposit from a tributary stream is that at 
the mouth of Chitistone River. Here a wide fan of low slope has 
crowded Nizina River over against the rock cliffs on its w w t  valley 
wall, where in places all the talrrs slopes have been removed and the 
flood plain extends flush np ~ g x i n s t  the limestone cliifs. This fan 
has also been effective in retarding the current of Nizina River above 
it and in aiding deposition there. 

McCrtrthy C m k  flows for tlic lower 10 rniles of its course through 
a more or less narrow valley intrenched into the gravel deposits and 
into its rock bed, but above this portion the v d e y  floor is braad and 
gravel Wed. 

POSTGLACIAL EROSION. 

The agencies of rock weathering arid erosion are very nctive in 
this region of great daily ranges in temperature, high altitudes, and 
steep slopes, so that the amount of rock material which has been 
removed since the retreat of the great glaciers has been large. The 
timber line throughout the district lies at about 4,000 feet or lower, 
although willow and ~lcler bushes flourish above this and are some- 
times found u p  to an elevation of 5,000 feet. Above 5,000 feet vege- 
tation is sparse and most of the surface is bare and exposed to the 
agencies . of weathering. Large talus slopes occur blow a11 steep 
cliffs. The greenstone is perhaps most resistant of all rocks in this 
vicinity, and the talus accumulations below greenstone o~itcrops are 
small as compared with those b l o w  similar cliffs WE the more easily 
weathered rocks. The Chitistone limestone follows the greenstone 
in its ability to resist weathering, although, as is to be expected, there 
are often large  t ~ l u s  slopes below the enormous cliffs which this lime- 
stone offers. The parphyry weathers much more rapidly than either 
greenstone or limestorie, and the sides of those mountains which are 
composed of this rock are almost invariably bttried beneath great 
talus apron& In the steep-sided porphyry mountain between the 
Kennicott and McCarthy Creek the talus is sa abundant that few 
outcrops wcur below an elevation of 5,000 f e t  and only the upper 
craggy portion of the mountain is free from talus. Both Triassic 
and J u r a ~ i c  shales weather readily, the latter with the greeter 
ease on account of its freedom from hard beds of Iimestone. A 
great amount of postglaci~l stream cutting has been done in the 
Triassic shales between AlcCar-thy Creek and the Nizina. In the 
Kennicott shales of Dan, Chititu, and Young creeks the amount of 
stream cutting near the gulch heads has been very large. There is 
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every reason to believe that on the south side af Chititu and on h t h  
sides of 1-oung Creek the slops w e e  left smooth and free from 
gulches by the glacial ice Since the ice mtreated large gulches have 
k n  cut and a grea4 amount of the e~s i lp  eroded shale has been 
mmoved. The streams in t.hese v ~ l l q s  h a v e . a l s o s u d e d  in cutting 
through the thick gravels into the bed rock beIowa 

Altogether, when the comparatively short time tbat has elapsed 
since the retreat of the ice: from this area is considered, the work 
accomplished bg emionnl agencies has been surprisingly p e n t .  

Amo~ig the important ~ p n c i e s  of postglnciul dentrdatio~~ in this 
district nre the rcrnnrkable features which have bcen called rock 
glaciers (PI, 111, in pocket). These are rather widely distributed 
among the more rugged portions of the area, more than 30 occur- 
ring within tho bortlrrs of this sheet. Tlley are known to occur in 
other parts of the 'Il'rangell Mountnins, but here [hey attain excep- 
tionally perfect development. An inspection of the topographic 
map slrows et once many of the characteristics of the rock glaciers, 
br~t the important features, such as thc s~rrface markings, can not 
be shown with such a large contour interval. hlthongh differing 
p r t l y  among themselves in size, shape, ~ n d  material, they have 
certain characteristics in common. They are usually long, nnrrolv 
flows, many times longer than wide, confined in the bottoms of  
ciquelilte valleys. Same hlwe wide, fan-shaped heads and taper 
down to narrow t o n g ~ e s  below; others are narrow above and sprcad 
o~rt iuto spatulate lobes below; but the greater number are bodies 
of nearly uniform width, from one-tenth to  one-for~rth of a mile 
wide and from one-hnlf to 2+ mil& long. The surface dopes vary 
in different examples from 9" to 18' for the 1~11ole mt~rse of the flow. 
On viewing one of the better-developed rock glaciem one is struck 

by its great cesrmblance to true glaciers. They al l  head in cirques 
and extend thence down the vaI1e;ys In cross ~ection their dlape is 
much like that  of a glncier, being higllest above the valley axis and 
sloping down sharply on the sides. Where confined in narrow vdtlleps 
the rock pl~riers nre narrow tongues lying in the valley bottoms, 
but 11po11 emerging from their restricting wnllfi they spread ot~t  into 
braad Pohes. Some h a ~ e  distinct lateral moraine-like ridges and all 
show a more or less well-marked longitudinal ridging. 

The mnterials of mhicb the rock glaciers are composed are the 
blocks and fragments of angular rack such as go to make up the 
ordinary talus slope, the fragments being derived from the walls of 
the cirqne ~t the valley head. The variety of rbck found in Any 
-- - - 

= mppn. Stephen B., Rock gKaelera In Alamka : Jour. Geology, vol, 18, pp. %9-3?5. 
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m k  glacier therefore depends on the materinls found in the cirque 
walls-porphyry, limestone, penstone,  or shale, as the case may be. 
The individual rock fragments v a v  in size from fine dul? to blocks 
several feet in diameter in exceptional cases. Six inches would per- 
haps be the average size in these rock glnciem which* are composed 
of porphyry, whiIe in the greenstones and limestones the average is 
larger and in the shales it is smaller than this. 

In many of the rock glaciers the frapentrtl rock extends all the 
way to  the head of the cirque, with no ice visible and IittIe or no 
mow on the surface. In aereral cases, however, the rock glaciers 
grade into true glaciers at  their upper ends, without any sharp Tine 
of demarcation, so that there is a mmplerte gradation between the 
t . ~ b .  
The surface markings are characteristic and in some measure are 

systematic in their arrnnprn~nt. In the upper portions there are 
usually many parall~I longitudinal ridges a few feet high, separated 
by troughlike depressions (PI. I,& B, p. 5fi). Toward the lower 
end of e ~ c h  rock glacier nhich has an opportunity to spread out 
into a broad lobe the longitudinal ridges become less prominent rind 
finally disappear entirely, giving place to concentric wrinkles which 
parallel the borders of the lobe. The sides of the flow below the 
cirque are usually wparated fiom the rock valley waIls by a sharp 
trongh, and at  their lower ends the flows steepen to the angle of rest 
for the material. The whole appenrnncp. gives o w  n decided irnprm- 
sion of movement, as if the mnterinl hnd mavd  forward h r n  the 
cirques in somewhat the manner of n glacier, the longitudinal Tines 
simulating moraine lines. 

The marked resemblance of these flows to glaciers Ied to the su* 
picion that ice must be in some way responsible for their movement. 
T o  determine if this were the case, R number of the rock glaciers, 7 
or 8 in all, were dug into. and in each instnnce clear ice was fonnd. 
This mTas not massive ice like that of a glacier, but interstitial ice, 
filling the cavities between the  angular fmgments end forming with 
the rock a breccia, with the ice as the matrix. The depth below the 
surface a t  which ice was fonnd nried according to the elevntion of 
the rock glnri~r and to the portion of it examined. Tow~rd their 
lower ends the ice lay too deep to be found by any shallow excava- 
tions that them was opportunity to make. Farther up, toward the 
cirque~l in which they head, the ice was usually found within a foot 
or two of the sl~rface if a depression was dug into. The ~urfam of 
the ice-fill4 portion, being determined by the depth to which melt- 
ing takes place, follows r011gh1y the surface of the flfiw, w tha t  along 
the troughs htmeen the ridges running water could h found on a 
warm day following shallow eliannels in the ice-filled talus 
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The rock glaciers are quits different from true glaciers, although 
in those case.r where the rock g1acier.i~ a continuation of the lower 
end of n trw glacier i t  may be impossible to draw a line separating 
the two. For tha formation and existence of a glacier it is nec-ary 
that in the head of the basin occupied by ice there should be an . 
nnnual surplus of snowfall over melt. When the amount of snow- 
fall becomes 1- than the amount which d t s  and runs off? the 
glacier will dwindle and finalIy disappear. The greater number of 
rock glaciers, on the other hand, are found to head in cirques in 
which a11 or practictilly rtll of the winter mow disappears during the 
summer. In a true glacier, no matter how heavily moraine covered 
it may be, there is always a tendency to  crevnsse where the ice rounds 
a bend or pasea over an irregularity of its bed, and great irregularity 
of surface is common at the Iower end, where the melting ice allows 
the overlying moraine to cave in. In  the rock glaciers no crevasse 
were seen, even .in places where abrupt changes in the grade of the 
bed occur, and large cave-in pits are wanting. Img~lar i t i e s  of this 
kind, however, am not to Ix expected if the rock glaciers are com- 
posed, as they seem to be, of hlus, with ice only in the interstices, for 
the talus itself is self-supporting without the ice, and the shape of the 
surface would be but little changed if the ice should dl melt out. 
This is true, however, only of those flows which have not glaciers at 
their upper ends. Of t h w  which head in glaciers, the upper ends 
would of course be profoundly altered by the melting of the ice, and 
these effects would be seen just as fnr down the flow as massive 
glacial ice had existed. The rock glaciers differ from true glaciers 
in that, although they advnnce spnsmodicallp, they never retreat, for 
the flow retains its form even after the ice has melted out and motion 
118s ceased. Little has been published concerning features of this 
kind. Certain " stone rivem " in the FalkIand Idsnds. have been 
described by Thomsonp Anderssan? and others, but according to 
,Indersson's interpretation these " stone rivers," which are now 
streams of angular blocks of rock, were formerly composed of fin@ 
mud, with the blocks of rock buoyed up and carried along by the 
viscous flow of the mild. The movement has now eased, and much 
of the fine material has been removed by running water. 

The closest ~ntt1og.g to the m k  glaciers seems to be found in the 
LC rock stre~rns" of the San Juan Mountains of Colorado, described 
by Cmss and Howeo in the Si1verton folio and more recently by 
Hosed in a separate publication. Both are composed of angular 

.Tbommn, Wgville, The Atlantic, p. 245. 
b Aud~rsmn, a. G, B01leuctlon, a component of subaerlal denuaatlon : Jour, aeolom, va l  

14,1806. Pp. 91-112. 
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Geol. B t ~ a e y ,  1905, p. 25. 
' Ffowp. Mest ,  T ~ n d s l l d ~ s  in the fhn Junn Mountains, Colorado : Prof. I'agrr I'. 8. 
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talus from high mountains, atid the similarities of appearance and 
surfnce configuration nre striking. The San Juan flows have been 
referred to in a textbcmka as "talus glaciers," and the authors are of 
the opinion &at in many cass snow and icu! have had Borne part in 
their development. Cross and Howe formerly believed that the posi- 
tion and form of the rock streams were due to glacial transport.tation, 
but the absence of ice and some other considerntior~s led them to 
the opinion which they now hold, that tlie w ~ k  stresms were 
formed by landslida which came down &' with a sudden vjolenlt rush 
illat ended es quickly as it started." Up to the pre%nt time no oppor- 
tnnity ha3 offered to prove condusirrely by a series of ab~ervfilrtions 
atending over a considerable period of time that t h m  m l c  glnciew 
are in motion or to determine their rate of movement, There are, 
however, n numbcr of significant facts which seem to make this cop- 
clusion necessary. 

Although on account of climatic conditions most of the cirques in 
which the roclr glt~cirrs l i ~ n d  aw unable to sttpport true glaciers, tbcy 
are on the b o r d ~ r  line of f i l~~rinl  oontlitions. and nlthor~gl~ the snoma 
may all melt amay on tthc airface during the summer the ground 
remains permnnently frozen a short distance below the surface nncl 
iee in the interstitial openin@ of n talus mass may remain unmeh~d 

'indefinitely. Furthemow. a few of the rock glaciers have true 
ghciers at  their h ~ n d s  which extend downward as hr as climatic 
conditions are f~vornble and nre continued below by rock glaciers 
whose ice is protected fmrn the atin by thc heavy coating of d6bris, 
and into mch m k  glaciers it is probnble thet a tapering ton-me of 
t n ~ e  glacial ice extends dawn n consirlcrahle distance. But this 
glacial ice is not newssav to their movement, as is shown by those 
rock glaciers which are unconnected with trlte glaciers. In addition 
to the favomble climatic conditions, the exception~lly pcrf~ct develop- 
ment of these features in the Nbjnn district is due to the rtrgged 
chnracter of the mauntnins, with cirqnes hnving steep hen& and 
sides, and to unusurtlly favorable conditions for rapid rock yesther- 
ing and talus accurnuln t ion. 

The history of the rock glaciers of this district is cnns id~r~d  to 
have been as follows: 

As the ice of the l a d  great e p l  of glaciation began to retreat 
and its area to contract, the head and side walls nf man!. of the 
cirques, ~ t e q e n e d  by glacial undermtting and by hrgscbn~nd sap- 
ping, were exposed to the rapid weathering cl~amderisr~c of bore 
rack sr~rfacrts in the high nltitndes of this ~ g i o n .  In manp of 
the ciqucs the rock waste streamed down fmm the cliffs upon the 
gIacier below and was p.radnally carried amay by the ice and con- 
centrated nt its lower e d ~ .  Here in the usual order of eventa it - - -- - 

Chamkrlin, T. C.. and *tlEmhtlry. R. n., Qeology, wl. 1 ,  1904, p. 220. 
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would hnve heen deposited as a terminn1 moraine, though differing 
in character from the common forms of terminal moraine in the 
preponderance of angular, talus-like material and in the pmpor- 
tionately smrller amount of mud and rock flolrr which form so im- 
portant a part of the moraines of active glaciecs. Here the small, 
fast-dying glaciers were eroding but little and were almost over- 
whelmed by the dgbris supplied them from the cliffs  love. Into 
the dkhris toward the lower edge of t k  glacier the waters from 
melting ice nnd snow and from rnins sank- and froze and graduallp 
filled the interstices up to  a point below the surface where melting 
equaled freezing. In these ice-cemented massm a sort of glilcial 
movement mrts started. AEI the climate bectlmeAstill milder, in many 
c i rq~~es  the minter snows all melted away dznring the summer, so that 
conditions for ordinary ghcinl activity no llong~r existed, bt~t the 
lrodies of talus whir11 renched, the cirque flooi*s became filled with 
interstitial ice sntl the consequent movement pf the mass in a glacier- 
like way has continued, although no dotibt all trile glacial ice has 
nnw disappeared from many of the roclc glncicrs. Tt is cert~in that 
much snow is still carried down upon the st~rface of the rock glnciers 
in aIides of snow and rock dnring the winter and spring, arid con- 
sid~rable quantities o f  it may become covered by dbbris and incor- 
porated into the rock glaciers, hut this snow probably forms only a 
small pnrt of the total mass of the flow. 

The sncc*ssion of events oi~tline~l seems t o  be well establislled in 
this rcgion, where arc now to b~ scen al l  the sltaps, varging from 
~pparer~ t lp active glnciers with short rock glacielw below to long 
rock glaciers in which no gl~cinl  ice is seen, in vallcl,y~ where all the 
snow disnppenm dl~rinp the anmrner; y ~ t  in these lntter the slow 
movenlent seems still to he in operation, the rate of movement in 
ench flow being controlled by the s~ipply of tnl~rs from above and by 
the shnpe nncl pride of the floor mer which it rno\-a. The rock gla- 
ciers are therefore the true successors of ma1 glnriers. 

The rock glncier which lies on the n-wt sZt1~ of McCarthy Creek, 
three-fourths of a mile above the mouth of East Ft,rk (PI. VILZ), 
thougl-1 b ~ '  no rnrans the largest in size, offers a most instructive 
example for study, as it presents in n typical n7ny mnnp of the char- 
acteristic f~nt~rms of all of the flows. It Ilends in a glncinl cirque 
in a mountain composed largely of porphyry but having many 
inclowd masses of black shale, the peaks at the cirque head reacl~jng 
a height of fi,315 feet. The rock glacier occupies the cirque floor 
below Rn elevation of 5,25Q feet, with talus slope3 extending upm~rd 
nbove it for ~ b m t  200 feet. Abo\lt! the talus the whole fnce of the 
mountain is of bare, rugged c l i f l ~  of porphyry and shale, both of 





U. 6. t c ~ t r u . ~ c a ~  BUR!,FV B U L L ~ T I *  *t+ P C ~ I T  I 

1 

==.. 

.- 

7". 

. - 
2 , >  

. . 
>. 

- - 
_.I. 

,_ 
-- . -  . . .- 

.- - .* . - 

:l. ROCK GLACIER N E A R  HEPD OF NATlONhL CREEK. 

5i .?c8*.~ .r- i h ~ . a c t ~ r , + t 8 c  I,., . , , ' 8 r r !  n-j . :=:, 1, I 'h-8. r i . l ~ t , c l  to tbv trmar E ' . 7 n ~ . j  on I n n  rock walls above 
: , , , , , , >  \ >  



SEDlMENTARf ROCKS. 67 

which weather easily, so that the formation of talus is unusually - 
rapid. The elevation of the valley head is not sufficient for the 
maintenance of a true glacier, and during the summer practically 
ell of the snowfall disappears. By July 4, tha  time of observation, 
only amall  now banka remained in sheltered places. 

The rock glacier heads in the trtlus cones which have been built up 
a t  the base of the steep rock cliffs. These cones, although constantly 
added to by waste from the rapidly weathering cliffs above, have 
nowbere been able to attain large size, the materials evidently hav- 
ing moved on down the ~wlley as a rock glacier as fast as they were 
supplied from above. From the base of each of the more rigorons 
talus cones a smmth ridge extends down the rock glacier, seeming 
to show that the forward movement has on the whole been ~nniforrn 
and continuous, Parallel longitudinal ridges of this kind cl~arnc- 
terize the surfnce of the upper three-fourths of the flaw. The cirquc 
basin above an elevation of 4,000 feet is a hanging valley, but beIew 
this level it joins the broad U-shaped valley of McCarthy Creek 
with an nbrnpt change of grndient. As it pRSSeS over the: lip af the 
hanging cirque the rock glacier cawades steeply down the valley 
side, and on reaching the gentler slope below, being no longer con- 
fined by restricting valley walls, it spreads out in a great lobe along 
the valley bottom. In this lower lobe the longitudinal surface mark- 
ings dwindle out and disappear, giving place to a wt of beautifully 
developed concentric wrinkles which parnlld'the borders of the 
lobe (Pl. IX, K). The origin of these wrinkles i s  not dear, butr 
they strongly suggest rings of growth and may represent the ~rno~int 
of annual m o ~ e m ~ n t  of the rock glacier. 

At  its foot the flow has pushed across the v ~ l l c y  bottom to the 
base of the east valley wall, thus indicating cle~rly by its position 
that it was formed after the retreat of the McCarthy Creak Glacier 
beyond this point. The creek hns k n  crowded t o  the east and occa- 
pies rt narrow cliannel Iwt~veen the foot of the rock glacier and the 
rock valIey wall. The ftwt of the flow is being rapidly cut away by 
tlm stream and in places shows a face 75 to 100 feet high in which 
the slope is about 3s0, or the nngle of rest foor'the material. The 
meek, altho~rgli of large volume and steep gradient, has been nnable 
to do more than keep its channel open along the foot of the rock 
glacier, and it seems evident that the flow is moving forward as fast 
as the stream can cut it back. 

Another rock glacier which heads in the same porphyrg-shale 
mountain as the one just dewribed fI ows in a northwest direction into 
the ~rrllep of National Creek, a tributary of the Kennicott (PI. XX, 
9). Tt  i s   marka able for the unusually strong development of the 
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longitudinal ridges in its upper portion, and these ridges show well 
their mode of origin in the separate talus dopee on the rack walls 
above. 
The flow in Amazon Creek, just east a2 the Rennicott Glacier, and 

that in the north head of White Creek rre notable for their great 
length as compared with their width and for the l~niformitp of their - 
dopes from one end to the other. The s~trface of the former has a 
slope of 15" and that of the latter 12". 

The rock glacier which heads in the limestone mounhin haIf a 
mile northeast of the Bonanza mine and flows eastward shows at 
its upper end all of the characteristics typical of these flows, but 
~t the rnotith of the hanging vaIley in mhich it Iies it streams down 
to McCarthy Creek as n s.ymrnetrical talus cone (PI. X, A ) .  If 
the material had come down s~icfdenly aa a landslide, no such per- 
fect talus cone would llnve formed, and i ts presence indicates that 
the material of which i t  ie composed was suppliecl slowly. Further- 
more, evidence that this rock glacier is still moving is given by the 
fact that the talus is still being supplied at the head of the cone and 
is invading the patch of bitshes on  it^ side. 

The two large rock glaciers, one on the ~ 1 1 t h  and one on the north- 
west side of Sourdough Peak, are both of the type which originates in 
narrow cirqties but spreads out into broad lobes below the point where 
the cinque wans restrict it. The glacier on the south side of this 
mountain is especially noteworthy on account of the great; expanse 
of the Row below as compared with the narrow limits of ths cirque in 
which it originated. 
In mnclnsion, observation has l d  ta the belief that them rock 

glaciers have moved and that many of them are still moving in muclt 
the same wng RS glacie~s, ~ n d  that, althowh glacial ice may be and 
d011bt1ess is prewnt in a few of them, it is not n m s a r y  to the move- 
ment, which may be due altogether to ice in the interstices. I+'urther- 
mom, there is no evidence that the flows ame down suddenlp as land- 
slides, but there are strong reasons for hlieving that they moved 
down slowly. T h e  facts and considerations which have led to the 
conclusion that the flows did not come down suddenly bnt slowly and 
that kine of them are now in motion are noted &low. 

1. The remarkable resembIance in position and form of the rock 
gIacien to true glaciers in the immediate vicinity. 

2. The direct connection and perfect gradation between true gh- 
ciem above and rock glaciers below. 

3. The presence of interstitial ice at  no p a t  depth below the sar- 
face in all the rock glaciers which were dug into. 

4. The longitudinal ridges of the upper portions of many of the 
RDWR that can be traced directly to active talus slopes. 



U. . OFO..W.I~AL cum<" BULLFTIH 4.m P ~ * l r  H 

A. X ? l .  . : : 1: .i ; : .  4 l  I -bRY >' 'hcCAR'HY C R F F K  NnRTHEAST OF RONAN73, U'NE. 

4. '' v ,  r'nu.r I" .': ' m ? . . . . - ' l . ~  ",I.!-v * b r + ~ * i  A n n .  ~ l ~ n  pill-,! l . r l l l s  ~nnr- .  SPP P B ~ P S  3R, 5 9  



5. Sowhere haw the tnlrrs slopes n t  the cirque heads been able to 
form nny considernble accnrn~~lationn upon the surface of the rock 
glaciers. This seems to be strong evidence that the talus has moved 
down valley as fast as it has'been supplied. 

6. Most of the rock glaciers hnve a steep slope at the lower end, 
where the gently sloping surfnce af the upper portion breaks down 
at  the edge s t  an angle of rest na steep ns the mnteri~l  will retain. On 
this steep face the rock frngments show hnre a lr fece~ ,  while the talus 
on the surface above is usually lichen covered. This m m s  to show 
that the materiml is moving forward fnst cnough to prevent emion 
at the lower end from establishing dminage l in~s  on the face of the 
flow and from reducing it to a low-pded  s lop .  

7. McCadhy Creek, a swift stmam of large volume, which Es now 
nctively cutting into the lower rdge of n rock glacier on i ts west side 
(described on pp. 56-57) that has been in existence long cnough for 
large spruce trees to prow npon i t s  surface, hns so fnr h e n  untlble to 
do more thnn keep ope11 n narrow channel along the foot of the flow. 
There i s  no eridence that the rock glacier ever extended 75 feet 
farther eastward to the rock bluff on the east side of the valley. It 
would be surprising if this mas; of material, coming down with a 
violent rush, shau1d have failed by ji14 the width of the creek to 
cross the valley. end if tlre stream. which is now actively cutting: into 
tho fnco of the flow. should hare been ~~nnblc  to do more thnn keep 
its chnnnel open. It nppars more probable t h ~ t  the slowly advane- 
ing edm of the mck g1ncier had forced the stmarn to its present posi- 
tion R I I ~  thmt the e d p  of the flow is now farther advanced than it 
has ever k n  hfclrr. 

8. There is  no e~jdenre  that FAWQ lnndslide~ have taken plnce in 
this region if thew  flow^, nre not Inndslirles. None mere seen below 
the miles of prminent cliffs of the area, though ordinary tnlus cones 
nre nbnndant. 

9. The rock glacier an McCarthy Creek, northeast of the Bonanza 
mine (PI. X, A and It). ends blow in n well-developed talus cone. 
If the material had come down sl~ddenly as a landslide, no such per- 
fect talus cone would hnve been forined. The presence of the cone 
indicatm that the material wns supplied slowly, enabling the cone to 
p w  symmetrically. The cone is still growing, as  cnn be seen from 
the way in which the talus from nbove is invading the patch of bushes 
on its face. 

10. Wherever two rock glaciers from adjacent cirqn& join to form 
a single flow the point of junction dlows l hrit the two branches have 
flowed together synchmnomly, without any evidence that the flow 
from one branch hss come down and overridden that from the other. 



The Nikolai greenstone w ~ m b l e s  a d irnentaq  formation in its 
structural features. It is made up of flows of basaltic lava that snc- 
teed one another like b d s  laid down in water. The beds or flows 
nre usaally of considerable thickness, measwed in tens of feet &her 
than in single foot units, and the bedded appearance is more evident 
when a large mass of the greenstone is seen from a distance great 
enough to give a comprehensive view of its larger feutures. 
The color of the weathered surface is grayish green, but in places 

it has a reddish hue. A fresh surface is dark olive or grayish p e n .  
In texture i t  varies from a dense, rough, fine-grained rock in which 
indiridrl~l crystals can not be distinguished to a medium-grained 
porphyritic m k .  Many of the flows are amygdaloidal and have a 
spotted appearance, due to the cavity fillings. Some of the spots or 
nmyg.dules are light gray or almost white, like qunrtz or calcite; 
others are dark green or gray. Quartz is present but is noh so fre- 
quently wen filling cavities as calcite, pet these two minerals are not 
the only ones that produce light-colored amygdnles. Arnygdaloidal 
pwnstone bowlders in Chititu Creek contnin l a r p  npherul itic a w e -  
gates of white crystals, klieved to be thomsonitt.. This rock, how- 
ever, was not fieen in place. Dnrk-mlored amlpgdules are more corn- 
man than the light ones and for the most part consist of chloritic or 
~erpentinous material. In man? pI~ces the cavities of the Iavas mere 
elonpted and distbrted before t h ~ i r  prmnt  mineral filling was 
Introduced, so that the amggdulerz, have peculiar imegu1ar forms 
The cavitiea appear to have been di~tributed throughout the flows 
from top to bottom, for no evidence of their being more abundant n t  
the ~ ~ p p r  than at the lower ~urface  was observed. This ir one of the 
reasons for s~tspecting t h ~ t  tho lava was poured out under ~ a t ~ l . ,  
~ i n c e  the weight of the water resting on the snrface of the Itlvtt would 
prevent in l a r p  meffSFlW the esparaion of included gas% or steam; 
yet it is admitt~d that no p w f  of their submarine origin has k n  
discoved.  Interbeddet? tuffs and shales were not found in the 
greenstone. Frequently a weathered slrrfnce of the greenstone is seen 
where the arnygdules have been dissolved out, leaving a vesiculrrr 
rock that probably rewmbIes closely the original lava flow, 

-4 newly broken sarf~cc. of the greenstone mould hardly lead one 
to believe that chemicnl alteration 'had taken place to any considw- 
able exknk, for the rnck appeam to be fairly brecrh, yet micrmmpic 
examination of the &ions shows that the alteration is rdvanced 
and is pnernl. 
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The Nikolai greenstone is less obtrusive in its topographic expres- 
sion than either the shales or the limestone. I t  forms steep slopes 
and ragged mountain tops, but the greenstone mountains do not 
possess the sharp, angular outlines of the shale mountains or  the 
high wall-like cliffs and the pointed spires of the limestone. Neither 
do the lower greenstone hills present the smooth, rounded contours of 
the glaciated shale ridges on either side of Young Creek. The green- 
stone resists decay, but i t  has numerous joints and fracture planes 
and rapidly breaks down under northern climatic conditions. This 
accounts for the roughness of its ridges, the absence of smootll perpen- 
dicular cliffs, and the vast quantity of angular blocks below its large 
exposures. Such blocks do not disintegrate like the shales, so that 
greenstone pebbles and bowlders form a conspicuous proportion of the 
gravels and other unconsolidated deposits. The greenstone, like the 
Chitistone limestone, resisted strorigly the diitorting forces that  are 
so plainly expressed in the folding of the ~ c ~ a r t h ~ ' s h a 1 e .  There is 
even less evidence of folding than in the limertone, but i t  is apparent 
fro111 field obserrations that adjustment to pressure by faulting has 
talcen place extensively. 

PETROGBAPHIC DESCRIPTION. 

Thin sections of greenstone studied with the microscope show that 
the rock is a typical diabase now much altered. The principal con- 
stituents are feldspar and colorless pyroxene. The feldspar is labra- 
dorite, occurring in lath-shaped crystals, and in nearly every section 
is more or  less altered. Pyroxene fills the spaces between the feld- 
spars. It has been less resistant to alteration than the feldspar and 
is largely altered to a serpentinous or  chloritic material. Accessory 
minerals are magnetite or  ilmenite and chalcopyrite; olivine and 
iddingsite are rare. The principal alteration minerals are serpen- 
tine or  chlorite, calcite, and perhaps quartz. 

Cavities in the greenstone were abundant, but have been filled with 
secondary minerals such as chlorite, delessite, calcite, and, rarely, 
quartz. Many of the amygdules shoxv an outer coating of chloritic 
material and an inner filling of radiating delessite crystals, in some 

.sections associated with calcite. An opaque decomposition product 
is common. 

DISTRIBUTION. 

The Nikolai greenstone underlies conformably the Chitistone lime- 
stone and took part in the folding and faulting that the lower part 
of the limestone underwent. I t s  distribution, therefore, is related to 
that of the limestone, and most of its outcrops represented on the 
map lie in a narrow belt on the south of the limestone belt that is 
practically continuous and extends southeastward from the north- 
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west corner of the mapped area to the hsnd of Texas Creek. This 
belt has i ts greatest mirlth on Nizinrt River. A brnnch extends e ~ s t -  
ward lrp Chitistone River and then w~~theastward into the vnllcy 
of CiI~cier Creek, a northwestward-flowing tributary of the Lxtistone 
just beyond the eastern limit of the nren mapped. The ridge be- 
t,ween Dan and Glacier creeks is capped by a broad, flat syncline 
of lirncstone pitching pntly northwest, but the base of this ritlge 
wherever it is exposed is p e n s t m e .  Greenstone is exposed on both 
sides of Chitistone River. IE dips below the gravel floor of Nizinn 
River north of the Chitistone but rises to view a p i n  on the west 
side and mntinues no& half a mile or more till it is cut off by a 
faalit beyond the limits of the arm mapped. 

In  places only a Yeneer of conglomerate or sl~ale of the Kennicott 
formation cwera the Nikolai greenstone and smell isolated patches 
of the greenstone a p p n r  where the thin covering has been removed. 
Such patches &e sPrn about hational Creek ~ n d  south of h'ikdai 
Creek. Two small patches of gree~lstone appenr RS islands in the 
gravels of Nizilia River, and another, expwtl through fauIting and 
erosion, lies on the north side of Copper Creek. 

It is impossible to determine the thickness of the NikoIai green- 
done from obwmations in the area under considerntion, for nowhere 
within this area is the base of the greenstone exposed. . Furthermore, 
it is not certain that the ham of the menstone is e x p o d  in other 
parts of Chitina Valley, although it is reported in the Chitistone 
River basin, rtnd it seems probable that certain tuffatxius and shale 
lnds in the Kutsina Vnlley may mpmmt it. 

The figttres to be given reprpwnt, therefore, only that part of the 
farmntion exposed immediately beIow the Chitistme IImtbtone-that 
is, the upper part. One of the b ~ s t  localities for rneasuremerlts is 
on the enst side of Niaina River, just north of Dan Creek. The dip 
of the limestone and grenstone is low to the northeast. Unless thc 
grwnstonc is r~duplicated by fanlt ing, its tbhickness at this locality 
is n t  least 4.M)Q and pmibly 5,000 fe t .  The conditions for measure- 
ment in the mountain on the west side of Kizina River are less favor- 
able, bnt them appear to be not less thnn 4,500 feet of greenstone 
expoeed there. About 2,000 feet are expa~iecl on the east side of Me- 
Carthy Crmk and 3.500 feet in the ridge on which the Bonanza 
mine is situ~ted. Retween Bonanza Creek ~ n r I  Kennimtt Glacier a 
thickness of over 4,000 feet of greenstone is expmd. Faults Rre 

difficult t o  lmnte in the greenstone unless some of the other forma- 
tions are present t~ give a clue to their existence, and it is  recognized 
that faults of sufficient importance to impair the value of the rneas- 
l~rernents given may hnve escaped notice. It is hi& probable, 



' 
however, that the thickrles of greelldone in the Nixina district ap- 
proaches 4,500 fcet, and there can he little if any doubt that it is 
over 4,030 feet. 

Schrader and Spencer estinleled roughly the thickms of the 
Nikolai greenstone in the upper pnrt of Kotsin~ V ~ l l e y  at. 4.000 feet." 

AGE. 

Inasmuch as the h'ikolni gr~ensto~lv is composed of lnvn flows and 
so far ns known does not contain inlercalated famil-bearing beds, 
the determination of its s p  tlepnds on its relation irh the forn~ntions 
with which it is associated. The penstone  may perhaps; rsntajn 
i~ltruded sills of rock similar in composition to the flows, but for 
the nmst part it is made np of lams t l ~ : ~ t  were poured out be for^ the 
Chitistone limestone began to h~ d~pos i t~d .  It can not therrfotu! I= 
later than Upper Triassic. Ur~fortunatelp no evidence has h n  
collected to fix a lower a* limit. North of the Sizinn district, in 
the valley of Skolai Gr~els r ~ n d  nlmnt Skolai Pass and tht! Ilratl 0.5 

TIFhi tp River, the massive tipper Qtrhoniferous limestone is overluin 
by thin shale beds, tuffs, ~ n d  lava flnns. These ooverlping beds n t s  
hlieved to rest on the limestone confomnbly. The lava Rows in- 
crease rapidly in arnoltnt 3s the sl~cc~ssion i s  followed upward until 
they finally predominate. There is a pmibility that the Nikolsi 
greenstone rcpmwnts the u p p r  part of these lavas overlying the 
Carhniferoz~s limestone, in which c a k  t h ~ i r  nge wo111d be Tria~qic. 
Brooks s~nd Kindle h ~ r ~  presented evitlenc~ to show that Trinssir 
sediments alnng the upper Yukon rest conformnbly on limestone of 
the same ago as the limrstona on White Rivcr.VThcre is therefnw 
some degree of probability that a similar relstion of Carboniferons 
and Triilssic formations of the IITrangell Moun tnins may sometime! 
be established. h comparison of the Sikolai greenstone with the 
mpks south of Chit inn l i f v ~ r  is of interest but throws little light on 
the age of the penstone. The rocks sonth of the Chitinn are chiefly 
sediments, schists, graywtckes. nnd limestones, all mnch rmcta- 
rnorphos~d rocks. 'rhcir ngc is  not known but they arc usua1Iy 
rcf~rred to the Paleozoic. The degree of alter~tiori in them is far 
greater than in the pensfone,  and i f  this fact may he used as evj- 
dence the penstone: is considernbly younger. ITi'illt our pr~mnt 
knowledge it is hardly pssiblc to say anything more definite con- 
cerning the rtge of the penstone than that  it is older than Ithe 
Chitistone limpstone and prohahlv is Tri~ssic.  

a Bchradlbr, F. C., and Spencer. A C., The molnltp and rnlwral resou- ot a portlm of 
the Copprr River district, Alamkn: Special ptib~lcatlon of t b ~  O. 5. Ckol. Survey, 1001, 
1). 4e. 

b B r ~ l f a  4. 11.. and Kindle E. Y.. Palmlc and aumlated rwlts of the upper Yakan, 
Alaska: Itull. Gw?. Soc. America vol. 19. 1008, p, 305. 
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QUARTZ DlQsfTE POaPKYBP WTEVWEB. 

Light-colored porphyritic intrusive rocks are abundant in the 
Kenriicott formation and are confined almost entirely to that for- 
mation, for it is a remarkable fact that intrusives are rare in the 
Triassic sediments and the greenstone. These intrusive rocks m u r  
in the form of laccoliths, dikes, end sills. They show mnsiderable 
differenm in texture and vary from fine-grained, almost aphanitic 
phases to distinctly granular phases in which larger crystals or 
phenocrpsts of feldspar and quartz are included. The color, too, 
varies horn almost whito to creamy white and various shdes of 
gray and brown. Small phenocrysts of q n a r t ~  with perfect crystal 
outlines are sommon, but as a rule the more abundant feldspar crys- 
tals are less distinct owing to chemical alteration that has takn 
place. It seems rather remarkable that the rock should be so fine 
grained as it is in some of the larger intn~sives and that it should 
have had so litle effect on the shales into which it was intruded. 

The porphyries show many &ages of alteration, from intrusions 
that loolr perfectly fmdl to those in which the feldspars are almost 
wholly deeompmd and the rock has a dull, lifeless appearance. h 
crtrious banded arrangement of a1 te~at~ion prod~tcts was noted in 
sorna of tho light-mIamd, fine-grained intrusives. Different stagcs 
in tho advancement of alteration are indicated by concentric zones of 
yellowish-hrown and white color, which show that the chemicd 
chanps p r m d e d  in an orderly way from the surface toward the 
center of each joint block. 
In many places large masses of black shale h a v ~  been cau~ht  up in 

the body of an intrusive and stand out in a most conspicuous way 
against the lighter-mlored porphyry background (R. XI, A ) .  Some 
of these intruded sllale masses are half n mile in length along 
their outcrops and give the appearance of thin shde beds betwmn 
very thick porphyry 411s. In general, however, the included shale 
masses are much smaller. 

The porpl~yries resist decomposition but readily break down into 
slabs and angular fragments which give rise to extensive talus 
slopes, or " rock sIides," as they are l d y  called. Such dhbris, 
because of its lkht color and its resistance to d a y ,  gives'character 
to slopes of loose material, and, dthough the dikes or sills from which 
it came may form oirly a minor portion of the rock mass, it almost 
completely hides the presence of shale or other kinds of rock. 

Dikes and sills are numerous but present no unusual features fur- 
ther than that  some of the sills persist far long distances and in 



A .  N3hTH ENO O !  F'cIIPHYRY PEAK. SHO'/b'INI; IPICLIJSIONS OF 
BLACY SdALE IN PORPHYRY. 

U. PORPHYRITIC INTRUSIONS IN  BLACK sr i \Ls OF ~CENNICOT; 
FURMATrWFI ON UcCARTHY CREEK. 



places take t h ~  for111 of long overl~gping len- There is a marked 
tendency for the intr~rdrrl rnclr to follow bedding planes rather than 
to cut acre= the beds, so thn t the sills w r e  more numerous than dikes. 
Some of the  sill^; in the black sl~nles on the south side of Copper Creek 
valley continlla nnintern~ptedl y for ~ e r ~ m l  miles and afe such dis- 
tinct features that the prmpectos h a ~ e  given them numbers, as the 
first, wand, etc. They vary in thicknesr frnm a foot or two to 100 
feet and give valunble n i d  in determining strltctnre in the sIiales. 

Florna 4,Dla~ram ahowlnb thp overlapplug of Icntlcular porphyry sllla In thr  hlack 
shaips south of roppr  rmk. Somr of tllr lrnses nrp 10 tn l i  fvef thick. 

A good example of the ~ l - i i ~  i l l  n-llicli the porphyry dilres rut the b l ~ c k  
sl~ales is given in Plate S'l, Jf. {See nlsn fig. 4.) 

Microscopic exnmi~ation of thin swtians of the porpbyrg intru- 
s i v e ~  shows thaL perfectly fresh ~ ~ n : ~ l l r r f d  specimens .;re lhrlrtlly to 
be found and that altelnt ion protluct 3 nrp ptbncZicallg always present. 
The rock has a fine-grained grot~nclmoss consisting chiefly of feld- 
spar more or less n l t ~ w r l  ant1 n little qriartz in ~vhich nre phenocrysts 
of feldspar and qunrtz. Pnrious r l eg~p~s  of r ryst nlliza tion nppeRr 
in the groundmass, bat its perfwtion moy he obscured by chemicnI 

'alteration that has ~ A ~ Z ~ T I  plnce sinw the nlogmn conwlidated. One 
or two of the sections studietl I I ~ P  from specir~~ens in which crystallizn- 
t ion had not proc~eded fnr when it mns interrupted by cooling of the 
intrusive cock. T11e.w sect ions sl~om a fine-grained grmmclrnass, 
xImost isotropic, f i I 1 ~ t l  wit 11 tin!. for!red Aeleton laths or ~ s t a l s  of 
feldspar. Most; s ~ c t  ions, Iio~vever, show a Irkore advancer1 degree of 
ccpstallixation. The feldspar is of the more acidic plagimlase variev. 
Xonnl phenocrysia give n n  opportunity to determine that the? belong 
mostly to tho ol i~oclnse-nndesine series. Orthocln~e appears in a few 
sp imens .  Qunrta in rounded plates or with ernbayments is not 
tlncommon, but for tho most part the outlines are sharp and angular, 
Brown micn is usually present,, as are also shreds 2nd SCRIPS of color- 
;css mica. Hornblende is the next mosl, common ferromagnesbn . 
minernl. Monp of the crystnla are much nltered, rrnd in some ser.tions , 

the former preence of hornblende is kno~vn only by the decomposi- 
iion .product4 tnlzing the form of the rh3racteristic hornblencle: cross 
section. Ppl.oxene was fo~rncl in one specim~n. h k s t  ~ectinns shorn 
a black metallic mineral like magnetite and brown iron-oxide stain. 

0 .  
70848"-Bull- 448-3 4 

A * 

'C . . 
4 : r  

I , .  .. . . 



66 THE NIZIRA DISTRICT, AMHA. 

Alteration begins in the feldspars and results in the production 
of fine scales of a highly refr~ctory mineral, probabIy muscovite, 
that appear in fractures and along some of the zonal bands of the 
phenocrysts. Calcite is a common semndary minerd and results 
from the decomposition of hornblende and of feldspar, yet it may 
hnvo been introduced in part by circulating water. Calcite resulting 
from decomposition of hornblende is associated with iron oxide. 

DIBTEIBUTION. 

Porphyritic intrusions are present in the black shales of the Ken- 
nicott formation in all parts of the Nizina district, but they have 
their greatest development north of Nizina River. Porphyry Peak 
nnd Sourdough Peak are composed largely of porphyry, as is also 
the mountain north of Nikolai Creelr. The upper parts of all three 
are made up almost entirely of porphyry in which are included 
masses of black shale. These lnccoliths form a hard resisting cap 
on the softer shale base and doubtles have been an important factor 
in protsrting the shale from emsion. Th~re  are no such large por- 
phyry masscs in the Mack shmles southeast of Nizina River, but sills 
and dikes are numerous in all the shah mountains from Dan Creek 
to Young Creek. Thcy appear to be more numerous on Dan and 
Gopper creeks and about the head of Rex Creek than they are far- 
ther south, but the steep, barc sides of tho mountains in the former 
locality give better opportunities for discovering them than the lower 
timber and moss-covered slopes of tho latter. The preference shown 
by the intrusivw for the black shales is considered as evidence that 
the molten rock wns able to force itself into the black shales more 
easily than into the lower formations or tbc upper part of the Ken- 
nicott formatiom It is remarkable, when one considers their num- 
ber in tlie Rcnnicott formalion, that so few intrusives are present in 
the Triassic sedimentary formations nnd the geenstone. Special 
attention was given to this point during the course of field wark, 
since it was assumed that the intruding rocks must cut the older 
formations in order to reach the overlying younger formations and 
that traces of some of the conduits through which the melted rwk 
rose would be found. A few dikes were discovered, but they do not 
seem to'bear any proper relation in size and number to the amount 
of intruded matter in the shales, so that one is forced to conclude that 
the intrusives entered the shales through some channel not exposed. 

Tntrusives in the Kennicott formation can not be older than the 
rocks into which they are intruded. Consequently they cnn not be 
older than late Jurassic or possibly early Cretaceous. No evidence 
bearing on their upper age limit was discovered in the Nizina district. 
It is perhaps true that the intrusions did not all take place at  one time, . 
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snd there might bc cited ss bearir~g on this p i n t  the fact that there 
is cansidernblc variation in the composition and alteration of the 
inlruded roclrs. Thew two facts, hewever, are not in themselves 
pmof. Such evidence as the intersection of one dike or sill by an- 
other dike or sill was not found, and it seems probable that the quartz 
porphyry intrusions belong to one period of intrusion, 

l'aige ;end ICnopf havc presented evidence to shom that the quartz 
diorites of tho Trrl keetnu SIount ains are later than Middle Jurassic 
but younger thsn the late .Turassic, and state that they are " thus 
ranternpoEnneous in a general may with that  great series of batho- 
lithic intrusions of late Mesozoic age xhich affected tha entire Cor- 
dilleran region from the Straits of AIagellan to the Sewnrd Peninsula 
of northwestern Alasb."a Qunrt z diorites of equivalent nge intrude 
Upper Jurassic sediments in the Kutzotin Mountains northeast of 
the Wrnngell Gmupmb There is a strong presumption t h a t  the quartz 
diorite porphyries of the Xjzinz district are but ono manifestotion of 
a disturbance thnt mas witlesprend and of much greater importance 
in mnny other localities than it mns here. 

Reference has already been made in tho descriptions of tho different 
formations to most of the ~tructurnl frnturcs of the district, bat for 
the sake of clearnes~ tlicse facts nre here hrougl~t together in one 
&ion. Exerninat ion of tbe geologic map (PI. 111, in pocket) shows 
that in a general way thc formntions lie in zones extending in a 
north\rest-southerrstst rliwct ion. T t ~ ~ o  s~rtions nre plnt:erl on the map 
to  interpret the strr~ct~fre of thew formations. They show that the 
prevailing dip of the forrnntions below t tie Kennicott is toward the 
northeast but that the prevniling dip of thc Kennicott itself is toward 
the southwest, nnd, firrthcr. Ihnt in conwqnPnpe of the greater dis- 
turbnnces tlmt hnre  tnkcn plnce in the older formationa their general 
dip is considernbly gnaatrr. Section d l - , l  shows the synclinal struc- 
ture of the h'ikolni. Chit istone, nnd McCnrtby formations along the 
northern bo1tnd:try of the mopped RWR mest of Sixins River. A 
parallel wctinn northrnst from nny point on Dnn Creek to Chitistone 
River or Glncicr Creelr would havc shown this synclinal structure but 
with the ~yncline much flattened ourt, and n comparison of such a sec- 
tion with section A-ii and the map wonld shom that the synclinal 
axis pitches gently northwest. Sertion rl-,4 also shows Ithe uncon- 
formnble relation of the ICennicott to the oIder formations, its corn- 
pnrat ively low southwesterly dip, and the fanlt that here displaces 
the basal beds a€ the Kennicott and the h'ikaltli greenstone. Section 

'Paiw, RRldney. and Knopf, AdoIpli, {:~oloqle reconnaissance In the Natanunka and 
Tatkertna baalnr, Aluwkn : nuli. TJ. R. G~xol. Ri~r%-pg No. 327. l n R 7 .  p. 20. 

*MoRlt. Fwd &I., nnd ICnopf, .4dolpl!, Mineral resonma of Zhe Nabeana-mite dlazrtct, 
Alanka: Bull. IJ. 8. Geol. Rnruey No. 417, 1910. 
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B-R slrows the Kennicutt formation dippillg gently to the sonthw& 
in broad open folds. The southwest dip is small btll, is sllficient to 
bring iho interbedded shale and sandstune forming [ha llpper pnrt 
of the Kennicott formation well down on the slope of the mountains 
south of Young Creek, although these beds appear only on the taps 
of the I t i ~ h  mountains south of Copper Creek arid about the head of 
Rex Greelr. At the northeastern end of this section the p e n s t o n e  
nnd the lirn~stone lie almost horixontallp, but n displacement has 
tnken p l ~ c e  by which the limestone is brought into contact with the 
black shale of the Kennicott formation, and it appears that near the 
fauIt plane the limestone dips to the sot~thwest or toward the fnult. - 

Faulting is of common occnrrence in the Sizina district, but with 
the exception of the f a ~ ~ l t  shown'on the two sections most of the dis- 
placements are compar~tively small in amount. The great fault just 
referred to i u  a strike f n u l t t h a t  is. its twnd is the same as the pre- 
vailing strike of the formations ~ n d  it extends from Copper Creek 
northwestward to McCarthy Creek. From work done in previous 
years it is known that this great fault continues westward beyond the 
I<ennicott Glacier, hut its course there has not been trtlced. 

Good opportunities for studying the fault were found at two locali- 
ties, one on the South Fork of Nilrolai Creek nnd the other on Dan 
and Copper creeks. The north slope of the South Fork of Piikolai 
Creek is a dip slope formed by f i  thin veneer of basal Krnnicott 
beds resting on greenstone. (See section A-rl, P1. 111.) The south 
slope shows the brrs~l Kennirott in the creek with a narrow belt of 
grcenskone ribore it and above the greenstone a grent thiclrness of 
liennicott dipping to the southwet. The Kennicott and Nikolai 
formations in this locality were displaced by n fault in such a wny 
that tho rocks on the south side now have a relatively higher positiou 
than those on the north side. T h e  fnult  dips high to the northeast 
nnd the displacement is a b ~ u t  BOO fwt. Very rlifferent conditions 
 revai ail on Dan and Copper creeks Section B-If, Plate 111, shows 
I hnt the north slope of Dan Creel; is f o r m 4  of Sikolai greenstone and 
Chitistone limestone lying in a practirnll!t laorizonti~l p o ~ i  t ion. This 
condition does not hold on .the soutll siclc; instend a ,?st block of 
limestone abuts against black liennicott sl~mles and forms the point 
of tbe obtuse angle between Dan nnd Copper creeks. hi this locality 
the displacement involves a raising of the north side relatively to  
the south ide, exactIy the reverse condition from that in the Wikolai 
Creek locality. This fault  dips about 60' WE. on Dan Creek and, 
nlthough complicated b)~  minor cross faults, has a displacement that 
seems to be nearly or quite the thickness of the Chitistone limestone. 

The same relativp movement ns that on Dan Creek took place on 
the two s i d s  of the falilt on. the west side of ICennicott GIncier-that 
is, the formations on the north side were raised-yet no direct evidenm 



was discovered to prove the esib4enc~ of the fault I s ~ t w e n  the glacier 
and lllcCnrthy Creek. 

Faults of this kind in which the rctntivp. movements of the two 
walls are opposite in direction at two different localities are known 
elsewhere, yet, inasmuch as the gravels of Sixina River prevent the 
demonstration that the Dan Creck f~lult  is continucrr~s with that of 
h'jkolai Creek, it should be stnted that the conditions described might 
result from the dropping of u bloclc between two parallel faults, in 
which case w e  shortld lm dcaling not with one but rather with two 
faults. S o  evidmce was seen in the field to rnise n suspicion that 
two cIoseIp spaced faults occur here. r l  perpenrliculnr fsult almost 
parallel with the Dan Creek fault trnvema the Young Creek valley, 
nnd R third, whose strike is more nearly ellst nnd west, crosses Nizina 
River a short distance north of the limits of tho nren mapped. The 
Young Creek fault is probably of the same order of magnitude as 
that of Dan Creel: but is more difficult to study, since only one for- 
mntion is concerned in the Iacalities where i t  wtls cxnrnined. It has 
11 lcnown horizontal estensiorl of 5 or 6 miles ~ n d  the zone of dis- 
turbance is a wide one. These displacements, however, throw no 
light on the problems of Dan atld Nikolni crrcks. 
The three faults just mentioned nre the most prominent ones of the 

Nizina district, but they nre not the only ones. Tl~ere is evidence in 
mnny plnces of movement of the greenstone and limmanc form~tions 
dong their plane of contact, but measo~-em~nts of dispIncernent under 
sucIl conditions are rlifficult. Vndoebtedly fnults nre p r ~ s n t  in 
mnny plnres where they bare not been recognized, for it is only 
llnder f ~ v o r a M e  conrlitions that they are discovered. Such condi- 
tions arc provided by the limestone-greenstone contact. The char- 
acter and frequency of fnulting are shown on the geologic map by the 
contnct north of Dan Creek. Displacements of the kind occurring 
there are difficult to recognize nnd to trace wliere only one of the . 

formntions is present. >lost of the observed minor faults mnkc 
obtuse angles ippronchhg 00' with the major strike fnults nnd nre 
vertical or nenrly so. They are present in many places nnd are 
commonly of smd1 displacement in comparison with the strike fnults 
even wlwn of considerable horizontal extension. The shear &one of 
the Bonanza ore body is of this class. It wos trnced in R direction 
N. 30" E. from t l ~ a  mine for n distance of 1 mile, but the displacement 
at the limestone-green4one contact is only 2 feet. A parallel f au l t  
dn the east side of McCnrtl~y Creek has a displacement of over ROO 
feet. The numerous funlts north nf Dan Creek are vertical or nearly 
so nnd have displacements ranging from 10 or 15 feet to severnl 
hundred feet. Minor strike f ~ u l t s  were a190 noted, but since thcg 
do not cut bedding or formation boundaries they are apt to bp un- 
discovered, ns nIr: also ffanlts of low dip, such as the horizontnl fmc- 
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ture pIanes of the Bonanza mine, along which slight movement has 
taken place. 

In summarizing what has been said about fgulting attention is 
directed to the fact that in a broad way the fauIts may be divided 
into two classes, those paraIlel to the prevailing strike of the forma- 
tions and those that are approximately perpendicular to it. These 
may be referred to as strike faults and dip faults, for they are 
vertical or approximately so, and their strikes correspond in n meas- 
ure with the direction of strike and dip of the formations. 

The principal strike faults have given rise t o  great displacement 
of the rocks cut by them and persist for long distances horizontally. 
The dip faults are more numerous but the displacements are smeller. 
The effects of these faults on the rocl~s may be compared to the 
fractnring of the ice in a glacier. Blocks were formed which had to 
adjust themselves to surrounding conditions; some of them moved 
up, some down, as  will be seen by examining the limestone-greenstone 
contact north of Dan Creek. In this way adjustments of great 
amount were brought about by many- small! widely distributed 
displacements. 

AREAL GEOLOGY. 

The areal distribution of each fornation bas been indicated in the 
description of the formation. It now remains to bring these scat- 
tered facts together in one brief statement. Fully one-third of the 
mapped area is occupied by unconsolidated gravels, ~ands,  etc., of 
glacial and fluvial origin (PI. 111, in pocket). Two-thirds of the 
remainder is given to the Kennicott formntion. Consequently less 
thnn one-fourth remains to the  rocks older thun the Jurassic. The 
,greenstone, the limestone, and the Triassic shales nre confined strictly 
to a belt along the northenstern side of the area, but their territory 
is invaded in a few places by outliers of the overlying basal beds of 
the Kennicott formation. Triassic shales occupy only a ma11 part 
of the area beIonging to the older rocks, for the map does not extend 
fnr enough north to include the places of their greatest develop- 
meot. They are seen along the boundary of the mapped area be- 
twwn McCarthy Creek ,and Nizina River and in the vicinity of 
Copper Creek. The Nikolni greenstone and the Chitistone, lime- 
stone form a narrow belt that extends northwest from Pyramid 
Peak to Kennicott Glacier. Nothing but Kennicott sediments and 
the igneous rocks intruded in them appears south of the Triassic 
formations. They appear in two principal areas on the two sides of 
Nizina River and are separated bg a broad -stretch of gravel deposits. 
Quartz diorite ~ o r p h ~ r i e s  cut the Kennieott sediments in a11 parts 
of the district but find their gre~test development in the black 
shales, particularly the shale area north of Niaina River. The por- 
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phyry sills of Copper Creek are conspicuous became of their per- 
sistence, but the intrusives of P o r p h y ~  and Sourdough peaks are 
so much greater in amount that they dominate In the upper parts 
of these mountains. 

It may not be oat of place to state hem that the four formations of 
the Nizina region continue northn-estwnrd hyond Kennicott Glacier 
and that their areal relations thew nre prncticxlly the same as on 
the east side. Hlack Kennicntt shnles with ntimersus p r p h y q  in- 
trusive~ make up the mountains west of Porphyry Pealr on the 
opposite s i d ~  of Icennicott River, snd the penstone and Triassic 
sedimentary formntions appear north of Fourth of July Pass. The 
mountain in Ithe middle of the glncier, Bnomn as '' The Peninsul3," 
gives an excellent section of the greenstone and the tlvo Trinssic for- 
mations. Greenstone forms the southern p i n t  of " Thc Peninsula." 
On it lies the nortl~cnstwarrl-dipping limestone, which is succeeded in 
tnrn by the T r i n ~ i c  ~ ; h n l ~ s .  This locality is one of a few jn this 
region where the limeskon~ has  heen closelp folded nnd much con- 
torted. 

It is known reprding the extension of t11ese formations t o ~ ~ a r d  
. the southeast that the peenstone outcrops on Canyon Creelr east of 

Young Creek, and it is prob~hlc thnt both greenstone and limestone 
ext.end stiIl farther enstward into the Chitina Valley. Schrader 
traced the blnck Jurassic shnlrs, wllich a-ere nt first thought to be 
Triassic, ns far enst ns Cnnyon Creek, but beyond that there is no 
informat.ion concerning them. 

HISTORICAL GEOLOGY. 

SEDIXXNTARY JWD IONEOUS RECORD. 

In describing the formations of the Sizinn district the rmks of 
sedimentnry origin were considered in one prw~p nnd those of igneous 
origin in n second, This treatment by family gmnps is not followed 
in the discussion of the I~istorical geology of tlic didrid, b ~ i l  rather 
it is attempted to give In the order of their occurrence the geologic 
events connected with the cli ferent rocks. 

The first event in the geologic: history of the district concerning 
which we have cridence within the district is the o~itpolrring of lavas 
that are no* known as the Xikolai greenstone. This tool{ place pre- 
vious to the deposit ion of the Chitistone li~~iestone? nnd consqrrcntEp 
either in Upper Trinssic time or in some p~rintl preceding it. T t  
is not, probable, bowever, thnt. the greenstone don-s nm oltlcr than 
the Trinssic, since the bcst evidence at hand indicates that they are 
later than Carboniferot~s. The flows did not take place as a single 
event but werc rlouhtlrsq ront inucd through R consiclernble time 
interval. There is so1nP rpnson to beliere that -they mny h n ~ e  h e n  



72 . THE YTZIFh DTGTRICT, ALASKA. 

poured out under wnter, ~ l l h o u g l ~  j t is by no mPnns established that 
such is tho case; yet, whether they accumulafctl in the sea or whether 
they accnmulnted on land and were later 'carried below sea level hg 
snbsidence of tbe lrtnd, the beginning of deposition of Upper Triassic 
marked the complete cpssation of volcanic actirl ty for the time being. 
Deposition of the Chitistono limestone continued for a long interval 
of time without important chanps in the character of the materinl 
laid down. At first the conditions of rtccumulation ware relatively 
stable and the massive lwds ~t the I)USB of f Ile Chitistone were formed, 
but Inter condjtion~ chnnged, for the beds grew thinner, ~ n d  finnllg 
thin partings of shalo began to appear. The commencement of shale 
deposition marlred tho b~ginning of the trnnsition from tho Chitistone 
limestone to the McCnrtliy ~hnlc.  As the shale Ixds incrensed in 
nmou~it the limestone d~crearwd, till finally ~hn le  predominated and 
limestone was no lofiper of importance in the formation. All tliesc 
events tliat concern thc sedjmentnry formations took place before the 
end of the Trjnssic period. They terminated with an devation of 
the Triassic wdiments nbove sea levcl, which nns nccompanied or 
followeti by deformation and folding of a11 the sedinientnry beds and 
the greenstone. Erosion of the new land surface began as soon ns 
elevntion twlc plnce nnd, unless pnrt of the historic record has been 
lost or overlmked, continr~ed throughout Lower and Middle Jurassic 
time. During this erosion period pn enormous quantity of materinl 
was remover1 from the land and returned to tho sea, but what becnrne 
of it is not known. The lbevelcd edg~s  of the greenstone, the lime- 
stone, and the aha10 bear evidence of nn nreal extension of these 
formations beyond the 1 irnits now recognized and testify to the thou- 
sands of feet of material carried away. 

Erosion was at  lnst int~rrupted hp the ndvance of the Jurassic 
sea. Thisadvanceproba11l;y tmkplacefmrn themest, whereithgan 
in Lower Jurnssic time, ns is k n o m  from the p-ncc! of Lower 
Jurassic beds on Cook Inlet. Uppr Jtlrassic sea prevniled in the 
Chitinn region long cnoagh to permit many thousand fcct of sedi- 
ments to accumulate. Thia sen is supposed to have h e n  a sornewllat 
restricted one. The mnters wem shnllow. Probably a land mass 
existed to the south in tlre region of the present Chngach Moun- 
tains md s e ~ ~ r a t c d  the sen from the ocean. The sediments de- 
pasited in the Jurassic sea aro not a11 of one kind nnd were de- 
gmited under vaqing conditions, The Kennicott formation bears 
within itself evidence of many and important changes during the 
time whcn it was+being laid down. Shore conditions art! indicated 
by the bnsal condomesate, but the gradual apmard decrease in size 
of the pebbles that form the conglnmeruto and the tlwnsition from 
canglomerat~ or grit 20 s~lldstone and from snndstone to fine black 
shaIes tell of a progressive change in conditions that is difficult 



to interpret, for it may bnve heen cnusetl in rrrious w t ~ y ~ .  The 
grent thiclrness of fine Llnclr shnle, bowever, is evidence of Zong- 
conticued st~bility in the source of supply and the manner of 
depokition of the materials composing them. Stability at last e r e  
place to instability, anrl another p e n t  thickness of interbedd~l 
shales and santlstones followet? the blnrk h n l e s  till the last known 
erent of t?pper Jurassic deposit inn took plnee nnd the rnnssive upper 
conglomera to was lnid down. Dcformnt ion, elcvntion above sea level, 
and intrllsion by qunrtz diorite porphyry nre the ncxt events re- 
corded in the rocks of the mnpped nrea, nnd they lead up nearly to the 
beginning of derelopntent of thc present topogrtlphy. Set  there is 
reason for assumi~~g t l ~ n t  tllc Gcnnicot t formation does nat repre- 
sent the latest rocks of -the Yizinn district and ihat other younger 
sedinicqtary ond igneo~ts rocks may hnve once heen present but are 
now entirely removed. This nmumption is bnxd on the presence of 
coal-bearing h d s  ant1 fitill younger Invn flows in the vicinity of 
Fourth of duly Crcck, west of Hcnnicott Glacier, nnd on the head of 
Chitistone River. Neither of these localities has bcen studied in 
delail. Thc con1 of Fourth of July Creek is confined to a small 
area. It lies l~oriaontnllp, is nssiinted wjth bleck carbonnceo~~s 
shale, and is overlain by nrlroso sandstone find an andesitic Iava 
flow. Its relation to the p e n t  fnult that cuts the Kennicott nnd older 
formations is such ns to lenvo little doubt that it was deposited 
aftcr fnnllting took plnce, nnrl it is provisionally referred to the 
Tertiary. Conls associated with shnles and sandstones and overlain 
tjy lnvn Horns nrc exposed on Chitistone River. Them beds also are 
rcferred t o  the Tertiary. 'The prpsence of these younger rocks in the 
immedintq vicinity mnkcs if.  apppnr Ilidllp pmbfilble that thcp mag 
have extended into the region under consideration, since it is diffi- 
cult to vnderstnnd how they could hare becn rl~pmilted where they 
now appear \\-ithout Ewinp much more widespread than Ithey are. 
A coal-bearing formation ronsisting predominantly of coarso arkme 
and showing no evidmce of rnnrine conditions, but included beheen 
marine Tertinry formntions, reaches a thickntlss of more than 2,000 
feet in the Controller n n y  r e ~ i o n . ~  

Mort! than 3.000 foct of fresh-water coal-bearing Tertiary sedi- 
ments arc exposed in the Jfatantrsk~ region.b 

These serlirnents comprise (' a series of sandstones, shah, arkox, 
numerous coal seams, nnd a Iarge ~olurne of conglcimerate." The 
Gakona formation of the Copper River basin is a coal-bearing for- 

akfartln, 0. C.. Owtom and rninfrnl rPaourwg of the Contmllpr B a y  region. Alaska: 
Butl, 11. a. Geol. Survey SO. 'XG. Z?bOR, D. 31. 

* lhlw, sldney. nnd Knopf, Adolph. Geolo~ic mrwnanalmnff in the -Matanusha and Tal- 
k c ~ t n ~  I~nsinn, A l f I ~ k a  : I i l~ l l .  IT. S. ( : P O I .  WIIIVP?: YO. 357. 196~7. p. ?7* 

Mrnrlenl~nll. \YnItrr I'., 6 m l o m  of the central Copper Rlvcr regInn : Prol. Paper E. S, 
G4. Rurwg No. 4 1 ,  1905. p. 62. 
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m2tion of fresh-water origin. It reaches n thicbness estimated to be 
not l e s  than 2,000 feet and includes 5W feet of conglomerate, togeth~r 
with shsle, gr~ve l ,  sand, and lignite beds. Other areas of rmppmedly 
Tertiary sediments appear in the  Coppcr River valley, but v e v  IittIe 
is known aboet them. If the coal-bcaring rocks occurring just north 
of the h'iziriii district nre of Tertinry age, it is n reasonable presump- 
tion in the absence of definite proof that they, like the coal -bearing 
Tertiary formations of the Matanuf;ka rand Copper River basins, are 
of fresh-water origin, and that tllerefore there is no necessity for 
assuming a submerpnee of the region below sea level after the Ken- 
nicott formation was deposited. The element of doubt in this pre- 
sumption lies in the uncertainty concerning the ape of the conl, for 
it is known that the 'I'pper dnrnssic formations as well as  the Tertiary 
formations of the Mntnrnlskn rqrion carry coaI. 

P E Y S I O G B B P E I C  RECORD. 

Them is porl evidence in many parts of Al~Fikn to SIIOW that at 
the time when the I'crtiarg ct~al formations were deposited tlie land 
had a much lower relief tilnrl it has to-dnp. The present mountain 
ranges, although perhaps distinctly outlined, bad not yet reached 
their full devclopment. The conl formations mere laid down in 
depressions sf a Band ~urfncc that must have lnckcd in large measure 
tlie rugged chnmcter that we now see. Probnbly this land surface 
presented mnny of the featurn of the present Coppcr River or 
Yukon vnll~yc, in their broader parts. SIIC~I nppcnr to have been 
the condi tians when Ille forces thnl resnlted in the uplifting p d u c -  
tion of tho present Chugach Mountains anrl the i"Las1za Range began 
to be: felt. These forces doubtless nrtetl slowly, but they acted for a 
19?1g pcriod of time, and they may be in opcrnllion get, They brought 
about the uplift of the mountain nrcns and made it pnssible for the 
npnts  of erosion to initiate the worlc of forming the preqnt moun- . tnin nnd valley featuws. They mere accompanied by or were the 
runse of the extn~sion of a p e n t  volume of Invn that  has tontint~cd 
almost to the present. day and is the most characteristic featurc of the 
VTrnngell Mountnins, the f~nture  thnt distinguishes them from the 
Chugach Mountains on the muth and the Alaska Range on the north. 

Chitin, Valley is a r e g  old topographic feature and was farmed 
hy n stream that probably htlcl nn outlet by way of the lrpper Copper 
River valley either inio the drainage bnsin of Cook Inlet or possibly 
into the Yz~kon Vallcy. Its nxis coincides with the  holzndary Iine 
hetween the older metamorphic rocks of the Chngach Mountains and 
the you&er, less-altered rocks on the north side of the valley. This 
bonndary in p ~ r t  marks an ~mconformity of depopition nnr? po-ibly 
also one of faulting, but in either case it appears to have been a 
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determining factor in locating the position of the vdley. The valleys 
of Siz ins  River and the other streams of the Nizina district, like 
the Chitina Valley, originally represented the work of streams alone 
and were the result of normal stream-erosion, but they have been 
profoundly modified by the nction of g1ncial ice. This modification 
is represented chiefly by changes in valley forms due to straightening 

- of the sides, alterntiorls in tlre form of m m  liecfion, and lowering of 
the valley floors, together with changes brought about by the depasi- 
tion of ~lnconsolida ted gllncinl materinls. These modifications having 
already been described in the section on glaciation, it is unnecessary 
to repeat their description here. It is only necessary to say that the 
most conspicuous topographic features w e  see to-dt~y owe their 
prosent nppearance to recent glaciation, yet that subsequent stream 
cutting and rapid subaerinl erosion due to tho subarctic conditions 
have begun to modify the land forms left by the retreating ice. 
Them later features arc wen in the rock-walIed canynns on the lower 
courses of a l l  the strei~ms, the deep gulches such as cut the Kennicott 
formntion on TIThitc nrld Young creeks, and the great accumulations 
of loow materitll in tho form of t~lus .  

ECONOMIC OEOLOGFP. 

HISMRY. 

The history of mining in the Chitina Vallcy begins with the rush 
of prnspectors to Vnlder. in 1808. These mcn mere influenced by the 
gold discov~rim in the Yukon Basin daring the pmeding two p r s  
and came Zo V~ldez in the hope of finding an easier roirte to the 
Yukon nr new placers in the Copper River valley. Reports of cop- 
per 011 Copper River had c irr~~ lnted  since tlre time of the R~~ssians, 
who fotrnd in the hands of nntives copper that probably came from 
thc N i z i n ~  district, yci R rnnjority of the prospectors were in search 
of gnld, not coopppr. A few, hon-ever, turned thcir attention to cap- 
per and c r m d  frnm Valder. to the TTranpl1 Mountains, where their 
efforts receivct! eneonmgrrnent. In t h ~  follo\\+ing p a r  (1899) the 
search for vnl t~nble minernls wns wst~rnecf nnd prospecting parties 
asccnded Chitinn Vnllry as  far as the S i z i n ~  di~trict. Tt is do~~bt fu l  
if they attempted ta p G r t h w  east in the main valley, and for that 
matter Chew has h n  little effort to prwpct the upper Chitina 
region in the gears sin@ then. The Sikolai copper lode was shown 
to a party of white men hy a natire scnt for this purpm hp Chief 
Nikolai, of Tarnl, in J I I ~ ~ ,  1899. Piikolni's house was at  the mouth of 
I)an Cmk,  and the om brwly was dottbtless dissov~rerl by the natives 
on mme of their llrlnting espditions. Tt is usually difficult to m n -  
ciEe the st a t  ~ m e n  t a o f  t l i ITpr~n t pemns concerning the early events 
connectccl with the Ili~tory of R new country, and thc Xikina district is 



no kmeption to the rule. It is said that gold was discovered on Lth 
I3& and Young creeks at about this time, but either the quantity 
found was small or the difficulties met prevented any immediate steps 
toward developing the p~operty . 

Work was begun on the Nikolai mine in I900 for the purpo& of 
securing s patent to the claim. Some of the men who mere interested 
in the property devobd part of their time to further prospecting, and 
in this may the large b d y  of cchalcocite named the Bonanza ore body 
mas discovered about the end of July or the first of August (1900) 
by C. L ?Vsrner and Jack Smith. It was discovered independently 
n short time later by Spencer, of the United States Geological Sur- 
vey, who was e n ~ g e d  in mapping the dontact of the Niliolni green- 
stone and the Chitistone limestone. Up to this time interest in gold 
placers had been secondary to that in copper prospects, but the pres- 
ence of gold on Dan Creek was not forgotten, and in 1901 the creek 
wns staked by C. L. Warner and D. L. Rain f o ~  themselves and others. 
Mr. Rain was known to his companion as "Dan," and they named the 
creel< nfter him. 
The first men to find goId on Chititu Creek were Frnnlr Kernan 

and Chncles Iloppus, ~ v h u  came to  the creek in the first part of April, 
1909. They were joined shortly afterwards by two others, Me% 
Rowland rrnd Dirnmet, and these men staked the creek for themselves 
and their partners on April 25. News of the Xizina strike quickly 
reached the outside, and'by July of 1902 the stampede was under 
way. A new town sprang up on Chititu Crwk and was quickly pro- 
vided with all the usual eIements of a thriPing pTamr camp, but 
there wns not enough placer ground to support all comers, and most 
of the population soon vanished. The richest and most easily mined 
gravels were largely worlred out in the first years by pick and shovel, 
but since that time the claims on Loth Chititu and Dan creeks have 
become more and more consolidated in the hnnds of a few owners, 
who are preparing to handle their gold-haring gravels on a larger 
scale by more economic~l methods. 

A similar consolidation of ownership has taken pIace in the case 
of the Bolllama mine, so that now instead of 11 principrtl ownerships, 
some of them representing two or more persons, the property is con- 
trolled by n single strong corporation capable of supplying the large 
capital necessary to develop the ore body. 

The mineral production of the Chitina Valley to the present time 
consists entirely of gold, which is practically all from Chititu and 
Dan creeks. Copper has not been produced in a commercial way 
because there is no means of getting it to the mast, so that all the 
copper brought out is that taken for samples and assays. 



ECOWOMIC GEOLOGY. 

OCClJRFESCE OF T H E  OREB. 

Ankxaminntion of the copper pmpects of the (%itinn Vnlley wwaa 
made by members of the United Statcs Geologicnl Survey in 1907, 
and a report of that work was pnblisl~ed in bulletin form 

S k e  that time there has been considernble ndvnncement in the 
deve-ebprnent of some properties nnd n few diworerirs h ~ v e  bPPn 
made, yet the results of the work done have throw11 no light on the 
nature of the changes which talc@ plnre in the ore bodies u s  distnnce 
from the surface increases. This question, excepting that of the 
arnoi~nt of ore present, is probably thc most importrtnx one con- 
cerning the copper deposits of the region. h stztdy of the copper 
deposits on the enstern sfdr of the \\'rilnpIl Mounte ins llns shown 
that copper occurs there under much tlie snmc conditions ns in the 
Chitina Valley and 118s si~gpsted. Lome further ideas nr to the origin 
of the ores. The description:; and discussion that follow, then, a& 
based partly on pl-evioutt worl: bat linve wceived such revision and 
addition ns have bcen f0111-irl to bn nccr-wry. 

Copper ores in the Chitinn Valley siortll of the river m u r  in three 
maps-as capper nntl copper-iron ~wnlphides nssocinted with the 
Nikola i gtr~nslonr! and witil tho Chit istonc limestone; as native 
copper rassocinted with t lie greenstone ; ns placer copper accompanied 
by native silver nncl gold. 'I'llc important copper minerals are chnl- 
wcite nr copper glnnc~, bornjte, chi~lcopyritc, and native copper. In 
every copper prospect them is a srrlnll qtiantity of one or more of the 
oxidation prducts, such nR green malachite stain, azuriJe, and less 
frequently the red oxide, cuprite. Chalcnnthite, or blue copper sul- 
phnte, nnd the black osid;., tet~orite, are rare. Covellite is associated 
with chnlcocite io'wrne localities. 

The ore bodies ocntr us replacements of p n s t a n e  or of limestone 
or as  fillings in cnvities developed along fault planes, shear zones, or 
joint planes in peenstone or limestone. A few cxn~nplcs are Bnowrl 
of ore bodies to which the term '' fissure vein " might be appIied in 
its populnr sen*, but by fay the greater number of the capper de- 
posits are ngwga'ates of copper minerals forming ore bodies of 
irregular shape which are well described by the term '&bunch de- 
pits ," yet even the " bunch deposits" arc believed to owe their 
existence to the presence of faults or fmctulrs that permitted the 
circulation of copper-bearing solutions. Aggregates of copper min- 

aMomt, Fred H.. and MaBdren. A. G.. Jdlneml renoam of the Kotsina-Cbittna redon, 
AlsuBa : nllH. 1: R. Oml. Snrrey 5'0- 374, 1909. 

Moffit. Fred H., and Knopf, Adolph. Min~raT smronrcea of the NaWsm-White dlstrlct, 
Alaska: Bull. FJ. El. Gml. Survey So. 417, 11810. 



78 THE NlZLNA DISTRICT, ALAGKA. 

erals are fnr more common in the greenstone than in the limestone, 
but the largest deposits that haw been discovered up to the present 
are in limc~tone. Most of the cieposits in limestone are near the base 
of the Chitistone formation, yet there are n few notnble exceptions 
to this genprnl rule. On the other hand, the attempt to show that 
deposits in the greensto~~e are most. apt to occur near or nt the lime- 
stonc-greenstone contact w e  not snccesful, and the field evidence 
seems to indicnte that copper owyrs in nearly rrll parts of the forma- 
tion und thnt the location of ore bodies is dependent only en favor- 
able conditions of supply or for deposition. 

Although this part of this paper is intended to deal only with the 
copper prospects of the Nizina district, it is necessary in the descrip- 
tion of the ores to consider the district in its relation to  the rest of 
the Chitina region. The best examples of copper sulphides in green- 
stone are not found m-ithin the region under consideration but to 
the west of it. The copper minerals are bornite, chnlcopprite, and 
chalcocite, with secondav alt~rat  ion products, and they occur ( 1 )  
in irregularly shapecl ore bodies without nny conspicuon~l amount of 
associated gangue minerals or (2) as meII-defined veins accom- 
panied by a ganffae of calcite and qnarta. Ore bodiw of the first 
kind occur in shear zones or in jointed or shattered portions of the 
rock. The copper mirwrals f i l I  frnctures in the rock, or more com- 
monly they replace the rock itwl f. Bornite and cl~alcopyrite are of 
more common occurrvlnce than chaImite, yet some of the most pmm- 
king ore bodies in thc grcenstone consist chiefly of chalcocite. 

A careful examination of the many copper prospects leads to the 
belief that most of the ore bodies are of the ''bunch deposit" type 
and are a replacement of the greenstone by copper minerals carried 
in solutions tha t  circulat cd dong fracture planes produced by joint- 
ing, sIiearirig, or faulting of the country rock. The mineralized parts 
of the neenetone nro mitllout definite boundaries in many places, 
and the ore prnrles from solid sulphides t o  disseminnted gnins  or 
particles scat terecI tlirouch the greenstone, which grow fewer and 
fewer as distance from tlie fractures increases till they disnppear 
altogether. Sections of ore examined under the microscope show that 
the two sulphides bornite and chalcopyrite are closely tcwciated 
and are intermingled in such a way as to  sugpst that they were 
depsiterl at  the same time. Chalcopyrite is practically always pres- 
ent, even in ore that appears to  the naked eye ns pursbornite. ChaI-' 
cocite nccompnnies the bornite and chalcop~yrite in some specimens, 
and the nsswiation is such as to sug@ that the chnlcocite Tras 
derived from the poowr sulphides, but this was not definitely proved. 
A few of the deposits in greenstone consist entirely of chalcocite. 
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T h e  vein deposits nccompanied by gnngue minerals are associated 
with well-defirbcrl faults in nll the bed examples. The copper min- 
erals nre bornite and chnlcopyrite, and the gangue is chiefly calcite 
accompanied by quartz. Epidote is commonly present also. The 
veins pinch and swell markedly in short distances and in all the 
localities where they mere examined have h e n  subjected 50 faulting 
or othcr movement since their deposition. 

Copper deposits in limestone were formed by replacement of the 
limestone as a whole by copper ,minerals in so111tinns circulating 
along fracture planes such as faults, shear zones, or joints. T'fle cop- 
per minerals are chalcocite and bornite, accompanied by malachite, 
azurite, and in places coveIlite as alteration products. As a n ~ l e ,  
the boundary between ore and country rock is distinct, although the 
form of the ore body it-wlf may be very irregular. This is pnrticu- 
larly true where the copper mineral is chalcoeite. In deposits of 
bornite in limestone a dissemination of the ropppr mineral through 
the adjncent country roclr n-na noticed. and in st1c11 examples there 
is a gradation from ore to country rock similar to that in the green- 
atone deposits. One of the best ~xamplm of this kind shows a large 
proportion of chalcocite associated with the hrnite, nncl the deposi- 
tion of the cop;er was accompanied by a thorougl~ silicification of 
the limestone. Large masses of cllalcocite like that of the Bonanzs 
property are distinctly replnwment deposits in fracture zones. So 
fragments of Iirnestone nrc irlrllrdcd in tlle bmly of the ore, although 
isolated masses of chnlmci t~ are matterecl through the Iimestone. 
The ores nre most f r q t i ~ n t  n e w  the limestone-greenstone: contact, yet 
some of them must hr f~i l lp 1,000 feet ~ b o v e  the b a ~  of the lime- 
stone, It is a notable fnct  that amrite is far more common as a 
secondary oxidation prorlllet in the limestone replacement deposits 
than malachite and that i t  is not common in the deposits in green- 
stone. Smell reins of azurite with cores of chnlcocite show distinctly 
thta t 111e a z u r i t ~  in the Eonnnza mine was produced by the alteration 
of chalmcite. Covellite originated in a similar manner. 

SATLW COPPEB ASSOCIATED WITH TKE GBEEBBTOXE. 

Native copppr is asmciaterl with arnpflalaidal phases of the NikoZai 
preenstone and is also fount1 accompanied by quartz or by qilartx nnd 
epidote in veins cutting the ,geenstone. Most commonly it occurs as 
grains and srnalI slugs in the arnygdal~  and disseminated through 
the greenstone ~ n r l  ns films or leaves nnrl srna31 ~einlvts cliltirlg the 
 ree ens tone. Tabular masses deposited in joint plnnca without much 
doubt indicate the muy in which the l~rge  m a w  of native copper 
and Ithe copper nuggets in the Dsn and Chitit11 pl~cers were formed. . 
Snch masses found in pbce on the head of White Riwr are beliered 
to have resulted from the nlterntion o f  chalcocite. In a few places 
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in the tributary valleys of the Chitistone and Rotsinn rivers native 
copper occurs in amygdaloidal peenstone in nssoci~tion with mix- 
ture of copper oxide nnd carbonaceous matter, filling vesicles and 
frnctnres in the lavas. Such native copper as is kno- in the Sizinu 
district is probably due to the reduction of prcvioi~slp formed sul- 
phides or oxides, yet primary native copper is ltnown on the head of 
TIThite River. mere is a strong similarity between the native copper- 
bearing p x n m n e  of Chitina Valley and the amygdaloidal copper 
oms of Lake Superior. Specimens from tbe two rrpions could be 
selected between whkh it is doubtfill j f  close ob~lsrvatian could distin- 
guish. This similarity would also extend to the disseminated sul- 
phida ores in greenstone if by any menns the sulphides could be 
altered to n a t i ~ e  copper. 

. PzacEE COPPEE. 

N a t i ~ ~ e  copper is nssocinteti with silver and gold in the gravels of 
Chititu and Dan crwks. It, occurs in pieces that range in size from 
fine shot to masses weighing several llundred pounds. Tmo or three 
tubs of fine copper are secured at  each " clean-up" of the sluice boxes 
on Chititu Creek and give much difficulty in cleaning the p l d ,  since 
the finest of the  copp~r 1111s to bc removed by hand. Many of the 
nuggets contain natlvc silvcr., which shows that the copper and silver 
are here closclp associated in origin. The remarkable similnrity in 
form and nppenmncc between the copper nuggets of the Kizina dis- 
tr ict and the lnrgcr rnnsses of copper taken from the stamp mills 01' 

the Lake Superior region is evident to anyone who compnrrs thc 
two, since the chief  diff'rrences are that the placer copper has n s1igItlly 
smoother surfnce and Rn oxidized coating. The copper and silver 
are derived wholly or in part from the greenstone, Asqays of chal- 
cocite from the Bonanza mine and from other cnppcr orrs of the 
N i z i n ~  district have shown the presence of both silver nnd gold in the 
copper deposits. Srnnll particles of nntit-e sill-cr were found in n 
freshly broken specimen of greenstone from n bowlder on Chititn 
Crrek, ant1 an assay of the rock aim sl~owed j ts prcwnce. The silver 
was nssociated with calcite in small f rac tum Silver nugpts up to 
7 pounds in weight hnve been found on Dnn and Cbititu creeks, 
but where silver is associated with copper in the same nugget copper 
predominates, and in general silver i s  seen only as small particles 
in the copper. Copper is fotlnd only in thoso tributaries of Dan and 
Chititu creeks where greenstone pel~bles and hmldem form part of 
the stream gravels; consequently ,it oceum only where the gravels 
have been formed in part  by streams flowing through penstone 
areas or where there is n foreign clement in the grnwls that mas 
derived from a greenstone area nnd brought to its present position 
by glacial iw. 
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It is not yet pwsible to give a satisfactory acconnt of the origin 
of the capper deposits, buL some f e a t n m  of their history can be 
stabd with B considerable d e p  of certainty, and it is desirable 
to  do this, since i t may be of vnl~le in future development work 4 
history of the present deposits is concerncd chiefly with three prob- 
lems--the source of the coppcr minerals, Iha rnanncr in which they 
were brought to their present position and depositetl, nnd the changes 
that have taken place in them since they were deposited. 

It is believed that tho source of the coppr is within the Njkolai 
greenstone itself and tlirtt. only a vcry smnll part, if any, is derived 
from nn outside muroe, The chief argument in favor of this view 
is tha widespread and almost universal occurrence of copper miner- 
als in the peenstone wherever it is exposed. This is seen in hun- 
dreds of places irl nll parts of the formation, from the west end of the 
Chitina VsHey to h'izina River nnd the upper Chitha. Wherever 
fractures in f he preenstone huvo permitted wnter to circulah the 
green coppcr s h i n  i s  npt to be found. Probably tho copper was 
originally present in the form of sr~lphido in the lava flows, but 
this does not exclude the pmqibility of i ts  also having been combined 
in other minerals of the mck. Pyrite and chalcopyrite are of com- 
mon mcumnet! in the p n s t o n ~ ,  as is proved by both tho hand 
fipecimens ant? the thin wtions examined under the mimascope. 
This source is h~lievcd to be adcquate for supplying aI1 the capper 
concentrated in tha present om bodies. 

An exnmination of the p n s t o n e  in many places has shown t h ~ t  
considerabla c:lemiccl nllterat ion in its constituent minerals is ani- 
versnl. No fresh and unaltered specimens of the rock were found. 
Alteration begnn first and is gresterst in the pyroxene, rind in many 
placm this nIterntion is complete, 50 that lthcre now rcmnins onlp n 
mas of chloriiic or serpentinnus material. The feldspar hns suf- 
fered less, yet tha c l ~ a n p  are ndvancd. Opaque masses of brovn 
iron oxide appear to represent original grains or crystals of pyrite. 
or chalcopyrite. These chmgps have resillted in the prodtlction of . 
chlaritic and possibly serpentinous mntcrinl, calcite, qnnrtz. ltnd 
delemite. In places zeolitcs as thomsonite have been prodaced, 'but 
they are comp~rntively rare in the Nizina district nnd tho region to 
the west, although they are abundant in amygdaloids of the V71ita 
River region. 

Changes of the kind mentioned are usuallv considered t o  be 
~ccomplished thraugh the agency of circulating wnter. Chemical 
c h n n p  in the minerds of the basalts were mnde pmible by the 
presence of water and the s~~bstnnces cnrrjed in a~lnt~ion.  Ry the 
same means copper minerals mero talcen into ~olution nnd redeposited 

~ s ' - B ~ I I .  4 4 s - 1 1 r  
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11nder favorable co~lditions. Tt is a noteworthy fact that the Wran- 
gel1 Mountain region has been one of volcnnic activity since Car- 
boniferous t h e  at  least, and, although it hns not bcon possible to 
establish a direct relation between the copper deposits and nny 
igneous roch  of Iater age than the Nikolai greenstone, it is not 
unreasonable to suppose thnt the presence of heated rocks in the near 
~icinitp map have had nn important influence in promoting circu1a- 
tion in the ,menstone snd particularly in increasing the solvent 
power of the cireizlating water. 

As to the manner of deposition, it is hlieved that the capper taken 
inta ~olution by circulating water was carried into trunk ch~nnels 
and deposited there when the conditions were favorable. Specala- 
tions as to the exact chemical changes that took place are of velery 
doubtful value with the present knowledge of the facts and will not 
be attempted. Most frequently deposition took pl~ce  in the p n -  
stone formation, hut a t  times the copper-king waters passed out- 
side the greenstone nnd into tbe overlying limestone before piring 
up their mineral load. As s rule, the ore Mies were not formed by 
the deposit ion of copper minerals in open ca~ities, although openings 
sufficicnt to permit a circulation of water were necessarily prsent. 
Most of the ore is ti replacement of the conntrp rock i h l f  by copper 
stilphidcs. The replncement of greenstone is more nearly compIete 
adjacent to the opening through which water passed and grams less 
and Frss ns the distnnca from the opnings incw~ses. On the other 
hand, most of the limestone ore9 shorn a complete replacement of 
the limestone mjthrrtit any outside zone of disseminated sulphides. 

Exnmination with the microscope has shorn that bornite and 
chalcopyrite are ~~suallp nssociated in the greenstone deposits, even 
in h r n i t ~  o m  thirt show no chalcopyrite to the unaided eye. This 
fact, together with the manner in which chalcapyrite is scattered 
throng11 the bornite, might be taken ns presumptive evidence that 

- the bomite mas dcri~cd from d~nlcopyrite aarl is a secondary enrich- 
ment. This fact nlane does not amount to proof, but the seeming 
increase in cl~alcop$rib as depth is gained in some of the bornite- 
chalcopyrite veins, sttctl as the Xiltolni rein, lends some weight to the 
presumption. The presence of native copper nssociated with chalco- 
cite and brnite also points to the same conclusion, since native copper 
is usually reprded as of secondary origin. On the other hand, no 
e ~ d e n c e  was found in the chulcacjte dcposits in limestone, such as 
that of the Bonrtnzn mine, to indicate that the ore body has ever been 
anything other than what it is at prcwnt. The copper sulphide 
appears to have been depmited aR sllch, and a camfuI examintttim 
of the ore has failed to discover the presanm of other minerals than 
those produced by alteration of the chnlcocite. It, is donhtful if sec- 
ondary enriched ores could form under the conditions now prevailing 
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at the Bonanzn mine, since all openings snch as are due to joints and 
other Rnctures are filled with ice, ns is also the loose talus materia1 
below the mine on both sides of the ridge. Furthermore, the break- 
ing down of the ore and of the limestone indosing the ore body 
under the climatic conditions of this region proceeds faster than 
oxidation. The exposed ore on the ridge and loose broken-down ore 
on the talus slopes show only a thin film of oxidized material on 
the surface. Yet  thin veins of chalmite in the limestone and even 
large masses of chalcocite have been almost completely &red to 
azurite, which shows that oxidation has taken place either under 
present cohditions or. more probably, under enrlier ~ n d  more favor- 
able conditions, possibly before the late ice advance. 

The ore of the IVestover clnim, on Dan Creek, is an intimate 
mixture of chalcocite and b~rnite in silicified limestone along a. frat- 

, ture zone. The copper and ctlpper-iron snlphides are disseminated 
through the rmk in small gains and in veinlets cutting the rock. 
Most of the disseminated grains ars chalcocito, but the veinlets and 
the larger irregular masses are a mixture of cl~alcccite and bornite. 
The veinlets are later than the quartz inclosing them and pos- 
sibly later than the disseminated grnins in the quartz, yet the 
minerals of the veinlets appear to lx contempomeous. Them 
examples show how unsatisfactory is the evidence concedng the 
nature of the deposits, but they have some importance in that they 
do not promise greater richness in copper as the ores am foIlowd 
M o w  the surface. This point is empha~ized because of the belief 
on the part of many prospectors in the Chitina region that the de- 
posits will grow richer as Ihey nm more fully daveloped. The con- 
trary is more lilrely to h tmte, for nlthough they may continue with 
their present richness they am more apt to grow poorer than to 
grow richer. 

bESCRtPTION OP PKOPERTllW. 

P E X U ~ A L  ~ ~ a u i ? s .  

The better-known coppr propertics of the Xizina district may be 
divided into three groups-first, thr group in the vicinity of Bomnxa 
Peak, including the Ronnnza mine, the Jumbo, the Erie, and the 
Independence claims, together with the properties known as the Mar- 
vellous and Bo~lanaa estension claims; second, the Nikolai Creek 
group; and, third, the group that includes the T'Vesta~er claim and 
other neighboring claims north of Dan Creek. Many other claims 
have ken fitaked, particulerly along the limestone-geenstone contact, 
but there bas h e n  little development work done on them and they m- 
tribute little to our knowledge of the copper deposits of the district. 
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T h e  Bonanza mine is the most valuables copper property now 
known in the Copper River region. It is situated on the east side of 
Kennicott Glacier, at  the head of Bonanza Creek, and is tbe property 
of the Kennicott Mines Company. Bonanza Greek proper and its 
western fork head in a glacial cirque basin on the west side of the 
high divide between Kcnnicott Glacier and McCarthy Creek. Its 
two forks include the high ridge on which the copper deposit is 
situated. The stream is R ~ I I C  3 miles long and Rows in a south- 
westerly direction to the Kennicott Glacier. A post-office called 
~ e n n f c o t t  hns been established nt the mouth of Kational Creek, 
half a mile south of the mouth of Bonanz~ Creek and 4 miles from 
the mine, and the company's main camp and office are located at t.hat 
place: A wagon rmd leads from thc! mouth of Kational Creek to 
n point about 500 fppt  b low thr, mine and another foIlows the edge 
of the glacier south to 3ZcCarthy Creek. An aerial tram with a 
mpacity of 100 tons per dny hns k n  constractml and loading nnd 
delivery stations have been built, so that the mine is now practicaIly 
ready to begin the production of ore, altflough the storage blrnkers 
are not completed and no ore can be shipped ti11 the railroad reaches 
Kennicott. 

An examination of the geologic map (PI. IIT, in pclret) wilI 
make dear the general geologic conditions. South of XationaI Creek 
the: high ridge bekeen the glacier and McCarthy Creek consists of 
black Rennicott shale intruded by large masses of light-pay por- 
phyry. The Jurassic shales and intrusive3 are separated t)y an un- 
confarmitp and probably also by a fault from the groenstane and the 
overlying Chitistone limestone on the north. Eorth of Nntional 
Creek the p n s t o n e  and limestone appear. The strike of the  lime- 
stone is northwest and southeast, and its dip avers@ between 28" 
and 3ja A T -  It therefore cults diagonally ncross the main ridge 
from McCarthy Creek to the glacier. Still farther northenst the 
Triassic shaIes overlying the limestone appear, but are not of any 
importance in connection with the copper. 

The Donanza mine is situated on a spur that runs out t o  the sonth- 
west between tho forks of Bonanza Creek from the main ridge. This 
spur is crossed by the limestone-greenstone contact at a. point n h u t  
one-third of a mile from the main ridge. Where the boundary 
crosses tha crest of this spur it has an elevation of feet above 
sea level or 4,000 feet above the point at the mouth of Xational Creek 
where the tramway will deliver ore. On the northeast the spur 

a Since the Bonamsa mine wna virlted !n If407 much work bas &n done toward nudace 
development and equipment of the mlne inr abipptng ore. but work on the ore Itself 
hna not hwn nuch as 20 udd gwntly t o  thc knowlcdce of the -sit. For tbZa r e a m  the 
demlptlon hern glvcn ia b a a 4  lnrgely on the previonn dwcrlption pnbTtahed in Bull. W. S. 
Geol. Survey No, 374. 
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rises rapidly till 1,000 feet in elevation is gained, but on the south- 
west its crest is almost horizontal for a distance of about one-third 
of a rniIe, beyond which it slopes away steeply to the'forks of Be 
nama Creek {PI. XJI). 

The greenstone immediately below the ore body is variable in 
hxture and general appearance. Part of it is amygdaloidal; por- 
ph,vrific phhses are also present. Xrnygdulaq are not confined to the 
top of the flows but are present throughout from bottom to top. In 
same places they have hea dissolved o ~ t  on e x p o d  surfaces, leaving 
n vesicular rock that looks like a recent Iava. A bed of red and p e n  
shale having a thickness of about 5 feet intervenes between the green- 
stone and the overlying limestone. This shale forms a namw north- 
ward-sloping hnch for s short distance along the northw~qt side of 
the ridge, but is everywhere covered m+ith talus and is fond  only 
when tho rlAbris bas becn cleared away. The bench is clearly indi- 
cated by the maw banks in Plate XII. The b s e  of the lime- 
stone consists of not less than 40 feet of coarse p y ,  slightly argil- 
lnmus rock, wllose broken surfaces are covered in many places with 
Battened c:ylindrjcaJ bodies t l ~ t  immediately suggest organic lnsterial 
of some kind. SevernI specimens of these bodies were submitted to 
Dr, T. W. Stantm, who s q t s  that they are -probably corals but am 
too obscarc for jricntification. Over this basal limestone is.s bed a 
few feet thick of impure shaly limestone, and this in turn is over- 
lain by dark and light-gray massive b d s  which carry the ore bodies. 
The limestone dip RZ. the mine is slightly variable bui avenges about 
22" h'E. 

The lirnadone is 'brok~n 'by numerous faults and fracture planes, 
the most prominent of wllicll nre nearIp perpendicular and range in 
str ike from N. 40° E. to N. 70' E. A minor set of fault pIanes with 
about the same strike dips steeply to the west. Another set runs in 
a northwesterly direction, nnd in several places striations on slicken- 
sided surfam or clay senrns show thnt tho movement was horhontal. 
Fault planes with Iow d i p ,  some of them nearly horimntal, are also 
presenL Sone of the f nd ts  observed giva evidence of much displace- 
ment, but together with the n u m e r o ~ ~ ~  joints they afforded an oppor- 
tunity for minernl-bearing waters to  enter the limwtone. The prin- 
cipal f a d t  planes-those running from northeast to sont l~westform 
what may be described as a sheeted zone in the limestone that was 
h a d  north-northeast from the h n a n e n  mine for 13 miles. This 
zone has a width of 50 or 60 feet and extends through the shale bed 
into the greenstone below, but is ICSR noticeable in the greenstone 
than in the limestone. A vertical displamment of 2 fwt m u m  in the 
limestone-greenstone contact along ens of the fnnlt  plane in the 
shear zone and is the maximum displacement observed. 
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The copper ore is chalcocita. Considernble azurite has bee11 formed 
by oxidation of the chalcocite, and cocellite is reported also. CoveI- 
lite was not found in the specimens of ore collected .from the Bonanza 
mine by the writers, but good specimens of covellite were collected 
horn the MarveIlous claim half a mile to the northeast, and its occur- 
rence at the Bonanza is not questioned. The chttlcocite is in veins 
or tabnlmr masses of solid ore np t o  5 or 6 feet in thickness, in large 
irregularly shaped bodies, and in stockworks in the Brscciated lime- 
stone. Two principal veins of chalcocite nre: seen on the surface. 
They stand almost perpndicnlarly, 12 to 16 feet apart, and strike 
N. 41" E., forming the comb of the sharp ridge but crossing it at a 
slight angle, as the ridge a t  this place has a more nearly north-south 
direction than the veins. On the surface the veins do not extend 
down into the lower impure part of the limestone but end abruptly 
on reaching it. In places the precipitous northwest face of the ridge 
is plastered over with masses of solid chalcocite for a. &stance of 50 
or 60 feet ~ e r t i c a l l ~  below the top. 

Azurite appears an the surface of the chalmite and aIso as a lining 
of small vugs in the chalcocite, but it is present chiefly as thin veins, 
that form a network in the limestone and ere doubtless due to the 
alteration of original chalcocite veins, for some of the azurite has an 
inner care of chalcocite. Azurite is more conspicuous than chalcocite 
in the surfttce network of veins in the northern 150 feet of the ore 
body, but chalcocite forms the great mass of the remainder. The ore 
hodies formed along the northeast-southwest faults of the northern 
part o f  the deposit are not the direct continuation of the large chrtlco- 
cite veins a t  the south, but Iie in nearly parallel veins which cut the 
ridge at a greater angle, their strike being abut N. 60" to 70" E. 
The very rich ore can be traced on the surfaca for a distance of a b u t  
250 feet. It ends abruptly on the south in a nearly vertical limestone 
wall, but on the north gives place to the lower-pde ores, consisting 
of smll veins of nzurite and chalcocite mith scattered masws of 
chalcocite, some of them weighing severaI tons. This lower-grnde ore 
shows on the surfnce for a distance of at least 150 feet iortheast from 
the high-grade ores, and small scattered azurite veins extend still 
Z~rther in that direction. The ore, as it sho~vs on the surface, there- 
$ore, extends northeast and south%-est nlong the strike for a distance 
of 400 feet. The thickness, however, is more indefinite, but the very 
rich ore, mith its incIuded limestone, as seen a t  the surface, has a width 
of approximately 25 feet, although the thickness of ore sufficiently 
rich to be mined may be greater. 

A little chalcocite and Iess bornite are found in same of the shearing 
planes in the p n s t o n e ,  but they do not extend far into the green- 
stone. The quantity is small tlnd inconspicuous and might readily 
pass unobserved. A small amount of epidote is associated with it in 
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p b m .  The main shwr zonc in the penstone cuts an older set of 
qanrtz-epidote reins wbwe tlirectio~l is shoat north-nortltwest. The* 
veins do not intewcct the limestone. They reoeh n mwcimum thick- 

Rich om on surface 

200 f EET 

F t n m ~  E,-5ketcb map of the awn near the Roaanm mine. showing the Ilm~stone- 
grwnntori~ mntnet, the loeation of the richer owa on the surfnr~, and the tunnels. 

ness of I foot and carry small nmounts of chalcocite, bornite, and 
native copper. 

When the Bonanza mine was visited in 1907 two croswuts (fig. 5 )  
had been driven in the ore body in a direction h-. 38" IT. They are 
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therefore not exactly perpendicular to it. The longer tunnel starts 
on the enst side of the ridge,and 75 feet below its top; it is 180 feet in 
length and extends through to the west side of the ridge. The ~ i c h e d  
orc, consisting of large mas& of chalcocita with some included I h e -  
btone, is encountered a t  a distance of 90 feet from the tunnel's mouth 
and continues for a distance of 21* feet as me~sured in the roof. 
There are smaller bodies of chalcocite, however, for a distance of 10 
or 15 feet on either side of thomain ore body. About 115.fwt fram 
the entrance to  the tunnel a winze 33 feet deep was sunk in the 
are, and from the bottom a drift zigzags northward approximately 
110 feet. 
In 1909 a new tunnel had been driven bdow khis l o n e r  tunnel 

fmm tho southeast side of the ridge and connected by a raise with 
the winze. The new tunnel is 78 feet below the upper one nnd 
parallel with it. In July, 1909, it h d  h e n  driven 45 feet beyond 

HE. wall I 

I 1 

0. 5 ro 16ieet 

Frouau 6.-Bketch showlng iorm of wp h d y  rxmsed in thc upper northrm tnnnel at the 
nonanaa mlnr. 

tho raise but had not encountered any ore bodies 5s large ns those 
of the upper tunneIs. Several small lensea of chalcocite, the largest 
about 18 inches thick, were exposed in thc tunnel itself, but the rnise 
showed much more, for it cut the large body in which the winze 
was sunk. The absenco of the large chalcocite bodies in the lower 
tunnel adds some weight ta the opinion expressed after tba visit of 
1907 that the ore would probabIy not extend into the basal impure 
limestone beds. 

About 120 feet southwest of this tnnneI ifi a parallel tunnel driven 
horn  the wwt side of the ridge and 50 feet lower than the little saddle 
above it on the north. This trlnneI starts in a face of s l i d  chalco- 
cite and extends S. 3 3 O  E. for 50 feet. The ore, which is chalcocite 
with a small amomt of amrite, is exposed for 34 feet along the tun- 
nel, but is interrupted by horse of limestone. The remainder of 
the tunnel shows limestone cut by small azurite veins and in places 
containing R smaIl amount of chalcocite. 



COPPER. 89 

A better conception of the.forn~ of the ore bodies can be obtained 
by a11 ex:inlinution of figures 5, (i, and 7 than can be given in n 
written description. The Cn-o main parallel surface veins afford 
only an imperfect idea of the deposit. Those two veins represent a 
total replacement of limestone n long minm zones, where shearing 
was most intense- The two tunnels shorn that not only is the lime- 
stone replaced along the nlain slrei~r zone but that mineralized waters 
followed minor fracture planes also, and thus yielded the low-lying 
ore bodies and p n t  irrcg~~lnr masses seen underground. Between 
and around the large rnas5tbs of cllnlcocite the limestone ~ v a s  shattered 
and filled mith mnny small veins of  ore, which formed a stockwork 
that is most notic~nltle in the lvinxc tunnel and on the surface north- 
east of the main ore Lmdy. A s  n r~rlc, the brittle chalcocite is very 
little fmctured. The limedone, on the ather hnnd, is greatly shat- 
tered and is filled wit11 illin rpias of culcita whiclz are older than 

RW. 
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Frou~n 7.-Sketch uhowlug tom of ore body expmrd In tho pouthprn ttlnnel at  the 
Ilonanza mlnr. 

the ore deposition. Open cavities in the frnctiired limestone llavo 
been filled mith ice, and both the country m6ck arid the talus on eit,her 
side of this ridge, except for n fern feet at the surface, nm Iromn 
nl1 summer. Tl~e talus slopes below the ore lmdy contain n large 
quantity of chnlcocite resulting from weathering of the veins above 
and are a valnxble source of copper. 

It is R suggestiv~ fact that, although the main shear zone of the 
Bonnnzu rninr: extends from the limestone through the thin shale 
bed into the greenstone below, the large dialcocite bodies, so fnr os 
can be detemincd on the surface, end nhr~lptly at the top of tho im- 
pure shaly beds forming the lower 50 or 60 fcct of thc lirnedonc. 
Copper minerals are associated mith the shenr zone in the gmnstone, 
b u t  only in small amount. r2pparent.I~ the impure thin-bcdded pnrt 
of the limcstone mas A less favorable place for deposition than tho 
purer massive 1wds nhove. This fact bas a practical bearing an the 
quantity of ore prcxnt, for it is evident that if the same condition 
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continues underground it limits the downward extension of chal- 
mite  in the limestone. The continuation of the ore body to the north- 
enst mill  probnbl y be limited chiefly by the continuation of favorable 
cnnditions for deposition in the shear zone in t h ~ t  direction. The 
exnct conditions which determined the deposition of the Bonanza 
ore body are not known; possibly it was the presence of a shear 
zone favarable to circulation; bnt its occurrence, together with that 
of the Jumbo and tho Erie chalcocite bodiefi to the northwest, next 
to bo descritled, indicnics that  favorable conditions for deposition 
have been estnblisl~ed in more than one place and offer encouragement 
for seeking other chnlcocite bodies at tho base of the Chitistone lime- 
&one. 

J V Y B O  QLAIM, 

From the Bonanza mine the Cl~itistone lirncston~ contini~es north- 
westward in a succmion of lofty cliffs aR f a r  as Kennicott Glacier. 
Tho base of these cliffs is a t  the peenstone contact and in many 
places contains veinlcts and strinprs of azurite or chaIcocite. In 
at least two pIams the quantity of thcw two minerals, especially of 
tho chalcocite, is SO great as to make the depmits; af commercial 
importa ncc. 

The ore Body of tho Jumbo clnim is 4,600 feet northwest of the 
Bonanza, at the head of Jumbo Creek, and is located in limestone 
j u s t  shove the greenstone-limestono conhet on a An11  so~~thwcst~vnrd 
projecting spur or anglo of the limestone di if. Sonth of it and nearly 
200 fwt below is the glacier in which Jumbo Crwk hmds and whir11 
must be crossed to m c h  the ore body. The Jumbo nnd Ronanxn ore 
bodies m e  at pmctiml~y the same elevation above sea level, appwxi- 
matply 6,000 f&,. 

The limstone at the J u m h  is made up near the barn of slightly 
cherty bids ranging in thickness from 8 ta 12 inches. The strike 
is N. 65O W., the dip 35" K. A tunnel 12 f ~ e t  long was started on the 
south face of the ridge, 10 feet ahova tha pcenstone. The limestone 
is joinhd or cut by minor faults parallel to the bedding ant1 is crowtl 
by veins of calcite from I to 2 inches thick. Thin wins of ctlalcocite 
and aznrite accompany them and fill some of tha fractures. Seven 
fcet above the tunnel mouth is the east end of a l a w  chal~ocit~e maM 
which is well exposed on the axis of the ridge. As indicated on the 
surface, this body of ore is s mass of solid chalcocite 30' feet long, 
6 feet by 4 k t  6 inches at. the west end, nnd tapering to a diameter 
of 1 foot at the east end. It appears to be a a d e l y  lenticular or 
possiblp a w n i d  body, bat has imgtrlarly shaped protuberanca, as 
may he .wn at the west end, where the steep west face or slope of tho 
spur gives a cross seetion af the ore body. (See fig. 8,) 

A little wny east of the Jumbo tunnel is a second tunnel in lime- 
stone a short distance above the greenstone. The tunnel runs nearly 
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, north or slightly to the northenst in lim~stone that strikes N. 65" FV. 
and dips 26" N. In the tunnel, whirh is 12 feet long, the limestone 
is cru~hed and jointed. Small reins of calcite find azurite up to 24 

. indm in thicknas fill joint cracks especially set of perpendicular 
minor faults or slip planes running 5. 70" TV, NO chalcocite is ex- 
posed in this tunnel, but it is believed thnt the azurite indicates its 
former presence. Fifty feet below the tunnel a lenticular vein- of 
chalcocite 3 inches thick st its widest part and 3 feet long was found 
in the ~imestohe. 

e CROSS SECTION 
3 

i LoNG~WPIHM sEcTtoM 

0 5 10 15 20 feet 

honan 8.-Sketch of thn on! body a t  the Jumho flnlm. 

The Erie claim is the property of the Kennicott Mine3 Company 
and is siltuotd on a steep mountain slope near the ea& side of Renni- 
oott Gl~c ier ,  31 miles north of Kennicott, at the montlr of Nntionnl 
Creek. The discovery point i s  a l i l  tlc more than 1~000 feet above the 
nearest point of the glacier and is n t  the limestone-greenstone contact, 
which here strikes N. 78" TITT and dips 38" TJ. Between the limestone 
and the greenstone is a bed of grcenisb shnIe of variable thickness, 
but ranging from 12 to 18 inches. Thcre is also a very thin bed of 
shala not more than 1 inch thick in the limestone 8 inches above the 
base. There appears to have h e n  movement between the Iimestone 
and the greenstone along their plane: of cmtnct, m d  they were 
further distnrhed by srnnll faalts cutting across the contact at high 
unples to the bedding in such :h way that a t  one place s wedge of 
greenstone projects into thc lirnc~tone. The larger shale bed contains 
many noduIes of cha1copyritc from one-hnlf inch to 2 inch& in 
diameter, and with the chalcnpyrite there is associnted more nr less 
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hornite in the larger nodules. Abundant scales of azurite are scat- 
i~rerl through the shale. So development work has been clone on this 
claim further than to clear away (he dPbris nnd m n k ~  an open cut 
nlong tho contact so as to expose the copper-bearing shale. 

~ ~ E W C E  CLAXXB, 

Tha hdependenro group of c'lairns, belonging to the Kennicot.t 
Mines Company, is on the east side of the divide that wparat~s the 
head of Bonanza Creek from McCarthy Creek and is from 000 to 
1,000 feet lower than the saddIe where the limestone-grcenstone eon- 
tact crows  the ridge. The cdpper minerals occur in small veins that 
contain cnnsiderable cnlcite and belong to a sheet4 mne striking 
K, 38O E., thus  crmsing the contact almost at right angl.les. This 
zone passes from the peenstone into the limestone and has its grcnt- 
est width (about BO k e t )  a t  the contact. TIE ore is found in the 
greenstone only nnd consist8 essentia1lp of chalcocite, mhicll fills fiac- 
knres and is rlimeminnted through the p n s l o n e .  It is later than tht! 
calcite filling of the sheetdl zone and gradually disappears with 
increnaing distance from the zone of mineralization. The main sheur 
zcme intrrsects a syslenl of qanrtx-epidote veins striking N. 78" E. 
and carrying a m a l l  amount of bornik. Them is a marked similar- 
ity between the occurrence of copper sulphides in the greenshne at 
this locali2.y and at  the Ronnnz~ rninc, but there is no chalcocite body 
in the limestone of the Inclepeadencc? clairn. 

'Ilm shear zone; in which the Bonanza ore was deposited extends in 
a direction about N. 30" F. from the Ijonanza mine for a distance of 
more tllnn a mile. It crosws the saddle between Bop~nza C m k  and 
the dncicr on the north and extends to  tho high point of the ridge 
running nori.llenst f rom Bonanza Peak. It wns rlot traced beyond 
that point. There is no evidence of displacement, but there is a shear 
zone of indefinite width made up of innurnernble mal l  paralIel frac- 
tures filled with calcite and crossed by minor fault plnnea. These 
fault plnnps nm believed to have had an important and perhaps a, 

controlli~~g influence in the deposition of capper. 
All the Bon~nza faullt northeast of the %nanz~ property is owned 

by the Mother I ~ d e  Copper Mines Company and the Ikughton Alaska 
Exploration Campmy. TIltr pri ne ip~l  exposures of copper minerd~ 
are on the 3farvellot1s claim, where a number of short tunnels have 
heen driven. The lfnnvellous claim is on the north side of the glacier 
east of Bonanz~ Peak and is about 2,800 feet above the valley of 
h1cCnrthy Creek. 
kt the south tunnel of the Marvellous the limestone is cut by 

nlrmemns closely spaced parallel joint or shear planes, many of which 
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am filled with calcite and are conspicuous because they are lighter in 
color than the surrounding limestone. They strike N. 70" E. rand dip 
7'0" to 80° h'. The tunnel is 15 feet under cover and exposes a vein 
of chalmciter from 3 to G inch% wide striking N. 60" W. A b u t  30 
f e t  north of the tunnel's month and 25 feet lower is a vein of chalm- 
cite in calcite that reaches a rnaxim~im thickness of 9 inches. It 
strikes N. 60" E. and dips GOo to fiZ0 W. The vein is in a well- 
defined fault plane and can be trncerl for nearly 200 feet from the 
tunnel's mouth. In places it pinches to a thickness of 1 inch ~ n d  
carries no ore. Fine specimens of covellite in chmlcocite were ob- 
h i n d  from this locality. There is a second parallel vein 12 feet to  
the north, but it is not so long. 

The main junnel of the Marvellous is 300 feet northeast of the 
south funnel and rnnv 100 feet S. 88" TT. in dark-gray limestone. The 
vein is a stockwork of small calcite reins, with clialcocite and azurite 
in crushed limestone. Abaut 20 feet from the face i s  n crosscnt I) feet 
long where there is a vertical fissure in the limestone striking N. 2s0 
E. The fi~s11re is filled with calcite and carries cl~alcocite and axtrrite. 
It has a thickness of G inches. The limestone is much discolored by 
iron oxide. Above tho tulinel is a large mass of azurite formed by 
the oxidation of chnlcocite whose downward extension the tunnel 
was expected tp strike. 

A third tunnel, called the north tunnel, was sta=ted on the Mar- 
vellous claim 200 fwt northeast of the main tunnel and 100 feet 
above it, The copper minerals nl this exposnre occur along bedding 
planes of the lim&on~, which here sfrilzes N. 40' IT. and dips 35" E., 
and along fault plancs that cross the b-dding. Thc faults strike N. 
10" W. nnd dip 44" 6. 

NIKOLar CLAIM. , 

The Nikolai claim is located near the head of Nilrolai Creek, 39 
miles northeast of the junction of Nikolai nnd McCarthy creeks and 
2,150 feet nbovc it. The exposed ore body is situated near the top 
of the greenstone forrnntio~~, about 150 feet below the base of the 
limestone, and is associated with a fault which cuts the limestone- 
greenstone contnci at this plnce. It is composed mainly o f  chalcopy- 
rite and hrnite stnined with oxidation prducts. 

rXn examination of figure 9 mill show the relntion of the ore body 
to the awwiated formations. It will be seen that the limestono and 
greenstone beds, which here strike N. 60" W. and dip 30" NE., 
are cut by a fault running N. 50" E. and dipping vertically or high 
southeast. This fault makes an offset af 300 feet in the limestone- 
greenstone contact and has producad a vertical displament of the 
Ws amounting to 150 feet. The course that it follows in the lime- 
stone or in the greenstone at a distance from the contact is difficult 
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to trace, but the posj tion of Nikolai Creelr enst of the Nikolai mine 
mas probnbIy determined partly by the fault, as was a h  the de- 
pression betmnen the small knob on the south side af the Nikolai ore 
body and the h a  slope still fartha~ muth. Open spaces between the 
limestone and the peenstone along the fauIt pIane were filled with 
massea of coarse white calcite. This filling, however, was not seen 
where both walls of the fault are limestone or greenstone. 

The main h'ikolsi vein makes a aIigiat angle with the principal 
fault and lies to the north of it. It striltes S.  5 5 O  E. and dips 10" 
PE. The ore body was produced by deposition tlnd mplamment in 
a shyr zone in the greenstork that has a width ranging on the sur- 
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face from 4 to 6 feet. Deposition of copper minerah was confined 
to s part of the shear zone that  bms a horizontal extent from north- 
east to  aoilthvest of 150 foet, but the shear zone i t d f  can be traced 
100 feet farther southwest and 350 feet farther northea~t, making 
a total exposuI.8 of COO feet. 

Several open cuts were made an the vein m d  a shsft was sunk 
in the ore body near its northern end ,a few feet abow the creek 
Fifty feet south of the shaft two open cuts expose a second fault 
mns parallel to  the first, along which copper rnineds were depmited. 
Itwastraced fora clistnnceof 50 fwt on thesmface. M o s s a n d l ~  
rock hide it beyond these limits, bnt i t  evidently is much more poorly 
developed than the f nldt w n e  to the north. 
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Another set of fractures or joints, wit11 strike N. 1 5 O  W. md dip 
POo W7,, is asminted with the northeast-southwest fanli-ing but dws 
not nppenr to have resulted in uny important displacement or to 
have offered farorablo chnnn~ls for c i r c ~ ~ l a t h g  mineral solntions, 
although the openinp nenr the main vein were followed. Still 
other fraettires tare present which were not recognimd' as belonging 
to any definite system. 

Thc coppr minerals that f o m  the Nikolai ore body occur partly 
as a filling in preexisting ca~~ities and partly as a replacement of 
greenstone ncnr the cnvities. The principal copper mineral, is chal- 
copyrite, but with the chalcopyrite is associated considerable brnite,. 
Tl?tere the copper minerds were deposited in ca-idties they are n s o -  
sintetI with other rninernlwlcite, epidote, and quartz; where they 
~eplnee was tone  the other minerals, if they can be didinpished 
at  nll, BW less in evidence. 

Depmition was gwatest within the sheared and broken rocks of 
the fault zone, dollbtlcss because the apportunity for circulation wna 
best there. The p n s t o n e  walls, within A foot or so of tha fault, 
ara sheeted with innumerabfe tiny pnralleI fractures now filled with 

, chalcopyrite, giving the TO& s banded appearance. &position, 
hawaver, was not confinecl to these reinIets. It took pl~ce nlso hy 
replacement of the roc]< itself, so that the peenstone between the 
veinlets is impreptlted with copper s~dphidc. SrnnlI reins from 
ane-fourth to one-half an inch thick show n h n d i n g  of minernls in 
places and give a clue to the order in wbich the minerals were depos- 
ited. The greenstone walls are ccoccr~l by tl. multitude of srn~ll 
epidote crystals, with occasionaI crystnls of quartz, and after them 
calcite was deposited. Groins ant? arnnll lumps of clmlcopyrite me 
scattered through both calcite and epidntc. The ore taken from the 
shaft consists largely of chalcopyrit~, nnd the dump shows that there 
is considerable caIcits and qn~rtl: assminted with it. Bornite de- 
creases-B f a d  that is t a k ~ n  as evidence thne this mineral belongs to 
the upper enriched part of the vein and thut the ore mill be found 
to consist of chalcnpyrite as depth is gained. There has been some 
movement along the fault since the ore was deposited, but it prob- 
ably has not p r d u d  rnurla cl isplacement. 

The Westover claim, mltich is owned by the Alaska United Ex- 
ploration Company, is on ttw en* side of Bowlder Creek, a little less 
than 2 miles north of the junction nf Bowlder and Dan creeks. The 
dimvery o~~tcrop is rt mass of bornite 3,5ir)(l feet above the 3 a t i  of 
Nizina River and n h o ~ ~ t ;  375 fwt aho1-e the glacier moraine of 
Bowlder Creek vnlley. It is situated at  the contact of the C';hitktone 
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GOLD. 

~ D n C T I O X .  

I All the gold produced in the Chitina Vnlley has come from the 
placers of Dan, Chitita, and Young creeks. Chititu Creek is the 
principnl producer, and after it comes Dan Creek. Young Creek 
has had only n m a l l  output up to the present time and may almost 
be disxegnrdd as a contributor in past Fesrs, but with lower freight 
rates nnd cheapened cost of prodaction it may become of greater irn- 
portance in the future. The total gold prodnction of CIiititu and 

' 

Dan creelrs from 1903 to 1909, incl~zsive, may be estimated with a 
considerable degree of accuracy as between S60.000 and $5;Fi00,000, or 
an average of about $63,000 a year. There i s  g o d  reason to believe 
that with the installa tion of new equipment on the compIetion of the 
railroad this yearly average will be much increasd. 

BOURCE OF THE GOLD. 

It may be said wit11 certainty that the source of the placer p l d  of 
Dan, Chititu, nnd Young creeks is in the black shales of the Kenni- 
cott formation. Tbis is clearly slzomn bp the distribntion of the goEd 
itself. All the tributaries that flow into Dan ~ n d  Copper creeks 

. from the northeast, including Dnn Creek nbore the mouth of Copper 
Creek, lie within the limestone-greenstone aren nnd carry no plld. 
All the tributaries that flow into Dan and Copper creelrs from the 
southwest head in the shale aren and all carry gold. AU the gravel 
deposits of Dan and Copper creeks except n pnrt of the bench ~lnd  
stream p a w l s  on lower Dan Creek are derived from sources within 
the drainage basin of theae streams. No foreign material was found, 
and there is almost no possibility that any ccll~ld be present, for the 
whole basin iq surrounded by stwp walls which probably never 
were M o w  the surface of the ice fields during the time of greatest 
glaciation. 

All the tributaries of Chitifu Creek originate within the black 
shde aren and all carrg gold, but here, as on Young Creek, part of 
the gravels arc of foreign origin broright in by glacial transportation. 
Rex Creek is the one exception to this statement, for its p v e l s ,  save 
in the lower mile of its course, are all derived from within its own 
drainage basin. The gravels of the npper Rex Creek valley are 
derived h r n  the black-shale ama and c a r v  gold. No evidence was 
obtained to indicate any other source for the gold of Ghitit-u snd 
Dan creeks thnn the shales lying between Dan nnd Young creeks, 
although all the copper and probably all or nearly all the silver of 
Chititu Creek came from an otltside source. 

Many m a l l  qanrtz veins carrying pyrite and native gold have been 
Found in the black Rennicott shales between Copper and Rex m k s .  



' They range in thickness from less than nn inch to  several inches and 
nre believed to have a close relntion to the porphyritic intrusions in 
the shales. Molybdenite is present and stibnite is also reported 
from these veins. The placer gravels contain, besides the metals 
gold, silver, and copper, such heavy minerals as galena, cinnabar, 
bnrite, pyrite, and possibl?~ rnarcasite. Kative lead with a white 
coating, thought to be cerosite, mas found in the sluice boxes on 
Chititu Creek, but mny ha\-e been introduced by white men or 
natives, for bullets and shot are common. Sot; a11 of these minerals 
have hen  found in plnce in the rock, but it is probable that they 
also are associnted with the quartz veins etnd porphyry intrusions. 
Thin veins no thicker than a sheet of paper are' common in joint 
planw of the hard argillite bowlders in the stream gravels. They 
contain quartz, pyrite, and in pInm free gold. A thin vein less 
than one-fourth of an inch thick was found in s porphyry dike on 
the apper part of Rex Creek, whidl consider1 of quartz with rnolyb- 
denite and pyrite and n8sayed 0.18 ounce gold and 12.80 ounces 
silver to the ton. The dike rock near the vein, ahhongh seemingly 
little altered, contained pyrite and showed a trace of both gold and 
silver. There is thus good evidence for the source of the gold aside 
fmm that  furnished by its didribution in the gravels. 

The goId in the stream gravels is in part a concentration from 
the bench gravels through which the streams have cut their chan- 
nels and in part a concentration from the prodnets of a t h e r i n g  
derived directly from the shales end the auriferous reins. Probably 
the greater part is a reconcentration from the older deposits. Ex- 
tensive nccumulations of high bench Lg-nvels are present on both 
Dan and Chititu creeks. They are best de~~eloped on the lower 
parts of the streams but extend into m e  of the tributary valleys. 
The bench grarels of Dan Cre~lr ertcnri west froin the neighbnrhmd 
of Copper Creek and around to the west slope of 'IlrilIiarns Penkp 

. where they reach an elevation of over 1,200 feet above the flats of 
Nizina River. The bench gravels of Chitit11 Creek reach an eleva- 
tion as great as or greater than those of Dan Creek. In both plam 
they represent a filling in old valleys through which the present 
strertms have cut their channels nnd in so doing harc reconcentrated 
a great volume of ol$er deposits, derived partly from the upper 
Nizina Valley and the region east of the hends of White ~ n d  Young 

. creeks but chiefly from the drainage hs in  of Dan and Chititv 
creeks. When the bench gravels were laid down the two great 
ice streams that came down the Nizins nnd Chitina valleys mere 
still in existence, a l tho~~gl~  on the retreat. They formed the bar- 
rier behind which it wns posaiblp for a ~ c h  rleposits to  rtccum~~late 

oPPllltama Penk In nlmpn lo honor nf .Toha M. will lam^, a ploneer gmpector nt the 
HlsIna dl~trlet, who wns klllcd In a ~ a m s l l d e  om Bonanza Creek on April 7, 1809. 
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ancf bought to the bench gravels that part of them which is forhgn 
to Dan and Chititu creeks. It is impossible to say what proport f on 
of the gravels consists of foreign material, but it is believed to be the 
smaller pert. Some of the berich gravels carry p l d  in sufficient 
quantity to be of commercial importance, as has been proved a t  a 
number of places. A reconcentration of such deposits aman ts in part 

. for the greater richness of the stream gravels. The process that 
brought about this concentration is exactly the same in principle as 
that carried on in the miners' sll~ice boxes on a mnch smaIler scale bnt 
in a much shotter time This concentration i s  probably slower at 
premnt than it was before the streams had cut through the deep 
gravel accumulatians and intrenched themselres in the underlying 
hard m k ,  but it still goes on, for erosion of the bench gravels has 
not ended. 

PTAACER I)F,POStTl3. 

Dan nnd Copper c r w h  may well be mprded as m e  stream in 
spite of whatever accident or design resulted in their having dif- 
ferent names and of the fact that the upper pnrt of Dan Cmek some- 
times carries as much or more water than Copper Creek. A refer- 
ence to the geologic: map (PI. 111, in pocket) will show that the 
two streams follow closely the course of the fault thnt gave the 
older greenstone and the limestone on the north their relative ele- 
vation above the hse of the Kennicott forrnrtion, With unimpor- 
tant exceptions, the north side of the Dan and Copper clwk val- 
leys is in limestone and greenstone, the south side in shalea of the 
Kennicott formation. Slost of Copper Creek is in a broad glaci- 
ated valley, but at a point nearly 1 mile above it9 mouth the creek 
enters a narrow rack-walled canyon that opens slightly below Cop- 
per Creek yet extends down Dan Creek nearly s mile. Dan Creek 
rallep below the canyon is narrow and shut in by steep mountains 
as far as the flsts of Nizina River. 

During the ice invasion the Copper Creek valley was swept clear 
sf mhatcver unconsolidated deposits may have accumulated, ~ n d  
the form of the valley was considerably modified. When the ice 
was retreating some glacial dQbris was left on the valley floor, but it 
is of less importance in connection with the gold placers than the 
accumulations of stream gravels that have been laid down since the 

.glacier disappenred. In this respect the placers of Copper Ckek 
are different from those of Dan Creek. 

All the tributaries of Copper Creek on its south side, as Idaho, 
Bader, and Seattle gulches, carry gold, but most of the output of 
the creek' comes from near the mouth of Rader Gulch. Past of the 
go-id is from the gulch itself and part is from Copper Creek, just 



GOLD. 101 

below the gulch. The gravels are all shallow. T h w  in the mouths 
of the gulches are composed almost entirely of shale, chiefly from 
the ICennicott formation but also in part from the McCarthy shnla 
They occupy narrow gulches and accumulate so rapidly that the 
streams have difficulty in removing them. The gravel depmits of 
Rader Gulch are of this cl~urncter. They consist of loose shde 
fragments and occupy only n few hundred feet of the lower end 
of the gulch, for h o v e  them thc grade is so high and the channel sa 
narrow that tha water rernovw loose mnterinl rapidIy. The p v e l s  
of the main stream contain nlaterial from all the fom~tions within 
the drainage basin. At Rndw Gttlch they form a narrow flood-plain 
area between the moantain slope on the southwest and n, low ridge on 
the northeast. They contain considerable course rnaterial mingled 
with blwks and bo~vlders of origin and much fine material 
derived from the shales. The goEd is not n concenltration from older, 
lower-grada rleposits but is derived directly by weather~ng and by 
d m m  concentrtttion of the p~.oducts of weatllrring. The source of 
most of tllc gold is clearly indicated by i t s  position in the gravels 
ah and just below the mouth of Rnder Gulch and the presence of 
worhblo gravels on the lower part of Rader Gulch. 

Idaho and Seattle gulches resemble Ztader Gulch in their form end 
the character of their gravel deposits, but they have not 'been found 
to c a r r y  os mneh gold. 

Copper C m k  is difficult to ~ a c h  with supplies except in winter, 
for the canyon makes necessarg a Itigli climb of more than 1,000 feet 
around the side of TTTiIlinrns Peak. Men on foot, however, can fol- 
low the creek. L o p  have been placed across the stream in the can- 
yon and make it p o ~ i b l e  to avoid bad places. Mining on Copper 
Creek is done wit11 pick and shovel. There is n small supply of 
timber for firewood and for sltlice boxes, but it would not be ade- 
quate for extensive mining operations. Good timber for lumber can 
be secured along h'izina River, but the expense of carrying it to 
Copper Creek under present conditions, except in winter, would be 
F a t .  

The gold of Dan Cpeek has a less simple hiatory than that of Cop- 
per Cmk.  It is in part a reconcentr~tion from older gold-bearing 
bench gravels and in part, like that of Copper Creek, a concentration 
from the products of later erosion. Old high-bench gravels are 
found on both sides of Dan Creek, especially on the lower part, but 
near the west end of the canyon they lose their prominence and dis- 
appear altogether a t  or below the mouth of Copper CreeIt. Dan 
Creek has cut its p m n t  channel down through this p a t  atcurnu- 
lation of glacial and stream depositss and into the shales beneath. 
The stream gravels consist of greenstone, limestone, and shale. They 
form between rock walls a narrow flood plain overgrown with timber 
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and in many places of less width than a plncer claim. A large part 
of the gravela consists of bowlders ranging from cobbles t o  masses 
several feet in diameter. Mmt of them, however, are not too large 
to be moved by hand. A11 the fragments are rounded They were 
deposited by a rapidly flowing c~~rrent and the hdding is poor. 
Buried spruce logs and fmgments of mood are common. ?'he gravel 
and its slight covcring of soil range from 8 t o  12 feet in depth. 

Dan Creek gold is coarse and smooth and is n ~ r n ~ a n i e d  by silver 
and copper. It has been concentrated on bed rock or within the 
lower 2 feet of the grnvel. A lnrge proportion, however, finds its 
way into the cracks and crevices in the shale, so that in piaces a foot 
or more of the shale has to be removed to reco17er all the metal. An 
unusual feature of the gravels of Dan Creek is the small quantity of 
fine gold found in them. Very little fine goId is recovered in the 
duice boxes and practically none is found in panning. Numerous 
prospect holes show thnt the gold is well diytributed across the chan- 
nel and have failed to disclover the presence, of a concentration into a 
defined pay streak. Resirie the holes sunk on the flood plain, tunnels 
have been driven along bed rock at the base of the bench gravels 
above the present Aoocl plain. The depth to which the creek has 
incised itself in the shales is not constant but is rarely less than 10 
orWl5 feet. Thus the bnse of the bench gravels or the '' rim " of the 
channel stands well above the creek The tunnels driven in the 

- bench gravels show the presence of gold in sufficient amount to be of 
commercial irnportnnc~ nnd in severrtl place9 in sufficient nmotint t o  
pay for extraction under the expen~ire methods nwessary in pros- 
pecting the gravels, but the final test of value will come when an 
attempt js made to ~ X ~ P R C ~  the gold on ft large scale. 

An old channel fomerlp oceapi~d by Dan Creek lies in the bench 
gravels on the south side of the present stream. It runs on the south 
side of the s m d l  mnnd hill west of the rno~lth of Copper Creek and 
follows the hillside to the west: but it h ~ 8  not been traced definitely. 
Doubtless much of it has been renlovcd by erosion. Its gravels carry 
gold, and an attempt has been made to exploit them in a small may. 
but without great sncce~s. 

Dan Creek is favornbly situated with reference to timber far 
mining purposes and has a good snpply of water. W 1s reached 
without any difficulty from the Xizina, and r wagon road for hauling 
timber and supplies has already been built. MI mining to the present 
time has been by the ~irnplest methods. The one employed for several 
p a r s  is to undercut t h ~  hnnk with n stream of water and by washing 
away the gravel to leave the gold. Bowlders and small rock are 
piled parallel with the bank and only a few feet from it. Then water 
contmEled by dam and ptes is turned in and forced against the bank, 
undercutting it and carrying away mast of the h e  gravel. The large 
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I mck~ am piled back by hand and the remaining k e  gravel and gold , . . ':. . . \ 
'are shoveled into sluice bxes, after which bed rock is cleaned. Prep 
aration has been made for installing a hydraulic plant on Dan Creek, 
s~nd it will be put in place as soon as the railroad is completed and 
better facilities for carrying freight are estaMished. 

Chititu Creek and its two branches, Rex and White creeks, lie 
wholly within the area of Gennicott sediments. These streams, like 
Dan Creek, have cut their prese~lt channels through the old valley 
filling and entrenched themselves in the black ahaIes. The omount 
of this entrenchment is variable, ranging from nothing below the 
canyon on Chititu Creek to GO or 70 feet on White Creek, but the 
increase is not uniform. It is about 30 feet at  the mouth af White 
Creek, but is greater than that in places farther down on Chititu 
Creek. It derreases as Rex Creek is ascended nnd elso on the head of 
White Creek. T h e  canyon on Chitit11 Creelt is due to the presence of 
a large porphyry dike in the bInck shales, which has protected them 
from rapid stre.eam cutting and confined the water tx~  a nnrrow chan- 
1 The canyon is small but mnrks the domn~trenm limit of gold- 
bearing gravels that are now consided of commercial importance. 

Ahve the rim of the shallow trench cut in the shnles by the stream 
am steep bank of rudely assorted gavels.  The top of the gravel 
bluff at Sunday Gulch is a little mere than 500 feet above Cbitite 
Creek. Half a mile clownsirc~rn the top of the bluff is 750 feet 
above the creek, but from this point on the difference ,mws smaller 
till the bench gsavels merge into the p v e I s  of h'izina VaIIey a 
short distanm below the cnnyon. Bench gravels are prominent on 

I Rex Creek for a mile or morc nbrc its mouth, bnt they either were 
not. deposited or have been rcmoved from the upper end of the creekf 
where the unconsolid~ted accumulations are wholly glacial d6bris. 
A large part of the bench deposits of White Creek have been eroded 
away, yet they extend up the creek in conspicuous exposures for a t  
least 2 miles. 

The richest gold-pmducing gravels of Chititu C m k  are the stream 
gmr.els: they include nll of Clri titu Creek above the canyon, together 
with R large part of Rex and White creeks. The most importnnt 
parts of these cmeks, viewed from the standpoint of gold prodnction, 
are represented on the sketch map (fig. 10). The stream gravels 
cover the 0mr of the sI~alIo* rock-rimmed trench. to a depth of 
fl to 16 feet, depending partly on the form of the bed-rock surface 
and partly on the irregularities of deposition ba a swiftly flowing 
current. They form a flat, originally co~~ered with timber and under- 
brush, ranging in width from 200 to Sa3 feet. The gravels af Chiti ti1 
and White creeks and of the lower part of Red Creek consist oE 



shale, limestone, ssndstone, and quartz diorite porphm, all of local 
oridn, mingled with p n s t o n e .  diorite, and other rocks brought in ' 

by ~ lnc ia l  ice from a f m i ~  source. Shale. gandston~, nnd porphyry 
make up the fragmental deposits of the upper part of Rex Cmk. 

BowIders and large blocks make np a considerable portion of the 
grnvel deposits, but not so lurge a proportion RS an Dan Cmk. 
kbm8 of the glacial erratim are 6 or % fwt in dinmeter. Most of 
the bawlders, howewr, m n  be writ. through the sluice boxes, althongll 
it is nessarg  to  break part of them with powder. 
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' The gravels producing gold at present include those of Chititu 
Creek and of the lower prtrt of Rex Creek. Very little work aside 
from that necessary to hold the claims has been done on White Creek 
for several years. In a p e m l  WRY the gold of Chititu Creek is dis- 
tributed through the gravel from rim to rim of the rock channel, 
but it was found that at one place near the canyon thew is a very 
well-defined pay streak, sue11 as had not been found before on any 

' of the claims farther tip the creek. 3iost of the gold is on or near 
bed mck. Very Tittle of it is found in the upper .p~r t  of the graver. 
The gold p n e t r a t ~ s  the bccl rock throuph crncks and all openings, 
HO that it is necesnq to clean the rock cnrelr~lly by hand after taking 
up the loose upper part to the depth af a foot or mere. There are 
considerable di fferenccs in the character of the kd-rock surface. 
owing to imgularitia in form end differences of hardness. In 
places tho old stream has worn the rmlc smooth or has hollowed out 
cavities and depressions. Differenm in the depth of weathering also 
add to the irmgularities of the exposed surface, for the stretlrns of 
water fmm the hydraulic ginnts c~lt  away the loose rock and leave 
the harder parts standing in rclief. Without doubt much of the 
gold of Chititu, Rex, and White creeks is a rwncentrated product 
from the bench gravels and the remainder is derived directly by 
weathering from the surrounding shales. ,411 the bench grarels carrj 
p l d  in some amount, and with decreased cost of mining it is pr&- 
able that some of them will be exploited. 

Ghitita gold is finer and 1-s worn than that of Dan Creek. It 
was found on the lower part of Chititu Creek that in a set of 4 
screens ranging from 1Q to 20 mesh about equal amounts of gold, 
by weight, were caught in each screen; at the mouth of Rex Creek 
it mas estimated that from 25 to 40 per cent of the gold passes . 
through a 16-mesh sieve. These m n l t s  are in marked contrast with 
the h ~ a v y  coarse gold of Dan Creek, yet both come from the snme 
area of mineralization. There is, nevertheless, s little course gold on 
Chititu Creek, and several Iarge nuggets have been found. The 
gold n a y s  abont S8.70 per ounce when cIeaned. A large quantity 
of copper is obtained in the clean-up, and nuggets of native s i l r ~ r  
are common. Severnl other hmvy minerds besides copper and silver 
are caught in the sluice boxes, such as pyrite, galena, stibnit~, barite, 
and lead. Most of the lead was evidently introduced through the 
nse of firearms, but mme of the pieces examined did not resemble 
the b a t t e d  bullets fo~znd in the sluice boxes rnd had a thick white A 

coating of oxidized material. One of the larpest of the n~tive-silver 
nuggets was found in 1909; it weighed over i pounds but contained 
considerable quartz. 

Kative copper is a soume of considerable difficulty and expense in 
mining. Several hundred pounds of fine copper am =cured at every 



clean up and many larga masses are taken from the mta 'Omdon- 
nlly a large piece goes t h m g h  the boxes and into the dump, but the 
largest are too heavy ta be driven out of the cut by the giant. A11 
the goId is picked over by hand t o  remove the fine copper not sepa- ' 
rated in the sluice box. During the early d a p  of mining no effort 
was made to save the copper, since ths expense of carrying it to  the 
coast was greater than its value, yet with railroad transportation it 
should now be worth considering. 

For the first few years after the discovery of gold on Ghititn Creek 
mining was conducted an Rex and White c m k s  as well as on Chititu 
Creek. Rich ground was found on all these stre,ms, and the prin- 
cipal operations were on the upper half of Chititu Creek, the lower 
end of Rex Creek, and the upper pact of White Creek. All the work 
was done by hand and attention was directed to  the  richest ground 
only. At present two hydraulic plants are in operation, ode on 
CPlititu Creek and the other at the mouth of Rex Creek. MoSt of 
the claims on Chititu Creek are owned by the Nizina Mines Com- 
pany and a complete hydraulic plant has been installed to exploit 

Fionam 11.-Dlngram mbowing the method d operating hpdraalic danttr on Cbitltu C m k ,  

them. This plant includes flumes, pipe linefs, and giants, as well as a 
complete sawmill and an electric lighting system. The sawmill is 
equipped with planers and machinery for turning out standardized 
parts of flume and sluice boxes and rifle bloch and for putting them 
together. There is also a.bIacksmith shop and equipment fo r  ban- 
dling iron pipe. A very unusual fe~tnm for an Alaska placer mino k 
the complete system of acwunting by- which a l l  expenses are chnrged 
in their proper place and the cost of any partaof the operations is 
made known. 

The method of handling p w l  in the pit is s h m  in figure 11. 
When the sluice boxes have been put in place a bed-mk Auma is 
carried upstream in the gravels as far as desired. Then the upper 
end of this cut is widened to 100 or 160 feet and a giant is placed on 
either side so as to drive the gravel along the sloping face jnta the 
head of the flume. By this method the force of the giants is ndded 
to  the ground sluice water and a decided gain in etffciency is oh- 
tained over the former method of working against the face with the 
giants turned upstream and away from the aluice boxes. In practice 
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.. only one giant is used at a time, the opporhmity thns being given 
for a gang of men to remove the large bowlders on the opposite side. 

, A giant is also required at the lower end of the sluice boxes to  $tack 
the tailings and keep the end of the boxes dear. 

Mining operations at the mouth of Rex Creek have been con- 
ducted by Franlr Kernan with a smaller plant than that on Chitit11 
Creek, but they have been carried on for a longer time. A small 
giant is used and water is brought from Rex Creek in a flume. 
The conditions here are about the snme as  on Chititu Creek, but the 
width of gravel between the rock rims is less. Some very rich ground 
has been found on the lower end of Rex Creelr und just bdow that 
on Chititu Creek. 

Tha canyon of Chititu Creek is miles from the flats of Nizina 
River, and the character of the country is such that a g o d  wagon 
road could be constructed a t  moderate expense. Such a road in con- 
nection with a bridge over the h'izina River would make communi- 
cation with the railroad at Kennicott Riwr easy and would be of 
p e a t  edvnntage to the miners of Chititn Creek, since it would enable 
them to =cum supplies at any time of the year at a reasanable cost. 
It would also do much im solve the problem of securing labor at the 
time when it is most needed and thus prevent the necesqity of carry- 
ing a large fome of men on the pay m12 during the whole season. 
Labor is a large item in the expense of operation a t  present chiefly 
kcrtuse of the large amount of time spent in winter freighting. 
l V a p  range from $90 per month and bond  to $5 per day, with an 
additionaI amount to foremen. 

Chitittu Cmek has a sufficient volume of water for all the demands 
that are made on it by the hydraulic plant in operation. T h e  supply 
on Rex and White weeks is naturally less and probably would be 
inadequate fox ts large plant at  some wasons of the year. Chititu 
Creek has a fall of I180 feet per mile from the forlrs to the canyon. 
Rex m d  White creeks hnve frtll of 250 feet per mile in the lower 
2 m i l s  of tbeir courses Thus a good head of water can be secured 
on each of these streams. There is an abundnnce of good timber 
for lnmba and mining purposes on Chititu Cmlt below the canyon. 

Young Creek resembles Dan and Chititu creeks in having cut its 
channel through an old gravel filling in a glaciated valIcy. The 
p m n t  stream flows in a trench cut in black shah and lies from 
20 to 40 feet below the base of the bench gravels. Its channel is in 
reaIity a shallow canyon whose walls are slmle at the base and g r a d  
above. Young Creek valley was onoe mupied by a glacier which 
came into it a c m  a broad low divide near its head and was an over- 
flow branch 02 the great Nizina Glnciek Tho gravels of Young Creelr 
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therefom. contain a lnrge amount of foreign material from the upper 
Ch iha  Valley in addition to rocks of the Kennicott formation and 
the greenstone horn its own valley. 

A large part of the creek has been staked for placer gold, although 
the production has not yet been enough tci give much encouragement 
for mining. Two men were prospecting on the lower part of the 
etream in 1909. In previous years work was done on Calamity 
Gulc'h also, but the resalts were not sufficiently. favorable ts lead to 
its continuation. 

Young Creek carries a large stream of water at all seapons of the 
year and has an avergge fa11 of 100 feet per mils above the Nizina 
flats, It is difficult to reach the upper part of the creek because of 
tho canyon-like character of the stream channel and of the absence 
of trails above the creek on the hill slopes, and for this reason it is 
cugtomav to mss the ridge from the head of White Creek and come 
down on Young Cfick nt the head of Calamity Gulch. This is the 
routs always foE3owcd by prospctors bound for the head of Young 
Creek. 
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