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GEOLOGY OF THE CHITINA VALLEY AND 
ADJACENT AREA, ALASKA 

The Chiti- Valley and adjoining area form part of a rugged alpine w o n  In the 
mutheast corner of the main body of Mmks and include a portion of the Chuga~h 
Mountains and most of the southern half of the Wrangell Mountains, to the north. 
The Chitina River ia an emtern branoh of the Copper River and rises in ice fields 
and valley glaciere oeoupying mmf of the country near the international boundsry 
north of Mount St. Elks. The adjoining area described in this report includes 
the Hanagita and Bremner River district and the westward continuation of the 
north ~ i d e  of the Chugaah Mountains as far m Valden Arm and Klutina h k e .  
In addition, the  geology of the upper White River district is deecribed ~ U B B  
of its relation ta that of the Cbitina Valley. 

The rocks of the area are dominantly bedded and are Largely of d imentary  
origin, although extensive areas of lava Rowe and tuff sm included with the bedded 
rocks. Granitio and dioritic intrusive rocks are widely distributed in the area, 
yet they occupy only a relatively small part of It. 

The rocks desmibea rsnp in age from late Pdeoxoio Zo Recent and  how d 
&qea of metamorphism between schist and gneiss, o n  the o m  hand, and fresh 
lava ffom and unconeolidsted clay, mnd, and gravel, on the other. The oldest 
mcks that have been reaognized are of Miaskaippian sge. They inalude altered 
lava flows and t u f f s  and extensive areas of schistose sedimentary rocks, slate, and 
hestone ,  alZ cut by granular igneoua intrusive8 of varied character. They 
occupy the axial part of t he  Chftina Valtey and the north dope of the Chugach 
Mountains. 

The alder Pdeawie d m e n t s  and voloanic moka wem followed by a thick 
aocurndation of Permian lawn8 and tuffs in whidh there are highly fosailiroua 
lim-na beds and a littk date. Such socka are widely distributed in the upper 
Nizina and White River arms and h a r  evidenee of a tIme when the  force^ of 
v o I c a n b  dominated over the  more ordinary pmcema ot weathering and aocumu- 
btion. The violent outbursts that yielded tha alternating tuff beds and thin 
Java flows of the lower part d the section were followed by a more quiet welling 
forth af Iavaa that yielded the next succeeding format2on. The Nikolai green- 
atone, well known because of its aopper prospeab, is  a mat accumulation of 
lava, flows repmenting, at lemt in part, thc And stages of Permian volcranio 
activity in thia district. Poaaibky also it may represent a continuation of the same 
kind of activity into Mesozoic time and i s  therefore partly of Mesaeoic we. 
The N i b l d  penatone is exposed ahidy along ths north aide of the Chitina 
Valley. 

h k s  of unquestioned Mesozoic age were laid down in Upper Triassic, Juraaeio, 
and Lower Cwfaceous time. The oldest of them are the Chitistone and h-ieina 
limestones and the overlying MoCsrthy shale, whioh fclgether constitute the 
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h e a t  d i n  of Upper Trimio rooks In AEsska. The G h i t d e  h e s t o n e  is am 
emeUsnt borizon m a r k  but ia be& h o r n  bemuse it Ia the hod rock for the 
Kenneoott oopper ores snd other similar oopper depoaiter in the Chitha Vdey. 
The limeatonea and shale bave much the same distribution gs the Wikolai green- 
stone, which they overlie with etructural conformity but wi6h a probable d i e  
aontmnity in m e .  

A great unmnformity marke the boundary between T r k ~ i c  &d C r e b u s  
wdmentary rocb and probably also the boundmy between 'hiassic and J d c .  
The 3-ic aedimenhry roch me muah lem,8xtansive than the Cretaceouq 
o m  in 4 matted M, and are imperfectly known, ao that a dear unde~- 
utsnding of their relations ta the older and younger rooks b hoking. The Jumseio 
rocks indude a s m a l l  area of tuEaceoue slate and mqglomerafe near the mouth of 
tha Chitha Rivet, aonbining the Middle Juramio Ttlxedni fauna; two d 
amw of blraek slate on McCarthg C m k ,  with the Upper Jurassic Nahek fauna; 
and imlated ar0m of mnhtone, amglomerate, and lime&ne of probable Upper 
Jummie age in the Ko-bina-Kuskulana district. Considerable mess of rouka that 
were once referred fo the Upper J u m i c  are now regarded 88 younger and are 
included with the Wtaceoua. 

h o b  of Cretaoeoue age are widdy mributed In the area but are most abund- 
ant in the part of it on the north slde of the Chitina Valley that exfendm ewtuwd 
from the Kuskuiana River. They Ln~lude thick deposit8 of shde, ssndstom, and 
mnglomerats and are now referred to the Lower Cretaceoue epoch, aontrary to 
the former wignment of part of them. In general them m c h  are Eem folded 
than the Upper Triaaaic and other andedying rqcke, on the beveled edgea of which 
they dm but the aofter shale members h o w  much more distortion than the sand- 
stone and conglomerate, which, espeoially in the localities where the greateaf 
aoaumulation took place, are only slightly tilted. 

A very wideapread group of sediments, including the great memwion of slab 
end p y w a c k e  be& that make up most of the Chugacb. Mountah snd have 
been known as the Valdes and Orca groupa of Wee W W m  Sound, are provi- 
aionally assigned to the Mesonoic, h u e  the work of recent yecra has indicated 
that probability, and definite evidence of Crefscaoue we for psrt of the mob 
north of Prince William Sound haa bsen found. 
In Tertiary t h e  time ontpopourLng of kves b e p  in the Wrangell Mountain aree. 

The first of the molten lava8 flowed over an old land mrfm of probable moderate 
relief that multed from a long period of aubwrial eroston. Srroceedin~ flow8 
buried the old aurfaca to a depth of 8 8 4  thouaand feet, and the extrusion of 
melted rook and ejection of ofragmental material have confinud fo the p-t 
fime. Tbe lava beds and the tuff associated with them oap not only the Ugh 
mountain# between Mount Wrangell and h'izina Glacier but extend far to the eaat 
over the lower hilla jn the White River Valley. The nature of the Tertiary land 
aver which the drsf flows spread ia inferred from the fresh-wak led-bearing claps 
snd gravel dapmita that accumulated in the depresmiona of the old ~urfane.  The 
bteat of the voIcaaic materials were extruded through Quaternary gravel deposits 
m d  therefore a r e  of recent dsh. 
AU the bedded moka of the area, inoluding even the Tertiarg lava  flow^, are cu t  

by h W v a  roclre ranging In age from Misskippian or po&Miasir!sippian h 
Recent. Gabbro and other coarse-grained b&e i n h d v a  nut the older Carbon- 
Umw eedimsnfary roch but are unoommon in those of Meaomia and later age. 
The momt conwicuous and widespread of the ignmus i n h ~ v e a  are dike8 and 
slZls of granife and diorite, or closely related speciea, that are distributed through 
the snkire area and invaded the h w e r  Cretaoeous and all older bedded rocks. 
Probably the granltra m c b  represent  evere el perioda of inheion and are con- 
nected with more than one periad of minerahtion. 



The most oubtanding of the la* events In the geologfo h isky  of the area is 
the gleeiltion that begno after mod of the WtangelE lava hsd been erupted and 
le dill In progress. Its most eoaspiauoun eflecte are tba result of its influence In 
the forming of the praenf topography and inolude, mnong others, mountain 
nculpturin~, morainal deposition, and stream diver~ion. 

The Chitina Valley is important aa a pmduoer of capper and gold and haa pmni- 
bilitiea far the production of other mineral wealth. This report deadbea the 
mode of o c o u m c e  of the mineral degosits and rnekea sug@oos for prospecbra 
in ~eareh of them, but it does not contain detailed descriptions of mhea snd 
proepeob, sa information of that kind has been given in earlier reports In a mom 
extended form than b mitable for thia summary statement. 

"Chitinan is the native Alaskan name for the large mitern  branch 
of the Copper River or the Atna, as it was called by the original 
inhabitants of the w o n .  The n m e  is composed of two worda, 
~ r ~ ~ t i r r  and unsu, which mean cupper and river. Lbng before .the 
mming of white m ~ n  native copper was found by the Indim on tribu- 
taries of the Chitine River and was used by them for msking such 
implements as knives, needles, spearheads, and armwhaada. It thus 
came to the notice of the early Russian explorers and find? led ta 
the discovery of widely distributed evidences of copper mineralization 
md the development of one of the richaat copper mines the world has 
known. The name "Chitinan therefore is appropriate for the river 
and ita valley. 
This rapid, dilt-laden stream s t m h  fmm g k l  souroes in the high 

mountains a h u  t the international boundarg north of Mount St. Eli- 
and Rows wesbnorthwestw& for more than 100 milee to ib  junction 
with the Copper River, receiving much additional drain* from the 
Cbugrtch Mountains on the south and from the WmngelJ Mountaim 
on the north. Its muma ia nearly parallel to the trend of the Chugach 
kfbuntains and to the stretch of P d c  coast line 100 miles to the 
south, and it drains sn area about 120 milm long by 50 miles wide, 
not including the small part of the bagin on the C a n d m  side of the 
international boundary. The rslation of tho Chitina V d e y  to the 
ms t of Alaska may be seen from the index map (fig. 1). 

Although the Chitina Vdey is the area of prime mnsidmtion in 
the following d-nptions, its geology is so clomly misted to that of 
the Resagita and Rremner Valleys on the south, the Tonaina district 
on the west, and the White River district on the northerast that these 
bordering districts will receive consideration also. 

The march for d u s b l e  metals in the Copper R i m  Basin began in 
1898. Copper and gold w m  the lures tbst led the early prospectors 
into the bnslll and in later yeara jusmed their labor by adding many 
millions of dollars to the vdue of AlasPra'a mined output. 

The importanca of obtaining infomation about the m i n e d  deposita 
of tha Chitina Vdey was early recognhcl by the United States 



hlogica2 Survey and Id to tbe undertaking of topographic and 
geologic m e p ,  which h v a  been carried on intermittently for more 
than 30 years. The writer bm had a part in this work ainca 1907 and .= 
as a result of this experience has prepared the summary report which --. . 
is here pmented. The purpose of this paper is to bring together d 
information about the geology and mi-nerd reso- of the Chitina 
Valley and bordering areas which is scattered though a considerable . _ 
number of earlier reports, most of which are now out of print, to make 
comtions which later work haa ehown tO be required in the sspign- 
ment of formations to positions in the stratigraphic column, end to .3: 
add new information concerning t b e  gealom and miners1 mources 
which has been collected in recant yews. Although two s m d  areaa, 
the Robins-Kuskdana and Nizins districts, have been surveyed in 
more detail than the rest of the area, the results here given must still 
be looked on as reconnaissancs work, which is subject t o  revision as 
more detailed and accurate ameys are made. In f ~ t ,  some parts 
of the territory eonaidered have not yet been mapped by a topogrspher 
nor examined by a geologist. 

PREVIOUS WORK 

The ar1iest authentic information concerning. the geology of the 
Chitina Valloy was gaip~d through tho labors of two explekng expd-  
tiom, one conducted by Lt. Henry T. Allen (the l ~ t e  Mnjor General 
Allen), under authority of the War Department in 1885, the other by 
Lt. Frederick Schwatka, of the United States Army, and C .  Willard d-  

Hayes, of the United States Geologic~l Survey, working in the interest 
of a syndicate of newspapers in 189 I .  Lieutenant men ascended the 
Copper River to T~ral  and the Chitina and Nizina Rivera to the mouth 
of Dan Creek. Than returning to TmaI he went up the Copper River 
to Batzulnetas, near its head, crossed the divide to the Tanana River, 
descended that stream to the Yukon, and made a further exploration 
of t h ~  Koyukuk River before finnlly reaching St. Michael. This 
entire trip wns completed in one season and is one of the most rsmark- 
able explorations ever made in Alaska. 

Schwatka and Hayes reached the Chitina V d e y  from the east. 
They proceeded by way of the Taku River to the T& and Yukon 
Rivers as far as Fort Selkirk. Thence they mado their way overiand 
to the h d  of the White River, crossed tho mounhakis through Skolai 
Pass to the Nizina River, and then descended the Chitha nnd Copper 
Rivers, hishing the exploration at Orca, near the present town of 
Cordom, on Prince William Sound. Both of these explorations were 
mads under great difficulties involving hardship and danger, and as 
most of the t h e  was given to the labor of overcoming the obstacles to 
travel, the geologic observations %-era of the most general c h w t e r .  
In 1898 Frank C .  Schrader, of the Geological Survey, was assigned to 



the Copper River military exploring expedition under Capt. W. R. 
Abercrornbie and made axploratoqy trip which began at Vddez and 
reached interior Alaska by way of Vddes Glacier a d  the Klutintl 
River Valley. Tho cxpIoration was then carried down the lower 
Copper River Valley to the mouth of the Tasnuna River and thence to 
Yaldez through the Tasnune, and Lowe River Valleys. 
An expedition yielding much more specific geologic information 

relatmg to the Chitina Valley wna conducted by Oscar Rahn in 1899. 
This expodition was also part of the work of the exploring expedition in 

Rawr I .4ketch map ot 1 L l d  show& nglocatIm of the Cbitina Valley and wljmnt a m  
dwdbsd In thh ram 

charge of Captain Abrcrombie, but the geologic reeults were pub- 
lished by the Vnitod States Geological Sumey. Rehn'e mute lay 
along the flanks of tho Wrangell Mountains from the Kuskulantr 
River to Nhina Glacier, thence up the glacier and across the divide to 
the Chisana, Nabesna, and Copper Rivers, and thus back to Vddez, 
His observations laid the groundwork for much of the work that 
followed and gtave rise to many of the formation names now applied 
ta the rocks of the Chitina Valley. 
In 1900 systematic investigations were begun by the Geological 

Survey, and reconnaissmco topographic and geologic maps of the 
lower Chitina Valley and of the Ijnnagita Valley, based on the work of 
that yoar, were later published. The topographic swveys were mads 
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by T. (3, Gendine and D. C. Witherspoon, the geologic eumeya by 
F. C. Schrder and A. C .  Spencer. Additional information on the 
Xotaina River was collected by PT. C. Mendenhall in 1902, and the <V 
whole copper beIt from the Kobina to the Chitistune, together with 
the gold plamm of Dan and Chititu Creeks, was revisited by F, H. a- 

Moffit and A. G. Meddren in 1907. A detded topograpl~ic map of 
the Nizina district was made in 1908 and one of the Kotsina-KuskuPana 
district En 1912 and 1913, both by Witherspoon. Detailed geologic 
surveys of these same areas were made by S. R. &pps and Mofit in 
I909 and by 3, B. ~Mertie, Jr., Theodore Chapin, and Moffit in. 1012 + 
and 1914. A reconnsiss~nce survey of the White River was m d e  by 
Adolph Enopf, Capps, and Moffit in 1908, but the material relating 
to the White River USMI in this paper is based chiefly on tu-phic 
and geologic surveys made by C. E. G%n and S. R. Capps in 1914. 
Additional topographic mapping was done by Witherspoon in the 
Hanagita, and Bremner Valleys in 191 1 and in upper Chitha Valley 
by R. M. Overbeck and Mofit h 1916. In 1914 1;. C .  Martin and 
O~erbeck colleckd Mesozoic fosmls fm various loalities north of 
tho Chitins River fmrn the Kotsina to lthe Nizlna. Finally the writer, 
in addition ho the work mentioned abova, has spent aU or a major 
part of six seasons, 1916,1919, 1922, 1928,1927, and 1928, in geologic 
investigations in mme part of the Chitina Valley and the season of 
f 932 in the Tonsina district. 

In giving this account of investigations in the Chitha Vdey  and 
&- 

adjacent mas them is no intention to slight the work of others ,not .4 

mnnected with a Government orgnnixation. Considerable work, 
mostly relating to ore deposits, has been done by mining engineers, but 
this work was nearly dl done for private individuals and not for pub- 
lication. Several weourits have been printed, however, and three are 
mentioned in the foUowing list of p~ptpers, This list i~l  mado up of the 
more important papers dealing with oither the geolugy or the miners1 
m m a  of the area, but it omits some ahort papers and many minor 
references to be found in publications of the Geological Survey. 
Most of the papers include topograplzic ma,pe, to which reference has 
been made above, but a list of the original topographic m a p  is also 
given. 
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OHIOIIOAII TDPOORAPHIC MAP8 m0Y WEIGH TEE MAP OF CHITIHA VAL&mf AND 

ADSACEAT A m h  C O X T A ~ D  XIS THXB RIEPORT WAB COMPIWL) 

['fbe rsport In wblch tbe new work M a p p a d  Is Bteledl 

Chftias River and Copper River &on; monndsamce map; scale 1:250,000; 
by T. E. Gerdine and D. C. Wltheraposn: aurveyed in 1900. In p c i d  publi- 
cation by Schrader and Spenoer. 

Central Copper River region; reuonndaasnce map; rude 1:250,000; by T. G, 
-ins and W. C. Mendenhall; ~lurveyed in 1902. In F r o f ~ i o n a l  Paper 41, 

Ni~Ina distriat; detailed map; scnla 1:02,600; bp D. C. Witherspoon and R, BL 
Lmfollette; ~urveyed in 190B. In Bulletin 448. 

Chitha qudran~le; oompiled and extended reoonnaiaaance map; the new work 
uovering the Hanagita and Bremner Valleys waa surveyed by D. C. Withempoon 
in lS11. In Bulletin 576. 



Itotdnat-Kuskulma distriot; detsiled map; male 2:62,MH); by D. C. Wither- 
epoon; ilumeyed in 1912 and 1913. In Bulletin 345. 

Chtsana-White River district; reconnaiaaanne map; male 1:250,000; by C. E. 
&fin; surveyed in 1914. In Bulletin 030. 

Upper Chitina Valley; reconndmanm map; ~ c d e  1:280,000; by T. 6. W m e l  
D. C. Witherspoon, Iatern~tlonal Boundary Comrnhion, and F. R. Moffit; 
rumeyed in 1900, 1908,1838, and 1916. In Builetln 675. 

tons in^ district, Ala~ka; seconnsissanoe map; ~ c d e  1:250,000; by C. F. 
Fuec~elandJ.W,Bagley;eu~eyedIn1912,1915,1931,mdI932. InBulletin806. 

The maps listed above contain the, h t  pubbhed results of the 
different topographic aumeys, and dl have been used in compiling the 
b m  map that accornpaniea this report (pl. I) ,  although not all the 
maps based on these surveys are listed. The conditions under which 
the surveys were made, the Iang period of years through which the 
work was carried on, and the fact that to a certain degree each survey 
was begum and conducted independently of the others jnevihbly led 
to discrepenci~ in horizontal and vertical control and bava made the 
adjustment of ane map to the otbem a matter of great dficulty. 
This difficulty would noS have arisen if a primary triangulation system 
could have been established before the topographic work was 
done, and it cannot be satisfactorily overcome until such a system ia 
mtehlished. 

The writer is indebted for suggestions and assktmee to all the 
workers who preceded him in t h  area, and especially to those who 
have been a~ociated with him in continuing the investigations. 
More favorable conditions for fieId work and more time for carrying 
it out have made possible the revision and extension of the obsema- 
tions of earlier workers, thus clarifying many points that were doubtful 
and giving a better conception of the distribution and structure of 
the geologic formations than was posaible befom. 

The area to be described includes all of the Chitina Valley within 
the boundaries of Alaska except the hkh mountains a fow miles'back 
from the flmd plain of the Chitina River above the Tans River and 
Cmyon Creek. It also includes certain adjacent arews that are  part 
of the general district or are tributary to it--namely, the head of the 
Whib River, a p& of the Bmmner River Valley, and the Torlsina 
district. This part of Alaska @1. 3) is preeminently a region of high, 
rugged mountains, narrow vallqgs, and swift glacier-fed streams. 
The great ice rivers on the northwest flanks of Mount St, Elias and 
in the amphitheater between the high peaks of Mounts St. E l k ,  
Logan, and N a t s h t  axe pmt of one of the greate~t ica fields of the 
continent. Some of the Kihest mountains of Alaska are grouped 
m u n d  the valley, and only in the western part, where it opena into 
the wide b& of the Copper River, is there a suggestion of any con- 
sidemble area of low relief. 



The m a  is commercially important because of its minerd resources, 
which so far as developed include copper, gold, and silver. The 
roads and tr~ i l s  leading to it were established because of these re- 
soum,  and the distributing points for supplies within it were dehr- 
mined in accordance with their distribution. Some account of these 
fe&tum, as well as of the obvious natural features of the district, 
including its climate and vegetation, is therefore necessary for a 
clear picture of it. 

X E E W  

The character of the relief of the region has already been ~ug-  
gested in the statement that this area comprises a part of the Chugach 
and Wrangell Mountains. The Chugach Mountains are p& of the 
Coast Range system, merging into the St. Elias Range toward the 
east and continuing around Prime William Sound to the Kemi 
Penk~ulf  on the west, The W rangell Mountains are m independent 
p u p ,  p d y  of volcanic origin, lying between the Chugmh Mountains 
and the main Alaslco. Range, north of them, but are not clearly marked 
off from the Nutzotin Mountains to the east. These two mountain 
areas are wptrrated by the open valley of the Chitina River, which 
extends westward from the international boundary to the broad basin 
of the upper Coppar River. 

The highest points within the area are. in the Wrangell Mountins 
and in the mountains between the upper Chitha Valley and the 
White River, where severd peaks ranging from 12,000 to over 16,000 
feet are found. Mount Bona (16,420 feet), the highest, is doubtless 
the least lmown, as it is J s o  the least accesible. Mounts Blackburn 
(16,140 feet; pl. 3, A), Wrangell (14,000 feet; pl. 41, and Regal (13,400 
feet) are the mnspicuous peaks of the lower Chitina Valley. They 
rise above the line of perpetual snow and with the other high peaks 
of the Wrangell group, Sanford (16,200 feet) and Drum (12,000 feetj, 
must be numbered among the h e s t  mountain groups of Alapka. 
The mountains south of the Chitina River are l w ~  imposing but 
rertch dtitudes of more than 8,000 feet. West of the Copper River 
and in the Tonsina district the topopaphy is much like that of the 
Chugach Monntains aouth of the Chitina. Somewhat isolated, 
smooth-tapped mountah border the lowland ares on the north 
margin of the range, buut farther south a w n f u ~ d  mma of cIosely 
crowded, ragged-topped peaks bearing numerous small glaciers makw 
up the watershed between the streams tribubry ta the upper Copper 
River and those flowing into Prince William Sound and thc lower 
Copper River. One or two of these peaks rise above 8,000 feet, but 
the highest dtitudes in this part of the range are found f&her west, 
beyond the limits of the area under consideration. 

The Chitha V d e y  is open, and its floor is fairly even and regular 
except where the streams have entrenched themselves in it or isolated 



hilla risa above it. The vdeys of the minor streams, with few exoep- 
tiona, are n m w ,  a1 thomgh in most of them the 0-al V-ehsped 
C ~ B S  sections have been modified to the characteristic U-shaped sec- 
tion resulting from intense glaciation. In the bigher parts of the mea, 
as in the WmqeU Mountaina and about the head of the Cbitina VaJley, 
tbe ruggedness of the country is somewhat madred by accumulations 
of snow and ice, whioh fill tha depremiona and seem to reduce the 
inequalities of the land surface. 

A cIearer idea of the relief of this area will be obtained from a com- 
parison of the altitudes of the higher peah that have been mentioned 
with the elevations of different partg of the vdlep. The mouth of 
the Bremner River i~ 200 feet above the sea, and that of the Chitin8 
ia about 450 feet. The town of McCarthg. is 1,414 feet; the mouth of 
Young Greek, 1,421 feet; the mouth of the Chitishne River, 1,733 
feet; the head of the Chitins River, at the foot of the glacier, 2,000 
feet; the surface of K l u h  M e ,  1,790 feet; a i d  that of Tonsina Lake, 
1,930 feet. h r n  these @gum it is readily seen that the relief is m a t  
and that the high peah rise far higher above the local baselevel of the 
nearby valleys than mmy better-known peaks in other, more fre- 
quentad regions. A view from almost any high point within the ame 
gives the impression of an endless succession of mountain tops stretch- 
ing away aa far as the eye can follow. 

The region ie drained by several streams, of which the larger ones r 

to be considered me the Copper, Chitina, White, Bremner, Tonsina, 
and Klutina Rivers, together with some of their tributaries, particu- 
larly those belonging to the Chitha. Ths Copper River is not one of 
the larger stream of Alaska, notwithstmding the prominence it has 
attained in the literature. Its drainage bmin covera a little more than 
23,000 square miles, or 4 percent of the area of the Territory. The 
Chitina Valley makes up nearly one-third of tbjs baain. The Copper 
River headwater streams riue in the north side of the WmngeU Moun- 
tains and the muth alopes of the edjacent Alaska Range, The river 
sweeps around the west side of the PJrsngell Mountain~ in a great half 
circle, through a wide open basin, to ita junction with the Chitina 
River, whence it crosses the barrier of the Chugach Mountains to the 
Gulf of Alaska through a crooked, open c.myon about 100 miles long. 
Much of its webr, like that of the Chitins, comes from melting glacier 
ice and is heavily ladm with silt. The current is swift  except at the 
mouth m d  in the stretch between the Bremner River and Aberemmbie 
Rapids, where i t  is dammed back by AUen md Miles Glwiers. The 
upper part of the Copper River, unlike tbe canyon section, h en- 
trenched in unconsolidated deposits and in many places is confined , 
within high b d s  of sand, gravel, and unassorted glacial deposits. 



OEOQ- If 

Neither the Capper Rivsr nor tbe Chitina may properly be called navi- 
ghble streesls, although ~everal light river steamers were operatad on 

V .  them in the construction days of the Copper Rivor & Northwestern 
Railroad. These b a t s  were built to meet an emergency and were 

w abandoned as soon as the need for them was ended. 
The principd tributaries of the lower Capper River are roughly 

parallel to B e  Chitina River--t.hat is, their coums except in their upper 
parts are a little south of east on lths west side of the river a n d  a little 
north of west on the east side. A study of the topographic map brings *, .c out the fact that in much of the area (pl. 1) the stream courses form a 
fairly well defined pattern of rectangularly arrmgcd lines running 
west-northwest and north-northeast. TIE Cbitina and Bremner Rivam 
are tbe two principal streams coming in from the sfist; the Tasnuna, 
Tiekel, and Tonsina from the west. A considernbla volume of water 
undoubtedy comes into the Coppar River from Miles and Cb2ds 
Glaciers, but this water empties directly inta the river from benetLth 
or at the sides of the ice and is not known as distinct streams. 

The Chitinla River occupies a well-defined open valley which is 
nearly straight and trends west-northwest, opening into the broad 
basin of the upper Copper River. Near the mouth of the Nieina River 
and thenca to the Copper River, the Chitha, like the upper Copper, 

3* is deeply entrenched in pveE deposits and the underlying bedrock. 
J Above the Nizina River it flows over et brad flood plain more than 

5 milea wide in places. This entire vdey was once occupied by a 
b great glacier md shows lthe broad Ushapd cross section common b 

many glaciated Alaskan valleys. The Chitina River heads in Chitins 
Glacier at  a point 25 milea west of the international boundary. Logan 
Glacier, which is the southern branch of CbitIna Glacier and crosms 
the boundary 35 miles north of Mount SC. Elias, contributes a part of 
this drainwe, and Bmard and Hawlrins Glnciem, coming in from 
the north a short distmce below Chiha  Glacier, make a further con- 
tribution. The Ctutina River has a n v b e r  of locally well-known 
tributaries, among which the Tebay, Chaha,  Tana, and E a p a  are 

3 the largest of those coming from the Chugach Mountains, and the 
Kobina, Kuskulma, Cbokoma, Lakina, and N i h a  with its tribu- 
taries the Kennicott and Chitistone are the largest of thorn coming from 
the Wmgell Mountaine. Nearly all these atreams receive part of 

\ their water, mnny of them tha larger part, from melting glacier ice. 
They are consequently loaded with silt and are never clear except in 
winter, wben thawing ceaaes. The Cbitina crowds again& the base 
.of the mountains on the south side of its valley in the lower stretchm 
of itw course, and its northern tributaries have cut narrow rdc-walled 
canyons across the bedrock floor of the ~afley ta reach it. $U the 
tributaries in their upper parts flew in open v d e p  over broad gravel 
flood plains, built up by the debris fmm the gIaciem @I. 3, B). 
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'rhe tributaries of the upper Chitina are lew well known than thoae 
of the lower river. The Chrtkina and mu Rivera cross the bead of the 
Hanagits Valley. The Tana is the largest of those coming in from the 
south a d  receives most of its water from glaciers that form part of 
the vast ice fidd extending westward from Mount St. Eliw. The 
Kiagna River xeceivea much of i& water from a similar sourm. Among 
the northern tributaries of the upper Chitha, Barnard Glacier con- 
tributes the largest volume. of water. The stream from this glacier is 
variable in position md does not always ime from the same part of 
the ice front. At times it is a serious obstacle ta Gravel. The streams 
from Hawkine GImier and Canyon Creek are smaller s t r e a m  of no 
particular note except that Canyon Creek has yielded a little placer 
gold. 

The Whits River and Skolai Crsek, a tributary of tbe Nizina River, 
drain Ruaell Glacier, but the White takes most of the water. This 
stre~m flows enst and north to the Yukon and is comparable in .size 
to the Chitina. Only its headwaters me considered in thi~ paper, 

The Bremner River, which lies 25 miles south of the Chitina River 
and is parallel to it, flows in to the Copper River and is another glacial 
stream. It has two main branches heading in the high mountains 
west of the Tana River and a s d  branch called the Little Bremner 
which comes in from the north near the mouth. Between the Cbitina 
and Brernner Rivers is Hanagita Valley, a minor vdley, which is 
occupied principally by tributaries of the Tebay River. 

The Klutina and Tonsina Rive- are glacial streams that originate in 
the high divide of the Chugach Mountaim north of Valdez. They flow 
northeastward across the trend of the mountains and oocupy U -shaped 
glaciated valleys in their upper courses within the mountain area but 
b m  themselves in deep canyons. in the gravel and silt of the Copper 
River l o w h d ,  which they cross to remh the Copper. The Klutinrs is 
the larger of the two streams. It heads in glaciers that are continuous 
with the Valdez Glacier, and iB valley thus became part of the route 
by which the prospectars who landed in Valdee in 1897 and 1898 
reached the interior bwin of the Copper River before Thompson Pass 
and the route now followed by the Richardson Highway were dis- 
coverad. Both the IClutina and the Tonsina flow through lakes that 
lie within the mountain area and act as quiet settlihg basins to relieve 
the streams of part of their l o d  of glacial silt. The valley floors above 
the lakes are a confusion of swamps and wandering watercourses wbich 
are almost impassable in summer. They are gradually encroaching 
on the heade of the likes, where the streams drop their loads of gravel 
and sand. 

The Tiekel River is another glacial stream, which receives mmt of 
its water from tributaries arising in the same high mountain m a  as 
the Tonsina River. The Tiekel, however, flows eastward to the Copper 
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River and joins that stream 30 miles below the mouth of the Chitina. 
Ita lower course is through a deep cmyonlike valley, parallel to the 
trend of the mounttiha, which is traversed with so much difficulty 
that few persons have h e n  through it. 

.-* Many Iakes and ponds nre sattered through the Chitina Valley and 
the other weas under conaidertlition. Almost all of them are of glacial 
origin. They include lakes that lie in depressions scooped out by the 
ice in bedrock of the valley floors, lakes that were formed behind dams 
of gravel filling, la,kes that occupy sinks and other depressions in the 

4 debris that waa dumped on the wide valley floors, and lakes formed by 
a combination of various factors. 

The lnrgest Inke of the ares is Hlutina Lake, which is an L-shaped 
body of water about 16 miles long and 2% miles wide at its wideet part 
naar the bend. N ~ x t  after Hlutina Lnke is Tonsina Like, which ie 
6 miles long and over 1 mile wide. Although no lakes appmwbing 
these in aim are found in the Cliitina Valley, many m a l l  lakes and 
ponds are ecntterod through it, for the uneven valley door was strewn 
with unaasorted glncial deposits, nnd the drninage is poorly developed. 
The Inrgest permanent lalre in the Chitinti drainage bmin is a t  the 
head of the Teba y River, It is 4 miles long. m d  three-fourths of a mile 
wide. IStarmiga,n Zake, north of the Rhite Riwr and a few miles 

!w west of the international boundary, is of about the game length m d  a 
f ttlo wider, 

M o s t  of the srnnucr lnkcs and ponds are caused by irregularities of - the land surface due to thc dumping of r ~ s t  quantities of debris carried 
by tho glaciers that formerly filled the vfiUcys. Much of this rnatarial 
was not sorted by tho strenrns and depositad in we1I-made becia but 
was bft in d h d e r  when tho ice melted. Mnny of tha depressions 
between the mounds and ridges of rock wnste arc now fdled with water. 

hn0the.r t s e  ~f lnke of special interest is formed where 8n ice 
gtream in a main valley closes the mouth of a tributary valky free of 
ice, obstructing the dsainnge and rnnking a dnrn behind which the 
water ~ccumdates. These lakes break out periodically and may cause 

c serious damage to bridges and other structures within the reaoh of 
their flood writers. The release of the wnter i~ not due to the over- 
flowing of a barrier dam but to tho brenking down of some obstruction 
beneath the ice after sufficient head hns nccumulated, and as a rule 

Y the escaping water does net follow the sides of the gIncior but makes 
its way through courses benoath tho ice. Tho best known lalres of 
this kind within the area are Skolai Lake, on the east side of Nizina 
Glacier; Hiddcn Creak h k s  (pl. 5, A), which occupics the lower part 
of the Hidden Creek Valley on the west dde ai K~nnicott Glacier; nnd 
a lake a t  the head of the Kotsinta River. b o t h e r  is formed a t  timea 
in the Hood Creek Valley on the north sido of Ruasoll Glacier, and a 

MliD&S8-2 
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much larger one d e d  Barkley Lake is believed 20 discharge through 
the Tana River Valley. Barkley Lake is reported to be aeverd miles 
long nt  the'high stages of waMr m d  to  empty at irregulm inintervals of 
sevaral yearn, but the information regtarding it is meaEer. 
As a rule the= glacinJ lekes break out each year sometime in lab  

summer, a.ftsr enough water hn,s accumuletad to form the heed neces- 
aary to break tlmugh the barrier. The lake on the Kotsiaa River haa 
been h o r n  to break in winter. Skolai Lake has held for 3 years 
before breaking and during part of the time had a natural o~sl.8ow at 
the hi&-water level. A  mall lake has usually formed on the north b. 
side of Chitistone Glacier, but it disappeared in 1928, owing to the 
retreat of the ice from khe rock wall that deflects the glacier to  the 
southwest, Afkr the barrier preventing the dkharge of them glacid 
lakes gives way the emptying of the basin is rapid, requiring from a 
few hours ta a day, and n great volume of wrstm h released which 
spreads over the flood plan and pilee up in the canyons. Great quan- 
tities of im, some of it rounded like boulders, are left on the river b m .  
At times much timber is destroyed by the cutting away of wooded 
gravel benches. Tho bars of the upper Nizina River were piled up 
with tangled masses of tress brought down by the flood of 1927. A 
ehamteriatic effect of mch floods is that the river channels in the flood 
plain are filed with grave1 and sand, so that for a short time after the 
waters have mbsided, it is ~ i b l e  to ford even a stream like the 
Nixina River without getting into deep water. 

SOADS mD m 

Valdez, on Prince WdIiam Sound, was the port of entry for all the 
Copper River Basin from the time when the first prospectors landed 
there, in 1897, till the Copper River & Northwestern Railroad was 
completed in 1911. During those years supplies for the Chitha 
Valley were brought by sled over the d t m y  h i 1  to Upper Tonsina, 
thence on the ice of the Tonsina and Copper Rivers ta the Kotsina 
or the Chitina River and go to the Kuskdma, Lakina, Kizinn, or 
other convenient stream far reaching the mining cfaims, The 
~ummm trail led from Tonsina to tbe Copper River at Billurn's 
Cros~ing, near the mouth of the Tonsina River, and thence along the 
north side of the vdey to the different camps. 

Cordova is now dm a port of entry, and the Copper' River & North- 
western Railroad provides most of the passenger and freight aehm 
to the Chiha Valley, although the Richardson Bighway out of 
Valdez is much used in mmrner. The railroad is 194 miles long and 
ends rtt Kennecott, where it receivea much the larger part of its 
tonnage from the sopper mines. A dirision point is located at 
Chikina, opposite the mouthmof the Chitlnn River, where a branch of 
the Richardson Highway providm a connection by automobile with 
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either Vddez or Fairbanks. Streha, at mile 146, is the supply 
point for the SCoteina, and Kuskulana Rivers. McCwthy, at mile 
191, which is the at;mting point for travelers to the White River and 
was originally called ' (Shushanna Junction", is the distributing point 

'-+w for eupplies on Dan and Chititu Creeks. 
The old pack trail from BilPum's Crossing on the Copper River to 

the Nizina River is no longer used, nnd much of it ia now didficult to 
follow bemum of burned timber and washouts. Other old trails 
w i t h  the area have been replaced by wa,mn or automobile roads 

-4 where traffic was sufficient to warrant the change. Some of these 
rods ware b d t  by mining companies, and some by the klaska %ad 
Commission. A wngon road 20 miles long was constructed bmm 
Streha ta the copper prospects on Nugget Creek nenr Kuskulana 
Glacier. This road is now little used. It haa a branch leading to 
Berg Creek, on the east side of ithe Kuskdnaa River, by way of n 
bridga that waa built by the Alaska R o d  Commission. Another 
branch buiIt by the Alaska Roed Commission l e d s  into tba Kotaina 
Valley. In the N i h s  district a road 4 miles long connects the tom 
of McCarthy with Remecott, and another about 13 milea long 
followa McCarthy Creek to the old Mother Lode camp. This road 
was mnstructed privately but ia now controUed by the Msska Road 

w Commission. The longest mad in the. district runs from McCasthy 
to the gold placer m i n e s  on Dan and Chititu Creeks. This road also 

I- 

was built by the Mblaske, Road Commission. It crosees the Nizina - River by a long bridge 2 miles west of the mouth of Young Creek. 
At the roadhouse on Ahlay Creek 1 mile emt of Young Creek the mad 
forks, one branch going to Dm Creek and the other to Chititu Creek. 
The trail ta the White River l e a v ~  the Dan Creek road at Dm Creek 
m d  atends north to the Chitistone River, where a choice of two 
mu- is offered. One leads up the Chitiatone River to the head of 

'Skolai Cwek, pwt of the way over a high mountain trail commonly 
h o r n  ebg "the goat trail"; the other Iettds up the Nhha River ta the 

.% 
mouth of Skolai Creek and then up Skolai Pass and the White River. 
A choice of trails is offered on this mute also, for one branch gas 
dong the weat side of Nizina Glacier for w~eral miles before croasing 
the ice to Skolai h k e ,  and the other keeps to the east side of the 
glmier and climbs over a high M"ky point before coming down to 

lv ._ the main trd on Skolai Creek. The Alaska Road Commission built 
and maintains relief cabins for winter travelers at the lower end of 
Nhha Glwier, at t.ha mouth of Frederika Creek, and at the head of 
Skold Creek. 

A trail from tbe NizEna River bridge to the upper Chitina River 
waa Inid out by the Alaska Roed Commission and has bad a little 
development work done on it. It runs through the lowlands west 
of Young Creek to the river bars, instead of crossing the divide 



between the head of Young Creek and the Chitina River, U e  the. 
t r d  formerly uwd. Little money hss been a d a b l e  for improving- 
this trail, but the results of the expenditurn so far ham been of much 
h ~ l p  to  the prospeobm using it. 

Numerous shorter trails have been built tbronghout the district, 
but for the most part they were not intended for public travel tand 
need not be described. The t rd s  through the Hansgita and Bremner. 
Valley@ should be mentioned, although they haw been traveled m 
little in recent y e m  that it is doubtful whether parts of them could 
be followed now. Starting at the crossing of the Coppar River at 
Taral, below Chitina, a trail wmds Tmal Creek and crosses the 
divide to the Ilanagita Valley, It then goes enst to Monahan Creek 
end to Golconda Creek, from which it lends by way of the Bremner, 
Little Bremner, and Tebay Rivers back to the starting point. No 
summer trail for horsea was ever built on the Bremner River between 
the: Little Bremner snd Copper Rivers. 

The Cbitina V d v  is part of the Copper River Pletaau climatic 
province, one of the eight climatic pro?&ces into which Abbe 
divided Alaska. TlGa province is in some respects intarmediate 
between the Pacific coast, with its temperate, humid climah, and the 
intarior plateau north of the Alaska Range, which is characterized by 
great extremes of temperature and rev moderate rainfall. Minor. 
local variations in, precipita6ion snd temperature exist within the 
province BS 8 result of differencw of altitude, the effect of mountain 
ridges, m d  sislliltrr variablw, and only such elimfitio conditions as- 
apply genem1Iy in the Cllitina V d e y  wiU be described here. 

Records of precipitation and temperature have been kept at several. 
places in the Cfiitina Valley and nearby points and have appeared in - 
the published reporb of the United State Weather Bureau. These- 
published records, cove- a poriod from 1902 to 1930, m the source 
of the information to be given in the tables. me records are not 
complete and wiry widely in the length of time cavered, but those 
chosen include a sufficient number of years for the averages to give a 
fairly accurate picture of clbmatic conditions in the area. The- pIaces 
chosen for comparhon are Chitina, Copper Center, and Kennecott. 
Weather observatiuna were made at Streha and Tieke1 for mv~ra1 
years, but only pa& of the rsmrds are included here. The records 
from Copper Center go back to 1902 but stop with 1819. Those from 
Kennecott extend from 1916 to 1930, and the Cktina records from 
1917 to 1923. Years or parts of years me miElsing from the record8 
of each place. 

1 Xbba, Clevglmd, Jr., In Bmb, k H, The ~ p h y a n d ~ l o g g o l b l ~  U. 0. *I. B W W F  Arvt 
 per 16. p. 140. rm. 
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particularly in the spring and early h swruner. me ice goes out of 
the Chitina River late in April or early in May. Snow disappertm 
from the lower v d e p  by the middle of May, but in the upper vaJlep, 
in gulch- end protected places, it persists till late in mmmer or does 
not melt at all. Fmat may occur in the vdiep in m y  month of the 
year but is uncommon in June and July. A slight falI of snow may 
be wen on the high mountain bps after almost every qummer rain 
lasting s day or more, but the snow disappears in a few houra when 
the clouds lift. The hwer limit of the heavy storm cIouds marks 
the lower limit of summer wow. Below this plme precipihtion *+ 
takes the form of rain. Many of the rains are Iocal, being confined 
to one of the larger valleys or to one side of a ridge. At timen rrnin 
falls only in the mouxitahoua m a ,  while the douds are absent and 
the sun is shiazag over the lowland. 

Xn aummer, during the warm d a p  of late June and of July, &a 
large atreams that bead in glaciers have their maximum n o m d  
discharge. Righ water on the smaller streams corn= in June, when 
the snows are melting on the mountains, and subaides, except at  
t h e e  of heavy rain, when the snow is gone. The period of high 
water in the large stream i8 therefore longer than an most of the 
tributaries, for the glaciers are a source of supply that never fails 
tilE cool weather puts an end to  the melting of the ice. 

All of the area under consideration is timbered below an altitude 
that is somewhat variable, ranging from 2,500 to 3,000 feet, although 
scathred tree8 are sometimes found at higher levels. Spmce is the 
prevailing tree and the only one of value far generd mining uses. 
Cottonwood, birch, and poplar are common where favorable con- 
ditions prevail but have no value for lumber. The spruce does not 
reach the &ze of the best timber on ths coast and is not ns good for 
b r i d g ~ ,  h a v y  framing, or general building ss the lumber shipped in 
from Seattle but ia well adapted for many local purposes and haa been 
much used. The b a t  growth is found on the lower slopas of the hilIa 
and in the smaller valleys. Mwt of the trees on the floor of Chitina 
Valley are smell md of inferior quality because of poor, cold soil and 
insufbdent binage. Many square miles of mch rnoasy timberland 
has been b m e d  off, either through mident or by intention, and the 
placa of the spmce is being taken by willow and aspen. Unfor- 
tunately much of the best timber on the hill slope has beem med 
by bark beetlea. These insects were note$ on the north aide of the 
Chitiaa Valley from the Kobbia Rivor to the Chitistone and m y  
d w a y ~  be counted on ta attack the biggest and hat m. The 
timbered meas of the a i t i n a  and Brewer Valleys ars not under 
the supemision of the United S t a b  Form t Senice but of the General 



Land Mice ,  which coflecta stumpage an the trees cut for lumber. 
Unlike the Forest Sewice it has no organization for fighting forest 
fires, which sfter they are once started burn without intarferenca till 
the inflmabIe material i i  exhausted or r&in puts them out. PI"&C- 
tically no attempt is ever made to control forest h except when 
private property is threatened. 

The Chitina Valley does not possess aa luxuriant grass lands as some 
other parh of Alaaka, notably tha Cook Met region. Neverthehs 
there ia abundant pass for forage in many places. Grass thrives best 
in the vicinity of timber line in the smaller valleys and often grows 
abundantly at this altitude nf ter the brush and trea have been burned, 
a practice wbich many of the early prospectam followed to insure feed 
far their stock. These old  ids shill burns now provide some of the 
best forage in the valley. The most abundant sags p w b g  in these 
plwm is commonly known as redtop. It grows rapidly but does not 
cure on the stalk and h of na value after it is frostd. On the other 
hand, the so-called "bunch grass", which grows on some of the lower 
gravel benches, cures and is nourishing at all timea, but it is neither 
widely distributed nor abundant. The lowlands forming the broad 
valley floor of the Chitina Valley furnish little grass except some 
coarse varietim which grow around the e d p a  of the ponds and lakes, 
so that in this part of the area feed for animals is often hhard ta find. 

Since the campletion of the railroad the problem of providing feed 
for stock is lesa p m h g  than formerly, as both hay and grain can ba 
shipped in at m y  t h e .  Moreover, the automobile hae eliminated: 
much of the need fur stock feed, as comparatively few horses are now 
in use. The farmers near McCarthy rake hay for the stock required 
in farming, and because of the shortnes~ of the season and the fact 
that @am does not mature till the upfavorable f d  weather has set. 
in they employ a somewhat novel method for curing it, probably 
adapted from the usage of the Scandinavian countries. The grass is 
cut and hung over wirea stretched between posts Iike ti wire fence and 
is aUowd to hang till it ie ready to be put into the barn, which m y  
not be* till after snow has come. 

The mcke of the Chitina Vdey  and the adjoining m a  here aon- 
sidered are dominantly bedded roclrs. This statement, however, kJ. 
not intsnded to imply a, restriction of the term "bedded rocb" to 
dastic mcks deposited in water, for bedding may originate in other 
waya. The bedded rocks include chiefly ~edjments derived by weath- 
ering from older sgdjmentwy and igneous mcka, and, in addition, 
sediments of wlcanic origin (tuffs), together with B great thickness of' 
bedded lava flows. They range in ago from early Carbonifemu8 to- 



the' present and exhibit varying degrees of metamorphism, ranging 
from schists and gneiss- on the one hand to practically unaltered 
rocks on the other. Although the bedded rocks predominate in this 
region, intm~ivs igneous rocks-grmite, quwtz dioxite, diorite, 
&abase, and 0th-are ~ d c l y  distributed among them. 

The oldest rocks of definitely determined age within the area are 
Carboniferous (Mississippian). They compI.ise s c k t  and slate, locally 
associated with a minor amount of altered limestme, tuffaceous beds, . 
and basale flows, and are intruded by granuler ~ ~ ~ B O U B  roclas. They 
indude among others defmitely the St+& and possibly the Klutina a. 

and other formations that form a belt of variable width extenaSg 
from the Tana River, on the upper Chika, ta IClu tina Lake, west of 
the Copper River, antZ thence beyond the limits of the area. The 
Chitina River throughout moat of  it^ length is entrenched in these 
oldest rocks, which form a m n o w  wedge-shaped area expanded toward 
the west and f lankd on both north rtnd south by less altered younger 
rocks. 
The next younger rocks comprise a great thicknem of lava flows, 

tuff, and volcanic breccia interstratified with shale, hestone, Iimy 
shale, ljmy sandstone, and conglomerate having an undetermined 
relation to the Mississippian rocks. These rooks, formerly regarded 
as in part of Pennsylvanian age, are now all assigned to the Permian. 
They appear in some Iocalities to rest uncodormabl~ on the Miasis- 
sippian rocks and to be overlain eanfomably by a great thickn- 
(5,000 feet at lo&) of basaltic lava flows that have long been known 
aa the Nikolai greemb~e. 

The Nikolai greenstone, in turn, is overlain with apparent stucturd 
conformity by about 3,000 feet of Upper Triassic hestone (Chitistone 
and Nizina limestones) that grades upward into black ah818 (McCarthy 
shaIe) whose thicknem is not known but ie estimated from 1,500 to 
2,500 feet. AU the limestone was formerly cded Chiti~tone, but the 
upper pmt, consisting of lesa pure, thinner beds, containing more or 
lorn &ale in the form of tbin partings between limestone layers, was 
renamed the Kizina hes tone  by Martin? Both the limeatope and 
the overlying black shale are of Upper Triassic age. 
So far as is now known, MiddIe Jurassic time is repreesented in this 

area by the rocks of only a single smdl locality near the mouth of the 
Cbitha River, where some much folded tuff aceous slate m d  conglom- 
erate yielded Middle Jurassic fossils (Tux& fauna). The true rela- 
tion of these beds to the surrounding Ctarbodorous beds kaa not been 
made clear. Furthennore, it is not possible with the evidence at 
hand to  orr relate them with any other of the h o r n  Jurassic rocks in 

r Martin, Ct. G., TM M e  stratigraphy of Al& &I. ROC. ~ ( I B  BnlL, ~ 1 . 2 3 ,  p. 724,1919; 
Trlwic rocks at A h h a :  Idem, YOL a7, p. esO, 1818. 



the Chitina drainage basin, such as those occurring in scat ted  areas 
in the Kot~ina and EuskuEana Valleys. 

Two gmall areas of black shale we the only recognized represen& 
tivm of Upper Jurassic in the area. They rue folded intm similar 
blttck Tfiassic and Cretaceous shaIes and are of unknown axhnt. For 
a long time they were not identified and differentiatad from the w o -  
ciated rocks, but they &re now known cwxy the chnracteristic fauna 
of the Naknek formation of the M~3ash Peninsula. The supposedly 
Jurassic beds of the Kotsina and Kuskulana Valleys may also bclong 
to the Upper Jumsic end possibly lie near the tap of the saction, 

A large p u p  of dominantly sedimentary beds, consisting of slate, 
grsywacka, arkosic sandstone, limestone, and cong:lomerate with large 
extrusi~e and intrusive nlasses of basic igneous rock, is here provision- 
ally assigned to a place in the upper pmt of the Mesozoic era, although 
its age is not known definitely and it may contain beds of widely 
v~rying agea. meso mcks comprise the Valdaz and Orca groups of 
the early reports. Thoy occupy most of the m a  south of Hanagita 
Vdey  and extend westward into the mountains north of Prince 
William Sound. 

The Upper Trimic and olde- sedimentary rocks of the Chitins V d e y  
were folded, aubj ected to  erosion, and, after being submerged beneath 
the sea, covered by conglomsrte, sandstone, and shale, whose age and 
stratigraphic relations are still imperfectly understood. These rocks 
are known oily north of the Cbritina River. Part of them have been 
referred in previous descriptions b the Cpper ,Jurassic and part to tho 
Cretaceous, but it is now believed that most of them are Crehboua, 
dthough they include. some rocks of Upper Jurassic age. In places 
they nr0 dso considerably folded, but elsewhere they show little 
deformation beyond moderate tiIting. 
T h e  Tedary bedded rocks of the Chitina Valley are dominantly of 

volcaaic origin and include several thousand feet of vesicular lava and 
tuff, which are slightly tilted in places but me otherwise little altered. 
Fresh-water conglomerate, variegated clays, and thin sandstone and 
shde beds are present at the baso of the volcanic rucks in a few places. 
In p1sccs the Tertiary sedimentary and volcanic rocks rest uncon- 
forrnabIy on the underlying rocks. They are conhod to the higher 
parts of tha WmqeU. Mountfiins, except on Skold Creek, where they 
am the ody rocks exposed in the uppar part of tha valley. 

The youngest of the bedded deposits of the region are unconsoli- 
dated Pleistocene and Recent gravel, sand, ~ilt,  morainal accumda- 
tions, and other dastic materiala, nome of which are forming at present. 
Some af the unconsolidated deposits m e  only partly bedded and have 
not undergone sorting by water to any marked degree. 
The intru~ive igneous mks  belong to Merent perioda of ignmus 

activity, beghhg  sometime after the bedded rocks of the Missis- 
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sippian epoch were form ed They include granite, granodiorite, quartz 
diorite, and wbordinatd more brasic intrusive3 that show varying 
degrees of alteration. Pkobably most of them are of late M~oso io  or 
Tertiary age. Soma of $e later intrusives are b e l i e d  to have had a 
part in the formation ofi the copper and gold deposits. 

The accompanying geologia map (pl. 2) includes rmdts of field work 
carried on intermittently by Merent geologists through a period of 
over 30 years. The writer has had a part in this work during most of 
that time, and it is clomect to say that the map tls it is given, except 
part of the White River section and a few minor Iacalities, represents 
his work and that of those associated with him, for prmticdly &II the 
ama mapped before IIsO has been revisited and the geologic mapping 
has been revised. 

The original Burveys and many later corrections appeared on maps 
acmmpanying publications of the United States Geological Survey. 
Most of thege maps were printed on a scale of 1:250,000, or about 4 
miles to the inch, although two were on the larger wale of 1: 62,500, 
or about 1 mila to  the inch. The prmnt map is dm on the scde of 
1 : 250,000, and for this reason mme of the de& of the largsrdcale 
mapa are omitted from it, being hoo a m d  to be shown on Gh6 present 
scda. An attempt h w  been made in this connection Go aimplify as far 
aa powible the cwtographic units to  be represented. This ia done by 
correlating some formations formerly supposed to be distinct but now 
known to be the ssma and by grouping others concening which there 

, is  litile evidence for correlation on the one hand and even less for 
separation on the other. 

An outline of the geology was gven in the preceding section in order 
to put before the reader a short, eomprehenaive view of the whole 
mbject. In the following sections the bedded rocks, including certain 
formatiom of voloanio origin, bedded lava flows, md fragmental mate- 
.rial ejectad during volcanic eruptions md deposited in water, as well 
as sedimentary b& in the usual sense, ara described at greater length 
in the order of their age, the oldeat first. 

CHARACmB AND DIBTRIBUTION 
r 

The bedded rocks that are he& assigned to  the Missidppian epoch 
.on the evidence of f o d s  md the rocks of less wellestablished age 
that are correlated with them show .many Memnces in camposition 

J 



BlEDDED ROCKS 23 

but have 8 a m o n  characteristic in that they have undergone a 
greater degree of metamorphism than any other rocb of the region. 
"They include schist, gneiss, date, and recrystallized limeatone, some 
-of which ara derived from sedimentaw mks and some from volcmio 

Y '~gneous rocke. They are intruded bby igneous ro& of various kinds, 
some of which are much altered. These rocks have not been studied 
in d e w  but are fairly well known in a few localities. As represented 
.on the p l o ~ c  map they include the Strelna f ~ r m a t i o n , ~  the Klutina 
.aeries of Schpader,' the Dadia schist of Mendenball: and some other * -L rock group that have not received formabion names, although they 
are extensively developed, 

The Strelna formatian is typically exposed on Strelna Creek, in tbe 
Chitinn Valley, and  ha^ been studied more than any other of the 
Mississippian roch.  This farmamtion is a complex of bedded lavas 
and tuffs interstratified with sedimentmy beds md cut by basic in- 
trusive rocks. Tuffaceom beds and lava sheets constitute the major 
'part of the formation. Dense black basaltic flows are common. The 
t l ~ f f d  for the mwt part are €10 fine grnined, e ~ p w i d y  in the upper part 
of the form&tion, that their elastic character is recognized with cer- 
tainty only under the microscope, yet some beds appear to be con- 
glornerahic. 

b The sedimentary rocks are  black argi1lih that locdy may be 
described aer slatee, thin-bedded cherts probably derived in part from 

' altered beatone,  and more ar lesa completely silicified limestons. 
+ W a c e o u s  beds are found at several horizons in the Strelna form* 

tion. $a a rule they are darkcgray, well-imdurated rockg without 
good cleavage that are best dweribed aa argdlites, although in plww 
they have devsIoped s good seeondnrg cleavage. In the field aome 
of the @lib  are diflicult to &tin&iah from crushed and altered 
phasas of the densa black b d t .  

The origin of the cherta is not everywhere evident. Some of them 
appear to be altered thin-bedded limesbne; others am more probably 
ailicificd fmqmined tuffs. CI~erta are weII developed in pmta of the 

'*c Strelna formation, and mmt of them are probably of the fine-grained 
ta variew. 

The limestone of the Strelna formation is white or light gray and 
makes rather prominent exposures. As a rule the exposum are not 

L- large and represent p& of be& that have been much folded nnd 
faulted. Few of the limestone arum are continuous for aa much as a 
miIe, although some exposurea show beds of massive limestone not 

M a t .  E. H.,md MertIe, J =  B..Jr., Th E o t s l ~ ~ a t n b n ~ d l a t r l c t ,  Alaaka: U. R. awl. Bump Bull. 
745, p 21,lrn. 

4 mredm, F. O., A of a part 01 Prlam Wllllsm loand nad the OopPer 311vir dlaftlsl, 
kbsks, in 18611: U. 8. Cteol. Bwvey 20th Ann. Rapt., pt. 7, p. 410,1800. 

4 Mendanhall. W. O., O m l ~  of tha Central Coppst R im region, A l u h  U. 8 .  Oeol. Butvey Prof. 
'Pam u, P. n,1w. 
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leas than 200 feet thick that must originally have been part of a con- 
tinuous bed of considerable extent. 

The bedded members of the Strelna formation were intruded by 
ignaous rocks, mostly of baaio composition. Intrusive gabbro and 
pyroxene diorite are found in many localities. 

Thia eornplex of igneoua and sedhsntary rocks has been subjected 
to long-continued, ~eellrring presaum and heat, which have brought 
about chemical and mineralogic change and produced an intricate 
aystem of foI& and faults. The following incomplete section is given 
to indicate the natura of the Mississippian rocks at one locality: 

Partial s e d h  o j  &dna jormalfm i n  Nugget Creek VuIky ~racrr Kwhlana  Glacier 

Fad 
F t L .  - -  360 
Water-laid and subaerial Ouff ,,-,------------------------ 885 
Fine-vained b d t  ---------------------------------.-- 450 
1 a r i l 1 u  E + 406 
Siliceous 10 
Pine-q-ained bmlt- , - - - - , - - - - , - , - - - - - - - , - - - - - - - - - - - - , -  450 
GiliciBed lirnmne - - - - - - - , - - - - - - - - - - - - - - + - - - - + - - - -  b 

This formation is q m e d  on the north sida of the Chitina River 
BB fw eastward as the mouth of the Nizina River. 

The mountains south of the Chitinti River as far east as the Tana 
River consist of interstratified schist, slate, and limestone beds in 
which the schist and slate greatly predominab, although tha lime- 
stone is exposed in many places find one or two beds ara several hun- 
dred feet thick. The schists &ow considerable variation in appeamnce, 
ranging from d v e q  gray to green and black. Locally they are pro- 
foundly altered by htrueiona of igneoua rock and in extreme occur- 
rences am so intimately rnvnded and recrgstallized that t.he two rocks r 
reslemble banded gneiss. T h e  limestone is recqrstallized and locaIIy is 
highly silicified as a result of the intrusion. These beds either include 
a smaller proportion of volcmic material t.han the Strelna formation 
in its type locality, or their original character is masked by m e t e  
rnorphie changea, but nevertheless they are comlnted with the 
Strelna on the epidence of a few fossils collected from the limestones. 
They mmake up nearly dl of the mountain mass north of the Hanagita 
Valley and some of the mounthe south of it, extending westward 
across the Copper River to the vicinity of 3Clutina Lake, where they 
constitute at least a part of the Klutina. series of Schrader and consist 
of mica schist, quartz schist, locally cherty or jaspery, and c~atd l ine  
limestone or marble. 
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The name "Dadina whist'' was used by Mendenball to designate 
the rocks of several small areas on the Dadintt and Cbetaslina Rivers, 
where the overlying younger lava flows hava been eroded away, ex- 
posing near the base of the -tion a succession of dmk bedded rocks 

\* derived from altered andesitic lavas, amphiboIe schists, mica schists, 
and s m d  bodies of gray marbleized limestone. These older rocks are 
intruded by dikes of unaltered and locally conrse-grained quartz 
diorite. Palegreenish quartz-calcite schist, probably ~ J Y  altered 
sedimentary rock, and biotite schist are intruded by &eared gabbm 

-u on a tributary of the ChetasZina River, and these in turn arc. cut by 
diarite dikes. Amphibole scllists cut by diorite dikes ara exposed om 
the main Chetaslina River and chloritic schists and amphibole schists 
on the East Fork. Mendenhall correlated t h ~ e  rocks with tho Klutina 
seriea of Schmder. 

At the east end of the Chitina Valley the Cmboniferous rocks we 
exposed on both aides of the rirer in the vicinity of Chitine. Glacier. 
Some of these roclrs are fossiliferous, 50 that their age determination 
appears fairly certain. Others have not yielded fossils, and their age 
assignment is provisional. The rocks regarded as of Carboniferous 
(Mississippian) age include schist, ~qstaUine limestone, impure 
schis tose limestone, massive limestone, conglomerate, grit, argillite, 
t d ,  and chert. It is imnediakly evident &at these rocks differ 
from those already described in the abundance of calcareous rocks. 
Also volcmic rocks form a emaIler proportion of the whole. The 

* limestones of this vicinity are more extensive in both distribution and 
thickness tban in other parts of the Chitha VdIey and have bad a 
m ~ k e d  iduence in controlling topography. The Carboniferous rocks 
are all strongly folded and much faulted and show wide  difference^ in 
degree of metamorphism. These differences me possibly due in part 
to the S u e n c e  of tho granitic intrusives which invaded them in 
many plsces. Tha early geologic map of this vicinity does not &ow 
the Carboniferous mcks south of the Chitha River. The writer is 

w. 
indebted to .Mr. Martin IIamais, of McCarthy, for the information 
that they are present in the lowar slopes of the mountains near the 
river. 

TRICKNEBS AND IWRUCTUEZ 

'She bedded Carboniferous rocks of the Kohina-Euskulana district 
y' have been studied mom owefully than any of the rocks elsewhere 

that have been .correlated with them, yet even here the evidence 
- as to their thiclmeas so far discovered is meager. One reason for 

uncertainty on this point is that the baso of the m~.assion has not 
been recognized. Another i~ that the rocks are folded and much 
faulted, M is made plainly evident by the contdrted and discontinuous 
hestone beds and by the fact that d1 the bedded rocks are schistose. 



Such avidace as could be found in the Kot9inacKuskulme dist& 
indicahs a t31iohew of not 19% than !31600 feet for the Strblna form* 
tion. It ia not known whether this formation as exposed in this 
district mpreeentg the whole or only B part of the Missrissippian 
Carboniferoua rockg, for noae of the individual bede north of the 
Chitintl River have been correlated with any of t h m  south of it, and 
no beds to serve aa horizon markera are known. Furthermore, the 
differences in lithologic oharacter of the beds here and at tha head of 
the river introduce other uncertainties, a9 it is not known whether 
the massive lirnsgtone and aonglomerate beds of the upper river wsre A. 

contemporaneous with those of the lower rim or whether they are: 
older or younger. The apparent thicknew of the beds near Chitina 
Glacier is fully ae great as that of the Strelna fomation. At prment 
it is not possible to suggest even sa approximate thickness for the beda 
exposed in Hanagita VaIley and on the west side of the Copper River, 
and the moet definite statement that can ba made about the thickness 
of the Carboniferous bedded rocka of the Chitin& VaIIey ig that it. 
probably ia not less than 6,500 feat and may be greater. 

Some characteristic s t r u c t d  featurn of ths bods have already been 
indicated. The rocks are folded in a complicated way, with the axes 
of the major folds in general bearing a little north of west, parallel a 
the trend of the Chugscb Mountains but with many local divergences. 
from this direction. The cleavage, like the bedding, shows many dips 
to the north as well as to the south and in most places is steep or even 
vertical. The base of the be& h ~ s  not been recognized. The Strelnlr 
formation eaat of Strelna Creek and in the exposures between the 
Huskulana and TC1uvesna Rivera appears to be overlain without. 
angular unconformi ty by the Nikolai greenstone, although evidencs 
obtained on the Chitistone and N i h a  Rivers indicates that the p e n -  
stone Bows were extruded in later Permiac time or porrsibly even in 
Tki~b~sic time and that therefore unconformity between the Stwlna. 
formation and the Nikolai greenstone might be expected. The con- 
tacts of the -ppian m c b  in many places on both the north and 
the ~outh boundaries of the area occupied by them ars plainly fault 
contacts dong SOU thward-dipping faults of pest  longitudinal exhn t. 
The direction of motion on bath the major fault lines was such that. 
the rocks south of the faults are now raised relatively to those on the 
north, apparently Mi thrust over from the south. Possibly similar- 
parallel faults may cut the rocks within the area, but in the lack of 
evidence of younger mks in contact with the Mksksippiltn mks or of . 
horizon-marking beds wit.hin them such faults are diffrcul t to identify. 

AGE COERELATIOB 

The bedded rocks tsat have been described are assigned to t h e m  
Iower part of the Carboniferorzs (Mississippim) on the evidence of' 
fossils collected in a few widely qxwatd Iocalitiss. Some of the rocka . 
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regarded as of M d p p i a n  G e  are doubtfully r e f e d  to this epach. 
The scarcity of fossils in most of these rocks makes it necessary to 
depend chiefly on lithohgic features and stratigraphirr evidence for 
making correlations, and in view of the advanced degree of meta- 
morphism shown by the rockg Ehere is a possibility that sedimentary 
rocks of determined Mississippian age may be comlated with others 
of widely varying age. The areas represented on the geologic map 
ae occupied by 3liasisaippian mcka therefore may include mmo rocks 
that are older m d  same that are younger, although the hat p k b i l i ~  
geems ualikdy. 

Foasils were coUmted from limestone beds at tan or mom localities 
of the Strelna formation, from limestone bods near Tard, south of the 
Chtina River, and from arkosic sandstones aad conglomerste near 
Chitina Glacier. The localities are listed b l o w  in the chronologic 
order of the coUactiona. 

FOES& j r m  the MiasGwipfialr rocks 
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llAC40. Tributary of Canyon k k ,  S miles southmt of Taral or 8.6 miles 
muthwe~t of mouth of Nerelna Creek. Collector, Theodore -pin, 1911. 

l lAC43.  Near l o d t y  llAC40. Collector, Theodore Chapin, 19EP. 
8170. Strelna C m k ,  east ~ i d e  above main forka. Limebtone member i n  

mdimentary series of limestone, shale, conglomerate, and cherty siliceoue beds. 
Them appear te dip beneath the greenstone and m y  underlie it  or be the lower 
part of It. Collector, Theodore C h p h ,  1912. 

8171. Ridge between main forks of Strelna Cmk.  Cherty Ilmemtoae beds 
sssociated with greenstone. Collector, Theodore Chaph, 1912. 

8172. Ridge geuth of wed fork of Btrelna Creak. Limeatone, chert, end nhle 
inkbedded with gmm~tone. Collector, Theodore Chapin, 1912. 
8173. West fork of Mrelna Creek. Collector, Theodore Chapin, 1912. d. 

Lot 1. 0,500 feet N. 74' W. fmm the forks of Strelna Creek; altitude 4,700 feet. 
Collector, J. B. Mertie, Jr., 1914. 

Lot 2. 7,000 feet S. 4 8 O  W. from Iron Mountain; altitude 4,000 feet. Cot 
lector, J. B. Mertie, Jr., 1914. 

Lot 3. 7,500 feet S. 84' W. from Iron Mountain; altitude 5,800 feet. Col- 
lector, J. B. Mertie, Jr., 1914. 

Lot 4. 10,250 feet N. 7 8 O  W. from Iron Mountain; altitude 6,700 feet. Col- 
lector, J. B. Mertie, Jr., 1914. 

Lot 519. Same locality aa lot 1. Follecfor, Red H. Mofit, 1914. 
1807. Limestone boulder in moraine of Short River glacier; altitude 2,800 

feet. Collector, Fred H. Mofit, 1915. 
1808 to 1808f. moat on north side of Wtina Glacier. Collector, Fred H. 

Moffit, 1915. 
d 

The f o d s  listed above were determined by (3. H. Girty,' who 
regarded them as representing the same fauna tts that of the Lisburne 
limestone or the upper part, of the Mississippian, although he recog- 
nized s possibility that they may be Pennsylvanian. Mars recently, C' 

as a r d t  of study of Carboniferous f o d s  from many parts of 
Mssks, he reached the conclusion that marine sediments of Penn- 
sylvanian age are almost mepresented in Alaska and massigned 
faunas once tbought to be PenasyIvanian either to the upper Mis- 
sissippian (the widely distributed marine Liaburne fauna) or to the 
Permian. 

Tha upper Midsippian rocks are vow extensively developed in 
Masks. Their outcrop are found from the Arctic Ocean to the 
Pacific, h d ~ c a h g  that the upper Mississippian seas covered much 
if not all of the maidand and many of the adjacent islands. In 
northern Aa9Ir8, where the Mississippian rocks indude the Noatak 
formation and the Lisbme limestone, they reach a thickness of 
many thousmds of feet and consist chiefly of ssndstone, shale, quartz- * 
ite, massive limestone, end chert. This thickness i4 possibly greater 
then that mgggsted for the Carboniferous beds of the Chitina I'nlley, 
m d  the lack of volcanic deposits is notable. 

1 M a t ,  F. B., O m l w  o l  the EInnngtbBramnea tagton, h l m h  E, 8.  Q d ,  S o m ~  Bull. &7& p, aD, 
1914. Mofllt, F. E., snd O M W ,  R. M., Thsupwr Chltlna VRtFey: U. 5. Owl. Srvvsy Bull. 675, p. 21. 
1Qm. Mofit, F. H., and MBrtIe, J .  B.. Jr., T$B KowInn-Kuakulnnn dihtrltt, AIsalra: U. 9. Owl, Eurpoy 
Bull. 745, p. 27,lW. 
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A section of MkksIppian rocks that has received particular study 
is that at Calico Bluff, bdow EagIe, on the Yukon Rivsr. The Calico 
Bluff formation ~onaists essentially of alternating beds of limestone 
and shale with some slate and exposes a thickness of about 1,270 feet 

* at tbie locality. It is highIy fossilifero~~s and has yidded a Iarga 
number of species which Gbty regards as indicativa of upper Missis- 
sippian age. The Calico Bluff forrnntion, however, represents only 
a part of the Mississippian section of the region. Balow it in de- 
scending order are the Rampart group, consisting of several thousand 

.S feet of Bedimentary mcks and lava flows, and the Livengood chert, 
which dso is several thousand feet thick. The total bhickness of 
Mississippian rocks is therefore great, dthough not definitely h o r n .  

According to Girty the Miwissippian fauna8 of A lnsk~  and those 
of the typicnl localities of the southeastern United States diffor groatly 
in character, the Ala~kan faunas being more, cIoseEy allied to those of 
Eurad o. 

P K B W  BOIXB 

CBkRhCTER AND DIRTRIBWON 

In the northeastern part of the ama &own on the geologic map, 
-including the White River, Skolai Creek, a part of Nizha Glacier, 
and the upper part of the Chitistone River, is exposed a p a t  thick- * ness of bedded rocks cansist.iing dominantly of lava flows and pyre- 
clrtstic beds but including also a considembls proportion of sedi- 
mentary beds, chiefly limestono and shale with s little limy grit and 

Y congIomemte, These beds pmbebIy occupy dl t'ho men around the 
head of the White River excapt where igneous rocks that have boen 
intruded into them are exposed or where they are covered by Tertiarg 
lava flows or mom recent gravel deposits. The occurranee of them 
Permian m k s  on the White River and Skolai Creek was described by 
Capps, who e x b e d  them in 1914. The Skold Creek, NhinaGlacier, 
and Chitistone River localities have been examined mom recently &and 
in greater detail by the writer. According to Capps lo the P e m f  
rocks of the area studied by him may be separated into several 

4 stratigraphic divisions, as shown in the following ganeralized weetion, 
in which the oldest rocks are given at the bottom: 

1. Bedded  lava^, with UttIa sedimentary material. 
2. Mawive l i d o n e  beda of Bkolaf Creek, with interbedded L a v ~  and 

minor amounts of ~Ilale and conglomcrste, 
3. L v a a  and pyrottlastic rockr, with a smaIT amount of Badimente. 
4. Massive limestone, associated with s h a h ,  thin-bedded limestones, and 

n little mdstone and conglomer&tc. 
8. h v a s  and pyrochdic beda, with aome a b l e .  

I Merttn, J. B., fr., &&ET orth&Eegle-CErcb district. AIwkn: U. 9.0001. hrpw Bolt. 8x6, pp. M-9. 
law. 

* Ohty" 0. H.. pmm3l arm10u~tioa.  
Cappa 8, R.. The Ch-Whim R i ~ w  diidct: U. S. Oml. B m m y  A u k  830, p. 89, l P l b  

659- 
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The dietribution of geologic formations in the White River Besin 
below Rumell Glacier, on Reaver Creek, and on the headwabr 
tribuGssiss of the Chisana River i8 shown on plate 2 as they ware 
mapped by Capps, who says of the formation boundaries that they 
could not be followed out in detail in the time available and in plscea m 
b e  only approximate. The following mount of the Permian m c k ~  
h this district is also condensed f m  his description."" 

The lowest members of the section, including the massive bestone  
of member 4, are exposed on tributaries of Beaver Creek and the Chi- 
sana River near the north b i t  of the area shown on plate 2. The Y. 

upper three members are aU, found in the White R i ~ e r  Basin and, 
unlike the b a d  members on Bonanza Creek, tributary ta the Chisana 
River, are not b o w n  to be associated with my rocks older than 
Permian. For this reason they are mapped as Permian rather than 
Cmboniferous and Devonian, as on Capps' original mnp. They 
may, however, include some Mesozoic mcks, particularly on: the upper 
tributaries of the White River, where Jurassic fossils are mid to  have 
been bound. In the small area north of the White River much of 
the Permian is concealed by nearly horizond lava flows thet were 
poured out over an original surface of moderate relief, but it ia we11 
expoeed in the mountain8 between Ptarmigan Lake and Beaver = Creek, ahem it consists of ltrvrrs and tuffs with suhordin&te sedimen- 
tary rocks. The two upper members of the section, possibly including 
slso some at the lower memben, are extensively developed in the 
mountains south of the White River, between Ruasell and Chiaana .I 

Glaciers, and on SkoIai Creek. The limestone and shale membem, 
ere more mnapicuous in these areas and are in placea abundantly 
f d f e r o u s .  Ctbpps states that the Carboniferous rocke of the 
Chiam&-White River district are dominantly of volcanic origin and 
consist chiefly of lavas, volcanic bmcias, tuffs, and aff~lomerates. 
The ppcle/stic or volcanic fragmental materials wew in part, at  

' 

least, laid down in water, for they are interbedded with purely sedf- 
rnentarg material that locally contains msllline fossils. These beds 
me generally of light color, in tones of cream, brown, buff, or gray, ? 
and vary in coarsenew from f i n w i n e d  rocks to ragglomemtga thet 
contain angular bEocka a foot in diameter. The lava %om also are 
believed to have been poured out in part into the me. They are 
bedded with the pyroclastie and sedinentwy rocks, and individual 'd 

flows range from a few feet to 100 feet in thickness. In general the 
individual flows are dsrkalored, the prevailing colors being red, 
purple, brown, and green. They are commonly amygddoidd, with 
cavity W g a  of zeolites, calcite, chlorite, epidote, and chslcedony, 
yet in places the cavities ara empty. 
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The &ale memba of the Permim mnge in color from black to 
bluish and gray and generally are well induraked, in many placw 
being d s n ~ e  and hkrd and without cleavage. They grade from typical 
fine-pined black Elbale through limy &ale to impure argillnceous 

w limsstons and from mndy shale to sandstone. The differences in 
hardness nnd composition of the argillacsous beds giae risa to char- 
acteristic tapgraphic forms, exprwsed in bold cliffs of the r e h t a n t  
rocks and in smooth, flowing surfaces or narrow gulches in the soft 
beds. 

h+ The beston- have been folded and It~utultod, fombg many isolated 
outcrops, but in general they are little altered. No marbleized l ime 
stclnes were noted on the Wte River or Beaver Creek. The colors 
are gray, white, and buff, which w~ontrast strongly with the dwk colors 
of tho other Pemim rocks. The Iimestanes also have a character- 
istic topographic expression and form bold cliffs or rough, sharp peaka 
that are conspicuous features of the landscape. 
On upper Sk~lai Creek and the hend of t.he Gbitbtone Rivm the 

Permian rocks arbre bmied benoat,h Tertiarg la- flows and tuffs, but 
they are exposed on lower Slrolai Creek, on both sides of Nizina 
Glacier, and in the Picinity of Chitistone Glacier, where erosion haa 
removed tho overlying lavas and roveald them. The base of the 

.) Permian m~tion, has not been recognized west of Russell Glacier. Tha 
lowest beds m f e d  to this epoch are dark lava flowe and tuffs, which 
occupy most of the lower slopes of Skolai Valley from Frerlerika Gla- - eier ta Nkra Glacier and pmwnably cocorreapond to member 3 of 
Capps' White River section. (See p. 29.1 Similer rocks crop out 
beneath the Permian Iimastone at the north end of Russell Glac~er. 
Them volcanic bed8 srs cverywhere folded and faulted nnd locay 
have taken on a subschistose ~trueture. The rocks ~bova thsm nra 
dominantly sedimentary, including thick limestone beds and h y  
shale and grit, but contain a considerable proportion of tuff beda and 
lava flows, Thia part of the Permian section does not appear to be 
uniform throughout the area, the most conspicuous difference being 

6; the abaoncs of the massive limsstonos in places, although possibly 
the variation in other membera is as great. A brief description of the 
P~rmian beds seen at several localities will bring out the differences 
mentioned. 

ir The lower Skolai Creek Valley ia kn firnth where the Ximestone mem- 
bers of the Permian stratigraphic mctiou are particddy well devel- 
oped. At lemt two thick limestone beds are pment-an upper bed, 
which is measured in hundreds of feet m d  is a, prominent feature of 
the landscape, and a hwer hed, which in mnie places is not more than 
25 f s o E  thiek but in others mamy be thicker. 

The mmive Permian limestone is conspicuous in the upper mom- 
tah dopea on both sides of SkoIai Valley midway batween F d e r i b  



and Nkinrr Glaci-. It forms $be prominent limestone peak c d e d  
the "Golden Horn" and is mssed bp the trail on "Tinplate HZ.'" 
The limestone of the Golden Horn is not less than 800 feet thick. Thia 
locality is one of the more favorable places for observing it but possibly 
does not exhibit the fd original thickness, for erosion may have 

\ h 
rcmoved part of the limestone ss well as other overlying Permi- 
beds. The limestone of the Golden Horn weathers ta a reddish or 
yellowish brown, thus giving khe mountain its name, and in places is 
recrystallized to a fairly coarse marble, probabIy as the result of 
intrusion by igneous mks. The rocks undarneath the thick limestone 
includo brownish shale and sandstone, come limy sandstone in lentic- 
ulnr beds, grit, chert, and another thin limestme bed interstratified 
with tuffs nnd Isva flows, Borne of which have pillow structure. These 
beds are probably better exposed on the south aide of Skold Creek, 
southof tbeGoldenHorn (pls. 6, B, and&, A). Theupperlimestone 
disappears taward the east, but the lower bed is seen in several gulches. 

Beds of hard gay  fossiliferous limestone: and white crystalline Lime- 
stone appear on the west side of Frederih-a Glacier about 2 miles north- 
west of the south ond find extend northward tk considerable but 
unknom dist~nce. These beda are. the northward continuation of 
those in the Golden Horn, but the connection ia hidden by Tertiarg 
lava flows. The horseshoe-shaped glacier on the south side of Skolai u 
Creak opposite Frederika Glacier occupies a high valley, h o r n  as the 
"Holc in the Wall"' with almost vertical walls. The I o w a  part of 
the weat wall near hderika,  Creek is made up of Permian mcka, that + 
are overlain by younger volcanic racks. The following section was 
examined at the edge of the ice 2 miles south of Skolai Creek. The 
mensuremonh are estimated, for the wall could not be climbed. 

Ssdion of Permia? rocb d t s e h  south of SkoEm' Crwk 
F€d 

Sandstone and quart~ite- --, + ,---- ,-, - - ----- ---------- - - -  300 + 
Tuff and fragmentill m a b i d  40 
Thin-bedded ahale and mndy beda ,-,,-,-,,- ------------ - 100 
B d t f l o ~ - , - , - - - - - - - - - + - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - -  30 
Banded siliceous rock (t a, white or ydowiaZ1 white, apeckled 

in p l ~ a  ---,,, ,,,,-- - -- ---- -------- - - - -  - -  50 
Thick b d t  flowa 

The sedimentary members of tbis section, which is believed to be 
stmtigmpbically low~r  than the massive limestone appearing farther 
fo the west in the Skolai Valley, ar~l a43 f d e m u s .  Presumably 
the overlying massive limestone was removed by erosion at tbis local- 
ity before the Tertiary lapas were poured out. 

Permian sedimentary rocks sra exposed on the west side of Nkha 
Glacier in the lower slopas of Chimney (Goat) Momtain up to an 
altitude of 1,000 beet  above the ice. They dip southwest and consist 
chiefly of limestone, wbich is ahdankly fodiferous, mntaining 
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pest nnmbers of &oids. The tap beda are impure and knotty 
and overlie white crgatslline limestone c o n t a w  gizimua l e n w  Bey- 

eral inches iu maximum thicknasa. A hard reddish-brown member 
with abundant small crinoids is also pment. The limestone area ie 

* a w e d  miles long but less than a mile wide, At tho ~outh end the 
limestone is overlain by 79 to 100 feet of brown-weathering sandy or 
tuffaceous beda with a few rolled pebbles and cobbles. Above thew 
beds b 30 to 40 feet of soft gray tuffebceous beds containing angular 
blocks of white and reddish-brown limestone, in which are crinoids, 

c% cords, m d  fmgmenta of other rock. These in turn am o m l a b  by 
lava flows, which to the south are covered by the ice of Regd Glacier. 
An instructive aection of Permian M a  ia e x p o d  along the east 

Bide of Nizina Glacier south of Skohi Lske, w h  a small stream Aowa 
through a ahdow box canyon parallel tu the ice d g e  for half a d e  
or moro. The stream crosses the upturned edgm of the beds, which 
strike from N. 50" W. to west and dip about 75" S, The youngest beds 
(top of the section) are at tha south and of the canyon. 

Coanret~ff,,,,-----,-*,,,~-~~*~---,--- 75 
F i n e p i n e d  brownish tuff , , , , , , , - , - - - - - - , , -~ , - - - -d--- - -  I0 
Black shale with thin be& of limp sand or grit; strike N. SO0 

W.,dip TS* W,,,,,-,----,,,,,,------,*-,----------- 126 
Thin leneea of browniah ~ h l e  in limy grit ,,----,-,--,,,,,, 20 
Lightgray, yellow-weathering he-grained flow,,, , , , , -, -, - 75 
Hard fine-grained white pyritifemus limeatone in be& 8s 

much BB 2 feet thick, interstratified with bhok sbsla,,_ ,, 80 
Bmlt-- - - - - - - - - - - - - - - ,* , - , . , - , - - -+-- - , - - - - - , - . , , - , - - ,  
Black ahale with whib limy be& and knotty IImeutons inter- 

Bttatified with grit or Ane conglomerate grad in^ d o w n n d  
into tbbedded ahale and sandatone in beds M much nn 2 
iwtthick-----------,,,,,,,,-----,-,,--------,,,,,,, 

Thin-bedded shale and c o w  limy gandstone or grit, limy 
conglomerate witb ahaly p b e o ,  and impurn limesfone, ,, 

Baaslt_-,--,, , , , ,-----,--,, , , , , , ,-,------------------- 
Black ~hale-,- ,  , , - ,- ,,- - ---- --- , -, -, - - * -- * -- - + -------- - - 
Ba~alt  and tuff---------,-------------. ,--------,-,-, , ,  
Thin-bedded hard whits crgatalline limedone in beds ae 

muohas 3feetthick-- ,- , , , , , --- , - , -- , -- , -----------_ 
Baaslt* ,,,,,,------------------,, ,",* .,,,, *** ,------,- 
White cryuhdine U r n h e - -  - - - , , , , , , , , , , , , , , , ,- -- - -,-- 
Whib and npeckIed grit or fine aonglomemta with a few 

quartz pebbles as much aa half an inch in dim- atriks 
&, dip 7 5 O  S -,,---- * ---- -------**,---- ---, ** ------ 

Baaalt------,,,-,,,,,,,---,-,,,-,------,,-,,_,---,,,,, 
Gray m y  beds and black shale; strike N. 65' E., dip 7 5 O  &.; 

seeting on fine gray tuffaceou~ limy wnglomersC and ~ k d e -  
B a d *  and tuK with s little ahale and fmdiferoua limy beds- 



The thickneeses given are paced distmees and do not take into 
mount the dip of tba MR. Newly all the sedimenkry membem of 
the section are abundantly fodiferous. A great thickness of tuff 

' m d  baealt umdmliea the section, and another great thicknew of val- 
canie rocks, which appear to be mostly if not wholly lava flows, 1. 

overliea.it. The wliter regards .the overlying lam flows aa the b w  
of the Nikolai greenstone but was unable to t m e  them rwuthwd rn 
the Chitistone limestone at the end of N i h e  Glacier, because they 
ara hidden by Cretaceous deposita in the interpening area, 

Another m a  of Permian sedimentmy rocka, including a part of Y 

Ehe Chitiatone Valley ad jecent to Chiti~tone Glacier, gives further 
evidenm concerning theae rocks and their relation to the Nikolai 
grmmtone. The aize of the area ie not known, but it probably extend8 
south into the glecier valley and e a ~ t  to Russell GIaFier, although the 
higher parts of the ares are Tertiw lava fl o m .  The Ionowing appmx- 
hate.aection gives sn idea of the  rock^ along the wuth side of the 
Chitistone River for a distance of 231 d m  ~outhwast from the glacier. 
All the beds dip steeply southwastmrd. The Nikolai greenstone is 
the top of the section md occupies all the intm~oning area between 
the Permian gedirnentq beds and the Chitbtone lirnmtona west of 
Glacier Creek. The =tion ia given b show the character of the 
rocks rather than their thiclmm, M m u r a t e  messuremenb were -e 

not made. 
S W  o! Permiaft beds om Chftisfone R i m  

I 

Nlkolat gmn~tone.  
Creenstona t d  peding I n b  lava flows above. F d  
Thin-bedded ahert containing beds or leu- of h r o d a h -  

weathering tuff; etriire N. 45O W., dip 40' SW -,,,,,--, 75-100 
Wghtgray, bluish-gray, and black cherb in beds M much as 

6 inches tMck ,.,,.,-,,,,,-, ,,-, - - - - - b - - - - - - -  8evdhundred 
h a l t  flown .,.,,,, ---, ,,,, ,-,,. -- ---, ,,-,------,-,- Ssverd hundred 
Bkck or dark-gray h t e ,  ombining a few k h  of mdatone 

much M B Inchee thick and one bed of angular cowlome- 
rate 3 inchssl thick overbinby 18 inaheeof coarse 8andstone- 300 

Ydlowbh-weathering conglomerate, mwtly fine but with 
scattered pebbles sa much aa 2 inches in diameter-,-,-, 20 

Interbedded brownish-weathering mantons and shale,- B e v d  hundred 
Basalt Rows ,,,------ .,, . . ,,,, ----*- ---- ---- .-- - -  S v 8 r d  hundred 
Yellowbh-westherinu cherb a d  bnaalta. 

Thi~  mtion probably sepmmnta w e d  thowand feet of aedi- 
mentarg m d  volcanic depsita. Thin beds of limestone conglomerate 
ma preeent, but the absence of limmtone is noticeabla, as is also the 
relative warcity of f d .  

All the areas of Fermian rocks bear evidenoe that their formation 
took place during a time of murring volcanic aativlty in the WraageU 



Mountsin distriot. Tuffs and lava flowa make up the greater part 
of the known Permian depoeita, forming the bottom and top of the 
section as well aa a considerable portion of th& intermediate mdi. 
mentary part, where they evidently represent materid deposited in 

+ water. In places the pillow structure of some of the lwa flows in the 
do&tEy volcanic parts of the section auggests that they, too, were 
p o d  out on the sea bottom. This, however, may be only a l o d  
condition. 

THICKNEBB AND B T U U C l ' m  

LX 
In the preceding peges section8 of partg of the Pe& series of 

bedded rocks in different lwalfies are given, together with estimates 
of their thickness. It is not posibIe with prssent information to 
correlate these sections or to determine their exact relationships, and 
therefore it is likewise net possible ta do more than suggmt the order 
of magnitude of the thickness of the whole succession of volcanic and 
sedimentary beda. Zn a general way the Permian rocks consist of 
upper andlower p& that are dominantly of volcanic origin, separated 
by n middle part that is dominantly of sedimentmy origin. The 
b ~ n l  and middle pnrts are each thought ta have a thickness of several 
thousand feot, and if the Nikolai gregretone is included with the 

* Permian rocha a thickness of 5,000 to 6,000 feet of lava flaws is sdded. 
Probably the estimate of 10,000 feet that Cnpp ~uggested as the 
thicknpss of the Carboniferous rocks of the Chisana-White River district 

* is not excesivn, although his estimate wae intmnded to include rocks 
that mere then considered to be of Penmylvnnhn age. At least it 
may be said that rocks of Permian age reach a thickne~ of many 
thousand feot in this area. 

AB i~ s m s t e d  by their age the Fermian mch have undergone 
greater change in form and other characters t b n  the rocks that 
overlie them. The bme of the section has not been mognized, and 
the rocks that lie beneath are not known within the area under con- 
sideration, although Middle (?) Ilevonian lavas, agglomerates, and 

e tuffs, assodated with considerable black shale and minor amount of 
graywacke, underlie the Carboniferous volcanic rocks on Bonanza 
Cmk, north of the White River district,I8 

The Permian rocks a m  much folded and faulted but are not BC& 

tam, although the hes tone  beds in places are recrystallized, Much 
T of the folding o c c d  before the upper -sic black ahale of Skolai 

Creek wm deposited on the upturned and eroded lime~tone of the 
m o u t h s  between Frederika and Nizina Glaciers, whore it ia ~hown 
that not only did folding take place but that there was m bhmening 
pariod of elevation and erosion. This was followed by folding that 
involved the h w e r  Cretaceous sediments also, and finally came 

C a m  8. R., The ~ h - W h i b e  Rlvm dlsMct, AIsska: U. 8. G a l .  8- Bull- 630. p. 39,1Q16. 
u ~ d m .  P. al. 
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movement that tilted the Tertiary lrwa flows together with all the 
older rocks. 

A m  

The Permian wdimentwy mks me abundantly fosdifmua in 
place$ and many good collections of fossils have been obtained from 
them, so that their late Carboniferous age was soon recognhed. The 
fomils, however, are more cIosely relatsd to forms found in Russia 
than to those of North America, and far this reason corrstatians 
were made with the Rus~lian wctions and the terms "Gschelian" md 
"Artinskian" came to be applied to the Carboniferous rocks of the 
upper White Ri~or . '~  

Some years after the wrlr of Capps. on SkoltLi Creek and the upper 
White River (1914), Girty came to the conclusion that the two Rus- 
Bian terms should be discarded in describing the rocks of these 
and that the tern "Permian" should be used in place of "Artinsldtla" 
md "Pe11nsy1~&aian" in place of " G s ~ h e h . ~ '  This course is followed 
in the present roport, although no Pennsylvanian rocks are known in 
thh part af Alaska at present. 

The accompanying list of Permian fossils from the upper Nizina and 
White Bivor area is i n h d e d  ta hcluds all the forms collected by 
different workors and containa a large number of species. PreviousIy 
published lista bave boen revised where revision was needed, and a 

few names have been, dropped where duplication occurred. The 
determinations were made by Charge H. Girty. 

7098, North Fork of Wbife River. Collector, Fred H. Mofflt, 1908. 
3089-70990. White River, foot of Russsll Glacier, an aouth aide of river, 10 

miles & of Skolai Glacier. Collector, Fred H. MoEt, 1908. 
7x0-7100s. White River, thick-bedded limeetone south of the river. (Fm- 

slIs not in place but from float below the limestone.) Collmtor, Fred H. Moffit, 
1908. 

7101-7101 h. ICIetrran Creek, on muth side of White River new international 
boundmy. (Foaafls not in plaoe.) ' Collmhr, Fred H. Moffit, 1908. 
71027102h 8kolai P m  near eaat end of Russell Glacier and on north dde. 

(Fossils in plmae.) Collector, Fred )I. Moffit, 1908;. 
7105. Moraine Creek, at head of White River, east aide of R- Qhim 

collector, Adolph Knopf, 1908. 
Lot 2, BRC. Moraine Creek. CoUectot, S. R. Cappa, 3908. 
7108. Middle Fork of White River. W e e t a r ,  Adolph Knopf, 1908. 
7107.. Eureka Cmk.  Colledq, AdoIph Knopf, 1908. 
710&7108a, Lime Creek, at head of white Ever. Conector, Adolph Enopf, 

1 Qo8. 
7109. Skolai Paq at head of Whih River. &U&or, Adolph Knopf, IM8. 
5995. Chitiatone River, 2 milm below glacier. ColIecfor, Fred R. Mom, 1922. 
3996-3996b. Chitiatone River, 2 miles below glacier, small sadern tributary. 

Collector, Fred H. Morn, 1922. 

It M a t ,  F. E., md Kwpf, Adolph, Mineral mourcss or the W a h W M - W t e  Rivm dbbbd, Alaska: 
U. 8. Gml. B u r m y  Bull. 417, p. 27.1010. Onppe, 8. R.. The C h b - W h l l a  R l w  dbhlct, A h b :  U. 9. 
ad.  8-Y ~nll. w, p. 40, I ~ I *  
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am. Chitihne River, I mile below glacier. Collector, Fred H. Morn, 1922. 
6429. Chitiatone Vslley, ;south side, 2 mila  &low glacier. Collector, Fred 8. 

Moffit, '1927. 
6430. Chitbrte Valley, hdf h mile north of weet end of Chitiatone Glacier. 

Collector, @'red EI. Moffit, 1927. 
6431, 8431a. 8kolsii Creek Valley, south aide, 1% milea from Bkolai Creek, on 

nest wide of amall &cier oppoeite mouth of Frederih Creek. Collector, Fred H. 
Mofit, 1827. 

6432. FrederIka Valley, we& side of &tier, 3 mil- from ita terminua Col- 
lactor, Red H. MoEt, 1927. 

6433, Frederika Valley, weat side of glacier a few hundred yards north of 
Iod i ty  6432. Collector, M H. Moffit, 1927. 

8434. Skolai Creek Valley, north side, 2 miles we& of Frederika Gleaiw; alti- 
tude, 6,250 feet. hllector, &d H. Moffit, 1827. 

6435. Skolai Creek Valley, north side, 2% d e a  wed of Frederikn Creek; 
dtitude, 5,850 feet. Collector, Fred H. MOB& 1927. 

6436. Skolai Creek Vdley, north side, 3 milea w e d  of Frederika creek; dti- 
tudc, 4,850 feet. fhllector, Red H. Mof i t ,  1927. 
6437, 6437a. Solai Creek Valllep, north aide, a ahorB nwth of Eocslity 

6436. CaUector, Fred H. Mofit, 1921. 
6438. Skolai C m k  Valley, north side, north of l o d t i e a  0436 and 6437; dtitude, 

6,000 feet. Collector, Fred El. Mofit, 1927. 
6439. Nisina GIsder, ledgea along ghcier east of Chimney (Goat) Mountain. 

CoIlechr, Fred 8. Moffit, 1927. 
6440, 6440a. Skolai Creek, 1% mil- from e& end of I r r m  lake. cdeetor, 

Fred H. Moffit, 1927. 
6441, 6441a Nisina Glacier Valley, eaet mide, 2 mnea awth of h w e r  SkohI 

Lake. Collector, Fred H. Moffit, 1827. 
8442-8442b. Mizina Glacier Valley, east aide, 1% miles south of Lower Wkold 

b k e .  These fmaila sre lower in the section than collection 8442. Collector, 
Frcd H. Moffit, 1927. 

Lot 1, GRC. Wolai Cmk, lower end. Collector, 8. R a p p ~ ,  l91C 

The Nikold greenatone is a thick series of altered basaltic lava flows, 
which is exposed in many irregular areas on the north side of the Chit- 
ina Valley all the way from tho Kotsina River to Chitha Glacier, a 
diatsace of 100 miles. A1 though the formation was orifially contin- 
uous throughout this distance, much of it is now buried under younger 
rocb md hidden from Piew. For this reason also the northward 
extent of the flows is not known. The h'ikolt~i greenstme is one of the 
formations that early received a name and has been of special interest 
to mining people because it gives indications of copper in a great many 
plum and so haa been looked on as a particularly favorable formation 
for prospecting. 

The basalt flaws have a marked similarity of appearance and general 
c h m t e r  throughout the m a .  Their color is prevailingly dark green 
but is locally reddish or reddish brown as a remlt of alteration. They 
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are of fairly coarse taxture and are cummonly mygdaloidd, with the 
amygdules distributed throughout the individual flows and only rarely 
concentrated near their upper surfaces. As a rule individual %OW% are 
not readily recognized, and the bedded chaxacter is not distinct except 
in large expoauras, where, however, it may be pronounced. The k t  
general impression of the exposures is that of a massive intrusive rather 
than a succession of bedded lava %om. 

Intercalated beds of tuff and s h e n t ~  material have not been 
observed in the greenstone, and pillow structure within the flows has 
been recognized in ody a few localities. The evidence for ~ubrnmine 
extrusion of the lavas is therefore slight. On the other hmd, the 
evidence for subaerial extrusion is no s t r o w ,  and the question 
whether most of the lavas were p o d  out on land or under water has 
not been dwided. 

WrnOOBbPHT 

The petrographic character of the lava flows that compose the 
Nikolai, greenstons has been described many times in cunslider~ble 
detail, because of the m i a t i o n  of the greenstone and copper minerals 
in the Chitina Valley. The most recent d~wiption is that by Moffit 
and MertieIt5 which has been used as a source of materid for most of 
the detailed petrographic description t h ~ t  followa. 

Megmcopic cham#m-Hand specimens of the Mikolai greenstone vary much in 
a m n e e .  The color is commonly dark, but a gmniah hue resulting from the 
development of mwndary mineral8 ia nearly alw~ye men, although a reddish or 
reddish-bmwn oolor rometirnes m d t a  from aertain forme of alteration. The 
texture ranges from that of dense, finegrained rocka in which the oonatituent 
minerals me sll too amsll to be distinguished wi$h the naked eye t o  that uf medium- 
grained roaka in whish wme of the minerals, espeoially the feldspars, ~n be m g -  
ni&. Some specimens are porphyritic, with phenonrypts of feldspar and pymx- 
em. This aharacteristic ia usually seen beat on a smooth weathered ~udm of the 
rock, where the contrmt in color between the phenoorystm and groundmase la more 
p m n o u n d  Muah of the p e m t o n s  is amygdaloldal, the original p a  mvitiea 
having been med with dcite ,  chloritic and serpentinous material, quartz, epidote, 
and z e o l i h ,  and the white, green, or grayish spota produced by the aeoondary 
minerals am oommonly much more oonqiwoua than th &pots made by pheno- 

of feldspar or pyroxene. Ellipmidal L a v ~  have been found in tb h'ikolai 
greendane at a few localities, but this sfruoture is exoeptionaL Tha metamorphiem 
of the greenatone b been chemical rather than dynamb. 

1 1 8 ~ 0 s m ~ c  charactw,-An examjmtion d a large number of fhln seutiom of the 
ETikobi greenstarm ahowad that much of i t  origIntdly oontained mom or lese glass, 
which ww altered to mrpentinous or ohloritic material aa a Mlt of ohemical 
changeu that h k  p h  long after the rocka were w l d  At p e n t  only a little 
of the origind re,mains. The dterakion d ather  mineral^ besides the gls~m 
mrpentinous or chlotitio maferIal makee it difirmlt ta determine what proportion 
of the lavas waa o r i g i d y  g l w .  However, it probably did not exceed 10 or 15 
percent, so that m& of the penstone may b mnsider4 to have been arysfalline 
rather than ghay. 
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M o ~ t  of the greeduna is porphyr1Ci0, but the porphyritic oh&r i~ much mom 
evident in some flows than in otbm. Feldspar is fbe most eonmpicuoue pheno- 
cryst, in a w e  specimens the only member of the iht generation of q r s t a l ~ ,  
Pyroxene &o forms phenocry~b, but they are d e r  and less common than the 
felwar. Aa a tule the groundmw is found b have the diabasic or opbitic fabrio, 
and the m e  fabric is seen where no phenmryds are present. 

The primary miner& of the  lava^, named in order of abundance, are augite, 
labradorite, w n  ares, apatite, olivine, and ortborhombic pyroxene. The &i- 
mted rshtive proportions of the principal minerals, negleating original glass, L 
augite 60 pwoenf, feldapar 40 percent, and iron oxides 10 percent. Apatite is an 
aocesmry conatitusnt. Olivine and orthorhombLo pyroxene were found in only s 
few of the thin mtione. 

The labrsdodte phenocryda mge in length from 0.5 milllmster t o  6 milll- 
metem. They show either a wellwelldeveloped or i placen 1- welL-developed 
cryd.alline form, are of prismatic or equant habit, and are twinned polyayntbeti- 
cdlp by the dbife law or rarely by the perjcllne law, Xonal growthe are seen, 
and some arystala show magmatic morption. The fel&p&f phenocrysh me 
&wage dkmd and have yielded mdcite, kaolin, calcite, a ~ d  chloritio material 
aa alteration products. Epidote wm found in Borne mecimem. 

The augfte phenmrysb are much m d e r  than the labradodB and range in 
niza from 0.3 to 1 miUlmeter, the larger eryatds being exceptiend. They have 
poorly developed c r y M  forms of approximately aqua1 dimedons in the direa- 
tiom of their axea, am mlorlew, and many of them contain inoluaion~ of labra- 
dorlto, The augite of the groundrnw was originally the most abundant mu- 
gtitituant of the rock and occurred in twa forms. It ia present fn the coamer-grained 
greenstone aa large g m b s  without cryah1 faces, including laths of plagioclaes 
feldspar, the two giving the typicaI ophltic fabric. Whem the greenstone ia not 
coarse-grtinsd and eapeoidy where glm i a  present the sugita forms giaina with 
cryetal facm imperfectly dmeloped. It is incIuded htween the feldspar hystalep 
but became of ita smdnssa baa developed ita own crystal bounddm and has 
not yidded the ophitic stmoture. The augih is either colorleas or light yellow- 
hh green, le nonpleochroin, and h~ iC charackktic aleavege. Ih alteration 
producta are chlorite and serpentinous material and Iocally ep idh .  

The feldapm of the ground-, labradorite, shorn little variation in habit 
and is nearly alwaya present aa tlubhedd laths, twinned moording to the albits 
law. The maximum length of cry&& in the c o m r  greenstone ia from 1 ta 2 
myimetera, but this is exceptional, m d  the average is Iim than. half thIs 8im. 
The feIdspar of the groundmass, like the phenocrysta, haa h e n  altered to sericite, 
k w h ,  calcite, and cbloritic material. 
The iron Ores, megnetite and ilmenite, occur aer groins with or without crystal 

bo~~ndaries, which rarely exceed 0.2 millimeter in diameter. Like the other 
m i n d s  demribed, they are chemically altered and yield moondarg products, of 
whioh iron hydroxide and leucoxene are ma& common, 

Apatite is not plentiful but oecura in moat of tbe greenatone aa tiny palegreen 
needlea. 

Olivine ia relatively ~carce in the greenatone. It alters readily to wrpentine 
and la reoognixed usually by i t 8  alteration  product^ or by pmudomorpha of t h w  
products dtm the sixdded olivine &als from which the mrpenthe mme. 
The presence of hematite, antigorite, or iddingaite dong the irregular arecka of 
the arlginal ollvine now s l t e d  to mrpentine i s  further evidence of the ~ C B  

of olivine in the unaltered mok. 
Only one oecumce  d orthorhomblc pyroxene WM noted. The thin sectiana 

~howed faintly pleoohmio crystals of this mineral associated with the augite. 
Secondary lsainemh.-A ehmwkietio feat- of the Niko'ikolai greenstone is that 
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the lavan have- everywhere underpone a conddarsble degree of alteration, which, 
haa been dated, iB ehemicd and not the recrymtslllration of m i n d  resulting 

from shearing and pmure. Thia alteration i a  more evident in thin sections 
than in hand qxcimena. The feldspar yielded aericlte, h o h ,  cddte., and 
ahloritin and wrpentinoue products; the augite g v e  chlorite and sespentinw. 
Thme alteration producta occupy the placea of the original miner&. Seoandarj 
minwala, however, occur In other wlrya. The original lava flowa in many placea 
contained gaa wdties, whIoh are now EUed wlth mcondary m i n d 8  introduced 
thmugh the agency of mineral-bearing solutions that circulated through the rocks, 
thus forming the amygdulee, so frequently seen. Two or more such mineral8 
may occur in the name smygdula, mangcd oonmtr'caUy. A common -&a- 
tion is yellow mrpentinoue material which Iinea the ori@aI cadtp and w n  
pleochroic chlorite which lieu within the nerpentinous material and gades into it. 
The center of the cavity may h colorlew serpentine or calcite ar both. Some 
cavities were filled with only one of several chIoritKe w mrpentinoue maferih. 
The two outsr Iininp a m  regarded afl evidence of chemical readion Wween the 
mineral-6esring solutions and the 4 af the cavitiea, which m y  have ml ted  
In mme enlargement of the cavitiea. As evidence is aited the irremlar aham 
of such cavities, as compared with ctwitim N e d  by only ons mineral, and the 
aommon occurrence of rock-forming mined8 projecting into the cavities, such 
mineral8 haring the same double h f n g  aa the rest of the cavity and &owing 
various d e w  of chloritization. The central jilling of caldte and serpentin0118 
or chloritic material is regarded atl due wholly to depoeiGion by the drculatfng 
ground water. 

Another ocaumnm of secondary m i n d  ia that of epidote and quartz as 
alteration products of pyroxene and feldpar and sa cavity fillings. Ils an altera- 
tion product of the rock-forming minerale epidota is mom common than quartz. 
The epidote-quartz mineralization wan a later process than th t  whjch pduced  
some of tho ~hloritic material and caldte, and 88 it haa been obmmd chiefly in 
awociation with or in the near vicinity of copper deposita it is believed to have 
had a genetic connection with the copper mineralization. 

A third p r o w  of chemical dhr~tion ia tho development flf aeolih and prehn- 
ite aa vein a d  cavity fi3linga. M c i k ,  heulandite, and a thrd m o w  that k 
probably thompsonite, although its identification in not complete, were noted. 
Them zeolites and their associated prehnite appear not t o  haw repleoed the PQ 

stone but are confined mainly t o  veinleta and arnygdules. 

The th i che~s  of the individual flam that make up the Nikolrti 
greenstone ranges from a few feet to many tena of feet. Probably the 
flows are lenticuhr and overlap one another, for it seems highly 
hprobab~e that the individunl flom should be continuous over the 
whole ext ent of the formation, Tho thickness of the formation as a 
whole probably varies at different places and can be stated only 
approximately. In the Kotsin+K~~skulans district l6 &the thickness was 
est.imated tci be not lesa than 6,500 feet. In tha NZna dist.rict " the 
thickness is not leas than 4,500 fmt. This e 8 h a h  represents an 
inmmplete section, for the bme of the greenstone is not exposed at the 

rr MoWt. F. H., md % d g  J. B., Jr., Tba KotgtneKvnkdmn dlstr& dleskx If. 8. owl. 8 W Don. 
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place whem the memrnent was made. No complete section of the 
Nikolaj penstone hes been recognized. Both the top and the bottom 
am exposed in khe vicinity of Nizina Glacier, but the intervening part 
is conmaled either by ice or by Cretawous so&, ao that measurements 

d 
and obsemrations of dip and strike by which the thickness could be 
calculated cannot be made, It seems probabIa, however, that the 
tbchess is not less than 5,000 feet and may be ns great as that of the 
K o ~ ~ ~ K u s k u l a n a  district, or even greater. 

The structural rela tims of the greensfone to the rocb beneath and 
't above it offer several problems. In the N k a  h t r i c t  the basal beds 

rest conformably on limy tuff beds, interstratsed with thin flows of 
basalt, and evidently belong to the sequence of volcanic and d i -  
men* deposits that make up the Permian fonhations. mese rela- 
tions are best shown nenr the lower end of Nizina Glacier and in the 
Chitistone Valley. The relation of the greenstone to the Streha for- 
mation is less clear. No well-defined boundary line between the twci 
formations is mcognized, and the separation l8 was made largely on 
Ethologic evidence. Tho dflerence in age and the suppoeed absence 
of Pennsylvanian rocks between the two formations suggasts the 
probability of an erosion interval before the Nikolai  lava^ w Ere erupted. 

The relation of the greenstone to t.he overlying Chitistono limestone 
kiv appeam to be one of stmcturcl conformity wherever the contact has 

been examined. A thin shale bed commonly intemenes, but the beds 
of limestone and the lava flow3 appear to be psmllel to one another, 

a In seeming contradiction to this relation of conformity is the occur- 
rence of Triassic shale unconfomabIy overlying the m d v e  Permian 
hestone north of lower SkoIai Creek. This suffgeats either thltt the 
petmstone was present and has been aroded off or that the limestone 
there was never covered by the NikoPni lava ff ows. Although the 
northward extent of the lava  flow^ is not known, the h t  alternative 
would Beem the more probable and if true furnishes evidence that 
strong deformation of the Permi- rocks took placo before the shale 
waa deposited. 

? !lZe Nikolai greenstone is composed of hard, rektant lava flows 
but has yielded in two ways to the deforming pressures that have been 
applied to it. The flows have been bent into broad folds and in addi- 
tion have .yielded by fracture and by movement within the Aows. 

.r 
Because of its brittleness end this frncturing the peenstone is every- 
where cut by joints and by fraeturo planes on which movement has 
taken place, a8 is made evident by the abundance of slickensided sur- 
faces. The fracture planes divide tlie rock into angular block of all 
shapes and sizes and give rim to a rugged topography. Because of 
the mxistanca of the lnvas ta decomposition and the relative ease of 

1' M d t ,  F. H., and Mettie, f. B., Jr., The Kotalm-Kft8hbn *, A k b :  U. 8. QeoE. Pumsy 
Bull. 146 p. 21, 1RZF. 



-breaking down that results from the fracturing, the btraes of penstone 
clifFs are commonly hidden by great accumulstione of blmh that fell 
from above. 

A m  

The age of the Nikolai greenstone wm long a confusing problem 
and even now can be stated only within wide Mte. Little doubt 
remains that, the lava flaws aC the baae of the formation are the product 
of the period of vohnic activity that chamcterized Permian tima in 
tbiB region. Thia conclusion is based on the evidence of fossils 
collected from tufT and limeatone beds at the base of the greenstone. 
However, it is not known whether the outpouring of the Nikolai 
lavas was completed in Permian time or whether it continuad into 
the Triaaeic period, although it had ended before the Chitistone lime- 
atone waa deposited, in Upper Triassic t h e .  That event h e a  an 
upper limiting aEe for the greenstone, and i t  may therefore be s h t d  
that the earlier lava flows are definitely Permian, and the later flows 
are either Permian or possibly Triassic. 

The Mesozoic bedded rocka of the Chitins Valley and the adjoining 
area include cpiefly marine sedhenta, limestone, ahale, sandstone, 
mng1omerate, and tuff, with a total t h i c b  of at least 10,000 feet. i 

In ddition s peat thichess of date and graywacke exposed in the 
Chngach Mountains is now regarded as partly if not wholly of Mesa- 
zoic age. Thew Mesozoic rocks include formations of Upper Triassic, # 

Middle and Upper Jurassic, and Lower Cretaceous age. The f01low- 
ing table illustrah the dominant chrachr m d  relation of theae 
formations: 

Lower Creteoeoue: Blsck shala or slab, mndntone, ~d 

graywacke, conglomerate-- ---, --, -- - - - -- --- - - -- 6,000 
Upper Juradc: Black ahale. 
MiddIe Jurndc:  Tufhceous shale. 
Upper Triassic: 

Black shale (McCarthy) ,--------------------- 1, 50&2,500 -F 
Emeatone (Nlzina) -,-,--------,-,,,-,,,.,.,, 1, ~ 0 0  
Limeatone (Chitiatone) -,,,,,- ,,, --------------- 1, 

Although Mgsoeoic rocks are widespread in the Chitins Vdey, 
knowledge of their identity and distribution has accumulated only 
gmdunlly and is still incomplete. This condition results fmm the 1 

fact that although fossils aro fairly plentiful in some formtttions or 
parts of formations, they are nevortheE& scarce and difficult to find 
throughout great thicknesses of the deposits, and from the further 
fact that many of the collections were made from isolated areas of 
beds whose mutual stratigraphic relations were unknown in the field. 
Zn addition no thoroughgoing wmparati~s study of the faunas has 
ever been mde,  and the pdeontologlst ia therefore not in possemion 



of the factg needed to solve some of the problems that have arisen. 
Because of their lithologic character and more abundant fossils the 
Upper Triassic hestones and the over]* McCrsrbhy shale have 
been easier to recognize, and their distribution throughout most of 
the Chitina Valley is well established, yet knowledge even of thm 

k* rocks is incomplete in important dat.ails. The top of the McCarthy 
shale has never been recognized, and the maximum thickness of the 
formation is in doubt. The Middle Juramic tuff beds me known only 
in one s m d  area with indshite boundaries near the mouth of the 

*, Chitina River, yet they hwe afforded a s m d  distinctive fauna and 
mouse little doubt regarding their age, although their structure is not 
h o w .  The Upper Jurassic and Cretaceous sedimentary beds, how- 
ever, pteaent such difficulties to diflerentiation in the present state of 
knowledge concerning them that it has seemed best not to attempt ta 
distinguish them on parts of the geologic map. Upper Jurmsic rocks 
ara recognized north of the Chitina River in the Kotsina-Kuskulana 
district and eastward on McCarthy Creek. The Cre_t-@@ous eedi- 
mentary rocks, on tb other hand, have their greatest devi!lopment in 
the Nizina district, although they are recognized as far west as the 
eastern tributaries of the Kuskulana River and extend eastward into 
the upper Chitina Valley. They c a d s t  chiefly of- g _ a n d ~ m  md 

u. shde and reach a thickness of sev&al thausandfeet, much gmater 
than-that of known Jurawio deposita in this district, yet notwithstand- 
ing their wide distribution and thicknass the Cretaceous racks were not, 

I 
recognixed as such in the earlier work and were regarded ss b e l o w  
to the Upper Triassic McCarthy shale or the Upper Jursssic formation. 
Their identity could not be determined till larger collections and more 
helpfully diagnostic fms& were available for study. 

The Mesozoic rocks are described below at greater length, but h t  
the writer wishes to acknowledge bis indebtdne~ls for the &tmm 
and stimulating ideas he has gained from a study of Martin's e x d e n t  
work on the Mesozoic stratigraphy of Alaska,'* in which dl the infor- 
mation a~ailable at the time he wmte it was collected and correlahd. 

P 
UPPBR -0 B o r n  

Aa has hem stated by Martin, the most complete known ~ection 
of Triassic m k a  in Alaska is in the Chitina Valley. The section 

t 
inc lud~ about 5,000 feet of marine deposits, consisting of a lower 
part about 3,000 feet thick, made up of limestone and representing 
two formations, and an uppar part whom thickness is unknown but 
approximates 2,000 feet, made up of black shale, calcareous argiu;te, 
and a few s m d  limestone beds. This Bequence of sedimentary 
deposits h d s  ib bmt or most typic&] devdopment in the mountains 

n -in, a.12.. U. a h l ,  Bull, nB,1$28 
' Idem, p. 6. 
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between McCarthy Creek and the Chitistone River, where the whole 
succession is ahom in natural sections with diagrammatic clearness. 
The general section in this district is as follow: 

Upper Triamia: 
McCarthy formation: Abow, a black @hale member with 
a few thin beds of limestone. Below, interbedded 
black shale and hard calcsreoua mgWte in badtl com- 
monly 1- than 3 feet thick; this rnernher ia of variable 
tMcknme snd in places exceeds 1,000 feet - - - - - - - - -  2, OOO? 

Conformity. 
Risin a limestone: ThinWded dark-gray limestone, 

commonly with shale partings that increase in thick- 
ness toward the top ---------------------------- 1,100 

structural confomity. 
Chitidone limestone: Blui~h-gmy limestone, prevail- 

ingly in thickcr be& and with fewer and thinner shale 
partinga than tihe overlying Nizina Limestone. Blwk 
chert Zlodias of irregular farm am numerous in the 
Chitidone limedone in  place^ --,,,,--,,,-,,-,,-,, I, 9M 

BtrueturaE conformity. 
Permian or W c  ('7): Nikolai greenertone: Baaaltic lava flow. 

. ,. This section may be considered the standard section of the Nhha 9 

district. It in not displayed everywhere in full development, especially 
,in the western part of the Chitiaa Valley. Variations from the typicd 
farm are discussed below in the appropriate places. .z 

The two Upper Triassic b e s t o n e  formations were net distinguished 
from each other in most of the fidd work that has been done in the 
Chitina Vdey, and the dietinction ia not m d o  on the gealogic map 
(pl. 2) accompanying this report. Formerly the name "Chitistone" 
was applied to the whole thickness of Upper Triassic limestans in 
the Pu'izina district, although lithologic diffemcse between tha upper 
and lower par& were noted. Latar these differences were recognized 
in Martin's proposal to restrict the name "Chitistone" to the lower 
part and apply the new name "Nizins" t o  the upper part?' 

The two formations iu the 'type locality comprise an uninterrupted 
eumession of hestone beds that were deposited on a gradually sinking 
sea bottom. Probably the lowest beds were laid down in an a m  
of the sea that increased somewhat in arm as subsidence cont.inned, 
so that the later beds overlap the older. The basal part of the Chiti- 
stone limestone is bluish-gray Limestone that, so far m k h o r n ,  lies 
with structural conformity above the Nikolai greenstons and ia 

&httII, C). O., l'riamic ro& d A k h :  Chi .  8m. Amdm Boll., vol. 37, pp. BWd89,181& 
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separated from it in places if not e~ergwhem by B bed of gray or red- 
dish shale from a few inches to 5 feet thick, Commonly but not 
invariably the basal beds are d v e ,  to be measured in tens of feet, 
and show little evidence of stratification, but where bedding plan= 
are recognized thin ahaly partings between h e s t o n e  beds may often 

, be seen. ]Locally, however, the basal beds we 18 inchca or less in 
thickness, although the bedding lines are not distinct nt close view. 
In the higher beds the composition of the limestone ia somowhat 
diftemnt. The freshly broken aurface is darker gray, thin beds are 
more numerous, and shde partings are more noticeable. Evidently 
the sea was depositing more mud, the hentono was becoming less 
pure, and the conditions 01 deposition were less stablo. A h e  section 
of the limestone on t h ~  east fork of McCarthy Creek B ~ O W R  ri fairly 
regul~r  succession of massive beds with indidistinct or discontinuous 
lines of stratification, alternating with zanw of thin beds, the whole 
assemblage having a thickness of ~t least 1,000 feet. 
In mme localities, as tit the Kennecott mines, the lower beds of the 

Chitistone limestone are dolomitic. h p@rt a t  least the dolornitiza- 
tion was a ~econdary process that was brought about after the original 
limeatone wns deposited, for the boundary surface between the tlolo- 
mltic and the purer limestane crosses the beds irregularly without 
regnfd to bedding planes. The dolomit.ic mck, however, is not known 
to extend more than a few hundred feet h o v e  the bnse of tho forma- 
tion. How widespread this altered phase of the Chitistone limestone 
may be in the Chi tina V d e y  hna not been determinod. Frobably it 
ia  rr local feature. 

Another feature of the Chitistone limestone tbtkt is evident wherever 
the formation occurs, yet is mors chnmterbtic of gome parts of it 
than of othem, is the occtulenct! of black or brownish-black chert, 
The chert may take the form of thin beds or stout lem-shaped bodies 
in the bedding plnnes, such lenses reaching a thickness of 10 or 12 
irichm. Commonly the bodies are tubemus, with stout knobby 
branches, and are distributed though the limestone with no apparent 
dependence on the bedding planes. Fantastic shapes that resemble 
cucumbers, drunbbells, and branching, twisting roda are plentiful. 
In general the forma are chunky and range in size from 188s than as 
inch to n foot or more. These chert bodies are particularly noticeable 
in limestone on the hoad of Nikolai Creek, whore irregular masses 
of the adjacent limostone have been silicified, an alteration that makes 
the rock harder than the normal rock and prevents it from t&ng the 
usual hght-gray weathering on thc surface. 

The Cbitistone Iimestonc is cut hero and there by dikea of quartz 
diorite or a closely related light-colored igneous rock. Most of the 
dikes have been considerably altered, so that their character is not 
easily determined. Furthermore the dikes themselves blend so well 

6594-8- 
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with the limestone in the surface exposures that they -ape casual 
notice. Several such intrusive bodie~l ware encounhred in the mines 
at Kenneoott. They i r e  probably more numerous in tbt part of the 
area than elsewhere. 

The NGna limestone includes approximately the upper two-Hths 
of the original Chitishne limestone as exposed in the Nizins dishct. 
No distinct stratigraphic break is recognized between &he Chitistone 
and Nizina fomtiona. The two ara structurally conformable in the 
type locality, and there ie diculty in determining where to place the 
boundary line separating them. The Nizina is distinctly bedded, and *w 
on the average the beds are thinner than those of th8 Chitiatone, 
commonly measuring from a few inches to 2 feet, althougb much 
thicker beds are present. It is a darker gray, and the shale partings 
between the beds me thicker and more noticeable, yet they constitute 
only a minor proportion of the whola. In large exposures viewed from 
a distance the weathered aurfaae of the N&B limestone shorn a 
browni~h-yellow mlor that serves to distinguish it from the underlying 
Chitistone. This distinction, however, is leas pronounced in hand 
specimens, and in isolated expmurw it ia practically impwible to 
distinmish the Nizina lim~~tone from the Chitistone by lithologic 
diff er&ma. 

No sharp line of separation exists between the Nizina limestone and 
t h ~  overlying McCarthy &ale, for the two merge into each other by a 
gradual change iu the charactar of the sediments that continued 
through mmy scorea of feet and h d l y  r e d  ted in the substitution of 
argillaceous and fine sandy material for lime. 

The Upper Trike limestone formations ma exposed in the moun- 
t a i n ~  on the north ~ d e  of the Chitim Valley from the Hotsha River 
on the weet to the divide between the heads of Glacier and Canyon 
Creeks on the east. They do not, form a continuous belt of limeatone 
throughout this distance. Their continuity was intmruphd through 
faulting and ero~~ion, and they are coverad in places by younger rock 
formations and stmam-graval deposits that lie an them mconfom- 
ably. Their finest expo~~ures are on McC&hy Creek {pl. 7 )  and the 
Ni&a River (~1. 6, B),  where the whole sequence of Upper 'Srias~ic 
bestone from the base to the overlying McCarthy shale is displayed 
in natural sections of diagrammatic clearness. Between Kennicott 
Glacier md the Kwktilana River the limestone formations are much 
less in evidence than at the extremities of the basin, and exposures 
have not been examined with thoroughness, for they extend into a 
district of very rugged mountains and are difficult of wcms. It is 
not known whether the limestone is continuous through this section 
or occurs in dismmected meas, West of the. Kuskdana River the 
limestone is repeatedly folded, with the result that through the acci- 
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data of erosion and faulting it b exposed in  evere el distinct nearly 
parallel belt& 

The lebgth of the area in which the Chitistone md Nizina beston- 
am h o w  to occwr is about 65 mil- from east to west, and the width 
at the widest place on Nizjna River is 14 miles. HOW far the he- 
gtones may extend northward beneath the Tertiary lava flom of the 
Wrangell Mountsins is impossible to dotarmine. They are not known 
to occur muth of the Chitina River. 

TErCHNEBB AND STBUCTTBM 

The Chitistone and Nizina hastonee are expoaed in their fulI 
development in at lemt t h e e  localities where aonditions afford fsvor- 
able opportunities to calculate their thickness--on the Nizina River 
oppmite the mouth of the' CXti~tone, on the mt ~ i d e  of McCarthy 
Creek, and on the east dde of the Laldne River near the foot of the 
glacier. At each locality fine natural sections were produced by 
stream a d  iae erosion, but the valley walla are so high and precipitous 
that direot measurements are impracticable. It ia therefore necessav 
to caloulata the thickness, making use of the topographic map and the 
known d i p  md strikes. In tbis way tho limmtone an McCarthy 
Creek was found to be about 3,000 feet This mmputatian 
involves an exercise of judgment in placing the toundary between the 
Nizina limestone and the McCarthy shale, for, as haa been atated, no 
sharply marked boundary exists, It is thus p i b b  that some differ- 
ence of opinion as td the correctness of the cornputstions may easily 
&rise. 
The section on McCartby Creek is much more accessible than the 

type -ion of the Chitistone on the Nizina River and hae been given 
special study. It was firat estimated that the total tthikneaa of 3,000 
feet should be apportioned between the Chitietone and Nizina forma- 
-tions in the ratio of about 3 t o  2. It was later found that the thicknew 
of the Chitistohe lime~ltone at this place is about 1,900 feet and that 
of the Nizina bestone ia 1,100 feet. Although these &urea are 
admittedly not exact, the percentage of error iis probably not great. 

The section on the Nizina River is lsss accessible for direct mwUTB- 

ment than that on Mecarthy Creek. A great open s y n c l i d  fold ie 
exposed, but the lowest pomt of the fold dips slightly below the bam 
of the N i z h  River, and the tup of the limestone is no more distinctly 
shown than on McCrtrthy Creek. By reconstructing the saction, 
however, a measurement agreeing well with the thickness on McCar- 
thy Creek is obtained. 

A calculation of the thickness on the Lakina River was not mads, 
aa tbe topographic map of that, vicinity is on a smdm scale and is 

Momt,  P. E., d Cwm, 8. E, -om md mhsral mmmm d thn Nislnm dlalrfet, AlssLe: U. 9. 
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less murate. It is probable that the thicknew there is not greatly- 
different from that of the two sections dread3 given. 

The Triassic hestone is well exposed on the Chitistone River andl 
appears to 'be mmearhat thicker in that vicinity, but measurements 
there are made uncertain by folding of the beds and the occurrence. b 

of a great overthrust fault. 
In the Kotsin8-KusfruFana distsict the opportunities for meas- 

ment ara la= favomble than in the mat end of the bestone basin, 
a8 the limsstone ia eKtensiveb faulted and in pIacss is hidden bg. 
younger uacanformable beds. Ths limeatone on the north side of 
Eiliott Creek ranges f m  75 to 200 feet in thichess. This p a t .  
reduction in thickness is considered below in connection with the  
structure. Nearby on the north fork of Strelna Creek the thickness 
is 400 feet. Oa Clear Creek, a tributary of the Kuskulana Rivor, it 
is TOO feet, and on Lima Creek it ig  from 700 to possibly 1,000 feet.. 
These measurements apply ody to the Chitistone limestone, for in 
mapping this area an attempt w&s made ta differentiate the Chitistone 
from the Nizina. The Nieina limestone, however, wss considered a. 
part of the K d d a n a  formation--an undiiferentisted succession of' 
Upper Triassic bes fone  and shale beds that were believed to represent. 
the Niaina .hmtona and the McCsrthy shale. 

It appears probable that neither the Chitistme nor the N i .  
limestone is as thick in the Kotaina-Kuskulsna district as in the- 
Nbha district. On the other hand, the overlying Upper Triassic 
shale may be Ghicker. 
The Chitistons limeswne appetlre to have been deposited on the. 

Nikolai greenstone with structural conformity. The contact of the 
two formations in the large expoeures is commonly covered with talus,. 
for dierentirtl weathering tends to produce rat the contact a slight 
bench, which is favorable for the mcumdabioa of looae matorial.. 
A thin bed of shale btween the lava flom and limestone hm been 
noted in many places where the talus is absent or hm been removed 
or where tho contact of the limestone and greenstone has been exposed 
in mining operations, but tho bedding plmos of the lava and the, 
limestone are mnfarmsblo wherever they hsve been studio$. Never- 
theIess it seems probable that some time break must ba represent,ed 
by the contact, for most of the recently collected evidence points to. 
a Permian age for the lava flows, and no sedimentary rocks other. 
than the &ale are present to represent the probable long interval 
of Triassic time between the pouring out of the lnvas and the deposition 
of the limestone. Black d a l e  that resembles the McCarthy shde 
lithologically yet carries a fauna that Martin regads as typical of 
the Chitistone bes tone  lies unconformably on Permian limestone 
nordl of lower Skolai Creek. As tha limestone occurs in the middle 
of the Permian stratigraphic section it is e ~ d e n t  that a great unmn- 
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formity exists between the Permian and Upper Triassic rocks in 
this l o d t y .  

The Chitistone and Nizjna limestones artre folded and much faulted. 
Along the southern boundary of the limestone belt, from the head of 

'a Young Creek to the Lakins River, the dip of the b a d  beds is north- 
northeast at ~tr ry ing  angles up to 35'. The beds dip loss steeply 
-farther north, and in places, as on the Nizina River and McCwthy 
"Creek, they evidently h a w  a general synclinal structure mnlpIicated 
by minor folds. In the Kotsina-Euskulma district the major folds 

4 are repeated, the tops of the anticlines w ~ r e  eroded off, and s s u c c e ~  
&on of belts of limestone with radial arrangement, diverging toward 
the weat, was produced. This folding, however, was accompanid 
-or followed by profound faulting, so that the structure is complex. 

Faults are pronounced throughout the m a  where the limegtone 
.occurs. Commonly the major faults cut the liisstone with strikm 
h t  approximate the s a - e  or the dip af the beds. Faulting on tho 
bedding planes is widespread. Evidently the limestone beds moved 
an one another much like the leaves of a book thst is folded. Such 
bed faulting occurred throughout the formation and also at it9 base, 
so that probably there are fow placas on the flanks of the folds where 
movement of the Chitistone limestone on the Nilcolai greenstone has 

* not taken place. Some of the bedding-plane faults pass from one 
bedding plane to another, cutting the intermediate bed or beds at 
acuh angles. They dso merge into the dip faults in many plama, and 

a the resulting striations and grooves on the w d a  of the dip faults are 
parah1 to  the b d h g  planos. The faults in the Chitistone limestone 
of the Kennecott minea are of so peat importance in the mining 
operations that they w e  mapped and studied with much care. All 
classes of faults are met, but the bedding-plane and dip faults w e  of 
particular concern because of their control& influence in tho for- 
mation of the ore bodies. 

A fine example of a gently southward-dipping thrust fault cutting 
the limestone and greenatone contact ia seen on the wmt Bide of the 

7 Nizine River a &orb distance below the mouth of the West Fork 
(pl. 9, B).  Thia fault extends northwestward into the West Fork 
Valley and southeastward mrosa the N k a  and Chitistone Rivsrrr 
(pl. 8, A) inta the valley of Glacier Creek. 1 t has s known Iength 

t of at least 10 miIes and a displacement of many hundreds of feet. 
The fault orighated by the rupture of an unsymmehical fold in the 
limestone and resulted in the thrusting of a wedge of greenatone 
northward over the basal beda of the limeshne. The relative motion 
of the masses of rmk above and below the fsdt is p l a y  ~hown by 
the dmg fold8 of the b e ~ h n e .  

Another conspicuous fault occurs in Donehoe Peak between the 
forks of Kemicott OIacier, west of the Erie mine. This is a, bedding- 
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plane fault between the limestone and greenstone, dipping north- 
northeast, and would be d a c u l t  tb recognize if it were not for the 
wedge of I lm~tone md greenatone cut off by the fault at the south 
side of the peak. 

'C'ertical faults &g the limestone-greenstme contact am numer- w 

om. The displacement may range from practically nothing to many 
feet but is commonly too small to indicate in rewnnraissance mapping. 
In many places, as on the north gide of Dan Creek, faulting of this kind 
producd a notice~ble ~ 8 p p i n g  up or down of the boundary k e  
between the. limestone and greemtone. 

Faulting is highly developed in the Kotsjna-Kwgrilmt~ district, and 
faults having the same strike ss the trend of the formations are partic- 
ularIy prominent, aa may be seen from the geologic map. In most 
places strike faults between the limestone of the several b e s t o n e  
belta and one of the adjoining formations were definitely recognized, 
Martin " has presented evidence in supporb of a belief that a marked 
unconformity exkta within the Upper 'Ikiassic formations of the 
Chitina Vdey ,  ae well as those of southeastern Alagka and British 
Columbia, and suggested that the apparent t h h h g  of the limestone 
toward the west in the ehitina Valley may be due to the erosion rep+ 
sented by tbis unconformity and tbe consequent nundeposition of b& %t 

representing d or part of the Nizina formation. This possibility is 
discussed in connection with the dowxiption of the McCartby forma- 
tion (p. 601, but it may be atated bere that although the possibility is 
recognized by the writer he hag been inclined, in the absence of evi- 1. 

dence for structural unconformity in the sections that are most favor- 
rrMe for extunhatian, to attribute the irreguiarities in thickness of the 
Upper Triassic limestone formations in this area to variation in the 
amount and c h c t e r  of the deposits, t~ faulting, and ta poet-Triassic 
unconfonmities rather than ta a period of erosion that interrupted the 
deposition of wdimenk. 

AaE A W D  CORRELATION 
.- *- 

The Chitiatone and Nizina, limestones are of Upper Triwic a g e ~  
Acoording to Martin " the Chitisbne limestone "probably belongs to- 
the middle or Emic ~tnga  of the Upper Trimsic, being the equivalent. 
of at lenst a part of the Hmselha limestone of Califomis." The 
Nisina limestone is o~erlain by the McCarthy shale, which, as ~tated 
by Mmtia," "probably belonge to the Uppar Noric, near the top of 
the Upper Triassic." 

The ~ g s  determinations m based on the evidence of fossils and me 
not open to doubt BQ far as the Upper 'Xkiwic assignment is concerned, 
Fossils are not abundant in the limestones at any place but are more 
~ ~ ~ ~ , a , o . , ~ a ~ ~ ~ . p t ~ - ~ . s . . 1 f e o l . ~ ~ l r 1 ~ . r n , p ~ ~ 1 8 a a .  
$I Idem. p. 1& 
#I Idem, p. Z 
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numerous in the lower part than in the upper thin-bedded part. The 
failure to obtain f o d a  for determination during the earlier field work 
led ta the combtion of the Chitistone limestone xith the Carbonif- 
erous limeshne of the White River district, a correlation that was 

L* quite natural in view of the appearance of the mcka and their occur- 
rence in neighboring localities but that was found in error when fossil 
mlIections became avdable for study. The fauna of the Chitistone 
formation is of the marine Mediterranean type " and probably indicates 

+ a warm-water environment. The fauna of the McCnrthy ha le ,  on 
the other b d ,  is of the boreal type, indicative of colder water. The 
m1d-water fauna is abundant in a zone that includes the base of the 
Macarthy shale and at lea& the- upper beds of the l h s  tone-that is, 
in thin limestone beds that form the top of the Niaina limestone, if the 
Mizina limestone i~ defined on the b h s  of ite lithologic character 
rather than its fauna. The N i a  limestone of the type Iocality has 
not yielded diagnostic fo~s i l~ ,  but the thin-bedded Zimostone of the 
&kina-Kuskulrtna district, which is believed to be the equivalent of 
the Nizina limestone, contains a fauna that "appears to be essentially 
the ssme a~ that of the Chitistone limestone." It is the belief of the 
writer that the change from a warm to a cold sea occurred during the 

~7 deposition of the Nirjna limestone but not till most of the formation 
had been laid down, Such a change might siguify an elevation of the 
sea bottom and s period of erosion %hat interrupted deposition for a 
time but wm followed by subsidence and the establishment of a new 
and different fauna. It might signify equally well merely the incumion 
of colder waters in a restricted warm-waiar sea during a period of con- 
tinued subsidenca of the lmd. Such an incursion could bring about 
conditions under which the cold-water fauna of the McCarthy forma- 
tion muld flourish, Not having seen evidence of structural uncon- 
formity within the &&rent Upper Triassic formations of the Cbitina 
Vday,  the writer was led to regard the latter interpretation of h 
change of faunas as the mom probable for tbj, area. Martin," how- 

Q ever, h a  give11 evidence showing the occurrence of an unmefodty 
~ R i t h i n  the Upper Triassic deposite of muthemtern Alaska and British 
Columbia and has prmented facts h support his belief that a similar 
unconformity mists between the Nizina hestone and the McCwthy 

t 
shale. It is the writer's belief that we do not yet have all the infarma- 
tion needed to determine which interpretation is c o m t ,  so far as an 
uaconformity within the Upper Triasic deposits of the Chitha Valley 
h concerned. Upper Triassic fossils from more than 150 localitim in 
the Cbitina Valley have been collected and submitted t o  the pale  
onto1ogbte for identXcation. The number of 1ucalitiea where fossils 
have been found, however, is much greater than that, became at many 

Idem, p. r&. 
w Idem, p. 22. 
n Idem, p. 1%- 
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times in the c o r n  of rewmaisaancs mapping it was not felt necessary 
to collect forms that were easily recogpized and duplicated collections 
h a d y  mads. 
In the accompanying tnble is given a list of fossils arranged bib 

Iogicdy, and below is s description of the Icmlities from which they 
came. This list containa aU the species colIec%ed from the Upper 
Triassic formations, including the McCarthy shale as well as the 
Chitistone and N G a  limestones. The f o d s  were identified by 
T. W. Stanton and John B. Reeside, Jr., as is indicated by the initials 
5. and R. at the tops of the columns representing merent l o d t i ~ ~ .  
Tha moat common fossil mlbctsd from the limestone, at least in all 
but the highest beds, is the pelecypod Halabia ccf. H. mpmba Moj- 
sisovics (pl. 10, @B. 1, 21, wbich is widespread in distribution and ia 
regarded as charachristic of the Cbitistone and Nizina formationsP 

4810. South rcide of Chitiatone River at H o u g h b - U a  Co.'s proaped. 
Talus. Collector, Fred H. Moffit, 1907. 
6319. huth side of Chitistone River on paat ~ i d e  of low& large tributary, 

about 4 miles above Nizina River. Near base of Chitistona lim-ne. CoUector, 
3F'red H. Moffit, 1909. 
6320. South side of Ghithtone River on weet Bide of lowent large tributary, 

about 4 miles above Nizina River. Naar bmrte of Chitidone limestone. ICol- 
bctor, Fred H. Momt, 1909. 

8333. South side of Chitistone a v e r  at Houghhn-Alaska proapwt, about 415 
milm above NIzina River. Near haw of Cbitirrtane limedone. CoUehr, 
8. R. Capp~, 1909. 
6306. Valley of NikoW Creek atmu* two-third6 of a mile northeast of Nikolai 

mine. CoUedr,  f i d  H. Moflt, 1909. 
6300. Jumbo Cwek on spur 0.4 rnile southweat of Bonanza Peak. Base of 

Chitistone limwtone. Collector, Fred H. Moffit, 1909. 
8303. Boulder of limeafone in Nikolai Creek. &J.lector, Fred H. Moat, 1909. 
6311. Top of mountain north of headwetere of Nikohi Creek, about 1% miles 

W. 20" E. of NikoEolni mine; altitude 6,000 feet. Near locdfty and horiaon of lot 
8889. Collector, Fred H. Moffit, 1909. 

6312. Head of Nikolai Creek, 4,400 feet N. 35' E. of Nikolai mine. Collechr, 
Fred H. M o m ,  1909. 

8882. Valley of NikolaI Creek about two-thirds of a mile eaat of Nikolai mine. 
About 1,000 feet above bme of Chitietone limestone. CoIleotm, G. C. M n ,  
1914. 
8883. Valley of Nikolal Creek about twu-thirds of a mile east of Nikolaf b e ,  

200 OT WO yiuda northwest d locality W2. 1,200 feet above barn of Cbitistone 
limeatone. Golleotar, G. C. Msrtin, 1014. 

8884. ValIey of NikolsI Creek about 0.3 mile N. 7Q0 E. of Nikolai mine. About 
800 feet above base of Chiti~tone limestone. (=ollector, G. C. M d n ,  1914. 

8885. Valley of Nikolai Creek about a quarter of a mile east of Nikolai mine. 
About 500 feet above baae of Chitiatone limeatone. Collector, G. C. Ma*, 
1914. 
8888. Valley of Nikolai Creek, small gulch 0.56 mile N. 60° E. of Nikolai mine. 

Boulder probsbly near h o h n  of Iot EX@. &Uwbr, G. C. M h ,  1814. 

* Idem, pp. IS, 22, 2 , l P .  
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8887. Valley of Nikolai Creek about 0.6 mile N. 4S0 E. of Nikolai mine. Bod- 
der probably from about eatme horizon as lot 8306. Gll&r, G. C. Martin, 
1914. 

gS8Qa About 100 feet mouthwed of mmmit of 6,550-foot pesk no& af head- 
mtem of Nikolai Creek. Probably 1,500 or 2,000 feet above barre of McCarthy 

u formation. Collector, G. C. Martin, 1914. 
8890. About 0.3rnile m u t b ~ t o f  summit of 6,650-foot p k  north of headwatere 

of h'ikolai Creek. Nenrly a m e  horizon m 8889. Collector, G. C. Martin, 1914. 
8891. About 0.2 mile south-mouthweat of summit of 6,550-foot peak north of 

herrdw8Cm of Nikolai Creek. Nearly ssme hodeon aa 8889. Collector, a. C, 
a Martii, 1914. 

14507. Nikolai Creek, 1% miles northeast of Nikolai mhe; altitude 6,100 feet. 
Collector, Fred R. Moffit, 1928. 

14509. A quartet of n mile northeast of Nikolaf mine. Collector, Fred E. 
Moffit, 1828. 
6314. McCh,rfhy Creek, furkg of Dimond Greek, rm ea~krn tributary, 4 miles 

north of the mouth of & a t  Fork. Collector, Fred H. Mofit, 1909. 
6330. McCarfhy Creek. Said to bo 10 feet above barn of Chitistone limeatma. 

Given to Fred H. Moffit, 19OR 
11379. McCarthy Creek, mouth of third eadern tributary below weat glacier. 

Collector, Fred H. Mofit, 19%. 
11381, McCarthy Creek, enstern tributary 6 miles north of Eaet Fork, 2 miles 

shove Dimond Creek, near mouth of creek. Collector, h d  H. MofEt, 1922. 
11382. NcCarthy C m k ,  enatern tributary 6 milea north of E a ~ t  Fork, &nost 

1% milee narth of Mother Lode camp on Dimond Creek, muth of and 500 feet 
bigher t b n  lomlity 11381. fhllector, Fred R .  Mofit,  1922. 

11384. Rid~e bctween McCarthp Creek and Eaut Fork; altitude 5,000 feet, 
Upper part of Chitistuna Hrnestone, hllrctor, Fwd H. Mofit, 1922. 

* 11385. Ridge between McCarthy Creek and h t  Fork; altitude *bout 5,1W 
feet. Collector, Fred 31. Moffit, 1922. 
11388. Game IW locality 1 13%5. float th t  could not h v s  traveled more than 

Wfeet. Collector, FmdR. Moffit, 1922. 
11388. Ridge between McCarthg Creek and b e t  Fork, altitude 5,900 feet. 

Collechrr Fred H. Moffit, 1922. 
14026. McCsrthy Creek Valley 2% miles north-northeaet of Bonanm Peak; 

dtitude 4,400 feet. Colbctor, Fred 8. Moflit, 1927. 
14027. McCarthy Creek Valley 3 milea northeast of Bonanza Peak; dtitude 

4,650 feet. Coflecto~~ Fred B. Moffit, 1927. 
14030. McCsrthy Creek V~Ulley near creek on sast dde, 2 5  milea from we& * glacier. Collector, Fred R. Mofit,  1927. 
14493. Ridge east of McCarthy Creek and south of Lubbe Creek (6% miles 

north of &st Fork), 1 mile north of Dimond Creek (4 miles north of East Fork). 
EoUeetor, Fred H. Moffit, 1828. 

14494, Lubbe Qeek, an eastgrn Lrihutary of McCsrthy Cmek S?i  milea north 
J of Eaet Fork. Colleatur, Fred H. Moffit, 1028. 

13. Boulder on flood phin of Nieina River. ColIeator, Oscar Rohn, 1 R W .  
14036. Skolai Creek Valley, north M e ,  3 milos w e ~ t  of Frederika Glacier; 

altitude 6,W feet. Collector, Fred 11. Moffit, 1827. 
14037. Skuhi C m k  Valley north d locality 14036; altjiude 6,100 feet. Col- 

lector, Fred H. MoEt, 1927. 
14513. West side of Nizina Glacier 1 mile from lower end. Collector, Fred 

R. Mofit, 1028. 
6817. West end of canyon of Dan C m k ,  1% mllol below Coppor C m k .  

Collector, Fred H. Moffit, 1909. 
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6918. Same locality am 6317; boulder in Cmtaueoua (7) conglomerate. a l l -  
lector, Fmd W. Mofit, 1909. 

6321. Copper Creek Valley, rldga north of Texa~ Creek. CoUector, Fred H. 
Mofit, lW0. 

6323. Copper Cmek Valley, mouth of Idaho Gulch. Collector, Fbd H. MofRt, 
1909. 
6335. Copper h k  Valley, Idaho Gulch, one-third mile above mouth. 

Collector, 8.. R. Capps, 1909. 
9482. stream 2 mil= east of Canyon Creek, joining the Hawkina Glacier 

h s m  1 mils north-nortbwt d Gibraltar Hid. Collector, Frsd H, Mofflt, 
1915. 

7. West laferal: moraine of Kennicotf Glacier. Collector, Oscar Rohn, 1899. 
8. Kennicott Glacier. CoUech,  OBcar &h, 1899. 
21E00. Float dong dge of Kennicott Glacier, 7 miles above the Pot Role. 

Collectors, F. C. S c M e r  sad A. C. Spencer, 1900. 
4908. Near Bonanza mine, on Bonanza Cmk.  CoUeetor, Irred H.  MofFlt, 1907, 
4809. Jumbo Creek near Bonanza mine. Talus. Collector, Fred H. Mofit, 

1907. 
13749. En& aide of Ihnnicott Glacier, 6 mile8 north of Keameott. Floet at 

h i m  of cliff af C h i W n e  lim&one. CoZledor, Fmd H. MofRt, 1926. 
8881. Southwt  side of mountain north of Fourth of duly Pam, altftude 4,300 

faet. Thin-bedded shaly limestone. Collector, G. C. Marth, 1914. 
14403, Roulder on weat side of Kermicott Glacier, I mile south of Hidden 

Creek. Callector, Fred H. Moffit, 1928. 
14469. Just below forh of t.fibutaw on north Bide of Fourth of July areak, 1% 

W e s  from Kennicott Glacier: CoUechr, Fred a. MofRt, 1928. 
14470. Forks of Fourth of July C m k .  Collector, Fred H.  Ma&lt, 1928. 
9868. First **hem tributary of Bear Creek mt of Fohlin Creek, nmr falls, 

hall a mile from Bear C m k ;  altitude 3,200 imt. moat. Collector, Fmd H. 
MofRt, 1916. 

9974. Bear Cmek a quartet of s mile west of Fourth aE July PB and 206 feet 
higher. Collector, ]Fred H. Moffit, $916. 

8979. FaUin C m k  2.3 d l e a  north of mouth of Rear h k  Tdun below clifl 
of thin ahale and limy @iten Collector, hed H. Mofit, 1916. 

22Q9. Emt side of lakina Glaciar. Collector, A. C. Spenoer, 1WH). 
9961. MillCreek, western tributaryof Lakina River,& forkaof creek,2%milea 

from h k i n s  River. Float. Cullecfor, Fred H. haoffit, 1916. 
9982. Same locality as 9961. Fmils in place. Collector, Fred H. Mom, 1915. 
9963. Mill Creek, north aide, half mile from flacier on w& fork. QllBCtOr, 

Fred H. Moffit, 1916. 
9964. Mill Creek, north fork, I mile from mouth. Collector, F d  H. Moffit. 

1916. 
11305. Ridge south of went branch of h k i n s  ?vat, 800 feet higher than little 

Mw south of trail. Collecbr, Fred H. Mofit, 1922. 
11368. Top of ridge b e t m u  we& headwater branch of GIlahlna River and west 

fork of tskina River. Collector, Fmd H.  M o a t ,  1922. 
11367. S. 50° W, from mouth ol Fohlin Creek and 1 , O M  feat above h k h n  River. 

Collector, Fred W. Moffit, 1922, 
11368. S. 5 0 O  W. from mouth a1 FohIln m k  and 1,600 feet above Lakina 

River. Collector, Fmd R. Moffit, 1922. 
14472. Head of easternmost northern trfbufarg of Mill h k ,  tributary of 

h k i n n  River. Collector, Fred H. MoEt, 1928. 
14482. Same rn locality 14472. 
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9853. 1 mile ~outh  of mouth of cmek that comes down from Kuakulana Pase fa 
Qhokasm River. Collector, Fred K. Mom*, 1916. 

0956. Ridge northeant of northern trlhutaw of Chokoma River, hell n d l e  
above c m k  that comes down from Kunkulana Paas. Collector, Fred H. MofRt, . 
1910. 

Wb7. Rim east d locality 9958. Gollectm, Fred R. Moffit, 1916. 
9968. Chokoena Riper 1 mIlo bouthe& of mouth of creek flowing from Rwku- 

3ma Pam. Colledor, Fred H. Moffit, 1916. 
9959. Choknana River about 1% miles aoutbwt of mouth of creek flowing from 

Xv~kulsna Pam. Collector, Fred R .  Mos t ,  1918. 
9960. Chokosna River, limeatone bluff three-qusrters d a mile 8.35O E. from 

mouth of creek flowing from K u s k u h e  Pasa. C o l l h r ,  Fred H. Moffit, 1916. 
14479. Headwaters of C h o k a  River, 1 mile from river, on east branch of 

thlrd tributary bdow i t s  head. Collector, R e d  H. MoEt, 1928. 
14474, Ridge on north aide of head of Chokoena River. Collecfor, Fred H. 

Moffit, 1928, 
14475. Headwahr~ of Chokowa River, 1 M e  north of old Nizina trail, on first 

tributary of rivor esst of point where trail from Kuskulana Pasa reaches the river. 
Wector ,  ked H. MofllC, 1928. 

14478. %ma as localitp 14475. 
14479. Bead of Chokoma River, 1% miles northeast of point where frdl from 

Xwkulma Pass joins the river, Collector, Fred 8. Mofit, 10%. 
14481. Divide between C h o k m s  River and Slatlra C m k  Collectot, Fred H. 

Mom, 1928. 
1. Wmt aide of Kuskuhna River. Collector, Oscer Rohn, 1899. 
2. West side of Knakulana River s short distance north of l d i t y  I. Col- 

I&, oncar wfl, 1899. 
2203. Creek on north aide of Kuekulana River m e w  camp 16. CoIIector, A. C. 

Spncer, 1800, 
8165. Nugget Creek near forks. Fault block of Chitwoe hcstone. Col- 

lector, Theodore Cbapin, 1912. 
8188, Divide between Nu& sad Rmrbg Creeks. E i m d n e ,  probably 

Cbiti~tone or thin-bedded Triagsic formation. CoLlechr, Theodore Chapin, 1912. 
8187. h e  aa lodity 8166. 
8189. Divide between Nugget snd Roaring C r w h  Thin-bedded ohale. Col- 

lector, T h d o m  Chapin, 1912. 
81 52. Claw Creek. Blue l i m d n e  above d h o u s a ,  CoUeofar, Theodora 

&pin, 1012. 
8158. Clem Creek. Thin-bedded Txhmic limestone, oorrmpondig to M+ 

W h y  nbale. CoZleotot, Theodore Chapin, 191 2, 
8154. R i d e  mu th of Claw Cteek. B l ~ k  &h aod grey l ~ e .  C o U e c h ,  

Theadore Chapin, 1912. 
8156. First creek south of CEW Creek (Sheep Creek). , B W  Ealeareoua abate. 

Wector,  Theodore Chapin, 2912. 
81 57. First creek eouth of Qear Creek (Sheep Creek). Gray limeatone, either 

Cbitistane or thin-bedded Tririaeaict, Collector, Theodore Chapia, 1912. 
8158. Clear Creek. Thln-bedded limedone and aMe. Collector, Theodors 

Cbapin, 1912. 
8159. Clear Creek. Tdum dope below C h i t i i n e  lirnmtone and overlying 

thin- bedded Lim-ne. Cohabrt Theodore Chapin, 1912. 
8160. Divide befwsen Clear and Rock Greeks, ridge esst of Dixie PMB; altitude 

6,100 feet. Black ~ h d e  of Trimic thin-bedded formation. Cdecbx,  Theodore 
Chapin, l9X2. 
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8162. Divide bet- Clear nad Rock Creek, near localfty 8100. CoHector; 
Tbdm Chapin, 1912. 
8 164. C?w Creek. Chifiatone limedone. Collector, Theodm Chspln, 1912. 
9948. North fork of Sheep h k  between S q u w  and Clew Creeks. Collectar, 

Fred B. Moffit, 1816. 
9932. South brow of round-toppd hiII on ridge bet- eaeE fork d Streha 

Creek and small creek between Squaw and Clear C m b .  CoUecht, Fred H. 
MofEt, 1916. 

9947. Squaw w k ;  altitude 3,100 f&. Collector, Fred H. Moffit, 191 6. 
9946. Gulch tributarg of Dry Creek from eaat; altitude 3,400 feet. Chitistone 

limestone in the gulch at e h u t  altitude 3,700 feet. ColIector, Fred H. Mofit, 1916. 
8147. Strelna Crcek 1% milea from Dixie Pm. CoIlector, Fred H. Moffit, 1912. 
8148. North fork of StreIna Creek near mouth of firat large creek on eagt side. 

Upper pm-t of C h i t h e  limestone (?I. Collector, Fred R. Mofit, 1912. 
8149. North fork oF Streha Creek. Shale area 600 feet south of first hrge 

b m c h  on eaaf. C o U d r ,  Fred R .  Moat, 1812. 
8150- North fork of Streha Creek 2,000 feet north of Bmt luge branch from 

&, Collector, Fred XI. MofFlt, 1912. 
8151. Near mouth of fimt branch of north fork of SWns  W. Collector, 

Fred H. Mofit, 1812. 
8825. 8,200 feet 5. 6'P E. from fork8 of easf fork of Btrelna Creek; altitude 

4,500 feet. Collector, Bkd H. Mofit, 1914. 
8928. Notth fork of 8trelnn Creek; altitude 8,000 feet. GlIector, Fred H. 

MoBt, 1914. 
8929. 4,700 f& N. R from forb o l  north fork of Btrelna Creek; altitude 

4#00 feet. Collector, Red H. Moffit, 1914 
8930. West fork of north fork of Strelna Creek, mouth rrl gulah a h t  1,400 feet 

above fmka. Collector, Fred H. MofTt,, 1914. 
8931. 6,600 feet N. 4 4 O  E. of Dixie P a ;  altitude 5,500 feet. Conedr, Fred 

H. Mofljt, 1914. 
9919. Sorth iork of &dm Ckck near benebmark 5884. Conectot, Fred H, 

Mofit, 1916. 
9920. Head of north fork of 8tre1ns Creek; altitu~e 3,700 fed. GoUedor, 

R e d  H. Mofit, 1916. 
9921, Head of north fork of Ptrelna Creek; altitude 4,000 feet. ColTecto,r, 

I"rerl R .  Moffit, 1916. 
9922. Head of north fork d h e l n ~  Creek, 4043 feeteaat or IomTitg 8921; altitude 

4,000 feet. 4%11ector, F d  H. Mofit, 1016. 
9923. b t  branch of easf fork of Stmlna Crcek; altitude 4 , m  feet. &lIeEtot, 

Fred H. Mofit, 1918, 
RD24. E A S ~  bmnch of e& fork of Strclna e m k ;  altitude 4,400 feet, al leetor,  

Fred H.  MofFtt, I R1S. 
11R25. Emt branch of emt fork ol Streha Creek; altltr1d.a 5,000 feet. Talus, 

Collector, Fred H. Mofftt, 1916. 
9926. Eaat br~nelr of e s g t  fork d Strelna Creek about 1,000 feet northenat of 

Iocafity 9024; altitnde 5,000 feet. CoIlectar, Fred H.  Mofit, 1816. 
9927. Kmt brnnrh of e a ~ t  fork of Strelna Creck ROO feet north nf locality 9028. 

Collector, Frecl H. MoRit, 1916. 
9928. North branch of east iork of Strelna Creek 0.8  mil^ south of Dixie Faam; 

altitrrde 4,200 feet. Cotleetor, Fred H. hiofit, 1926. 
9929. North branch of mat fork of 6trelna Creek 800 feef d n o r t b e s s t  or 

locality 9928; dtitudo 4,600 feet. Collector, k e d  H. Mofit, 1916. 
A930. Ridge between Dixie Paar hranch of Etrclna Greek and Clear Creek, 1.1 

milee rnutheast of Dixie Pasa. ColIector, Fmd H.  Moffit, 1916. 



9931. Ridm between Dixie Pass branch of Strelna Creek lrnd Clear Creek, 200 
feet north o l  Iocalitp 9930. Collector, Fred H. Moffit, 1916. 

9945. Dtxie Pssa branch of Strelna Creek, 1 mile from p ~ s ;  altitude 3,800 fwt. 
Collectar, Fred H. Fviofit, 1916. 

2194. Near pnw between head of Pass Creek and Rock Creek. Talua just 

e* under reef of thick-bedded limestone. Gallector, P. C. Schradur, 1900. 
8945. Rock Crcek; altitude 3,475 feet. Collector, G. C. Martin, 1914. 
8946. South fork of Rock Creek, on trail leading to weat fork of Strelna Creek; 

altitude 4,f100 feet. Probably thin plate of Ohitistons h e a t o n e .  Gollertor, 
G. C. Martin, 1014, 

9084. R e s t  branah of Rock Creak about one-fifth mile east of trail la Strelna 
5 Crack; nltitudo 4,800 feet. Gollector, Fmi H.  Mofit, 1916. 

9935. Ridgc between branches of Rock Creek, 1.1 miles south of point whew 
branct~es join. ColI~ctor, Fred H. Mnlfit, 1916. 

9938. Qr~lch leading from wmt branch of Rock Creek Zo saddle between Rock 
Creek and Ewt Pork of Copper Creek; altitude 6,200 feet. Collector, Fred R. 
Mofit, 1816. 

9937. Hi~hmt  point of ridgc between East Fork of Capper Creek, Pasa Creek, 
and Rook C.reek, about 0.6 nlilc northwctit of locality W36. Collector, Fred H. 
Mofit, 1916. 
9938. West branoh of Rock Creek one-tlilrd mile from forks; altitude 3,900 feet. 

Collector, Fred H.  Mafit, 1016. 
9939, West branch of Rock C m k  400 IwE from forks. Collector, Fred H. 

Mofit, 1916. 
9940. 3,000 feet N. 21' 'IT'. of Dixie P m ;  aItituda 4,700 feet. Gofl&, Fred 

?L H. Moffit, 1916. 
9941. 0.2 mile northwest of locality 9940, three-fourths miIe N. 28O W. of 

Dixie Pam. CoZlsctor, P r e ~  H. hlofit, 1Sl.S.. 
9942. Baddle on ridpc betryeen Rock nnd Ume Creeks, 0.3 mile north of - 6,6%-fmt peak. Collector, Frcd H. Mofit, 1918, 
9943. Gulch trihutm!: to esat fork oI Rock Crcek from east side, 1.2 miles from 

Dixie Pasa; altitude 4,500 feet. &llcctor, Frcd H. Moflt, 1916, 
9944. Same gulch as localit? 91143 but only 200 feet from Rock Creek. Col- 

lector, Fred H. Mofit, 1916. 
8923. mest side of Urce Creek oppoaite east Gcier. Collectors, Fred X. 

MoEt and J. E. Mertie, Jr., 1914. 
4SOti. Skyilcraper claim on roar in^ Creck, north aide d Bkysomper Peak. 

CoIlector, Fred H. Moftit, 1907. 
8932. 6,850 feet N. 31' TV. from Ammann's cabin, on north side of Kluvesns 

t 
River about 1% miles &hove mouth of river; altitude 8,700 k t .  Colteotor, h d  
H. Mofit, 1014. 

8941. Gulch on north side of Kotaina River about 0.4 miIe below Kluvesnn 
River, 1(10 feet above trail. Collector, G, C. Martin, 1914. 

8942. About 10 feet above trail at locality 8941. Collector, G. C. Martin, 1914. 
8943. Oubrop by aide of trail at Iocality 8941. Calleator, G. C. Martin, 1914. 

V 8944. Float from Kuskuhna {?I limestone at locality 8941. Collccto~, G. C. 
Martin, 1914. 

8938. Head of Middle Fork of Copper Creek. 11,800 feet S. SO0 E. from Aliaa 
Peak; altitude 4,800 feet. Collector, Fred H. Mofit, 1914. 

4804, Klliott Grek  Valley, on Magpie Creek k mile above mouth; altitude 
8,600 feet. Collector, Fred H .  Moffit, 1907. 

4805 (2,23). Bwd of Copper Creek, Mu2len claim. Collector, F're.d E. 
Moffit, 1907. 

4805 (8-6). H a d  of Copper Creek, Tdus. Collector, Fred B. Moffit, 1907. 



GEOLOGY OF CHIRNA VALLEY, dfduSR$ 

The McCarbhy shale is typically a black ~ h d e  or alate, which, as 
represented on the geologic map, includes at its baee considerable 
but variable tbickneas of dternating beds of shale and hard, cherty 
calcareous mgdLB. Hem and there a thin bed of bluish limestone 
is interbedded with the shale and help to indicate the structum. 
In many places the shale is cut by dikes and sills of light-gr~~ quartz 
diorite, which stand in strong conhat ta the dttrk enclosing sedimen- 
tary beds and are thus more readily dbtinguished than intrusive rocks 
of the same kind in the Chitistone and Nizina limeatones. 

The alternating b& of shale and q d l i t e  at the base of the 
McCarthy shale are 8 constant feature of the formation in the Cbitina 
Valley. Aa these be& and the overlying  hale were less 8bIe to reaist 
deformation than the limestona and the Nikolai peenstone, they are 
strongly folded in nearly all expasurea. The hard argillite beda range 
from a few inches to 3 or 4 feet in thickness, but commonly wa less 
than 2 feet, They predominmte over the interbedded ahde and 
probably make up more than threefourths of the total thickness. 
They also sse much more mistant to weathering than the shale, 
and in consequence the e l i t e  stands out in strong relief in many 
expoauras snd forms most intricrth patterns where the folding is 
intense (pl. 8, B). 

Martin has described thme m@te beds, or &t lea& some of them, 
ss. cheds. They ~ t w y  in texture and in composition, both from bed to 
bed and in di£hent localities, but thorn that most rssemble chert 
are dense d a r k p y  or black, very hard mcka that break with a 
cunchoidal or submnchoidal fracture, so that they possess character- 
istics commonly found in cherta. On the other hand, the be&, 
almost without exception, are calcareous and sff ervesce readily when 
dilute hydrochloric acid is applied to a fmh aurface. The writer. 
tested in the field many scores of samples f mm Fohlin Creek, Fousth 
of Jrdy Creak, Nikolai Creek, and other localities and found p w  
tically no beds thbt did not respond positively t o  this test except in a 
few small areas where the beds were silicified, probably as a d t  
of intrusion by igneous rocks. Both the McCartby shale and tha 
Nizina limestone show this kind of silicification, which ia readily 
recognized at a Bist~nce by the white surface weathering of the altered 
rockq. The thin-bedded shale and argillite zone between the Nizina 
limestone and the upper or shde member of the McCarthy,ehele is 
tm mnapicuous ta -cape observation even in h ~ t y  geologic explora- 
tion and doubtlm has, been noted by dl workera in the region, although 
it has been described by dilhrent terns, with emphasis on the Limy, 

-mdn,Cf. O,opatt . ,pp .~3k 



cherty, or argillac$oas character in difkmmt places. These beds were 
regarded by Moffit and Capps a' as occupying a tramition zone be- 
tween the limesbne and the shde and marking a period of changing 
sedimentation. The writer is of the opinion that neither the term 

-- '%,rgillitell nor the term "chert" describes accurately the hard beds 
in the lower part of the McCarthy shale. They are siliceous or chmy 
Zimy ~tqillites, or possibly they argillaceous limestones, and differ 
from the interbedded shale through the deposition of additional lime 
and silica. It may be that the silica was introduced after the beds 

3 were fomed, aa is believed to be true of the silicified or chert,y Iime- 
stone and e l i t e  previously mentioned, but no positive evidence 
of this silicification was mognized. These beds are included in the 
McCartby formation, for reasons given in the discussion of their q e .  

The Mecarthy m hale occurs throughout the m a  of the Chitistone 
and Nizina Limestones and extends beyond the limita of these forma- 
tions into the valleys of the uppsr Chitintl River, Skolai Creek, and 
the White River within the area repregented on plab 2. 
On the geologic map of the KotsinckKuskulana district the 

McCarthy shale and the Niina hestone  were included in m un- 
differentiated formation called the Ku~kdsna  formation. It waa 
recognized at the tima that this formation was too inc1usi~e,~ but 

5 the formation was adopted as a mapping unit bgcsuse there was 
neither time nor opportunity to undertake further field work on the 
problems that were involved. Oa the geologic map wcarnpanying 

C this report (pl. 2) the Kushdana formation unit is not used, and 
an attempt is made to differentiate as well as may be the Limmtona 
from the thin-bedded shale and a e t e .  This involves some errors 
in boundary lines, but these errors are of less moment on the much 
smsllsr scale of the nap  here given than they would be on the original 
detailed msp. 

TKICKKEBB AND BTRUCTwm 

The t b h e a s  of the McCarthy shale is not known with accuracy 
'i and can ba given only within wid0 limits. Much of the ~ h d e  was 

removed by erosion during 8 period of land elention before the 
deposition of the moonformably oveilyhg Cretaceous beds, so that 
the full original thickness may-never be determined. Distortion of 

t the beds introduces another uncertainty, for thn soft shale and the 
underlying thin-bedded ahde and arpillite ware unable to resist - - 

pressure f4 the eame degree as the lim&tone find greenstone and are 
comp~esaed and hghly folded. They yielded in places almost like s 
plastic matwifil, and individual beds %re not only intricately folded 

M a t ,  P. H., and Cappa, 8. R., (3mlcqic and mlaeral 01 the Nfttna district, AaaLa; U. 8. 
hl. m y  Bd. 448, pp. S, 28, 1811. 

atMo5t. F. H., and Mmtie, J. B. ,  Jr., The KotnlawKuakulsnn district, Al-h: U. 8. Cfed. 8 m 9  
Bull. 715. pI. 8.19ZB. 
" m m ,  g. 35. 



60 GEOLOGY OF CHITIBA VALLEY, ALASU 

but are thickened in some places and made thinner in others. Finally 
the McCarthy shale is infoldad with bbck Cretaceous &ale in i 9  
type locality on McCarthy Creek, and the two formations caanot be 
di~Termtiated except where fossils are found, for they are Iitho- 
lo$d ly  similar. 

The lower or thin-bedded shale and limy a*te member of the 
.1 

McCwthy formation is about 1,000 feet thick at the head of Nikolai 
Creek. It is at least that thick at the head of the Chokosna River, 
although in this vicinity it is so closely folded that direct measurements 
g i n  misleadq results. These localities probably include the sections %- 
of greatest thickness. At other places the thickness is considerably 
less, but it seems necessary to assume that the variation is an original 
condition and not the result of folding or faulting. 

Epidence for the thickness of the upper or strictly shale membsr of 
the McCarthy formation is less definite than that for the lower p u t .  
Moffit m d  Capps,8' using data obtained on the East Fork of McCarthp 
Creek, estimated the total thickness of the McCarthy shale in that 
vicinity ws about 2,500 feet. This estimate admits a thickness of 1,500 
feat or a little more for the s h I a  member in tlus vicinity, but from 
other evidence it has since been concluded that the total thickness of 
the McCarthy shale in the NKma district may be as great as that of 
the Chitistone and Nizina limestones, or &bout 3,000 feet. w 

The Ku~kulana formation of the Kotsin*Kuskulana district showa 
a minimum thickness of 2,000 feet. This measurement includes an 
uncertain amount of the Nizina limwtone as well aa mme of the M e  
Carthy shale and is not directly camparable with the mtion of 
McCarthy shale in the Nkba district. The  hale member, however, 
is well developed in the mountains between Elliott Creek and Lime 
Creek and is probably thicker there than in the Nizina district. 

The McCarthy shale resb with structural conformity on the 
Nizina limestone in its type locality on McCarthy Creek but possibly 
lim unconformably on older rocks in the IIobina-Kuskulana district. 
Bayea SE collected Trimsic fossils (Pseudomomtia subeirduris) from 
black &ale overlying the Permian limestone '(in the walls of Skolai w 

Pass." A small area of black shale and siliceous cherty shale that 
resta unconformably on Permian limestone on the mountain tap 
north of SkoIai Creek and 3 miles west of Frederika Creek yielded 
two species of Halobia, one of which, Balabia supmh, is common to 
the Chitistone and Nihrs limestones and the other, Haiobia austriaea, 
has been previously reported only from Mikolai and McCarthy Creeks. 
If Hulobh mperba is characteri&ic of the warn-water limestone 
deposits, this ~ h d e  should be correlated with the limestone rather 
than the McCarthy shale. In either ewnt the Upper Triassic shale 

n Mmt, F. H., and Capps, 8. R., op. cit., p. 3. 
*Eapas, C. W., An expedition through t b  Yakon dbstrlct: Nat. Cfeog. Mag., vol. 4, p 14dlSW 
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of SkoIai Pass d lower Skolai Creek reah unconformably on older 
rocks. 

The top of the McCmthg shde ia marked by a &tinct mmn- 
formity which =paratea it from the overlying Cretaceous and younger 

e deposits. This unconfarmitg is &own beautifdy an Nikolai Creek 
(pl. 9, A), where the nearly horizontal Cretaceous sandstone rests on 
the e d e d ,  upturned edges of greenstone, limestorre, and shale. 

The McCarthy ~ h d e  is more strongly folded than any of the other 
Mesozoic mcka of the district. This condition is most apparent in 

a the thin-bedded shale and b y  argillite beds and is wnspicuoua in 
lllany large exposum fpl. 11, B).  The shale member was doubtlegs 
comp~e98ed and folded as much as the lower part of the formation, 
but the folding ia less evident, for the shale is of a mom homogeneoue 
character and Iaaks the mmpicuoua bedding lines. 

Faulting took place in the Mecarthy shale, but faulta are hard to 
distinguish where contrasting beds are lwkittg, and many strong 
faults that are plainly seen in the limestone or other djacent forma- 
tions are lost as .they pass from the harder roclw to the 8hale. The 
great overthrust fault on the N h a  River extends iato the McCarthy 
shde but either ends within a short distance or is concealed by 
younger Crstaceoua depmiB. 

f 
AQE AND CORBELATIOW 

The McCarthy shale ia of Upper Triassic age. arJa determination 
*. is based on the presence of a fauna that is poor in number of speciea 

but rich in number af individude of a Angle species. The character- 
istic fossil is Pmdommotis &&&&, a form stated by Martin " 
to be "very closely related to if not identical witb P s h o m t i s  
ochotim, which is the chmacteristic fossil of the boreal facies of the 
Noris of Europe and Asia.'"~ fossil mollusk (pl. 10, fig, 3) ia. . 
present in vast numbers in certain pwts of the McCarthy formation 
and is particularly abundant in a zone that includes the transition 
beds st its base. It has been mllected by the writer from both the 

.t limesfone and the shale partings bebwgen Fimt~tone beds that Ethu- 
logically form the top of the Nizina limesbne and from beds that 
range practically through the whole tSlichms of the thin-bedded shale 
and limy &&to member of the McC~rthy shale. It is lem corn- 

c mon or possibly absent from much of the overIying shale member, 
either because the conditions of the sea were not favorable for the 
growth of tha o@sm or because its remains were destroyed by the 
folding and shear& of the shde. 

The fama of the M c C h y  shale contains much fewer species than 
am found in the Chitistone and Nbha lim~~tones, although the fosl 
* MPlfn, 0. G..m. dt. IBdl. TRI), p m. 
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d s  themaelvea are vastly more numeroue in m e  parte of the ahde. 
This is bemuse Pmtdammtis mMctllaFj, (G~bb)  occm in such 
snormoue numbem in places that the rock cannot be brqken without 
revealing it. The different ~peciea are listed in the table facing page 52 
but for the sake of comparison are aegregahd in the following list: 

t 

Coral? 
Pe lecypd~  
Peeudomonotb rm- (Gabb). 
Halobis. 
CardiniaT m. 
Pecten, mveral &ea 
Hiunitest up. 
Lima (PW-). 
Lima n, sp. 
Clionitesl mp. 
Amrnonih. 
TropigaatrlhT EP. 

Helopitee cf. H. amerlcsnun Hp#. 
Juvevih? sp. 
Amlotitea? sp. 

Upper Triassic sediments contahhg the P-W fama have 
been found in many placea in Masks, showing clearly that d e p ~ i t e  
m g d e d .  as equivalent stratipphicdy Oo the McCarthy shttla are 
much more widespread than the warmer-water deposita loorrelated ? 

with the Cbitkton~ and N S e  bestones. 

Tho bedded rocks in this area that are known to belong to the 
Juraesic sysfem or have been doubtfully referred to the Ju&c corn- 
prim a variety of marhe depsits that were laid down in water, yet - 
are partly of volcan~c origin. The rocks included in this group am 
widely distributed in the Ckitina Valley, occurring in many small dis- 
connected areas, but they occupy only a relativelg ma11 part of the 
area. They include tuff, &ale, hestone, aanbtone, aad mnglomer- 
ate, past of which wera formed in Middle Jumasic t h e  and part ia 
Upper Juraesic or possibly post-Jurassicr, time. Although the age '). 
assignment of some of these sedimentq bed8 is well ~tablished, that 
of others hes not bwn &zed beyond doubt, for the debrrninatione are 
based on collectione of fossils that have not beem exhaustively studied 
or that have a considerable range in time and ara not fully diagnostic. 
It is possible that h w e r  Jurassic e e d i n e n t q  socks are present in 
the mea, and probably some rocks that have heretofore been regarded 
aa Jurassic are in fact Cretaceous. 

The Middle J m i c  rocka sre assignad ta that epoch on the evi- 
dence of fossils that leave no doubt of the c ~ m t n e s s  of the aseign- 
merit. The e m t  areal extent of them racks ia unknown, and this is 
also true of marine sedimentmy beda in the McCarthy Creek Valley 
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that have yielded several smrtll ~ollectiona of fossil% containing forms 
t b t  are dehitely of Upper Jurassic age. These mUectiom were 
obtained from black shde that ia intimately associated with md is 
not easily distingukbble from b h k  &de of Upper Triassic age and 

s black ahah of Cretaceous 8ge. Supposeay the Upper J u r k c  black 
 hale occupies only a s d  area, but it was not differentiated from the 
Cretscaous black hale, She prevailing rock of the locality, as the fos- 
ds were not recognized in the field investigation, and their mgnifi- 
a c e  was not understood till after they had been ident8ed in the 

a office, . 
A considerable number of fosrrils, mostly from the Koe*K&- 

lane district, have been referred doubtfully to the J&a or &eta- 
mom, and ae the rocks yielding them differ Lithologidy and strati- 
graphically from m y  possibly equivalent beds in the middle and 
-ten part of the Chitina Valley, the proper age gssignment b not 
aided by a wmpaxhon and is still in doubt. 
In view of all them conditions, mnze of the Jurassic and Cmtac,eow 

mh of &he Chitina Vdey   ann not be differentiated et present, and 
they are t-hmfore repmmnted on plate 2 with no attempt to separate 
them. +Furthermore, it is aeceasarg until further evidence is obtained 
to dmignate some beds as either Jurassic or Cretmous. It hae become 

f evident that a more extended field hvestigatioa, supplemented by a 
thorough cumpanttive etudy of the foseils, will be r e q u i d  before 
much further progress can be made in solving the problems of the 
J d c  m d  Cretaceom deposits of €he Chitina Valey. 

CIURACf%R AND DI-IBUTIOW 

Rocks that am known to be of Middle Jurrtssio have bean 
mmgnbed at onlg one locality in the Chitina Valley--on the eouth 
side of the Chitins River near its mouth. Their ocomnce  has been 
described by the writer and is perplexing. 

.f A narrow belt af schist, forming s bench with irregular aurfnue 2 0 0  te 800 feet 
dmve the river, emtende along the mat side of the Copper from the Chitina River 
to Canyon (3reek. Thia bench ia Imitsd on the & by a line of cliffs that forms 
the front of a m d ,  much bigher bench. The c W a  are cornpod of masaive 
mnglomereh containing well-rounded pebble9 rand cobblea of argillite, diode,  

v greenstone, and quartz in a tuEmeous matrix. The conglomerste ie msmiated 
with t u f j m u s  beda deposited In water ~ n d  containing fmlle. Both the con- 
glomerate and the tufface~us beds are out by intrusive m s e ~  of greenstone and 
by l i g h t p y  diorita m d  are exteasirely fadtad. Furthermom, the conglomerate 
is highly fractured, as if it had been muahmi, and it contains numberless veinleta 
of whib  chalky alteration produeta. Not Iem than 500 or 600 feet of the con- 
glomerate in e x p o d  in this Iwslity, but its thickneea is not hown with accunroy. 

" M o ~ ~ , F . H . , ~ ~ o I ~ H ~ ~ & ~ ~ ~ ~ B ~ : V . B . ~ ~ ~ ~ ~ ~ ~  
m, 1014. 



64 GEOLOGY OF CHITINA VALLEY, ALASKA 

This conglomerate is regarded by Martin as possibly of Lower 
Jurassic age, as it does not resemble Middle Jurassic rocks of other 
parts of Alaska. 

Evidence indicating a fault contact between the conglomerate and 
the schist was obtained at several places, though no good exposure of 
the contact was seen, and strong evidence for an unconformity of 
deposition between the conglomerate and schist appears at  other 
localities. 

The fossil-bearing tuffaceous beds here grouped with the conglom- 
erate are exposed on the south side of the Chitina River near its 
mouth and form prominent cliffs along the river. They lie imme- 
diately,east of the conglomerate and are thought to overlie it. The 
beds are composed of a dark he-grained sandstone-like, slightly 
calcareous rock, showing numerous small flakes of mica on the cleavage 
surface. The rock is much jointed and slightly altered and breaks 
down readily under the influence of the weather, forming talus slopes 
of angular platy fragments. A considerable amount of this rock is 
exposed along the Chitina River, but it was not recognized farther 
south along the Copper River, although its presence there was ex- 
pected. Several small areas of unaltered brownish-gray sandstone 
found east of Taral, however, may represent a phase of the tuffaceous 
beds, now largely removed by erosion. On the ridge south of Taral 
Creek this sandstone contains much quartz, numerous grains of clear 
unaltered feldspar, flakes of biotite in a calcareous cement, and some 
small black spots, which are thought to be organic remains but are 
too imperfect for identification. 

AGE AND CORRELATION 

Fossils were collected from the tuffaceous beds along the Chitina 
River but were not found in the conglomerate. All the fossils were 
collected from one locality-at the edge of the Chitina River flood 
plain a short distance east of the little creek that drains Taral Lake. 
They were identified by T. W. Stanton and are listed in the follow- t 
ing table: 

Middle Jurassicfossils from Chitina Valley 

7231. South bank of the Ohitina River about 1% miles above its mouth. Collector, Theodore Cha~in,  
1911. 

7232, 7233. Same locality as 7231. Collector, Fred H. Moffit, 1911. 

88 Martin, G. O., op. dt .  (Bull. 776), P. 239. 

7233 

.................... 
X 

---------- 
-- -- X ---. 

.................... 

Leda? ~ - - . - - - - ~ ~ ~ - ~ - - - - - ~ - - - - - - - - - - - - -  
fnoceramus ambiguus EichwddP. .--.----------.---------.---------. 
Inoceramus (shell fragments) - - ~ - - . ~ - ~ ~ ~ - - - - - - . - - - - - - - .  
Ostrea - , - - - - ~ ~ ~ - - - ~ - - - - - - - - - - - - - - - - - - - . - .  
&ephanooer@s?- ... --.--.------------------------------- 
per~sphinctes? ~ - ~ - - - - - - - - - - - - - - - - - -  
- - -  

7231 

X 
---------. 

X 
X 
X 
X 

7232 --- 
X 

---------- 
.................... 
---------- 
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In commenting on the fowils of lot 7231, Stanton says: 
The general ohmacter of thin little collection t3eem to juatify its m f m m  to 

the Jurassic and to about the hmiron of the lower half of the Enochkin tonnation. 
. * * The lower half of the Eno~hkin formation referred te under specimen 

7231 is the Middre Jurmic Tuxedni mndstone exposed on the we& mide of Cook 
a Inlet, and described by Martin and KatzP 

Rocks of similar eharactex or we bpa not been found on the north 
side of Chitinn Valley snd are not born  to occur at any plac~ n e w  
thm the upper Matmuska Valley, where Paige and Knopf found 

s sandstone and shale that Stanton correIatd with the lower part of 
the tEnocblah S ~ m a t i o n . ~ ~  h v a  flows are mociated with the sedi- 
ment~ in Mahuska Valley, giving e ~ d e n c o  that volcanic forces 
were wtive there as well as on the Cbitina River. The Cbitina 
locality is therefore tbe only place in this pwt of Alaska where rocks 
ta be correlated with the Middle Jurassic Tuxedni -- formation are 
Irpom. 

Upmr Jurrdc rock# 

The Upper Jurassic rocks have been briefly desclribed in the htm- 
ductory statement (p. 62) and will be referred tu again in mmection 
with the h w e r  Cretaceous rocks. The only occumences in the 

. Chitina Valley of sedimentary rocks that are dehitely determined b 
f be of Upper ~urassic age are two small areas of soft black shale asso- 

ciated with black shale of the McCarthy formntion and the overlying 
Mack Cretaceous shale. little is known of these two occurrences 

.L except that they have yklded fossils that are chsrnc~ri~tic of the 
N b e k  formntion of the Alaska Penins~da. The shale appears ta be 
folded into the McC&rthy shale and is probably overlain unconform- 
ably by the basal beds of the Lower Cretaceous. At least this appears 
to be the relation of these rocks on the tribuhy of McCarthy Creek 
1% miles north of Dimond Creek, where fossils were collected from the 
mountain slope south of the creek. At the heed of McCarthy Creek 
near the front of the wesf glacier, the Mmk Upper Jurassic &file is 
associated with black Lower Cretaceous shale. No Triassic shale is 

4 bown in this vicinity. The extent of the area here occupied by the 
Upper Jurassic shale ja unknown but must be smd,  for Cretaceous 
fossils have been collected from nearbv rocks on all sides within less 
than a mile. No evidence bearing on" the thielmetss of the shds waa 

- obtained. The two localities are shown with indefinite boundaries 
on the geologic map. 

n Mnrtln, a. O., md Kata, F. J., A pdogle m m t 4 8 a n m  of the ntamntl region, Alaskn: U. 8. aml, 
Eumey Rull. a, pp. M, lala. 

iL Pdw. Sidne~, nrul Knopl, Adolph, Qeo1& rmmnkamcn 111 tho Mahmska and TnIMtaa Baslnn, 
Alaska: U. B. Oeol. Buney Bull.327, p. 19, 1907. 

h dwsar ($1 pmedfq a umwln nnma indimtea tbet tb n a m  bas been ebendwed cure)& Im 
m tn dhwlflcstlon In puhltmtlon~ol t h  U. 8. Geolcgjcal Smsy.  QuDtatirmrnnrbs, whIch worm formlrrll 
UM b Indrmh sbnmdoned w rejwmd numea, we now QS& only In the a r d l w  saw. 



The diagnostio fmd of the Uppm Jura&c &de in this l d t y  is 
A m a b o m  sp., which is d a t e d  with an Audh like A. p& 
Keymrling. The Ameboarrea has not been coUected ehewhere in the 
Chitina Vdoy. 

~ 0 r C r a b i s s o l M r o c l s  

Tbe W d d  rocks that me describd aa Juraadc or Cmtaeeoue occur 
chiefly in the Eotaina md Kuskulanrs drainage and present one 
of the most confusing geologic problem of the Chitina Vdey. The 
confusion arieee principally fmm two cau-. First, the beds indude 
a variety of marine sedimentary deposits, ocaming in many discon- 
nected mas, that are d a c u l t  b mrrelste witl- one motber and to 
refer on lithologic grounds to their proper placea in tbs stratigraphic 
sequenm. Second, although the deposits are foadifmus in most 
pl~cee and abimdmtly so in some places, the fossils so far collected 
as some IocaIitias are not ~ d c i e n t l y  diagnostic to determine defi- 
nitely the age of the deposits at those places, althottgh elsewhere they 
are diagnontic. It appears that the faunas are unusual in some re- 
~pecta if compared with other American murrenc- of possible equiva- 
lent q e .  Thers is doubt concerning the true range of some of the 
speciee, and there ia a q u ~ t i o n  aa to the identity of some dosely related 
~pecies that may have different ranges. 

It is probably true that if certain key ImalIties were studied in 
d e t d  with the aid of topographic maps of larger male than thorn now 
avdable, many doubtful points relating to stratigraphy and correlae 
tion could be cleared up in the field without the aid of the fossils, and, 
incidentally, questions concerning the meaning of the fossils could be 
settled also. Such a study bas not been possible. 
In view of these conaiderations it seems beat to treat raa a group 

several sedimentary formations that on the evidence of f o d e  have 
been determind by the prtleontologists doubtfully as either Jurassic 
OF Cretsceou8 md some others that are certainly Cretaceous. This 
course is further justi6e.d by the fact that in plncca the field evidence 
suggwts the probable identity of at least part of the two groups. 

CIHbRtCFEE AWD ~ f a r a f B U T I 0 N  

P I In the E a t &  and KwMana  valley^ and in the of TraiI 
Creek and the upper Chokosna R i ~ e r  a group of rocks crop out in 
widely wpmated are= and are evidently the remngnta of beds that 
were once widespread but have been dmost wholly removed by 
erosion. !l%ey include conglomerate, grit, sandstone, sandy shale, 
nnd limestone but do not present the same sequence and thickness of 
bede in the different m a s  and cannot everywhere be correlated with 
c&q on lithologic gr~mda, even in arena that me near each other. 
They were deposited unmnformably an the older mh-tho Nikolai 
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gmmtone, M e  Upper Triaeaic ahds snd limeafone, and the intmdve 
g r a n o d i o r i d  are folded into them in many of the exposures. 

The most extemively deveIoped and by far the thickest member of 
the group ia the Kotsina conglomerate, which i~ hawn only within 

a the &&age area of the Kotsiaa River and Strelna Creek and waa 
dwribed by Moffit and Mercio,'l who applied to it the formation 
name previody used by 

The H o b  ooaglomerrrte is a massive conglomerate that crops out 
in a belt extending northweat from the head of the eaatemoat 

d tributwiea of Strelna Cmek to  the Kobina River and #enm north- 
ward into the mounhine north of the river. The conglomerate shows 
oongpicuou~ly in tbe mountain8 about the head of Strelna Creek a d  
north of Elliott Creek, forming the summit of the ridge throughout 
mmt of that distance and reaching ita p a t a t  width of about 2 d e s  
at the Hotsina River. 

The formation is a massire dark cunglornerate, almost without line8 
, of bedding, yet containiag a little black shale. It ie composed largely 

of water-worn pebblee and cobbles or houldem, most of which are 
p l a y  of local origin snd are derived from the underlying formations. 
% b b h  of green~tone, limeatone, the light-colored granodiorita in- 

F 
t sus iv~ ,  and qu- are mast common. It was noticed repeatedly 
that in the vicinity of areas of the Chitistone limsstone the limeskne 
pebbles in the conglomerate incream grmtly in number md form a 
Pwge proportion of the rock. A ~imilar reEationsbip is doubtless true 

C of other oonatituenta of the conglomerate and their parent mcks but is 
not so r e d l y  seen. 
The pebblea me enclomd in a shdy or mk&c matrix which disinte- 

-tee rather eady and br~aka dorm r a p m u n d e ~  the influence of 
weathering. In conquence the outcrops are rough, and the tdm 
slopea consist largely of pebblea freed from their matrix. The con- 
glomerate mountaha are rugged, with precipitous etiffa and a ragged 
sky line. Their dark color and rough surface give them a forbidding 
aspect, and in fttct many of the ridgea are practically impassable. 

5 The few tbin beds of black  hale interatratified with the conglomerate 
form but an insiwcant part of the whole. 
On the mountain Getween CJew Creek, tributary to the Kotsina 

River, and the Klu~mns River the conglomerate ahom a much her 
atructure than in its ~outheasterly extension, changing h t  t o  a grit 
made up of tiny flattened pebbles of fairly uniform size and then to a 
soft yellowish-brown fomiliferou~ sandstone, About 50 feet of massive 
lightrgray limestone with a slightly s u g r q  Mxture ~ n d  surfsoe 
p e p p d  over with tiny black specks reste on the brown easdetone, 
u M a t .  F. E.. and YatIq 7.8, fr, Th K ~ l m - ~ w ~  dbkki, A*: W. 0. Qsol. hrwy BdL 

754 PP. 4 4 4 5 , ~ B Z S .  
uRuba,OsoM,h-dthsChltlolmlodth*IdM.oan-mu.f.S.[)wl. 

m y  %tat ADS. Rapt., pt. 2, p. 4%1, pl. E, 100R 
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which presumably corresponds to the bme of the Kotdna formation, 
and is overlain in turn by a small thickness of p y  limy sanhkne. 
Both the Jimmtone and the sandswne beds above and beneath it two 
f d e m u ~ .  'Them limestone and sandstane beds cap the high part 
of the mountain north of the mouth of the Kluvema River, but the 
sandstme below the limestone is not continuous with the sandstone 
exposed half a mile to the south-southwest, which is mapped aa part 
of the E o h a  conglomerate, and therefore may pos~ibly not be 
squident to it. Furthemre, two ather smal l  areas of lime~tone 
are exposed in this vicinity, one of which resta on the Nikolai green- 
stone and the other on the Upper 'I'riaaaic shale. If the three lime- 
stona areas are equi~alent to one mothsr, as tbey appear to  be, Ghen 
either progressive overlapping of sediments on a sinking asa floor 
or an mmnfoxrnity below the Zimestone is indimtad. This relation 
wiU be referred to again. 

The maximum thickness of the Kotsina conglomerate in the 
mountains north of Elliott Creek is not l a  than 1,500 feet and in all 
probability is much more, pmsibly reaching 2,000 or 2,500 feet. 
This conglomerate has not yielded fossils exmpt Upper Triassic form 
that came from boddm derived from the  underlying mcks. Its age 
is therefore not ds6 te ly  h o r n ,  and it m o t  be defmitely correla,ted 
with any other wnglomerata in the Chitha Valley, although it may 
possibly be the equivalent of a massive conglomerate on McCarthy 
Creek, in the Nizina district. 

At many localities scattered thugbout the Kohha md Kwlrntma 
Valleys are small mes of clastic deposits that overlie or are folded 
and fadted into the older, more strongly deformed mka md have been 
identified with some degree of uncertainty as of Jurassic or Cretaceous 
age. Nearly all these depmita inelude mnglomerate, sandstone, and 
sandy shale. In most places a speckled limeshue resembling that on 
the mountain top north of the Kotsina River or a brownish s u m -  
textured limestone is dm ppresant. In a few p l m  limestone occurs 
withouk the conglomerate or the sandstone. The field relations and 
proximity to one mother of m y  of these areas auggmb strongly 
that they balong to one group of sedimentary rocks, but the difficulty 
of correlating them on stratigraphic grounds is well illustrated on 
Sheep Creek. Tkh locafity, howover, is not the only one to offer 
difficultiai. 

Near the head of Sheep Creek is a mdl area showing a bmd 
member of conglomerate, 200 feet thick, overIaiu by sandatone with 
intercalated conglomerate. The beda have a total thichesa of 880 
feet and are folded and faulted into Upper Triassic limmtone a d  shale, 
whioh they overlie unmnformably. A mile to the south, on the stme 
(east) side of a prominent north+outh fault, is a second mall area 
that sham 75 feet of Zime~tone overlying sandstone that restg on and 



4 .  t - t r l . l ) l ; l )  J I  11 \--I(: i t l l  t.ltE'lF\( I.'bII 7 - . l ~ : ~ r l l l l . \  I -  \ 1 1 1 1 1  1 1 1 . \ 1 )  I l l  \ I . lm-l lr l l  1.\1.1. 
t ~ I ~ l , l ~ , h  
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in folded into Upper %a& shale. A qu- of s mile wmt of the 
first area limestone mt9 h c t l y  on the Upper Triassic ~ h d e .  T h e  
bmtone  and sandstone of these three localities contain fossils that 
indicate equivaIence in age, but the succession of beds is entirely 

+ different, notwithstanding the short. &stanw from one ama to the 
o t h m .  
On the north side of the Trail Creek Valley, east of the Kuskultma 

Ever, about 100 feet of foasiliferous spackled limestone, slightly 
sandy in the upper part, rests on a mass of older quartz Isthe. 'Fhis 

.* limestone is in strike with and probably was once mntinuous with a 
amall area of limestone hdf a mile south of TraiI Creek, which dm 
rests on the intrusive mck. 
On MacDovgall Creek, 2 miles southwest of T r d  Creek, tpe follow- 

ing section is exposed: 

rS& on MacDougall Creek 
F d  

Black c~mnblp shde with s Few thin hard b& -,,,l-,,,,,,,. 75 
Lightgray hard limeatone with sugary texture,, ,,,,,-. ,,, ,, 160 
Dmk-gray w n w n e  with fragments Of I w r a m a ~  shells,,, , , 75 
CongIomerete----,,,,-,------,,-,,-----,,,,,,,,,,,.,,.,, 28 - 
Uneonformity. 826 
Upper Tri88gic  hale and intruded diodfe. 

Skill farther east, on tt tr ibutq of the Chokosna, River near Kua- 
kultma Pass, is a h e  exposure tbat shows about 250 feet of s u g q  

w limestone, mnt&ibg l n o m m w  shells and having numerous tiny 
pebbles scattered through it, lying on Upper Triassic limestone. It 
is overlain by sandstone estimated to be about 500 feet thick. 

A- 

'The beds of conglornerrtte, sandstone, limestone, and sandy shde of 
tlhm various localities contain a fauns tbat bae been di6cuPt fo inter- 
pret. Most of the collections have been regarded rts Jurassic or ns 
"probably Jurassic," but Borne suggest a Cretaceous we. The beds 

s lie unconformably on the older mckg, yet the ~umwsion of beds is 
not the same in any two localitim. Ths hestone, if i t  is the same 
limastone throughout, incrcaeea in thickness toward the east but is 
not h o r n  to occur east of the Chokosna River. In places it rwta 
directly on rocks belonging ih an earlier epoch, but in most p h s s  it 

+ lies on Jumsic or Cretnceous aongEomerate or sandstone of variable 
thickness, which on MacDougaU Creek Cpl. 12, A) reaches a maximum 
of at least 100 feet. Na deposits that can be definitely correlated 
with these beda m recognized elsewhere in the Chikina Vdey. The 
fauna which they contain hns not been exhaustively studied, but it 
auggesh a probability that even if the Jurassic age determination of 
thme deposits in the Kotsin*KusEntlma district should prove to  be 
incorrect, the Mesozoic conglomara* and sandstone that ~ a s t  uncon- 



form&bly on Upper Triassic and oldsr rocks there &re somawhat older 
thm Mwzoic rock of the same kind and in the s m e  relative position 
with'relation to the older rocka farther wt in the Chitina Vdey. 
The bgds in the Kotsina and Kuskulana districb that are in qumtion 
have yielded the specia included under the firat 27 localities of the 
table of Jumssio or C r e t m u a  fossils f~c ing  pa438 80 (lo& 8924 to 
14478). The age detmnbations offering the most diEculty are chiefly 
those of localities east of the Kuskdana Rivar. 

Rocks that have besn descrihd as of Jmassia age are exposed in 
the Nizina district and in khe- upper Chitina, Valley. They include 
the Kennicott formation, which was originally called the Kennicott 
"aeries" by Rohna-a name that was used by bim to describe the 
"lighhm1.0red wkoses, shales, and limestones" that he found on bar 
and Fourth of July Creeks between Fohlin Creek and the Kennicott 
Glacier and was later extended by Moat and CappsM to desigmte 
d the supposedly Jurassic sedimentary mcks of the Nizina district. 
They also include several areas of sandstone north of tbe upper Chitha 
River that have been mapped and described as Jurassic by Moffih 
and U~erbeck.~  Them areas, togsther with the various rocks in- 
eludd in the K e h o t t  formation by Moffit and Capps, are now 
regarded by Rseside as Cretaceous rather than Jutmsic and are 
therefore doscribed in the section on Crehceoua rocks. 

Cretaceous mckn are now known to occupy a Iarge area in the 
Chitha Valley and adjacent districb, although it was formerfy sup- 
posed that they had only a subomhate p l m  in the stratigraphic aol- 
b of the region. ~ncluded in tbe group of sedimentary beds to be 
considgrad are some whose CreWeous age is regarded aa estabhbd 
beyond doubt, although their position within the Crekmous s p h  
is in part open to questiaa. Rocks of this kind are especially well. 
developed in the Nizina district. Aho included in this group are 
b d s  that am regarded as probably ia part Cretawua, although their 
Cretaceous age i s  only inferred from th& field relations, and pomibly, . P 
if not probab~y, they-include older Mesozoic m k s  and even Paleozoic 
roc&. In thls doubtful p u p  is a great thickness of beds that make 
up a large part of the Chug& Mountains. 

The Cretacmus sedimentary rocks show much variety in their litho- 
logic ehmacter but are noticaably laicking in beds of limestone. Tho= 
of established Cretaceous age ilre chiefly black shale, sandstone, 
conglomerah, grit, m d  gray sandy shale, among which the black 
a Rohn, Oscar, A ol tlm Chmna Rlvs an8 tbu BkoW &fOmlb& Ahikw U. 8. h I ,  

81u~ay 2Id A m  Bept., pk. Irp. IU, 4% 481-433, WH40, pl. 6'4 1W. 
UMoBt t ,  F.H.,aadCspp%B.R.. CfedDggan8mlnsral 0 1 ~ ~ ~ ~ b - U . 8 .  

&+!. Bmwy Boll. 4a8, pp. tl-is.1Q11. 
u MpfLlt. F. H., und O m b e 4  R. Id, Tbe uppa Chltlna V W ,  bEasLs: lJ. 8. ad. ol.w Bull. 

wa, pp. a 7 q  1 ~ 8 .  
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d d e  and ~~bndstone me dominant. Thw rocks are sU 1- folded 
end otherwise htutbed than &a pte-Cretwus mh that fie 
beneath them. The rocks referred with much 1- assurance to the 

- Cretaceous are chiefly slnte and graywack+roch tbat differ from 
J thwa h t  mentioned not only in lithology but in degree of meta- 

morphism, for they show @eater folding and more a l h t i o n  than the 
dehitdy Cretaceous mcks. 
Although the variew of sedimentary rocka k~ be considered may 

raise a question aa to whether mom than one epoch of the Cretaeeoua .* may be representad, the fossils do not make pomible a mncIusive 
answer. Furthennore, the field studies have not revenled structural 
uncunfoFmities or other definite evidence of intRmpZRd sedimentation 
during tbe time when the various beds were being deposited. The 
Cretaceou~ rocks of the Chitina, Valley have been described as including 
bath Lower and Upper Cretacmus formati~ns,~ but an increased ' 
number of fossil collections and a reexamination of the older c o l l e  
tione by the paleonblogista have rdsed swioua doubt as to the preaenaw 
of Upper h t a c m u s  sedimentary rocks. (See p. 80.) 

T h e  Cretacmua rocks of the Nizins disttict and lwl i t iea  north 
of the Chitina River wil l  be described h t .  

The Cretaceous rocks of the north aide of the Chitins Valley p m n t  
two contrasting aspects. In a large way they consist of two groups- 
black argillaceous shale, which is extensively developed and remhm 
a thickness of saverc~l thoususand feet, and sadstone, conglomemte, 
and sandy shde, only a little Iesa thick and less widely diatributd. 
The emct stratigraphic relationships of these two groups me in doubt. 

T h e  rocka of the type locality of Rohnk Kennicott formation in 
Fourth of July Pam rare now conaidered to be Lower Cretaceous. 
n o s e  that overlie the Upper "kiessic rocb and, on pdeonhlogio 
grounds, properly belong to the Kennicott formstion include con- 

$ glomerah, brown sandstone, crumbly gray shale, and black ah&, 
A gomewhat generalized section on Fourth of July Creek ahom the 
following beds: 

S& on Fourth of J d y  W R  
ht 

Black shale or alate intruded by numerow Iighhlored 
porphyry dikes ---, -,,,,,-------------- ------- P o ~ i b l y  3,000 

Crumbly gray sWe wlth concrefKm-, , , - - - - - - * - - - LOP 
Mnaaive bmwn eandntone -,-----,,----------- ---,--,,- 100-200 
Conglomarats with angular and subangular fragments-,,-,, 

Variable but only a few feet 
Unoonf ormIty. 
Upper T M c  ahale. 



The basal conglomerate, a d t o n e ,  and gray shde of this section 
are exposed on the lower north dopea of the valleys of B w  md 
Fourth of July C h k s  and dong the creek channels. They overlap 
the Upper Triassic rocks, are not much folded, dip at a moderate' 
asgla to the south, and ptw beneath the black shale that forms the 
m0~11hh8 south of the ~ W O  c ~ W ~ S .  Whether the b h k  shd~ lWk9 

with n o d  contact on the gray sh& is not defbitely established, but 
seemingly the two grade into each other. No h m f o n e  was seen in 
this vicinity, and the section quite evidenfly diffem from the Jurassio 
or Cretaceous rocks of Trd  Creek. 

Although the conglomerate and aan&tone are conspicuous only 
between FQ& Creek and Kennicott Glacier, the black shde extends 
westward beyond the Lakina River and is continuous with the black 
Bhale near the town of M c C d y  and on Dan and CXtitu Creeh, ' 
emt of the N i h a  Ri~sr.  On upper McCarthy Creek the black Cre- 
taceous shde overLen brown-weathering sandy beds with a thicknegg 
between 200 and 300 feet. The basal beds are best seen on an un- 
named eastern tributary of McCarthy Creek 1% miles north of Dimond 
W k .  They e d n d  up this tributary from ita mouth t~ the diPide 
at its head and m s s  into the valley of the West Fork of the N h  
River and are believed to mark tha boundary between the Cretaceous 
black shale to the north and the Upper Triassic md Upper Jurassia 
black shale to the south. The b h k  €hetamow sbale extends north- 
ward from the small tributary to  the head of McCarthy Creek, where 
it is overlain by conglomerate and foasiliferous sandy beds, &o of 
Cretaceous age. Them in turn are overlain by the Tertiarg. v o l d o  
beds exposed in the upper walls of the cirques about the two mall 
gla*im at the head of McCarthy Creek tpl. 12, B). However, am 
dement of uncertainty in connection with the extent of the black 
shale m a  with the d i E C 0 ~ q  that the area that waa supposed to  be 
made up entirely of Cretawous black shde contains also an d m o w n  
amount of Upper Jurassic (Nahek) Mack shale. This fact was not 
evident from the field e x h a t i o n s  but was brought out later by s 
,study of the collectiom of fossils. Bocks of Nabek age are not known 
elsewhere in the Chitina Valley. 

The Cretaceous black shde is &My developed on Dm, Rex, 
White, and Young Creeks. On Eagle Creek, an upper tributary of 
Copper Creek, the black shale ovalies nearly 200 feet of grit and sand- t 

stone that rest unconformably on the McCarthy shale. On Idaho 
Gulch, another tribubry of Copper Creek, the following succ&on 
of beds, forming the lower part of t h ~  shale formation, waa obamed: 
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Bleek mhds, , - - , , ,, , , -, , ,- ,- --- --- - -- , -- , --- - Several thousand 
Soft gray sha le , , , , , - - - - - - - , , - -*+- - - - - - - - - - - , - , - - ,  100 
Limestone conglome~ab with boddm 12-18 inch- in dlam- 

e k  ,,,,,,,,,,,,,--,----------,*------ - 30-40 
%ftbkkshaIa , , , , , , , , , , , , , - , , - - - , - , , - - - - - - - - - - - -  5 
P i e  grit,,, ,,,,,,,,,,,,--,--, ,- 10-16 
Unoonformifg, 
McCarthy ~ h d e ,  ' 

The blmk nhde @t the head of Copper Creek is overlain by the 
f m&oa of neady horizontal beds of sandstone, shale, asd conglam- 

mate that caps Pyramid Peak. 
Young Creek shows a variety of features in the &ale and assodeted 

beds that were not noticed elsewhere. Tbe Cretaceous rocka of this 
vicinity may be diQided into three members, which, designated in 
ageending order, me sandstone, black and red shale, and a succession 
of beds that include coms~.  and fine-grained conglomerate, sandstone, 
arkom, and sandy shale. The basal beds are in view st several 
places, and although there is no complete corresponden~e in composi- 
tion and thihsss  of beda at these places they are nevertheless to 
be wrreIated with each othor. No complete continuorrs section of 

? all the Cretaceous beds has been found. A section near the mouth 
of Canyon Creek gives a general idea of the character of the b a d  beds. 

F d  
Wdy, crumbling, horn-weathering randstone wlth f d -  

ifemus limy concrefdona as much M 3 feet In diam&r-,-, 250 
Greenish-gray endstone--- - - - - ,- - --- - - - - -- - , - - - - - - - - - - 100 
Conglomerate and fine grit -,,,,,,,,,,, ., ,- - ,- ,,. - 2 
Uncon formi*. 
Tuffm and chert beda. 

Near the head of Canyon Creek are beds of sandstone and sandy 
 hale that are overlain by the black shale. The black shale ia essen- 
tially homogeneous in aspect but contains a few thin limestone beds 

W and many limy concretions as much as 2 or even 3 feet in diameter. 
It also contains hard chert.y beds in its lower p a t .  The black shale 
and associated red &ale form most of the country rock of the Young 
Creek Valley. The Mack shale is overlain ih Pyramid and Andrus 

q Peaks, at the head of Young Greek, by about 2,500 feet of nearly 
horizontal beds of sandstone and shale with subodinate oong1ornorate. 

The ridge south of JTowg Creek, when seen from the north, appears 
ta be made up of black s h ~ b  capped by a succession of nearly hori- 
zontal beds of congIomerate and sandstone. These beds, howevar, \ 

form not ody the top of the ridge but dso most of the precipitous 
south slope, on the Chitiria River side. They occupy an area about 
15 miles in length and 3 miles in maximum width and are distinctly 



indicated by the topogmphy of tha ridge. This topographic expression 
is seen in the tablelike summits along the ridge and in the cMs facing 
the Chitha River. 

The M a  madst of conglomerate, smdstane, smdy shale, md 
mkose. Although the conglomerate ia at f h t  sight the most ndice- + 
able component of the whole maas, the sandstone, shale, and ark0 
predominate. These racks me well exposed at the heads o d t e 
gulcbea that come into Young Creek from the south In the first 
gulch above Calamity f i l ch  the contact of the and the over- 
lying conglomerate, arkme, and shale succession is seen in the creek 
bed about 1,200 feet above Young Creek, where it ja a fault contact. 
A mas~ive conglomerate dipping about 40' S. and wngisting of cobbles 
and boulders as much as a foot in diameter, set  in a matrix of rather 
e a r n  greanbh sandstone, rests on much-folded black s h a h  The 
fault plane ia nearly parallel with the bedding of the conglomerate, 
crossing it at a &ht angle. The conglomerate is made up chiefly of 
igneous r o c k v a n i t s  and grmnstone-in well-rounded pebble8 
and  cobble^, mest of which do not exceed 6 inches in diameter. Beds 
of greenish sandstone are hcJuded in the conglomertbte. 

B h v e  this lower, coarse conglomersta am beds of h e r  mnglomer- 
ah, -misted with sandstune, indudd between beds of shale. In 
the following section the thicknesses given are ody appmxhmtte: 

&.&n sj Getumum mhtmto ,  orhru, and rlkrkr wn Young h k  
Pssl 

bd8tone, cmme, green md gray, inferbedded with darlr 
~ h d e  containing imperfect plant remdns, , , , , - - - - - - - -, - 700 

1 ' 
W e ,  brow11 and gray, with ~uh-&~tlata dwk beds,, , , , , , , 700 
Sandstone, greenish or greenhh gray - . , , , ,, , , , ,-A ,:- - . - , . 100 
S W e ,  fine-grained, brawn, gay,  or greenhh g m ~ ,  ,,,,,,,,, 700 
Conglomerate and sandstone.,,,,,- - -------------- - 300 

The totd thichws of the M a  waa m&med by meaaurementa 
made at other places, but it does not n d y  represent the original 
tbichess of the deposits, for part of them have been removed by 

P 

erosion. The coarse sandstone near the top of the scrim was thought 
in the fidd to be tuff but on further study wm found to be a sandstone 
consisting chiefly of fairly fresh angular gmkm of feldspar and quartz 
aet in s h w a b e d  greenish groundmms. It probably mpresente t 

, '  the material produced by rapid erosion of a neighboring land mass 
consisting chiefly of igneou~ m k s  like those in the conglomem~. 
Imperfect plant mrnains'were obtained from the &stone, but thsy 
were too poor to be of uee in determining the age of the rocks. 

The nandstone, shale, and mng10memte on the ridge south of 
Young Creek overlie the shale, but the exact nature of the contact is 
not fully determined. In places it ia a fault contact. 



The CreWm mb of the upper Chiha Valley inc1ude three or 
more s d  areas of clsstic huh that were dewxibed by Moffit and 
Overbeck 47 as Upper J&c. They include only soft brownish or 
pinkish ~ B s t o n e  and gray mndetone, both of which contain con- 

+ cretions, the largsst 2 feet or mom in diameter, some of them &bun- 
dady fo89ilifemua. . The principal h o r n  exposm am in tha lower 
slopes of the Chiha Valley west of Canyon Creek and on the tops of 
the high mountains norhh and muth of Basnard Glacier. 1n Inhe b t  
3 d t y  a hard gray eandatone overlying soft brownish sandstone is * fa3M aghgainst gmen~tone, but the barn of the section is not exposed, 
Sandatone in nearly horimntd beds forms i~olated areas on both sidss 
of Barnard Glacier, where it overlim the older formations and accounb 
for the flat s u m m i t s  of the mountains. About 500 feet of sandstone 
is exposed. It is mthar uniform in character, so-far aa ie now known, 
but it conkina two prominent thick beds, one at the baae and the 
other near the middle, that are dearly distinguighed from the rest of 
the masm. Tbem isolated areas are doubtlees the remnan& of a 
wideepmd and continuous formation that once extended over much 
of the Cbtina Vdey but is now b o a t  entirely removed by erosion. 

Some marked diffemnces between the Cretacleous depodts of the 
Nizina district and those of Young Creek may ba noted. On the high 

c flat-tapped ridge betwem the Nizina River and the head of Nikold 
Cnwlr, an emtern tributary of MeCs-rthy Creek, nwly-horizontal beds 
of eddstone and mndy shale lie on an old emian surface of tho Nikolai 
greemtone, Chitistone limsstone, md McCwthy sbde, affording a 
h e  example of unconfomable stmctum. The following mction wag 
o b e d  south of Mikolai Creek in the vicinity of the limestone- 
greemtome contact: 

3tcrim, 4 5f NiWd &wk 
Pad 

Qreenieh-gmy sandy beds --,,,--,,--,,,,--,,,-----+-,-,-, 50 
Bmdy bwle with limy p h ,  westbring brawn; fassih fairly 

numemus,,--,,,,,,,,,,-,,--,,,-,+,,--,,,------,,---,,, 60 
Dark-gray shala, weathering bmwn and grading Info ~hsle 
be low,,,,,,,,,,,,,---^--------------,- 60 

Ught-gmj shale, maLherJng brown -,-, , , , ----, , --,-, -- --,- , , M) 
Dark-gray Mt or fine con~lomerate of variable thicknew, not 

exceeding M) feet ;  wntsins beds of ground-up shells and h 
highly cal~amoue,,,~,--,,,-,---~------- 50 

Unconf omity, - 
MkolAt greenstone and Chitiatone limmtone. 26Q 

The basal bed flla the depm&ons in an old land eurfme. Its 
dumctm vhes  h m  ~X~OBUI'B to exp08ur~3, and in places it is prac- 
tically absent. On the brow of the ridge overlooking the Nizina 
River the b a d  bed contains bouldera of the Nikolai greenstone and 
mnga in t k c h e m  from 20 to 60 feat. 

dr M d t ,  F. 3," and Om-, R. M, op. dt. (Bull. @76), p 27. 
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The upper part of the ridge between the N h  River and the West 
Foxk is made up in p& of Cretaceous mcb that overlie the McCarthy 
shde unconfomably and are in turn overlsin unmnfomably by the 
Tertiary volcanic rocks. hgimmg on the ridge at an altitude of 
4,600 fm* and extending northward up the ridge the followhg section 
is exposed: 

f l W n  o n  ~ d g e  between Nizina R i w  a d  W d  Fork 

Volcanio W n .  
Uncmformity. F& 
Brown mndstona- - - - - - -- - -- - -- - - - - - - - - - - - - * -- - - - (1) 
B h k  and gray  hale -,,,----,,---- k k k - k k k k k k k k k k k k k k k k k  575 
Limy ~andetone and gray sandstone,, ,- ---,, d s - - d s ~ d s - , , - k d s  

Gmysan&tone,,,-,,,,,------------------------*----- }5&7& 
Thin-bedded p n  sandy ~hde  and dirty limy beds --,,,,,, 100 
3- not expmd. 

The Cretaceous beds dope down to the level of Nizine Glacier md, 
near the ~tarting point of the trail across the gJacier to Skolai Creek, 
reat on Upper W k n  beds and the NikoIai greenstone. At the base, 
locally, is mnglomomte that reacheg s, thickness of 10 feet and con- 
tains boulders as much aa 18 inches in diameter. Above the con- 
glomerate are massive bmwn grit or sandstone with crowbedding, 
sandy shale, and blak shale, with a few conglomerate or emdstone 
beds, that reach a total t h i c e a s  of at bast 3,000 fed, The top of 
the section is black shale, on which at one place rests 75 feet of Ter- 
tiary conglomerafe overlain by lava flowa, Some of the lower sand- 
stone beds contain numerous spherical or subspherical sandstone 
concretions, which are locally known as " c m m o n b a l l s . ' ~ e  section 
of Cretaceous be& on the Wmt Fork and o n i ;  west Bide of N i h a  
Glacier resemb'lm that of McCarthy Creek but hrns not been studid 
or mapped in other than a reconnctissance way. 

Cretaceous rocks are well expo6ed emt of Nizlna Glacier. About 
8 miles south of SkoIai Lake they overlie the Nikolai greenstone. 
They atend southward along the glacier for a mile or more but find 
their greatsst davelvpment in the mountains t o  the emt, where at 
least 3,000 feet i s  exposed. The basal beds include a mnglomerate of 
no great thickness, with ~cattRred pebble8 3 inches or less in diameter, 
75 feet of gray sandstone, overlain by 20 feet of marse black grit and 
thsn brawn-weathering sandstone that dips gently muth. A mile 
muth of this locality, on the north side of Moonshine Creek, the brown 
Cretaceous sandstone and sandy shale contain numerous round con- 
cretions ns much as 3 feet in diameter. These beds, which are over- 
lain by about 600 feet of horizontally bedded soft gray shale that 
contains thin wdstone beds and concretions, form tba lower dopes 
of the flat-topped mount& south of M o o n h e  Creek. The gay  
shale weathers easily to form soft mud. The top of the mountain has 
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rn altitude of a littIe mom t b  6,000 feet, sad it8 p&pitmuus north 
aide gives tr h e  e q o m  of nearly horizontal beds that are the bash 
of the following highly gensmM section. The thicknesses given 
am based on estimates of the proportionrrts parts of the section made 

* up by the dserent members and viewed from 8 distance. 

Prcl 
Brown-weathering sandstone ,,,,------ ,------,-,-.--,,-, 400 
Brown-weathering @hale and m d y  shale with slrndatone 
 beds,,,,,-,--------__------^---------- 80Q 

Bmwn-weathering ssndskone -,-,--,--,, ,,,,,,- ,,, . ,,,,,, 806 
Soft p a y  ehirle with local rrsnddone beda and ~oncretions,,, 100 

6~on~lomemt.e  .,,,,,,,-, ,,, ,,-, ---, -,, ------,-,-, ---,-, (7) 

A vast amount of Cretaceous shale and sandstone has bean semovd 
by erosion, and mas that once were c e r W y  occupied by ~ u c h  rocks 
ahow no evidence of thorn now. On the other hand, little patches of 
sandatone appcm unexpectedly in many plams as a thin veneer on 
ridges and capping on mountain tops. 

The Cretaceous mcka were intruded by large masses of granite and 
quartz diorite and are cut by lighkolared porphyritic dikes and sills 
that are offshoots of the l a ~ e  bodies or were injected at  the same 

f time. Tbaso intrusi~e bodies appear to ba most numerows in the 
black &ale, where they are certainly mote mnspicuoua then in the 
sandstone and associated beds. Tn large exposures the contrast of 

a the Jight dikes and silIs, wen ngnhst the backgmund of dark  hale, 
m&ea their presence easier to diacover than in the sandstone or 
in tbe older light-colored rocks such as the Triassic limestones. 
Altbough the older rocks were necessarily cut by the intrupiv-es that 
invsded the ov~rlying Cretaceous shale, they give less evidence of 
their presenw, and eTen the dark McCarthy shale seams to contain 
fewer of the intrusives, 

Some of the intrusive bodies are of largo size and occupy extensive 
areas. Porphyry and Sourdough Penks are such intrusive bodies 

Q that are composed dominantly of @mite and quartz dioxite but have 
masses of the blmk shale caught up in them. 

The dikes vary in size, form, and regularity of distribution. They 
are numemug in the mountain w ~ s t  of Kennicott Glacier and are a 

q eonapicuous feature of the landscape there, as they top the mountain 
and under the influence of the weather provide an ab~~ndrtnce of light- 
colored debris that s t r e a m  down over the black shale. They are 
widely scattered on Dan and Capper Creeks and the head of Rex 
Creek but are also found in many other places, One dike on Copper 
Cr0p.k iis practically wntinuoue for a dishnm of about 5 miles. 

Tbe dates and sills are more resistant to weathering than the end05 
h g  shale and tend to stand out in relief, althotrgh this tendency is 

689C5&--g  



neutralized in pert by the numeroua joint8 and fracture planes that 
permit them td break down in blocks ss fast as the shale ia eroded 
away from them. 

THICXWBBB k # D  BTRVCTWm 

A canaidmation of the compo~ition of the Crahceous deposits and 
the succeaaian of We that have been dwribed as accurring in the 
Chitha Valley sastwad from the Lakina River suggests that they 
msy h reprmnted by the following generalized ~tstement. At 
the base in most places is conglomerate or p i t  tba t fills the depressions 
of an old land surface md i~ irregular in thichem or in placss absent. 
Overlying the conglomerate are beds of sandstone and sandy shale 
that are highly calcareous in places, although beda of limestone are 
not known. These sandy beds may reach B thicknwa of 500 feet or 
more but in most places are not over 300 feet thick. They ars 
overlain by a b h k  shale member that reach= a magmum thickneas 
of not lsss than 3,000 feet and % somewhat vari%ble in charrtchr, 
bebg fairly homogeneous in iB westward extension but including 
much red shale and thin beds of limestone, sandstone, and conglom- 
erate, together with numerous concretions, in the mom easbrlg expo- 
s-, The black shale is capped by at least 2,500 feet, possibly 
3,000 feet, of conglomerate, sandstone, and mndy shale. The  three 
groups of Cretaceom sBdim8zlt.e in the Nizins district tbmfom appear 
to heve a total thickness of at least 6,000 feet. 

Ths Cretacmns sediments show marked diffmnces in the char- 
ectgr of the material that waa being laid down in contempormeow 
deposite at different localitiw. This is illuetmhd by the change 
from the almost homogeneous black shale of McCarthy Creek to the 
sandatone end mndy shale eaat of Nizina Glacier, for although it 
has not been proved that those deposite are contemporaneous, their 
reIation to the underlying rocks makes it appear probable that they 
me. A different Bedimentation ia sean in the red shale and limestone 
of Young Creek. The conglomerate, wandstone, snd shale bed8 of 
Pyramid Peak are beliered to be the equivalent of the congIomerata, 
sandstone, and arkom beds eouth of Young Creek, yet here again 
the differences of sedimentation are men, for the thick baed con- 
glomerate of the Young Crsek ridge is not preaent in Pyramid Psak. 

No beds that aan be certainly correlated with the beds of %mid 
Peak and Young Creek are known on the N e a  R i m ,  although the 
higheat beds of the Cretaceou~ in the McCarthy Creek Valley give 
evidence of a change from mud to sand deposits. 

\ 1 
A distinct unconformity marks the beginning of Cretmmw sedi- 

mentation jn the Chitina Valley. The prsexkthg rocks had &ady 
been deformed and bad bean subjectad to a long period of erosion 
before tha subsldenra that brought about renewed sedimentstion 
took place, rn that Cretaceous deposits reat on all the older rocks from 
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the Stmlna form~tion to the McCarthy shale. Although the w o n -  
formity can be seen in many localiti~, one of ih beat examples ia 
found near the head of Nikolai Creek, where the nearly horizontal 
sandstoria M s  Lie amma the tilted contact plane of the Nikolai 

.) 
greenstone and the Chitistone heatone. 

Whem the Cretaceous beds are ovwI& by T d m y  fmh-water 
d h e n t a r y  and volcanic deposits the contact shorn structural 
unconformity, but the foIding and fdting of the Cretaceous beds is 
lese than that of the rocks beneath them. 

r0 Folding and fadting have dected  the different Cretaceous d- 
mentary rocks in different wap. The soft s h a h  were distorted by 
deforming forces more than the sandatonea and show much greater 
folding and other evidence of disturbing pressure. ma sandstone, 
on the other hand, rarely ehom severe folding snd in many places 
3iea horizontal or is only slightly tilted. FaulB, however, are more 
easily discovered in the sandatone and congIamerate than in the 
homogeneous blmk &ale. Faulting of very considerable degree 
occurred after the Cretaceous rocks were formed, aa may be seen in 
h e  great break tbat extends from Nikolai Creek to the head of 
Copper C h &  and in smdar fadta in the ndge muth of Young 
Creek. 

f The Cretaceous mdm~nta &ow leas folding than the Upper Trirresic 
limeabne and shale but  more than the overlying Tertiary volcanic 
mcks, although in pIacea the parallelism between the bedding planes 

* of the 8andstone and of the Tertiary tuff beds and lava flom ia 
pmctidy perfect, 

AGE &WD COBBmmOB 

The Cretaceous m h s  aedimenh of the Chitins Vdhp am 
abundantly fodiferoua in plam, eqmit~lly in the lower sand- 
stone beds, yet great thickn- of both the shale and the 
sandsbne seam to be h o s t  lacking in evidences of former life. 
Many coUectiona of invertebmte fmd remains, including a consider- 

? able number of epeciaa among which an A d  like A. cf~8sieolli.s 
Heperling Cpl. 10, figs, 4, 5) ia common, have been made, and in 
addition a md n-eber pf . fod-plant collections. Those collections 
were made-from time to time throughout a period of rnoro than 30 
years and were taken from widely scattered localities, some of which * are hlated and cmnot be carrelated with accuracy either on litho- 
logic and stratigraphic grounds or on ths evidence of the fossila. 
Moreover, the collections of i o d s  have not yet been etudied In a 
thorough ~ystematic way and have not bean compared in connection 
with d the field evidence now available. It wea, therefore, almoet 
inevitable that some conf&on and contradiction of opinion ~ F I  to the 
interpretation of the fossils should a m .  Doubtless the most 
sathfsctory way of attacking the problem is for the peleontologbt 



h l f  to rstudy the field sections end make sdditional colIectione 
and compurisons, but this mume has not bean possible. 

Although some mllectiona of fossils from the Chitina Valley have 
been determined ~ t g  h w e r  Cretaceous and a e m d  number as Upper 
Cretaceous, Reeside,"" who haa identified the forms contained. in + 
the Lter coUactioris and has compared them with previous deter- 
minations, is inched ta the belief that d the Cretaceous fo&sils 
collected from the north side of the valley are probably Lower CB 
taceous. This mnclusion, if it is mrreot, doea not eliminate the 
possibility hat Upper Cretaceous sediments are pmmat, yet until 
defmite knowledge of their presence is obtained it seems best to desig- 
nate all the deposits as Cretaceous, with the undatandmg that 
h w e r  Cretaceous depodts are dominant but that Upper Cretaceous 
deposits may be present although they am not recognized. On this 
assumption the accompanying table of Cretaceous fossils and kt of 
localities h s ~  been prepared. The determinations were made by 
T. W. Stsntoa and John R. Rgaside, Jr., as indicated by tha initiah 
S and R at the tops of the columns. The list is arranged a p p r o ~ t e ~ y  
in geographic order. 

8924. 2,000 feet 8.12' W. from 8,005-fmtlime~tone point we& of ~ u v e a n a  River. 
Collector, J. 3, Marije, Jr., 1914. 

$934. Float, 9,000 feet N. 47" W.  fro^ ~mmann's cabin, on Rluwma River: 0 

slfiltude 6,200 feet. Collector, Fred H. Moffit, 1914. 
8035. h m e  ImalIty as 8934 but toesfla found in phce. CoIIdhr, Fmd 8. Udf ,  

1814. 
8936. 0,960 feet N. 40%" W, from Amrnann's cabin, on BIuverma REver; dtk- r 

tuda 5,800 feet. CoUector, Fmd H. Moffit, 1914. 
8937. Same looali'by as 8936 but an overlying bed. Chnector, h d  H. M a t ,  

1914. 
8040. Boulders in Umestone Creek near mouth. Collector, (3. C. Martin, 3914. 
2196. Chitty (Clear) Creek, Kotsina Valley; altitude 3,290 feet. Collector, 

F. C. Schrader, 1900. 
2198. About 6 m&s up Chitfy (Clear) Creek, Kotsiaa Valley. Collector, 

F. C. Schreder, 1900. 
2210. Chitty (Clear) Creek, Kotsinrr Valley. Collechr, P. C. Rhrmder, IQOO. 
2311. North fork of Huskulane River. Collector, F. C. Flchrader, 1900. f 
8168. Divide be-n Nugget and Roaring Greeks. Colleotor, Theodora 

Chapin, 1912. 
9942. Saddle on ridge between Rock and Idme ~m&,  CoUeotor, Fred H. 

Moffit, 1916. 
9933. Rid@ between east fork of Mas Cmek and C l e a r  Creek. Collector, 

Fred H. Moffit, 1916. 
8155. Fimt creek muth of Clear Creek, tributary of Kuekulsna River. Col- 

lector, Thsodom Chapin, 1912. 
8939. 5,800 feet S. 3 F  E. from mouth of Shtlrs Cmk; altitude, 8,500 fmt. 

Gollecbr, F=d R. &lofit, 1914. 
9049. Crsek 1% mike muthtRest of h k ,  a tributary ol KurAiuhn~ R.iver. 

CoEehr ,  Fred H. Moffit, 1918. 
9950. Weat side of Trail C m k .  Co~&, h d  Ff. at, 1916. 

Resside, J. B., Jr., wal EmnmattiosMw 



8928. Southwe& Bide of Tmil GresH, near trail; altitude 3,300 fwt. Collector, 
h d  R. Moffit, 1914. 

8927. S o u t h m t  ~ i d e  of Tratl Cmek, near trail and loeslity 8926; altitude 
3,500 last. Collector, h d  H. MoWt, 1914. 

2196. Bed of bream near trail east of XwMan8 River; altitude 3,350 id. 
I Collector, A. C. Spencer, 1900. 

9951. SmalI guIch 100 yards sbovs forb of Trail C e k .  Collector, hd H. 
?doffit, 1916. 

9952. FIoet on sfdge b d  a mi10 aouth of Ktmkulana Paw. Colledor, F d  H. 
Moffit, 1916. 

9954 h'ortbm tdbutary of Chokosna River half a mile above mouth of gukh 
,* that leads fo Kuakulana Pw. COll~ctOr, Fmd R, M o s t ,  1916. 

9955. Chokoana mver ValIay naar locality 99.54. Chllmtor, Fred B. MofIit, 
1916. 

9957. Chokma River Valley, ridge e& of locality 9954. CoUector, Fred B. 
Mofit, 1916. 

14477. Road of Chokoena River, f mila up southcrn tribubrp that j o b  the 
dver at Kuskulana Trail (Compare locality 99SQ.) &U&r, Fred R. Moffit, 
1928. 

14478. Head of Chokomna River, near locality 14477. Collector, Fml H. 
M a s t ,  1928. 

9W3. Miu Cneek, nor tb dde, baZf a mfltr from dacim on wed fork. Collector, 
Fred R. Moffit, 1916. 

14480. Near divide b e h a  head of Slatka Creek and Chokmns River. Col- 
lector, b d  H. Moffit, 1928. 

.a 2191. C m k  tributary to hkim Rver halb a mfls sbove crosslng of old t r d  
between Lahm and Kennicott Rivers. CoIlector, A. C. Spencer, 1000. 

11369. Fall Creek, hrt tributary s f  Lakins River emf of Fohlln Cmk,  1,000 
feet higher than mouth of Fohlin Creck. Collector, Fred El. Mofflt, 1922, 

1 11370. Fall Creek 1,200 feet higher than mouth of Fohlin Creek. Colleotor, 
W R. Mofif, 1922. 

3. Boulder in m k  Mmem Zakinlr River and Fahh Creek at a m p  9. Col- 
leefor. Oscar Rohn, 1899. 

1. Emt side of Fohlin Creek. CoIledur, Oacsr Rohn, 1899. 
8976. Fohlin Creek 125 feet above mouth of Bear Cmk.  CoLleator, ??red E. 

MofRt, 1916. 
9977. Fohlin etBek 300 feet north of locality 9976. Colleotor, Fred H. Mom, 

1916, 
9978. Fohlln Creek 1,300 leet north of locality 9970. Collecbr, Fred H. 

Mofit, 1816. 
v 8873. E d  bank of Fohlin Creek, 4,900 feet north of mouth of Bear Creek. 

&Hector, C. C. Martin, 1914. 
8855. EaRt bbnk of Fohlin Creek 6,800 feet north of Bear h k .  Collector, 

G. C. Martin, 1914. 
8876. East bank of Fohltn Creek 5,500 feat north of B w  Cre& CoUectm, 

3 G. C. Martin, 1914. 
14484. Fohlin Creek 1 mile north of Bear Cmk.  W&tI Fred H. Moffih 

1928. 
144%. Fohlin Creek 1 mile north d Rew &k, 100 yarda north of lodXy 

14484. Collechr, Fred H. Mofflt, 1928. 
I44M. Fohlin Creek 1 mila north of Rear Creek, near locality 14485. CoNwtar, 

Fred H. Moat., 1928. 
9965. First northern fr ibutq of Bear Creek, a tributary of FahZio Creek, 

half a mile from mouth of Bear Creek. Collector, Fred H. Moffit, 1916. 
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9966. Near but a little upstream from locality 9965. Collector, Fred H. 
Moffit, 1916. 
9967. A little upstream from locality 9966. Collector, Fred H. Moffit, 1916. 
9967a. Loose block a t  locality 9967. Collector, Fred H. Moffit, 1916. 
9971. Same creek as locality 9965, a t  falls of creek, a little over 1 mile from 

Bear Creek. Collector, Fred H. Moffit, 1916. 
14487. 1 mile from mouth of first northern tributary of Bear Creek east of 

Fohlin Creek. Collector, Fred H. Moffit, 1928. 
8872. Bear Creek about 254 miles above mouth. Float, the same piece of rock 

containing the plants of lot 6811 (p. 87). Collector, G. C. Martin, 1914. 
2201. Old trail between Lakina and Kennicott Rivers. Collector, A. C. 

Spencer, 1900. 
5. 3 miles east of Fohlin Creek, between camps 11 and 12, near head of Bear 

Creek. Collector, Oscar Rohn, 1899. 
14471. About 1% miles north of Bear Creek and the same distance east of 

Fohlin Creek. Collector, Fred H. Moffit, 1928. 
8877. Bear Creek about 3 miles above its mouth. Collector, G. C. Martin, 

1914. 
8878. Bear Creek about 3 miles above its mouth, 100 yards above locality 8877. 

Collector, G. C. Martin, 1914. 
8879. Bear Creek about 3 miles above its mouth, 100 yards above locality 8878. 

Collector, G. C. Martin, 1914. 
9972. Bear Creek about halfway from Fohlin Creek to Fourth of July Pass. 

Collector, Fred H. Moffit, 1916. 
9973. Bear Creek about halfway from Fohlin Creek to Fourth of July Pass, 

near locality 9972. Collector, Fred H. Moffit, 1916. 
8880. Bear Creek about 400 yards below summit of Fourth of July Pass. 

Collector, G. C. Martii, 1914. 
9975. Tributary that joins Bear Creek 575 feet below Fourth of July Pass. 

Base of sandstone. Collector, Fred H. Moffit, 1916. 
9984. Bear Creek. Collector, Fred H. Moffit, 1916. 
8871. Upper end of canyon of Fourth of July Creek. Talus nearly in place. 

Collector, G. C. Martin, 1914. 
11389. Fourth of July Creek, 2 miles from Kennicott Glacier. Collector, 

Fred H. Moffit, 1922. 
14465. Fourth of July Creek, south side, just above canyon and 1 mile below 

forks. Collector, Fred H. Moffit, 1928. 
14466. Northern tributary of Fourth of July Creek 1% miles from its mouth. 

Collector, Fred H. Moffit, 1928. 
14467. Same as locality 14466. Collector, Fred H. Moffit, 1928. 
14468. Northern tributary of Fourth of July Creek, 1% miles from its mouth. 

Collector, Fred H. Moffit, 1928. 
6. Canyon between camp 13 and Kennicott Glacier (Fourth of July Creek). 

Collector, Oscar Rohn, 1899. 
2200. Along west edge of Kennicott Glacier, 7 miles from the Pot Hole. Float. 

Collectors, F. C. Schrader and A. C. Spencer, 1900. 
9981. First creek north of Fourth of July Creek, tributary of Kennicott Glacier. 

Collector, Fred H. Moffit, 1916. 
9982. Near locality 9981 and a little above it. Collector, Fred H. Moffit, 1916. 
9983. First creek north of Fourth of July Creek, tributary of Kennicott Glacier. 

Collector, Fred H. Moffit, 1916. 
11371. A quarter of a mile up first creek north of Fourth of July Creek, tribu- 

tary of Kennicott Glacier. Collector, Fred H. Moffit, 1922. 
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14489, W ~ e t  ~ d e  of Kennlmtt Ghcier, 1 mile below Bidden k e k .  Float. 
Collector, Fred H. Moffit, 1928. 

14480. West Bide of Kennicott Glncier, 1 mile below Htdden Creek. Fleet. 
Collector, Fred H. Mofit, 1928. 

14488. Fohlin Creek, 1 mila above Bear Greek. FloJ.  Colleotor, Fred E. 
w Mofit, 1928. 

9. Top of high monntaln east of camp 20 on MoCaFthy Cmk.  Collmtor, 
h a r  Rob ,  1899. 
. 12. Nearsameplacegslocality 9. Collector, h o a r  Rohn, 1899, 
6301. McCarthy Creek. Calleator, Fred H. Moffit, 1909. 
6313. McGrthy Cmk. Baee of Mesozoic sanddone. CollwDor, Fred H. * Mofit, 1909. 
14029. McCsrthy h e k  Valley near head. Float. ~ ~ h ,  Fred H. Moffit, 

2927. 
14492. "Lubbe Creek", mat side of McCarthy h k ,  1 mile norfh ob X)imond 

h k .  Collector, Fred #, Most, 1822. 
14496. 8aoand esstern tributary of McCarthy Greek above Dimond Creek 

half a mile from McCarthy Creek. Collector, Fred H. Mofflt, 1928. 
14496, Same aa locnllty 14495. Gollechr, Fred 8. Moffit, 1828. 
11378. McCarthy Creek, boulder 2 milee below glacier. ColleoCor, Fmd 8, 

Mofit, 1022. 
14081. MoCarthy CFsek Valley, 2 5  milea msoath of ghder and 1 miIe east of 

-k. Collector, I?& H. Mofil, 1927. 
14034. McCsrthy Creek, e a ~ t  side, 200 gsPda fmm areek snd 1 mlle from 

Wier .  Collector, F d  R. MofRt, 1927. 
a 11376. McCadhy Cmk,  north side of seoond tributary on emt side below 

glacier. Collector, Fred R. MoDlt, 1822, 
11377. McCerthy Creek, r i d ~ e  south of meond trlbufary on e a s t  side below 

glacier, 2,200 fet &her t b n  the creek. Collector, Fred B. MdEt,  1022. - 14032. McCarthy Creek, emt dde, 2% milee aouth of glaeier. Collector, Fred 
H. Mollit, 1927. 

11 372. McCarthg Creek balf a mile below ghier. Float. CoUector, Fred 8. 
MORE, 1922. 

1 1374. M c C h y  C;lreek, Rrnt fributery on e ~ s f  side brow glacier, near mouth. 
Collector, Fred H. Mollit, 1922. 

11375. McCarthy Creek, ledge on n t  aide juet north of mwd tributary 
m o w  glacier. Collectar, h d  H. MoEt, 1922. 
11380. MaCarthy Creek, east side of first tributary 'below &wier, 200 yards up 

the tributary. Collector, Fred H. Moflit, 1922. 

.t 11373. MoCwthy Creek, enst aide of weat gInder, about halfway up glacier. 
v hllertor, F d  H. Mofit, 1922. 

14407. MoCnrthy Creek, e a ~ t  dde st edge of w ~ s t  glacier. Colleator, Fred II. 
Moffit, 1828. 

14035. McCarthy Creek VaUq, a ghort distance muthaant of end of east glacier. 
Talue below cliff. Collector, Fred H. M&t, 1927. 

P 14500. East side of emt McCarthy Creek g1aciet. GoUeotor, Fred H. hloffik, 
1928. 

14051. Esat side of esst McCarthy -creek glacier. Elide rock near outcrop. 
~ollectm, Fred R. Moffjt, 1928, 

11502. h t  side nf cast blccarthy Creek glacier. Collector, Red H. Mofflt, 
f92FI. 

2198. Nilsold Creek. Arkms gravel. Collectors, F. C. bchrader and A. C. 
Spencer, 1900. 
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2204. NikoIsi Creek. Boulder in stram nmr Nikalai mine. Collectom, 
F. C. Bchradsr and A. C. Spencer, 1900. 

2208. Head of NPoM Cseek. CollWrn, F. C. Sohrader and A. C. flpemrn, 
1900. 
6304. Mikohi Creek, Bsse d Cretaceous sandstone. Cobctor, Fred H. 

MoEt, 1909. 
8305. Nikolsi Cresk near locality 6204. Collector, Fred E. Mofit, 1909. 
10302. Nikalai Creek. Bltse of btaceoua mudstone. Collector, Fred H. 

Mofit, 1909. 
6307. Head a! Nikolsi Creek. CoII&ar, Fred H. Mofit, 1909. 
6308. Nikolai Creek. Lower part of Cr~tacmw sandatone, GoUeetort Fred 

H. Mofit, 1909, 
6309, Divide betwean Nikolai Creek and Nizina River. Coll&r, Fb3 H. 

Moffit, 1909. 
6310. Nikolai Creek. Baese of the Cretaceous aand~hme. Con-, fid H. 

Moffit, 1809. 
6331. South fork d Nikolai Graek. Near baw of fletaeeoue nanhne .  

Collector, F'red H. Moffit, 1909. 
8802. About 1% mil= N. 48' E. of Ntkold mine. Float probably nearly In 

place and in yellow oalcareoua sandtone 250 or 300 feet above bane of formation. 
Collector, G. C. Martin, 1914. 
8893. About 1% miles N. 5 2 O  E. of Nikohi mine, on c r ~ t  of ridge. In plate snd 

probably from same bed ae yielded lot 8892. GoUeotor, G. C. Martin, 1914. 
8884. About 1 mih mat of NiIrolai mine, on top of rneaa. Yellow sandatone 

float. Collector, G. C. Martin, 1914. 
14603. Half r mile ea&muth& of Nikolai mine, Collector, Fred H. Moffit, 

1828. 
14604. 'l%m+fourthPI of 8 mile eaat-~outhwt of Nikohi mine, altitude 5,300 

feet. Collector, Fred H. M f i t ,  1928. 
14506. 1% d m  wt-southeast of N i k o ~ i  mine, on brow of cliff overlooking 

Nieina River. Collector, Frod R. MofEt, 1928. 
14506. 1% miles northeast of Nikolai mine, on NilrolaZ &ek. Colleotar, 

Fred B. Moffit, 1928. 
14508. A quarter of a mile ~outh  of NikoM mhe. Collector, Fred H. hh£Iit, 

1928. 
14510, North end of Nbina River bridge. Colleator, h d  B. MoEt, 19%. 
1696. "Cllitina drainage near canriel eoaL" Received from Dan Cane by F. C. 

Schrader, 1902. 
6334. Texas Creek, a tributary of Copper Creek. Near b a ~  of &etaomus 

M a .  Collectm, 53. R. Capps, 1909. 
14041. Nizim Valley, west Bide, between Niiina Rlver and W& fork, altitude 

6,200 feet. Collector, Fred H. MoGt, 1927. 
14511, Nirins River bar half a miIe nodh of ~ a e s t  fork. CoUocfoF, Fred H. 

Moffit, 1928. 
14512. Weat dde of NhIm Glanier, half a mile above "the b m ~ " ,  where trail 

~tarta east acrosel glacier t o  Skolai C m k  Vdey. Collector, Fred H. Moffit, 1828. 
14514. West side of Nizina Glacier 1 mile from lower end. CsUector, h d  B. 

Moffit, 1928. 
14518. Half a mile cwuth of "the barn" and -0 distance welt of Nisina 

Glacier. GUector, Fred H. Moffit, 1928. 
14039. Nizina Glacier Valley, mat side, 1 mile from end of gIacier, on Moonmhine 

Creek, about 1 mile from glacier. Collector, Fred R. Moffi t ,  1927. 
14040. Misina Glacier Valley, mall muthern txibufary to M d n e  Creek; 

altitude 4,200 feat. Collector, Fred N. Most,  1923'. 
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14038. Niiina Glacier Valley, aast dde, 3 mflee south of Lawor Skolai Lake. 
Collector, J h d  H. Mom,  1927. 

6315. Soup Dough Hill. ColIeotor, Pred H. MofEt, 1909. 
6316. Mouth of Dan Creek. CoUecfor, Fred R .  Idofit, 1909. 
6322. Copper Creek. B a s  of Cretaamus h d a .  CoUecbr, Fred H. Moffit, 

Y 1m. 
4821. Fhjfitu h k .  Waahed from  hal la bedrock noar mouth of R e x  Creek 

during mining operatione. Collector, Fred H. M o s t ,  1007. 
6324. Rex Creek. Probably high in cretaccoua M s .  & h A r .  h d  H. 

Moffi t ,  2909. 
6325. Rex Cresk. Cretaceous beds. CoUector, F h d  B. MoiEt, 1909. * 6328. Rex Creek. Probably high in Crebmou~ M a .  Collector, Fred H' 

M o m ,  1909. 
6336. Rex k k .  Crefamou~ 1h1es. Gollechr, Fred H. Moffit, 1909. 
8808. Mouth d Rex h k .  ColIecbr, 8. R. Cappe, 1909. 
8357. Blsi Gulch, on fork east of M; altitude 3,200 feet. Noat from came 

locality m 8858 and probably from -8 bede. Collector, E. C. MartIn, 1914. 
8858. BIei Gulch, on fork east of trail; altitude 3,200 fmt. Concmtiona in fioft 

gray shale. Collectw, G. C. Martin, 1914. 
8859. Blei Gulch, on fork east of trail; altitude 3,100 feet. Collector, Cr. C. 

Martin, 1914. 
88RO. Float nesr mouth of Blei Gulch. CoIiector, G. C. Martin, 1914. 
8861. Float near mouth of Rlei Gulch. Another dab of rock from s m a  place 

an RS6O. Coileator, G. C. Martin, 1914. 
8862. Float near mouth of Blei Gulch. Another piece of rock from same phm 

? M 8860. CoIlector, 6. C. Martin, 1914. 
8863, Float near mouth of BIei Gulch. bother piece of rock from a m  p w  

M 88RGQ. Collector, G. C. Mlartin, 1914. 
8864. Float from BEai G l c h .  Collector, G. C. M d n ,  1914. 

? 8865. F l o a t  from mouth of R b l  Gulch Another pisoe of rock from w e  placa 
as 8860. Collector, G C. Martin, 19 14. 
m67. Float fmm Blei Gulch, Collector, a. C. Martin, 1914. 
6327. Mountdn at head of Grubstake Gulch, f wa-thirds of a mile 8. 35- W. of 

8,135-fmt peak; altit~zde 6,250 feet. Black conoretionery 8haIe. Collector, 
Fred R. Moffit, 1909. 

g3B. Mountgin at h a d  of GniOetaka Gulch, a quarter of a mile 8.55- W. of 
8,135-foot peak; altitude 7,MH) feat. X m p u ~  limestone that forma upper 6W) 
feet of mountain. Collector, Fred B. Mofit, 1909. 

8870. Float fmrn WEte Cmk.  Collector, G .  C. Martin, 1914. 

.'I 8869. Trail on ridge wed of bend of Virginia Creek; altitude 4,160 fwt. Gon- 
- aretionmy shale. Collector, 6. C. Mertin, 1914, 

6329. h t  fork of tributary that entera Young Creek from south bdf  a mag 
above Calamity Gulch; altitude 3,450 feet. 15-foot limeubne a~lsociated with 
nhale. Collechr, Fred H. Moffit, 1909. 

9487. South aide of Young Creek in gulch about 3 mitea above mouth of Calam- 
Y ity Gdch. Xodular Iimehne in rsddi~h hsb. CoIleeh, Fred H. Moffit and 

R. M. Overbeck, 191b. 
9488, South side of Young creek, M mdc e& 5f camp 4, about 3 miles 

above mouth of Calamity Guloh. Float in stream. CoUectam, Fred H. Maffit 
and R. M. Overbeck, 1915. 

0469. North side of Young Creek, guIch jwt below lSheep atation, at h d  of 
dheep Creek; altitude about 6,200 feet. CbUechm, 8, Fred. Moffif and R. M. 
Overbeak, 1916. 
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9430. Ridge south of Young Creek, WE& Bide of Chitin& River trail; altIfude 
about 6100 feet. Urndone nodules In gray and Hack shale. Olsllsotom, Fred 
El. Motlit and R MM. Overbeck, 1915. 

W7l. West brsncb of Young Creek, esst bank, about 2 miles &bow forks; dtI- 
tude 4,200 feet. Limeatone concretions. &ll&ra, Fred H. Moffit and R. M. 
Overbeck, 1916. 

9412. Weat branch of Young Greek, eaat bank, about a mllm &born forkn, 
oppoeite fimt glacier Imm w&; altitude 4,300 feet. Nodular limmtone. Col- 
lechrs, h d  H. Moffit and R. M. Overbeck, 1915. 

9473. West branch of Young Creek above first glacier from we&; Ptltude 4,300 
. feet. Float. Collectors, Fred H. Moffit and R, M. Overbeck, 1816. 

9474. W e d  branch of Young Creek, above Ymalltp 9473; altitude 4,500 feet. 
Float, Collwtora, Fred 8. MoBt and B. M. Overbeck, 1916. 

9475. Went brenah of Young Creek juat below fimt glncier fmm areat; altitude 
4,800 feet, moat. Collectors, Fred H. MoBt and R. M. Overbeck, 1015. 

9476, North side of eeef branah of Young Creek, stmm entering from north 
juat .east of camp 8, 3 mile6 from forb; altitude 4,300 feet. Float. Collectore, 
Fred H. MofEt and R. M. Overback, 1915. 

9477. Young-Canyon Creek divide; altitude 8,600 feet. Blaok and gnsy shala 
&llwtars, Fred H. Moffit and R. M. Overbeck, 1R16. 

8478. Young-Canyon Creek dIvIde; altltude 6,800 feet, Black md gray &ale. 
Collectors, Fred H. Moffit and R. M. Overbeck, 1016. 

9479. Upper p r t  of sast b m c h  of Young Creek. Float. Collectom, aed E. 
Moffit and R. M. Ovmkek, 1915. 

9480. Uppr part of esst brmch of Y o u ~ g  k k ,  -me looality sn 9479. ?%at. 
Collcct#ra, Fred H. hlofit and R. M. h k k ,  1815. . 

9492, Bluffs on Young Creek west of big bend, haV a mu9 above f ~ f  of h a  
tn Chitha altitude 3,458 feet. Conoretiom in mndatune. Colleotor~, 
Fred H. Moffit and R. M. Overbeck, 1915. 
9493. Southern tributary of Young Creek haV a mile above W t g  Gdch; 

altitude 3,225 feet. Concretions in b h k  &ate. &llectose, Fred g, Momt and 
R. M. Overbeck, 1918. 

9494. Ridge m t h  of Young Creek, SH mUea mutbed of mouth of u h  
Gulch; altitude 4,600 feet. Rorfaonfal wandstane be&. CoIIecLors, Fhd H. 
Moffit and R. M. Overbeck, 1916. 

8491. Ridge south of Young Creek, 8. 16' E. from north& m d  of meek 1 
mile above foot of Chitine River trail; altitude 4,000 feet. Gray m d y  8 h d a  
Colleche, Fred H. M o a t  and R. M, Overbeek, 1915. 

9487. Mouth of Cmyon Creek, west aide; altitude 1,460 f d .  N d u h  in gray 
sandy  hale. Collectom, Fred H. Moffit and R, M. Overbeck, 1015. 

9488, Mouth of Canyon Creek, weat ~ i d e ;  altitude 1,470 f&. adomer~be 
hds at base of sandy aeriea. Colleotem, Fred B. Moffit and R M. Overbeck, 
1915. 
9481. Nodh dde of Chitinn River 1% miles N. 1 6  W. fmm Gibralfar Bill. 

Round calc~reous oonmtiona in gray slaty manwne. Collectors, Fred R. MoEt 
and R. M. Overbeck, 1916. 

94% Mdge betwmn Barnard and Chitine Glaciers, 6 mtla met of $hod River; 
altitude, 6,475 feet. Collectom, Fred 8. M d t  and R. M. Overhak, 1916, 

9485. Creek north of Gibraltar Rill, M w & y  be-n Canyon C m k  and Raw- 
Ens Glacier; altitude 2,125 feet, Ndulea in pinki~h mdhne. Collectom, 
Fred E. Momt and R M. Overbeek, 1015. 

9486. 3% miles nodharest of Gibraltar H a ;  altitude 2,160 fed. coneohs, 
Fred H. MoEt sad R M. Overbck, 1915. 
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9489. Rew mnth end of trail from C f d t l ~  Valley to Young Cresk; altitude 
1,WH) feet. Sanddone nodules. Collectom, Fred H. Momt and R. M. Overbeck, 
1915. 

94%. B l t m  entering ChMua River at camp 16,3 d m  below Chitlna Glacier; 
Wtude 2,500 feet. Float (gray mdptone]. Collectors, Fmd H.  Moat and 
R M. Overbeak, 1915. 
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Tnen~optor~s Hndgfenl Nathomt ......... ........... Tsenloprrr~a prvu ln l  Hew,. 
ZsmlLFfi megnphyllus (PhIl l lp)  B u d .  ---- --- ---- .--+ ---- 
C ~ c s d l t M . .  ............................. ---- -+-- -.-. ---- --.- ---- ---* 
Ototam~tes h a d  (Liadley and Huttonl 

Geward -.......................*....... ,,,,.....-.., X ....-*.. 
Oto~nmjrea bu~burpsnu~ ~tlloo.- ................................................... x -.- .... 
Qinkuo schmidtlam naer ................................................................... X 
h u a u r a ?  l s ~ n g l ~  mule) -....-......... .... X ................................................ 
Pwmyhyllum wregrlnum Bchlmpa ........ X ............................ , -,- ........ X 
Psdophyllum ................................................... -.. ................ X ........ 
Tautea rsmlo ld~  (SPckwbyE Ssrard... .... X X X .................................... ..-, 
Pinus nordenstibldl Heer ................................................................... X 
Ehtidm ~ u r r ~ ! o l i a  (Dudar)  Nlthcuat-. .... X ........................ X ........ X ........ 
~d-rses or zamitas ..................................................................... x 
Conlltrom wood ................................ X ............................................ 
w e .  .............................................*....... X ................................ 
8- .....,...-,...+*--.-------------.............-... X ........ X ........................ 

7279 (W50). Trail Cwek, west side; altitude 2,500 feet. &ft gray sandy nhde.  
Follectur. Fwd R. Mofit, 1916. 

8812 (8863). Fohlin Cmk,  east bank, 4,9M) feet above month of Bear M. 
Green sandstone with calcamoun ctmcmtlons. Collector, Q. C. Martin, 1914. 

6811 (8872). Bear Creek about 2% mi lo^ above its mouth. FIoat; same piece 
of rock c o n t a b  the invertebrate foasile of lot 8872. Collector, G. C. Martin, 1914. 

6814 (8879). Bear Creek about 3 miles above its mouth, 100 yards above 
locality 8878. Collector, G. C. Marth ,  1914. 
7280 (9971). Boulder st falls of firat northern tributary of Bear C"reQ, tributsrg 

of Fohlin Cmk; altitude about 3,200 feet. Collector, Fred R .  Moffit, 1916. 
7281 (9972). Bear Cmk,  about halfway from Fohlfn Greek to Faurtb of July 

P m ;  alt~tude 2,850 feet, Soft gray sandatone with nodular meswe of f o d a ,  
bsee of ]Lower Cretaceom. ~ l l e c t o r ,  Fred H. Mofit, 1916. 

7574 (11389). Northern tributary of Fourth of July Cmek, 2 mile8 from 
Kennicott Glacier. Cellector, Fred A. MoEt, 1922. 

9. Top of high mountain emt of camp 20 on McCartby Creek. Coll&otI 
Oscar Rohn, 1899. 

7035 (9483). Top of ridge between Short River (Barnard) and Chitina Gaciera; 
altitude 6,475 fwt. PIety  ands stone. Collectam, 3?rd H. Unfit and R. M. 
Overbeck, 1816. 
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(9484). 4 miles northwest of lower end of Chitina GIacier, top of mountain on 
the north; dtitude 2,500 fee*, Gtay mndstone. Collectore, Fred R. Moffit and 
R. M. Ovetbcck, 1915. 
7037 (9489). South side of ridge between Young Creek and Chitina River, near 

-1; altitude 1,900 feet. Concretions in ssndstons. Collectors, Fred H. Mofit, 
and R. 51. Overheck, 1915. 

7034 (9460). n'orth eide of Chitins Glscier, 1.4 miles N. 16O W. from Gibraltar. 
h u n d  calcnreous coocretiom in gray slaty sandstone. Collectors, Fred H. M o a t  
and R. M. Overhck, 1915. 
7038 (9480). C m k  2 milea east of Canyon Creek, tributary fa Chitins River; 

altitude 2,EW feet. Collectom, Fred H. &?offit and R. M. Overbeck, 1916. 
7038 (9492). Bluffm of Young h k ,  west of big bend. Coacret,iona in eand- 

stone. Collectors, Fred H. Moat  sod R. M. Overbeck, 1916. 

A word of explanation should be given in connection with the age 
assignment of the fossil plants from the upper Chitins Valley. Rnowl- 
ton was of the opinion that the plants indicate Jurassic rather than 
Cretaceous age for the rocks containing them. This wignment is not 
in accord with that of the paleontologists who studied She invel-tebmh 
forms assbciated with the plants. In view of the much w t e r  number 
of invertebrate forms, the fact that the verticnl range nf the ammonites 
is probably better established than that of the plants, and the comela- 
tiona that appew to be necessary, the view of the invartebrate paleon- 
tologiats is adopted in this report. 
It is evident that the late Jurassic or early Cretsceoua was a time 

of gmat change in Alaska, involving mountain building, profound 
emsion, and findy subsidence of the land. According to  
"A widespread marine transgression in early Cretaceous time carried 
the sea o-rer most if not all of the area which is now Alaska." Thia 
condition, however, 8pplied to a greater m a  than Aiaska. Aa stated 
by Anderson? "It seem that conditions nt the beginning of 
Cretaceous h e  were much the same throughout the entire Pacific 
border of North America, or farther, owkg to widespread diastro- 
phism at this epoch.'" 

As intimated in the quotation from Martin, C r e W u s  mcks are 
widespread in Almks. They occur in dl the rntbjor p o p p i c  pmv- 
inces and form the surface m k s  in large mas. Martin was led by 
his studies to the belief that dthough horitona well distributed through- 
out tho Cretaceous me represented, the h w e r  Cretaceous beds occur 
more widely in Alaska thm the Upper Cretaceous and that the Upper 
Cretaceous beds were not deposited in most of the are= of the present 
mountain axes or in ths upper parts of the p m n t  major valleys, 
indicating that the major geographic features were d m d y  outlined 
in Upper Cretmeoua time and that the highest deposita of t k t  epoch 
were r~tricted to the coaatal belts and the lower parts of the present 
major valleys. Much of the Cretcbceous of the Chitina Vdey he 

H Marti& a. C.. Op. dt. maP. m. P* m. 
m J And-, F. M., KnmvUldbaJt. r n d  0 Wfmuk Cfwl. 8o& M ( p l  Bdl ,  d. 4, p. m, 

m. 
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arr&gned to the Lower Cretrtceous, but he listed "the marine shaleI 
sandstone, mkose, and conglomerate of the Chitina Valley" among 
('the rocks that have been referred to the Upper Cretaceous." In 
the first assignment he was correct, but, BS pointed out on page 71, 

Y the evidenw for the occurram of Upper Cretaceous rocks on the north 
gide of the Chitina Vdey  is open to question. 

CEARAG"PEB AND PS%TBXBUTION 

T h e  rocks included in the group that is here dwcribed as Cretacaous 
and oIder (?) are co&d to *he Chugacb Mountains 'and occupy the 
entk southern border of the area under consideration, extending from 
tha head of the Bramner River to  the Klutina River. This, however, 
is not the limit of their extent, either as to the width across their strike 
or the length from east to west in the direction of strike, for they con- 
stitute one of the chief components of the range throughout a distance 
of several hundred miles. They consist almost exclusively of alter- 
nating beds of dark slate and graywacke, although a few minor beds 
of co@lomerate or grit are found, and in many places throughout their 
known extdt they are cut by light-colored dikm of granite and diorib. 

t Thwe rcicks are ~trongly folded and faulted and locally we schistom 
ox ewbschistose, They include part if not d the rocks adjacent to 
Prince Wrlliam Sound that Schmder called the "Valdez series" and 
correlated with Mendenhal's Sunrise serieg of Ken& Peninsula and 

u 
the part of the Chugwh Mount& north of Turnagain Arm at the 
head of Cook Enlot. The miter described the slate and graywacke 
of the Bremner River ares under the name "Valdea group." It is 
known that rocks of Cretaceous age form part of this group in the Cook 
Inlet district, but that all or wen a major part are definitely Greta- 
mous bas not been shown. Older Mwozoic or even Pdeozoic rocks 
may be included among them. 

The great thickness of slate and graywacke that makes up the group 
i is a monotonous succession of alternating c o m e  and h e  deposits, 

which in generd do not show marked mntrast of bedding but rather 
grade from one to the other without sharp dividing lines or planes. 
Yet there appear to be slight differences batween the slate and gray- 
wacke of the Bremner River area and those of the Tonsha district. 

9 These m largely differences in metamorphism and degree of i d t r a -  
tion by quartz. In the eastern area the slate is fine-grained and is 
greenish or bluish gray to nearly black. In places it show wd- 

u Martin, 0. G OP. cit., P. a88. 
u schradw, F. C., A m n m h m m  of a part of  Prince William Scraad and the Gopm R i w  dkklct, 

-ha. ln 1888: U. 8. Oeol* Burye7 %th Ann. Rept., pt.. 7, P. 408, lsW. 
Mendenhall, W. O., A r m m a k a ~ e e  from nB4arcaetlPa Bay t o  the T a w  River, Al~~ka, In 18BB: 

I d a .  p. 305. 
H M~mt ,  F. E., 0 8 0 1 ~  of the h e ~ t ~ ~ ~  regton, AI&X u. J.. owl. o t ~ w  Bdt. 6713, p. 22, 

191I 



developed datg cleavage, which, bowever, doee not reach the degree 
of perfection found in r o o k  dates. The gram& ja a sandstone- 
like rock of gray or bluish-y color, but it contains lesa quartz and 
more beld~par axld dark4xlored miner& than a typid sandstone. 
In many placea it inclndss amall fragmenb of date and shale md might 
be regarded as a he-grained mnglomerate. The graymcke of the 
Bremner diatrict and of the group generally from the date in 
having comer texture and laae well-developed cleavage. Freshly 
broken surfaces of the rock are m q h  and show plainly ita smdl 
constituent pwticlea. On amunt of its jointing and its lack of good 
cleavage the graywacke, when exposed to the aun and h t ,  b d s  to 
break down in Mocks rather than slabs. 

Zn the Tonsina district the slats and gra~rwacke have been changed 
from their original condition, particularly through the addition of 
vast quantities of quartz. The rock8 themselv~ range from gray to 
black but are without strong contrast of color or other outstanding 
indication of bedding. Close examination Bhowa the difference in 
comenesa of the material that composes the beds and mmekes it evident 
that the slate and graywaeke must have been derived from a curnmon 
source. The formation waa built up of innumarable alternating beds 
of mud tbnd dark sand from a few inches to many feet in thickness. 
Induration and further dteration changed these beda of mud and sand 
to slab and graywacke. beally the alteration  ha^ gons further, m d  
the slate rand graywacke have become pbyllite or even schist. 

'I"hroughr>ut most of the Tonaina district the slato and graywmke 
rtre ss~med with h e  white quartz wins,  which form their most out- 
standing feature. These t h e  veina fd into two groups. T b m  of 
one group follow the bedding or cleavage planes of the sedimentrrry 
rocks and appear to be folded and contorted like the bedding. The 
other veins cut mm cleavage and bedding at varioue angles and are 
made up of thin sheets of white quartz which show on a joint face aa 
parallel straight lines, In both groupe the quartz veins are thin, 
many being only paper-thick and most of them memured in fractions 
of an inch. Most wmmonly the joint planes of the date and gray- 
wlleke show a grid or network of intemectin~ quartz veins of remark- 
able regularity in spacing and straightness. 

Quartz yeins of another variety, probably later in q, are not so 
common as the h e  veins just dexribed but are more conspicuous in 
large expoeures of the countrg rock when viewed i ~ t  a distance. These 
veins range in thickness from 1- than 1 foot to 10 feet or more and 
for the most part follow the northauth joint planes. They are 
lenticular in form. Few of them ara known to extend more &an 
100 or 200 fest in the greeter horizontal direction, and it is belimed 
that a corresponding h i tat ion  of vertical dimen- is to be expeekd. 
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'I'ha veins are of economic importance, as some of them me gold- 
bearing* 

T A I C K N ~ S E  AND BTEUCTURE 

The thickness of the slate and graywake bede is not hown.  
DoubtIma it is to  be measured in thousands of feet, but aa the strati- 
graphic limits and the structure of the formation are not fuIly under- 
stood, no definite figures for the thicknem can be given. Throughout 
the area under consideration the beda are in contact along their north 
margin with mcks of the StreIna formation (Mississippian) and are 
believed to overlie them unconfom~bb1y~ although the contact in 
places is the result of faulting. 

Those rocks we one of the principal elements in a great mountain 
range and are exposed for many miles across the d k t i o n  of their 
atrike. The folding ia pronounced, so that the beda show dl attitudes 
from horizontal to vertical and may even be overturned in some 
degree. It ie therefore evident that in crossing the range there must 
be repetition of'beds, although the a h c e  of distinctive beds that 
crtn be mogdzed from place to place makes this difficult to demon- 
strate. The absence of such beds also makea it difficult to  recognize 
fsulta, even where they m of considerable displacement. 

The slab and graywacka are broken by joint planes of several 
syshms, the most common being a system in which the  joint^ are 
approximately verticd and do not vary grmtly from a north-south 
trend. Such joints are especially noticersble in the Tonsha district. 

A G E  A N D  CORBEXuATfON 

The assignment of the slate and grayw~ke ta the Cretaceous is in 
part provisionaI and is made in the knowledge that future fidd work 
may regoire the differentiation and r~assignmeet of aome part of them. 
Evidence has accumulated slowly Eo indicate that part of the rocks of 
Prince W illim Sound, belonging in the group that Scbrader dedgna ted 
the 'Yaldez aeries", were deposited late in the Mesozoic era. Far a 
long time the most suggestive evidence consisted of a few fossils from 
the vicinity of the Valdes Glacier. However, during the field season 
of 1933 'Park " made several coUections of lnocepamm from the slate 
and graywacke north of Turnagain Arm which Reeside regards aa 
Cretaceous and as probably Upper Cretacaous rather than Lower 
Cretaceous. On the evidence of this determination it appem that 
at least a part of the succession is correctly referred to the Cretaceous. 
The avidetlce, however, is too meager to  determine positively the age 
of all the mcka occupying so great an extent of territory as that of the 
slste-$mywacke p u p .  

Tbs assignment of the slate and graywacke to the Cretaoeoua 
period, particularly if the ~uggested assignment to  the Upper Greta- 

= Park, Charlea, Jr., The Oirdwood dbtriet, A h k s  U. 8. Gml. B m e y  Bull. HPQ, p 988,IW. 
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ceous prov~x to be m m t ,  raises s perplming question when these rocks 
are compared with the Lower Cretaceou~ rocks on the north side of 
the Cbith Valley. Although both groups of sedimentary rwka 
were 8ubjeck-d to mountain-building farcos, the slateypywmko 
p u p  was nffected to a greater degree by these forces and shows more pl 
severe folding and mare advanaed metamorphism than the sandstone 
and shale. Possibly the sandstone was stranger end mom competent 
to resist deforming pressure, or the forces that affected the Chugach 
Mountain area were greater than thoae which deformed the mcka of 
the Wrangell Mountains. 

r3mOZOIE: BEmDEm ROCK61 

W m a Y  bBD LATm L O W  

CHARACTER AND DISTBZBUTIOW 

The higher parts of the Wrangell Monntains and much of the adja- 
cent foothill area are occupied by lava flows and tuEaceous deposits 
that were poured out or ejected on a preexisting land sur fwe of s trow 
relief. T h e  eruptions that produced these deposib began in Tertiary 
time and did not cease then but have mntinued intermittently p r w  
tically to the present, for the youngest flows are later than soma of 
the unconsolidated glacial deposit%. Mount Wpangell, the only * 
remaining active volcano of a group that eontahs at least three 
larger rolcanoes, evm now gim evidence of l~t.ent volcanic forces 
in the steam and light ash that issue from ita crater at times. It thus 
seems certain that although the b w 1  flows are Tertiq,  an u d a o w n  C 

but large proportion of the upper lava and tuff beds is hter than 
Tertiary. Much of this volcanic material. is hidden by perpetw1 
snow and ice, yet in many placea it is conspicuous becaueq of pre- 
cipitous cliffs, mntmsting colors, and well-deked line8 of bedding. 
Although the Tertinry rocks are dominantiy volcanic, localJy they 
overlie accumulations of sdimenta y rnaterinl such as conglomeratbte, 

-fine variegated claya, and lenses of coal, which wem laid dawn in 
fresh watw or on the land in depressions oI the uneven surface on T 
which the la- were pot~red out. These sedimentasg mks are 
variable in thickness and erratic in distribution. 

The Tertiary and more recent lavas nre shown on the geologic map 
as extending from Mount Wrrmgell eastward into the White River 
district. Thughout much of this distance they am difficult of t 
access because of their position in the high mountains, but they offer 
more favorable opportunities for exminstion in the upper NKia 
Riper and White River districte and have been studied there with 
more particular reference to their relation to the underlying rocks and 
the character of the land deposits at their b m .  

The lava and the fragmental material interbedded with it were 
derived from the same s o m  and represent the same types of mek. 
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In general the flows are andesitic and basaltic lavas, but they show 
local variations. Mendenhall,66 who made a careful petrograpbic 
studg of the volcanic rocks on the west side of the Wrangell Mountains, 
described them under the name "Wrangell lavas." He found that 

-v the usual types are hypersthene or hornblende andesites but that 
moro basic trnd more acidic derivatives, ranging from basnlt to dacite, 
occur. Schrader and Spencer 67 described the Tertiary bedded vol- 
canic rocks of the Chitina Valley as andesites, rhyolites, and strata 
of pyroclastic origin. Capps 68 classed the lavas of the White River 

* district as mainly pyroxene andesites, usually containing hypersthene, 
and olivine basalts, and to a less degree dacites. "The fragmental 
materials include tuffs, composed of h e l y  comminuted rock particles 
and pumice; volcanic breccias, of coarser, angular fragments; and 
layers of volcanic bombs." In the White River district, as elsewhere, 
the bedded structure is pronounced. Also a great variety of color is 
displayed. "Deep shades of brown, red, and green predominate, 
but they alternate with bright reds, yellows, pinks, and grays, the 
whole series being in striking contrast with the somber-colored asso* 
ciated formations." The horizontal lava flows under weathering 
produce a characteristic topography in which flat-topped hjlls and 
terraces stand out. Columnar structure is common. 

? I t  is evident from these descriptions that despite the wide separation 
of the localities the character of the lavas is much the same, with 
respect both to places and to the range in time from the outpouring 

.a of the early Tertiary flows to that of the more recent flows. 
The Tertiary rocks of the upper Nizina River district are dominantly 

andesitic and basaltic lava, intercalated with tuff beds. Black glassy 
obsidian is abundant in the morainal debris on the west side of 
Frederilca Glacier but was not seen elsewhere. I t  probably belongs 
among the latest outpourings of volcanic material and may be younger 
than Tertiary, as is the thick deposit of white volcanic "ash" that caps 
some of the mountains north of lower Skolai Creek. Included among 
the Tertiary rocks also is a comparatively small thickness of fresh- 

P water leaf-bearing clay, sandstone, and conglomerate containing thin 
beds of coal, which lies at  the base of the volcanic rocks on Frederika 
Creek. 

The lavas and tuffs form the tops of all the high mountains north 

i of a line drawn from McCarthy Creek Glacier to Chitistone Glacier 
(pls. 5, B, and 6, A). The beds have a northerly dip that is so small 
as to be almost unnoticeable, and they therefore appear to be practi- 
cally horizontal. A strildng feature of the volcanic rocks is the marked 

Mendenhall, W. C., Qeolo~y of the central Copper River region, Alaska: U. 8. Geol. Survey Prof. 
Paper 41, p. 68, 1905. 

57 Schrader, F. C., and Spencer, A. C., The geology and mineral resources of a portion of the Copper River 
district, Alaska: U. 5. Qeol. Survey Special Pub., p. 51, 1901. 

6% Capps, 9. R., The Chisana-White River district, Alaska: U. S. Qeol. Survey Bull. 630, p. 69,1910. 
659438-7 



development of columnar structure in Borne of the lava ~ ~ O W B .  Thig 
structure ia well eKhibited in the upper part of Chimney Mountain, 
on the west BEde of Nizina Glacier, whem the columna form a vertical 
wall around three ddes of the mountain, Pmcipitow atepfika slopea 
and impassable wallg are chantchristic of the volcanic deposits whor- 'C 
ever they are men. 

Moat of the lava dam are ve6cdar and in p b  are por- 
pbyritia. The most wmpicuoua phenocrpts are 1- tabular cxys tale 
of amber-colored feldspar. Vesicular lavaa ere, however, much more 
abundant than the porph~~& varieties m d  in many places am even 
more striking in appearance because of the irregular lmdulea of blue 
and white chalcedony and the crystdine quartz that were deposited 
in the vBBicles. 

Among the intereQtEng features comecbd with the w l c d c  depmita 
am the Ietbf-bearing fresh-water beds and coal at their base in at l w t  
one locality and probably in othem. Them I w h  are found along the 
loweat slop- of the east eide of Frederiks Valley, axtending from .tha 
glacier to Skolai C-reek, m d  in s smal l  area in their h e  of strike south 
of Skolsi Creek. 

The best expmarea for etudying the fresh-water bede are in the '/ gulohea near the lower end of Fmderiks Glacier, where the following 
section wm m e d :  

SBdion in g d h  near I o m r  end of Fwd- G h c k  

U t ,  great thicknw. &d 
Light-yellowleh tuEaceous bed -,,,-,,,,,,,,,---,----d--, 12-16 
Gray mnd y shale apliffing inta thln mheate ,,,,,,,- ,,,,, ,,_ 6 
Black s h a l e , , , , , , , - , - - - - , , - - , , - - - - - - - - - - - - - - - - -  16 
Black ~ a n d y  W e  rrplittiog into thin ah& -- --, ,, , , -- 5 
Coam gritty tuff or sandstone, thin aandatone beds, varia- 

gated fine clay, blmk abde, and thin sosl be&; abundant 
f o s d  leaves,,-, ,- , , ,--- ,-- , ,----- I--------*-----  150 

Gray, pellowimh-weathering conglomerate, finer above, con- 
taining l d  beda of ahala ---,--- --- -,,,-- - -,* 100 

Bmwn-weatbering conglomerate with well-roundd pebbla 
2 inches or Iem in diameter ........................... 20 

h d t  (Permian?). 
310 

In a nsasby gulch on the muth the upper part of the section is as 
follows: 'r 

BaaaIt, great fhicknese. 
TUB,,,--,,,--,--,-,-,,----------------------------,~- 
Gray sandstone ,--, , , ,-,-,---,,---in,---,-----------m-- 
Bsadtflow,,,--------,,,-,,---,---,----------,+--,-,,- 
Tuff ,,-,,,,-,,-,,,,,,---------,- A ------*--,------- ---- 
8andatone,,,,,---,------,--,*,,.,,,,,,,,,---,,,,,-,,, 
White and grny flneqmined clay, ,,,,,,,,,--,-------,-,, 
Black and m y  ~ h d e  ,,,,,,,,,,,,,,,,--,-,-,---------,,,-- A 



, 811 the sedimmtq membm of the firat wt ion  sham the mu- 
glomerate and of the mond gection contain f d  leaves, which 
am mpecidly abundant and well presemed in the be& just above 
tbe ma1 be&* 

t The fresh-water beda strike from north to N. 25' E. and dip gently 
to the east under the lavas and tuffs that make up the mountains on 
the east side of tha Frederika Valley. The section of fresh-water 
dsposite is U c d t  to study, except in gulches whera water expoaea a 
ireah surface of the bede, for the soft clays wash over and hide every- 
thing on the hill dopes. These clap make up most of the middle 
part of the mned  ~ection. They are gmy or light grsy or white, have 
a uniform h e  grain, and when wet become a sticky mass, Like hard 
p a s e .  Tba cod is in thin beds that range from an ineh or lm to a 
foot in tlhiclm~98 and haa no commercial value. 

Between Frederiks Glacier and Skohi Creek the q o s n r a s  are poor- 
No exposurea were w n  in the canyon of Skolai M k ,  but outcrops 
of gray and blsck &de md white to lightgay dtry beds, including 
thin Iensea of cod, are found south of Skolai Creak at the base of the 
Tertiary volcanic rocks wt of the gIacier oppasita h d e r i k a  Creek 
The beds contain well-p-ed Iaves snd eo far RS codd be deter- 
mined do not exceed 75 feet in thickness. 

? Fmb-water deposits containing thin geasls of cod crop out at the 
base of the Tertiary l a w  on the "goat trsiIt' at tha h d  of the 
Chitistone River and on the mountain top northwest of the lower 

?. end of Chitistone Glacier. A poorly cemented mng1ornerate, about 
75 feat thick, containing well-rounded pebbles and cobbles in an 
irondtaind claylike base and including thin beds of aoft sandstone, 
aeparata the Ter t iq  volcanic mks south of Regal Glacier from the 
underlying black Gretacmus shale. Neithar of these localities was 
studied in detail, but they su-t that similar deposits, formed on 
the oId Tertiarg land s u t f m ,  m y  be found in mmy places if the 
base of the lava flows is examined more thoroughly. 

The mEmt of the Te- lava f lom and hgmental deposits 
flld the depmmiana in a lmd surface of unknown but considerable 
relief. Whatever deposits of sand, gravel, and clay h d  accumulated 

v .-. in lakes or streams or on the land sa the result of erosion wem buried 
beneath them. The Iavas c m a  in part from definite vents and even- 
tually built up 1 4  symmetrical masses of volcanic meterid, as in 
Mount Wmngell and other peaErs, such as Sanford and Drum, that 
may have once been equally sgmmetricd but are now a c d  and 
deformed by weathering. hn part, however, they m s  from earth 
fwturm that were more widely distribukd, breaking through the 
older mckg and then through the beds previously formed. Feeder 
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diirea &'this sort are to be m n  near I&sell Glacier, at the head of 
SkoEai Creek, 

The thickest sections of ~oEcsnic deposit4 not including the volcanio 
cones are probably in the centrd area of the mountain group, possibly 
toward the east side, The thickness is less at the m w g b  of the area. w 
The high peaks like WmngelI and Sanford ara inverted saucer- or cone- 
shaped masses of lava sand loose material blown fm the vents and 
sre to be distinguished from the newly horizontal flows of the Nkka 
and White River districts. 

The bedded volcanic rocka of the Nizina district rest with distinct 
s t n r c t u d  nnconformity on the older rocks and have a slight dip to tho 
north, yet the dip is so small that practically they may be regarded as 
horizontal. The thicknesa of the voIcsnics in Castle Mountain, west 
of Russell Glacier, where tho beds aro horizontel and beautifully 
exposed; is more tbkn 3,000 feet. The thickness in Mount Regal 
(13,400 feet), between Nizina Glacier stnd Mount Blackburn, may be 
aver 5,000 feet, but this mountain i8 probably a vent like Mount 
Wrangell, with a cane of flows and tuffweous deposib around it, 
~ o & t  Blackbum (16,140 feet), like Mount Regal, ia probably another 
local vent; but practicaI1y nothing is known of its composition or 
atructuro. .- t 

Norbh of thd White River Capps " f m d  that the thicheas oi the 
~rrolcmia d q o s i b  ranges from a maximum of at least 9,600 feet in 
Pingpong Mountain to only a few feet h their northern border, south 
of Beaver Creek. * 

1 t i~ thus evident that statements of the thickness of the volcanic de- 
posits can apply only ;to particular lmdties. The maximum is found 
j, the old volcmic cones and may include both Tertinrg and p a t -  
Tertiarg- deposits. h the eastern part of the area, however, whem 
the known vents of the volcano type are at  a considerable distance, the 
lava flows and tuffaceous beds have a thickness of at leaat 3,006 feet. 

Unlilcc all the older rocks and some of the youngor glaeid deposits, 
the lava flows and tuffaceous (?) beds are not  folded, yet in placos they 
havo been tilted slightly from their original position. They are t 
nearly in the same position ~s when first formed, but the older flowa 
were subjected to a long period of erosion in pmglwial nnd glacial time, 
and immense quantities of the material have been removed. The 
present vaUeya are cut through the volcanic mcks and deeply inta the 'i 

underlying rocks. In mmy plnces only cappings of the once contin- 
uous lava  flow^ remain on the high mountains of the inhrstrersrn are=, 

%hrader and Spencer ' were led by a consideration of the topo- 
graphic development of the Copper River region to the mclupion that - 
M Oapps, 8. R., op, dt. I B a  P. a 
m ~chradm, F. C., and B m ,  A. C., *P. dt. (8- w ~ J ,  F. W- 
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the Iand surface on which the older volcanic rocks were spread out wm 
developed in TerLiary time and that the volcanic mcks themselvm are 
Tertiary and post-Eocene. Mendenhall concluded that the oldest 
of the flows on t h ~  west Bide of the Wrangell Mountains must be nearly 
tw 01d &as Eocene, that the v o I c d c  activity thrst begm then has con- * 
tlnued to the present time, and that the latest flows are verymcmt, 
Cnppa Ge regarded it as probable. that volcanism began locally in 
Eocene time but that the general burial of the WrangeU region by l a m  
did not take pIace un ti1 the posbEocene portion of the Tertiaq period. 

* From its relation to the underlying tillite, he found that a lasge part 
of the lava Beries north of the White River ia of Plebtocene age. 

Since the80 studies were made further evidence concerning the time 
when the bmal lava flows took place bas been found. 

The fresh-water deposits underlying and in terbedded with the basal 
lava flows and tuffs in the Skolai Creek Valley contain abundant fossil 
leavas. Rve collections from thb locality were made by the writer in 
1927. Tho specioa were identified by E. W. Beqy and are listed in 
tho following tabla: 

Fo8ait kawa from Skoloi Beck  Vdky 

7902. Fderika Creek Vstley, eaet side, th+lourtbs of a mile from SkoIai 
cm?k. 

7W3. M & a  Creek Vnllc~,  near mouth of gulch on east ride, oppoeite end 
of glacier. 

7904. hedenlra C m k  Vdey, near mouth of gulch on stud dde, apposite. end 
of glacier, a few hundred y d a  east of locality 7W3. 

t 7905. Skold Creek Valley, muth Bide, 1 mile from Skolai Creek on wt dde 
of small glacie~ opposite mouth of M e r i k a  Creek. 
1906. Skolai Creek Vdley, south side, a quarter of smile enat of locality 7905. 

Alder mne, probsblj Alnw k e i d n l l  (Gappm.)  U w r  
Rctuls sp ...................................................................................... 
nlmpuros f h h m  Bchtmper and m w  othem 
(JTWII~Q Iollnge, Ingmontn ............ ... .......................... 
Hiollr~u sp ..................................................................... 
Pi1lu5 w. ( n d l w )  ............................................ 
Yopuluu d. I' hdwmofdm Qmppert 
T~xodium tirra~ortlm Dcfr ............................................................. 
Vaucmum sp .................................................................................. 

G n h g  the age of these forms Barry said: "AU lots appear to 
be of approximately the game age m d  me doubtless to be correlated 

v with the Kenai, inasmuch as ELU the. Iota contain representatives of it, 

m 

X 
X ........ 

------- 
X 
X 
X 
X 

............. 
............................... 

X .......................................................... 

notebl y those somewhat larger collections from 7964 and 7906.'' 
The present tendency is tio reststrict the name "lhai '% tho rocks 

of tba type locality on the Kenai Peninsula, although it was formerly 
used generally in Alaska geology to designate fresh-water sedimentary 
mka of Eo-e age. It thus seams well established that the age df 

m Mmdanhall. W. G., rrp. dt. W+ Sam 411, D. Sf. 
Cupps. &. R., op. dt. (Ball. W), p. 61. 
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the bedded v a l d a  ro& making up ao large s part of the Wrssgell 
Mountains ranggs fmm T e r t h q  (Eocene) to the present. 

A m  mmrm VBCOlISOmATtD D m  

Much of the k h c k  d a m  of mwt land  ma^ i concealed by 
varying depths of ~1conaolidated waste m a t e a ,  r d t i n g  from the t 

waathering of country rock nearby or ~t a distance. Fhgmental * 

materid Lies on the hill s l o w  near its source and there tende to be 
angular or unworn and of hetemgeneuus character, or is transported 
for short or long distances by water, ica, or the wind gnd tenda to 
becorns worn, rounded, and sorted with respect to size and ape&o 
gravity of the fragments, Most of it ig destined finally ts mnch the 
sea, but it may accumulate for a time na beds of w d ,  gravel, or 
relatad materinl. 

For convenienm of dewription, tbe unwnmfidatd depwite of tba 
Chitins Valley and the adjacent arm may be regarded aa ineluding re- 
gidual waste on hillsides# glacial deposits, &ream and lake deposits, and 
wind-blown sand. h , a l  deposits of volcanic ash might also ba men- 
tioned. Typicnl deposits of each of these classes aro present, yet in 
general the classe~ grade into one another to some extent and in some 
places may be M c u l t  to ditingdsh. !J%e deposits of any one cIn-98, 
moreover, may Wex among themselves in form. The glacial depos- 
its, for example, may Be ground moraine, partly reworked till, ter- 
mhnI and Isterd moraines, or other forms; the stream gravel may h 
gravel in the %d plains of the present etreams or older tarrace 
gravel. In reconnaissance mapping them uncunsolidated depoaite 
am usueUy not examined with aa much care as the rock formations. 
They are not diBerentiatd on plate 2, even in p l a w  where distinc- 
tions muId be made, but am ell repfisenkd by the aame CQEOP. Fur- 
thermore, no attempt is made to include the unsorted residual was& 
on hilZsides with the unconsolidated depomt~ shown on the map, 
bat areas oocupied by it are mappd aa being composed of the mder- 
lying rock. 

Rock waste, not including the detritua from gladd emion, is pro- 
duced as a result of freezing, thawing, tempratme changes, chemical 
changes, abragion, and other egenciss wherever the bedrock is exposed 
ta their action. It is almost univsraaUy preaent, except on slopes 
that are ton steep for it to accumulate or where it has been removed 
by ice, water, or wind, Under. the action of frost or watw it gradually 
weeps down the dopes and sventuaUy reaches the streams, by which 
in time it will be carried to the sea. This material hardly c a b  for 
further d&ption, although it is widsapread and is the fmt stage in 
the formation of much of the unconsolidated demts to be described. 
The debris that sccwnulatea at the foot of cI.89, the mouths of 

gulches, and the battome of all stesp dopes where a rapid breaking 
down of the r o n b  above is in progrew may form depo%ite af unworn 



and uumrtad waste that am much thicker than the loom material on 
the hill slopes. Mmy of them deposits epread out to form fanehapi 
wumulationa on the aides of valleys and may crowd the streams far 
out of their natural courses in mid-valley. 

v A kind of depoait that Pa not uncommon in the C h i h  Vdey and 
im of much inhmt to the student of topographic forms k the sodd 
rock glacier.@ In form m k  glaciers resemble true glaciers, but 
they are made up of blocks and fragmenh of angular rock such as are 
smn in the ordinary talus dope. The space betwwn the fragments is 
med with ice wherever the rock g l a c i ~ s  have been examined. No im 
is man on the surfma, although it is p m n t  at the heads of some of the 
rock glaciers in the cirque baains where they originate. The rack 
glaciers usually show characteristio surface mwkings, which tend to 
be longitudinal, parallel, or radial ridges in the headward parts but 
are concentric l o h  in the lower parts. Theae mwkinge are evidence 
of a slow motion. Excellent examples of rock gheiers are found on 
McCarthy Creek Ipl. 13) and on the ECobha River, but they mur in 
many other ph-. 
The p t m t  mumulation of unconsolidated material within the 

region i4 that of the Copper River lowland or "bash." It includea a 
p t  variety of fragmental wash derived from the sumomding mom- 

? taina and brought to its present position chiefly through the agency of 
g l a d  ica and water. It consists in pmt of u n m d e d  glacial kill, 
in part of weU-sortd and stratified sand, grad ,  and gilt, and in part 

t of deposits bat  represent almost every degree of gradation between 
these extrernm, bving undergone more or less sorting by water. In 
addition a large amount of h e  wind-blown sand is included. Thaso 
deposib represent tbe I o d  that was transported by ice and glacial 
stream h m  many distant source9 and was deposited under varying 
conditions as the positions of the ica fronts and the stream ooursea 
were changed. T h e  unexpectedly distant source of Borne of the mate- 
rkl is WBU shown by fossilifemus boulders in the till deposits near 
T o k a  that so far as is known lcould have come only from the 

? Chitha VaUey or the mounths an the north or w a t  borders of the 
Copper River lowland. 

If nwnerou~ e r o s ~  seofiona of the lowland dapo~ih could be mrrde, it 
would doubtless be found that in different places all the various kin& 

3r of depodt-till, gravel, sand, and ail t w e m  being laid down contempo- 
raneously and that no one deposit forms a continuous, unbroken sheet 
thoughout the area. At present d the deposib are frozen a short 
dishrim below the d a c e ,  and little if any underground 
exists, aa has been shown by attempts to obtain a aupply of well water 
at different places. 

= C a m ,  8. R, l h k  glad- hi t n l u u r .  h l o g ~ ,  vol. 1% pg. 8&876,19lO. M d k  F. H., and 
Oapp, 8 ,  R., h l t g ~  and mbmal mmmxa of the NMM disklot, Alapka: U. 0 W. 8urvep Btlll. US, 
Pp. WH, 18U. 



Although d@h of h e  m a w  that waa transpod snd laid 
down by the wind are not mtricted to the Copper River Iowlmd, 
they are mom noticaable dong the streams that cross the lowland 
than ~II other pmta of the region and therefom will be mentioned here. 
Such deposits rn weU shown in the banks of the Copper and Chitina 
Rivera in the vicinity of Chit,ha, md still better on the high bluffs 
north of the Tonsina River. Along the Tonsina River the deposits 
form a ridge b e  a railway embankment at the top of the gravel bluffs 
that bound the river valley in the lowland area. Tbasa embankments 
were evidently formed from dust that was carried there by the wind. 
The ~ppirl~ng cumenfa of ah swept upward along the ateep faces of the 
exposed gravel and dropped their load of dust and ~e sand as they 
epread out over the edge of the bluff. Most of the load was lost irnme- 
diately, but a considerable part w ~ s  carried farther away from the 
river. Clouds of dust carried by Che strong wind am common sighs 
dong the Copper and Chitina Rivers in summer, and the trees nnd 
vegetation along the banks are covered with fine sand and dust. 
Undoubtdy a very considerable amount is added ta the soil in this 
way. 

The depth sf the unconsolidated deposits of the Copper River low- 
land is not known. The only evidence on this point is that furnihed 
by the lmgw streams, such aa the Copper, Tonha,  and Klutine 
%em, which have cut their channels into them to dcpthe that reach 
400 feet. Mendenhall measured a section in the northern part of 
the lowland, in the divide between the Gulkana and Delta Rivers, 
that ehowd about 600 feet of mame and k e  bedded and sand. 
TI& ia the maxhwm thiclmess h o w n  at present, but it is evident t h ~ t  
greater t h i c k n ~  probably exist, for none of the streams within the 
basin have cut their channels to bedrock. The lowlmd area showa 
little relief. Its poorly drained surface is dotted with lakes m d  ponds 
and elsewhere is covered with vegetation that has locally formed beds 
of pettt. No deposits of preglwial age have been recognized here, and 
only the g l d a l  deposits m d  present gravel are known. It is there- 
fore assumed that thesa deposits are af Pleistocene and Recent age. 

A somewhat d i m n t  type of glacial deposit is tho ground moraine 
that is widely distributml in parts of the Chitina Vdey. Tbis con- 
sists of debris that was carried in or on the ice and was left when the 
ice melted. The material is a hetarogeneous m m  of anelnr fmg- 
mmts from many Bources that underwent little sorting by water, land 
it forms deposits with irreptar surfaces on the wide valley floor above 
the present stream courses. Deposits of this ldnd are shnllow corn- 
p a r d  with those of the Gopper River lowland and in most places are 

w M m - a l l , W . O , m o f t h m m E U v a l s % o n . -  U. % . ~ . ~ P m ~ . P a ~  
u, p. 67,lW. 
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little more than B venger OR the country rock. The uneven surface h 
poorly drrrined, so that small ponds and lakm m numerous. 

Terminal and lateral mominsa, not associated with the existing 
glaciers, me not prominent in most of the area cunaiderrd, although 

w they are well developed in n few places. Terminal moraines are being 
formed at present and undoubtedly were formed in the past, yet few 
of them escape destruction by tho streams of water that arise from the 
melting ice. ~ e a r 1 ~  all are attmked, and tho material in thorn is 
gradually carried into the stream wash. hteral moraines are com- 

c man f e a t m  of nearly all tha glmior~ of the region, but Eke the 
terminal moraines they are rarely preserved after the ice dimppears. 
Sand md gravel deposited in hkes and ponda differ fm the uncon- 

aolidated deposits droady described, particularly in having undergone 
~ f i i n g  by water and in being more worn, so that the f r w e n t s  tend 
to become rounded ratller than mgular. Also beds of water-laid 
sand and gavel ars more homogeneous than beds of tin. 

The wate~laid sand, gavel, and sit may bs described in general 
terms rn p m n t  stream and lake deposits and terrace or bench de- 
posits. The latter include the low gravel Senchas, umdy covered 
with vegetation, that lie a few feet above the stream flood plain or the 
lake surface, and bench deposits at still higher levels, conepicuous 

w among which are the thick gravel deposits that were formed at the 
moutb of vdeys now or formerly dammad by glacial ice. 
hi ra region like the Ghitha.VnUey and tha surrounding arm it is 

? probable that much the greater part of the deposits that aro described 
aa strerun and lake deposits originated as glminl deposits-that is, 
they were delivered to the streams by the ice or they we reworked 
glacial deposits. Probably only a minor part of them am wholly the 
product of present stream erosion. Most of the lnrgar s t r e w s  of the 
region head in glaciers that deliver directIy to them the burden of 
f-ontnl materid carried by the ice. TI& material is carried by 
the streams aa Iong a9 the mme11ts and volume of water are great 
enough to sustain it. When it is dropped it is added to the flood-plain 

t gravel deposits, where it is mingled with other gravel contributed by 
nonglacial tributary streams. As the load is doposited tba cbrannola 
become clogged and the carrying streama are diverted b other courses, 
wbem deposition is continued. The process is not wholly one of 
building up, however, for in places the water a t tach  deposits previ- 

? ouslg formed, either flood-plain or bench gravel, and adds them to ita 
load. The sasult of all this is a alow downstream migration of what- 
ever loose material comes under the influence of the water. Although 
a s d a r  proem goes on in nearly all the strews, it is most noticeable 
in the valleys of the heavily loaded glacial streams. Temporq in- 

' 

tmruptions of the migration are shown by the'low benches or tarmcea 



bordering many flood plains, for such benches rare merely the remain8 
of former flood plains4 into which tbe e k a m e  have cut their channels. 

Co~lapicuous high benches of e v e 1  are present dong the lower 
courses and near the  mouth^ of many streams whem their valleys 
unite with, the larger trunk valleys. Most of thew deposits alm owe 
their existence in pwt to the farmer pmence of glaciers. They con- 
sist of matsrial that wmm~lawd behind the barrier of ice which 
occupied the main valley and dosed the mouths of t h m  tributahm 
that were free of im. Later, when the barrier dimppeared, the ~ i d e  
streams cut their channels through h e  grnvel and left the high benches 
atanding abova them. The reconcentration of goEd that took place 
when the etreams were cutting their channels through tbe deep d e  
posits of aurifmue gravel formed in this way yielded the rich gold 
placem of Dan and Chititu Creeks. 

Bench gravel of somewhat ~ b d a r  origin was depwited on mombin 
sides, above the bothma of the valleys, by streams that flowed dong 
the rn- of the glaciars. Such gravel deposits now appear to IH 
much out of place. They codd have been formed only where the 
water wm unable to find a lower mume beneath the ice. 

Deposits of well-wmhed sand and grapel, of rt kind that is most 
desired for building materid, do not appear to be, preaent or, at least, 
to be of m y  considerable extent ia this region. Such depmita are 
commonly the product of longantinuad emsion of rocks capable of 
yielding the appropriate minerals, particulnrly p u W ,  m d  of repeated 
sorting or sorting by large bodies of water. If dspoeite of this kind, 
comparable with the Nmana gravel a on the north i d e  of the Alaska 
Range, were formed here in preglacial tlme, they were removed by the 
ice, and no similar deposits have been formed ~ince the ice- cbappewed. 
The chya and h e  sands at the base of the Tertiarg hvas sre of more 
uniform grain and composition and of more homogeneous c h w k  
than m y  of the known younger deposib. 

Depoaits of volcanic wh rsre locdy mnspicuoua but make up only a 
small part of the unconsolidated fragmental material. They are 
pment chiefly in the White River area, where they form a thin Isyer 
in the general soil cover, are intarbedded with peat ovadying the 
gavel terraces dong the river, and have accumulated in bodies like 
snowdrifts on the mountain dopes ~011th of the river near the intern* 
tiond boundmy. Near the mouth of the North Pork of the White 
River the ash bed i s  f r m  2 to 2% feet tbick nnd ia overlain by about 
7 feet of peat Ipl. I f ,  A), a circumstance from which Capps " esti- 
mated the time of the eruption aa probably about f ,400 years q o .  

C u m  8. B., Ths catan  W o n  dMamt McKinIep N e t W  Park, Almka: U. 5. W. gumby Boll. 
PP. m+!m. lPSR 
OBPm 8 .  R.. An ambnt arrptlm ia tbn Y u h  B ~ l a ;  U. 8. (34. Burm~ Prd -per M, p. B$ 
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Most of the unconsobdaM deposits are covered with vegetation. 
Where they are subjeot to the action of water, as on the flood plainrr of 
streams or at the margins of lakes, or where they are exposed by stream 
cutting in the banks of riven and creeks, they may offer favorable 

9 opportunities for examination. In general, however, they are con- 
waled over a large part of the ares which they occupy, so that it b 
d%cult either to determine their bonndsriea or te &cover what 
beds and I&& of material are present. As a consequence, the repre- 
sentation of their boundaries on tba geologic map is probably lesa 

@ sccumte than that of m y  other formation. 

Igneaus mka are rocks that have solidihd from e molten state, 
either within the crust of the earth or on ita surf-. Molten rock that 
wellod out over the surface as lava flows and the fragmental volcanie 
material. that accompanied it in places formed bedded deposita that 
are structurdy much like sediments laid down in wtater, In the 
Cbitina area ~ u c h  mcks include principally the lava flows of the Strelna 
formation, the Nikolai greenatone, and the Tertiary a d  younger lsvm 
and have been dmribed in preceding pages. Melted rock ttha wwaa 

P f o d  under p e t  prossure between or thmugh the beda of wdi- 
men- formations or into already existing igneous mcks and then 
mled  produced the dikes, sills, and other intrusive bodies that are to 
be considered in this wsction. 

t Much remains to  be le~rned about the record of igneoun wfivity in 
Alaska, yet some outstanding facts that may have application fo the 
Chitina Valley ark already recognieed. The I ~ s s i p p i a a  epoch of 
the Cmboniferous period in marked by the greatest outpouring of baaic 
lams on the land surface known to h a w  taken place at any time in 
the geologio history of Alaska. Furthermore, this outpouring of 
surface lavas accompanied and was s consequence of intmaion of basic 
igneous rocks into the then existing crust. A second great outpouring 

F 
of lovas took place in Permian time aad also waa doubtlass acmmpanied 
by intrusion. These two events of the Carbodemus perid are well 
established but should not be thought of sa taking place suddenly, 
for they must hsve continued throughout intervals of time that were 
vast even when measmd by a geologic time gcalo. 

3 In Jurassic or Cretaceous time, possibly in both, occurred a period 
of mountain building thaS aflecttd the whole Pacific ma~t  line oI North 
dmerica. Vast bldiea of granitic rock, including diorite, granodiorite, 
monzonite, and other Gypes, were intruded into the older rock4 and 
now, through emion, are revealed in the great bathoE ths of the maat 

Intnrives belongbg to  perid owur in many places in 
Alaska, a d  some of $hem, such as those of the Talkeetna Mountains, 
bosdsring the Copper River B& on the wmt, have been looked on aa 
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offering ~ ~ t i m a l l y  good criteria far detmmhbg the tima of their 
inkrtmion. The Talkmtna Mountains include a great central core of 
igneous rock, made up largely of quartz diorite and granite thrat 
apparently were intruded in late Middle Jurassic By or early Uppr 
J u r k c  time, This age assignment, however, is not established 
beyond question, Evidence haa been found to indicate that mme of 
the intrusive rocks of the Chiha Valley m approximtmhly of this age. 
On the other hand, it is cerbin that a large part of the granitio in- 
truaive rocks are younger. Many of them were not fomd till after 
the h w e r  Crotaceom sediments were laid dom, and some axe of 
poat-Eocsne age. 

Intrusive igneous roclm are distribubd throughout the area under 
conaideration, yet they make up only a small proportion of the rocks 
exposed, They do not belong to my one period of intrusion but are 
the product of rapeated intrusion and of igneous activity that wae 
rmment and long continued. For the purpose of this account they 
may be divided jnto those that were intruded only into host rocks 
thah are older thas the Chitistone limatone and those that occur in 
the Chitistone hastone and younger mcks as well as in the alder 
mcb. Each of the divisions includes intrusivea of different kinds and 
of different ages. The occurrence of the intrusive rocks is of economic 
importance hame .  eome of them without doubt have 5 genetio 
relation to the occurrence of ore deposits. The distribution of the 
intru~ives and their relation t o  the host rocks will be given with only 
a brief m u n  t of their petrographic chmctar and mineral cornpoition. 

The distinction between intrusivm that cut only the Permian and 
older rocks and thorn that out the Mesozoic and later mka also is not 
everywhere mdy made. In general the older htrusivea include more 
bmio rocb and rare likely to show greahr alteration, expressed by 
ahemical change and gneissic or schistose structure. The widely 
distributed, more conspicuous lighholored dikes and d a  of the 
region belong largely to bhe younger group of intrusives. 
In the western part of the Chitina Valley the older intrusive8 are 

mmciated chiefly with the Strelna formation but are not restricted to 
it, for in a few places they cut the Nikolai greenstone. The common 
varieties are basic: Biorite and gabbro. They are altered dark-gray or 
green rocks and in' places show a reddish-brown ~urface due Eo weather- 
ing. They occur at various placea in the Strelna formation but were 
not distingui8hed on the map fmm the ather rock making up the 
formation. The largest exposure of the gabbro is in Iroa Mountain, 
west of StrsIna Crmk. Thess mks invade the lower part of the 

w Pulp, Bldmy, atid Knogb, Adolph, OeolPgk r e o o n n a l m  d the Matanusha d Talleetna M o w  
&hu.Atwka: U. 8. CteoL M e y  Bull. 8!i7, p. 29,1$27. 
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NigolJ greenstone on Clear md Nugget Creeka but do not cut the 
upper part of the gremtone nor the Triassic d h e n t ~ .  

The intrulaives in the rocks south of tba Chitina River that are 
mrrelated with the Strelna formation include dikes, gills, and k ~ ~ 1 a r  

a b d e s  of pnodiarite and quartz diorite. Diabaae occurs at a few 
localities, and one dike of peridotite is known. Seved times of in- 
trusion m n  be made out, and different degrees of l~lteration are shown. 
Between Canyon Creek and the Chitina River is a wmplex of htm- 
sive Mia. Dimbase ia the  reva ailing type and in part is altered t6 

Y + gmenatone. 13iorite is aIso present and like the diabwe is much 
altered. The dioritic rocks on the Tebsy River &ow well the 
occurrence of successive intrusions, The emliest intrusive8 pene- 
trated the sedimentmy mks intimately and altered their character 
almost beyond recognition. The latest intrusivea me fresh and 
probably belong to the younger group. A peridotite dike consisting 
of pyroxene and much-aItered olivine with metallic auIphides cub the 
schist and limestone new the head of Canyon h k .  This peridotitei 
is of interest because it carries nickel 

The rocks extending westward from the Copper River to the Klu- 
h a  River that are correlated with the Mississippian rocks of the 
Chikina Valley are cut by both the older and younger inhsives. The r older htrusives are more abundant and indude more basic rocks, 
but the distinction between older and yomger is l o cab  in doubt. 
Numerous lnrge exposums of light-colored granitic rocks are seen in 

?- the mounhins between the Copper River and Kimbdl Pass and 
probably are largely of the older p u p .  Between Bernard Creek 
and the Little Tonsina River is a complex mass of granular igneoua 
rock that consists in large part of gabbrn ~ n d  dunite, a rock con~isting 
originally of olivine but now altered partly to serpentine. Qltartz 
diorite is dso presmt but bolongs, in part at lest ,  to the post-Cre-ta- 
ceous intrusives. An area of granuIar igneous rock that,includes the 
herd of Squirrel fie&, a wostern tributary of the Tonsina River, is 
made up of quartz diorite, tho relation of which to the surrounding 

3 rock is not cerhxinly h o w n .  The diorite is considerably more 
altersd thran the numerous dikes and sills of the slab ~ n d  graywdre 
area to the wuth and in consequents is regarded aa bclonmng to the 
older group of intnaives. 

-. - *  The iutrusives of the River district belong to two distinct 
groups that appear tr, correspond in some degree to the groups of 
the Clitina Vnlley. The oIder group includes intrusives that range 
from granodiorita through diorite and dioritb porphyq to gabbro 
and gtlbbro porphyry. They occur in mall exposwes in the mom- 
bins south of the White River and in other localities but form no 

m c l p p ~  8. R., ~ h m  c-wbite ~ i v a r  dhwet, mka: U. 8. w. ~ u n .  mp. m, m a  



]urge wear4 w i t h  tbe part of the district under consideration. They 
cut Permian m c h  but are not Imown to cut the Mesomia r o c k  

TOVNQmn - 
The younger p u p  of ~ ~ ~ ~ S E P B S  includes dl Ehom intmaivas that 

am younger than the Nikolai greenstone and range in age from 
mrber than late Upper Jurassic to post-Eocene. They are domi- 
nantly lightcoloml and porphyritic and occur as dikes and mlla 
throughout the region, although they occupy e&ve areae iu some 
parts of it. The intrusivea of this younger p u p ,  lilre those of the 
older, are not restricted to one period of igneous activity. So far as ia 
lmown, the earliest of these intrusione took plsce before the Upper 
Jmaeic and Lower Cretaceous sedimenh of the Kotaina-Kuskuiaae 
district were d e p d t d .  In the area aautheast of the Kuskulena 
Riper, includhg She valleys of Slstka, Trail, and MmDougall Creeks, 
m granular i n t r d ~ e s  that belong to  this period. South of Trail 
Creek the mIrs are light-gray granular intrusives of medium win that 
were identified as grmodiorite and are of post-Triamic age. North of 
Trail Creek the mks are he-grained ligbbmlored  intrusive^, relatad 
to the grandiarih, that are designated quartz latite. Upper Juramio 
and Lower Cretaceous sediments were deposited on the pmodiorite 
and quartz latite, thus furnishing a meane of determining the upper 
age limit of the intmives. G r d i o r i t e  occurs in iaalated aretus on 
Porcupine Cmk and in Granite Peak, north of the Xotshtt River, 
end probably ia of the same qp aa the granodiorite near Trail Creek. 
No other inhwivem thst can be certainiy correlated with tbose of 
Trail Creek have been identified. 

The Lower Cretaceous m b  of the Nkba district were invded 
by maesea of Ight~~lored q u m  fiorite, porphyrfr, occurring aa 
d i h ,  Bills, mid lamliths, aa ia wall ahown in Porphm Mwn* 
m d  Sourdough Peak Tho intrusivew are white to cmamgr white and 
various shades of gray and brown, and the mntnret of color between 
them and the dark host mh makes them conspicuous. This 
contrast is further emphasized by the  svperior resistance of the dikes 
to weathering. They &ow considorabla difference in texture, rang- 
ing from fme-gmhd, h o s t  aphanitic phases tu distinctly granular 
pheses that contain phenocrysh of feldspar and quartz. In most 
places their intrusion had littb effect on the country rock, yet Imdy 
extensive silioification of limestone and s l d a  and recrystdimtion of . -r 
limestone were produced. It mems probable that the intrusivea of 
%his period are the most widely distributed and numerous oi all the 
intm~ves of the area, dthough their age limit8 are imperfectly known. 

The intrusive racb of the upper Chitiria River &st are com1ated 
witb tbose just dcmribed include granite, quartz diodh, ayenib, and 
diorite and form the I q ~ t  area of granitic: roch within the Chitina 
Vdley. The occwmm of syenite is of interest, M thb mck is not 



common in Alaska. Tb,w rocks have their greateat development 
in the ares mrrth of the upper Chitin& River, where they are known 
to orxnpy nmuy bundds of square mil-, although their full extent 
haa not been deeermined. Conclusive levidenco for the age of khe laqe 

4 batholiths was not found in the upper Chitins V d q ,  but ~maller 
bodies of bizwive ruck that we regarded as apophyses of the 1 q e  
bodies cut the Cretaceous sediments. 

LighMolored dikes and sills of granitic rock cut the date and gray- 
wacke of the Chugaeh Mountains, aouth of the caitina River and 

w westward from the Capper River to the mutiria River, wherever they 
have been examined. Most of them are rocks intermediate between 
the dioribs and g d t e e ,  although at a few p h m  diabase, a mom 
baeic rock that may bdong in the group of youngm intrudves, haa 
been found within the area of the Paleozoic rock%. Many of the dikea 
are miuemhed, and it is believed that they have s genetic relation tn 
tha auriferous veins of the region. 
In the White River district the younger intrukves appear to be 

aornewhst more basic than the lighkulored dikes that cut the Cte- 
Weoue shales of the h'hina di~trict. They range from oligaclsse 
andeaites and 0 - h  dacitm to gabbro porphyry and bdt." 

F They occur abundantly on Rocker Creek near the inwmational 
boundary and in many other places, where they form a m d  stocb, 
dikes, and silh. Intrusives of this group cut Upper Ju&c and 
h w e r  Cretaceous rocks, also the Tertiary sedimentary rocb on 

t Rocker Cmk and the post-Eme lava Bows. Probably some of the 
vente repmentad by the d&ea and sjlls supplied the material for the 
younger lava  flow^ north oi the White River. This is plainly true of 
the d h  that cut the leva flows on Skolai Creek. It should not be 
aasumed, howmer, that the dikes are dl of such recent o m ,  for they 
are not rmtxictad to a gingle period. %me of the intrusivs rocks are 
ME young geologicdly that they cut the moonsolidstad Heistacme 
e v e 1  of the lower Chitha VaIIq. 

Tha evmta that make up the gmIogic hbtory of the Cbitina VaUay 
am recbrdd only imperfectly by the m k ~  that are wen them now. 
Moreover, the record of the mh haa not been thoroughly examined 

t . . and is d a c u l t  to interpret. It will therefore be neceasarg to piece 
out tb storg in some important parta with materid that has been 
gsthmd from other placea, if a consistent eccount is to be given. 
Any drspmpostianete ernphaaie on the more recent events must ba 
underrstood as indicating more howledge of the fwts rather thm 
t h e i i  greater relative importance. - C m ,  B. R, T b  C M W b l t m  dlakld, A b h  V. I. W. B m  Bull. ml, P. I, 1Q11. 
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T h e  earliest h o r n  events in tbis histo y were mnnecbd with the 
deposition of marine sediments in early Carbmiferoua (Misaissippisn) 
tima, and their record is to be found in the rocks of the Streha forma- 
tion. Inasmuch as deposits of Mississippian age are widely distribuhd 
in .Alaska it is a fair presumption that a. large part of the Territory 
must have been below the ma at that time, In the CXt in rs  Valley, 
1b9 well as in some other parts of Alaska, the tuff wmus beds and basal- 
tic flows associated with the Mississippian m a h e  sedimentary rucks 
&ord evidence of contempomeous volcanic activity. The absence 
throughout Srlmka, except in a relatively small area in southeastern 
Alaska, of sedimentary beds that can be definitely as-ed to the 
Penusylvnian epoch of the Carboniferous, suggests that during that 
time Alaska waa a laud mass. The later part of tbe Carboniferous, or 
Perminn epoch, however, was a t h e  of pronounced volcanic activity 
md of resubmergence. 'In the CEtinrt and White River Valleys 
it, began with outpourings of lava and ejection of fragmental material. 
These events were followed by the deposition of highly foailiferous 
marine sediments, intermingled with volcanic material, and then by 
another time of dominating volcanic activity during which Java flowe 
witho~t included mdiments were piled up to a, thiclmess of many 
thoumnds of feet, forming the Nikolai greenshne. In a few placca 
tbo Ismas show pillow structure, which may indicate extrusion under 
wnter, but with the excephon of the tuffacsous beds and thin flows of 
basalt interbedded with the sedimentary middle members bf the se& 
there is little known evidence to indicate under what conditions the 
outpouringn took pbce. 

The absence in the Chitha Valley of sedimentqy deposits belonging 
to the Lower and Middle Triassio and the lower part of the Upper 
%assic probably indicahs elevation of the land during that time, 
although possibly the a~cumulat~ion of the thick mass of lava, f o h g  
the Nikold greenstontone, that began in Permian t h e  may have con- 
tinued into the Triassic. Elevation of the land above the sea implies 
that the processes of erosion ~vere at work, and it themfore seems 
most probable that plain evidence of so long an internal of erosion aa 
would be repmnted by the time interval of the Lower and Middle 
Trimsir, epochs should be found. Yet structund anconformity 
between the Nikolai greenstone and Chitistone bestone that would 
furnish such evidence has not been recognized, dthough the thin bed 
of shde between the two farm at ion^ possibly represents this time of 
exposure b weathering. The absence of the Nikoltri peas tone  be- 
tween the Permian lime~tone and Trike && north of Skolai 
Creek may also indicate such a period of erosion, although, on the 
other hand, the lava flows may never have been famed there. * 

The end of the Paleozoic era was probably a time of widespread 
emergence, which was continued throughout Alaska until the begin- 



ning of the Upper TrksGc Lower Triassic mcks have net 
been r e e o p k d  in Alaska, and Middle Trisssic rocks tm reported at 
only one locality, in northern Seward Feninsnln. From these facts 
it  seems probable that the outpouring of the Kikolai lavas was followed 

.1: by a period of erosion, brought about by elevation of Lhe land above 
the ses, which continued into Upper Triassic time, as suggmted above. 

T h e  Upper Triassic was a time of submergence, when seas invaded 
the ginking laad and laid down thick deposits of limestone and a m -  
cisted argillaceous beds. It seama probable that the Chitisbne 

e + limeatone, among the surliest of the Upper Triassic deposits of Alaska 
and of reI&tively small extent, was formed in a, smdl arm of the sea. 
As subsidence continued and more land was submerged the area of 
Upper Triassic eediments was extended, with the result that the 
younger beds overlap the older and are more widsly distributed. 
Martin say a of the distribution and extent of these sediments: 

Triaseic rocks are widely dlstrIhuCd in Atankh, being now known at many 
Wit ie s  in nearly aU parts of the throe major mountain reg on^, though abm1uMy 
restricted to t h m  regions. The most s fr ik in~  fact regarding the distribution of 
Tria~sic rocka in b k a  Ia this remarkable agreement htween the areas of pmsmt 
Triasaia autcrops a ~ d  the m a a  of the major mountain regions. 

The deposition of limeshne in the arsa that now includes the 
e Chitina Valley waa succeeded by the dcposi tion of mud that eventually 

became shde, and the warm-water animnls of the bestone-forming 
sea were replaced by colder-water forms, the remains of which axe 

9 found at the top of the limestono and in the shale, indic.ating a change 
in both source of sediments and the temperature; of the ma. 

Martin ' Z  believm that this change was brought about though rtn 

elevation of the land, a period of erosion, and resubmergence, after 
which t,he cmenta of warm water were replaced by colder waters and 
the conditions of mwbe life were dhsed. 11s finds evidence for this 
belief in the absence thughout Aitaska of a fauna that should be 
found bet,ween the faunas of the limestone and the shale and, in the 
western part of the Chitinn. Valley, in structural relations involving 

? the Triassic dimen- m k s  that may be explained in this manner. 
lf this period of erosion within the Uppm Triassic epoch nffected the 
Chitins area, it seems to have left no structural evidence of ihelf in 
the fins sections of the Triassic in the Nizina district, and the proof 
of its occumence must be sought in the evidence supplied by the fau- 

3 nas of the arm and by the conditions in other parts of Alaska, 
Deposition of the McCarthy shale in Upper Triaaaic time was fol- 

lowed by a general emergence of the land and a period of erosion that 
continued till the Iater part of Lower J u r d o  tirno. Late in the 
m Muttin, a. c.. op., elt. (Bun. m. p. 128. 
n Idem, p. 3. 

' n ldem, p. 1% 
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Lower Jurassic there wae a modorah ~ubmepnce, acmmpanied by 
intense volcanic wtiyity that affechd the .southern comt of Alaska 
but ia not h o r n  to haw reached the Chitina area. Later the ~ u b -  
mergence became more widespread, and the Middle Jursasic h , ~ f f m e ~ ~  
~haEa (Tuxedni fauna) was laid down new the mouth of the Chitine 
 rive^. At a stiU lakr t h e  Upper Jurassia black shale (Nahek 
fauna) and psaibly other sediments were deposited. h the Cook 
Inlet region the Middle and Upper Jurassic rocb, including the 
Tuxedni, Chinitna, and Naknek formations, appear to be the product 
of uninterrupted sedimentation, but in the Chitha region no m b  
cornasponding to the Chinitna M e  are known. Between the times 
when the McCarthy shale (Upper Triassic) and the h t  of the Lower 
Cretweous eonglornerate and sandstone beds were formed in the 
Chitina region, mountain-building forces had strongly folded dl the 
existing rocks, including the McCarthy shale, and long-continued 
erosion had planed off the upturned beds and m o d  rn enormous 
quantity of mataria1 to the ses. Whether these e~enta occurred 
prior ta the deposition of the Middle Juraseic tufFacmua shale is not 
known from evidence in the Chitlna Valley, but in the Cook Inlet 
region the Tuxedni (Middle Jurassic) sandstone mta unconformably 
on the older roclcs. It thus appears likely that mountain building 
may have taken place in the Cbitha *on &o. The absence in the 
Chitha, Vdey of rocks corresponding in age to  the Chinitns shale 
euggesta that either the sea had receded from this area in Chinitna 
timo or that the Chinitna mcks have since been removed by erosion. 
So little is lmown about the Upper Jumsio dmls of McCarthy Creak 
that the events immediately before and after it8 formation that have 
ta do with its relation to the McCarthy shale and the Cretaceous beds 
m o t  be stated. Possibly that ehale and the Middle Juraaaic shale 
at the mouth of the Chitina River are both remanta of M s  that once 
extended over a large part of the region but have been almost 
eompletelg removed by erosion. In the Cook Wet &on the time 
when the Nahek beds were f o m d  was a time of vigorous mountain 
building. t 

Pihatever may have been the t h e  of folding of the Upper T r i d o  
and older rocks, tha erosion 'that beveled the tops nf their upturned 
beds waa followed av-sntually by subsidence and the deposition of 
Lower Cretaceous marine sdknenttt. The h t  beds laid down were Tt 
conglarnerste and sandatone, but the ovarlying beds include much 
shale in mme plmea and sandstone and sandy shale in others. Thew 
d e p i t a  accumulated to the thicknsss of mmy t h o m d s  of fset ie 
the Nizina district and in tha Nutzotin Mountains, nortbemt of the 
Wrnngell Mountaim, beyond the Limits of the area3 shown on the 
gmlogic map, Indicafbg Iongantinued, relatively stable condition8 



8nd shdow wahm. They were probably derived from a nearby land 
mass where rapid emion was h progrese. 

Upper Cretacm time doss not ~eem to be represented by any 
mka on tbs north side of tha Chitha Vdey. The Chugach Mom- 

0 %aim, to the aouth, me b h ~ e d  to be made up in part of marine 
Cretaceous (Upper ? Cretaceous) shale and graywacke, although 
it is by no means improbable that they also include older Mmzoic 
mcb in addition to known Pdooaoic rocks. The stratigraphic 
miation of them Upper (1) Cratmeoun depi te  ta the Lower Greta- 

* - cmue m c h  north of the Cli tina River t3 unknown. The two are no- 
where in contact but are everywhexs separated bg much older m k e .  
According to Martin " the sea had receded from dl of Alaska at the 
beginning of Upper Cretaceous time. Later, d u b g  the eubmsr- 
gence that took place in Upper Cretaceous b e ,  exten~ive marine 
deposits were laid down in the Yukon and Kuskokwim B e s ,  the 
Arctic oowtal plain, snd other plwes. Possibly the slates and 
gra~wackea of the Chugach Mountains were formed then, although 
evidancs for this is still too me-r for a positive statement, The end 
of the Cretaceous period was mcoinciden t with a cessation of sedimenta- 
tion and the withdrawal of the sea from Ma&& Since then no exten- 
sive submagence haa 0[:~11&, for throughout interior Blaaka no 

r younger marine gedimentary rocks are known. 
The end of the Mesozoic era and the beginning of the Tertiary 

period waa marked by w i d q m s d  diastmpb.  Emergenm of the 
3 Iand wes accompanied by mountain building and the inmaion of 

vmt qutmtitiea of igneous mck in the present mountain weaa. It 
m m s  probable that the lighwlored granitic dikes and d h  that 
invaded all the Mesozoic rocks of the Chitina Valley ttnd the Chugach 
Mountains are part of this intrusion. In places whose location is 
vaguely known or surmised highlmd areas were developed. Eh- 
pecidly the uplift of &the Alaska and Chugach Ranga began. Erosion 
became PigaFoua and locally fresb-water deposih were formed. Doubt 
lssa the formation of the Alaska and Chugwh Range8 waa a long * p-, involving folding, faulting, intrusion, a d  the removal of 
an immense quantity of matarid. It is believed that before the 
Tertiary cod-bearing beds were deposited amdon of the highland 
areas proceded to B U C ~  xb stage that thn relief of Alaska was much 

t 1- than at premnt and the etromns draining the upland me= carried 
mainly h e  maberial. The products of this erosion am in part 
mpmented by the d, gravel, and clay, with their thick inter- 
str8tSd ma1 beds, that accumulated on the land surface in lakes, 
a h m s ,  and elmwhere. 

Probably the formation of the fresh-water, leaf- and c o d - b e e  
d@B of the W r m g d  Mountain m a  a d  the b c g h i q  of vol- 

"M~O.a.oQ&.(BpaTW)i,Pm* 



canism are to be correlated with similar evenb in intha formation of 
the Alaska R ~ n g e  and with the laying down of the cod beds there 
and the injection of igneoua rocks that cut the mal-bearing formations. 
In the Wrangell Mountain area the accumul&ng fresh-water 

deposits were overwhelmed by lwa flows and tuffmeoua deposits 
that buried them beneath thousands of feet of volcanic material md 
are still in procesa of formation. The piling up of the lavas of the 
Wrangell Mountah,  howover, was only a local incident in the growth 
of the great ranga, although it gave rise to a major feature of the 
topography. These Tertiary lava8 of the Wrangell area have been 
only slightly affected by deforming forcee, atthough the Tertiary 
fresh-water deposits in other pnrts of Almka are moderntely folded, 
as in the Alaska Range, where further evidence of the Iong continu- 
ance of the mountain-building pmcemsea is furnished by the tilted 
and folded coal measures. 

During the long period of Tertiarg time the great geographic 
features of Alaska, the outline of its coast, its major vrtlleys, md  it^ 
mountain rnnges wero blocked out and brought to the form they 
had when the invasion by ice bogan. TBa Tertiarlg sedimentary 
and volcanic deposits were subjected to extended erosion. On the 
margins of tho Wrangell Mountains the streams cut tbnough the 
lava flows and entrenched themselves deoply into the older rocks. 
In the Chugach Mountains the  principal valleys were c a m 4  out,, 
Great quantities of rock wnste were carried ta the sea. The agencies 
of weathering were eff ectiva for s long time, and oxid~tion and other 
chemical ch~nges penetrated far deeper into the rocks than is possible 
under present climatic conditions. 

This regime was finally ended by climatic or other changes that 
brought about a burial of much but not d of Al~ska under glwial ice. 
The l u i s t o ~  of glaciation in Mmkn has been deciphered only in part. 
The effects of the most recent glaciation are so widmpmad and pro- 
nounced that they obscure or conceal altogether the effects of the 
earlier ice invasiom. How many etages of glwiation there may ham 
been is not known, although the m i t e  River district furnishes evi- 
dence of a period which w a ~  earlier thtrn the lwt great (Wiisconsia) 
stwe and which may correspond ta one of the earlier stnges of Pleis- 
toccne glaciation in the Northern States and Canada. Capps k d a  
t,his evidence in folded tillite deposits that include sheets of lava. - P 
Doubtless the ice aclvaneed gradually and from many centers of accu- 
mulation. Probably it formed first in the high mountains, ss it does 
now, m d  slowly bok poawsion of greater and greater amrereas, not by 
a steady, uninterrupted Rdvance but with alternating: stage8 of pro- 
gression and recdon.  When the i re  rewhed its state of matest 
accumulatian during the last period of glaciation it extended far be- ". . 
* Cappa, 8. R., q. dt. pull. W), pp. W. . . , ' 



yond the limitg of the mountain valleys. It had advanced into the 
main valleys and, after filline: them, moved out fmm the mount& 
a m  kta the intermountain basins. The broad lowland of the Coppm 
River Basin, bounded by the Altllaska and Chugach Rmgea and the 

* Wrangell and Talkeetna Mountains, WBS buried under thouwmdn of 
feet of im and formed part of a p e a t  field from which ice overflowed 

. ita bamiers wherever the opportunity waa presented. Just how 
many places of escape existed and where they were is not known, but 
it is certain that ice made its way from this intermountain basin north- 

5 ward into the Tanana River Valley and ~ o u t h w d  to  the Pacifio 
Ocean. Some measure of its .tbiclmess in the basin is seen from the 
fact that the mountaim south of the Chitina River and emt of Tara1 
were overridden by ice moPing euuthward. Consequently the depth 
must have been more than 5,000 feet nearby in the Chitina Valley. 
Stuck Mountain, north of Tonsha, was completely buried, a n d  ih 
top was strongly glaciated, indicating a minimum thickness of 2,000 
feet, which is much less than the maximum. 

The effects of this glaciation are many but are perhaps most notice- 
able in the rno&c&tion of the valleys. At the time when the ice 
reached its maximum probably only the tops of the bighest moueta.ha 

t 
were above its surface. During its advmce and retreat it acted as m 
efficient tool in cutting away the sidea and bottorns of the valleys 
though which it moved. Possibly this mtion was at its maximum 
when the ice was deepest, for the weight on the cutting tools was then 

5 more. On the other hand, the movement of ice in many vt~lleys may 
have been retarded or even stopped by the p e a t  mwa of ice that accu- 
mulatad in the Copper River Basin as the result of inflow from the 
surrounding d e y s  and of direct precipitation. 

Erosion of the valley aides and bottoms changed their original V- 
shaped c m c t i o n  profile to the U-shape that is the charactoristic 
feature of most of them now. In doing this it cut away the points of 
the projecting spurs and straightened the sides of the valleys. The 
effects on the valley Boors are nsually less evident, for the deposits of 

.t stream gravel and till conceal them. In places, however, the over- 
deepening of the floors near the heeds of valleys retarded the drainage 
and produced I~kes, mm t of which in this region hrnve since been drained 
by the cutting of rock-walled channels or canyons through the barriers. 

3 Lrr many places, especially dong the Coppar River below Wood Can- 
yon, well-markod benches, cut one above another in the rock of the 
valley walls,  how that the ice &ream wtas not constant, yet stood at 
&&rent levels for periods that were long enough for a considerable 
m o u n t  of erosion to  fake place. More conspicuaus than these, 
topographically, are the steep-walled cirques that terminate nearly 
all the valleys of &a high mountains and were formed by rapid head- 
wwd erosion of the valleys, under the influence of glacial ice. This 



proms ia going on at present where ice aocumulat~ in the high mom+ 
tttins, although many cirques am now free of ice. 

A mcond effmt of glacial erosion, combined in plam with the effecb 
of fdlisg by glmial debris, w m  the modification of the older drainage - 

' linee. Some of these changes were only tempormy, but others were 
permanent. Examples of this modification are numerous and hclude 
rabandoned channels that were out across spurs or along the edge of the 
ice, the damming of one s t r e m  by morainal material and the capture 
of ita upper part by a neighboring stream, and the deepening,of a low 
saddle so that a shortened mume was provided for a stream when the 
ice disappeared. 

Although many ddn* changes caused by glaciation am Imown, 
only a few of the more ouhtanding changes can be noticed here. The 
present c o r n  of the Copper River through Wood Canyon sppeara to 
be one of the notable resuIts of the oecupsvney of the Copper River 
Basin by ice, It is believed that in preglacial time the Chitina and 
other rivera dr&ning into the Copper Ritver Basin found m outlet to 
the sea by mme other route than the praaent one, either through 
Cook Idet or less probably by way of the Yukon Valley. The diver- 
sion of th4 intmior drainage m a s  the broad divida separating the 
Copper River Basin from a stream that flowed southward to the Pa- 
cific Ocean and occupied a valley that later beeesle the lower d e y  of 
the Capper River was brought about by the raising of the drainqe 
level or the impou~1hg of water by the ice and w&6 maintained long 
enough for the p m n t  charnel through Wood Canyon to be cut in 
the rock barrier, Glacial £ilhg st mme points and warping of the 
land wrface probably nsbssisted in producing khis result, and with the 
withdrawal, of the ice the present course of the Copper River to the 
Pm3c Ocean was eshb1ished. 

The depression that ia foUewd by tbe Copper River 4 North- 
wsstern Bdway for about a mile aouthwd from the town of Chiha 
and by the highway for several miles north of it ie part of the channel 
of a stream that flowed along the margin of the ice when Ule great 
glacier that occupied the Chitina Valley st i l l  d t e d .  The erosion of 
such a channel in bard rock must mean that the s t r a m  waa held on 
the vdey  side, high above the present level of the Copper River, for s 
long time. Similar chameb cut in the rock on mountain dopes but 
on a much smder scale are not UT~-on, and terraces of similar ? 
origin are numerous. 

A conspicuous example of s t r e a m  divemion, dm chiefly b glacid 
aganciss, is furnished by the upper part of the M&r Creek Valley, 
in the Tonsina district. The natural rxllurse of &.lanker Creek is north- 
ward through the valley to the Klutina River, but its upper waters 
hsve been diverted ao that now the upper vdey is drained sastward 
through tu. deep, strongly glaciated m s s  vdey to Greyhg Creek and 



Tonsina Zaks. TI& diversion was brought about by a combination 
of factors, the chief of which are that ghcid erosion lowered the 
floor of the crass valley practically to  the level of the Manker Creek 
Valley and that the m g  of gravel in Manker Creek r&ed the bed 

-t of that stream. The adjustment of levels is now so close t b t  in 
time of high water some of the water of the upper Masker Creek 
VaUuy seeks its natural outlat through the lower  alley to the Kiutina 
River, although mat  of it flows into Greyling Creek. 

h a  spectacular than the changes resulting directly from ghial  
3 msion are &he changes brought about through glacial fdhg .  The 

mormous quantity of debris that wm produced by the action of the 
ica and the streams assodated with it and transported by them lor 
varging disfancea from its source was in part depasikd on the land 
and in part carried to the see. Most but not aU of the land deposits 
underwent some sorthg by water. They appear ta make up the 
larger part of the great but unknown thicbess of the unconsolidated 
deposih of the Capper River Basin and of the stream and terrme 
deposits. The unsorted or lsss weU+iortad dspositer ma tba termind 
and lateral moraines and the ground moraine that is so widely dis- 
tributed in the (=hitina Valley. These deposits were dropped in 

E 
place by the iw as it melted and mcount for many of the ponds and 
lakm and intereating topographic features, for recent weathering hae 
not yet destroyed their irrqgJar surfaces, and drainage lines haw not 
beon established. 

4. Weathering, erosion, the transportdon of the rssulting mete by 
ice and water, the ra-sorting and depos i t ion  of older unconrmlidated 
depoaita, chemical alkation, and many other changes am the latest 
even& of a stage of gla&tion that js stiIl in progress and forms part 
of the preasnt chapter of the geologio hishq of thin region. 

ECONOMIC QYGOWUP 

DEPOSITS 

0 The purpose of tbis aection is to present an account of the way in 
whioh valuable minerala occur in the C h i h  Valley and neighboring 
ureaa, rather than to give detailed d d p t i o n a  of individual mines and 
prmpects emept w b m  such dmriptions may -B to iEluatrate 

3. princplea of ore occurrence. Amounts dealing with the productive 
mines and with most of the Imown prospcts have h e n  published from 
time to time in reporta that are listed on pages 6-7. A repetition 
of thm accounts here would extend this section more than is desirable, 
and anyone interested iu getting information about particular prop- 
erties is therefore requssted to refer to the earlier reports. Unfor- 
tunately there haa been no opportunity ta visit mme of the promising 
prospecb that have been developed in recant yew, and they have not 



been described in the publiontiom of the United States hlogical  
Sumey. 

It is believed that a dewriptian of the types of deposits and their 
o m u m c e  may be of a~istance both to those warching for new 
pmpecta and ta thorn who me developing prospmta aIrsady dh- 
covered. A paper of this nature, prepared by the writer:& has almacEy 
been published. This section of the present report is la revision of the 
earlier paper and hcludea ~uch changes and additions aa are made 
Recesserg by more recont information. 

Copper, gold, and ~ilver are the only minerals that have been 
mined commercially within the area under consideration. They 
are named in the order of the money value of the metal already 
mined-an order that is not likely to be changed for many yeam, 
becauee the value of the copper nlredy produced is fw in excess of the 
value of the gold and ~flvar combined. Both copper and gold me 
mined for themsalves done, but ~ilver is produced almo~t wholly 
as a byproduct of the mining of coppor, although a amall quantity 
is obtnined from the gold placers, md a still smaller quantity was re- 
covered from the ores of a single ailvm-goId vein that is no longer 
being exploited. Gold has so far been movered cbidy from placer 
gravel, where it ia commonly associatd with mmiderable native 
copper and a little nntivs silver, A relatively a m d  mount hw been 
obtained from the silver*old vein mentioned above and from a aecond 
gold lode on which active mining development is now (1935) in 
pmgreaa, although capacity production ha9 not been reached. 

Other minerals, such as lead and molybdenum, are h o r n  to  be 
present is the ~egion, but they huve had no comercia1 hportmce 
up to thia time. They are associated with gold in auriferous veins 
md locdly wit11 intrusive rocks. Tin ban been reported, but ita occur- 
rence has not been substantiated, ta the writer" knmledga. 

Aa the gencrd geology of the r e o n  has been described in preceding 
pages, no further account of the structure, and stratigraphy dl ba 
required for an understanding of the relations of the ore deposits 
to tha rocla in wbich they are found. 

A study of the ore depo&h in connection with the general geology 
of the area leads to the conclusion that they are to be referred to more -9 

than one period of formation. The age of different ore bodies aanaot 
be stated defmihly, but cer& limitations of age caa. be determined. 
Cold, silver, or copper is found in the Strelna formation, in the Nikold 
greenstone, and in the shale overlying the McCarthy shalethat is, 
in rocke that range in age from Missi&ppian (lower Carboniferous) 
to Lower Cretaceous. The age of the enclosing countrg rocks, how- 
m ~ a m t ,  F. E., rnm- d ~ c d  ~hlnm valleg.. O. E. QWI a m  BUU, la, pp, m-n, I= 



wm, tells little abut the age of the mineral deposits except that the 
country rocks are the older. The mineral deposita may have been 
formed at some one particular period after the roch were formed, 
or they may have been formed at different times. ,Moreover, the 
formation of the are bodies wns not a sudden process, completed at a 
stroke, but tool< plme slow1 y as the nherd-hsring waters made their 
way through the dovious openings in the rocks and gradudly de- 
posited their metal content. 
In the Ku~kulma Vdley there are bodies of igneous rock that were 

intruded into Triassic and older rocks but not into the sedimentary 
locks ovorlyinE: the Triassic. Theae intmive bodies consist of 
pandori te  or cIoscly rdateci rocks. In places they are themselves 
minerabed with copper sulphides, and elsewhere they have produced 
contncbmetaxnorpbic deposits of copper and other nletaElic miner& 
at the borders of the rocks which they invaded. Several large veins 
of magnetite were formed in this manner on MacDougall Creek. 
Water-worn pebbles of this m e t i t s  have bean found at the base 
of the Upper Jurassic (?) cong1omerat.a that lies mmnformrmbly above 
the .older sedimentary m k s  and the igneous intrusive at this place 
and furnish evidence that the mineralization here and probably nearby 
on Berg Creek mas latar than Upper Triassic and earlier than Upper 
Jurassic. 

Evidence for a definite determination of the age of the copper 
minerahation in the Nikolai greenstone and the Chitistone limestone 
is lacking. Obviously it was later than the deposition of the Chiti- 
stem limestone (Upper Triassic) and may belong to the period of 
mineralization that marred  before t;be Upper Jurassic sedimenb 
were deposited, as mentioned in tbe pmcediDg paragraph, or to a s a  
l ~ t e r  period of mineralization, ~uch as that which brought about the 
formation of auriferous deposits in the Lower Cretaceous shales and 
possibly in older rocks. 

The gold deposits may also have originated in more than one 
period of mineralization, for gold-bearing quartz veins aro knawn in 
the Strelna formation (Mississippian). These deposits, however, 
may ba much younger than the enclosing rock and belong to the 
period of mineralization described in the next paragraph. 
In the Nizina district the Lower Cretaceous shales are cut by many 

mmpicuo'us dikes and &Is of quartz diorite porpbpy, and thew dikes 
and sills are associated with veins of quartz camying pyrite and frm 
gold. hfdybdenite is present, and pmb~bly stibnite, The creek 
gravel yields also galena, cinnabar, barite, and marcmito (?$, but these 
m i n d  were not seen in the veins. It is evident from the age of 
the enclosing rocks that the vein minds ,  or at least the veins carry- 
ing gold, represent a period of mshl deposition distinct from that of 
MrscDougall Creek and Berg Creel<, are Lower Cretaceous or later 
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in age, md iadichte the occurrence of at least two periods of m i n d -  
ization, 

Silver is amdated with both the copper and the gold and is p m  
esnt in veins carq4ng galena and in one vein consisting priecipallyof 
tetrhedrite, but no evidence has been obtained to indicah s distinct 
period of mineralization for this metal. 

For oonvenience in description the ore deposita are conaidered 
under the dipisions mpper, gold, an$ dvm, although two or more of 
the metsls occur together at Werent localities and therefore the 
d ihions overlap one another in aome degree. 

CDFFlm 

Copper ie found in tha Chiha Vdey and tha upper Whita River 
Vdey an I d e a  of native copper ~ n d  mpounda of copper and MI 
native copper in placer gravel. The copper miner& that have been 
recognized in the lode deposita include astlerih, arsenates of copper, 
bornite, brochmtita (71, chalcanthite, chalcopyrite, chalcocite, 
covellite, cuprite, enmgite, freibergite (?), Puaonite, malachite, native 
coppar, tanxlantite, and htrahedrite, most of which were identified 
in ores from Rennecott. These minerals are by no mema. equally 
abundant or sverywhero present. As m e ~ u r c d  by past production, 
chalcocite, mveIlite, enargite, and the cwbonatea smrih and mdsp 
chite ahould be plaoed first, and the athem, except poseibly burnib, 
shodd be regarded w of little interest ta the miner. . 

It is u n n m q  for the purpose of this paper to en& into a die- 
cussion of the mum of the capper in the copper depoeite further than 
to state that they were probably dapoaited from hot ascending 
~~Putions. A most excellent statement concerning the source of the 
copper and the manner of its deposition baa been made by Bateman 
md Mcbnghlia 78 na B result of a painstaking study of the ore 
deposita at Kennecott. 

The copper lode deposits may be best considered by classifying 
them in acconhnce with the kind of rock in which they are found, 
especially as this is the common pmtim Rmong those familiar with 
them. W e  c l ~  are thus distinguished-copper deposita in lime- 
stone and copper deposits in lava flows, particdarly in the Nikolai 
menstone. These two clagses differ in minerd mociations and to 
a certain degree in form, but they are believed to belong to the s m e  
period of minerahtion and to be dierent expressions of a single 
procees of mineral deposition, awing their distinguishing features to 
the chemicd and physical character of the enclosing m k  rather than 
" Bateman. A. M,, #md Y c Z * u ~ b h ,  D. H, M the ~ m b d m w w o o ;  

Wl. 16, PO. 1, pp. 1*1m 
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to dfffemoee in &mica1 cornpition of the original mineral 
mla tions. 

The 1-t md beatknown examples of copper deposits in lime- 
atone sre those of Kennamtt, which will themfore be d k h d  briefly 

t ag typicd of thia clam of deposits. As given by Batema," the ore 
minerals at Kemecott, except t h m  obviously due to oxidation, are 
chalcocita, covellite, enargite, bornita, chalcopyrite, luzonib, fennant- 
ite, pyrite, sphalerite, and galena, No gangue minerals are present. 
To thin list should be added other minerals that are plainly due & 

s - oxidation protames. They me malabite, limonite, caveate, antler- 
ite, azurite, arsenatea of copper, chalcanthite, cuprite, and pmibly 
brochantita. The minemls in both lista aro given in the order of their 
abundance. It waa estimated by Bnteman that 1;he sulphide area 
make up about 75 percent of the o m  mined and that of the eulphides 
chlcocite conatitute~ from 92 to 97 percent, covellite from 2 to 5 
percent, and other ~ulphidee tm than E pement. Be~ides copper the 
ores of Kennmtt cnrry a conaidarable quantity of silver, which is 
w ~ e r e d  in mdting. Very little gold h prwent. 

The ore bodies ara in the lower beds of the Chithone heatone, 
which here dips 23'-30' NE. and is separated from the under- 
lying greenstone by a bed of red and green &ale ranging in thichms 

-2: fmm 4 to 7 feet. This shale is inconspimous but i~ generally prssent 
throughout the m a .  The om deposits, viewed in the large, hsve the 
form of elongated tabular bodies standing on e d p  with thoir long axes 

f, appxo&atelg p d e l  to the dip of the limestonegreenstone contact. 
A crom sectiw on a plane parallel to the strike and perpendicular to 
the bedding plmee of the Limestane ahom that the ore bodies tend to 
~ I C B  the form of narrow wedges with the base down and the thia edge 
np. The poaition and form of the principal ore bodies are dua to two 
iq&-mna of feults, of which one is vertical and almost p d e l  to the 
direction of dip of the limestone, and the other is inclined and parallel 
to the limestone beds. Other faults are present but need not be con- 
sidered, as they were not involved in the formation of thn ore bodias, 

f The Mdmg or "flat" faults are at tho base of the wedgeshaped ors 
Wea that occupy the vertical huw. Bateman" say6 of the ore 
bodies: 

"rhe average height of the main Bonanza vein from tbe barn to the- apex, 

+, 
measured n o d  to the incline, is about 210 feet fn the upper levele and 160 on 
the lower levels. It h a  been followed for a diataace of about 1,900 feet, maeaured 
along its base, and the width ~ a r i w  from 2 t o  50 feet. Tbe main Jumbo vein, 
exclumve of ita enlargement at the flat fault, averagee about 360 feat in height, 
from 2 to 60 feet in width, and 688 twsn followed down on its barn fur 1,500 feet. 

Since these descriptions were written mining on the Jumbo, Bo- 
nanza, and Mother Lode veins bas been carried to greater depths, and 



large quantity of ore has been moved ,  but the more recenf work 
hrts not indicated any iapofinnt changes in the character of the ore 
bodies. Tha Mother Lode shaft or incIine bas reached a depth of 
2,800 feet below the mein level, and the lowest ore bodies ahow the 
game degree of oxidation as was found abovo. 

The form of them ore bodies dcservee attention, because of its 
possible significance to  the prospector. Bateman bm &own by c a r a  
ful gurneys in tho Bonanza mine that the ore bodiea trend parallel to 
the axis af a gentle transverse downfold in the Chitistone limestone, a 
fold whose exia pitches to the northeast, in appro*hly the same 
direction as the dip of the major folds. Re suggestma that the wedge- 
shaped form of the ore bodies results from this transverse foIding, by 
which the beds of greater radius on the outside of the fold were under 
tension and tended to ~ e p m t e  along planes of fracture, whereas the 
beds of shorter radius nearer the center of the foId were under com- 
pression and tended .to remain closed. Folding might well result h 
fracturing end tho formation of wedgeshaped openings whose long 
dimensions were parallel to the &s of the folds and whose widest 
pmts turned downward where the folds are synclinal or upward where 
they are antichat. At the Bonanza mine the tmsveme folding ia 
synclinal, and the wide parts of the ore bodies that occupy the frac- 
tured limsstone turn downward, as would be required by such a 
method of formation. The walls of the fractures mtap never have 
been sepmted more than enough t~ allow soIutians to circulate, for 
the folding h k  place slowly, and the sepamtion may have gone on 
no faster than the o m  wene deposited. The openings may also have 
been enlarged by solution as the water circulated through them. 

The ore Mia are not so simple in form as the preceding descrip- 
tion may suggest. Aa pointed out by Bateman ,'* the ore deposits at 
Rennacott form vein deposits, hmgular-shaped mwive replacement 
deposits, and stockworks in the limestone. Bateman further divides 
the replacement deposits into irregular mmsive deposits, veins, m d  
disseminated deposits, with all gradationa between. 

These distinction9 may be better understood if the folded bede of 
the Chitistone limestone and the greenstme are pictured ag having 
been subjected to forces that produced faulting with an mdmown 
amount of movement along plmea of the liieetone practicdIy parallel 
to the bedding and vertical fractures approximately para1Iel ta the 
strike of the beds. T b e  jomt planes and opening6 were not everywhere 
simple, clean-cut, and regular. Tho rock in ylacce wm broken by 
many irrepIar fractures. The ore-bearing sollitions made theirway 
in the main along vertical fractures just above the bedding-plane 
faults but entered all other openings t o  which they had access. The 
mineml content wes deposited partly in open cavities but more often 
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by a replacement of the limestone itself-tl~at is, the limestone with 
which the solutions came into contact was tnken into solution, and 
copper ores were deposited in plwe of the dissolved limestone. In 
some localities the replacement of the limestone was complete, so that 

t grest masses of pure copper minerals occupy the space oru:e fded by 
limesbne. In other localities, as in the stockworks and Jisseminated 
deposits, the replacement has not proceeded BO bar, and limestone 
foms here a mall or there a large part of the ore, Irregularities of 
thich~69 of the wedge-shaped vein deposits  how that the replace- 

& - ment went on more rapidly at some points than at others. The forms 
of the ore bodies are therefore dependant on the accidents of fractur- 
ing in the limestone, the facility with which the circulating watcm 
mnde their way through the openhgg, and the d e m o  of completeness 
of replacement by copper minerals. 

A common experience in mining these ores ie to find that an ore 
body terminates abruptly or that a tiny atrhger of copper minerals, 
apparently of no value whatever, if followed a sufficient distance, 
opens out into a large mass of ore. It is therefore necossrsrg ta ex- 
plore every indication of mineralization, for otherwise vafuable ore 
may be missed. 
The original copper deposits have undergone oxidation resulting 

.r' . from the chemical action of surface watem, which ckcul~ted tlvo~ig'h 
ths om bodies at a time preceding tho beginning of glaciation but 
practicdy ceased to circulate when glaciation began. KO dh7arence 

9, in the amount of oxidation has been noticed as the mine workinge 
werB carried deeper hta the mountains-that is, to the 2,800-foot 
levd. 3 t  is estimated thot 25 percent of the ore minod i s  oxidimd. 

No other ore bodies aven remotely comparable in sieo and rirhneas 
with those at Kmnecott have been found in Alaska, arid few have been 
found eIsewhere, if both siae and richness are considered, although other 
mines hnve producod and will produce more copper. Small oro bodies 
Bimilar to those at Kennscott, however, have been found in ~everal 
places in the Chitinra Valley, including nearby Mecarthy Creek; 

q Glacier Croek, new the Chitistone River; and Boulder Creek, which is 
a tributary of Dan Creek. A small body of high-grade copper ore was 
also found in the base. of the CIlitistone limestone on Copper Creek, 
which flow8 into the Kotsina River. Of these Q C C m n C W  those of 

t &Carthy Creek, known formorIy as the G m n  Butte mine, and 
Glscier Creek most nearly resemble the deposits at Kennecott. None 
of them have proved to have sconomic value, although considerable 
money has been spent in prospecting them, nnd the Grew Butte mine 
ship@ copper ore at one h e .  They indicate, na~ert~helesa, the 
possibilities of &ding copper deposits in the Cllitistone limestona, 

The features suggested by )the Kenneeott copper deposits that mag 
be of & s t a c e  to prospector6 and shodd be kapt in mind ars (1) that 
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the only productive ore bodiss BO far found in &e ditriot are in the 
Chitiebne limestone; (2) that gentle t m ~ v ~ ~ s e  downfolda or gyncZinm 
in the Chitistone hestone &auld receivs attention, bmum the 
folding: may h ~ v e  been ttcmmpanied by the production of f ractum in 
the limestone f a m b l e  to the circulation of ore-bearing aolutiom; 
and (3) that t b ~  most inaigui6cant veinlets of copper minerals in the 
limestme should not be neglected, for eqorienm ha9 ahown that they 
may open out into laqy  bodies of ore. In connection with the second 
fealture just mentioned i t  should be said that structural fe~turas of 
this kind may be difficult to detect and that the porrsibility of v- 
nixing them may depend an careful work of a kind that moat pros- 
pectors are not equipped to do. 

It is not intended to imply that commerciaIly vslnabl~ coppar area 
are unlikely to  bo found in the gneenstone or that downfolds in the 
limefitone are the only plnces favorable for ores. It can rendily be 
seen that openinga of the same nature as those d b k l  may be 
formed on the tops of anticlines, and that strong faulta of almost any 
End may f d h  the opportunity for orebearing solutions to circu- 
1 ~ t e .  It is true, however, that capper depmi ta  have not boen+found in 
the overlying Nbha limestone, which underlies the McCarthy ahale. 

Capper depoaits in greenstone found chiefly in the NikoIai 
graenstone but mur  dso at several localities in basaltic flews of the 
Whib River Vdey  m d  in the Strolna formation, underlying the 
Nikolai greenstona. The latter deposits have not given much promise 
and for the most pmt resemble those in the younger flows. The 
copper deposits of the Nikolai greenatone are in part eontachneta- 
morphic deposita and in part deposits produced by the sction of 
heated circulating ground waters. 

Contltct-metamorphic deposits are l a o w n  at two p l m  in this 
region, both in the Kushlana Valley. The greenstons in tbe ridge 
between Cloer end Porcupine Creeks is intrudd by a msse of gram- 
diorib not readily distinguishable from the greenstone itself. Small 
qunnti tiecl of sulplzi$e minerals, chiefly pyrite a d  chdcopdte, 5re 
newly everywhere prom~lt in the intrusiv8 rock, but nem the con- 
tact with the gmnetone the sulphides rani much more abundant. 
The pyrite and chalcopyrite are associated with magnetite, born- 
blonde, and pyroxene. They occur aa veins and as disseminated 
deposita which in places form small high-grade deposits but in gen- 
em1 nro of low grade and could be ftiined only by handhg tt great 
quantity of countxy mck. 

Contaatrmetamorphic deposits occur also on MacDougall Creek, 
where tbs geologic relations are complicated and somewhat obscure, 
but a l q e  mass of LghtcGolored quartz latite with mc ia ted  por- 
phyritic dikm waa intruded into rocks that include Triassic lime- 
~ h n a  and ~ h d s  and possibly some of the older rocks. Large bodies 
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of magnetite were formed, and in plmes the countq rock, especially 
the limestone, wan silicified and gametized. Vaim contahiug pyrite 
and chalcopyrite cut the country rock in this vicinity and apparently 
mpreaent part of the mineralization brought about by the intrusion. 
Some of these veins, such as that of the North Midas mice, contain 
goId and a considerable quantity of dver. 

It is cha~acteriatic of contact-metamorphic deposit8 that they are 
irregular in fom and variable ia mined content, ga that the I-&@ 
of such deposits often presents more unmrtaintiea than that of vein 
dsposita. Development work on MacDougall C m k  did not meet 
with encouraging results, and work an Clear C m k  bas otdy disclosed 
a lerge body of low-grade materid that cannot be mined profitably 
under prment conditions. 

Tha more mmmon copper deposits in the greenstoone hltve the form 
of v e k ,  stockworks, disseminated deposits, and am ygddea or fill- 
ings of the gas cavities of basaltic flows. The tenxi "stringer lodes" 
has been applied to them. A brief review of the character and 
structure of the greenstone will assist in undmtanding the form of 
&ma copper deposits. 

The Nikolai greemtone, which contains most of these deposits, 
i n c l u d ~  a great thickness of basaltic lava ffewa covering a lawa area 
in the Chitina V d e y  and possibly having a much greater extent than 
ia yet Emown. Individual flows range in thickness from s few feet 
to m v d  hundred feet, but the regularity of thess flaw8 is such as to 
give the greeriahne the appearanca of bedded aediaentary rock. 
Mineralogicdy and texturally the basalt shows great similarity 
throughout the succession of flows and also in the individual flowa. 
Ae a rule the topa and bottoms of flowa am not distinguishable by 
taxtural features. Scoriaceous surfaces rn not recognized, and gas 
cavities me not mpeciaUy characteristic of the tops of the Bows, 
although this feature was noted in a few localities, 

The lava flows form herd, mistant racks, and although may- 
whera chemically dtered from their origin$ condition, they are 
much less wluble then the overlying limestone. They have been 
folded in the Bame wag and at the same tima as the limestone but 
have mtmctad difle'erently to the deforming forms. They have ac- 
commodated themselvee to deformation in part by bendmg and 
faulting but still more by breaking into innumerable bloc& of vari- 
ous sizes, bounded by fracture planes whose slickensided surfaces 
show movement of one bIock on another, even where well-defined 
fault planes are not prwent. Such fractures provided most intricate 
c b e l s  for the cit=culation80f rnineral-besrIng waters. 
Ln the greenstone deposits are faund brn i t e ,  chalcopyrite, pyrite, 

chalwite, malachite, murite, native copper, dver-bearing tetr&e- 
drite @maibIy in part freibergite), cuprite, covellik, md chidcan- 
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thite, of which bernite, chalcopyrite, chalcocite, and pyrite are most 
abundant. The copper m i n d s  me m r n p d e d  in many p Q m  
by quartz, epidots, and calcite. 

A study of a large number of prospaoh in the Kobim-KwMaaa 
district Id to a separation of the copper sulphidee in -tone into 
the following ~lrtsses:~ 

@ntiferous tetrahodrite orem. 
Chalcocits ores. 
Bornite and bornib-chalcocih m. 
Bornit@-chalcopyrite orea. 
Pyrite-chalcopMb ores. 

These associations of minerds apparently rspresent the orighal 
character of the deposits, and in the few places where other copper 
minerals were found with the minerals in one of the above-named 
classes it wan fairly certain that t.he earn minerals were of Iater oriaia. 

A few of the copper deposits take the form of well-defined veins of 
considerable extent. Such veins are found in tho Streha formation 
as we11 &S in the Nikolai greenstone. By far the greater number of 
copper deposits are of the stockwork md disseminated types. Mia- 
era]-bearing solutions in circulating through the greenstone along 
available openings have deposited copper minerals and to a certain 
extent have repIaced the greenslone. Thesa solutions d m  pene- 
trated into the greenstone wdls adjacent to the c h m d s  m d  deposited 
mpper minerals that hnvs no evident connection with the main v e h .  
h this way copper deposits were formed that are notably irreguIar in 
form and uncertnin in extent. 

The copper filling in the wsicles of lama is chiefly nativs capper. 
These amygdaloidal copper deposits are found at several locitiea, 
of which the best known ia that on Shower Gdch, at the h d  of the 
Hotsine, River. Native copper is also found as thin sheets or as slugs 
and irregularly &aped massas mingled with qvastz in veins in the 
greenstone. In such places it appears to haw resulted from the 
alteration of earlier copper minemls. A third mode of occurrence of 
native copper is with gold and silver in some of the stream gravel. 
Placer copper has been found wherever gtreams cutting rocks of the 
Nikolai greenstone have h e n  worked for gold end is pr~sent in pieces 
that range in size from small shot to massea of several hundred pounds 
ar at one locality even more than a Eon. 

The largest mass of native copper so far discovered in tbe Chitina 
Valley is that from Er'ugget Cmek,B1 in the Kuakulnna, district, which 
was found in the stream bed and wras on display in Chitina for several 
years but i8 now at Gulkana. Aaotber large mass of native copper 

m M d t ,  F. R., uad Mmt& J.  B., Ir., The Kmlm-Kw%nbm diaPl& V. fl. Owl. BuII. 7% 
p. 8a, I=. 
u Idam, p f l .  
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weighkg two or three times as much as that from Nugget Creek was 
hund in slide rock on the White River in Canadian ter r i toy  a few miles 
~t of the international. boundary.8s This mass is s slgb avera%ing S 
kt by 4 feet by 4 inches and weighing 6,000 pounda. In the N s n a  

;a district native copper has been recovered from the lfoId placers and 
shipped to the smelters but has not been found in pa$ng quantities in 
bedrock. 

Siver-bearing tetrahedrite ia h o r n  at only one locality on thw 
Kotsina River, where it occurs in a vein with chdcopyrite, galena, 

f and a small mount of a bismuth-bearing mineral, probably bisl 
mu thini te. 

The copper deposits in ~monstone are believed to have undorgons 
weathering and possibly nlttorntion during the same period as the 
deposits in limestone. In Tertiary time the land was subjected to 
a long poriod of denudation, during which weathering tgencios were 
active. With the coming of the glacial ice much of activity 
ceased or was retarded, but in the mountainous meas, at leasat, mi+ 

' chanicnl emion was specdcd up, Vast quantities of rock were re- 
moved, and much of t.he weathered surface material was carried away. 
If oxidation and enrichmerit or impovofishrnent of the ore bodies had. 
taken place previously, most of the resulting material was rernovad. 

i Yet st Kennecott the processas of oxidation acted on sulphide ores in 
limestone at great depth below tlre present surface. No mason is 
known for supposing that  copper dcposits sxposod at the surface in 

5 this district will bo found to be either richer or poorer below the 
surfme. Tho surfaco exposures are dependent on the; accidents of 
msion, which may have progressed only so f ~ r  tw to expose the b e -  
&g of an ore body or which mRy hare exposed a maximum cmm 
section or romoved all but the last trnces of the body. The first 
two possibilities are well illustrated by the conditions at Kennecott. 
When the Bonanza mi110 was discovered a large section of the ore ' 
body was exposed at the surface, and hundreds of tous of high-grade 
ore &bat had been orodd from the exposed voin lay in the tdus on ettch 

3 side of Bonanza Ridge. The depasit at the Jumbo mine, on tho other 
hand, was littb morc thnn indicated by surface exposures, and not 
until mining h d  procaeded for soms time was the immense &e of 
that ore body disclosed. 

GOLD 
T 

&ld is present in the gravel deposits and in mineralized veins 
of widely septlrated loca;lities within the area considered. Much of 
the greater part of the gold already recovered from sich doposita was 
placer gold m d  was taken from the stream gravel of Dan and Chititu 
* m t ,  P. H.. and ajlopl, Adolph, Miaard ~~ of tba NshwWhIte  R i m  dIstri4 blwka: 
U. S+ 08O1. BLUVBY Bull. 41'1, p. 68,1810. 

558- 
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Creeks and thair tributarim, in the N i h  district. Other streams 
that h m  yielded placer gold are Young and aolconda Croeh. 
Tmignihmt mounts of placor gold h ~ v e  been produced from Slatka 
Creek, in the Kuskuhntna B&sin, and from Fall Creek, near Tiekel. 
The gold placers of the Cbisana district are o u a e  the Ximib of the 
area considered in this paper. 

O n e  characterbtic of the gold placers that have been most pmducti~e 
Bbould be emphmbed particularly. Tho rich& gravel owes its 
richness largely &o a concentnltion of gold that wrts disseminated 
through the deep bench gravel and was brought to its state of con- 
centration by the erosive action of streams that sorted out and m o v e d  
the lighter conatituente from the bench gravel, leaving behind the 
heavier material, j u ~ t  RI ia done in a sluice box. Further refemm 
is made ta this fact on pages 128-129. 

Aurilerous vein8 in the badrock furnished the gold that, Ehrou~h 
the proceasos of weathering and tr~nsportation by water nnd other 
means, was finally distributed in the gravel. It is proper therefore 
ta consider the vein deposits fmt. 

Gold-baaring veins are known in r o c h  of the Strahe formation 
end in rocks of the Chugach Mounteina that have been correlated with 
the Strelnn. 'She greater number of known veins, howaver, are 
in rocks of Lower Cretaceous or later age on the nortll side of the 
Chitin% Valley and in that p a t  assemblage of slate find graywmke 
beds in the Chugach Mountains that is believed ta be l q d y  if not 
wholly of Mesozoic age and ta have boen deposited at least in part 
during Cmtacoous time. 

It is probable that the gold wlrs deposited during at least two 
periods, of which one was mfier than that of the Upper Jurassic ( 9 )  
rocks eaat of the Kuskulans River and the other n-&lg later than 
that of -the Lower Gret~cmus shalea that endose the veins of then 
Niaine, district. Possibly other periods are aha mpmented, but no 
gold-benring v a b  are known in the Tertiary rocks. Evidence for a 
period of gold deposition aarlier thnn Uppsr Jurassic is not complete. 
Possibly the golddver veins of Berg Creek are not connected with the 
cantnct-mehmorphio copper depo~ita noarby on MacDo@ Cmk 
but are of later age. If this is true the gold deposita may eventually 
prove to belong to only one period. 
AU the geld veins so Iar dimovered occur in mlrs thnt are cut 

by grnnodioritic intrusives, and although the dependence of one on 
the other has not been demonstrated, the association is close in plmes 
and is t.hought to be significant. hI ertie has shown the exl'stsnce of 
such a relation in the Yukon and Kuakokwim rqions, and its mistenm 
in this m a  also is probable. 



The gold-behg v& have not been explod suEcient2y to 
warrant a aoparstion into distinct typca, yet dEerencm in mannor of 
occmnce  are apparent. Tho silver-gold depodts of Berg Creek 
occur aa v&8 of iron and copper sulphidos with a little quartz and 
are found in e body of porphyritic grmodiorite. P p t e  ia the pre-- 
v d b g  sulphide, but chalcopyrite is presont and &ow@ an iridescent 
stain where weathered. Mill tests showed that the richest ere comes 
from oxidized parts of the veins and that silver predominates largely 
in quantity over the gold. 

A frequently mentioned gold vein on Bmito Creek near the trail 
from Strelna ta Elliott Crcek consists of quartz and a subordinate 
quantity of coarsoly crystalline calcite, with which are associated 
chalcopyrite, bomite, pyrite, and free gold. Stains of azurite and 
malachibe h m  resulted from tho oxidt~tion of the copper sulphides. 
This vein is in roch of the Strolna formation. Although it hos barn 
h o r n  for many years and oomiderable work was done on it at one 
time, no serious attempt has been made ta exploit it rocently and little 
more ia known of ia pcmsibilities. 

The gold-bearing veins of the Ch~igach Mauntdn ma, wch aa . 
those found along the lower Copper River, new the Richardson 
Highway, and .in other localities, cxlnsist of quartz c~rsging metallic 
sulphides and free gold. Galena is present in p l m ,  also men* 
pyrita, sphalerite, pyrite, and a lit.Wle chalcopyrite. Theso vains cut 
slab and graywacke and are nssociated with light-colored dikea of 
diorite and granite. Many of the veins have yieldd rich m p l e s  of 
gold ore, and s e v e d  have prduced gold commlcrcidy. The 1-t 
and beat known of the productive veins is at the G M  mine of the 
Chugsch Minm Co., on VnIdez h, which lies outside the area under 
consideration. Another vein that yielded between $10,000 and 
820,000 before the rich ore was exhamM is the Ellis h e ,  on Boulder 
Creek near Tiekel. This vein, like the gold-bearing veins nearby on 
Mill Cnmk and on Hurtle Crsek, consists of gold-hurhg quartz that 
wae deposited in one of the systems of north-south joint planes t b t  
cut the data and p y w s c k e  b d ~  and are characteristic of the Tonsha 
district. The quartz of the north-muth joint system appua to be 
later than the quartz veins that follow the foliation of the subscbtose 
country rock and the equally prominent Pein system that includes the 
multitude of thin p a d e l  veins which are seen everywhere in that 
district. At least it may be said that the minerdbation wrta ass+ 
ciakd with north-south veins. The weathering of veins of this trend 
probably accounb for the g ~ l d  in the gravel of Fall Creek and of 
Quartz Creek, a stream that flows into the T o k a  River and pro- 
duced a little placer gold during the gold oxcitemen t of 1898 and 1899. 

At present (1935) much local interest is centered on the prospecting 
of gold-bearing veins at the head of Golconda Creek, s tributary of 
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the Bremner River, where the slates and graywackes am cut by many 
l ightmlod porphyritic dikes and an area of minodization that has 
long been known was produced. Without much ddobt the placer 
gold of Golconda Creek was derived from veins of this syatern. The 
principal mining development is that of the Bremnsr Mining Co., on 
the ridge nort.hwest of the divide betweon Golconda and Monahan 
Creeks. Several veins have been prospected. The type is i l l u s t r a t  4 

by the one first exploited, which lies along the emt side of s dike trend- 
ing a little west of north and consish of quartz in which the most 
conspicuous metallic minerals are pyrite and plena. The property 
has been equipped with a mill, tram, and other mining machinery 
but hnd not come into full production when this wns writ.ten. 

The gold-quarh veins in the Cretaceous sMes of the Nizina district 
mntaiu pyrite and free gold, with locally some molybdenite nnd pmb- 
ably some stibnite. Galena, cinnabar, barite, and marcmite may dm 
bo present, for they are found in the creek gravel. A small vein on 
Rex Creek was found to consist of quarts with malybdenite and pyrite 
and assayed 0.18 ounce of gold and 12.80 ounces of silver to the ton. 
A dike rock now thie vein seemed to be little alterad and contained 
pyrite with traces of bath gold and silver. Tho* occurrences are 
citad to &ow the evidence for a I d  source of the gold in the creek 
gravol and to indicate that prospecting for gold lodes is justifid. 

Gold placers in this district bave been mined profitably only in the 
dminnge basins of Dan m d  Chititu Creeks and on a tributary to the 
north branch of the Brernner R i ~ e r  south of the Chitin& Valley. 
In the Don-Chititu area the placer gold has been derived from gold- 
bearing veins in the Cretaceous hales, and in tho B m o r  area from 
veins in roch of the alate-paywacke succession. 

Tha gold of Dan and Chititu Creeks and their tributaries is asso- 
cisted with native copper and native silver. Native copper, however, 
dom not acmmpw the gold on tributaries such as the upper part of 
Rex Creek, whore the Nikolai greenstone is not exposed and where 
foreign grave1 derived from the greenstone farther esst in Chitina 
Valley w w  not bmvgh t in by the glaciers. 'Fhis fact is s u g g d v e  and 
pointe to the NikoId greenstone as the bedrock source 01 the native 
copper in tha gravel deposits. 

One feature of the gold p l m  that was referred to above and de- 
m e s  consideration q a h  is that the most productive gravel L that 
in which a concentration of gold from the bench grave1 has taken place. 
The deep bench-gravel deposit5 of both Dm and Chititu Creeks con- 
tain gold distributd throughout their thickness, although they show a 
partial concentration of gold in places. h explained on page 102, tha 
deep grave1 deposits in these streams rare in part the product of glaeia- 
tion and accumdatd in the side valleys behind ice barrier& that 
occupied the Nhha Valley. When the ice disappeared the stmama 



attmckd the grape1 deposits, removing part of the grevel and bringing 
about a mncentration of the heavy material contained in them, thus 
forming the richer stream p l a ~ r s .  
Prospecting tunnels have been driven in numemug places to test the 

bnch ~ a v e l ,  and gold has been mined from it both by underground 
4. mining operations and by open-cut hydraulic methods. These opere 

tions have shown that much of the gold in the bench gravel is con- 
centrntcd near bedrock or in plmces on "fdse bedr~ck" at varying dis- 
tances above bedrock. Furthcr, the bench gravel itself contains old 
stream-channd deposits of gravel with concentrations of placar gold. s Parts of welldefined old channels, nbove the present atream courses, 
have been mined on both sides of lower Dan Greelr and on Rex Creek 
and have yielded considerable gold. It is only such old channel de- 
posits in the bcnch gravel and the richer concentrations on bedrock 
that have been mined profitably so far. Possibly the upper part of the 
bench gravel i s  too poor to be mined for its own gold content, so that 
the cost of its removal must be borne by the lower and richer gravel 
when the time comes for exploiting the benches. 

Reconcentration of gold from the deep bench gavel into premnt 
stre- gravel is common in many parts of Alaska. The older gravel 
deposits were trenched, and much of the matorial was removed or is 

f being removed by presenMay etreams. During thia proam the gold 
in the reworked gravel mceives a further concentration, with the result 
that the creek gravel is much enriched. A knowledge of thin process 
should lead the prospector to give ~pecial attention to those localiltiea 

S where atreams are wen to  he reworking bench gravel. 

The occurrence of dver hss been mentioned in considering copper 
and gold. Silver o c c m  in this district in association with the copper 
ores of Kennetlott, where it is present to the amount of 14 to 16 ounces 
to the ton of high-grade ore or 1.73 ouncee to tho ton of ore aa mined 
in 1932; in the pyrits-chalcopyrite veina on Berg Creek; in the tetra- 

e hedrite veins on the Kotsina River; and aa native ailver associated 
with native copper and gold in the gold placers of the Nizinn district. 
Samples taken from gold-bearing veins In Marent parts of the district 
commonly contain some f vor. 

FOX the purpose of this paper it is not necessay to discuss the 
q dver movered in smelting the copper ores of Kemecott, as that is 

plainly a byproduct of copper mining. 
The claims on Berg Creek wero staked and prospectad for coppsr, 

but the voina now being mined wore found on exploration t o  be worth 
more in gold and silver than in copper. Later, when the mill was 
started, it ww learned that silver predominated largely in quantity 
over the gold. 
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Silver is the only metal in the silver-'bearing BtFshdte veins of the 
Kotsina River that may have a cornmereid value, but exploration af 
the veina has not progrmed to the stage where their value ham been 
demonstrntd. The v&s are apparently in m b  of the Strelna for- 
mation but an, dose to the Nikolai greenstme and not more than a 
third of B d e  from a mass of granodiorite which intrudee the Strelna 
mcb. The country mck enclosing the deposits is much shattered and 
faulted. Tbe veins consist of a, quartz gangue containing tetraha- 
drite, galena, murite, and malachite. Bismuth is present in tiny 
veinlets of bimthinite (1) cutting the tetrahodrite. No similar 
v e h ~  have been found elsewhere in the Chitina Valley. 

Veins carrying a large proportion of galena among other sulphides , 
are found on the south side of the Chitine River in the mountain be- 
tween that stream and the Tebay River. These veins are reported to 
carry silver, but there has been no production of dver  or athcr metala 
from them to  this time. They are in rocks that am carrelated with 
the Strelna formation. 

Nuggets of silver and a l ~ o  of copper and silver ("half b d d ' )  
rn frequently found in the sluice boxes on Dan and Chititu Creeka. 
One of the largeat silver nuggets from the N S s  district hown to 
the writer was found on Chititu Creek and consistsd of a mass of nac 
tive silver and quartz weighing 7 pounds. Other large nuggetg have 
boen found, and some of them may have been even Iarger than the 
one mcntitmed. Silver is not likely to 'be produced from placers in 
this district except as n byproduct in the mining of placer gold. No 
svidance is known to indicate that silver is mywhere present in com- 
mercial plncera. DQU~C~CH the copper will bs mught in the placer 
gravel befom silvar, if it ever becornea profitable to mine either metal 
where gold is not present. 

BuMBxkBP 

Evidence of the occurrence of m e m c  minerahation is found in 
dl parts of the area considered In this report. The march for non- 
mstdifmna deposits, such as sand, clay, and stone, hm not been 
pushed, for eve.n if they me present they have little vdue in the % 

present stage of the development of Aleska, and the outside mnrket 
is too distant for profitable exploitation. Seam of cod have been 
found associatd with ths late Mesozoic and Tertiary rocks but are 
too mall to have value. In the present knowledge of the geology r 
of the area it s e m s  safe to say that a search for either cod or 02 is 
most likely to prove unsuccessfd. 

Copper, gold, md silver are being mined in the Chitina Vallq. 
Copper far outFanka tha other two metale in value of production. 
Much the larger part of the capper so far produced h~ come from 
deposits in the chitistone hmtone  st Kemecott. Practically alI 
the gold hna been taken from the gold placers 02 Dm and Chitiltu 
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b k e ,  although 8 8 m d  proportion came from other p h e m  and 
from lodee. Silver is an i m p o h t  mnstituent of the o m  from 
Kemecott, is present in the gold placers, and hss been recovered 
from one vein deposit. 

The only producing copper mine is in the bssd beds of the Chitistone 
4, h a t o n e ,  but copper deposits also occur in the basaltic lava flow8 

. of the Nikolai greenstone and in similar br~sdt~ie lame of the Streha 
formation, which underlies the Nikolai. Experience gained from 
mining and from a consideration of the known occurrences of copper 

r r minerals indicates that the most favorable horizon in the Cbitistona 
hestone for copper deposite is in the beds near the Niko!ai gcen- 
atone. This conclusion, however, is not universally applicable, for the 
original outcrop of the Mother Lode mine, now being expIoitd by the 
Kennecott Corporation, wm mmy hundreds of feet atratigraphicall y 
above the base of the limestone, poadbly near the middle of the forma- 
tion. A few copper deposib in greenstone occur na welldefined k u r e  
veim, but by far the gentcr number were formed by the deposition of 
copper minemls in preexisting openings or by the replacement of the 
wall mck along irreguIer and intricate sysltems of frsc tures. 

Gold and silvcr are found in formations ranging from the t d ,  
limestone, shale, and basalt flom of the Strehe fomation to the 

k Crehceous shales. Gold is produd chiefly from placer gravel, and 
6. silver from the silver-bearing copper ores of Kennmtt, but both 

metals are being produced from vein deposits, so that the expectation 

% gf finding other gold4lver veins is -nabla. The probable depend- 
ence of goldsilver mineralization on the intrusion of grmodioritia 
mke ehould ba kept in mind in prospecting for p b x  deposits aa 
well ss for veins. 

Proepmbw searching for cupper or gold lodes in this district 
rshould not expect a necessarg or probable increase in the d u e  of om 
depmita at depth, for in gcnoral the origbaI zone of oxidation and 
enrichment was largely removed during t h e  period of intense glaciation. 
Yet in thia connection it is well to  remembar that the wl ier  idam on 

7 the subject had t o  be modified when it was found that oxidation had 
boen effective at the lowest depth reached in the Mother Lode mina 
at Kennecot6tha.t is, a level far below the present surface but atiU 
about 1,500 feet higher than Mecarthy Creek, on the east. The 

t 
depth of an ore body below the present surface and the vertical 
distribution of high-gmde ore are likely to  depend largely on the 
accidentn of emion. The richest part of the lode is as likely to be 
exposod at the surf ace as the poorest. 

Furthermore, the prospector for placer gold should pay particular 
attention to deep grave1 which is baing reworked by present e t r e m ,  
for t h i s  process at m y  Alaskan localities hns resultad in a reconcsn- 
tration of low&@ deposits m d  the formation of valuable placerr 
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