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GEOLOGY OF THE EAGLECIRCLE DISTRICT, 

d 
ALASKA 

\ 

The district here designated the E a ~ e - C i d ~  &ct lies between 
meridians 140° 46' and 144" 15' west longitud~ and p d e l ~  6 4 O  SET 
a d  6 6 O  north lratitude m d  comprises a nearly qume area of about 
10,000 square miles. (See fig. I.) The Y h  River rang diagonally 
across the area from the s o u t h 4  corner to the northwest corner. 
7 5 s  area is, geographically the connecting link betwarn the Fortymile 
mining district, to the southeast, and the Circle mining district, to the 
northwest. It embraces the Seventymile district md the American 
Creek, Fourth of July C m k ,  md Woodchopper Greeg: preciah 

TI& region has inbdksd prospehre and p I o +  for m y  
* p r &  Gold placer mining was bgun in the Fortymile Wct in 

1887 and in the Circle district in 1894, and mining operations have 
c oontinued in these two districts up to  the present day. In vim d - 
4- their producti~eness it was but natural that the atterntion of pmspec- 

.tors should be directmi t o  the intemning area south of the Yukon. 
r* A p t  deal of prospecting bgs 'Iwen done, and in tha aggregate a 

considerable smount of gold has beem recovered in the last 25 or 80 
years, aIthoagh no large mining c a m p  have so fmr been edubbhed. 
T h e  GeoIogid Survey, ebo, has been p t l y  jnhmted in this intar- 
vening area becnu~~e of its potential importance to the mining h d n s  
try and its unique geologic features. 

T h e  area ansidered in the present report may logimlly be divided 
into two p&s; one, which mmprisas some PO per cent of the total, 
lies northeast of the 'TTulron, and the other Iias aonthwmt of the 
Yukon. T h e  northendern part is mapped,  boEh topogrnphidy 
and gmlogidy, except for the work of the international boundary 
m m y  along the international bnndarg and the obsemations of 

1 



*rob who ban t m d  t h ~  P h  The eouthwmbm three- 
fifth becam of its potentid $conomic m g d c m -  h been m p p 3  
most oornpbtely, h t h  topgraphidly and geologically, on tbs 
~ e r o n r u h c e  d e  of 1 : 250,000. 

' MU& of the initid work of the Geulogical S n r ~ e ~ r  in s sew regicm 
ki mnemtrnted' in the environs of mining diattiets, in order to give 
to pmapectanr and miners tha obvious benefits of pd bapogmphic 
and @logic maps and to correlate the facts of mining and geology 



INTRODUCTION 3 

for a better undaretmding of the procam of minerahatiom This 
pmaedum, of course, ia most; de9irabIe; but geologiwlly it i~ of tm 
dhppointing, becausei mgions in which intensive minwaketim hws 
occurred are liMy to be regions of more than ordinarily complex 
geology* Under such c i r c m m  kbe gealogiat undertakee to de- 
cipher the geologic record under the lwt favorable conditions, and 
instead of working from the fiimple to the coslplex he i% obliged to 
work in the remm order, The area here considered is an excellent 
example of this condition. The gouthwestern part is a region wm- 
posed Iaargdy of metamorphic rocks, and although r mnsiderable 
amount of geologic work has been done there, the totd resulh are 
gomewhat disappointing. me northeastern part mntains geologic 
formations of the same general age as those muth of the river, in a 
relnltively enmetamorphod condition, but it is practically an nn- 
known land so far as the geologist is conceraed. The -era fo 
numerous msettld geologic problems mentioned H this paper wi l l  
ultimately km fomd through study of the hitherto n e g l d d  territory 
north of the Yukon. 

The earlieat geologic notes on this &retch of the Yukon, from 
Circle to the international boundary, were made in 1888 by Mc- 
Copnell,l in the mum of an q1mhry trip from the Mackenzie 
River amw ta the Pornpine, down that stream to Fort Yukon, and 
up the Y&m to the confluence of the Pdy and h w e s  Rivem 
Ogilpie,B a h  in 1888, made a traverse up the Tabondnk River and 
owr to the Porcnpine, taking some geologic notes upon the rocb 
in the Tatonduk Valley. In 1889 R u d  made 5 rapid trip up the 
Yukon River from St. Michael to the hedwatem. Iiis observations, 
howem, were mare conwmed wiLh the w&ciP fenturn of tha 
region than with the herd-& geology. 

Systematia geologic -work in thki region ma  5mt attempted in 
1896, when s Geological Sumey party under the lmdemhip of J. E, 
Spurr ' t r a v d  the Yukon from ita headwatars as far downsheam 
as Ndnto, visiting on the way the mining camps contiguous to the 
river. The report embodying the results of this expedition is of 
great intenst in so far as it rel& to the history  of exploration and 
early mining activities, snd many of the geologic observatim dso 
are useful. Three of SpurrSs formation names, Birch Creek '' mriqfi 
Rampart wmrie3," and Tahkmdit " si3iq'' have 'been reddined to 

*YICapgptll, E. 0, hport  vn m ~ l a r s t l o n  in the Yukon and Bbackm~b -1- 
m m h r a t  Ternm: Canada Qeo1. Sanm Ann Begt., new aer., voL 74, pp. 184-189D, 
1m. 

nQetl* IbpiOrr- m a y  ot part of t h e  Lrmm. !Catnnd& Somupine, 
PPCI, and Ha&& mVm, anad. IntetI0~ m., 1890. 

R u d i .  I .  C., N o h  rn tho d a m  gedm a i  A 1 h  : W. Bw. draaries grill, aol I, 
pD. -168. 1890, 

* &xm, Y. JL, -1- o i  tbr Pnlton sold disMEt, Maub: U. 8. Oeol. an'- -b 
Wth Ann. Eapt., p+ 8. m. 87-899. lags. 



fib l a b  knowldge of the stratigmpb30 mid lithologic mditio& d 
m a i n  in mmmon nsage, these b e i  naw designated, rqwtivelp,  
Birch Creek =hi&, Rampart group, snd Tahkandit limestone. 

The fimt tupogrephic mapping irr this region wna done in 1898, 
w h  E. C. B a r n d  made a reconnaissance topographic map of the 
Fortpule qudmngIe. The northern part of this gmdrmgle in- 
cludes tha Yukon Biver and contiguonrr territory from the inkrna- 
tional bomabry do*- to the Tatonduk River, as well as the 
SevenQmiIe Biver and American Creeg: Bash, and this map re- 
mgins &ill a snitable barn for geologic mapping in the mutheast 
corner of the area under comideratioa. 

Some further gmlogic observations wem made in 1899 by BmbP 
in the course of ra traverse from Lynn Csnal to Eagle. 

The accnmuhtioa of detailed ~tmtigraphic data wae begun in 1002 
by Collier: who traversed the Yukon from Damn,  Yukon Terri- 
tory, to the Y b  Delta, giving particular sttentian and study to 
the Mesomic and Tertiary cod-bearing h r r m e ~ .  During 1908 
Arthur Rollick risrited the same general region, in order to make 
more extensive dlections of fossil plants from the mnl-bring beds 
h 1W3 PrindIe began s systematic study of the geology and min- 

eral rmurzes of the Yukon-Tanma region, which eontinned inter- 
mittently until 1911. CoincidentaIly with this geologic work, a 
mcmmigsance topographic map of the Circle quadrmglo math of 
the Yukon was prepared in 1903, 1904, 1905, and 1908, by T. G. 
Gordine, Dm C. Witherspoon, R. B. Oliver, J. W. Bagley, and G. T. 
Ford. Prindle, in t h w  years, outlined the fundamental geologic 
featurea of this region and laid a lasting geologic foundation for 
subqent  work. Prlndle's traverse of 1903 fmm Eagle to  Fair- 
banks by way of CircI.~ and the t r a m  in 1911 by Prindie and the 
writer both cover s part of the area here described and form a part 
of the grogroundwork for the following publications: 

Printlie, L. M., The gold   lac em of the Fortymfle, Blwh Cree4 and FaIrbanga 
r&$oas, Alaska : U. 8. W Bumey BulI. 261, 1905. 

~ r l n d h ,  L. M, The Tu?xm-Tanaaa region, Blaska-Deesdption d Circle quad- 
rangIe: IJ. H. Wl. mmey BuIl. !W, 3.WbB. 
mu&, L M., The FortgmlIe guadranlpe, Yukon-Tanana -on, Alash:' 

u* s. Wl. survey Brill. 375, 1m. 
Prindle, L. M., 8nd Mertfe, 3. B., fr, CfolB placers between Woedcboppec and 

h r t h  of July Cree&, upper Yukon River: U. 8. Qeol. Elnmey BnlL 620, pp 
m-210, 1912. 

Prindle, L M., A gwlogfc reconmissante of the O l f f l e  quadrum&, Alaska: 
U. 8. Gd. aurveg BdL 538, 1913. 

.Brookan A. 8.. A recamalsaance trmn pgramld Hrrbar to m e  City, Ahski, iacla& 
Ing a desdpUon ot tha copper d m t n  of the upper mttt and Tamma glvcnr: U. S. 
Qeol. IJnrvey !benty-flmt Ann. Rept. pt. 2, p ~ .  3314W1, 1800. 

nColliur. b, J., Coal m u -  of the Yukon Bash : U, 8. -1. B u m  Emll. 2lB, 101)$. 



Am important centribntion to ths geology of this m a  was m d s  
in 1906 by B m b  and Kindle: who d e  a k t  travem from the 
i n f e d ~ n s l  boundary to Circle, -ding about two months in a 
stady of a a  d o n  expeed along the river. Their p a w  not only 
contained additional stratigraphic data af great value but at- 
famptd for the h t  time a general cornlation of the geologic 

3 terranes of intarior Alaska. 
In 19ll and 1912 the Inhational  Boundary Sumey prepared a 

topographic map embracing a strip 2 to 8 mila wide on each side 
k of the bannday from the Yukon River Eo the Arctic Ooean. A 

geologic m e y  along the boundary ww a h  made, md for this 
< purpm the strip was divided into a northern section extendimg from 

the Pomphe River to the Arctic and a seuthern m i o n  extanding 
from the Yulron R i m  to the Porcupine. The muthem part of the' 
muthem section is within the sms here &scribed. The geology of 
the southem d o n  was studied by Cairnes,B repmnting the Qm+ 
logics1 Survey of Canada. On8 of the inhmdhg m l t a  of Caimes'~ 
work was the dimvery in this arm of a well-developed sequence of 
lowar Pdeozoin r&, including r& of Cambrian age. 

'RIB triangle bundad on the east by the international boundary, on 
the northwest by the Porcupine River, and on the mnthwest by the 
Ydmn River contains unquestionably th8 most complete Palebzoio 
mction in Alaska, but it is as yet almost mexp1ored. Wishing, if 
possible, to obtain additional data on this Paleozoic section, A. IT. 
B m b ,  chief Alaskan geologist of the United States Geologid 
Survey, in 1916 diqatched Eliot Blachelder upon a boat trip from 

'h the international boundary t~ (lid& BIackwelder spent prhaps a 
month in this work, and from the data so mllected he prepared a 

a geologic report on this river &ion. E b  report was never pub- 
lished but mag available to tbs writer, both in the field and in the 

< 

offia, and was of p t  assistthnce in the preparation of the p m n t  
* mP'* 

Further @%ontulogie field work was done in 1918 by G. H. Gixty, 
of the Oeologid Snmy,  who made exhsive f d  collections %ram 
the type Mississippian and Permian IocaIities along the Yukon at 
Cdioo Blud and at the mouth of the Nation River, myectively. 

hrhg the mummer of 1836 the writer, a s s i d  by M. M. I h d t d ,  
made another boat tt*avem f corn the international boundary to Circl% 
for the purpose of correlating the work of earlier investigator% 

JBrook~,  A. a., and Kindle, B. M., Paleo~olc and n m d a k d  rmh of the npger Ynkm. 
*lash : -1. Soc. h f l m  Bull,, YOI. 19, pp. 25Wl4, lW8. 

ntnlrneu, D, D., The Yukon-Blamka iaternatlonal h u n d a q  be- Porcaptae and 
Yukon Blvm:  Canada Oeol. Aurvey Mm. 67, 1814. 



!ilis:&ip diderd from previoas bmt trip down the Yukon& that 
an attampt was made b pm&mh BB 3- back-from bhe riwr! M 

p d b l a ,  in order to OW some idea of tha areal diskhution and 
regionnl b n d  of the geologic formatlr#l& Sib trip were m d e  up 
the Nagls, Sevm@nile, and Tatonauk Rivers and Fondh. of July, 
Coal, Woodchopper, and other creeks, and much of the comtrg mv- 
era1 miles back from the river on both ~iides wagl visited. The pres- t 

snt q o r t ,  however, is b a d  also in considerable meamre upon the 
report& of earlier workers in this region, chiefly Collier, Prbdle, 
Brook, Kindle, Blackwelder, and Qirty, and is an attempt to inter- & 
pret d avafldle data in the light of the writer's experience in thii 
lsnd other parts of the interior of AImI*t. 

GEOURAFHIC F U T W R B B  

BElZW MUD D W A 8 B  

!&a EagleGde Wet is a part of #a gmat wmfrd platmu 
+ provinca of interior Alaska, which is bounded on the m t h  bg the 

Alaska Range md on the north by the Broolrs Range. 2%le Masks 
Range is s oont.jnastion of the Coast &age province of the Cordil- 
leraa; but the Brooks Range, tn the north, may represent either the 
Rockg Mountain Rango of the Cordillara, bending northwestward 
into Mash, or a sepmate mountain range of Arctic rather thnn of 
Pacific ahity.  The term plateau, as applied ta the great interior 
province, is somewhat misleading, as this province itself includes 
high wem that almost qualify as mountain ranges. The Ogrlvie 
Mounhins, which cross the international boundary just north of the 

I Y u k q  are apparently ttn in-1 part of the Rocks Mountains 
proper, but they extend only a ahort diatance northwest into Mtb8ka. * 
Similarly, other small mountain p u p s  that enter Mlt9h from 
Yukon Territory-for example, the Keale Mountains, jmt eon& of - 
the Porcupine River, and other smell unnamed mountain grow be- 

CI 
twmn the Yukon and h a n a  Rive-rnny be considered parts of 
the Cordillersn aptem, but thdr ex& physiographic and h c t u r a l  
placement in that system can not at p-nt be given. If the Bmks 
R a s p  mrepmnts the Rocky Momtains aa developed dong the east 
sido of our western Cordillera, the interior pmvine comqmnda 
areally, .though not necessarily physiopphically or ~ c t u m l l y ~  
with tbe G r a t  Besin province af the Wcwtern Stab. If, homer? 
the B w h  Range r n p f ~ ~ ~ ~ ~ b  an Arctic system of momtab, the 
interior province must rep-t the midurn of the western Cordil- 
lera d n u n  the h t  Range. Under either interptdion it will 
probabIy be f o d  that the mnventiond thmfofd division of the 
Cordillera into Const Range, Great Basin, and Mountsin 
provinw will require modification in Alaska. 



The cmtral p W u  province in this longitude has a width from 
mrrth to sonth of 850 to 400 miles, throw the cantar of which %ws 
the Yukon Rimr in a northwderly direetioa The Porcupine axld 

I Tatma Rivere rre the two largast tributarlea of the Yukon, the 
former fltnktnl* the Bmoks on the south md the Iattsr d d -  
ing the &asks Rsnge on the north, The Ynkon River proper, how- 

3 ever, ia the master stream of the area here deslffibed, tha Porcupine 
and Tammu Eivers lying beyond ih limits. The larger tributsriea 
of Yukon betwsen Eagle and Circle, on the norhh side, mmed in 

& order dowdr~am,  are Eagle Cm&, the Tatonduk River (Sheep 
Creak), Hard Luck Creek, the Ration Rimr (Tshkandit River), 
and the Kmdik River (Charley Creek); thorn on the muth mda 
named in the same order, are M G o n  Creek, the hmtymile  River, 
Rout Creek, Michigan Creek, Fourth of July Creek, Logan (Jew- 
ett)  Creek, W d k g b a .  Cmk, the Charlq River, Sam CmIr, Coal 
C1.easc, Woodchopper Crsek, Webbsr Creek, m d  Thanksgiving Creek. 

The Yukon River at the inhrnational bonndw is about 800 fwd 
&bow ma level. A number of ridges in the Circle quadrangle have 
dtitodss of 4,000 to 5,000 feat, and one nnnamed mountain at the 
headwatmw of the Charley River rises to an altitude of 6,340 feet. 
Tha m h m m  d e f  south of the Yukon in this dhhict is therefore 
5,m feet. Nmtb of the Yukon, whem the Ogdvie Mountains cross 
the intermtionaE boundary, mnml monntains are known to  sxceed 
5,000 feet in altitude, and it ia very probable that c t u p p p h i c  sur- 
vey Kill show within this distrjct, west of the boundary, mountains 
&000 or even 71000 feet high The relief north of the Yukon is there- 

* 2- e i d  ag great that ~ ~ t h  of the ~ulron ma m b i y  p t ~ .  
The p w w d  a p c t  of the Yukw Valley as m n  downstream from the 

b? i n t m d i o n d  boundary ia  shown jn Plate 1, A. 

~ S I O G B b P ~ C  - Tha ridge tops in the Yukon-Tanan& region are rather flat, and 
many of the spurs leading bterally horn the r i d p  am alscr fht- 
topped, as well m extraordinarily long; this form, together with. rr 
mtica&la tendenq taward uniformity of ridge altitude in. aerhb 
districts, has led earlier workers to regard this entim a m  between 
tha Ynlrrm and Tanram Rivers as a great dissected peneplain. This 
physiographic clmi6cation is not altogether proper. To be sum, the 
b 1 e v e l  of erosion in this region has been lowered ginm the Plei* 
cene e p h ,  aa shown by the river-cut benches along the Yukon and 
it7 tributary st- But the belief d m  not seem '1~srrested that 
erosion in the Yukon-Tmana region had p r o m  prior to the 

' I  fsgional lowering of base-level, to such a a g e  that a peplain, 
m h , o f l i a r i l y  accepted w of that term, had been devalaped, It 



8 QEOU~QY OF E A O U - C W C ~  DE~ETOT, ALAS- 

is now well known that much of the of the tops of ridges and 
spuw and the abnormal elongation of the spurs are due to edonal  
p m  peculiar a sub-Arctic climate, such az solifluxion, niva- 
tion, altiplanation, and the like. The ground in much of interior 
Almka i s  perpetudly frozany and much of the present movement of 
d6bris is accomplished by the processes named, which depend pri- 
marily upon the fracturing md heaving caused by alternate freezing 
and thaw3ng. Moreover, the rug@ mountaha of thia rwon am 
by no means isolabd monadnocks surrounded by lower country of 
nearly uniform relief. If a peneplain is a land sudaw. that has been 
worn down almod to some base level, then the Yukon-Tmans region 
is not a peneplain. It. a h d d  rather be regadd as an area in which 
a mature but not old topography had been carved prior to the late 
lowering of the bime level. 
T h e  stman-cut benches mnstitrrte another fopogFaphia featurn 

that has attracted the ahntion of every geologist who hna oisitd 
this region. Thm are particularly well developed an a number of 
the streams tributary to the Yukon from the south. On the Forty- 
milg h v m t p i l e ,  and Charley Rivers, for example, a well-developed 
bench about 600 feet above the levd of the present B t m m a  f o m  
very prominent bpograpbio feature. This bench, though very prom- 
in'ent, is only one of severd such dd valley levels. Along the 
8even-e River jnst abom the fialls a low bench about 12 feet 
high in seen on the north side of the valley ; then afbr another rise 
of 4 or 5 feet a gmtt flat stretcbea northward to the b i b .  On the 
sonth mde of the Beventpile River remnants of W a r  low benehw 
are men, mcceeded to the south by a prominent banch abut 125 feat 
high, which is in turn sacceeded by flab gravelavered spurn 1,500 
feet long and 500 feet above the p m t  valley level. The l25-f oot 
bench is very persistent. It follows dawn the south side of the pres- 
ent SevantpniIa V d e y  i.m the point whem the river turn northward 
toward the Ynkoon, then vsers off to the east. This turm indimtes 
th8t the lower part of the old valley of the S e m t p d e  River had s 
wmewht diEermt course from the lower part of the present d e y  
and suggests an old mduence with tbe Yukon somewhere above 
Calico Bluff. The vdey  of the SemQmi le  River is but one of 
many in thia Wrict that show well-developed b n & q  md mch 
topographic fbm are sPid6nm of an interestjng physiogrsphic his- 
tory that will eventually be deciphered when Perm-scde hpopphic  
maps are available and detailed stndias can 6e mid& 
The Yukon River dm has r iverat  benches, but the a ~ e m  to be 

developed in gresbr number and per fdon  farther in 
Yulron Territory s'bove Dswmn. Near the moukh of Woodchopper 
Creek, however, where the Pnkm flows for a r e  d i b c a  in r rela- 
tively narrow chermel ,  there is a well-devdoped d c u t  tmram 



h u t  700 feet above the pprerwnt river l e d  A part of fhis sharply 
d 6 e d  ternwe along the muth side of tbe r i q  above and below 
the month of Woodchopper Creek, is- shown in Plate 1, C, A similar 
b c h  at the month of Washington Creek is shown in Plah I ,  R. 

Zn @nerd, the plataau province of interior M d a  has not bem 
glaciatsd, but ImUy in some of the higher mountain pups alpine 

J glaciation on a small scale has occnmd. In the hadwaters of the 
Charley River, for example, within the limits of the area shown on 
tha accompanying map, Prindlem and the writer in 1911 mapped 

E two small areas of morainal deposits. Other areas in the valleys 
of the Chsrley and Salcha Rivers were aleo map& and detaildl 
work would doubtJess reveal many others. Thesa aress of glaciation 
are confined principally to the granitic d s ,  which constitute tba 
country rock .on and near the Yukon-Tanmns watershed. One of the 
best examplea of this local alpine glmistion may be sean near the 

,&I. 
head of the Charley ~iirer, in the valley of a creek called by Prindle 

. and the writer Momhe Creek. This creek heads against a mountain 
8$M feet high that lies betweem two forks of the Charley River and 
somewhat north of th4 main Yukon-Tanam divide. The d l e y  
h a  the typical U-shaped glacial form, with a floor abu t  500 feet 
wide. At  it^ lower end is a terminal moraine about 406 feet thick, 
which extends dowz18tmm 1% miles into the main valley of tbe 
Charley Riverr, whem it thins gradnally to 100 feet. Here the moraine1 
materid extends downstrekrn to an altitude of somewhat less than 
3,W feet. Tbe glaciated valley of Moraine Creek, the confluence of 
this creek with tha main fork of the Charley River, and the morainal 
material from Moraine Creek that has nearly filled the main valley - are ~ I n m  in Plate 2, A. 

The two principal dements  within this Wct sre Eagle and 
w Ma, both on the mnthw& bank of the Yukon Eiver, &e former s 

few milss lRest of tbe international boundary and the latter about I20 
miles in an air line  do^^. Eegle is a pictnrmque little gettle 
ment built upon a t e r r a  that b wdl  above the high-water level 
.of tha Yukon even at times of srevese flooding after the xpring 
break-up. It undoubtedly ocmrpi~s the best town Irih of the upper 
Yukon in that it is safe from f l d  and yet is locahd alongside a 
deep chmnel of the river, which favors the landing and deparkum 
of river craft. Eagle is the supply pint for the Fortymile, Seventy- 
mile, and American Crwk mining districts and is dm the port of 
entry in coming downstream from Yukon Territory, The permanent 



mmmm white ppthtion is perhaps M people, but the popu- 
lation L larger, owing to the fact that mme of the minm £mm~&a 
near-)q mining districb spend the winter in Eagle. On the Se~em@ 
mile River and on American Creek, edjacent to Eagl~+ there are SO 
to 80 people engaged in mining, and just up&m from EagIe is a 
setthent of nativss. 

C i d e  ia st the upper end of lthe Yukon Flab, u p  n great ri6r 
f l d  plain. It is the supply point for the Birch Creek mining dis- 
trict, to the south. It has at present a gmnmer population of I- 
than a ticore of white people, but, like Eagle, it has an augmented 
winter population, which is derived from t h ~  near-by Brch Greek 
mining district. These lam a h  a oonsiderabla number of natim liv- 
ing parmenently at and near Circle. 

Between Eqle and Circle Ere two smaller aettlemenb, Nntion and 
Woodchopper, the former on the southwest bank of the Pnkon a h t  
2 mi les  below the mouth of the Nation River and the latter an the ,,.;, 

. gama Ride of the riwr just above the mouth of Waodchoppsr Creek. .e7 
Only two men l i n  permanently a t  Nation, but 0 or 10 o h m  are 
aagag.ed in mining on the near-by Fourth of July Creak. Similarly 
at Woadchopper the population consists mainly of the 16 or 20 men . 

engaged in mining and prospectring on Wopdchopper, Coal, md &rtr . 
Creeka 

A few t r a m  and prmpectbm dm live dong the ri* between 
Eagle and Cide, but the total white population of this district imme- 
diately contipom to the. Yukon, not including the Fortpile and 
Birch Creek mining distrieta, is probably lew than 100. 

The Yukon R i m  is the arterial highway of thia @on, being 
t m v e d  by i v e r  crdt in m e r  and by dog sleds in winter. Few 
summer mds ham yet bemi made in this part of Alaska. A mgcm 
road c o m a  Eagle with Bmarican Creek and extends baIbathward 
as a pack trail to t h ~  Fortgmile dbtrict, anofher extend$ out from 
Circle to the Birch Creek mining district, and during the summer of 
1925 a &ort mad wras being constructed from Ratim up Pourth of 
duly C;Eee& Mmch of the freighting is dane in wintet by born 
and dog sleds, but these winter trails are of little use foi. summer 
tramportation. 

Supplies for this region, including the Fortymile and Birch Cwek 
districts, are received mainly by wky of Shgway and Whitehorse 
and thebca down the Yulron through Gausdian territory by river 
boats. The Alaska F b i h a d  does not same the upper Y u h  @on, 

.=. . and &a ,costs of passenger and freight transportation are high. A 
new snmmer road hap recently been built to connect Fair- with 

L 
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Circle by way of Chahnika, and this road ~honId Im of great benefit 
to the Circle didrict, but no steps ham yet b n  *en to m e c t  the 
Fortgmile district with the Tmma Valley. 

% 
The climate of the Yukon-Tanana region as a whole is character- 

imd by long* cold winters and short, relatidy warm mmmem. T ~ B  
extremes of temperature are from 80" below zero in winter to 90" 
above eero or perhaps higher in summer, with an snnud mean 

1 temperstnm of about 24". At Eagle, according to the United States 
Weather B ~ U , ' ~  there am on the average 60 days during the year 
when the maximum temperature exceeds 70°, 265 daya when the 
minimnlrn temperature ia less than 82", and 120 days when the mini- 
mnm temperature is less than zero. 
The mean maximum temperature from May 15 to kptember 15 is 

abut  65" and the. mean minimum about 40"; the mean msrrimwm ' 
from Novembr 1 to April 1 is about "lo0 and the mean minimum for 
the same per$ about - 1 5 O .  Commonly, the a l l u ~ d  depposita are 
permanentEy frown to great depths and thew only a few feet at ths 
top during the summer. A marked exception to this condition d s t s  

: ;! along the banlts of the larger streams, where circulating ground water 
hss in places thawed the ground for several hundred feet back from 
the rives banks. In winter ice freezes on the lakes and quiet ponds 

, to a depth of 6 feet t o r  more. Tha permanently frozen p u n d  is 
believed to  be evidence of a previous geological epoch, in part Pleis- 
tacene, during which the regional climate was even more frigid than 
at present. This deep froat may, therefore, be regarded as an inor- 
ganic f w d  record of s preexisting climatic condition. 

k The laxgar stneams, such 8s the Yukon, usaally begin to fmm over 
about the, middle of October, and the ice break up about the middle 
of May. The am~ller streams freeze earlier in the fall and open later 

r in the spring. In the lugher country kilIing frosts are rare in mid- 
summer but begin in the middle of August and sometimes continue 
throughout May. In the lower country, as along the Yukon, the 
season free of frost is somewhat Ionger. 

The average annnlal precipitation at Eagle, baaed w observatim 
made ovar a period of 18 years, is 10.4 inches. 'Sbe average winter 
momfall, bssed on observations oper a period of 12 years, is 61 inches. 
Without doubt, both rainfall and mwfa l I  are mmewhat greater in 
the rnomtains away from the Yukon, but the region as a whole is 
aerniarid. On ammt of the frozen substrata, the circulation of 

: *I- d tha cllmsb~log~eal data i o ~  Alaska, by mtlmm: U, 8. Weather Bureau 
BnlL W, 26 d. w L  8, 1928. 
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deeper ground wafer in d & d .  A heavy sur6dal clovering of 
sphagnum moas tends to limit the m-off and to hold much of the 
precipitation near the d a c e .  This wet ground f avom the growth 
of vegetation, so that the d r i d  riatare of the region is not rtt once 
apparent to the m a 1  observer. 

The common trees lare spruce, cottonwood, snd white birch, of 
which qmce is the most plentiful. Black b i d  and tamarack are 
nlso found. 8pruce trees a foot or more in diameter may lm seen in 
the bottoms of the larger valleys, but on the ridges and spurs tha 
trees are small, both in height and girth, though in plam very 
densely spaced. Timber line is at abut 2,500 feet on most of the 
ridges, but on limestone ridges and in the ha& of the larger valleys 
it may be severnl hundred feet higher. 
In addition to the trees, a varietg of other pegetatian thrivm. 

Along the smaller streams grow dwarf willows and alders, which in 
some placm are ttlmmt impenetrabIe, and on many of the spars, just 
Mow and a b m  timbr line, the dwarf bhck b i d  forms a dense 
undergrowth. Many smaller planb sad shrubs also abound. Par- 
tial lkta of th- plants have been made by different observers, usually 
in connection with some other work, such as geology, but no compre- 
hensive study of the flora has yet been attempted. Several species 
of moss are very common, covering the pound in the lower valleys 
and extending well up on the ridges. Toward and above timber 
line the lichens become more prevaIent. These constitute one of the 
s o w  of food for the herds of caribou that roam through the coun- 
try, particularly in winter, when the brush and other flowering plants 
fire dormant. 

Gram for horses is abnndant in most of the river v d l e y ~  and on the 
tower spurs. On the upper slopes of many spurs a sllloderste quantity 
of bunch graas mitable for stock may be found. Along the river bars 
s horeetail rush grows in great abundance, and locally the pea vine ; 
both of these, particularly the pea vine, are a t e n  by horses. Stock 
can therefore h d  pasturage during June, July, and August. 

Many varieties of berries grow wild, of which the blueberry and 
low-bush cranberry are the moat a h d a n k  and usefnl. Bed saspber- 
rim, red and black cuxrmts, high-bnsh cranberries, and other berriea 
are aho found. At Eagle, Circle, and other places along the river 
gardens are planted, sad all the hardy vegetables, including potatoes, 
turnips, cabbage, lettuce, rhubarb, beets, carrots, and radishes, aro 
grown without difficulty, 



The lmgw anim Js include cadboa, mom, bear, and sheep. Many 
t h o m d s  of caribon live in this region and form an important 

. sonm of food for the white and native population. The caribou 
assemble in large bbads in August and be+ to migrate across 

- 
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country. One of the impressive sighta of the region is the spectacle 
of such n passing band, whose transit sometimes t ake63  mveral days. 
Moose dso are fairly pIentifu1, but their numbers would be counted 
in hundreds rather than thousmds. Bears also are fairly numerous, 

.& the black bear being more common. In the higher hills, however, the 
great brown grizzly bear, with hhe Jighbcolored back, is seen. Sheep 
are found only in the highest mountain ranges and are relatively 
scarce. 

The fur-bearing mimels include chiefly fox, IF, ~~, mask- 
rat, squirrel, wemel, beaver, mink, land othrr, wolf, and of lata years 
coyote. Other animals, mch as porcupines, rabbits, tw~ and ground 
squirrels, and mice, are also found. 

The native game birds are ptarmigm and gronm, bat in summer 
ducks, geese, and other waterfowl inhabit the country. Other birds 
include the loon, hrn, gulls, owI, hawks, kingfisher, raven, swallom, 
sparrows, junq thrushes, warblers, waxwing, jay, and shriks. 

Gmyling are found in nearly all the streams and trout in a few. 
Salmon run up the larger streams, and other fish, such as whitekhl 
pipike, pickerel, and lake trout, are also present in the lakes and rivers. 

e Pmteromic ar pre-Cambrian rocks have so far bean mmgnized 
definihly only in the southern half of the ares covered by this report. 
T h e  distribution of these r d m  as shown on the accompanying p o -  
logic map (pl. B) shonld b regarded only as a provieional mapping 
that may be materially changed by later work. One reason for this 
uncaftainty is the presence near by of metamorphased lower Pabo- 
zoic mkg, which in seconnaissrtnee work are difficult to distinguish 
from the pre-Cambrian rocks. It is possible and even probable that 
the band of mks mapped as Birch Creek schist around the Glacier 
Mountain rnasaif, m well as the bmnds on the Seventymile River and 
on the Middle Fork of the Fortymile River, may lster be found to 
be Pel80zoic mcks that have 8uEered contact metamorphism as IS 



result of their proximity to the great mass of granitic m3m which 
they border. The rocks on the South Fork of Birch Creek and thmce 
westward, however, are h o s t  surely of pre-Cambrian age. 

The name B i d  Creek &t, as used in this ~ ~ p o r t ,  ,is a designa- 
tion for all the d&dy pre-Cambrian sedimentary of rocks of this e- 

region. The term was introduced originally by Spurr'l in 1898 ns 
Birch Creek series," to characterize the oldest rocks of mdimentary 
origin in the Birch Creek and Fommile districts, although Spurr 4 
steted that "them ere slsa found, although rather sparingly, schists 
of igneous origin, being dikes which have intruded into the sedi- 
mentary 6eri.a~ pmvious to the shearing." As the name is used at 
present, however, the igneous mlts, although not separated from the 
dedimentary roch on the  map, are not considered a part of tha Birch 
Creek schist. It is expected that the m ~ s  will e~entudly be sub- 
divided, when more detailed work is done. h at p-nt the 
more distinct lithologic units are recognized, but no attampt has yet 
been made to delimit these units on a geologic map. It is po&ble 
that the %dir group may prove to be of pce-Cambrian a*, and in 
that event the Birch Creek ~chist would rep-nt only the hum1 part 
of the pre-Cambrian quence.  

Most of the mks of the Birch Creek whist am either achktam or 
peissoid. They include quartzite, puertzite =hist, qurmh-mica 
schist, mica schist, graphitic whist, crystalline limestone, and cal- 
careous schist. The a&ated metamorphic igneous ro& include 
granitic and diaritie gneiss, amphibolite, hornblende schid, and a 
certain proportion of sericita and chlorite schists. Nearly dl thee 
mks are mcrysh11id, but in mme of them t c w  of the original e 

sedimentary or igneous fabric can still be seen. 
Among the schistose rocks quartzite mhht is perhap the mast 

common, followed closely by quartz-mica schist, quartzite, and mica I 

schist. The quartzite schist and quartzite occur for tba m a  part 
in be& 1 foot to several, feet thick and weather into blocb talus 
piles, Plnta 8, A, shows a typical exposure of q u m i h  in the Birch 
Creek schist, In mmy places these quartz-rich I O C ~  are covered by n 
black lichen, which gives the outcrops a dark, forbidding appwance 
fmm a distance. Both muacwlta md biotite 'bcear with the q118Tt92 
in these rocka, but the biotite is perhsps the mom common. . . .  
p m n m  of t h m  micas affords o w  criterion for d i s h n p d m g  M 
pre-Cambrian & from the metamorphosed lower Palaowic &, 
for the latter, even where mbi&ose, are likely b contain n larger 
-- 
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pnqw* of the bydromieas, brittle micas, md chlorite. At sev- 
ersl localities, as for instanca at the head of Woodchopper Creek 
and in the hmdwahrs of the Salche River, the difference in the 
charscter of the micas constituted t.he main basis for the separation 
of the B k h  Greek schist from younger mks. 

Graphitic and calcareous schist and crystalline limestom are found 
5 to  some m n t  throughout the Birch Creek mass, but for the moat 

part such rocks are localized in their distribution in such s way 
aa tO suggest thPf they characterize the upper part; of the seguace. 

& NO large bodies of limestone occur in the Birch CFeek a h a ;  the 
beds or zones range in thickness from a few inches to 100 feet. 
One of the unsolved problems of them older m k s  is the definita 
identification of the carbonaceous and calcnreous memhm as in- 
hgsd pa* of the unit. Even without an exact detsrmh~tion of 
age, sufficient lithologic differencss oxist between these rocks and 
Ithe older pre-Cambrian rocks to afford the basis for a cartographic 
differentiation wheneyer more detailed work can be ampted .  

h w g  the igneous mcks associated with the Birch Creek Bchist 
granitic and dioritic gneisses, particularly the former, are conspicuous. 
In general, the= rocks appmr to invade the Birch Creek schist but Eika 
it haye undergone d c i e n t  metamorphiem to acquire s peissoid m d  
in places a schistme texture, with the resultant formation of new 
minerela Albitieakion of the feldspars, with the production of ml- 
cite, and alteration of ofha dark minerals to epidote, chlorite, and gee- 
unday hornblende OF mica are the more common secondary processes, ' 

One of the more striking types of the= metamorphosed intrusive 
. ' r d m  is s u g n  gneiss, in vhich feldspat augen a8 larga as 2 inches 

in diameter have been observed. Plate 3,B,  shows a typical exposure 
+ of the mgen gneiss. $micite and chlorita schists of uncertain origin 

are also included with the Birch Creek schist as mapped. Soma of 
them schists are of igneous origin, derived probably in part from 

w lavm and h e - p i n e d  intrusive rocks of acidic and intermediate 
character, and therefore do not properly constitute a part of the Birch 
Greek schist. Others are undoubtedly dorived from argillaceous 
sedimentary rocks and are closely related to the gedimentary mica 
schists. Th- rocks p-t rr difficult problem, for their carto- 
graphic diffemtiation will have to be made on btbologic rather than 
p e t i c  differences. These schists, like the carbonaceous and cal- 
mmua metamorphic rocks, belong in ths upper miher than the 
lower part of the sequence and wodd have to be included there in 
any except the moet detailed type of geologic mapping. 

The aswciated amphib01it.a and hornblende schists, produced in ' 
large mrssute by the metamorphism of intermediate, basic, and 
ultrabasic igneous rocks, form another possible mapping unit. Th- 



mcks in aome localities, as at the fa& of the ~ e v ~ n t p i k  River* 
acmr with crystallin8 limestone and quartzite in suEh a way as to 
mggd at lea& the p i b i l i t y  of a wdimenhry origin, They are 
also fonnd at mlrny places, however, in dose asmciatim with the 
peigsoid rocks and are lmaUg intruded by those &. The origin 
of d th- roeh can not be statad with assuranoe, but their field 
~datitms tn the gmi- and to adjaoexlt mdimentary rocka mggwt 
that most of them am mysta l l id  dike snd sill rocks that were 
related genetically to the ancient granitic m a p  thnt produced the 
gneissea. 

-kRD!rmclmmR 

The pre-Cmbrian rack have been sabjmtd to dinertrophism d&- 
ing many periods and have mqnestionsbly been inkndy deformed 
in several stages. They therefore probably re&& in their present 
structure the combined effgcta of clme and open folding, together 
with thrust and normal faulting, repeated several times and amant- 
uated by proximity to intrusive rocks. Original bedding planes, ex- 
cept in the mom massive quartzites and quarteih schists, are quite 
obliterated, and the present visible structure eshibita a multitrrde of 
divem cleavage planes and of close or even recumbent folds, which 
give little idea of the ori@ sequence of deposition. It is believed 
thnt the Birch Creek schist bas a structure  host if not quite as 
complex M the pre-Ordovician schists of Seward Peninsula, and 
neither of these groups of rocks is likely to be understood stmcturally 
for many years to c o w .  
In addition to the regional metamorphism, portions of the pre-- 

Cambrian rocla have been subjected also to intense contact meta- 
morphism caused by granitic intrusions of at least three eras. The 
pre-Cambrian ( 9 )  granite gneiss represen& the earliest of the, the 
Memzoic granite batholiths the second, and the T d a r y  granitic 
intrnsive rocks the third, It is difficult without detailed work to 
=ign to each of these intrusive periods it9 proper share in the con- 
tact-metamorphic efleds now visible, but the Mesozoic granitic mcks 
have unquestionably p r o d u d  a large part of the conk& meta- 
morphism, 

G~rnetifems m k t a  are m m o n  near the contact with the great 
@tic batholith Ulnt stretches from GIacier Mountain westward to 
the Salch~ River, and the Mmzoic granite itmlf at places shows the 
effects of its ijntmsion by a primary gneimid fabric. At the heads 
of Woodchopper end &a1 Creeb, near the contact with the Mesozoic 
granitic mks, Rindle and the writer in 1911 noted also s stauro- 
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litir? gam&femas whist, in which of staurolita m much as 
haif an hch in length wsre @ally ahundanL Mica, particu- 
lfirly biotite, is aZBo prominent in the schist naar itu contact with the 
granite. It is apparent that the =hi& have recwived by injec- 
tion n d d e m b e  amamt of material from the granitic intro- 

3 
mom, for the schists near the contacts am locally Peldspakhic and 
have even in some places themselves been chmpd into augen gneiss. 
much like the oldar rnetamorphmd granitic rock. The schidmity 
hw a h  beefl accentuated by contact metamorphism. These contact. 

dt metamorphic effects, however, are sporadic rather thm universal and 
can not therefore be said to characterize the &id-granite contacts 
as a whole. As the Mwmic intrusions must have sflected the 
Palazwic rss well as #,he pre-Paleozoic roch, it is altogether likely 

' that contact metamorphism has been mistaken for regional meta- 
morphism at soma localities, resulting in the mapping of altered 
Paleozoic rodm as pm-Cambrian. 

Veins of quartz in greater or less number are of oonrse p ~ t  in 
nearly all the geologic formations of this region, but the Birch 
Creek schist, because it is the oldest t e m e ,  contains more ~ e i a  
quarts than any of the younger formations. The quartz is divem in 
character, owing t~ differences in age and mode of formation. Much 
of it h a white .aitmus purr& that ranges from tiny seams to veins 
several feet thick, but some, particularly in the smaller mms ,  is 
alrnbst mlarlass and transpamnt. Little of the porous quartz with 
crystal outlines that is so characteristic of the gold lodes of the Fair- 
b~nZcs district hss h a  found. It was the presence of so much quartz 
that Id mining men as well as the earlier geologic workers in this 
region to believe that areas o f  Birch Creek schist were the most favor- + able lml i t ia  for pmpecting. h a l l y ,  to be, are, the quartz is 
minarrrlhd with suIphides, chiefly pyrite, and A0 gold, but most of 
the quartz in the Birch Creek schist is barren. Aa it is now known 

w that the granitic m k s  are the ultim~te fiources of the gold, the I3imh. 
Creek schist can no loner be regadd  ss the mother lode, except 
in so far ss it h a  h e n  directly mineralized. 
As the Birch Creek schist is the oldest terrane w g n i d  in this 

region, its base has not been wen, and at p m n t  ita upper limit is 
alsa indeterminate. These facts, tmgether with the intend7 oompli- 
mted structure, make it impossible Ito hazard my exact estimate of 
Ithe thickneg& It suftices to s t a b  that at least several thousand and 
perhaps many thowand feet of strata are represented in this mmplex 
of metamorphic rocks. 

AQB ARa m T X O n  

The Birch Creek schist is here classified ae pmCambrian in age. 
T h e  ddest fossils found in this region by Spurr in 1896 were of 



Jhmmh age, and as the Birch C d  schist antedak the reclas in 
which those f d l s  were found it wns designated origlnaUy pm 
Devonian. Snbmquently, in 1909, Princlle la discovered Middle ( V )  
Ordovician fmsila in tbs Whih Momtuim, in a limestone that is 
younger thsn the Birch Creak schist. A gmat t h i h a s s  of r&, 
however, liea betwwn the hown Ordo~cian beds and the Birch Creek , 
whig$ and Prinde suggested at that time the probability that the c 
Birch Creek was pre-Cambrian. Blacftwelder collected Lower Ordo- 
vician fossils from the White Mountain district in 1315, further 
strengthening this conviction. Meanwhile Cdrnes,u in 1911 and 4 
1912, had found Upper Cambrian fossils along the international 
bwndrq, m d  daring the snmmer of 1925 lrnd aguin in 1928 the 
writer collected Middle and Upper Cambrian fo& dong the Yukon 
b low Eagle. T h e  Birch Creek schist is therefore new definitely 
known to be older than Middle Cambrian, and as two other forma- 
tions that are not a part of the Birch Creek schist appear to lie be- 
tween it a d  the Middle Cambrian beds, wigument of the Bimh 
Creek schist Eo the pre-Cambrian seem now to be fully justifid, 
. Elow of the igneous rocks misted with the Birch Cmek mhi&, 

~rotublr the gneimoid mch of granitic afbity, are definitely intru- 
sive irr character and may or may not have been formed prior to the 
GzunbSan period. Evidence that at least some of the gneiew am of 
Palmmic age wwas discovered by the mitar in the Chendellrr dig- 

trict of northern h s k a ,  in 1928. In that ragion ~e Palaomio rocks 
up to and including the Silurian are metamorphosed to a grater or 
less d w ,  and in them the intrusive gneiss was found within s Pew 
feet 05 Silurian ( 1 )  fmils. This gneiss is believed to h of lete 
Silurian or early Devonian zqp. Similarly, a chlorite SCW beliewed 
to have been originsrlly a lava %ow of Silurian qy waa found adjoin- *C 

-tug tbor p a t  middle Silurian limeatone of this region. Doubtlem, 
mcb of shdar character are included with the Birch Creek Bchist 
aa mapped and dl some day have to be ~eparatad from it. - 

The Yukon-kana region is the type locality of the Birch h k  
schist, for it is in this region that t h w  mch are bmt e x p d  and 
in thib region ody that their pm-Csmbrian age has w far been 
cfemm$tmted. .There has hm a tendency to correlsta mhistose 
rocks men elsewhere in Alaska and Yukon Territory with the Birch 
Creek ME&, marely an the ground that mch m h  am greatly 
metamrphod, Mmy such metamorphic IYMAB* howewr, are pro& 
ably of Palemio age and have been sltexd to their p m t  condi- 

u M a ,  L. Y., A m c  r t ~ ~ n m a h m c a  of tha Falrbanke qwdmn#1&, A h a h :  O. B, 
OlcoI B m y  Bull. F a ,  W. 88-88, 1818. 

m C n i r a s q  D. D., Ynkm-Alaska lntetnntlonal bnn- betrreen -nu rlld 
IWon H v w :  Cau& Oaol. Bareer M a ,  8T, pp. 88-65. 1814. 

"Mcrtie, 3. B., p., Oeolom nnd ~ s l d  placem ot the IShanhIhr mrh.lct: W. k 
WU. n8, pp. 2- 1926. 



tion either by in* l d  dynamic didurban- or by contact 
metamo'pw Age assigment on degrea of metamorphism alone, 
withmt contributory ePidence, leads directly to mch fdhda One 
of the mask striking examples of dative differences iz d m  of 
metamorphism may be seen along the Tanma River near Hot 
Gprings, when dightIy metamorphod pre-Silurian rmke may be 

9 aeen on tha east side of Baker Creek, and semischiatom Lower Ore- 
W w  & on the w& side of tho same creek. Contact metarnor- 
phism has been the cause of thia anomaly. 

Z Variws names have been proposed to designate the metamorphic 
m h  of AJasloa and Yukon Territory. Spurr lo in 1886 proposed 
the name " Rirch Creek mries '' for the oldest mcks and the name 
''For@de seriw " for an awemblap of mtamorphic rock  which 
he considered to overlie the Birch Creek schist. This dual 
nwneaclature, however9 has not survived, and the term " Fortv- 
mile series " hm been abandoned, the rocks comprising that so-called 
" series " behg now awigned in part to the Birch Creek mhLt and in 
part to the Palmzoic. 

BmW7 in INSt used the name Nasins eeries " to describe the 
rrchistose racks of the lower Whita River and the tern "Tanma 
schist" for the schistase rocks of the upper Tmana and diffemn- 
tiated a p u p  of granitic gneissas which he believed to be older than 
either of these. In 1899 Brooks " 'used the term " Kdlo seria l' to 
de9ignate the metamorphic rocks of the White River Basin and ap- 
parenfly indnded under this name both the " Nasina series " and the 
"Tanana schist." He indicated, however, that the Kotlo series" 
probably induded mat~morphosed lower Paleozoic as well as pm- 
Cambrian mh. None of these three names have persisted in the 

uw United States Geological Survey nomenclature, but the Ma ta which 
they were applied include in park st least the Rirch Cmk whist. 
though they may be in part yomger. 

Y 
In Ynkon Territory adjacent to Masks M c h e b l  lE has divided 

the metamorphic & into two main groupp--s lower and oIder 
mries, &led by him originally the Indian River series and later 
redesignated the Nesina series, a name earlier applied by Brmh to 
other mks in the lower valIey of the Whib River; and an upper . 
-rim called the KIondb cries. The Nasinn mriw of McConnell 
- 

*spmr, J. J&, ~ b s  -logy of the Y&OII gold dishict, ALarh:  U. '8. Oeol. 8u- 
-th Ann. aept, pt. 5, p p  1&X65, ISBS. 

fl Brmts, k E., d mon~alssance in the Whlte and Tanann Elver E~MIDB, Ala~ks, In 
1888: 0. 8. BPFPep 'lkentieth Am, Bept., pt. 7, pp. 460470, 1800. 

Yamoh. A. E., A remnnab~ance from PyramtU Rsrbor t o  BwIe City, Ahrka, In. 
eladtug a demcr!ptlon of the copper d-lts o t  the upper White and Tanma Rivem: 
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cg- mainly of qnarhite and qnmtz-mica S& bat mdndesr dm 
certain green dh of igneous origin and beds of crgstalline lime- 
stone. The Klondike mriei consists principally of bghbcu10red 
&cib whist and subordinately of darker-colored chlorite , s c m  
both believed to lm of igneoua origin. Associated with and consti- 
tuting, in fact, s subdivision of the Elondike series of McConnell is 
a group of ancient mks of gneissic charactsr that are believed to r 
have intruded into his N h a  series and are probably tha deep- 
matd equivelmts of the sexicite schist of the glondika series. T h e  
rock are h o r n  as the Pelly gneiss, a name which, according to 
M c C o ~ n e U ~ ~  wias applied origindy to them by Brooks, although 5 

t h e  nmne d m  not appear in Brooh'a report on the White and Tmana 
River Bashm Bnother cartographic unit recognized by McConneU 
is the Momhidq diabase, composed mainly of lalbmd diabase and 
apposed to be nearly contemporaneous with the Hlondike series. 
Of thwa units, tba Nasina wries alone is w d e d  as correlative with 
the Birch Greek &st, as redehed in this report. 

Subsequently Chirnesps in 1914, introduced the term Yukon p a p  
t o  include L' all t h w  older mstamorpbosed, dhtme, and gneimid 
rocks of both sedimentary and igneous origin." He further defined 
-the Ynkon p u p  as pre-Cambrian in age. T h i a  term, therefore, 
would indude not only the Birch Creak whist but dl the asmiated 
metamorphic mcla of igneous origin here mspped with the schist. 
No general term, similar t o  Yukon goup,  to inelude all the pre-Cam- 
brian rocks, is at present recognized in the United States Geologica1 
Survey nomenclature. Unfortunately, w shown on page-33, Caima 
included in hi8 mapping of the Yukan group certaia P ~ I ~ z o i c  rocks, 
some of which me es young aa Devonian. This, however, should hi 
no wise detract from the uw of the term Yukon group ae- d&ed 

% 
by. Cairnes. 

G~cgfield,~ in fhe mmt recent p log ic  work done in Yukon Terri- 
tory, has used the general term Yukon group, but has divided the 
group into four subgroups-the Nasina mrieg at the base; the a n -  v 

dike series, overlying the Nasina; the amphibl i tq unnamed, over- 
lying the mondike; and the Pelly gneiss, which i m d e s  the Nasina 
and Klondike seriss as well as the amphiboPitea. It =ma to the 
writer rather likely that pmta of the Klondike m r i q  of the amphibo- 
lib, and of tbe may later turn out to be of Palemi0 ~ge .  

mY-dl, & a., op. dt, mtaote  p, 18I1, 
Edam, DP. 223-28B. 
C n i m ,  D. D., Tha Y m - * a k a  intera~tlwsl hum- between Pormpine and 

-on Bhm: Canadit Qeot 811rver him. 81, R 40, 1814. 
*Cock8eld, W. E.. Bhbmila and Ladue Elver# a m ,  Tuton: Canada Owl. 

Ydem. 128. 392l. 



The tam Tindir group was applied by Cairnes to g m a p  of similar 
3 

rocks at four distinct localities, as follows: Along tho Porcupine 
River wher~ it cn*%ses the international boundary ; along the inter- 
national boundary between Fort and Orange Creeks; along the inter- 
national boundmy between Tindir, Cathedr4 and Hard Luck Creeks; 

-5 along the international boundary southeastward from the mouth of 
Eagle C d .  The &st two localities lie outside the area covered by 
this report and will not be further discussed. The rock of the fourth 
locality are here called the slate-qusrtzite group and for lsck of 
definite pslaontologic evidence have been assigned to the group of 
undiflewntiated noncttlcareous Pdeomie rocks. (See p. 34.) The 
rocks of the third locality, though not seen by the writer, cone within 
the area shown on Plate 12 and mill now be considered. 
As mapped by Cairnes, the rocks of the Tindir group &end from 

tha Cambrian limestone at Jones Ridge northward in a solid block 
for 6 or 6 miles to Cathedral Cmk,  thence northward in a narrow 
wne np s tributaq of Cethcdral Creek and on t o  the northwest and 
north of Mount SIipper. A small outlying msss lies on the north 
side of T h d i r  Creek about 4 miles north of Mouat Slipper. Ba- 
cause of the praximity of t h e ~  areas to Tindir Creek, it seems best 
b regard them as the type locality for this p u p  of rocks. Hem 
mrtainly is the best available evidence for evaluating the age of thu 
%dir group. 

Bs the Tindir group in its type localiQ has not been saen by the 
writer, the dmcription given by Cairnea,Pu referring Eo the Tindir, 

w Cathedml, and Hard Luck Creak areas, is quoted here : 
The nndfr BectIm eqmed sM1 farther south along TindLr Creek and 

btween Ettmln and Hard Luck C a b  parLicularly resembles that observed 
along Porcnpine Rlver, the membera IncludLn~ malnly dolomites, Ilmmtonew, 
quartdtes, d a t a ,  &alas, and greenstoom. Here, however, the greenstonee 
are deeelopml to a mu& greater extent thnn to the north ol Onsnge Creek and 
along the Pornpine, and the qnarfzites instead of b f n g  dominantly white to 
grayish Inclnde more m s h ,  reddish, and dark-mlored members, men qnfte 
black q t l d t e e  being promlnmt in some places, 

The dolomItea weather chamctwlsticaZty mngh an& reddirsh to brownlsb 
aa elsewhere and are mnerally bedded, the strata ranging Ln glacee iram a 
fraction of an in& to a fmt or more in thickness. They also include nnmercms 
ban- d chert 1 to 2 inches thlck. Xnkalated wlth these doIomite alm a m  

1 (Um, D. D, op dh* m 6248, 



oforaImal d& lhmtme beds and a h  ~ o m e  of black data. meiw dolomi- 
a m  to be at Ieaat 700 leek in thIcknm. 

Momt mipper ie ca- bg Man-brim limestones and doIomiteh 
which am mderlain by the members of the T i n a  group Thn~ around the 
W e m  nnd southern faces in particular of f&h mwntaln a splenH8 aseMon of 
rr, part d the Tmdlr rocks Is exhibit& d.ere theee kdm bclnde mainIy dark 
to black calm- abnles, IlrnePnwe6i, and qnartdtes, all invaded by &reen- ' 
ntoaes rshicb acmrr both as dfkem and ~Illa Tha gnartdtea are dominantly thinlp .P 
bedded and nearly black bot weather la placeu to a dark reddbh or peddlsh- 
bPown ;CeIor. The HmeeEwes are p.epaiHngfy alao thinly bedded and dark to 
nearly black Sn & and giade into qwg soft, thinly beaded, Mable black 
calcarrrons sttaler, the ma of the riper KOO && at least ol the section bIng 
~ e r p  d c a t e w e .  The TtndIr beds expond here on M m t  Slipper evldentlg 

j. 

cotlstitnte the upper portlun of the lXlndfr gmmg in Ehla locality and v q  cIo%Ay 
resemWe the shale member Cou~prhLng the nppw 1,000 lest in the 6ectIon 
meammd ~10ng P m p g n e  Rivet. 

A tmIca1 mernbef of the TIndir beds m t h  d Tin& aleo b a dne1y 
Jamhated rock con&ilatinp: of alternating white and bnds, there Mng 
on an ayerage a b u t  20 laminae to the inch. The Ught bands cwsist amI- 
nantlg of qeartx and the dark ban& of arglllaceoun &aly material. 

Certain shales and quartziteer also exhibtt mmdderaMe herruff& a d  lo 
phew -Ions d these beds contain up to 30 per cent or men pmdbly 40 p?r 
cent metallic iron, 
The peenstwe8 are dominantly dlabaaes and o m  in dQs, d&m, and irregll- 

lar Intrusive massea and in pIaw constitute s conaiderabIe pwtlon of the 
enthe formation. The sills are in place# as much as 100 feet and the dl- 
200 feet In thickam. Bince t h w  intmsfons 1 wera =rely noted intrndlng the  
overlying M o n w b r l a n  12mestonesl and dolomitm, f t i w  mclud& that they 
am dominantly at  1- oIder than t h e  rocks 

The nndir rocks here, in the vlclnitg of Tinatr Creak and betwaen Ettraln 
md Hard Luck -Be, an farther north, are characteriaticallg mnch ind#rated, 
iolaed, and contort&, and are also b!dghtIy and varlcdored, W k  and ahaden 
of red, mag, and geUm being conspienoas. A a l e  aide Ul in places may 
exhibit seddlsh to bmm-niah dolomites, yellow to bhck qumtdtes, gray lime- 
atone W, gmg, -, or black shales or slate& and black to bright-red IFOD ore m 
c o n t a l w  W all rlbtmed and intersected by irregular browdda-wmtbming 
grmstwe dikes and alLIs. The hills on T V ~ &  these out- are doml- 
nantlg lofty and lrmgnlarly distribnted and are cbaractarlW by long, &harp, 
ste@ptrlUed sid- with mwth dqm -red wlth a h e  talus The Mght Q 

and contrast& c d m  which tbeg d f b i t  aim &tute me of the mmt &rlklng 
pictorial featrtres of the landmtw of the &drIct. 

'he msignment of the Thdir group by Qirnes to the b m r  Cam- 
brim or pre-Cambrim was made for the following r e w m :  The 
Tindir group underlies the Devonian-Cambrian limestones and -dolo- 
mites between the Bhck River and Fort Creek (north of the area 
here comided) ; the m d i r  group underlies the De~onim-Cambrian 
lim-&g at Mount Slipper, north of Cathedral Creek; along the 
n o d  kde-of Jon- Ridge the Tindir beda were obaewed to underlie 
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-My B lim&ume=doIamita d a a  in which Cambrim fads 
wem h d .  

It ia not lslknwd by the writer that a continuow Devonian-Cam- 
brim hxwdone seqaemce exists along the boundary. Unqnestiomb1y 
S)ev*aian, Silurian, Od~vician, and Cambrian fomils have been col- 
l& from limedone and doubtless aIso at many places 
where it is b p d m b l e  ta map mparately the d8emnt limeatone 
6 But all the stratigraphic data from the Paleozoic mka of 
A M  hdiata that such limestone series are sleparatd from one 
anothar by thick p p a  of essentially noncdcaeous ,mb and a h  
by one or more unconformities, The great mnformity betwean 
the upper Silurian and the Middle Devonian rocby as seen elsewhem 
in wtFal and nortbern Alaska, is .an example of mrch discontinuitieg 
of ssdimantation. Hence the statement that the Tindir group liea 
beneath a Devonian-Cambrian limestone qaerree implies so much 
doubt with regard to the areal distribution and interrelatiom of the 
several lknmtonm within that range of age that such a statement 
feils to be mnpinoing. The first two reasons above givm there- 
fore d h n n t e d  st the out&. 

At Jones Ri*, bowever, * different condition appem to prevail. 
There only C n m b  f d  wera found in' the limwbm dong the 
mth 0 h  of the Thd i r  group, and Cairn- saw the Cambrian 
limeetone resting unmnformably upon the Tindir. A h  two re- 
corded strikes and dips on Jones Ridge within the Cambrian lime- 
stone area show the limestone striking in a, generid northerly to 
northwlterly direction and dipping east to south&, and this st- 
ltituds of the beds, if continued to the Csmbrian-Tindir contact, 
would undoubtedly place the Cambrian stratigraphically abme the 
Tindir. Hence i t  seems reasonably sure that the rocks mspped as 
'JSndir group north of $ones Ridge in fact underlie the Cambrian 
limeatme of Jones Ridge. Cairnes's Cambrian fokls, however, have 
been determined as essentially Upper Cambrian in age, with one lot 
questionably Middle Cambrian, But if, as seems likely, the Middle 
Cambrian is definitely reprasenM at Jonw Ridge, and Middle Cen- 
brim h & n a  Mrasts uncon fomably upon the Tbdir group, it geema 
probable that the Tindir ponp iq as stated by Caimes, Lower 
Cambrim or older. Caimes, evidently believing that this uncon- 
formi* repmsmta a dismntinuity of major magnitude, ww inclined 
Co tth e b l e  pm-Cambrian a p  of all or at least a part of the 
Tindir p n p .  Thia interpretation, though by no means proved, is 
a mash sugpkive one and is fraught with far-rwhing mmquences 
in connection with early Paleozoic and pre-Cambrian correlations. 
h e a  sug-, for example, the correlation of the !b&r gmup 
with the Tataha gnrap, of the Fairbanks district, and this corn- 



ktiw if made with the lower part of the Tatalinrr VQ, wmsi in- 
deed to be a aery logical ane, for thtl Tatalh inddes mcks of 
h w e r  OrdoPician md probably of Cambrian and p C d m i a n  q p  
If the Tindir p u p  should finally be proved to be pm@mrhian im 
age, it would naturally b correlated with some psrt af the Btlgon- 
kian m; and if the Taalins group should ELISO b~ found to in- 
rluda McIm of that age, the Birch Creek schist, which hea heretofow .* 

h e n  regarded medy  as undifl8r&bted pre-Cambrim, would pmb- 
ably come to be regarded as Archem. Much, therefore, b m g s  u p  
a d~fidte  age dehrmination of the Thd5.r group in its fyge h ~ a l i * ~  S 
and future geologic work along the boundary should have this for- 
one of ifg m& important objectives. 

So far as known, the red beds, which are here regarded under-- 
lying the Middle Cambrian, have bem seen only at ona I d i t y ,  hu 
'the d a y  of the Tatondnk River about 3 miles dawnstream frollzl 
the i&rnational boundary. They crop out on bath &dm of the- 
vaUey, end ' i  sharply to the e& again& S i l h  and later P a l d e  
rocks; to the north or north+ howemr, along the Strikg, they 
appea~  to continne for a number of mil= into the heart of the OgiIvier 
Mountains. 

LITH- 

These rocla may be described collectively ae red be&. Aa seen hr 
the bids dong the Tatonduk River they consist of d - w n e  andk 
mndy &ale, with layers of almost pure red hemstimas wdI as layera. n, 
of hematitic breccia. The fragmental material of the breccia con- 
Gsts of poorly assorted subangular to angular pebbles and cobbles 
that range in &diameter from a few inches to a foot. The red &ale. 
is w d  indaratea in the outcrops dong the valley walls, but it &sin- 

Q 

Wgrates rapidly on exposure to the weather and is seen on the graveli 
bars downstream at mmany places as Imps or mounds of xed clay w 
mud. On the slopes dong the south side of the Tabnduk River it 
was found that the red beds contained a large proportion of con-- 
glmemte. At an altitude of 1,44M f& above the valley ffbor an this. 
aouth side of khe valley a m a d ~ e  bed of red cungIomerab perh8ps 7& 
feet thick was seen continuing up the spnr from the c m  It consists 
of mar pebbles of quartz, chert, slate, and phyllih, This conglom- 
erate is followed hy red sl~lldstone and slate, whiah in turn m me 
ceded at l,W feat above the creek by motha bed. of red. cong10me~-- 
r h  abont 100 feet thick camposed of subangular to wd-rounded peb- 
bles, cobblas, and boulders, the Lrgest of which m e  2 feet in diameter, 



Most of the fmgmeatal dhbris is d.ic%d limestone that rssemblea 
in part a whita quartzite and in part chert. The matrix of this 

- upper oonglomerate is brown rather than red. From this point to 
the top of the r i d e  the rock is a brown-weathering quart~ite, at 
p l m  -what conglomeratic, mingled with some brown-weather- 
ing Limestnne. This section, ae g i~en ,  rangas downward in the g60- 

9 logic wluma. in ping up the gpur, and the mnglomemtic beds am 
themfore at or near the base of this &ion. 

Donbtlem other p h m  of this formation am present in this neigh. * -- - borhd .  Cairnes ln obsemed the game formation In much the arame 
peral  locality and describes it as follows: 

mia wmg1merbts la  at lmt MO or 800 iei?t in thlchess -6 d s E s  domi- 
nantly of a firm, somewhat den&?, finely textared reddish w l a c e o n a  matrix, 
in whlch are embedded a n d n r  to subangnIar pbbles and boulders rangng in 
dm fimn mbrowplc to 8 or 4 feet in dlnmeter. The mntrlx a-m to have 
approximately the rwmposltion of a boulder cIayT and the m t e r  number of 
the pebbles and bonldm are comporsed of limestone or dolomite, &t m e  were 
noted composed of other gediments nacb AB mdstwe, conglomwnte, and  hale. 

me prevalking re8 color of the rnntri* L due mainly at leartt to the mnr 
~ldernble amorrnt of lren contnlned In the mntrlr, whI& bas In places the 
@metal appearance of a hematite ore. Tbe congIomerate, where exposed on a 
smnll trlbatam of Tatmdnk River, l a  qulte nnstratlfled and bsa the genersl 
appnmnce of n ceamlldnted and Iron-stafned boulder day. The p&bIes and 
boulders are irregularly distributed and are often qnlte -lam and mm 
pletely mrronnBed by the matrix, instead of reetlng upon one another as 4 
the cam d a normal conglomerate. 

Thla conglomerate Is thus nndmbtdIy of tenvatrial t&&a-&e bm 
tarratrtal blng umd to Imply BeposItlon on the land in mntrast to defltlon 
in the sea or on the aeaahore. Land depoait~ may, however, be formed in 
numerolls m a p ,  mainly by the nctiw oi lakes, drw$ wLnda, gladem, and 
7aIcansea, ae well aae br weathering, creepage, or slldlng. Of thw, condder- 

W Ing the thickness of t h l ~  conglomerate, Ita matrat3fled conauon, and the Imp 
lat dlstrlbntlon, #mpdtlon, angularity, and 8ize of the pe8bIm and boulder& 

onlg two modes of origin which appear to at all mtWy the ileld obaerva- 
tiom nm glacial ectloa and -page or ddlng. 

w In gewral composition thie conglomerate appeafs to mu& moce reeemble a 
balder clay than It Boee ~lIde.material, bat on the otber hand its prevailhg 
reddiab; dot and the fact that this conglomerate hag! not been p d o n s l y  
d d b e 8  es m i n g  in Yukon or Aim, so far as the wrlter i s  awsre, 
and 19 thm probably not very extensive w d d  tend to daprove the gladel 
theory of o m  Aim, no striated pebbles were found; thls may, however, 
be due to the fact tbat dnce the pebbles nre dominantly rompwed of mft ma- 
terials wch as lim&m.es and dolomites, the mtchea, even Ii they wer 

might readily hare become obliterate& Further, aae to peealiar 
drcm&mcea, the WTI* was able to examine this conglomerate in only one 
vem Wted arpa and c a d  devote only a few hoam to the exnmlnatlon ; tbw 
@mated pebbIea may well o m r  and not have h e n  found. Pebbles having 
faceted &am, much rmemblIng " mIed " pebbles, were, b-er, notea to 
be somewhat ~3lenWtA Due to it# prevailing color, a h ,  thlm conglomerate -- a D, crp dt. pp. 91-WL 



d f f  beeen  toeatemd for mmalmllmta t a e w s t o f t h e ~  examined, 
ahowlag i t to be -hat exhalve for nude matedal, hkm in cw. 
junction wltlll the ~~ of the conglomerate, rather famm fhe glacial 
theory m. Thm, mtll more mieence ham been obtained, the arkgin of thla 

' 

-@merate mud ramah an opw qaestim. 

Cairnes apparently, from the ebove quotatian, was mtber hcliud 
to regard this formation as glacial in origin brrt admimad tht  the e 
evidence wm inmnclugive. An athasiastic mrcher for tilzita 
might lean even more strongly toward the glkd hypothesis, for 
some of the hrmteristia of glacial origin appaar ta be p-nh 
such ss fmM pebbles and the heterogaaeitlg of -bIage of the t 

fragmental material comprising some of the be& On the &her 
hand, faulting, landslide nctivity, soil cmp, or ffnviatile ice &an 
in wi&r might also mount for the soled pebbles o h m e d  by C)aimcs. 
Borne peculiar mnditions of sedimentation appear to have existed 
to fona h d s  of the character of m e  of these. T h e  generally re- 
strickd &eradm of this formtion, bowever, is m g d d  as &her 
strong evidence agaimt the glmial hypothesis of origin. It mmm to 
th8 writar that one or more of a variety of terrestrial mditians of 
aecudadon might just as easily explain &a origin of this forma- 
tion, Littla is redly kuown, however, about terrestrial weurnulation 
of d h e n t a  in early geologic time, when the conditiom of tbe atmos- 
phere and lithosphere may k a ~ e  been materially different fmm those 
o h m b l e  st prmnk. It mema bed, therefom, to d d e ~  judgment 
as to the origin of these red beds pending the amnla t ion  of more . 

general deta about such mattera and more s@c information about 
these particalm beds. 

i B l % W m  Mn 'lgI-8 
5 

The nppr plvf of tbis fomtim ia well e m  in red blaffa 
along both sides of the Tetonduk RiPer, but th lower part mn be 
seen only impeddy on the hillside d o p  of the valley, Whem * 
a n  dong the valley floor these rmb strike in s g a a d  nurthedy 
direction m d  dip about 20" W.-that is, downstraam, As s result 
of this relatidy low inchation they project as a downarkeum mdge 
into the overlying mcks. The nooompnnying msp is not on a d- 
cieatly hrge W e  to  how this gwgraphic &a of their 
structure. 

New the a s h n  geographic lineit of the formation, aa seea o a b  
e p m  above the d e y ,  both the strika and dip am inmn&.n$ al- 
tbaugh the dip a p p r s  to be prevailingly weetwrsd, At the cmtscf 
with the andiflentiated limestone Ito the east (upstream) the 
red b& and the limestones am all greatly disturbed. f t is conceived 
by the.wrihr, therefore, that a fault of considemble manitude form 



the boundarg line between thm red beds and the limestons alwr to 
the cad Csirnea a' did not xe.ecognh this zone of faulting, bat his 
okrvations appear to mni3rn the general westward-dipping struc- 
ture of the red beds, for he stabs : 

mnglomepate ovefllslr the f)evono-Cambrlan Simatondolmnite b8a  and 
am to ovwrHe Carbmlferous &ales nod the Mono-ChlovfeLan &8l* 

3 && m p  and to compood atratigraphieally to the Nation River formation, 
but ot tbie the &dace  Is not concludve. 

h other words, the red beds apparently dip to the we&. Cairnes, 
;5 .of cum, in assigning these beds to the 'Termo-Carbonifemus," did 

not know of the p*esence of Middle Cambrian formations atiU farther 
down the Tatonduk apparently overlying the red beds 

The red beds form a belt that is about a mile wide whem it masea 
the Tatonduk River, below the boundary. The strudme shows only 
at the *est side of this belt, along the walk of the valley, bat if it 
is ssrmmed that ths kructum is the same all the way across the strike, 
the resulting thickness may be about 1,700 feek This *re in 
reality means very little. Deduction for m v d  in d i p  at the east 
side of the formstion might materially reduce it, but on the other 
hand, if the fault poddated at the eastern border has concealed some 

I -  
of thb fom~tion,  its thicknss may be greater. It will perbsp 
d c e  to state that the rocks of this formation sctaally visible in the 
Tatonduk River, with the reversals in dip evaluated, a g p g a h  pos- 
sibly 1$0Q feet. 

mu bBD cm-noa 

, The e~idmce regarding the age- of this formntioa is far from con- 
Jzlsive. Cairnes suggested a " Perno-Carbonifemu" age heeuse 
he believed that these rocks overlie his group of Devonian-Cambrian 
limestumu. As previously pointed out, however, this eastern contact 
is believed by the writer to be a fault contact; and the structure at 

, the western limit, so far ss h w n  at present, leads to the belief t h ~ t  
? these beds not only underlie the Middle Cambrian limestone but are 

separated stratigraphically from it by another group of rocks. The 
q u e n c e ,  then, is as follows : 

Middle O ~ r n M m  Iimeatone (top of section). 
A Ilmeatone-argIlUte formation. 
X red-bed formath {bottom oi vhtble section on the Fatonduk Rlver) . 

One Bignificanf.fact should be emphasized. The limestone-argil- 
lib formation and the red-bed fomation are we'll and continuously 

+ exposed st their contack on the ~atonduk River, and it is reasonably 
,,, sure that although rnsterinlly different in their litholom these two 

Lt-ea, D. D.. op. dt, W. m a -  - 
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formations grade into emtch other. Field conditions indicah that the 
limestone-arete and the Middle Cambrian h a t o n e  also grade 
into each other, but their contact is not so well e x p o d ,  and the evi- 
dence is therefore somewhat weaker. In other words, if any strati- 
graphic break should be postulated in this q n m m  of t h  form* 
tions it should more reasonably be w~isumed to exist at the base of 
the Middle Cambrian limestone. However, as no fcmils have heen Y 

collected in the h o  lower formations, and no definite structural dsta 
have been coflwted by the writer that will serve to prove or disprove 
tha. e s i h m  of m y  discontinuity of sedimentation in these three 4 
fomn~iioas, they can m e d y  be represented on the geologic map as a 
sucoession of beds of which the Middle Cambrian hestone is the top 
and the red beds the basal part. 

These structural uncertainties trnd the lack of fmds  make it difIi- 
cult Eo assign definite age labels in the explanetion that accompanies 
the map. If a continuous sedimmtary sequence existe, all three of 
these formations are probabIy of Cambrian age; but if, as thought 
by Caimm, an anconformity exi& at the baw of the Middle Cam- 
brian limedune, it is easy to conceive that the two lower formations 
are of pre-Cambrian age. This uncertainty has been registered on 
the map in the designation " Middle Cambrim or older" for the lime- 
ston&argiBite formation, md by the designation "Lower (? )  Cam- 
brian or pre-Cambrian " for the red beds. The interrogation point 
in the e x p ~ o n  '' h w e r  ( 8 )  Cambrian or pm-Gambrim '' is in- 
tended to indicate the posmiility that the red beds may be of Middle 
Cambrim age. 

So far aa cardation* with other & ia concerned little clrn be 
Isaid, for Cambrian mch have not been mognized in Alaska except 
dong the international bomdav. No rocks that are lithologically r 
exactly W a r  En interior Al& have been descriw impective 
of geologic age. The nearest lithologic counberparf consists af cer- 
t a i n d s ~ a t e s r r n d p h y l l i t e s a n d a m ~ a t d ~ r k ~ e ~ t h a t @ o x l -  
stihte a part of the Tatalina grmp, in the Fairbaah quadmgle. 
ma TaWna group Iies stratigraphically btween rocks of Middle 
Ordovician and pra-Cambrian age, and therefore this correlation 
seem a m b l e  interpretation. 
Zn Crtirngs's description of the lithology of the 'JCindir group, which 

he e igned  to the Lower Cambrian or pre-Cambrian (SHI ex t rh ,  
p. 221, ha mentions the high hematitic content of same of the Tindir 
shales and quartzite& This is most suggestive and leads Eo the 
inference &at these red beds will ultimakly be found to EK a pa* of 
the Tindir wquerice, The geographic position of the Thdir group, 
which l ia  along the strike and 8 miles to the north of the red bed# 
here d d b e d ,  may be taken as comborati~e evidence of thb 
cadation. 



mB-R 

!Fh nndiderentiatd Paleozoic r o b  ham been divided for carto- 
graphic purpww into two p u p ,  of which one includes all the 
dominantly zrondcareous rocks and the other indudag ementially the 

4 cdeareous and dolomitic x&. 
The dominantly aoncalcareous andifferentiatd Paleozoic rocks am 

found &dy in the valley of Slate Crepek, a kibdary of the North 
Fork of Fodymile River; in the headwahrs of the Charlq and ' Salchs Rivers; in a zone extending from the head of the Seventy- 
mile River to the mutheast corner of thi% district; in a bifurcated 
belt that extends eastward from Thanbgiving CF& tO Washington 
Creek and northwestward into the Crazy Mountains, south of Circle; 
along the international boundargr in an irregular zone that extends 
from the valley of the Tatonduk River northward to Hard Luck 
C& Some m&Uer amas included with this group of rocks nm 
a mall belt of date-quartzite rocks that crops out along the north 
bank of the Ydcn  above Eagle and extends mtbastwrmd up the 
Y&on Valley; cerhin areas on the north side of the Yukon below 
Calico Bluff; and a belt extending along the south bank of the Yukon 
from Fourth of July Creek downstmm intarmithtly to Glenn 
Creek The group that extends southeastward from the head of the 
SevemQmde River continue8 up the Yukon River begand the limits 
of the area shown on the ammpanying map in the direction of Forty- 
mile and comprises some of the rocks included by Cairnes = as park 
of his pra-Cmhrian or Yukon gmp. The remigame~~t of these 
& firom pm-Cambrian to unmerentiated IMeozoic is made on the 

& 
bash of their lithology md of certain fossils f o d  h them. 

The undiflerefltiated calwmus and ddomitic 6 of the Psleo- 
mic, h u m  of their striking lithologic didemwas fmm the other - 

undifferentiated Paleozoic ro&, are sbmn by a mpmrttta pattern 
" on the accompanying geologic map. They omm chiefly as folltows: 

A limestone belt crops out along the intemtioml boundary midway 
h t w e m  Eagle h k  and the Yukon and mnthes mutheastwsrd 
up the Yukon Valley and northwestwad from Eagle up the norkh 
side of W&on Creek; two p a t  m u m s  of limi&one and do1omit;e 
m e  found dong the intemtional boundary, one cropping out in the 
valley of the Tntondnk River and extanding ,northward to Hard 
Luck Creek, the other extending from Csthdrd C w k  northward 
almost to Ettrain Creek; a belt of l i m e m e  lia northwe of Nation, 
extending from Spring Creek northwedwar6 wmss Bull C m k  ta 
fngan Geek; a small wedge of limdime cremes Woodchoppr 
Cmk about 3 mire61 from ih mouth 

*Calrws, II. D.. op. dt., m q  140& 
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Pdmmic mb of many types are here grouped b@her for em-  
venimc8 in mpphg;  some whosa age hbas been? demo-ted or for 
which separate delineation could be mrde on the bagis of pmoiraced 
lithologic differma will be f m d  mparately listed elsewhere ie 
this report. Thig grouping of r o c k  of divem age end lithologic r 

character has been rendsmd necessary for saveral reasons. First, 
Jjttle detailed work has baen done in the Circle and Fortyrmle quad- 
rangles, and pzrrctimlly nothing but exploratory mapping has hexi & 
attempted as yet sway from the Yukon River. Second, the undif- 
f erentiated Paleamic  rock^ south of the Yukon have proved prticu- 
larly d i f i d t  to subdivide into group or fornations because they 
are more than ordinarily metamorphod and hcaase they contain 
apperently none of the easily recognized horimn markers, wlch 
the Skajit (Silurian) limMone of northern AIsska or its counter- 
part as seen in the White Mountains of tha Fairbanks quadrsnglr. 
Finally, along the intern~tional boundary, where aU the system of 
the f aleozoic appegr to lm mpressnted, aa indimted by n u m e m  
fmil ~Hections, Csirnes was unable, in the time ~vailabIe for + t h w  
boundary survey, to differentiate and map them eeprrrstely. 

The differenma in the PaIeozoic &ion north and south of the 
Ynkon in this longitude bring to mind another fact that is mly 
beginning to be appreciated in the g d o g y  of interior Alaska--name- 
Ip, that no one district ~ppeurs to pmmt a mmplefa seqamce of 
PnIeozolc rock& The Cambrian limestone, for example, is so con- 
spicuous that it mdd scarcely have been mismd, even in recomais- 
sance work. Yet no limestone corresponding to it has get been w n  
south of the Yukon. Again, the Silurian Limedone, which f o m s  Sb 
one of the mad conspicaorrs horizon markers of northern Alaska 
and is ah& as prominent in the Fairbanla quadmngle, is never- 
theless not typically developed in the Circle and Fortymile quad- 

a 
rangla nor dong the Yukon, although both older and younger 
formations that adjoin it elsewhere are here present. Still other 
examples might be cikd. I t  is therefore h o m i n g  hcrwingly 
apparent that a complete Paleozoic section will be findly obtained 
only by piecing together the fra,mmtal M o m  from all of interior 
Alaska, and the result will be a far greater thickneas of m'kts than 
has been formerly supposed. 

The principal undifferentiated Pdemoic rmks swth of the Yukon 
here grouped toggther are quartz-feldspar sandstone, or ark-, meta- 
m o r p h d  to a greater or less d e g r ~ ,  q-ite, ah&, date, phyllib, 
chert and chert conglomerrate, a little lim&one, and greenstone, 
including mqentine, some of which has been separably mapped. 



The arkme is mmpmtl of mnnded to subangular grains of quartz 
and feldspar, in about equal amounts, commonly cemented by a ma- 
trix of quartz, feldsper, and argdlaeeous and ferruginoua material. 
I m d y  such rocks have been metamorphosed, with t h ~  d t i n g  
development of wricita nnd a schiatase fabric. Commdy, how- 
ever, the7 are inclined to be rnassivo and appear to have with- 

+ the ededs of mebmorphisrn about as well ap, the quartzites. They 
occur in beah from 1 foot to severa1 feet thick, interbedded with 
quartzite and slate, but they appear for the morrt part to be restrictad 
to zones bordering or near the Birch Cmek schist and are believed 
to have been derived in Large m m r e  from the sedimentary meb  
of that group. By r d e c w  in the proportion of feldspar and 8 

corresponding increw of quarts, the arkosic rocks grade into feld- 
~psthic quartzite. 

, The quartzim proper ocxur et seveml horizons in the Paleozoic 
and are tI~refore mn~mporaneous d y  in part with the; srkmic 
mks. Where the lower Pdeozoic ark- and quarhitx are aappre- 
eiably metamorphowd: it is dificult to separate them frwn the Birch 
Cmk whist. 

Shde occurs at many places. It is d l y  drab, dark gray, or 
black, but the more rnetsmorphd varieties, mch as the date and 
ynyllite, are inclined to be more conspicuously mlored in bum of 
pen ,  d, and purpla This differenca in coloration, however, is not 
believed to b a function of degree of metamorphism but ia due rather 
to original diff6mn.ces in the composition of the rock. In other 
words, the mom brightly colored argillaceous r d s ,  though they 
happen to be older than the shaly racks pmper and therefore are more 
rnehnwphod, am believed to be also different in original corn- 

&? 
p i t ion .  
, Chert and chert ooertnglomerate constitub a considerable part of the 

Pslmoic sequence at several localities in this a m .  Chert and 
silicfied mxks approaching chert in composition are probably p m n t  

P in formations of different a g ~  within the Paleozoic. Much of the 
chert and chert canglomerate, however, is of Devonian and Missis- 
dppian age, and where possible such r& have been separately 
mapped. The rock hers d~ignated chert conglomarata is, so far  as 
known at preaenk, unique in that it is f d  only among the Paleozoic 
r&. It is not just a conglomerate comped  of chert pebbles but 
is a conglamenate made up of rounded ta angular chert fragments in 
a cherE matrix. I t  is so well w~~g~fidatd that the rack commonly 
breaks acrcxss the chert pebbles. T h e  chert conglomerate, as we11 ns 
much of the chert, presents a p d a r  problem in stratigmphic 

, .genesis, which is considered at greater length on  page^ 9 6 0 2  of this 
.,peport. 



No large bodies of limestone are included in the major gmnping 
of undifferentiated nondmreous Paleozoic rock M y  a few smd 
lenm of limestone and mme larger bodies of cdcsreow shale were 

by Prindle and the writer in 1911. Such mlts occur usually in 
thin beds, varying in color from blue-gray to blsck, and show the 
d t a  of metamorphism by their closely folded snd Ioeslly recrystal- 
lized condition. 

B&c and u lhbaic  mks, commonly designated greenstone and 
serpentine, are found at numerous locdtias in thie @on. fike 
the cherts, but to a greater degree, they are di&ributed thmqghoul; 
the Paleozoic mqwno and may not in general be mapped as a litho- 
logic unit without assembling mcks of very diverse age. Along with 
these basic igaeona rocks am found more or Iess shale and chert, 
commonly in shades of light and dark green, not unlike the p a -  
stones themselvm, and probably of mntempmeous origin. Not- 
withstanding the undwirability of assembling together rocks of dif- 
ferent ages, an &tempt has Geen made to map these greenstones sep- 
arately, so far as possible, with the hope that they may some time 
be further subdivided according to relative age. "She undifferenti- 
ated p m s t m e a  m descrjhd further an pages 148-150. The prom- 
inent bluff on the Yukon just below Eagle, at the mouth of Mitzion 
Creek, is m m p d  of nndiflerentiatsd greenstone. (See pl. 7, A.)  

At the north& side of the band in the Yukon, below Cdico 
Bluff, and just aast of the bmd of Upper Cambrian, limestone that 
crops out slang the river bank, the rocks are black, yellow-Brown, 
&d grsen shales, with namerow tmxb of hard black qutartzih that 
alters to a rusty-colored m k .  Them mcks crop out for 200 feet or 
more along the beach, ~ n d  fragmental material along the beach for 
some Bistance farther east, indicates their presence higher up the 
hillaide. 'Shm shales and quartzites, which dip southward, a p p r  . 
to underlie the Upper Cambrian limastone md to omrlie the Middle 
Csmbrian limedone farther up the hillside, but the obvious hulting 
in this particdm area m a h  it hazardous to classify them definitely 
ss part of the W b r i e n  sequence, though they appear to Selong to  
that sJrs2Rm. 

A more ~ i c u o n s  group of undifferentiated Paleozoic rocks ae- 
curs along the southwest bank of the Yukon, cropping out inter- 
mittently from a point just below Fourth of July Creek downstream 
to Glenn Cmk. Just below Fourth of July Creek a mass that ex- 
temds out into the river a ahort distance and projects above the 
water is known locally as the " Rock of Ages." About 4 milas below 
Fourth of July Creek the same rocks form a more extensive reef thet 
projects a considerable distance into the riper. This p u p  con- 
sists essentially of thin-bedded black to light-gray dolomite, usaally 



half ara inch to ti inches thick, interbedded with argiIliItR, dater, and 
a few beds of limestone conglomerate. Much of the dolomite shows 
v a q  h e  aItemuting bIack and gray laminae, at some places as mny 
as 50 to the inch. Some of the laminae are at an angle to the upper 
and lower mrfacw of the h d s  and strongly sllggest m b e d d i o g .  
AN them beds are silicified to a greater or less degree, and some of 
the silicified nrgillite and slate Is perhaps better designated chert. 
The fragmental limestone beds am of two tghes. The more mmmofi 
Sype consists of rounded 'limestone pebbles in a limestone matrix; 
some of these rocks show Kttle or no silicification. The other typa 
is an oolitic limestone in which the wIites are largely silicified to 
little I d s  of chert. Just above Glenn Creek thk group of dolomitic 
r o c h  contaim some altered intrusive rocks that were probably origi- 
nally of basaltic or diabasic character but thmt now consist of s w  
ondary minerals, such as calcite and chloritic products, and are clsssi- 

, fiabb generically as geenstones, The rocks along the Yukon st the 
boundary, mapped by C n i r n e ~ ~ ~  as the Yukon group and assigned 
to pm-Cwbrian time, are in this report included pith the nndif- 
ferentiatad Psleomic mcks. Cairn= describes the Yukon group in 
general as composed of schistose amphibolites and quartzite and mica 
schists, with a few beds of limestone. Re further states that these 
rocks are much folded, faulted, and distorted md are so highly meta- 
morphosed in places that it is difficult or i m m b 1 e  to determine 
their origin or original chsracter. 
klong the ridge south of Forkpile the w r i h  noted greenstone 

achist, qnartzite schist, massive quartzite, graphitic schisrt, and se~eral 
varieties of grsen whist, which cormpond closely to'the Yukon. group 
as described. Such r& continue downstream from Fortymile to 
the boundary, where they appear to  be more consistently greenish 
and to contain a larger proportion of metamorphosed basic igneoua 
&. In the river bluffs along the north side of the Yukon beIow 
Ogilvids ~tation am seen sheared, banded, and massive greenstones 
and some green and yellow rocks of sedimentary origin, within which 
are included several bands of marble, one of them 5 feet or more 
thick. Roclts of the same general character occur in the hills on the 
opposite side of the river, and in the interbanded marbles of this 
sequence, a ehort distance back from the Yukon, Paleozoic f d s  
were discovered in 1925. In mks of the same type 13 miles south 
of Eagle, in the headwaters of Boundary Cmk,  RlndIe in 1903 
found Paleozoic fossils. These rocks, therefore, have in this report 
been incIuded as a part of the undifferentiated Paleozoic sequence. 
This is not to be interpreted in any way as a reclassification of the 
age of the Yukon group as defined by Cairnes. It is merely a with- 

- -. 

uUimt& I3. D., op. clt., pp. 88-94. 
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dmwd of a certain portion of the rocks previously m~pped as a 
part of the Yukon group, with a new assignment of them to the 
Meo%oic instesd of to the pre-Cambrian. 
To the narth of thwe undifferentiated Paleozoic &, but m p  

rated from them by an overlapping band of Crehwus and Fmene 
mcks, is a belt of limestone, which in turn is adjoined to the north 
by a group of rocks mspped by Caimes as a part of his Tindir 
&up, of Cambrian oi pre-Cambrian age. This p u p  of rock8 
&&a -ntially of drab shale and date with some relatively thin 
k h  of quarhite and conglomerate. Northwwt of the mouth of 
&gh Creek these m h  are well exposed along tbs north bank of 
the Yukon in a greatly disttlrbad f a d t  zone and are .there men to 
contain also p a n s t m e ,  probably of intrusive charsctm. Except in 
this Paulted zone the rocks of this formation are not so greatly mda- 
moqhosed as the undifferentiated Paleozoic rocks almg the banka . 
of the Yukon farther upstream, but this faet dona can not be 
rejprded as decisive evidence of Paleozoic age. For reasons given 
later thesa rocks are not believed to be of Cambrian or pre-Cambrian 
age. m stated by Caimes, arfd they are, therefore, here included as a 
part of the nndifTemtiated rioncalcareous Paleomic rocks. 

Farther north lalong the inhrnationd boundary, in mveral irregular 
area from McCann Hill to Hard Luck Creek Cairnegao m a p  a 
m-catled a shah-chert " group, which ran* in age from Ordovician 
ta Carboniferous. Th- roclrcr are m p p d  in &is report ae undiffar- 
entiate$ noncl~lcamus Pdeaoie. With regard to their lithulogg, 
Cairnes makm .the following statement: 

?I~U series &te dom~nlmt~  Qr entirely of BII~I~S and e e ,  ;Rhicb ar8 
pmailIngly dmlg 8nd finely Irrter'beaded. The cbats In glam b e m e  raaI4 
cherty shales or ahaly cherts and occur In most g l n w  In Imb ranglog in thI&- 
nem from 1 to 6 bchea Loally, however, they are more thinly bedded, and 
accaaionallg, w the other hand, they are In strata as much as I2 inchw thick 
They are also generally dark gray to blnek In color. The shales are alao 
typically thinly bedded and In mc& pbcea are mf t and friable and gray to black 
or blui~h black In coior, the darker b d s  H n g  in places deffdedlg caIcamu8 In 
character. Ocmtdonal red shales also occur, however, loenlb intercalates with 
the darker strata, but thew do not appear to be very mstent, or at  1- tbe 
color ie not. Herd gmy qnartsitlc shales are h sddltlon aomewhat exten- 
sively d e r e I m  in plam. Theae puartaltlc beas contain locally mficlent irw 
to produce upon oxidatbu a bright-red t~ yellow mloratlon on weatbered 
surfam, bnt only nrrel y are these rocla red on a m h  fracture W@Be r&tlisb 
beds 4i-w readi1.v to form a red or gellowish sand or mud, wfitch le a verg 
nol iable  feathre of many of the blllsldes cn which #egetatTon i s  lackha. 

Alqng Hard Luck Crwk, where thefle shnle-fhert b d s  are well expoml, they 
have a red and Mack and in places even a dmided rfbhmPd appearance. The 
chert hnda am genecallr from me-half to 2 Inchea in thickow and are flnelp 
interbedded wjth the  hale^. A11 the Iwda of the entire sectlan are blnck or 

Calruea, D. D.. op. &., pp. 81-44. 



nearly so, kat certain alternate layem weather red In place& The chert beds 
aIeo in placea -me shelg or even f idble when expo~ed to the atmonpbere 
and decrepitate mewhat readily. 

Csimes also d d b e a  ta <%hale group," which he believed to be of 
Carbanifmus a p  but mapped with his Ordovician-carbon if ma^ 
sqnmce. With regard ta the lithology of these mch, he &tes : 

* The ehale gronp w l t h h  the mapped bonndary belt here being c o n e l d d  ~II 

d e v e l m  at a nnmber of p o h b  b t w e n  Jones Rlflge and YukW River and 
whereper Identliled ovmlia the membem of the Dwono-Ordovlclan shale-chert 
grtmp. PmqiMy tbe most extensive indiPIdnal development of these Carbonlf- 
m w  nhale M a  occurs just to the nmth of Hard Lnck Creek, where they 
compose the greater part of a low northmterly ,trending ridge to the of  
t h e  bonndary 31ne and to the m t b  and east of Sonee Ridge. Theat3 lM.9 wem 
a180 Identified on McCann Rill and nt other pint8 but kmme tapidly much 
1- prominent to the soat& of Haird Luck Creek 
On the g e o l O # l c a l  map to accompany this rnemdr tbese &ah 

beds have been mapped wlth the rnembem of the DevondMbdan &ale  
' 

chert group, au where fossils were obtainable it was Ln many plaCM 
dWkmlt or I m m b l e  in the fleId to dlstinpnish certah memberg of these rwk 
groups, a@ both contain beds that am Eitholo@cally praettmlly Identical. 

This a l e  gmnp mnafes dominaally of strales but includes also clam, cherts, 
calcarewe sanWwe61, and thinly M d P d  llmestonm. ,The &dm and clays 
are pnmdlingly mft and hiable and range in color from llght gray to black, 
but dark blnlsh-p bede are possibly the moat exbmaively develoged. The 
 chert^ 8re domlnantl.. dark grng to black la color but constitute a mnch smaller 
portion oi this fornation than the shale members. They occur prevalllngly In 
bxb havLng H thlcknefa of 1ms than I inch, but chert strata were noted wMcb 
are ae much 8s 3 I n d m  or mare in thtcb~etw. Calcamua sandstonerr and 
arenaems claye are also dmeIgeB in places and are typically gmyM to 
brownfilb In color. The Ilmestonm generally aceur in beds 1- than 12 inch@ 
thick and sange in color fmm llght gmp to brown. Thla al lab W o n  has tbas 
qdte a deddedly strip& or ribboned appearance, due to tbe frequently alter- 
nating ittide, Limestone, and sandstone beds. 

The h d  of limestone south of Eagle Creek, which lim between 
the uadifferentiaM metamorphic PaIeozoio rocks find the slate- 

f 

' 

quartzite group r e f m d  by Cairnes to the Cambrian or pre-Cam- 
brim, is corn@ of a number of heavy plates of limestone 
sepamted from one another by greater thickness of thin-bedded 
limeakna The general rsppearanm of tthi limedone belt, when 
viewed from a distance, would lead to the belief that the lim-ne 
is a white mptalline variety, but close inspection shows it to be in 
large measure a dark-gray noncrystalline thin-bedded variety. Even 

- the thicker plates show well-deve1oped bedding plme~: and are by 
no means Qpicdly massive limedone. One p d i a r  phm of this 
lirnmtmna belt is the p w n m  of beds of limestone conglomemte and 
breccia. The fiagmenta consist nsudly of pi- of noncrptdine 

' Limestone, of vrtrying shades of light gay, commonly well 
rounded but in part subangular, e m w d e d  in a m W  of dark-gray 
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nancryptdline limestone. The texture of the limestone and its 
numerous ripple markings lead to the inference that this farmation 
is of near-shore and possibly estuarine origin. No dolomitic phrrses 
were m n .  Some limonitic concretionary forms, simulating shells, 
were collected, but their organic origiu is questionable, and no tm 
fossile were seen, though two days was devoted to a =rch for them. 
The tmnd of this limestone, &bout N. 55" W., would carry it just " 
north of Eagle and up the north side of Mission Creek, and there is 
little doubt that the undifferentiated limestone found at that l d t y  
is a oonkinuation of this limestone, although it is more metamor- 
p h d  

L 

T31a two great masses of limestonq dolomite, and associated r m h  
dong the international boundary from the Tamduk River to Hard 
Luck Creak and between Cathedral and Ettrain Cmkrr, which were 
mapped by Cairnes as rmging in age from Cambrian to Devonian, 
are hare mapped as a pmt of the undifEerentiaM calcareous Paleo- 
zoic sequence. With regard to the Cambrian-Silurian part of this 
sequence, C a h w  gives the following lithologic data : 

Theee mcks are WvaWngIg white to Ilght gray In mlor, but occadonal beds 
wmr havlng a darg gray to nearly black or even a pink or ret3dhh aBwmeem 
N e a r 4  mmwhere, however, on weathered enriacea the dIPPenmt rnemlAm have 
the w l k r  grayif& to blnIshqgmy mgh app?arance cbaracteelstic of l i m ~  
fltmm. Tbe -8 irre dominantly crystalline, and in gbms beds of pnrIAcnIar19 
beantifa1 marble occur, which pmvaiIlnglg range In color from pare white 
thmgh various d mag, occahtlonal reddish beds being, however, noted 
in plluras. 

In  b?rhm there Umwtondoiomite mh vary from flm, dense ddmnftezr 
to coam!y cwsblllne, almost pure limestones. They are also characterkticaljy 
somewhat masdve in appearnee, due largely to the dc- of metamorpMm 
which they baee d F e m l ;  but where tho bedding planes are B i w n l b I e  me 
h t a  are domfnantly from 1 to 8 feet in thickness, tilthough much thinner 3 

be% irem 1 to d in&@ iW& are locally characteristic of th series. Beds of 
limmtone h a m  an mUtlc structure also o m r  to the south of Tatondak Rivw 
and elsewhem, the m:ldc grab  M n g  generally a-1: one-tenth of an Inch 
or leas in dlmnetm. 
In &position thm beds mnge from lim&nnes to dolomltee but agpear to be 

all dominantly m o n  or less megnwfa~ They are fiwlnmMy -8 in the ddd 
with cold acid, sad only rarely was a rnmber of t h i ~  gronp M a d  that 
eirmvwmd M y ,  kt neverthelem nearly all m w  more m less atbackd It 
wonld tbw seem that these m k a  are p~vaiiingly transitlcmal in mmpwltfon 
betwgen pure l i r n m e s  and trne dolomi-, either of these forms belng of 
mmewltat exceptlwal ocmurence. The more dolomitic beds are pr&aiIinglg 
bardm and flner--tared tbnn the limestonm and are dominantly white to lkht  
gray in color, none of the very dark colom occurring, m~cb as cb'tracterim the 
lIm&ones in places. Farther, the dolwnitm in glace$ as on M m t  Marlow 
and elsewhere in Ogilvia Mountains, are more or 1 ~ 1 s  porons and coneah 
numerws cavitiw, which are genem.1~ quite ma11 but rang0 in she fmm 
rnlmmpic to wuererrrl Inches in diameter. These came the cmtahing m k s  
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to be ver8 rough on weathem surfaces. Tbe cavfW are domInaatlp Uned 
with well-B&ned crystal& mainly of qnartz and calcite, md are mddered 
to Indlcnte rather coneIusipely that the debmitea are ol m n d a r y  W n  and 
am dmlved from limeatwes, the amount of wre space mmsentfng the decrease 
in vo1nme durtng the -lacement p- A h ,  as f d I s  were very I%MY, if 
ever, fonnd in the dolornltm and are quite GenMful in plam In the adloinlug 
Umestones, tbh wwld seem to Indimte that some change bad ~~ In the 

t dolomite beds sLnce nrlglnallg depoaIted which d e m e i l  any contained mmnic 
forms 
En a few plam grayhh, mcdsh, to nearly black &dear am lntewnlated 

with these Um&on&alomite MIS, and at one point, on the -tern sk?e of 
b Honnt Slipper, o ~ e r  200 feet of thlnly bedded ahales mcnr, with ddomltwi 

above aad below them. Bbalq however, nm of very minor imporlance qunn- 
t f  tl* in this Marlan-CambrIan terrane. 
The enwe erlm la prevailingly aillceoua, and toward the mth the bedm mn- 

tab a great amount of translucent !o adtranslucent cbalcedwic qnnrtz or 
chert, which In placea mn~iderably eXCeeda tbe limmtonea apd d0lomlCes b 
a m m t .  ThIa chert ha8 in places been dms i t& largeIy along the M d l n g  
planes of the containing racka in seama ranging from m i w l c  np to 8 or '10 
inchea i n  thickness and thna glvear the rocks in genera1 a deddedly banded 
appearance. Whw wmewbat regularly dewalted along tbe M d h g  planes Fa 
this way the chert has In' places the eppearnnce of behg contemporaneona with 
the wntdning bed& bet when more domzly examined it may be Been to inter& 
the strata; tn fact, -ma or m a a m  of chert occur cntting the I-tone and 
dolomite beds at all angles, and the mnallec sesmr are frequently distinctly 
traceable back to larger seams OF irregular Wea 

The Devonian part of thia Ihastone squenm is d d b e d  as 
f o l l m  : 
The Dewmian Umestones reeemble very dmlg tbe limestone beds of the 

8flnrlanGambrlan gronh and except where iOimlla cnn be found it is BifEcult 
or I m p d b l e  in many places to diathgnlsh  them rocka from the older 1- 
strmek They ER, h o m e r ,  aa a rule somewhat more homogeneous and darker 
in appearance, being mlcally dark bluish mag in color. Theg are also in 

e moat plncea characterI8tlcally coarsely crystalline, and when broken they m- 
ml1p emit a atrong oiIg odor, which was aeldompoted In connectlw wlth the 
nnderbing formations. In pIacm a heavy bed or tlerlea of beds d wbi& to 
Wht-my mgar-pained quartzite onrnrs at the base of thls limmtone mrIem, as 

r in the vicinity of nndir Creek bat this warbite agpeam t o  be only Iocallr 
d c v e t o ~ .  

Another belt of limestone of m h o w n  age Wnrr in the hills west ' 

of Nation at Spring Creek and extends in a northwesterly d i d o n  
8 or 10 miles, as far as Glenn Creek. This limsston~ shows seveml 
wrrintim. Some of it is d a ~ k  gray to black and noncrystalline, some 
is light p y  and finely crystalline, a d  m e  beds of silicified cherty 
oolite and also beds of limestone breccia were seen. The dip appears 
to be dominantly northward, but as the near& good exposurea of 
other rocks are some miles away, this rapparent structure has little 
~iflcpulce. h no fossils were found the age of the limestone is 
indeterminate ',It resembles perhaps mom marly thsn any other 
rock the plate of limestone that crop out on the north side of the 
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Yukon about 2. miles below Calico Bluff, which i~ believed to be of 
Upper Cambrian age, 

A similar belt of limestone crops out an Wdchopper Creek &bout 
8 milea from the Yukon. This limestone also has a gemem1 north- 
westerly trend, but its extent along the strike north- and southeast 
of Woodchopper Creek is not known. It is also varied in aspect. 
Same of it is black, noncrystalline, and arbonaceolls and resembles B 

the limestone south of Eagle Creek, and some of i t  resembles mom 
dosely the bane west of Nation and that below Calico Bluff. 

3! 
A m  THICKREBB 

Stmctural o k a t i o n s  on the undifferentisted Paleozoic rocks 
were rjnade by the writer chiefly in the rock bluffs along the Yukm 
in the vicinityof the international boundary. The rocks in.this zone, 
like most of the other undifferentiated Pnleozoic m k s ,  lie northeast 
of a great maw of granitic rocks which are believed ta have deter- 
mined the degree of metamorphism and in Iarge measure the domi- 
nant structure of the adjacent rocks. Although the observations are 
admittedly fragmental, they are nevertheless beliered to represent 
conditions rather typical of the structure of all the undifferentiated 
metamorphic Paleozoic mka northeast of the great Mwozoic 
batholith. 

Tl~ese m b  as exposed along the river and irk the near-by hills 
north end sonth of the river are, as previously strlted, dosely folded I 

and cleaved and show all the typical indications of intense oompres- 
don induced by lateral thrusting. Except in ;some of the more 
massively resistant greenstones and in the eamily recry&~bxd lime- 
stones, flow cleavage is commoaly present. Nevertheless, Mding  

% 
also can be discerned at many places, particularly in the thin beds of 
qumteite, and where sue% bedding was recognized claw. folding is 
also prevalent. Where the thrusting movements were localized, as 
along fault end shear zones, closely rappressed and even recumbent w 

folds are clearly visible. 
Numerous observ~tions of the ettitude of the cleavage planas and 

of the axisl plan=, both of the drag folds in the less resistant mks 
and of the more diagnostic appressed folds of competent beds, were 
made from Fortpile downstream to Eagle. Redding planea alm 
were recorded where visible. It can not be dateli that any absolute 
uniformity exists in these observations. Nevertlleles~; rsbout 80 per 
cent. of the cleavage plainy snd axial planes of the fold8 dip south 
at angles of 15" to 6 5 O ,  with an average of ofhut 30'. The strike 
of the dominmt istrudural feature, which here is the cleavage, is 
about N. 70" W. The bedding planes, where visible, appear to dip 
both to the southwest and to the northeast, bnt it is worthy of note 



a t  the dip is prevailingly southward along the side of the river, 
where the rocb are most metamorphosed Xn other words, cleavam 
and bedding in the metamorphic rocks are prevailingly parallel. 
Thm data s u m  tu the writer that the mcks have been thrust north- 
.eastward and overturned by enormous tangential forcw acting from 
%he muthmst, md their degree of metamorphism is explained as a 
concurrent 6ff& of this prodigious thrusting. The cause of the 
for- applied is believed to be a great batholith of Mesomic granitic 
mdcs that lk to the muthwest. 

At the boundary and just to the east are three p u p s  of rocks, a.U 
mapped as a part of the undifferentiated Paleoeoic mquence, th& 
p m t  a, di&mIt. stratigraphic problem; thew am the metamorphic 
Paleozoic rocks along the river, the slab-quartzite group, and the 
band of Iimwhna Fossils found in the Paleozoic metamorphic 
TO& give some idea of the age of those rocks, but no fossils have yet 
been fo~ind in the other two formations, land the dative ages of the 
t h m  must Ibe deduced, if at all, from availabk structural data. The 
metamorphic mks at this locality were regarded by Cairnes as pre- 
Cambrian and were included as part of his Yukon group; and the 
datequartzite group, which he believed to be of Cambrian or pre- 
Cambrian age, he mrrelsted with his Tindir group, exposed farther 
north along the bundary; the limestone band wm believed to be 
Cambrian. Cairnest quenoe, then, was metamorphic r& at the 
base, overlain by the slatequartzite group, overlain in tm by the 
belt of limeshne. 

The foUowjxtg data on the geoIogie structure may shed some addi- 
tional light on thig correlation. All three of them forawtiong appear 
to bs pra l l e l  to-one another, .trending about N. 55" W. The & 
of the PsIeozoic metamorphic p u p  are schistme, but where the 
bedding is visible or may be inferred the bedding plam also dip 
pievailingly southwedward. The angle ,of dig of the clesosge and 
bedding planes here, as farther updream, aver- abut 80". 

Just below the mouth of Eagle Creek a well-developed fault zone 
may seen exposed in the bluff along the north bank of the Yukon. 
Thh is not a clean-cult fault but rather a zone of dislocation along 
which adjustments consequent upon great t h n d h g  movements took 
place. DoubtJess numerous similar fault zone8 are present in this 
area, but it is doubtful if any will .l d i m e r e d  w h  the Mcks are 
rn mil exp~sed and where the structuml interpretation is so rppar- 
eat. The rocks involved in this fault zone are the Paleoaoic meta- 
morphic mh, which at this l d t y  me gmmskma rmd greenhe 
whist, and the mks of the sl~bquartzite blt. The strike of thic: 
frw1t: zone is about N. 56' W., and the rsttitde of the axial pIanes of 
nmerous drag foIds shows that the thrmthg cmme from the south- 



*aast. %re 2 shows e thin bed of quartzite squeezed into an ap- 
prcslssed fold whose l i m h  m prmtically parallel. Fragments of 
other beds of quartsite, surrounded by slate, are also visible, d oa 
both gides of the quartzite and slate stre relatively m d v e  but new-  
t h e l ~  highly disturbed bodies of the recrystallized basic volcanic 
rocks of the Yukon p u p .  This fault was traced 8 miles southeast- 
ward into the hUs south of Eagle Creek. The small boay of peen- 
shne included in the limmtone whore the limestone formation reaches 
the Yukon lies within this fault zone and owes its peculi~r envixon- 
m a t  to a diaImtion attendant upon this thrust faulting. To the 
northwest the fault zone is apparent for 10 miles up the north side of 
Mission Creek, w h m  its presence ia inferred from the disturbed con- 
dition of the country rcch, aa well m from fault b m j a s  and an 
abnormal diapmition of the geologic tsrranes. 

m m  2-uc &etch showlag atmetnm Of m tn 
the bPlt m e  an the north h m l  of fAe Yukon mrer 8 miles 
abva  

Tfie belt of ll~ldifieentin.tad limedone, which lies at the interna- 
tional Boundary northerrst of the Paleozoic metamorphic rocb  is well 
exposed in tha mountains muth of Eagle Creek, but its amtact with 
the Paleozoic mtrrmorphic gmup to the sonthw& is covered by rocks 
of Cmtacmw and h c e n e  age. To the southeast, however, farther 
up the Yukon Valley, & similar to the slate-quartzite group were 
seen on the wuthwest as well as the northeast side of the limestone 
belt. At the boundary the nartbemkm contact of the Limdne with 
the &hquarteib p u p  is not a simpb one but, northwwt from the 
ijmestone, aonsists of a narrow zone of the slate-quartaih group fol- 
lowed by another plate of limestone, foUowed in turn by the main belt 
of the dab-quark& group. This relationship, in the absence of a 
recognizable fault zone at  this locality, auggasts a Btratigmpbic 
gradation fmm the limeatone to the slate-quartzite group. The struc- 
ture of the limestone in this belt is complex, but as a rule the bedding 
plrrnea am a p p m t .  The mthwesterxl flanks am&& dsminnntly of 



thin-Mded limestune, which is much crumpled and @how numerow 
revem& of dip. T h e  central and norhhem part of the limestone, 

* however, contains numerous plates of more rnasaiva limestone, which 
dip d t e n t l y  southwest a t  angles of 60" to  Be, though approach- , 

ing verticality at some plnm. Appressed f o l h  in both the thin and 
the thick bedded pa& of the limestone, are common, but these also 
dip nsudy to the southwest. 

Relatively little is h o w n  of the strudre of the slate-qnartzita 
group of rocks that adjoins the limestone belt on the northenst and 
pocssibly on the southwest, became this formation dong the boundary 
ia not well e x p d ,  even above timber line. At an sltitude of 3,139 
feet, at "Hog" station, and thence northwestward down the spur 
toward the mouth of Eagle Creek, these rocks crop out at intervals 
and show a cleavage pIane which dips in gened w u t h e s r d  30" 
to Wo, more comrnody nearer ma. Numerous wavy lines along this 
cleavage plane suggast deformed ripple markings, and these, together 
with sundry concretionary forms and marks suggesti~e of worm bor- 
inga, lead to the belief that these cleavage planes also repmjmt bed- 
ding planes. A northeastward dig was noted, however, at  ode or twc 
localities on the ridge and aIso where the ssme rocks mop out in tha 
fault mne along the river. 
In weighing t b  lithologic, structural, md stratigraphic data, the 

greater degree of metamorphism of the rocks of the Yukon group 
should at the outset be discounted as absolute evidence bearing an the 
relative age of these three formations. Cumulative obsemtions on 
tha metamorphic mZLS of Alaska have shown that d e p  of meta. 
rnorphism alone, unsupported by contributory dnta, can lead to very 
m n w u s  conclusions; and in this area the greater degree of meta- 

C m o r p h  of the Paleozoic metamol-phic rmks may be discounted 
almost completely b e u s e  of the known presence of a great granitic 
batholith to,the south, from the direction of which tangmtial forces 

P 
of great mapitode have bem applied against the ndjoining roch to 
the north. The localizad nature of this metamorphism is also em- 
phasized by the occurrenm of fowsils of Silurian or Devoninn age in 
these metamorphic rocks, whereas within a distanm of 25. miles rocks 
of ddhite Cambrian age are found in an almost entirely unmetrt- 
morp hosed date. 
As hae previously been dated, 80 per cent of the cleavage planes 

mid axial plane8 of the appr-d folds in the Yukon group dip 
eouthwestward, and the dominant dip of t h e  bedding planes, where 
visible, in the more metamorphosed rmks south of the Yukon is also 
muthwestward. In other words, cleavage and bedding in these mclrs 
are more commonly paraIfel than otherwise. It seems almost ePidenf, 
therefore, that tangential force applied from t h e  southwet have 
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t , M  the Paleozoic metamorphic roelra and tb a 1- degrse the 
, hmestone formation northstward and h e  cawed a m r d  wer- 

turning of the wbde sequence. Althongh both the limestone and the . 

Paleoaoic metamorphic rocks dip southwestward, the dip of the lime- 
s tone i~  in general considerabIy higher th8n thet of the metamorphic 

' rocks approximating verticality at the northeastern limit of the 
limestone. The hypothesis favored by the writer, therefore, postu- 
]rates a great overthrusting movement of the rocks of this region from 
the southwest, the effects of .which nre nat.urally most evident near 
the northeastern border of t.he granitic batholith, where these *thrust- 
ing stmsses originated. As a result, the Paleozaic metamorphic rock 
have been more or bss completely: ovarturmd and mekamorphd and 
have'acquired a southward-dipping cleavage. The limestone and tha 
slate-quartzite formations have nlso been affected, but to a smaller 
degree, by the same forces* with partial overturning and the develop- 
ment of a similar cleavage. 

This hypothesis explains the observed diffemms in metamorpbidm 
in these three formations but does not settle their d a t i ~ e  w. A 
number of different structural iinterp~etations might be made. T h e  
limedone belt and the slate-quartzite formation may be part of eithet 
an overturned anticline or n syncline. The beds of the three kinds 
of. m k  m y  aU Iie on one side of such a fdd ,  thus forming a con- 
thpous mpence; or any one of the three may lie in the axial plane 
of such a fold, thus changing the sequence; or any pmviously ex& 
ieg dmcfare may hsve been materially modified by tbwt  fadtiryr 
concurrent with the folding. It seems best, thewfore, not to assign 
a definite sequence to these three f ormatias. 

The influence of thrust faulting witb ih attendant mgtamorpbism 
a n  not be mid extend for nny considerable distanoe north of tibe 
Yukon. Numerous faults are present, some of which were q- 
nized in the field; but they seem to be of a diflerent typ.  Cairn= 
shows one fault plane of low dip between Cathedral and Tindir 
Creeks st which the M C ~  of his Tindir group are brougbt into con- 

- 

tact with Jrounger m b  md which therefore indicates a thm~ting . 
movement of rocks from north to south, a relation diametrically op- 
pos~d to that seen along the Yukon. This i-1ity, however, liss on 
the north flank of the Ogilvie Mountains, where a different of 
gtructure may pmvail. This fault may a h  be either an earlier or 
a later structuFal fmhm than the dislocations attendant upon the 
Mesozoic granitic intmpion. 
The obvious duplication of be& &king fmm dm fdd* over- 

thrusting, and faulting in the Pa1~0zoic metamorphic rocks slang the 
Yukon et the boundary and in the limestone belt and slate-quarteito 
group to the north& precludes any murate estimate of the thick- 
ness involved, even if the tap and b ~ s e  of each of these three units 



were psitively recognized. The upper limit of the metamorphic 
P~lmmir. m h  along the Yukon ia a fault zone, and the h e  is un- 
determined, so that it seems utterly useless to hazard emn a guess 
as to the thickness of this part of the sequence. If the limestone 
band and the slate-quartzite p u p  have about the same degree of 
complexity, the width ncross the strike indicates that thew. two unib 

a have thichssses of about the same order. The Ijmestone is better 
exposed than the slate-quartzite p n p  and therefore affords a better 
basis for an estimate of t h i h e s f ~ .  Though not accurately measud,  

J 
the total thicbeas of this limestone certainly can not exceed 3,000 
feet, and when allowance is made for the probable dnplication of  
beds due to folded structure, an estimate of half that thickness seems 
all that is warranted. 

The following structural data are given by Cairnes with regard 
to the Silnrirm-Caai4rian limestone and dolomite, here mapped as 
undifferentiated Paleozoic limestone : 
The mke are all nu, much folded and faulted that only in a few f l f t i ~ ~  mule 

the mitiom aZ the different beds within the wries be wfft approxlmetel~f deter- 
enined stratlgmphlcally; and unless fossils mnld be fomd it was Im@ble, 
even In theas p law to draw the geological age bwndades, ns no dlstlnbive 
prdstent llthoIodmF h o r h  marker3 could b distlnguEab&. These 
M a  In the northern W o n  of the belt ham? an aggregate thickurns of 4,000 
feet and posdbly very much niare than this amount, bat no section of tbeh 
was at all clmely meamrPd at amp one polnt, it bein* found Tery dimctllt ta 
do on account df foldiw aorl fndtlng. * * * Ta the 8011th theee b e b  
clo not appPar to lw 80 thlcb; but wen them thy have an ag~regtlte thlclmew . 
vf at Ieast &.000 itset. 

Cairnes's s t t a b m a t  with regard to the thickness of the Devonian 
l i m h n e ,  slso mapped in thia report as undiflarentiated Palemujc - limestone, is as follows : 

& 
TIWE Devonlan 1Imestonw amar  ta hnye m an-te thickaw of fmm 

800 to WO feet, end w h m e r  a contact was &sewed with the anderlHng 
SIImian beds they overlie these uncon fumabl y. 

Rocks of very diverse character and age nm grouped on the map 
into two lithologic units, under the general assignment of undiffer- 
entiated Paleozoic. The evidence concerning the fauna and age of 
these mcks may conveniently be presented under throe general head- 
ings, as follows: Undifferentiated metamorphic PaImzoic rocks 
along the international boundary and similar and associstd mks 
south of the Yukon; undifferentiated nonaetsmoiphic and csen- 
tially noncalclrreaus Paleozoic rocks along the international boundary 
north of the Yukon; undiflerentiakd Paleozoic limestone along tbc 
intsrnationaI boundary north of the Yukon. 

821- 



Mc&mwrp& rocb.--Only the t h  fossil mUections noted M o w  
have so far been made from the undifferentiated mtamorphio Pale- 
ozoic m k s  within the area covered by this report. 

Falley of a headwater tributary of Boundary Creek, 13 miles mth  
of mflgle; from a thin bed of crystaIIine limestone ; collwtd bg L, M. Rindle, 
1903. T h e e  io&la were identifled by GI. H. Girty ae crInoId calumm nnd 
showed only that the mcks are of P a l w i c  age. 

Two other collections, m d e  by the writer during the Beason of 
1926, were found in the lower valley of a shmm which emptim into 
the Ynkon on the wme i d e  of the rimr and about a mile upstream 
from Boundary Creek. The exact localities am: 

W t 8 2  (m). Wmt sIope d h p  Yotmtaln, in T a o n  M t o r g .  Canada. 
2% milerr 9.40' hl, of International bounaary topogra~hlc stal3on 112. 

26AMtB (m). Boulder In creek, directly down hill from 25dMtB2 mcl 
abont 1.0 mllea S. 40' E. of international boundary topogrnpbic &ation 112. 

Both these oollections consist of crhoid columnds. With m g d  
h them, Edwin Kirk states: '' These two lots are apparently of the 
same age, They are Paleozoic d not earlier thsn Silurian. They 
probably are Devonian." These crinoids are qecidly  @nihmt 
bemuse they occur in mka previously mapped as a part of the Yukon 
group. A prrt of the rock from which collection 25AMt53 (2080) 
wm tkken ia shown in Plate 4, B. 

To the eouth, however, beyond the area ~~ by this map but 
withtn m k s  thet are grouped with the nndidmnt;iated Paleaeoic 

' rocks, L. M. Prindle made three cuktions in 1904, 1905, and 1907, 
sll of which offer corroborative evidence of the Paleozoic of this 
group of rocks. The numbers and localities of these collections are 
as folIows: 
4AP48. 43 d l e a  w e t  of Elngle. 
-18. Dennlsw Fork, abont 20 miles mnth of W&en Creek 
'lhP82. B'ortymLIe Rlre~,  one-foorth mile below month of Napoleon Ckeat 

Collection W46 consisted of a obml doubtfully referred t,u 
aph&b? sp., which suggested to E. M. Kindle a Devonian or 
Silurim age. &Urntion 50319 showed some striated plant sterna 
which wem referred EEJr F. H. HnowltOn to C&m&a mdidw and 
indicsted only a Pdeozoic age. Collection 7AP82, from a somewhat 
& idam limestone, wm identified by Kindle as whoid darns of little 
d i ~ g n d c  value. 
In addition to mch fragmentary plontologic evidence, however, 

considerable is bow11 of the age of this group of rocks from other 
fossil collections made in this same diatrict and near-lq districts, 
and from formations which, though belonging to tba same group, 
have been in part differentiated into mappable mih The other 
f w i l  lists will kw pmsmted under the appropriate headings. The 



age of CBU otber parts of the nnd*erenEiated Paleozoic assemblage 
that: am tmfossiliferous either here or elsewhere has been determined 
within fairly narrow limits from codat ion with similar rocks in 
near-by districts whem their stratigraphic relatiow to contiguous 
formations are better h o r n .  The feldspathic sandstone or quartzitic 
ark-, for sxample, which appears to adjoin the Birch Creek schist, 

*r is probably equivalent to part of the Tatdina group in the Fair- 
banks quadrttngle, whem such pocks have been dlifleerentiatd into ra 
=parate unit. The Tatalina group, which lies boneath Middle Ordo- 

a vician mks and above the Birch Creek xhist, includes not only the 
arkosic and quartiitic rocks above described but also m y  red, green, 
and purple slates, and it doubtleas represents that part of the 
Lower Ordovician and Cambrian sequence which is present south of 
the Pnkon, and it may extend down into the pre-Cambrim. It does 
not, h be sure, indude a Cambrian limestone, but possibly ib 
mdticolared slates are in part at Teast the metamorphosed equivalents 
of the two formations that underlie the Middle Cambrian limestone 
in the valley of the Tebnduk River. It is therefore not too much 
to.shte that the brrse of this undifferentiated group of Paleozoic rocks 
m y  be as old m Cambrim. 

T'he thin-Mded dolomites between Fourth of July and Glwn 
Chela are particularly hard b place stratigraphicslly. The beds 
dip both southwest and northeast, showing reversals due to folding, 
but apparently the dominant dip is southwestward. They lie north- 
east of a belt of undifferentiated lim&onet of unknown age that crops 
out in the biUs southwest of the Yukon. Farther northeast are 
h m r  Crebaous and Carboniferous rocks. The structure and sur- 
mnndfng stratigraphy therefom yield little information regarding 

& their age. rjthologically, thew rocks resmble more than any other 
the tb-bedded argdlite and limestone that underEie the Middle 
Cambrian limestone of the Yukon and Tatonduk Rivera. They ara 
included BS undifferentiated Paleozoic rocl~s because the information 

P at present available does not seem te warrant a closer age mipment.  
The age of the slate-quartzite p u p  just north of tbe Yukon at  

the boundary can not be stated dehitely, inasmuch as no fossils were 
found in it or in the adjoining limestone. Even the stratigraphic 
sequence is doubtful, as previously pointad out. But as fossils not 
older than Silurian occur in the Paleozoic metamorphic rocks just to  
the south, and the rocks adjoining to the north are reprded aa 
Middle Devonian, the apparent interpretution is that the age of the 
s'tate-quartsit,e group is somewhere between Silurian and Devonian. 
EToweve.r, in an overturned sequence such as is beliewd to exist here 
the apparent interpretation is not necessarily the true one, and this 
suggestion is made with no dogmatic insistence of its absolute truth. 
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Metamorphosed ba& ignwu~ mks of aeveral different agas colh- 
t ively desigmeted greenstone exist in the Yukon-Tanirna region. Pas- 
41s collected from the volcanic tuffs and other dirnentury beds - 
ciatad with the levas indimb the presence of a Middle Ordovician, a 
Middle Devonian, and a Mississippian ~ u a m  of basaltic m k s  of 

a greenstone habit. Another group of greenstones of ultrabwic cham- 
ter, which for reasom slaewhere ~tated in this report are considered to ,* 
be of Devonian age, are alno present, Each of these four Paleozoic 
peenstone f omtiom hm wrtain distinguishing ch~mcteristics thst; 
make possible a ressonabIe gums regarding the age in areas whew the t 

fossih are absent. From such data the greenstones of n k Q  in- 
cluded in them undifbrentinted Paleozoic rocks are believed to be 
mainly of Devonian age. Likewi~e, some of the shales and thin beds 
of Iimestone are more likely to be of Devonian or late Silurian age 
than otherwisa. 

Chert occurs in varying mounts thronghout the Pdeozoic mb, 
and two formations containing a cumidemhle proportion of chertt 
of late Middle Devonian and lower ( %} Miaskippim age, have been 
t3ebamtely meppd. The chert maglomerate, above described, may 
belong in either of these two formations, but the might of p m n t  
evidence favors its assignment to the lower M i d p p i a n .  

Upper Missisdppian and Permian rocks constitute well-Itmown 
geologic units along the Yukon and elsewhere in interior Bid, 
but they are m extremely fossiliferotas that it is ~conoeinhle that 
their fmil  content could be obIitsrstsd by mehmorphisrn of the 
d m  present in this uadiflerentiatgd group. It is therefmube- 
lieved that pnwtically none guch pock are iincloded in t h i ~  p u p .  
Tt may be said, therefo~, that the group of undifferentiated mta- 

morphic Paleozoic rocks along the intern~tional boundarg and south r 
of the Yukon includes formstions ranging in age fmm Cambrian 
to Devonian. It ahodd again be emphasized, however, that the 
sequence included in this grouping represents only a part, and p- q 

sibly only a mdl part, of the Cambrian-Devonian sequence. 
N m m d ~ p &  &mm mh.-The  presentation of the 

evidence concerning the fauna and ~ g e  of the essentially noncal- 
camus nonmet~morpbic rocks along the international boundmy 
north of the Yukon which were described and mapped by Cairn- 
is difEcuIt becaw Cairnea published his faunal lists without giv- 
ing exact lo~tions;  it is therefore impossible fmm his memoir alone 
to correlate the fossiJa with the geologic mapping. From Dr. 
E. M. Kindle, nt Ottawa, however, the miter obtained a key tu the 
locations of C:alm~'s fossils, which, although obviously in error 
with ragard to the placement of certain particular Iots of fossils, 
gives the 1ocsIilit'ies of most of theni within a quarter of a mile. 
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F~ounm 3,Index to localities of fossils collected along the internatio~tal 
boundary by the Caaada Geological Survey, as  listed by Cairnes. A, Key 
to numbering of main blocks; B, sample block showing method of indi- 
cating subdivisiolls 
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Cairnes's Irey is m follows : T h e  @rip along the international bound- 
ary is divided into blocks cbmprising 10 minute of latitude and 
approximately 10 minutes of longitude, which are numbered from 
north to south with roman numerals. Each main block is gubdi- 
vided into units approximately one-fourth of a mile aquare, desig- 
nated from south to north by the numbem 1 to 46 and from west to 
east by the letters a to t. The r n d  blocks falling within this area P 

and the method of designating their subdivisions are indicated in 
Figurn 8. 
On the wmmptian that this scheme was used mnsistently and i 

" that no tgpogmpbic e m r s  am present in the numbem of the fossil. 
collections given in Cairnesb memoir md after m a b g  the best 
possible adjuwent of some of the obvious inconsistencies, the fol- 
lowing lots of Cairnes's fossils are htmpretd by the writer RS b a ~ -  
ing been ~ I l e c t a d  from the assentiaLly noncalcamous rwks, ranging 
in qp fmm Ordovician to Carboniferous. 

XX i25: 
Dicmogmptns cl. D. ramosns (Ball), 
Rblograptna @~blt&nns Hall. 
Dlplogmptos frtllaceurr h c f w  Lapwarth. 
Ob#hs Rg. 
Oatracode. 
Ptschoprla ap. 
Botelns? m. 
R a m s ?  8p. 

The three graptolites listed above were debermined by R. Ruede- 
mann to be of Lower Ordovician age, or, mom speeificalIy, equivalent 
to  the Normansgill, the upper part of which, however, Ruedemann 
considers to be of early Black River (Low~ille) q ~ ,  which is corn- 
monly classified as Middle Ordovician. The other invertebrab x 

were determined by b. D. Burling. 

The above mU&ion, debmined by E. M. Kindle md E. 0. 
Ulrich, was referred with some hesitation to the Ordovician. 

ca~lectim, darmined by E. M. ~ h a l e  - ~ V O I ~ ~ U  but pw- 
sibly different from the type Middle Devonian fauna, was obtained, 
according to the scheme of locations given in Figure 3, about 9% 
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milea west of the bundary and BA equal 8sbanca m t b  02 the EmdiEr 
River, in an ares believed to ba e o m p d  essentially of h w e r  Cre- 
tacwas rocks. If no error in placement h a  been m d e ,  thase fossils 
probably came from esxntially noncaIcamaw Devonian rocb in- 
folded inb the Cretaceous. 
L D. Burling, who accompanied the hnndaq party in 1912, 

a h  made several Ordovician collections along the boundary north 
of the Yukon. Them have been studied by R. Budem-, and the 
d t a  of hirs shsdy are given in the identifications below tabulated: 

' Cawponge BPm- 
Tetmgmpta~ s l d b  (Hall). 
Mdymagraptw patulna Hall. 
Dldymogmptns ci. D. e x t e m  Hall. 

m: 
Uaryocarle n. m. 
Tetragraphs slmills (Hall). Yunng -men. 
Dldgmwptus nftidus Hall 
Didymograptus extenws IIslL 

1688: 
Lingnla n. 8p 

CaryocarL n. qh. 
8ponp;e d r m l e e ~  
Tetragraptoa (Bs31). 
Dldyraogreptus nitidme XXaU. 

I*bm of the four mflections above given indude the genus Cmyo- 
mrb. Buedeminnp who discovered this little crushman among the 
f lnrhg collection, pubshed a geparata note thereon, ap follows: 
ln B mLIection of lower OsdovIchn praptolltea from the Alaska-Pnkw h a -  

am swt to the writer by 1;. 13. BnrUng, of the Gealogtcal S m g r  of Canada, 
for idmttecation, a mall number of q d m e n s  oi C a w  were noted, one of  
which retaInar the abdomen In place. This fact aar well as the pre%ence of other 
Charache hitherto unknown have 8ugg.ested thiEl note, the material havfng: 
been kindly prwentd to the New York State Mugem by Mr. Burllug. * * 
me Al~ka-Yukon material is not obscured by an imperfect cleavage and 
leavee no doubt that the mterlor marpin of the mrapam was indeed furnished 
with a flne comb of unMorm b r f s f l ~  or teeB cwna~pondlng to the "frfm" 
obaemed in &ah 6pecttes of C a a t k w r i a .  

In 1E!8 P. S. Smith msde a cuUsction of Lower OrdaPician grap- 
tolites from a bed just above the Upper Cambrian Iimestone, at the 

8, Noh an L l o m  wlter: Near gmk a t e  Mu*. Bull., Nw. 22?-e28, 
w. 074s. 1819. 



h d  of t h e  North Fork of Shade Cmk, which were dehrmined by 
Xdwin Kirk, of the UniM Stutea Geological S m y ,  as D i e m  
SF. asd assigned .by him to the Normangkill. The exaet locality 
(ILBGMt261) ia 1 miIe N. 1%" W. fK#n " Hug " b m d q  trisnge- 
latiw station (McCsnn Hill). Tbesa fossils come from a nar- 
mar band of shh, directly above the Oppr C~mbrian Xrneston~ but 

' 

directly M o w  a group of & oompwed of argillih rrnd chert, of 
Middle Devnimn age. !l'%is Ordovician slab is too mall  to show 
on the male of the accomp~nying map but can be dbmiminatd and 
mapped on a larger scale. The occmnm is hem m r d e d ,  for the 
benefit of latar workers in this a m .  

Mod of the Carboniferous f a d s  coIlschd by Ceiram occurred in 
rocks that were dominantly noncaloamus, although some of the 
uppar Mi&mippian rocks evidentIy contain thin brls of limedona, 
as they do at Calico Bluff, on the Yukon. The Carboniferous f&ls 
of the boundary were studied briginally by G. H. Girty, of the 
United Stam Gsologicd Survey3 and those collected from latitude 
4 5 6 O  southward to the Yukon have m t l y  been r e e x k e d  by him. 
Three of these coUactions from the vicinitg of Ettrain Creek, which 
m r  in Limestone and are now mfermd by Grty t~ the Permian, are 
sepantely t i dd  nnder the Tahksndit (Permim) Limestone. (See 
p. 129.) BPI the others, as revised, are listed below: 

FeneetelIa. several sp 
mmlitrspa'l sp. 
Wpirifer d. 8. m a m i .  
Martinla? ~p 

XV c 40: 
' ~ e s t e l l a a p  
fol~pora UP. 
Gleiothyrfdlaa d. C. pecbwtiera. 

KPIj  9: 
Zaphfentis sp. 
Marginifern? d. MY, inpoluta. 

m k 10: 
Fmeestella m. 
Plnnatopora (A@ntbocladla ) sg. 
dsstodictya rn 
Bnatedln cf. H. IndIm. 
Bphrentb sp, 
Penmtella sp. 
-Productus cf. P. tendrtrltltua. 
Producttin d. B. Infhhs. 
Myallna d. H. [.k 





lIlX c d  80,31,32: 
Mlchellnia ~p 
Zaphrentia 2 sp. 
mtmtomeh sp. 
PoIypora, 3 sp. 
Derbya? ag. 
RhipidomelIa rn 
Cbonetes ap. 
JPmdnctns semiretldatns. 
~ d n c t n s  cr. P. ptt!3tdatuar. 
&-oducFurr ci. P. cancddformis. 
Prodnctus sp 
Marginifem et M. involuk 
dplrtfer cL S. iasdger. 
8pirUer d. nWtlnt 
lpiriter ct S. tastnbeardir. 
Splriier d. 8. condor. 
Squamularia d 5. 
8pirlierlna sg. 
Cleiothyridiana d. 0. pxbUer8. 
Rastdla cf. R, Ladica. 
Av2cullpeCtee sp. 
Pknrotomarfa ep. 
Amplema ~ p .  

m X  e 30: 
E3vo8ita q h  
atphrentf~ 8p. 

P o l - v r a  ap 
Batmtomelln m. 
Lingula d T i  a!bapincmnls. 
RhrpldomeUa gp. 
WhucherteUa d. 8. chemnngemis. 
Chonctes d. Q @dWmn8. 
Chonetes ef. [I. varfolatus. 
Chonetea qs. 
Prodnctm d. P. porrechm, 
Productus d P. canalnlformis. 
Prodnctns cf. I?. iaedstua 
Productus cf. P. fnmanenais. 
Marginifera? cf. I. involnta. 
Bgirlier sp. 
QnnmnlarLs d 8. perplera. 
Avlcnllpecten, 2 Bp. 

Pleurotomaria EQ. 

Patapnrchib pp. 
113JEi4: 

Chonetes d. [I. ostIoIatn~1. 
Pmdnctns ct. P. hnmboldtl 
Camarotoechia erp. 

Cfir ty 's  latest Btapment regardmg the probable age and eon&- 
fion of the fauna above fisted ~ F I  given herewith:. 

I it pomltde to repeat at thEs time most ot whet 1 X ta Mr. Calrrren i 
1W2-.sometblng that d m  not nlwaye h a m .  drr regarde the age of fME 



fnmta, f am In a adour dilemma, owlng to the recurrence In the hk Pennsylva- 
o# Rnesia at type8 of iosulls that ara more OF I- restrlctd to tbe,Mtssls- 

nippian of the United States, Judged by onr standnrd tbe fauna would be late 
Tennaybanian or even f ermlan ; judged by the other It would be late JHsdsaip 
plan. Qf coum if an exact agreement wme found with either, ~ 1 1  ancertainty 
a i m l d  instantly vaniah, bnt nothiriff more ia found than general resemblance. 
My Ideatitlcationa and comparisons ae furnfsberl to Cairnes wonld sugget a 

* tentathe prefereom for a Pennsylrnnian or Permha age, thongh tbe Pormdu8 
emploged were in part at least mcrely dcscrlptlve and did not nccesmrily carry 
m y  a b n g  implIcatIon of ~eologic age. My present feeling Is the other way, 
that this fauna is  probably Mteaimipplan, t h ~ ~ ~ h ,  I ~honld add, it has acarcelg 

;4 any features in common with the typical YlmisstppIan faunas ~f Iowa, Mimonrl, 
and a t h e  States. At preaent tbe only ground that Is even npproxlmatels safe 
ia that we apvarently have two dlstinet faunm Lglongiofi In two dlstlnct bod- 
wna One h o r h n  la the Alaskan PermIan ; the other is older. Tlnfortunately 
we B o w  Ilttle or nothing about tbe stratigraphic relakfona of the Cdrnes cola 
lections; mch knowledge would doubtless be a gmnt aid to oa in the pment 
dt$lenlw. The true poslktons of t h f ~  fnuna In the time mile eeemlngly mest 
be left to future In~es t i ga t lon~robab ly  to a rkognltlon of It In other arms 
where its rclntions to other faunas have been determined. 

I shonId perhaps add that becaum I have dedgnatd three coll€ctlona as 
Permian, I won:d not imply that all the rest belong to the otber questionable 
&urn. A number of the reatdual coHWtlons are so pmr In -lea or In prepera 
mtlon that no dhpsltion of them cnn be made. 

. The original fannal H s t ~  prepared for Mr. Cnlrnes are returned herewith. I' 
haw qecked the 1- with the coUectionw,. npecles by qw~ie8, and made a few 
changes in terminologg. In the orlglnal lluts the specie8 are compared with 
thw of Tschernywhew'~ " Gscbelian " fauna. If I attempted to embody mg 
present idea in the lists I would perhaps try to Yhd comparable spxica In our 
Mlpdsdppim fnunas. Thf8 monld entail a great many changa la the lists-- 
wonld in fact @ve m e  nf them nn entirely new espxt. Untler the mnditlons 
of nncertalntg that extst, this seemed nndtislrab~~. and tbe narnea ns tDey stand 
mag well be taken to i n d i @ ~ k  speeilic re~mblance wlthoot implyhg mlodc 
age. * 

L h w t ~ l z e . 4 i r n e s ,  in his work along the international boundary, 
collected Cambrim, Ordovician, SiEurimn, and Devonian fmils from 
limestones of these ages but did not differentiate the limstones on 

? his p l o g i c  map. Burling, in 1913, coILected Cambrian and perhap 
other Paleozoic fossils from limestone in the same area. Earring- 
ton, in 1909, mild Middle Devonian and Ordovician fossils from 
the limestone on the Tatonduk River near the boundarg, and the 
writer in IPS3 collected Middle Devonian and Silurian f&ls from 
this same district. All the fossils from Paleozoic limestones that 
have not been diflerentiatecl in the geologic mapping are listed below. 

Cambrian fossils collected by D. D. Cairn= : 
Xrx j 9: 

omus Bp 

Llagnlella ap. 
h t h e l e  d. A mcoFiacea Linnarsgan. 
acrotreta, 2 sp. 



L e i a i r i  RP. 
XTX j IT,  18: 

O b l n a  [Wmtwla) d. 0. ntoneanm [WhItReltl). 
LlngnWa ap. 
AcrotheIe d. A drorlacea U o n a ~ n ,  
&.hip;amhm d. S. tJrpicalls Walcott. 
Undet~rm bed Mldblte. 

XEX 1 31: 
Forarnlnffem? un8Ptermined. 



WXDPFEBEIVTLbTBD PAUEOZOIO EQCES 

XX 1 M1 
Bb-a. 
H~oUthe1lmP om 
Steootbeca, 2 m 
Condarfa sp 

. Mlctomltra {Ixhldella) pannula IWblte). 
dcrotreta, 4 BP 

3, Optracodet& 4 8p. 
Agmorltus, 8 sp. 
Agta~08 ,S  m. 
Ptychoparla, 2 o t  3 ep. 

S Anamware sp. 
D o r ~ ~ y g e ?  sp. 
Nedevns? sp: 
golen~pkflra, 8 sg. 

L. D. Burling, in 1918, made six mUections: 
4m 4731, 4132, ttad 4733. Hqltnw Xountnln north GT T~atonank River, In- 

ternattonal botmdarg. 
1734 and W. Jonw Ridge, nortb of Tatontluk River, I n t e r n a t ~ ~ n ~ l  boundary. 

C. E. Resser, of the United States National Museum, who hs.i 
lately been studying this material, gave to the writer the following 
partid list of genera occurring in t h m  collections : 

4m, 4781, 4732, 4133, m d  4734: 
l!hortUs up. 
Weatonla sp. 
dcmthele 6p 
Pambolns up. 
TrlIoblte~ of several generR and species. 

4899: 
~smphysurfna sp. 
b r t h l s  m. 

5 All of Cairnesf Cambrian fomile, with the exception of collection 
XX i 34, which was believed to be possibly of Middle Cambrian age, . 
were referred by Burlina to the Upper Cambrian, and so far as the 

r wri* is aware no later work has been dona on this materiaI. Col- 
lection 4689, m d e  by Burling, is refemd by Resser to the upper 
part of the so-called *Canadian system,'' or, in the United States 
Geological Surtreg nomenclature, to the Beekmanbwn p u p  of the 
h w e r  Orclovician series. Collections 4750 b 4734, aim made by 
Bnrling, sw referred by Resser to the Upper Cambrian of Wlrich, 
which in United States Geological Survey nomenclature is the lower 
part of the Upper Carnbrhn. Hence it would seem thet the Upper 
Cambrian series is ruther flllly developed as marine limeskonas along 
&he boundary. 

Cniraes ~ U e c t e d  Ordovician fossils along the boundav but not 
within the rma covered by this report, and Iists of t h m  fossils are 
#hmrfnre not here included. The fossils of Ordovician age oollected 
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by Harrington in m e  from the gravel of the Tatonduk River 
near the boundary and consisted entirely of Cdu- dveolata 
The presence of this speciw, of course, has little stratigraphic value, 
because the e v e 1  in which it occurs may hsve hen transported 
many miles. 

Cairnes's Silurian fomils include 8 ~Uections of middle Silurian 
age d 11 collections of upper Silurian age. Of the 8 middle Silu- 
rian collections, only 6 were obtained within the area coaered by this 
report, and theae are given herewith. The detarminations were 
made by E. M. Kindle, of the Geological Survey of Canada. 

Atr~pa an. 
dtrgpa cf. A. marginalia Dalman. 
Orthis flabellltes Foerate. 
Dalmanelln ci. D. degantnln [Dillman). 
Whisfleldella cf. W. nitida Ball. 
Anoplothecn sp. 
nlnenns cf, I. atmatns Hall. 

xlx t 35: 
Btmpheoclonta 8p. 
Rhipidomella n. gp. 
Oypldula? sp. 
Clarinda d. 0. fwnicnta (HalI). 
8phuererochna sp. 
Iliaenus ci. 1. Impemtor Hnll, 

XIX h 31: 
Btropheodmta sp 
Orthis ilabetlltes m t a  
Dalmnnella cf, D. elegaatnia (Pahmth). 
Yeristioa 8p. 
Gpirifer radlatm Bowerby. 
Bpir f ~ r  wp. 
Sphn~reracbm romlPgerI Ball. 
Illaenns cf. I. Imperntor Hall, 
BrontIop~Is ~p 

XIX rn 6: 
Cladopora pp. 
Fnvoaltes up. 
Wpbrentla sp. 
Can~nrotaechin? cf. 42. a h a s  hlalI, 
Cam+irotaecbia? d. C. Endlawnsb (BnIl). 
Atsypn m. 
&trmlna m. 
Nncleospira b. N. phfforrnh Hall. 
Rematoapira cf. T. camnra HaI1. 
BIebereUa n. sp. 
MHil~rca? ei. 116. sigilla Hall. 
PEatymms gp 
Orthoceraa pp. 
Dolmaniterr wp. 



XVLl h ls: 
Cumarotoeehla d. 42. lndlanensis I Hall). 
BtmPhmdonta m. 
A m  Tetimlaris (Linnaeas) var. 
Splrtfw mcllatns 8owmby. 
Rettcnlmh cf. R proxLma Kindle. 
Pterinea, w a l l  ~ g ,  

Hal ysitea catenulatns ( Linnaeu ) var. 

Qf the 11 upper Saurian collections made by Csirnes, only 1 
wm found within the area here described, and this is given as foHom r 

The single Silurian (F) mllection made by the writer from the 
limestone of the Tatandnk River was examined by Edwin Kirk, of 
the United States National Mnseum. The locality of this collection 
md its fauna, as given by Kirk, follow: 

Cairnssb Devonian fossils also mere determined by Kindle. They 
include, within the area here treated, 15 cdleetions, of which 12 

- were assigned definitely to the Middle Devonian and were come- 
lated with the Salmontmut limestone of the Porcupine River. The 

~i ' other three aollections were believed to belong to soke other horizon 
in the Devonian. The Middle Devonian fauna is listed beIew : 

Favodtea 8p. 
Camarotwchta. 8p. 
Pugnax ci. F. mgnae (M&&n). 

1 

A t r m  setirmlarlfl [Linnaws) var. 
hptaena rhomlwldal ltl ( Wilckens) . 
Schimphoria striatula (5chlotheirn). 
Reticularia m. 
Anoplothwa d. A. amtlplicata (Conrad). 
PlaWcem sp 
Cstherella w. 
Oyphaagis cf. C. bellala. 

10, j 17,116, 116: 
Atrgpa reflcularls (Llnnaens). 
dmpa mlnaea HalL 
Bchizophorla sMatnIa ( Rhlotbelm 1. 
Retfrrnlarda 7 ci. R. snbnndIfera (Meek and Wormen 1 .  



gVXf j 16, j 17, E I& 1 16-4mffnned. 
Retlcularla m, 
dam? a ap. 

X V I I  j, k 16: 
z#hrwltis sp. 
Favmika Ep. 

Btrophmuloota ap.. 
Atwm retienlaris (LLnnaeus). 
Scblzophoria Btriatnla {Bchlothdur). 
Qypidnla 8p. 

XVJI h l9,1 l9: 
Orln0id e-* 
Productella sp. 
Atrgpa reticuInrla {Linnaens) . 
&ticnlarLe d, R laevls (Hall). 
mticularla cf. B ~ubnndlrera (M=k natl Wwrl Lent I .  
Nucleoaplre m. 
Flsh Bona 

XTII i 14, 1 I$: 
CgathomUnm 8p. 
Atrypa rebidarla (Lhnaensl . 
Camarotmla contracts Hall? 
Btropheodonta ~moata Hall. 
Rettcularfa sp. 
Nucleosplm b. sp. 
Prwtus sg. 

XVII h, 1, 18, 19: 
~ v o d t e s  cf. F. bamltica Oddfnsa 
Favmites cf. F. canaden~is (Bllllng~). 
klPeolltes Bp. 
Schlmphoria stmtnla (9cbIotheBn). 
Qhonetm sp 
A t m a  retlcnlarIe (Liunaens). 
Martlnh cf. Y. maia (Bllllllg~). 
NucImsph np. , 

Proetns sp. 
XIX h 19: 

Zaphrenth 6p. 
At- w t h l a r l a  (Linnaeua) . 
Stropbdonta m. 
Cnmarotowbla ~p rn 

Merlstella? ap. 
Merlstella b. M. I a w l ~  (Vnnnxern) 
Pugnar pugurn (Martin) vnr. 
O~pldoln ap. 

XIX i ao: 
m n m a  d P. isgfnimlimntn B ~ I I .  
8trophwdmta BP. Ilndentical with StrophPodcmta 8p in XIX h-19. 
A t r m  reticnhrh (Llnnaew). 
Rchtzuphoria strlatuia (&hIothdm). 
Gypldula sp. 



XIX p 10: 
ClatInJ@011~mP m 
Atrgpa rethl- ( L ~ ~ I ~ R ~ U U ) .  
Leptaetla rhomboidal 1s (wu-). 
BplrIfer up. 

a 23: 
m e -  

& d m  d- (-). 
Atrrpa ct d dskdata [)old- 
Btropheodozita d. 8. srmata 
Conocardium d. 0. cum08 (33nrad. 

% mx I, f, h, Zd, 2": 
. , Atxym tatfcnlr* (-em). 

BC~heoaoOta BP- 
&himphoria strlattth (B&1aCh4?h). 
Orglihaerrst rn 

xm a 22: 
Cgathop~llmn cf. U. g n a d r b m h ~  Q d m  

. ' -01d 
Atrgpa reticnkrla (&hnaeus). 
Camnmtoechia pp. 
QYPi4nla m. 
Cbnocardlum ct d mnms Cwrad. 

- Hatrchinma l m. 
' ' T h b  other three' Devonian collwkions by C h w  are : 

me I d t i e s  rtnd-character of tbe mddle DmoniA aollectiom 
mads ,by H s m h g h  from the tmdiffemtiatd limeshe of the 
bmdsry are as follawsr ; the faunal determinations were made by 
mwin m k :  

4Rk a76 dka norsn and 8.5 miles east m m  intermtiam d me bmard and 
. '*-ht mdrldlan W dxQ-tWth pndlel : 

cdno ld  colnmna 
m-ta m. 
~ a f o t o e e b l r  sp 

, , dtrspa retieularl& 
" CmomrdlUm 5?@. - . *sz: 

m u .  



Hmil Xmk,hpe+, 6.m miles north @ 0.88 mile weat f h m  in- 
M ma hmdnd umY fa*-first metlaan aria uMx-fKth -I,% .. . 

> .  FeQfsbeIla sp, - .  I 

* Etttonla? ., v .,( 1 

h m a x  m. 
At- mtimhilP. i Yartinlq d. M. mmala. A I ' -  
6.76 milea north and 98 m h  east.-In- or me mid 

m - d w t  merIdim and -~-flith pa- r L J  A 

C p t b ~ y U u m  m. . . . . 
Le~ta*na r h o m h i d #  .; , L.. ' 

At- reticula& 4 . ..* 
-# 

7#., Hard Lnck Creek, & mPilm 0- 'aad:0.9' m b  wat-Satlwretba 
k a h u n m  m d  fore-apt mecldlga gnd m-nttb m r  

m*u1~ Irp . . 
141 IUrd LacL & d m l * a d m t h i s d 0 ~ 8 1 1 m n a m a t i h n ~  

d ons hnndmd snd I o r t y - f b L  m m d h  and Slrtl-Bfth v: 
Chonetsa q k  

142 a & m l l e ~ a a d B f , m i l m ~ h S n ~ . a ~ ~ s n d  
I#rtpQmt meridian &;d W-dtth pnm11d: 

8tm-b E@. 1 ' I  

me l d i t y  of the fFom 2ha Mddle D m d m i  
of tbe Tatonduk River made by the writer a d  t h e r d e ~ a t i o n  . 
of ih contained fads by Ed& Eirlr, of the United Staha N8tional 
Mwum,  sre given below : 

W t 1 6 l  (m). North bank of TaMt l l  Rim, Om milr. N.' 41%' W, of 
latematlona2 bun- tqpQgmphlc rrtstlon 104 : 

Alvmlltea prp 
Bkiatopors ep. . Acemlariil d. k &rctia (Mw. : , , 
EeIiopWUum fw 
Farosltea d F. p o l m ~ ,  C)Plc?2mm, 

t 

IOypidml d Owm. 3 
A m w  - (Linaaerrs). 
A m n e a r k b m B a l l .  I 

mooem d C. p d a  HalL 
Camam- sp q 

m y ,  it ~fkodd be m b e d t b a t  this d t b  o i - ~ k o g i c  
material eomw .mainly from e m v w  ~ n e  dong the internstiand 
boundary, h m  th Yukon River northmrd to the #hion Rives, a 
distaace of about 60 miles, Nemerous ntrathphil boEiaons in .the 
Paleozoic have aI&y hen recognized, and others are doubtless 
represenfed. When a, topographic q i p  shIX have be& made of the 
800 square mila lying in the t r imgle between the biindery and the 
Yukon and Nation Rivers, the p l o @  mill bave.befora bim prob- 
ably the most interest& piece of geologic mapping of Paleozoic 
m h  that && in Alaska. Cambrian, OFdoPician,. Silurian, 
Devonian, and Carbonifgmns FOClGS are aU rep-ted, and the 
reoogdtion sod mapping of sll the folrmstiom ia thee hs- 



,h,gldJ~&h a vast mount of informstion mgntdhgl& h b r y  of 
,$be, P:aEeowiqsm-in ~e Yukon Valley. I .  

. &mo iq-~oqd and little aoop mappieg has W:.&IQI along 
b P P n d ~ ~ ~ ~ 1 p t . + ~ 1  mat deal crm be said aa yet'm@rding the 

&ation, of &ha, d a  there with Paleomic groups md fomations 
* -he .  ia. .Abka. Pdeontologicslly, however,. m=t& -cornla- 
tiam ~tand IOW stqkbgly, of which the Sdurisa, Devonian, m d  
Mkkippim faunas afford the best  example^. One of the prombent 
hrhn amhm of qntral and northern Alaska is the pst middle 

, 

Silurian l i m m  developed in the White Mountah mr#~ of Fair- 
bsakB and fm 4 E o h h s  Sound sastward for 600 or 700 miles to 
the Chandalard River. To judge from the middle Siluria fossils 
c o M d  byl Cqrnm,md from the fact tbat KindIeM mUected 
'middle ail- 8 -113 from the dolomite jwt abave the lowet .ram- 
paxh of tha P m p i n e  River, it would mrn that this middle.SilnFim 
mpmm is prob&Jy coatiouous with beds at the $ame hmizon in 

' mah%m . M a  Similarly, the upper Silurian fwJs  collectad 
Jnng the <boundmy by Gairnes suggest the pmance there of the 
a p p ~  SiI* (P) forraation mapped Ijy Smith and -Mmtie in ' 

no- Abka ,  correlative with a sisimilrtr formation in central 
sIagka &at ove~lies the middle Silurian limeston~ of the White 
MomCsins. 

The  id& Devoni.. huam dong the boundsry.ma$ alas be ear- 
dated  with a similar fama widely hopen in interior and northern 
M ~ k a  The typs locality for this fauna in northern Alaska is on ' 

the Porcepina River at the mouth of the Salmontrout River in o 
Jimeston~ called by Kindle the Salmontmvt limestam. No fossils 
that were d i h t l y  Upper or Lower Devonian were collected by 
Cairpes along the bomdary. The absence of Lawer Devonian f ossiLs 
i s t o b e ~ , m s u c h f u d s h 8 v e n o t ~ t b e e n f o a n d a n p h e ~ ~  
in B1&. Rut an Upper Bvoniitn fa- characterized principally 
by Sp;n'fm d+&, is well dewdoped in northern Alaska, and ib 
islpoasible that- gome of t h e  other Devonian mLEeetions made by 
CiriYnan, which Mte believed by Kindle not ta belong to the Middle 
D ~ ~ o h i a n  sequence, m y  in fact belong in the Upper Devonian. 

The Carbonifems fossils found by Caimw almg the interns- 
dorial bundargr may be correlated CPomIy with Carbonifkmns faunas. 
fbund ehwhem in interior and northern Alaska in that they can 

' :'split into two p u p ,  one of late x s k i p p i a n  and one of Permian 
' . The type upper MissGppGn formatian of interior Alaska is 

, ,?,., . A 

rglnQa, 8. X,  O w W  reeonnaf-rn M the Formpine V w ,  d m :  WL BW.. 
Amaria Ball., vot 18. p. 821. 1008. 

amlth, P. I.. l a d  Yartfe9 f .  8.. jr, QBol99~ and geom* of nomrertm ~ m h  = 
: VCR. Owl. %rref Ball. 815. gp. 182-188,1930. . - .  
? .  <, Klnq1s, 8, M., op. dt., p. pas* 

, a 1  > . . 



the C& ~lttff -tiq th6 Y&B, which b d-'d oa pw 
101-106, and that of northem-Ma& is tEier Liabume b t w h n ~ ,  mod 
'mtlyhdrmribd %y Smith .and Mertie.w The type Permian forma- 
tion for mtraPPNdca is the Tahkandit ~XImestone, at th math mf 
the Nation R ~ & ~ & a i b e d  an pages 125-197 of thie report; and for 
northern M ~ , ' W  Srtdlemebit mnddmg originally dtscri.Bed by 
I.&uigwellm h q l v e n i a n  but later -ed by CI~TQ to the a 

P-im. 
No m&mf Ijm-e mch l l ~ ~  $hm t h t  &rig the in- 

thmational ?mud- nwth of the Puke? &ie - along the T b  .c 
rbetwean E q l e  Girde,. bat two mdI bh of undiffemtirtkd 
ibW&i klrlld this s W h  of 'the riper'at BdT Creek *?d 
Wmdcbppe~ Grwk. Nu &mifa hlrre been found En either of h, 
dndhtktir txakt nge is therefore nnhown. The QpieaI middle Sia- 

lhwtoae ss develop3 dsewhera .in central snd northem 
Al&?ssotIri&k$dsopmnlhent that it isnot b e l i d  that t b  

' 

muaIl-Gimkmn~ Wits a n  h h n g  fa the  same horizon. The mdd-% 
Demdan limeatme along tlle Yukm is asuchted d t h  >t ;o lm~k 
mcks, a &dition+hich does not a p p r  to exid with 'tWbPts of 
bne&m under mnsidemkidn. T h e  Permian and Mississippisn M- 
stones &re so extremely fmsili9emns that it seems i m ~ s i b b  that 
those undifferentiated limestones could belong to either of-theM- 
mns. There remain, so far as our present &atigaphitz:krmw1edge 
goss, the Cambrian, Ordovician, and upper Silurian limestone h r i -  
eons, and of t h  the sumwnding stratigraphy suggests more 
stm& the upper Silurian. The limestone bsnds c m m h g  Bull 
C m k  &d Wmdchopper Creek are therefore believed to  be of p5 
able upper Silurian age, but in the a k n c e  of mnclusi~ p m f  t h q  
am mpped as nndifl~rentiated Kmestoae. 2 

Fopwrtoaphic puqmw the differ4ntiated ~ a m b r i d  and under- - 
Iyhg,mcIta afb shorn in five unita, as, follows : Bn Wpm Cambrian 
Zimestane ; a. Middle Cambrim limedone; s Middle Cambrian or 
older formation that undarlies the Midab Cambrian limestone; s 
hwer ( P ) C+an or pre-Cambrian red-M f ormatimi that f ornu 
the basa of the G b l e  stratigraphic lseqaence on t h e  Tahnduk R i m ;  
the Tindir p h p ,  8s mapped by Cdmes, which is here interpreted as 
Csmbrian or precmbriaa The last two of these p u p a  have 
almadp b n  d & M  undar the heading " Cambrian. or pre-Cam- 
brian mh." %' 



The & hem dmribed as mddZ~ Cambrian or order d t n t e  
s mappable wi t  that lies geopphically a d  ptratipaphically be- 
tween the red h i s  and the Middle Cambrian l imwne.  The h o r n  

-3 expogar- are retricted to the Tatondnk River. 

5 This formatiion bomhh of h d s  of dark-gray h & n ~  and dol* 
mite from 6 i n c h  to 3 fset thick, inkbedded with &ale and argil- 
Zih, the l a h x  perhaps som~whmt cdcar~ous. Much of the clay shale ' , 
is nodular. 'Them ere a h  a few beds of Limestona grit, a h e  
grain& phm .the limestone ~mglommte  dmribed on page 66. 
! h o  mCll tba upper 85 feet thick and t h e  lower 6 feet thick, 
mparatad by red srhde, occm at the very barn of this formatim and 
&ow that t& .formstion gradea downward without. s Btrntigmphic 
bdt into themd W. The appamntly mnmdant dmcture pug- 
gats that th i~~fornat i~n  also grade! upward into the maseive b d s  
st the bme od the Middle Cambrian hne~tone, but t h i  relation c a  
not be @dm proved. 

I r i=%Va'PIPBg ARD THWgR'mI 

This formation is not contiauous1y expamd in the 'bluff8 along the 
Trttondnk River,' but the visible e x p m m  k&cat& a mther uniform ' 

whtm1y dip, mnghg from 20- to 309 Geographically, thia forma- 
tion occupies e belt dong the Tatonduk about half a mile wide, 

S' memred acrm the strike, and the maximum thiclmess &n not, there- 
fore, much ex& 1,000 feeL This &hate, however, mag. be me- ' 
teriallg l688eaed if the strukture should be found to lm more intricah 

f AOE A m  wpaamm . . 

NO fmils have p b  been found in thma mb,,md their age can 
therefore not be.@uen on paleontologic grounds. They underlie the 
Middle Cambrian Limestone ~ n d  are thus Middle Cambrian or older. 
Much nncertainty,is .involved in a mare definite age assipment, be- 
muse of the posgibility that an mconformity m y  exist at the biasc! 
of the,Middle Cambrian limestone. No positive evidence of such an 
unconformi@ ,was seen on the Tatonduk River, but Cairnes's &ta 
concerning con& tions farther north along the boundary, prf5cdarlp 
at Jones Ridge,. suggest strongly that such an unconformity exists. 

.,CQirne~ dwribes ,tBe rocks of his Thdir p p  along Tindir Oreek 
&d Istween Ettmin and Hard Luck Creeks aaf congisting of dolomite, 
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th&&+~, qunrtei+ date, shale, and pjmnatoak Ths lithologg log- - t b t  the formation here described as Middle Cambrim or older 
may ~ ~ r r e l a ~  with a part of C B I ~  Tin& gmnp. 
I -- <:-"' . '  
---: '" :.yh > . ~ ~ ~ . :  

14 ' , : -L7.b-s,+ . ? ,  ? > .  - 
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Thekididdle Cambrian limestone nop ont in tha b i b  on tha no* 
lside of the Yukm north of Calico Bluff 'and eontinurn northward to 
,the !T$~ndulr River and for an nnknown distmnm beyoqd. , , 

, 

. ,  f 
' f  2 

. . . . -0LaT. 
.L* . .  . 

* TbeVMiddle ChbFian limerstone is rather mAsd in 43e- md 
&@&me. r%%af it ~ 6 ~ b e . p n ~ ~ l i m e t m 9 ,  bnt &EM i* S 
dl 3di fi& to a g r ~ t e r  or lm degree. No dolomite waa n d ,  but prt~ ' 
bf -th farmatied may have an appreciable cur&nt of magmmigla< 
%&&1~.varietie$me dm oonspicuow, such os di th  ~bh-na and 
h e n  canglcmerste. The pnm limestone is nmalljr; white ant1 
M y  'cry&dine. The aiswified varieth h u b  erune general .sp. 
pe- b u t - m ~ ~ a i n  varying ~ - b  quiaar chert, wltiem 
m u c h . m n d q  , p r t z  is prmnt the rocks simnlata-a- p u l m  whih 
quarteite. At one locality the partly silicified bes tone  contains 
d i h a t e d  through the I%& rt &by Black conehoiddy fracturing 
m i n e d  that suggests a hydrocarbon h i f a r  to ghnite. 
, ~ h i k  l i m a e  £?mation ir. thin hddkd at tha top b& ypry hot 
bedded in ib - l m r  half, : making conspicuow . cream-colohd bluff5 
al~ng the north&de of the Tetonduk Biver. Viewed from t b  pwth 
bank. of the river the lim&we in t h e  bids appea? to grade up- 

- ward iph thin beds of gray cherb, but @e c h c  imption lrfEded 
. by swi&;dong tba bluffs on the,muth side shorn t h ~ t  on that 
side there is a harp change from &in-bedded Limestone ta thin- 
bedded chert, with a covered mne a few feet wide that may meed 

. a dip fadt parallel to the weatward-dlipping beds. . 
' "  . Whre the Mjddle Cambrian limestone plm~@ soathwiwt~ird 
bwafri the Yhkh, north of Caliw Bluff, a cold snEphuri~itrg.iastle& 
h e a t h  the base of the limeshe and discharm into 'a little gulch 
that dnrjns mth*ard to the river. This spring, which is abut  100 ' 

yards from the Yakon, discbarges from two venta SOW 20 or, 30 feet 
apart, which ere conspicuously culomd with s whit& d p h m u s  
ddpdt. The odor a2 sulphumtd hydrogen id d m n g k h d  may be 
detded  100 @rds or mom from the wing. A mmple 3 the-sulphur 
mtm was mdped in the chemical laborabry of the W M  Stat& . 
i3~0hgical B-9 by Margaret D. F d e r ,  d o  reprb$he foUowin$ 
m+xition : 



,: - , - Sulphah mdklle W*F ------ W 
. IlblarIda.qdicla (GI),,, . - -  660 .. . 

Mtrate m e  (Ha) -nu,- - 7 . 1 .  ' Tract * . . Total dissolved sdtds at lmO O------------- 4 &6 
Clbhl i#tdzwm.rs Ma (cbhlated)------ 1,8= 

. ..# 
. .  l k i~eams  rathar pmbable that a pert of the conisbed nolids of thin ' 

Ae has been .I- from tbe overlying ~imsstone. 

amwtmmllcDmmmwa 

W bestone ie mot ~~ntinnoualy q m d  dpng the  bank^ of the 
Tlrtonduk River, but sxpnsares eean indicate a rather mmistent WE& 

. w a d  dip st !No to BOD. Sonthwsrd from the TatDnduk River this 
' 

h h n e  mtiqnm a m .  wooded hill& to' the Yukon, bends, 8harpty 

I' . q&d, and 'findy veers northeastwhrd, forming a wAlde*ed 
I ant ib . that  e g e s ' k t h e r  steeply tclw~rd the Ynkba just north of. 

Calioo Bid. The evidma at preeent available indimkh that the' 
east eed of the antidhe,is cut off by a fenlt. 

Fmm the 8tructural ;data available on the Tbtonduk River ' th.4 
. t h i h  is drnnted at  800 to 1300 feet, my 1,000 feet; but if the' 

.< hldtum is more intricllte'th~n is now supposed, the thichem may: 
be lsa The top of th8 Middle ~ k b r i a n  limestone, however, bas' 

i- sot . h definitely moopized, and it is possibla that s, completm 
d o n  at mme otbealocality will &ow 8 thicknw greater than 1,200 
ht. -, 
. . .  . . 

I 
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1 

F d  foondih.this limedune, apparently in tha nppr bdf' 
of the fomm*, aa f ~ l h w e  :' ,: : , . .  

iB~Mtl48 (eosa). %thaa{slde of-fukm Ether, at an alptn6{ t?f abaat 
&&XI feet e h e  the duer, PTJ milea N. m" 1 of w e :  . . Nimmia or JamWla m. 

D o r n ~ g e ,  2 sp. - > I  . b .  
I ,  

blberkelln mertiell. 
Btenotheca sngasa. 
'"osmrla," 2 .. , = . . 

" . 
Owgomm < " .. 

' n w e  fmils -&A b i a ~  L r ,  of tha ~ni tbd  &&,' 
*r:ti~nal Musanm;!wbo.,determined them to ba of hvm, Mid* CM-. 
brikn aga. Xkm'a,zeport; is as followa: .!, , - 

t I 



aU U the aedm are m4M-m ideot3cal w £ t h h -  
in Ebb.hagatun limeatone or the Rwrs Ialls-8hde an6 benm Wwg to a horleon 
-1 d m  Rr F&IdtHe Cambrian, 

One part of thia ~111eUon consl& of a-darhrI mora -- 
A comatd  with the whtter and i l m r m e d  Hmmtmt wM& cant&~ the 
more abundant f m .  Both appllrently crm- tba same iaw mil La bth 
the Wlh stud@ ba #athering. 
T M ~  mate- &wa not &at& w l t h . t b a t " a  bf ~m -6 

b - 
loglcnl 8nmey dory the interpatiom1 tm&ry. Thm inr dlnthct h&- 
mm repmeentea tw the Canadfan mat&al, th lower ow wulbly  bdng a 
CamMan hewn m e w b a t  above D m  M e r t l h  hrirhm; bat the other In 
weII up In the Oaarkian. containleg a ppectzm or m of &- .c 

Of bthm mUdiot18 made along: the inGmatimal boundmy, h r  
hsst only t h m  of L. D. Burling, bnd it knny well be that a re- 
emminetion of the Cambrian collections made by Cairnes w i .  show 
that his horizons &re more nearly equivalent to thcrse of colIection 
8062, jusE d&M. _#.  

h* nemat;.inisgU p b s r q * k  Bn&&h..h *&. 

at two l d b i m  The && is B thin plate of b & n e  thnt cmps out 
dong the nofih side of the Yukon north of Calico BIRR. "EI aec- 
ond mrrenm is in the headwstma of .the North Fork of Shade 
C& at the top of the grest mam of h d n e  that exten& from 
Shade Creek nartbemtward to the Tshnduk River. Tbe geographia 
ps i  'on of thaw two h & n m  wg- that they may be continu- 
oua, \ ut this reMon haa not yet beeq proved. 

, 1,l 
~k F 

The lime at on^ dong the north b d  of the Yukon iet a m h  
right-py finely crystallirw roc& with oonglommtic md miitfa 

1 

@~IXW, in p d  appearma not d e  the Middle Cambrian lim* 
h a ' e  .farther up the hillsidd. {See pl. 4, A,) The cong1omeratic 
pheae of thie limeretone cont.aina mall pebbles df pay"  h & n e  m d  
i few weU-rounded pebbleg of ebb9 black 4@ Tb6 limdone at 
the head of Shade Creek conaish of alterpating thin layers of light 
and dark gmy rwk 

Tbe b m b e  band north of Calico Bluff ~ ~ ~ a ~ t ' W ,  30° W. 
dndrdips perbbp 6Ci0 BW., towmi the Yukon. It ww not meamred 

. idhmentally but a p p w  not to M 3OQ h t  in th"rcht~. X;ai- 
deatly this limbtone fmk! the hpX)erm& bed of1a pitching =ti- 
cline, oompoeed d y  of Carhbrian strata ahd previously mm- 



timed in connection with the Mid& Cambrian limwtme. It ia 
omthin by k b  of Imer Mbissippi*n qp, md this nd&ion ia 
Wkmd to b6 due to faulting, 

The: W p p w  Carmbrian limesbm in the k d  -at &a North Fork 
& S U e  C m k  &dms northwest md dips gently m t h w d  'It 
Gee at the top bf. a r r l ~ r s e  of undiffmtiated limwtone. It is under- 

5 -lain pmmnablfr by dder Cambrian strata. O n a0 &BS hand, the 
eeqnence is not aoatinubnsty d o w n w d  dl the way nmth to the 

* 

Tatondulr River, for both Silurian and Middle Devonian fwsils have 
4 k m  huad in the undieerentiahd limestone on the T a h d u k  River. 

"Phe Upper CsanbFian limesbone .is directly 09erlain by gsapkrlih 
_ -@ring beds of Ordovkian (Norrtianskill) age. 

AQH AlOB OOPPELI- 

Two fmil m1Z~ctims have h e n  made, ma follom: 
~~. Llm-ne blue dong northeast bank 01 Inkon River, nwtb ut tha 

portb Uld vf wim BlW! 
~ m € & m u i r n ?  sk 

a W t a s z .  North mrk ot U m h  a 1 , l E  mil- M. 58%. Wm h UHym 
bpaarfars triaagnlatloa stntlw (Yc(3ann' BfllJI : 

, , dcrothele ap , 

4 ~ ~ m o n d ~ j e e ~ m a t d i t h e a t ~ ~ w d ~ + ~ ~ e t b r r . ~  
al l  h f % m k I n n , : ~  Sossll in tot aaeeare ta be . e r ~  Ilke tbe ~pper 
W r i r n  forms nPwFsrF to Araltoewydlwb. Such scaat .evMemce am Is 
wonld poht to the Mkddb or Uppef Gambrlen age d the eantaZnlng b a h  

, h b o a y & h  dm R& m u r  in any of Cai-'R Cambrim col- 
-Wm, Imt AmwtnSEe:is found in four of his eight ce l lect iq  d 
h~~.dstem&d au Upper Cambrian. Lying apprmtly at the tup 
$ this ma68 of h e s b n e  at tbe h d  of Shsde Creek, snd baing 

,diMly overlain by Ordwician~ beds, this Acroth&-bearing ht- 
, shwn wmna therefore ma& logically &ad as Upper Cambrian. 

r T h w  two Zimedmnw, therefore, are balievsd to mpresent about tb 
.lanme skatigmphic horizon, and hth of them are corralatable with 
the beds from which mme of Cairn31 coUections were obtained, 
,notably with those on Jones Ridge. 
i I 

f .  0BM)- - 
- ,p 

', -*-Fhih of OrdMmr w am known. hi be p~egwt dong the htm- 
'natiod b6mrdery but have not been r e o o g ~ i d  as wlch dong tbe 
P&on &sen the bormdery and Circle. C a k  ia his wwk along 
t h e  boundarg made mmml coIhtion~ of Ordovician f* indud* 

. -me  collection of gmpMi4m 3 % ~  invertebrstee h h d a  f o m  fmm 

-, D. D., The Yakor~-Ahub intesrutlonal bonndaq befween Porcwbm rad 
Fkkm alywm: Cmmada -1. Bnr+ey Me. 87. pp. 68-69. 1814. 



&e Upper d:h J.,am~ Wddaa, d it ie EhIy fhat Middle 
&dcwician tm.& -Mr ,The. ghpbW *ere ,&- 
t e d e d  na high h e r  Ordhcian, or mom ippeeificnlly a&-* 
tim with the N ~ ~ .  Cairn- howemr, wm m b b  differ- 
mti- the OrdoPicfan r& from the Da~onisn, Silurian, or Cam- 
-brfsa, m that nompsrste mspping of the Ordovician q s h m .  is at 
present pm"Me,. Ria collections of Odovidan found w i t h  
the area corered .by this report are therefom li&d mder t h ~  a d i f -  
. f&atd Pdeoeoic &. 

h o t h e r  collection of Ordovician gmptolites wss d s  in I=, bnf 
ma w3th Cairndm the.fom& o&mmd, LP mch a mmnm na to preelade 
the gepsmte mapping of the containing beds, These fmdmhnva lilge- 
w h  been htd with those from the undifferentiated Paleozoic roch 

A rringle f d  that reaemblm Obalw sp., atxarding to Edwin girk, 
m s  found by Bladmelder om&s nosth .bank of the Yukss, ,River 
h u t ,  h d f  B mile upstrewn from the mouth of Woodchopper C*'reeg. 
The m k a  n& this localiQ, both upstrob I)nd do- are 
well known frmh numerous collection# to be ollMiddle Dew& age. 
'Aditlie# &mil 'paiur'wt~ - f d  in gram h C  in a talm pile; it mar have 
b e e t ~ ~ h ~ p o r t e d  to the ~ i t e  bfie~ 3t138$ d i e e o v ~  byl'thb aW*b3e 
river ice during the apring bre&-l,lp, Faulting, of &;' mast be 
mnsldered in any interpmktion bf tfta"ktmdtr~+:of t h ~  roc& dabeve 
cWdchupgm M, buab if tblr ' 3a i l  m a  d g h d y  ~hmrthe 
"dB?& hbom the tdua )pile where it whs~ f omd,lthen &M.ng d%r 
'&t i n w i  and amblitude' th'ah hlwe hi@erh b e d  b p e c h t l  
has probabli hk& placle in this'partjdar areir. .' 

'Ohhdcian' rock, though not yst 'rtm&Wd m d&:klhhg .the 
*T&bn, are Ira- at  a n u m b  of oticit.' Ibcalitim in Ah*. "R&- 
%I& of the a m -  here cansidered, at n' number of dffm&ttph+i .in 
'We Whfte ~ o a h a i m  of the ~ u k ~ ~ ~ a n a n a  +on, M-dler?* ~l&- 
wdder,lo and the wri ta~  have collected f d  that ' 6 i . a  fir& ~aater- 

as Upp~ Ordwicish but ppem later kafertek3' b a horizon 
in 'the S t W a  Osdav5dh. l;MlddJe Ordovician ' ~ b h a w k i m i )  

'~kkih Bave been f m d ' b y  Kidtlh *f uk b o  l d i t i e a * i n  the lower 
-&p&b'of 'the*Pon?upine River;dme 25 miles beliha th* Colem 
R i m .  Upper Ordovician and N b l y  & Middle Ordovician 

. fossils, chiefly grsptolites, mre collected by Brook and Prhdle " in 
t he  Alaska Range region at the headwaters 6f thg Kudzokwim River. 
-7. ~* 

r # . ~ ~ ~ ~ ~ m , ' p ; " l G 1 8 2 & .  . C h . 1 .  . r 

unpbl-M meqw-, .. . , 
yf*:-~&wc mw&mm3 of th. F & i ! & T m & ! i u : ~ ~ L  he. 
*xmb+kB M, ~bt'lb * Bm. laas, , . I  . , "  . 
r.:?.pmr*, &a:- YO-t M ~ - % 4 ~ r l * ~ ~ Q I - ~  
~ m d o f Z b l ~ m d g . s ~ ~ ~ f . . & M * : D . 8 . W L ~  

P q p p r r  24 P. 7% 101t . .  . . . . o h  I 



#Upper Urdoviciaa (Richmond) fosaila mm fomd ie the pslley of 
the EMnima Rim,;  m e  60 miIm w& of Lake Mnchumina, 337 
Eakh" in inOl&, end ia the Luune pd regitm, #osgh 9omewbt 
farther mnthwast, b$ B m  in 1924. In %ward Peninsnla both 
Upper md h w a  Movician f d  were colle&rd in 1901 and 
B8hr yam by CalLier, Washburno, 'Raopf, and HisdZe, and most 

b m n t l y  by Steidtmann and Cathawt." F d a . o f  Ordodcian age 
' stre known aIso ia -theastern Alaslm. . I  h . I  

Pa the interiormf &&a, theref ore, O r d d d n  .rocIra appear to 
+ be widqread, di$ering markedly in thigl parti& -from the Caan- 

brim mcEra, which are l d z e d  in one b d n ;  aad zs h w e r ,  MiddEg 
m d  .Upper. Ordo~&an borimns sre all reprawntat3 it, would swan 
th& the m i e b  mrn is well developed, btb. meally and 
t&t@riphb&ly. In view of the cooditiom shewhere and the . 
gmd d gealogic formetions already r e w p i d  dong the 
Ttrkion, it is *lrbgatber likely that subsequent detailed. work will 
.id-.l a w e d  1 Ordofioiren Borizona among tbe uadifpmnduted 
Wmmic 'e in 4 h  rupper Yukon Basin akwg the irrsternatiod . 

&ad! pkiw dm along the Yukon batwmmkhe ' b d a r g  
d!m, ' ,  ' r :  . 

No m h  that m m  be deihitdy w f d  to''thd!~~a~im' aW k h m  
'in ~arirn;&-ri considemble prtion of the ~d i f f - t i a td  Paleo- 
&c 1.acks along %lib Pnkoa, biclrrdiPg the ' nndifbtentiakd lime- 
& may pmm i% % of this age. A beIt of r& believed to be 
&5ilurian @ge6 19bb30ng the west banlr df the Yukon, beginning at 

4 .  a point about halfway between Thanksgiving and Takoma Cr& 
pg49tendling ,aodh about 3 miles. It is not @keQ that the h e -  

thst c- Woodchopper Creek about 2Ye &&s from its 

.P 
mout& ii a h  of Silurian age, but of this there is no h t  proof. 
~ i ~ u r i d n  ro& m+, extensively deyveloped d o n g  the jnteraational 
boundary bat aat been differtmtlahd thm.  from the o$hsr pre- 
-pian S W i a  mh. 

. ... 1 . l .  E,- . ' : 1 .  . I  , 
. . #  . ;, 

a " The seqerlde rtwltiw Thmdqi&ig &e& has ?nwm .men and de- 
- &bd by ee-1 gwIogrsb, hotably by %tooh md Idrter by Bkck- 

aEakIn, H. % Iht'Cma-Nmltna reglon, blnslds: If; il. dwl. 1d1. 667, p. 
B&, 1 Q l Q ; b  .- , .I 



'pce~&i$ ; ~h&'r&b indude WVB Sma,+kbbedded m9 in 
prt s S d c d ,  ar@llamow, or cal-, dm siliceous &ah, sla* 

, sad Art.'. Albetlt a mile b b w  Thadmgiviing Cresk, rm the W%d 
b& d the river, & little gulch emptim imb the Yukon th~oagh a 
t r m h ~ e ~ v ~ ~ ~ ~  On the south side d this gulch are.Cbe-&h- 
e m &  ex- of the Middle. Dmmim greasbrie-Iimahne sem 
gaan6.  On aha mdh side of the gulch the rock is a ailiceom black 
sl~te, at plam &ly graphitic, which oaptinnes dowmkrearn for 
perhaps*1,500'hi&. This gdch is evidently ih. a f d t  zone, for the 
date l ~ i d  a few m i s t e d  mImrmfls Ms are greatly &eared and -P 

Awb i r u e c r  b d t  striae. From &is point d o m m a m  to  the 
'month of Tskomd.Creelt, a dbhuce of. about half a mile, kb mh~ 
are w& e x p s e d  in .Muffs dong the river bank glld wllaist of maseits 
md th&-bedde&.lim&m~ with meml beds of silimmis shale aad 
dsta dmibr to.%bat just &crib& 'She m f d m  lirndma h m a  
p i c t u q u e  p h a k l ~  and bhffs with nummua caves in the lcmm 
half. '(See pl. 2, 23.) It has &ha geneml asp& of a rxmsidtmbla 
~ r v i t ~ ~ e M q b u t i t - m ~ ~ 8 ~ e n l f h i n m ~ 1 &  
htsrWded &nls and dote. The limbstme far t 3 ~  most prt is a . 

f ine-pined light-gray to black noncqstsllina or mypbm@dlh 
rock, s p p m t l y  without m y  @ma* beds. It is much frnctured 
and veined with dcite ,  and many of the calcite veins are closeiy 
folded, indicating the degree of d e f k t i o n  of them rocb, which iis , 

a d  o t b h  80 upparent in &BY ma88ive bds.  
F- tBs mo* of Tdramn Creek +w&mam these:'& orin- 

h u e  tp crop auk on the we& && of the river for a diet&ncw of about 
83900 feet Some observations on the litholog~r are nohd W w .  
The mepsuremenht given are barizanhl &stan- na p w d  s h g  as 
M. 1 9 

~ ~ m ~ & m p a p ~ b a & o t f l r m ~ l a a r , ' ~ d k ~  
h i w d A @ F * 6 &  

h a t  
mre- ,---,,-,---,--,,,, ,*,,-,,,, 206 f 
g u 9 b 1 ~ ~ e , m m r m e a t s D a t h t n d , i n ~ a t e m  

inchmtbB'f&Mc& 111-~Mtb -to b k k b  
aaty BtrLLe h'. SOo E.; dip mt4 rertial,,,,. S O  
~~~~~~~-~,- -~~~~~--~~,- - - - -~-~-~-~, , - , , , ,  460 
Interbedded bkck Hmesbm md h b  clay shale, rrlth m ~ B W  

cberty beds at mnth end. grading townrd tbe mtth into 
.more maad* bed8 d the mme ibsctbne lrttb a Utth 
interbdde8, mhal*. Btlke N. 75. W. at yopth eid. A 

. . vertical @dt s t r h g  h'. 80' R. mmtates tbe mow ma#- , 

l ive Ilmeptone frum the thianer lmh at tbe  mth en& 
.North d dmm ioldInp and crumplisg of tzre otrnt.---- 

O o u e r & . : e  at pint BY)O feet 8-m from month df ' 
Takoms C r e k  where a thfa-bedded nhnly llmestwre c m p '  

' 



_ . .  ... 1 Feer 
. ;..%%b&dd@d Mack limerrtone. at mu# ~ontba &Ire is N. 80' 

D., dip 40. a. ; dlp dranffes tn north at north end- -------- 29 
' I k P i e r e A  230 
- mldeid Hmacme mad shale. About 160 feet b e  

Taw T&hOnm U m k  there la AI ialrly open amclime; thla is 
- PoHowBd k q  a mall a p p d  antlclhe and a mctine, 

S which am S p f l b d  t h w b  the a d d  pirum ------------ 350 
Clo~ar&---,---------,------------,,.-,--,------~--+-, 350 
Thin-Wed Mack Umeetooa mith beds of dralb alate at  
soot$ en&*ehanm at north end to pellmid m y  ehert 
with mm8 irterba&a d m l ~  ,,,,,,,,,-, ,-----,, KO 

fwe rd "  ,,,-,, , ,,,,,,,, ,,-,,,,,-, rn 
1Pbin-hMwl black limatona with beas of drab date at 
mth end, Fan- at nortla end to pellacld gray chert 
with m e  InkrWdeU aMlk --------,,-,------=----- WO 

i]o~e*,-,----------------;----*-~-------*---,--*d 200 
Wack d e b ,  with smne beds td &mentom abont f I& tbIclL. 

Dip n-lt ,,,,,,--, , ---,-----,,----,- -,----, 1M) 
&war€&,---- ---- -,,-,-,,--,------------- loo 
This-Wded lira- and ante. BMke N. "m' I&; dlp 
60° N,,, -,-,,,, , -----,,,-,-,,, -1 62G 

-red-. - I - - - I - - - - - - - - - ,  100 
Weetone & date at emth end ; followed br tbln-bedded 

Iimrstme tlmt mttalm only a lfffle ahale and tbna ap- 
. pew more mmudve; i o U d  by mare llmeatone nnd 

wg~e. dfl h m s e l y  crumpled mm? at sonth ena. DEp 
northerly tbrongbont -- 2 - -  - -  1,076 

* e r d  ,,,,,--,,---------,,,,,,,,,,,,,-,, x8o 
Um&mm md alate wLth 8ontherIf dig at mth end; the 

northern p d  la a cmmpId mne b m d d  on i t a  mutb 
dde by a fault, 8M) 

Wme m a W 4  wlth northerly dip at mth ens; the north- 

t 
ern part la a -pled wne boanded at Ita north end by a 
m m l  bult atriklng N. 85" W --,,,-,--,-- 826 

Bake wM% WSr. ot the Bame Ummtme and tbme mnea of 
ckm c m  oC whlch the farthest north is 75 feet e c w  ; 
W d a  v e r t h l  and strikes N. 55' 34. The chert beds are 

a few i n c h  to  1 foot thick and we~ther  to a yefIow- 
ish-brown mlor, partimlarlg in the &ale parti- ,,,-,, 8LW 

Thin-Wed Il- wlth little or no date. Eltands ver- 
Tkal at math e M  but d l ~ a  sooth at north e n d - - - -  WO 
*d-*-----------*--*---"------- - 100 
'FBto-blded Iwtbae ,  with Uttle w m e t a  Much 

@ru&tSL,-.,,-* --,---------,----------- 1m 

B r n m U m E  m T m c x m w a  

~ ~ ~ a d ~ t h o f T & m a ~ k i s m c o l t t o  
in-t. Jt is-t fnrm tber fold- m&,fadting (m fq. 4) 
a&rt t h m  ia much dupliertian a£ &at&. The drag folds awn in the 
l i e  sonth af7T&oma C m k  and in the thin-bedded mh north 
of %konm C& give the impmion that &a aquetlce has suEerad 



c o m p d o n d  folding i n d u d  by p- 
plied from the sod. T%B fntdte do not appear 
to Im psrtimhrly d t e d  to this- tatlentid 
defamation but mgpt rather r b~& faulting 
of later date. It m y  men be &at the whole 
quenca, wbieh appewatl~t dipe dominantly 
northward, is ovwt~med, althangh of this thm 3 

is no di-, evidaoe. 
With ;#ern wmihtima in. -:it is'arme 

what hazsrdozts h d e .   an dhd~ of ltbe 9 

thichem of strata b m  m t  lbdrwelder'p: 
astimate " is 7,500 '"fed. The mitat% &hate 
is considerably lower, .Only one wne in this 
sequenca appears ta b btipely h m  af Paulta 
and fold% In this wne, whhh startEl &OW feet 
north of T&oma %eek and exkids for some 
'3,W feet north dung tbe beach, t b  rocb  ap- 
pear to have a monoclind dip, sad from this. 
sequence it wouId appear ths;t at le@ 2,500 feet. 
of ;Strata are prmnt. Between thia mne and 
Takom Creek the roc& say mdut of the 
same beds duplicated by folding and hulthg.  
From this zone no& ta the end of $ha bl& ex- 
posures the rocks* though folded -4 faulted, 
are obsriously of different lithologic character, 
If the? h2mg to.&% m e  sequence;; the thick- 
nag may be amplified by piphaps moth= I,OOQ 
feet of strata, but'it is by no means cecertaih that 
the c h m ~  r& Lt the north m'd are even of w 
the same.geoloda age. From th& fithologic 
chamter, the vdhr~is inaliwd to regkrd them 
as decidedly young&, perhaps mmlative with 

f 
the thee -mck& th*t atdirectlg- ,tinderlie the 
upper M W p p j a n  qumm Bt ',&lico Bluff. 
The b d e  m t h  7of Takma C*, including 
the rnaasive limestom shown in . Phh t2, B, 
should doubtlm be c o r d a t e 3  with #is sleqaence, 
but their thickn- aIiPo i~ B& j& *much doubt, 
on account of the c l m  folding observed in the 
limestone- and in the slate south of the Pimestone 
and on l a k t  of-thw fadted oondition of the 
black d&.' &haps adher ;l,800 feet of 
sfrstk, ~lg.limastom, might be addad to  .the 
seqamw for the mih ~xpassd muth of T a h m  

* Eaa-dar, mot, anpmb?md -Pt 
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CreeZt, r"bstaM- a t l l ~ t d b g t h a ~ t a r , ~ . f b d o ~ ~  
pmbabl~ &mt 4,600 ht, bat if the chw rocb at tb ,a~rth end 
of th- expmm hlong in part to a Later horison, tha.lthib~ss 

h aa LitW as 8400 feet. 
I I, 

A4m A*O -aoa 
I I "  . ) '  

.A t = h i b & h S J h  &ma haa Fwen d w b d  the bound- 
q - & whkh  a m  not gepsrataly map& and this fama hact 
hem listed in& d u n  on the uxldiffereetiated Psleazoic 
ln rddition, fioe M)U.&OPS nm tabulated M o w ,  of which three, 

Nua 447, 178,.d 174, came from the m c b  near TsBroms Creek, 
The ohm!- h 848 and 849, were collecbd yars.sgo and appear 
from tbe bbh now with them to have mme fcom the limmhne on 

wrbrat~batllm dfL the Yukon, north of tb .mrth  end of Calico 
BJ&* which brim c l d e d  as Upper Cambrian. Jt i8 pomible that 
thifl mshriat mw,.mt oripjpdly h r e  been in p h q  and it is 
pmibb that the,  f o d a  may have become marated h m  their 
origbl ly corm& lebela As collectiws848 and 849 are regarded by 
EirL as Bilrrriaa, however, they me here included with the Silurian 

' fmm& 

' I W I . . ~ % @ m ~ W w U l o p p w ~  awtb bsnkofYEwa2ver.  Gal. 
km, 3E I& 6.da 
848. 2 milee below U c o  Bluff, Yukon Biver, in rarfne below bend. (Id- 

lector, m. M. gtpdle. ' 

, 849. B milea Wool Ualieo Blair, east bank of Pukon Urn. QuUector, %I. If. 
Sindie. 

4 178 w, l7$#gwqt .j mil= Muw mmnb@&g Oreelt, aonthw~~t bank of 
YoLorr aim- W k t o p ,  HHiot l3laclme~der. 

Collation &7 midmtIg came from the lim-e horizon just mth 
of Talroma C d  and is donbtleae the collection referred to by 
Brooks." 'Ibis mllectim was regarded by Kindle as ;nde&iw but 
indicative poHaibly of .tha D~TO~&. It has rmt3.y bn deter-  

' !:. mined by E d w h  Kirk, who refers it qnestionably to the Siluria. 



C o M o n  was&bhd W d p  t6.the Sildm. M e c t i w  liF% 
wa?r  ably * &a -.but k bere hduded kth, 
the Silurian. - ., A : . 

It is ish&&c of mm3 of the mthe~ p ~ o r  ca~& from t%k 
g e n 4  horicon, both hem and e h h m e  in h k s ,  thnt the deter- 
minations given are invarj'ably " Devonian or Silurian," '' Silurian 
BP I)BVOnkn,'' " ' ~ o ~ ~ s b l g  Devmitq" or qttt&i011aJIPi SiLrPtim." 
This unc&&@ ~f mum; is due.* part to t&e punciq snd p m  
qusE6~ of mwh lof the matmid mlleeted, but thsm be. a 
h d m n  in intariox Al& which ten mot madiiy be 6 g d  d&- * 

either to the D m i m  or 4he Silurian. This is all the .mom 
d S d t  to undemtand, inammh BR the h w e r  hvmim appears ta 
W a b n t  in A l h .  T h e m ,  w h  f& am daCbrmimd ms 
'' Sflmiarr QF D e d m  " or w D ~ a i u m  m Siluri-P one must plue~, 
t h ,  i3 further- bssipnent is attemptad, sithw in tbe lower part d 
the Middle & M a n  or the upper part of the Siltmian.. It mm nd 
be mid that q d a t e  evidenoe is nmilable a l o n ~  tb H a h  to 
favor either dgnment, bat from the g e m 1  experience of the 
wriht in interim and northern AEasIra it seema ndvisttbla at pwsmt 
fo favor a Silurian age for t h m  questionable b d .  The seqneaba 
of bsds on the muth bank of the Yukon below Takoma Creek is there- 
fore here refermd to the upper Silurian ( 8 ) .  The Silurian racke 
a l q  the bounhrg include beda of both upper snd middle Siluriaa 
Bge. > 

Th6 Silurim @em is widmpmd in Alaskg. In interim Mdcn 
it is :wpecid~ well developed in tha White Mwntsina, north of 
Fairbmk~, whem middle Silurian f d l s  have hen  ooUected from a 
h e a y  limedone formation by Prindle,'% BI~ekwelder,'~ *ad the' 
wyitm! The same horizon is reprmnbed dong &a internaimel 
boundary trehemn the Yukon and Nation Evem by the middle 
~ l luhan  f d t ~  ~#)It&d by Cairnes, but this horizon bas not yet 
bmn mcogdd .ss mch &long the Yukon batwmn the beu* end 
Ci rck. T 

Schrader," in 1801, dmribed a p t  8ilurign limehne ia north- 
am U d a  whi& he called the Bkajit limadane; this fwmtttion hss 
di iquently  bean traced eastwsrd by .the writer" from its fype 
ImaHty on the John River into the Chitndda~ B d n  md m a r d  

*-s, & 1E, A podPdc m-ee ol the Fdrbanb qua-& Wslm: U, 8. 
b l .  Barney 6ld pp. -6, 1818. 

Bhkaeldar. mlM, r n p n b h b d  I .  : . 
r m a d * ,  F.. c., A -pnlu-rn la nortbem u : V. EL B ~ L  k ~llpar 

Mae, PW fim8. 
S.>lL, j T p 4 b 1 ~ r a d # o l d  p L a m e f & a  m d h t v h t ,  bluLs, W- & 

WLBrnrlr Bdl np. P . S S .  1826 ; Who#y and ' m h ~  ob the CbaubIm- 
PlheenJek wglotr. ~ l . L h :  W. & MI. h m g  f i l l .  - (La peeparsrtam). - .  

1. . 
f . + . b  - I . .  











5 i t h  and the writer into the mUtp of the m d  Nortalr 
Rives Ths SdPaiit limeshine, which is believed to extend nearly or 
quih all the way across northern Alaska, is now belie~ed to be 
mainly of ]late middle Silurian or early upper Elilnrian ege. Above 
the Skajit ,limestone but below the Devonian sequenm, in northern 
Ahdm Gas anatbsr group of rockis which i8 mmpmed mainly of 

e nonoalareous beds but contains one or more prominent beda of lime- 
stone; t b  is believed to be of upper Silurian age. Similarly, along 
the Porcupine' Biver, in northern Alaska, Kindle " found both middb 

4 
and upper S~urim roch,  the middle Silurian mrwhting of a maa- 
aiye magmian Limeatone and the upper Silurian of graphlib-bearing 
shale. 
In. g a n d ,  tb .upper Silurian is more widaspmad in &&a than 

the middle Silurian, though the latter is more conspicuous on mcoant 
of its massive limestones. In addition tO their accurrenm in north- 
ara &&a, upper Silurian rocks are found in Sewad Peminaula, in 
the Nkon Fork country southwest of Lake Minchumina, at several 

. p h  in the Yukon-Taaana region, dong the jnteraatiod boundary 
north of the -on, and at a. large number of Imditiw in south- 
adern  AI& The rocks dong the Yukon that m bgned to 
the upper Silurian (%) are believed to be correhtive with tlhis gen- 
leFaE lrpper Silurian horizon or horizons. 

Tha h n i m  system is mpwented along ihs Yukon betreen the 
intarnational boundary and Circle by a group of rock of late 
Middle Devonian age, herein named the Woodchopper volcanica, and 
by another p u p  of mh, also d e d  late Middle Devonian, to which 

T no fornational name has been applied. The typical Middle DevoPian 
rmb and fauna of interior Masks are found along: the intermtionid 
bmdary north of the Yukon but have not been wpwately mapped, 

1C Lower Devoniaa &have nowhere h m  found in A l h .  

'f'he late Wddk Devonian rockg to which &a asme Wdchopper 
mlcanics is,hwe.applied crap out along both b k  of the .Yukon 

* Brafth, F. L, bnd Mwtle, J. B,, jr., and geograpb of nartbffmtm Alaska: 
U. 8. Bml Zlurva BuZt 815, pp, PP.gP,L8,1~W. 

gtmdle, a a, (3801oglc reconnaiasancw of me Ibreupine *all*, A&: BeoL Boc. 
b ~ l m  BRII, wl. 18, pp. ar~-kz7, rBoa. 
: .m-' 



m CfEOrnY OF m- DZBmZaT, AXldeICA 
! 

fwmtlbmontbf ~oal(hwkdovostrrmfor16mi2gs,extm&n&a; 
fb m a  bank.just beyond the mouth af T h h g m h g  C r d .  * 

- -  
, ''. ',t,' ,j U T m m  1 

. . I  

'ThQ-~tiddbIibppr ~olmnics batween Coal md -ving' 
db4ldfhtisist emtially of bassltic l a m  of gmansbne habit and 
a&fi~&d 'pyrcnhstic mahkltsl, interbedded with ma&si*' hestone' 
snd'&&ie'or' less dale, slate, end chert. It is poasible that 'mme 
of &e-bdhded m a c e o u s  rdch may be i'hfolded or infaulted pa& 
6f'-&e ;Lo*erd Wtaceaas sequence, which bordm this f mmthn 'on 
the e&, south, and west; the lim&oe,'hbwever, anias.Mi&Ub Db 
voninn fwils  and is an integral pert of the formation. This 
of TO&, " althbugh -tially igneous ' in origih, is treated here 
smljni "the sedimentary succession kstlse of the bedded charscter 
of'tke Lvas and because of the fossils fdmd in the interbedded d- 
gient.ii*g r&l ' Other basaltic rocks that crop out along the a& 
baiik df the Yakon above Circle wem formerly included k t h  this; 
mdmMt 8% am h f i e ~ e d  ti be of ldhr origin. The sdkmCarg 
nsemgrs of &hr'.Woodchoppsr v~lkanics mnditah d minor prt of 
the t&t and im too -31 fn areal extdd-to to beparstely mapped. 

Mobg the south side. of the Ybkon the mction of the WoOdchopper 
vo l emh begins somewhat indefinitely about half a mile:blo* Cod' 
Creek. The sequence of rock as seen along the beach, p i n g  down- 
streap$ is as follows, tka memmments given bekg disi;ancae along 
tha r i m  bmk: 

> 
B ~ , M  W- m z t m ~  a .oufh'wa or ~*bw, ft& b;lws bwZ( 

Qmk 
I '  m r r s r . 7  

. frowsr. Oretautern Mats at.morrtb of bal  IbWt 
. b e t d .  P I W ~ ~ M Y  top or wood&& vo~caniw, a&. 

- 'I*fm&on% da* gray, rather mamew mytWIine, f a -  - . 
' '!r?.emk m a n .  BtrJhtt N. 8Bm ID.: dig 80' B a r  ' 

Gmmdfme a d  msmtooe tlrir, w¶m some black chert and 
dllceonn 3ats  dlractlg nnder the limestone,,-,-, 200 

4owmed,-- , --- dm a m  
- A Q m a t n n q  d m ,  Wtlc  Bhaws name- mH&mdM 

fault plane, marked nmd4 by tMh dmm & ealcih ~ n d  
egldde. T h e  fault plan- am tow Iylng SW dip Perf 
gently matwnrL--- - - MO 

'Owered. pang teach tmt on UIPlda Pmbattly 
' 4 gten&ne -,'- x+& ' 
-'.;%~~tlc~twa. wnDalsirom~pmr,tmtinII:eredto~ap.rt~ 

-- the WDOdFbm mlcan.ic& B e e  N. S5' BI. ; dip 80- BBL Z, 

Fmm this pint down to ~oodehopprCreeIr md for-s djs- 
hnd.ba l~w on the muth side of the river them is an mbmupted 
mi- of fapas. and pymclastic rock Phta I., U9 dmm~. the h I d  

. -  
I .  

I :. 



bl* in which t h  rocb are -exposed, and --Plate 6, B, &om a 
cltmr view just below the month of the . 

Below Coal CreeB, on the north b d  of the river, thr-lhms mra 
eramind with some cam for a distance of abimt 2 mila The h d -  
ding: of the flows is dearly apparent at many pl- and 'numerow 
ellimdal flows uxm mas. Ellipsoids as large m 6 feet in dismeter 
were notad Much volcanic agglomerate or 00w breecis and more or 
Jans tofF snd tuffscaatla d i m e n t s  era also p-t interbedded with 
the lapas. Plsta 8, 23, shows typical ellipsoidal lava which m p s  
out fsrther d o w & m  The lava itself is dearly badtic in char- 
acter, and some of it is amygdaloidal, with vesicular fill* of cd-  
dita. The okiginaf, m k  minerals, essentially plngiodm sad 'aq$te, 
am now dtemd ta chloritic products, and Ithb wmmr9 ironf oxides 
a& cumpletely oxidized. Mare or less secondary pyrite and pyrrhb 
tite am also &&~bnted in t h m  Itwas. 

From Woodchopper dowmtream rnmive beds' of limdne., hter- 
bedded wjth the lava,  crop out at intervals in the blufts along the 
river. Hata 6, A, S ~ O W S  two such massea of limestone on the north: 
bmk'of the Aver bpposite the Woodchopper road house. Numemns 
fWtt mU~&onr~ hrtve'been made at this locality. Another promi- 
nent b ~ t o n e  mms along the. southwest bank of the riwr about 8 
&les~be lo~~  Wechopper. This limestana drih N, 76' W. and 
dip6 9. ' It is underlain by greenstone and overlain dom&m 
by gmmhne and tuff, mostly tuff. Limedone f o d  two bluffs 
about 6 miles M o w  Woodchopper, on the aame BEde of the river. 

Them limeitma aary somewhat in sppesrsnm, the diffemces 
appamtly depending 111m on the d e p  of meCama~phiirm'to which 
they have been subjected than on original differences in character. 
Some am light to dark p y  dense noncrystalline orr c r y p ~ s t a l l i n e  
l i m b n a ,  and Others am partly rwystallimd. An oiI9 odor was 
detected when wme of the limestme was f r a c t u d  wihh the hammer, 
but thia has no particular economic aigni6mal 

Bxb of dark-gray to black slate and chert are found ta tbe sest 
of the bestone opposite ~ d c h o ~ ~ r  r o d  b o w  and at some other 
pla- &me of these mch are donfithim an fntR~d psrt of the 
yuencg, bnt same of the slate, in the writarb opinion, is inioIdad 
or inf a d k l  ~ W B T  Cretaceons alate. 

;I- TIM wmdobop~ r ~ l ~ ~ n i a  foldad fsala, ' 

the rmlthg etructure ie most enigmatic. The twmmblsge of h e r  
-*tatam, Permian, and late Middle Devonian (Woadchopper) 

;,' -&dm dong tb muth bank of the Yuko~ Mow %l m k  is mr- 
. tiinly dne prhcipdly to faulting. Similarlyt dong tlie-north bank 



of the fiver a b a W ~ o p p e r  them appears to be a dnplication 
of the Zimwtmo ,&ah  due ta a disttihtad type of bl&k fmltbg,. 
The two b c d k , d  L i W n e  opposite Woodchopper r o d  h m  are 
probably parks mf the -6 b a d  of :limestune mpsrated by .fadt- 
ing. Little is known of the true character of this faulting. Bbck- 
wddm " was itkclined to merd the whole formation in the v i d t y  
of Woodchopper a8 an mmblage  of jostled wedgss mused by fold- * 

ing under no v t  cover. This is IW god an explanstion as. clrn be 
given at ppnsaant md fib in with the writer's conception that the 
Middle Devonian Wdchopper v o l d c s  at Wwdchopper are fdded s 

inta r major k u r e  of geasral anticlind char-r. Thia h p p o ~  
is brrred primwily an lithologic and a d  relation&+ A chert 
congbrnmate, dhch crops out mnapimonsly, 3 hbe2ieved to be the 
k n  of the ne* ,formation overlying the Woodchopper wlcadim. 
This chert mng10rnemte is h i n d  up Wadcboppar and Cod C m b  
to the south of tb Woodchopper rocks, an& it also crop out in the 
hills labout 8 miIm north of Woodchopper. This rqmmtricsl dis- 
tribution of tb chert conglomerate mgpsb m anticlina'l aching 
of the Wuodehopper mdm at Woodchopper, with an d l  plane 
that h k e s  about N. 65" W. and veers more townrd the north down- 
stream from Woodchopper. Such a fqld, though of greater mplitade, 
would be correlated ratha dosely with the o h e d  mtjiclinal fold 
in Cambrian rocks n o d  of Calico Bluff. If this folding had 
baea,ammrmnated when the Woodchopper mch were fairly clom to 
the wrbace, the wedgel& fanlting p&dated by Blackwelder would 
d y  have ensued, and this inhrpratation smms st  prewnt the 
logid me avaWe. 

Ln,siew of tthe OM cwnnpIexity .d the uncertain inkrpret~. 
tion sf f&e gtractnre, it ia  u e e h  to varnture my exact &hate of the 

b 
th-, of the Woodchopper volcanics. Tbe bit is 8 or 4 milea 
w i d e , .  mmth b south, and it is rather Zihly that the Mcknam 
amounts to several thousand fmt. 

s 
: . 

A w m D d l m v  
. . 

t8emntseq d b t i o n s  d late ~~ idd la  fivonian fd85i18 ham be~n made 
at vbfious tipw by workers in this area, aL1 of which hara come fmrn 
the ~ d i m e n t ~ r p  roc& interbedded with tbe v o l d e  B m  new 
Woodchopper on the T&n. A number of other mllsctions have 
baen made from the tgpieal Middle D e v d a  mlrs along the inter- 

, riatioaal;bm&q, but them have k n  notad. in. the dimssion of 
the WitTapepltinted P d m d c  I ~ & O D B B  of the bomndary. The 
tddep,bsb~ do-  that 27 genms in the Woodcbappr m& am 
repmn3ed clang the Yuba Bivm. Edwin Kirk, af the United 

u d & a e \ d & ;  ho;t, onpabgmcd m n M *  



Stah Natimal M u m ,  who has made morrt of them pa2~0~~tologlc 
- deteminations, regards this fauna as late Middle Devonian aad very 
d d y  related to the Upper Devonim faunas. 

4Jonler 4, 5, a Imaltly rot mmded. C a n e ,  A. S. aollier. 
2AW.'Pukw R i m ,  met bnnL, 3 miles beow month of TabnBuk af*cr. 

PeWefkum river g r a d  CoUectm. A. J. Collier. 
C 

2AGlEL Yaken IHver, east bang, 7 mllem below mwth of Tatonduk BZlver, 
Pebble firm3 river gravel. CoUector. b J. CoUler. 

2 A m .  Yukon Nm, north bank. oppodte Wdchopper; upper end of a 
'rrerlm of bIMa Gdlectar, A. J. IloIUer. 

l u l m . m ,  omtbwed bank 8 m n r  bel# Wom¶cl(opgerr Creek 
&L1&0F, A, .I. mllfrt. 

26C87. Pukon River, southwest bank 4 miW below Waadc- C m k  
CoUector, A. J. Collier. 
2hC131. Locality, not m r d d .  Collector, A J. Colller. 
W. Yukon Rtver. mHh bank, o m t e  W~~ road hwe. Clonectm, 

1. M. Kbme. 
812 Yukm awth bnsIt, 2 milee abwe Wood- w. O~IIeetw* 

82 M. Kindle 
&I& Yukon Bfwt mutbwt bank 2 dl- Mow W m - r  Ore& Corn- 

tor, I1P. 38- I. le.  



. A  m~m.1m rtt~ ~ m o t l . & m ~ w  a to 3 ahm W- 
-;. Ccll€emI, atlot Blamelder. <, I, r , # \ - I  

171. I d o n  ~lm, sonthwest bang, a m  mfiea MOW Wobdcb- &eek , 
06llector, EHot Bls&welder. 

172, Yukon Etva, north oppmite Wodchopper mad home. mlktm* 
k o t  Blacheldee. 

2086. Yukm Itirer, north hak d t e  Wmdchoppr road tmw. -, 
f B. XertIe, jr. 
TIM & dong the Y* (wdc~~oppar  m~cmim) mntrining 

flbe hte Middle Devonian f anna differ from most of the other Middle 
Devonian 6 of Almh in that they are maialy v o l d c ,  aou& 
they.indnda dm some interbedded iossilliferwa &mtay rocks, 
The h a ,  dm, appeam to be distinguishably M818nt from mi- 
c?el Middle Devonian fama, such as that of the Salmontrout l& 
stone. Thawfare, although the stratigraphic limiC of this femtstion 
can.& be exactly given, the roch and fauna ss a whole appear to 
h edkieatly didhc t i~e  to wwarmnt a name, and the term (' Weed- 
&ppr v o l d c a  " is propod for thia a m m b b  of & * , ,- 

7 ' .  * .  . 
m- a R T ,  ASS- d%Wm B1R .. . -6 

. . I . .  , . 
-- 

The-Mid& h & n  m&a mapped as armte, a, &,dm@ 
@it rre found nt the head of the N&h Fork of Shade Cmk' trad 
e x t d  h a niuroff b I t  both e&ward and wehard from $h% 
lbclclfty. Ibxh of the same Ifthologit! hractar are sla found ia the 
anllqs of Ea& and Lad Chance C W ,  swth of the type locdiky. 

. ,:. ' - ,-;. ' ' : .. *, ,,,: k 
: ' 

 idd die Ihmim rocks at rtthe h d  of the ~ o r t h '  Pmk of 
S h d a  Creek consist of mgWte, slate, chert, d cherty grit.. The 
ergiilmua mrietiw are dwk mlosed. and ev~rywhem more r~r; W 
~ ~ i m u s ,  at mme places s& much BD that although cleaving lh-ddte, 
+hq' appear to be as hmd as flint d might better lm deeigrtated 
d i m  slate and d ica  argifih. Chert eeems b~ be more abundantly 
developed in tbe upper part of the eequenca. Probbbly the ma& in- 
berenting and cqhhdy the most diagnostic litholagietppa in  ~ c b r t y  
grit that contains peculiar involute fossil forms by means.& wbleh 
.it ~SEI been possible to c o d a t e  this formation st .its. tgpe. lWtg 
with similar E& on Eagle Creek. This grit is in mllty E sadE; 
m & q  chert ,breccia, composad of hgular tn pbanwr f&&mts 
of &art, mainly bIack but subordinately p a y ,  in a matrkef chalce- 
do& silick 4 m e  sandy mahrial. The ched grab range from 
a quartar of an iuch in diameter down to  rnimmmpic dim&- md 
theAbonEained iarolnte f d l  forms' ha* a simar r& in dm: 

. , I I I  
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In the .hills north of Eagle Creek thma ro& am5 im@* 
exposed dong bmed ridges and spurs and are ovedain~b~~& of 

Hation Iliver fmmtion, which form cappiags on Bhe-hjgber hill- - e expormres am ~ Q O  much seprated to be pM~togethsr 
into r oonfinuws dtigrapbic &ion, but the Iltbo1o# ~ehowa, the 
general chw81:tw-of this part of the sequence, Bmong, the X& 

5 eeen were chat .and.siliceous slate, veined d t h  ewmdargr 'Quuartz;; 
quadxitic, graywacke; sandstone that weatbars yellow-brown; h e -  
g r M  5ghbgmp quaftzih, probably a h e l y  -lipad o h d ;  

4c pnd M f e r o u a  chwQ grit, which 01xurs near the Nation Siver 
hedsland themfora,high in the eequma of beds in the.traqBitima1 
formation. Xn g&ng downhill toward Eagle C d  -from the ridge 

'. ' tbt geparaw Eegle and Lash Chance CreeBg much, silimua data 
wit4 beds of bhck chert ia found cropping out along,tbe, spurn The 
ah& bera:* Jsewhtiw~ in this formation weathers to 
,@e f o ~ t i a ~  of hn covering of opalescent materid, %hi&, rmg@ h m  
,n thin _vaeer to,aJayer. helf an inch thick. Tbq ~$~ttis.gtasbeddd 
:with ,&mqug & I  in ,be&. 0 inches to 2 f& thick,, snd in:phcw the 
beddjng plmes we, e~llphasized by banding. . The: roclrs e-, isl 
Qe bl@s, tdoqg~I2@ :Creak, which p r o b & J y . - p ~ m t  whwer,ba~- 

, , am,,& &e krmgthp ,than the rocks abqve rnztmerah~,.hlude black 
h t  .w~et6aps~ bpwn, with n u m ~ m w $ l ~ ~ p $  ,&& id@ sad 

. q d f m m  concmtions dong the bedding planw; pdq@r,  bhck 
sql l  ~&@q,in.bod~, from dl. few inchas to &.foot; ~ ~ q k x , c o n t a b k g  
. p ~ t e  nodules pnghg; f row disklike f o~~la?tt~ tthQ+!ap,poacmg th8 
frustam of a cone; soft +in-bedded dafk-grax nod&r, +dy shale; 
bluish-py hacirly rrgilIite, perhaps somewhat calcareou~; siliceous 
date in beds 1 to 4 inches thick; and chert l i h  that m n  farthey up 

;r on the hill a l o p  Appamtly, therefore, these lower beds, as . 
i,hldng Eagle Ci W, 'a~e: braewhat P e s  siliceo~ls %%& %lib- ld@erz beds 

' 

m+the.&ii.4opa to tbe north md at the hPr&d!b$'Bhade Creek 
, i  , , . I .  . '4 * $ 

* .* , . -u-.ar9p 7 s  , , . .t - . . 2 . ' : .  

At the head of the North F6rk.d Bhada W $ h ' & a  & dfike 
north- and dip p t l y  wuthwegt. They ~verlie a wedge of Odo- 
vicIan sfatw, tm thin to be shown on the accornp&$ng. map, and 
underlie the rocks of the Nation R i w  farmation.:,. Xo sltrcMturd dis- 
cordanm between these rocks and either the overlyirrg. o r h t h  under- 

" I 
lying m h  i~ appme11 t. About 8 miles northwest of thii $hhde Creek 

: croppings, near hhe Middle Cambrian limestone, wxitact'between 
these Wddle -mian rocks md the overlying,Nation River forma- 
tion is excap$&il1) well exposed ip the h a d  of'$ gulch which dhins 
muthwestw:afd.to $143 ,T&on. ZfeF6 both th&e beds akd the beds of 

' 

'*lib ' Netion ki*rp+&htio& dip wuthwbid dl, arr elsewhere, no - 
" * r , .  ..(,; 



-ee is ~4&le~ Nevertheless dkonthuitim in 
sedinmtdim-mW be rqweamted, both rrt the btw and at tba tup 
of! t h e  Middle lkvwiart becaua considerable psrb of the 
st~bh@aph~;e ereqmce am h t  at both horizons 

The rocks &*Kis formation, as e q d  in the d l sg  uf EBgle 
Creek, are hi& dkturbed, and numemw ob-tions of the atki- 
.tudo # the kds yields little more than a general idea of tbe regional 
*'bdd which apmrs b be ahnt N. 75" W. The k l s  am c1umly 
:fofdd but m% Mded  into flatten4 or a p p d  folds-of tha type 
-seen id the odder rbcks to thehsonth Tha dip of the be& mwrmw at  
r m h h  intemals, in plam within a few feet, so that little id- uf t he  

" g ~ l l e r a l  dip mi ?be obtained. The wb1e sequana (x,nsir&s of in- 
c;oomp&~t beds, bd the idea naturally mggests itself that t h e  rwks 
*Me -&en 8 -pIslt3e of readjmtmrmt for some of .the tmgentid kmw 
'tht&'&dd the thrust Fmlting and overturning of the more< corn&- 

i p e m # ~ l d e r  raeBoEi- to the sooth. In other words, the more masdab 
:&&o bka mu& have been a buttress &gainst which m& ef  the 
'%kb@btLl-l.~~~~h fhe Wth :have % e h t * ~ d d , o  bat k Clf 
%hi mnipmdand st- hsm been tensmitted northwad into thm 
-krtmk& M, pfaduaing the &emgdahm folding. The mcks'of WS 
~h$g4 &at erdp mt almg t h ~  -n&hwmb bangJ of the 8a~cm balm 
,3hgL:mti& *N:"fSO W. into the 511s north of Miasim C h k :  bat 
;am ndwhem~vkty w d l  exposeti, Thh beh af mih h kZIeW? M -be 
'khrWa mconPorhab1 J to the nods by the Nation Rimr foma- 
Uion, bf PezhsyMan ( 8) hge, but its contwt with the older rodrs 
*+a 'the mdh is probably determined by hnlting. . ' ,  

p .  

*l' . . ,  &m.m - - < 

" .  
1 ' .  p."..'d$ . I 

,.$$'&I ~ o f t h ~ d t o & w d d l e ~ e w m i a n i a w o n  
I.-= mnde ialPe8. The loeation snd determioation 
at thm f o d s  are given hemwith : - 

~ t 2 6 0 ~  ~ o r t h  ~ ~ r k  oi fihab m t  mile R. 18' W. tram ~ n g  9' 

trlanglllstlon gtatlon I m a m  -1 : 
Favositea ap 

kd-WLV Ilg. 
" 2aphrenltts 8p. t 

. ~ l o s b ~ ~  sp. 
. tsgdfer 8p. 
{HtmphwTmtn ap. 
'Bacmh f ?I BP. 'r O m ~ m s  a 

~ h h  mga&- to tbis mfiebtion, h& Eirk st.tea:,G of this 
cheEe materid is fmpm~rS; pad d m  not permit of d& identifzw 
C i o y  It is ah& main, however, that a high Middle Dedm 
'fiorimn ia mpmtad."  
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h tho ~auey of &g1a creak no defarmimB1e h-rfbtea were 
d h k d  h t  eertajn pediibr inwltrte f d  forma w m  found, which 
m a h  with the hvehbrates sbove Zi& Ths ro& of Eagle 
Cmk and of the North Fork of Shade Creek are cansidered ta 
mpmxmt the smm -tipphic horizon. The best collections of 
bhcm obscure fossils, however, were made in the Eagle Creek Vdey 

c id l d t y  BAMt86 (MI), on the south flank of tha r i d e  north, 
of the creak? in Yukon Territury, threeeighths of a d e  S. 28' E. 
' of intsmatiaBal boundary topographic &tion 108. The faesih OC- 

t clrr in s cherty grit, whieh is redly a h e q p i m d  cherty breccia, 
In the hand spminmu'they b p p r  in longitudinal metion 8s elon- 
@d chalcedmie rods with a maximum length of a quarter of r u ~  

inch, and in crom mction as in~oIute structures, mme of which am BD 

amall that they can not be s e m  without the aid of a h d  lens. They 
are shown in thin mction in Plate 9. These f h l s  have been re- 
f e n d  to a number of Paleozoic pdeonfologkb, none of whom hsver 
k m  able b give my absulute determination of th& dmracter or 
age. Edwin Kirk, of t h e  United S t a h  National MUmnm, to whom 
they were originally referred and subsequently &erred again, has 
given the- writer the following statemmt, wbi& snms up c m c b d y .  
all that is b o r n  at present reganhq them : 
The w e a l  afbltiea of thew cuions f&ls are QombIfu1. Fmm a 

oL their gross l&m&mre .Its well as tm 6tmcture in &in sEd3m,mm%r the 
it a- tbat the sbelb wem orf-allg ehlduom now 

tdldfled. Thh, in comectiop with %heLr dmgate snbconical form, mggests 
that the fwd& aie, reierable to the Pteropoda. The d r ~ c t e r e  m hfomted 
available material Ls peculiar and problemaffd. Origfnallg them epp33rs to 
have ken a sort at " con~Ln.cwe" utmdnre, with the adjacmt wnns connwted 
by IrregnlEr m. fn nome of tha swdmmm lt sppsa*s that rmhqnmt to tho 

? death d the organWm3 the hornp bentha  were spIit IongitndinaUy, and one 
free mmfln m bath m n a  rolled Inwnrd, resalting In a seccnbp  illvoh& 
mm. 

The ~ssigmmt d thew f d l r r  to the PteropDda has In malitg hem made 
2' mainly IT a p m  of ellminatlrw, althmgb exactly comparable smctum arp 

not at m t  h m  in &at map. Such types of ptmqmb indicate that 
the eantalnIng roch are upper PaImtoIc in age, but no imrdatlw doeer than 
this cnu be made. 

This dutemmt by Kirk, though it does not d d  m s k i d ~  to tbe 
strstigraphic plwment of the containing beds, i~ in harmony with 
the other pdeontolagic evidence. Conversely, however, tbe inverte- 
brates collected in 1928 make it pogsible now to date that thesa in- 
volnh forms arpl characteristic of the Middle Devonian of this region, 
md tbw faot mitg be used to advantage at &her localities whem 
perhaps more dk@&ic invertebrates sre b a n k  
: It is not @bb to  state definitely the stra.tipphio position of 

' ' % h e  Middls:  dm argillite and chert beds with wrd to the . 



+ Wod&opw- ; Both formivkh~. am. regardd a lbte 
Middle Dewnkn,+#oug;h Kirk #eals-#~t +tha pslerwto1ogic evi-r 
is dighay in Paper of pl&g.these Middle ~ V O ~  be& the, 
Woctdaboppr valomic8, + I  

- &darly the *td tbjchia of t h e . &  is not b o ~ n  bseaasa 
the top of the q m n m  may have been ,removed bg: erosion. At.thef ' 

head or\* North-Fork of Shade Gwk abut 600 feet of st ra;tn am - 
*wd r ,  ' 

The~i3)ti&aia,.htext to: the -, is p m W v  the m& 
wihprelrd of ~ W I M  Pd80~0ic q s h ,  not only in intdor A h  s 

but inkAl& as a whole, and a .tabufa'tim of all the l d t i m  in- 
Alaib,wherq~D~vmian r&s are found would be quite beyond the 
mop this pqm. Three f a s p  ;dehib horbm have been recog- 
nidd+.sat foLtowd - ,, . .  . . 

VM DW* ddw a~r  z ~ f ~  rrnd e 
Upprrthmnian hvertabrolterst This is t g p i d y  developsd in. the 
Bmaher,;Rm~ of hFctic Alaska and on Prince of Walee md C b i e b  
@E in d h a & m  Alaeka, . ; 

bate\ &fiddle Ihvonian, -as seen in the &ent.s of t b  Wd- 
c h q p  volaonk dong the Yukon above and below WoodGhopper 
Creek and in the argilite-ehert W . o f  Shrde apd Eugle.C'reebb : 

-Mid#e Devonian proper, whose fauns is typicfly developed in &ie 
O a l m m t  hastone on the Pornpine Rivm. The .Devoniaa fo+ 
dwf mm tbe ~diBweritinted limmtonedofig the bomdq, w k k d  
bx Cnfmss, Hawington, and".tha wriW3 are' a park of WR  addle^ 
& r p b q h  fauna. Tbe same horizon is e x t e k v d y  represenhd else-. 
where$n intwior and sloutbeeshrn AldsIrs and h also )mn m g -  
m i d ,  tm tb Chandaler River in northern Alaska gad in &a Ktuitia 
Valley.on %ward Penlnmla. . f 
' A Mrizon whdse f d s  have. beefl orrxioi~sly referred to a Dwmiaa 

or Silurian " and " Silurian or Devonian " is m p ~ ~ ~ ~ t e d  at nrtmemus 
lgcalihh in interior and northern A h h ,  but in this papar this. 
horizon h bean.asaigned to the Silurian sggCem, No h w e r  ? 
Demdm~eedirnmbry r m b  ars h o r n  in A l h  

#-$flfx wpdf H&S thab are bliswd to he of CarImniferisise$age are: 
abcrmm~ the-a&mqmnying map as f d l m :  

- A group of aulmuic roc& here designatad the Gird@ volceniaa, 
which:rre o o m k k d  with the upper part of the Rampart gromp and' 
am d d e r w l  to mpresemt the base 04 the Carbniferorrs & in 
this: dimkict; a fopmation o f  chert snd slate, which md~rrlies the 
Cali& Bluff -tion ; ths Calico BZn8.fa~rm~tien, of marine origin ; 

.. ' a m t i r m a l  formation, believed to werlie the CsBm Bluff forma- 



. ' ' . tion and. to underlie the Nation Rim fmnmtion; the n k i t a e  
I .  , 

Mation Bver formetion; and the T h d i t  Zimmtom . . 
x E a m m I E f P P t d B , -  ' 

- .  ~ m m A m m #  
8 
2 0-Qn 

The r d m  bra ch&ed as lower Misskippian end named Circle 
, v01cBnia crop out for a distance of a h t  15 m i b  alorig the mwt " bapk of the Yukon upstream from Circle. This is the onlg hewn 

mumr&ce of &we mks in the arm covered by this report, but roch 
that. ara wndilered to be the same m p  oat at Fort HamJjn, at the 

a .  '1owet end of- f%e Ynkod Flab, and continue downstream &low Ram- 
p& Plsh 7, B, shows a typict~1 occumnce of them velcmk rocks 
dong the Ydmm d o v e  Circle. 

I *I 

, ' The rock  of' fhe. Circle volcaDim am mentidy b d t i r :  -18vas, of 
gmemtone habit, not unlike the lavaa of the Middle Devonian Wood- 

. 7  c h o p ~  void. T h y  differ from the Woodchopper lavas in that . they am, cut by diabasic srad gabbroic intrusive rocks, which, bow-, 
ever,aE not a part of the formation and ona detaired work 7Ri12 b 
mapped mparrthly. The. formation cont~ins alm a certain propor- 
tion 05 inhrbeddd dimentary rocks, mainly chert and argillite, 
with mm tultrs md flow breccias. Along the river above Circle the 
interbedded sedmahv rocks appear to constitute only a minor 
bmportion of the form&tion, but farther down the river, below Fort 

, H&, they may constitute s mu& as half of the formation. X$ ia 
p&cnlarly noteworthy that 8t neither of tho& two locelitim,. nor 
~cu~thast from Rampart, w h m  these rock have alm #,be atudid 
by the writer, have any limestones been found that are mmparabIe 

I 

-1 F 
with the limeston= intsPbediled in the Woodchopper volcanics. Some 
thin beds of f d i f e r o u s  calmreom hd£ h ~ v e  been found in this for- 
mation in the Rampart district, and one small lsns of fwilifem& 
Zimwtone .was s;esn in 1923 dong fhe north bank of fhe Yukon a 

. short disltsnce upstream from Rampart. Both the petrography and 
the litholoa~r , of this formation, therefore, distinguish it. f rorn the 
Woodchapper volcanics ; md In addition t h e  fossils fmnd in these 
rpdm in the Rampart area indicate that a part at least of this forma- 
tion is younpr than the Woodchopper voIcanics. Litde is known of 
the structure of them lavas and associated sediments a h v e  Circle. 

,, At their muthemost limit., 12 OX. 15 m i I e ~  below Thanlagiving 
I1 . 

' Creek they eppear to dip northw&ward, thus spparantly overlying 
other Carboniferaus rucks which adjoin them on the southeast, Fromu 



tE#& tor point I 5 m i I d  whera the expxwwrn+h~ 
mst side of tba .riper end, &emammvd of dip mm ti&wr+d1 
and it i~ obvious that  the^ Irsvas are much folded. The folds, how- 
ever4 are of the o p  type, pmbabl~ awing40 the m p t e n q  of the 
be& This formation is M d  on.=tber north snd dm on the mt 
by the alluvial depsitsr of the Yukon Flats, mil iS rdation to 4- 
jok ing bard-& formations in them directions b therefore indebr- 5 
mi&& I ' 

V * Am I R D  C ~ T m N  

s 

. !I$& lavas and d a t e d  pyroclatic and dhuentlarg' be& mke 
ohginally grouped, by Spurr aP with those bere 6wpnraM as .the 
Woodchopper ~ o I d c s ,  under the name Rampitrt {' 8erieg," an& were, 
assigned to  the Devonian on the bask of mme o b m m  plant remahi 
found in, thea mh below Bunpart; but fossils fonnd in the ail- 
camow tuffs interbedded with the lavas in the Rampart arm by 
09- in, 19x8 and by'&@ writer in 11928 ahow that thia part of 
the Ftampart " series " is of Miwissippian age. No fmila b ~ e  yet 
been found in the typical Circle volcmics upstfeam from Circle, anil 
the '&figmPhic rel~tion of these volcanic nxks to the rocks of the 
Dbwian md .Carbonifem~s s y h m s  is ohare. H e w  thai~ mr- 

aGon and age sssignment muat b8 b d  mainly upon lithologic % d' ~ n d  upon their rehtigm to adjoihhg f~mations in neighboring 
m ~ ' w h e r e  the skstigraphy and stmctllre are more dearly m W .  

'Zi&olo@y the Circle volcanios correspond exactfy with the 
&ampart p u p  hr ther  down the Yukon; and EH the Ramprt group 
seem dehitely to be of WseisSippian age them rocks also may be 
a b e d  to be Mississippian. But 5f the a d *  of the Carbrrrrifer- 
bus dctratigmlphy in the Eagle-Ciwh district, as sukquently given, 
isi c w ~ e t ,  tha C h l e  voleanies can not be behigh in the Mimissippilm 
sequence. The Calico Blue formation is of upper Mimissippian 
age, md the sk.atipphic unih both abve  and below it have been 
rwa$pized and mapped. Above the Calico Bluff fowmtion lie suc- * 
cegsi~ely two yoanger formations f~uowed by the P6rmh-n lime- 
stone, without rt tram of vdtmnic activity; and mnformably'below 
She Calico Bluff formation lies aaaher Mississippiaa formation, 

. - *ich at least in its upper part is likewise devoid of volcanic rocks. 
It wfmld' seem, therefore, that if t b  C i d e  v01canics balong in fact 
in %ha Carbonikus g h  they must lia well toward its base. 
A +formation ip: the type locality 02 the Rampart goap in the n l o -  

vir$s,'&&rict was described by the writeru8 in 1916 as .eon&&ng 

mgparr, J. I O , , . ~ - C ~ .  H. B., aeouw of tbe TaLon POM ~ t ,  i d s :  U. 8. 
&$. m e y  H l k b b t h  Ann. Begt., pt. 8, pg, IM-lSg, 1M. 

M W k ,  S. B., If., The gold pluwrs of the Toiovnna alBtrlct: U. 8. -1. Snrvsy Bull. 
aaa, m 28s-244, %IS. 



of chert with a minor proportion of limedona md nrgilla- 
mch Tbk.forms.tion s o n h  at the bam s chert mnglom- 

erafe. It rersts upon rmks of Middle Devanian q e  and ia in turn 
. by slate then. suppmed to be Pennqlvanian, bat later tha 
fd of them s1- were redetsrmined as EBihsippian. In 1916 
it was not d & m M -  whether the chert formation lay m f o m b l y  

5 or unoonfomsbly above the Middle Devonian roclea. The Rmpart 
gmnp waa found to khe north of the date, but its ~ l t m d d  and 
stmtitigrsphic relntions to the adjoining Csh i fen lus  racka w m  
alm sdjudgd ta be indeterminate, although ik -was thought h 
underlie them ID 1918 and 1923 W i s i p p i s n  h i h a  mre f d  
a h  in the Rampart p u p ,  but the available p e l ~ n ~ g i c  data 
wem sEiU inmfficient tro place the Rampart in its proper stratipphic 
mladbn to the Midmippian slates and the wderlying.chert forms- 
tion. Thus it appears that neither in the Tolonna d&&& a h e  nor 
in the Emla-Circle dihrict-done sre the data amlilabls for ~&gn-  

. ing the Rampart poup to its tma stratigraphic position. But on 
conaidering jointly the data from both these districts' rr'&npl& 

I sedimentary sequence fmm the base of the chert formation to the 
,Permian may be said to exid, in which there appea~s to be na place 
for s volcsnic formstion, Yet as shown by its fmih the Rampart 
g m p  is of Missiaippian age- Where, therefore, can it be placed 
stratigraphically except at the base of the Carboniferaus system? 
Evan nndm t.hh interpretation a degree of uncertainty asxi& ns 
to tbe exact rehtion between the Rampart group and the chert 
f omtion of the Toldvma district, for the Rampart group itwl f mm- 
,prim a amsiderable proportion of interbedded chert;, as wen along 
the Pdrm below Forb Hamlin and in the North Pork of the Rasg 
River, nor is the chert formation of the Toloma didrid free of 
basic ig"8ons matmhl. It is not possible, tbemfo* to  say definitely 
.tatat in the Tolovansi &&id the Rampert? group in ite entirety is 
older than the chert gomation. Perhape #b two group of mIrs 

? are in p r t  contemporaneous. But in the Eagle-Cirele &&&t we 
are d&g only with the upper part of the chert formation, which 
mdsrlim confamabl~~ the Calico Bluff fornation md ltppears to ht 
.free of volcanic mrsterial. Without find commitment r e ~ r d i n g  the 
geologic history of the Rampart group and all of the chert forma- 
tion, it mems safe to regard the Circle volcsnics a~ older than the 

. -.khwt9 mks that lie directly below the Calico BlufE formetion. 
The qherrtion might be raised, however, ns to whether the Circle 

volcaaics could not properly be comlated with the Woodchopper - 

volcanicrs and Iw, rbgardsd ss DePwian. This, it & be admitted, 
;. is a posaibh intarpretation, if the d a t i o n  of the typical Circle 

d a n i w  with those exposed along the ' I T n h  I d o w  Fort Hamlin 
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ir €hied, p e a r l y  as mr f w s h  hem beern f d  &O 

Circle ~ 1 1 ~ ~  indm rbwi G k h  or in the ch9rt~ d 
rmdsF1Si.g the Calico Wa9e formation. This M-qFetstios hwwn 

': ? r s j W d .  for two reasons : (1) The Ethology of ths W W p p e r  . 
o ~ l s # m i a  &%em from th& of the typid W e  mlcmim &we 
aide; (9 )  the Woodchopper volcanics are Middle Devonian, and 
an P p p r  Devonim & have yet bean m o p b e d  in centrpl ? 

- hen08 a tnrnnitim fmm the marine WodchoQper yfl- 
intor the void rocbdarther downstream is not regnrdd .w pmb- 
h i e .  Volnrnirrm prohbly m m d  in Upper avonitan ,ti* baf a 

ah- rocks are recognized, they ere b e l i d  to be mainly 
intrdve and at last ia part ultrab&c. . Csrtainly no midmce-exi&a 
fbr the BBTief thst Upper Devonh volcaaierm waa d a t e d  .with the 
dewtion of HHrrine sdimgnta, m h  as are found in ther W W -  
& e r  void and the Rampart group. 
F m  thwa caneiderrtiom the Cirple ~volmnh an, cm&teCt with 

as-mimic Focgs of the Rampa&- group and ,are @ed aa hmr 
Midbippiaa 

. mmET rn-m 
. 

3. , I '  

r MmmmTmH . . r 1. 

. T h  chert formation, which is tentatively m f e d *  k .&hwer 
Edsaippian, occors ddinitely at three localities and, quMibnhbly 
at mrtairi o m .  The type lodity is at the north aid -of Calico . 
BIM, whem them mxks sra partidarly well e x p r e d .  4 h m m l  
I d t y  is in the bluff on the north bank of the Yukon, jnst below the 
moll& of Shade Creek. (%e pla 8, A, md 8, R.) Another 

' a m  ~ on bhe we& dde of the Yttkon opposite the mollth e£ tha 
Tahduk River. &dm oordabxl, with thia lower Mi&+pEaa 4 

fbrimtion, t h e  p r o b y  equivdmt to ita b, ate f o d  in a 
belt cromiw Coal llnd W d o p p e r .  Cmdm a few miles math of the 
Yukon, rind t similar belt ia, umn north of the P b  o m k t  Wwd- 
chopper Cre&. The north end of the bl& belor Takom .Creek ? 

maydm Mung to ths Bnme wquene& (See pl. 8, A,) % other 
weaa of M a r  mch which rn correlated with this fmation occur 
along the no& Gde of tha 'Yukon leer L2 t d m  blow Thanksgiving 
Creek. .. -- ' 

. . - > t *  ,. 
.At,the m&h::end of Who Bluff the upper MigSi~ppitw C.Hm 

Blaff fcmna&ioa, which coneri;sts ementially of thin-beddd h & n e  
an& &ale, grades downward stra$&aphically into shale. and chert 
of W a r  a ~ m , ~ m d j ~ 1 2 y ,  at the n o d  end of the expostzre, 
,j&q2aearly pura .thin-Mded chert. Tbb lower chert ~ mmostly b h k  
ht weathers to a yellowish-bmwn color that may be due in pert to 
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dphar  etrining. It mum jn M s  9 to 6 inches thiakb with thin 
prbin~& of black shale. At the most, ~ ~ r t h e p l ~ e x ~  it hm been 
amp- into numepons sharp folds, thohlgh in p e m l  all thew 
beds am fairly regulrr in their attitnde. Pub distinck line. can b~ 

' dram Mween the beds of the chert formatian mad those of the over- 
lyinp: Calico BluB quence, but three pmmineuk b a d s  of yellow- 

3 wanthering limeetone are seen a t  the north end of Cahm Bluff, and 
the &arty m b  appear to become domiiruLnt j M  strstigraphicdly 
Wow these .bands. This division between the twcr formations is a - &y. arbitrary he,.but in the rrhnce of gqp behr,  ogle it is utilized 
.for thair cartographic mparation. 

&nth& 03 Cslim Bluff, aat the mouth of Shade.-k, o h  
exposursts of the cherty rocks, which at this p h ~  @ estaan- 

t i d y  of siliceous d a b .  These s l a k  are bl@ end in p& gmpbitic, 
M may be seen,nlong m e  of the dickmsided planes They are, 
h m v q  brd an f i t  and might btter be c d e d  dtLtes. Much 

' #ow-brown imn atahing is visible in the bluffe, as well art m e  
I white md ydow incrustd s u b l h t m  repembhg g p a m  and 

sulphur. The k b  are from a fraction of an inch to 2 feet thick 
A few mckn of,other.charactm were noted in thase exposurq indnd- 
ing true comhoidally fracturing cherh, an exceedingly he-grained 

' g d b ,  and s 9-fwt bed of dark-py  ,oolitic lim&ona The 
limestone hm a strong petro2ifemus odor when fraetared, but when 
bated in the & e m i d  kboratory of the Qeological Survey it yidded 
only B of Oil. ' 

South of the Ydmm River, in the vaUeys of Coal and Wdchopper 
. . G e e b ,  is a formation that appea~e from the slrposureer dung the 

amkt to ba essentially a chert conglomerate or, more aecnmt~Jy~ p 

+ chert b i a .  This rock ia only imperfectly qmed along Wood- - &upper C r d q  but in the kdrock of Mineral Creek, a tribntarg of 
Wocdchopper Greek, whem placer mining is i~ pmg.1.ese, i t  has been 
e m  by Che mining operatiom. The chert conglomera~ may 

Y them b r~ee31 in unconformable contact with the much younger con- 
glomerate of Upper Gretaceous or k n ~  age. On Gal Creek chert 
.breccia, chert conglomerai%, mid chert grit are intermittantly e m  

. . in blnrp[s along tb we& w d  of the valley some 6 or 8 miles from kha 
, -PPkoa bother good s x p s u m  m u m  an the ridge about gOQ feet 

abow th8 P&R Biqer and about 2 mil- S , W O  W. from the mouth 
- d : h l  C?reel~ m e  rock here is mainIy a dnzk-gray chert, ~ t h  a 

s w M h 1 ~ t e  gropwtiah of chert bmoia. The qmuphin 3 or 4 milea 
north off the Wodchoppdr road house, at the h a d  of Eureke b k ,  
is also cornpad of chert conglomerate and b m i l a ,  

h' ' 3.26., . ,%'northem sxpmwa of this. £ormatian af mlicmw* alete and 
*i !m are men ~ g - t b  northeast bank6 of tha.YYkon ,abut 10 milw 

WOW Thanlrsgiving Crpk. Here the river swings in, at the lower 



end d same $dam&, to rock-?A& of Lower Cretsceotrs sl& p d  
qu&he. W v  (mat-), along s &ngh behind $hers 
islsm&, the h w e r  C h b w u s  m b  continue but a qu- of a mile 
.and give plam to a fornzation of siliceous blaok slab and chert which, 
Btili f h e r  wpdmmrn, changes to shaly sanddone and blaok and 
green ,data, with s few beds of chert. Farther up on th% hilkdes 
t m k s  w & k  to tones of yellow nnd brown, giving a ebaractar- - 
k t  b b c a  which mdilfr difFemtiabs them hills from the hilh 
tarn- of the, h r  Cretaceous r m h  Dawnst- from the 
& w e k  Crstacaom bluff8 intermittent o n b o p  of chert d. dicmw .* 
slate m y  be seen at low d.agea of the river, and still Parthtr down, 
fabt h v e  the jmction of the north and m t h  chameels, are 
@ : ~ r e e . o f  vi tmus pellucid chert md s i l imu~ sku& in shades 
sf md, p n ,  -amd p y .  T h  mch terminate downstream at a 
.cr~reb.mtering fmm the north, where the two chanaeb of the rim 
unite, md blow this point is a thia unmappable mne of. lmwer 
CpetsWus rock  hllawed by a gmt swiss of volcanic T h  
hve -11, amam 66f chert and siliceous slats should, with little doubt,' 
brwrhlated with the other rocks of this formation. 

The m k s  of the chert formation near Wodcbopper and Coal 
Greek# range In color from pearl-gray and c m m  oolor inh darker 
shadea of gray and jet-blmk. The constituent fragments range in 
Bj w Mrn pattidm too mall to be distinguished with the d e d  eye up 
ta p8bblm 1 in& ar more in diameter and ere usually eitber nnffalar 
Qr euhnguE&r. h granularity, therefore, t h h  rocb might h classi- 
fied a6 m~ging knu a ched sandstone or chert grit to e, sedimentary 
chart Wda. The nnnsual eharactmistic is a matrix cmpossd dm 
.of c W  of thr, same general character m the pebbles. So wall in- 
.dl~&tad are thew E O C ~  that they will a L y s  fracture directly - r 
the p&bles whekbroken. 8anrplaa of this chert breccia may be ~een  
in wMch t b  pebbles are so firmly d d e d  to the matrix that the 
'fm#pmtnl c h c t a r  ia  warmly apparent ; other samplee resemble a 
+b& that might be prducad by frmtarhg in s fa& 7am; but still ? 

&her# may be w n  in which the pebblea are fairly well rwnded from 
the d o n  of water and the sedimentary chatacter is nnqaestionabla 

W write* h a  teen rock of this paculiar type at many l d i t i e s  
in i n k i o r  and wrtbern Alsisks, h ~ i n l y  ah or near the top of the 
Devahian sequence or the base of the Mlssidppian, and the Zithologic 
d~riptim g i m  above wodd fit elmost equdy wall -any of the 
obrwd m e .  The problem of their origin is a mwst itrtemsb 
ing Mt very d i W t  one, -in the ronsiderstim of which a nmber of 
facts mwt be evalaatd. At We ?mown lmxfitim in inltior A l d a  
the Mblw me exclusively chart; in northern LUasLe they include 
bth qnarta md dmt ; but the ma& m l a t i o n  of tha tm f ormaticma 
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b. inWm aud northern Ahdca is inferred rather tbm . p r o d  The 
pwa, are . m l l y  mbaagular. The m s k  ia *also md in 
& i  pebbles and matTiX m e  identicd in composition. The 
rocdm appear to have h originally EZC~DUE, ta judge from mrtain 
faqiisfwnd in them mar Livengod These fmgmatal chw rocke 
ttcmr at tb0 $iase, not ~t the top, of a thick forpratiw # d ~ r  
of h m n q g a ~ u ~  grey to black chert, with some dim slab and 
lim€%he. 

t. sure, ue foond in the p--p*n P w e  
rdm, aid one might nmme that the fragmental mahrial in the 
the& b& and mnglomemtas originated in longmidud ammu- 

. latiom of chert d W s  derived from these chew beds in the Power 
Pdmmic. Bnt -.anormaus amount of vein q u h ,  mttch.of *hich 
WWI uuqtmtianably, formed in pro-Mimisippian hima, i~ sEso present 
In the early Paleamia. and pre-Cambrian r& of interiorC b k a ,  
sad as thb vein q d  is at h t  aa re.sistrmt to w&ering.w chert, 
& d d b e n a t n r a l t o g x ~ b f i n d v s i n q u & m w a l l e e & e r t  

. emmg the fragmental material, if it is assumed- that. lmg-oontinued 
d & o $  meathering,deetroyed the other l e s~  resistant type af muotry 
N& But mch is not &e cam. It is therefore n e a s a v  fo co~ldude 
tbut tbe matrk\ and pebbles am qnpetio-thet ia, are esen- 

" ' t i d y   tempom meow, in terms of g~o1ogic r a k b  than secular 
time anits. The origin of the chert conglomerate and breccia is 
h m f o m  tiid directly to the question of the origin of the m J y b g  
chert formatian, . 

The wrihr has &tea in pmviioaa publications the hlief that thh 
d e r t  ;% of primsry and pmkbly 05 marine origin, though no evi- 
deace,of ite marine character was definftely h o r n  when it was jimt 
d d  by the writer '' in 1916. Subsequently, in 1910, Overbeck 
oolI%e6ad some c o d i n a  and minoidal material from the chert in its 
tgpe $mality, some 12 miles west of Livenpod, thus esteblishing its 
msrine &wader. ;What, then, is the mechanism of the formation 
of such mb? fime limeatone conglomerate and primary lime- 

breccia have been p r o d  b form more or less s i m u l ~ u s l y  
- with the massive limestones about them, by the emding and mrting 
wtim of cice~nic currents upon marine limestone reefs. Such d s ,  
it ~ ~ $ m s ,  could b either of cod l ine  or inor@c origin. But tha 

#, B h q  angPIarity of msny of t h w  chert pebbles shows clearly that 
'fie, original fragments mast hrrve a l d g  athined rt considerable 
-*of mhesive Bt-h at the tima of their formation, or else 
thay suffered p d a l l y  no kmqmrtation or sorting. by water. T h e  



r&nr-r of m w i d w . m f a l  a w t m a : ~  
' '~~~ bf LW&, fhm~&er,~fbmfs the idea tht%bbsd!mg- 

mantdi m e  . ~ I4~hdmated  wt the 4im;af lorigin of tl.Sk'&&& but 
, suffH.rromCe #rkhg or tmawpdatio; by w&r. ;* . y 8  - a !  

Th~wriWWdessa hi8 hability #k p-t to f m & ~ ) k  d* 
~ ~ ' h y p o t h & h r t h e s e . - & ~ h @ e n M % h : ' ~ a .  
thsh h&re e d ,  hcrwetret,+is t h ~ 4  'ordinary terrerrtff~l pm&m ! 
of e k o n  and etream trsnsporhkion had little if any dir&$iart id 
the &&tiw& either 8he cherts or the fragmentaf ;cherty e; . 
'&t lboth the fdgmmtat cherty &ks and the overlying hmiw ' a 

ehW nre'af + w a r y  marhe origin; ahd that the hpmh-''an# 
mt& d the bfetlciasland m&alorneratw me m t i a l l j  a p w i c :  
16 Is hop&ths& at adma time a compafative &dg may be mma16e d# 

t'Mmhd pulished sections of the chertu and chert' br&ci~F W tfrB 
k j d n  h.eym+ la' h w n k  of Ioodibia h interior md northern' ~ l ~ s ~ r a .  
Sp&m m y  collected by the ,miter in northarn Al& sborf: 
m l  win' qti- as well as chert W n g  the pebb1w 'M :Poch 
app&t &drwiea. to Be ~enY-iaIIg $ha atme as the d - a f  ~his&hwt. 
M e t i o n  of +btepior Maah. Theihfiationa m y  give & W ~4~ 

i d d  regedbg the geaesig oi such rocks. h the mean*Ehe, ErSS 
hq& that &Id etudies will aolitinudb oobkribte -&&igr&phb um3 
p ~ ~ ~ k l o g i c  datir bearing an theee qmstions. . :*  . i . l  j 

. ., , . 1 '  8 .  - I' ::+r.: ;i;\,j 
>1, 

t 
+t::$,~.y , i 4 ~ l l s t t ~ ~ i x m ~ [ x ~ p r r a ~ a  ' ,  k A ~ b l j 6 h  

.,+ + ,  
. d m  this formation exposad ,at t b  #pt~ *ba::&f, c&& 

$&I@'& m1'dwl little def armed spd.conlttit'u'G %hi kwek bed& *of a 
ay@inaI baain,thatplunges @nWj about N. dob  W. The hi$& bf 
them rockt mde'rlying the Calico B l d  formation :ik';iJie+ hohh a d d  
d ih* bluff are &own in Plate 8, R. The lowem&"beds ciop;out' 

- dow%stream,'hoth of ~ e l i c b  ~ l u f l ' ,  f *r 6,W f &t in a Im bench a\d@' 
the, %est bank of the rivei-, , T h e  base of this quaice is. nowbed 
arpped in this vicinity, and the aasignhmt of the e h k  $&&I' and .r 
~ ~ ~ o r i l e r &  farther dow&r& q t h e  b w  ,of this fohation ca& 
not be snhb~rtiated from any data abt6insbIe hloag th river.. %'hi? 
cor@datian is 'based on comparative W i p p h i c  &dies xr&e .by 
the wriher at-,other localities in the ~ u k o n - ~ k a r k  fegion, partih:' 
Isre in the L i b @  &rick of the Fnirbmh q u a d a l e .  

lL  : -  ,f 
ppw stmctwd o h a t i o n s  of the chert bhccia d,cod&menate * 3- 

in 'die ~ o o d e h o p ~ r  and Coal Cresk sreas are 'b@rble, bufn&< 
a d  &&bution of the two belh there pr&&t, one nodh%~;t"'med' 
so& of the Middle Devonian Woodchoppar voldtic &, hg- 
@B &mg1g tba~lxiatenae E$ thin locality of an tmticlimd.fold Whose 

*Ytrtlq J, a, jr., Tbe m M  placer@ of the 7bl#nl, dhtdct: U. 8% C)opl. Barveg Bull 
m,. pp. 28&444,1ek7. 

. . ..?T 
f-' 



. _ . .  majar R& of dbngatim trends w;thw&ward. ~ d o r h ~ h ~ y  a - .  " band of ' b w e r  C r e t m u s  rock, overlying ~wnformgbIy the& 
basal&firakippian mh, liea be- the Middle Devonim md the 

.. lo* Miaaispippian mka on baa Clad a d  Wmdchoppsr . Creeks, , 

eompWy concealing the contad between the two fomationa. The 
t 

bill#, however, am low and the exposum poor b the Woodchopper 
' rter, md it' L doubtful if much infolpmation reg~rding the strati- 

grspa3c r e l a t i e  .could be gained ~ v e n  if the G w a r  Cretahw & 
4; ' were h n t  Tha. gretit litholagic differences- between the Middle 
*. &~6nian Wdchoppsr and the Missi&ppian rocks, find the evident 

kinship of the chert fofimrtion with Mississippian mka, as exhibitad 
at Calicro Bid, f m r  the belief that a stratigraphic and prheps a 

; . $tmctmI break &parit= the base, of this chert formskion from the 
.underlying Middle Devonian rocks. ' 

The meks of this quence  10 or B miles below ThtWgiving 
Or&.&$pesr fo dip ih a general northwesterly Jhwtion and are 
M v e d  to itiiddie the volcanic series adjoiniag h e m  downstream. 
It is m b l e  that these rocks f o m  the northwest' end of tha Wmd- 

'., chopper anticline, plunging northwestward at this point under 

. . pager  r&. 
" , . - 01117 at the nbrth'snd of Calico Bluff, hi~s i t  bem pc&ble so fw 
..+ . " 
, tb meiLsure the thidmem of thme rocks, and there,' of course, d y  a 

, part of the sequence i~ exposed. Here s h u t  1,700 feet of strata crop 
+ out below the arbitrary line which is m e d  as the bsse of the 

' Cdico Blu# formation, but the barn of the section is pot a p e d .  
, I> . . ' . - Considering the aqlount of chert breccia exposed in b l  and Wood- 
.!.: . Chbpper Creeb, particularly in Coal Creek, it is pmbsbly safe to 

, . ' Wtme h t  the total thic:kneas of this formation is several thou-d 
5- ' fmk, but m y  more ex& statament is not warranted. - 

* L . , ,  

> ' 
4 : *> MB A m  -mum 

. , 
f ~mmrtio$s misting dominently of chert and e i l i m s  dab and 

_ arargillita have been, found at several l d t i w  in interior and mrkh- 
em Alaska and have in general: been difficult to p h  stretigraphi- 

, dEy, for the following reasons : They wamble one mother Who- 
, l og idy ;  they are mually incompetent, so th& critiea1 &mctural 

. d a  are lacking ; they rarely yield diagnostic f d e ;  and they &re 
I .  

., ;-. sq-fgr,mparnted from the & n d d  &ions of the 1Snihd . S t a b  that . * 

- ,'the d b a r y  strakigraphic nomwcleture can at best be applied only 
1 

in tbe mmt,merd way. T h e  formation of chert. end related rocks 
appears to have bwn more thsn ordinarily .prevalent. in Devonian 

-, . _ . , ..., ,and M i d p p k r i  be, and whem such rocks mur at two or more 
'  horizons in the  me generd area, as in the Eagldircle Wrict,  

*Mr. correct dif femtiat ih  k a m e s  difEcu:alt. The chert formation 
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ths&jqnaerli~s WCO Bltdt fo~rmtiw ill.usltrat.es m i d  t h w  - 
&tias. At its typ  laeali$ ita:structunl relation to ihb C.lim 
~Tuff~fomation is nnqaIvwl, but. itglower -tigraphic limit hw 
n& . b n  -zed, and fads am absent. A c m  tha Tulnon, 
below the mouth of Shade Creek, a few nondillgpostic f o d a  have 
Iwen 3ound, but the .~tmctnral rehtiom to overlying qr underlying 
forWions am npt be discerned. And 76 miles to the nurthm+ut 2 
t h ~  'PPood&opper area, ocmr more chert and chert mgl-mk 
which with no f k I  e v i d m  and little strstipphic evidenm. are 
interpreted as the btm of th is  formation. Obviouslyi, the correh7 rt 

tion of t h m  8nd other chert m u m m  aIoq  the Yugcln as ~ ~ s i q l e  
formation is basled more upon vague geologic interpmtgtion thm 
upon, f acts, pidcularly as ,at least one other chert fom&icin;, of 
 id& hmnlan age, is also present in this same a m  , , ,,. 

T ~ Q  chert: formation here oqnsided is definihlp h o w n  ta b&r- 
fi* d o r m n b l y  ,rocks of upper M i d p p i a n  age. It is b b v d  to 
be no older tand perbps younger t h a a  h e  Rampart p u p  and C i d a  
volcanim, which in this peper ere coqsidered ta be lower Missisip- 
pian. Although elsewhere in Alaska similar cherty rocks have been 
.termed ?dimissippian or Upper Devonian, the structural and strati- 
g m p ~ c  relations of this formation to adjoining formations dong 
the Yukon indicate rr much doser kinship with the M i d p p i a n  
than with the De~onisn rocks of interior Alaska; and themfoe this 
formstion along the Yukon is mferred to the lower Mississippian, 
not with the purpose of indimting a d m  oorrelatim with the 
Wawly  or Madiaan epochs of the United Statm, but merely 'to show 
that thw rocks are younger than the'~oodcho~pkr volcanim, oIder 
than ,the Calico Blaff formstion, and possibly in part contempom- 
neous with the b p s r t  p u p  snd Circle volcaaics. * 

Fmib were found in the silicgous slate and chert ak the 4 
of Shade Cmek by E. M. Kiadb, in 1906. This collection (No. 844) 
has rewt ly  been examined by O. H. arty, of the United States 
~1~~ S w a y ,  and has hen found to contain E n c h t w m  sp. ?" 

and Lin@ ef. .L. a p t d a t e  These- f d are. regarded by Girty 
as passibly De~onian but mom probibly Mississippian. Inasmuch 
as a h  forms haw not been fomd either in the Middle Devonim or 
in. t b  upper Mkkippiaa famas of the Yukon, it wodd seem quita 
appropriafxvto regard them as lower Mi&ssippian, to mnform with 
t b  rage ~ssignment which the stratigraphic and s t r u m  relstlons 
indicate. 

The mb of dhis formation sre &kd p ~ i m d y  "4th  i similar 
&th& furmation in the Tolwans district,m ebout 2%3 -89 to the 
west. At that l d i Q  the base of the, formation was' ~ m p o m d  of 



, " +  -. . aABB0lPntERQm -116 95 
- && ooaglomerlMe md chert breccia, which may be mme1ated with 

the m h  m m  m Cod and Woodchopper Creek. T h e  uppr hds 
m i d y  tbw& with some siliceous slate and shale and silicified 

b&.me; and $hi part of the quenoe is believed the lithologic 
eountmpmk of the chert underlying the Calico Blnff formation. The 
"lehert fomatit~~ of the Tolovans district was: described orighaPEy 

f as not older % b a ~  Middle Devonian nor young~r thsn Pennsylvanian, 
but f k I a  subsequently found indiate that it is Wssiasippian. 
Thmfom it is correlative paleontologically also with the rocks at 

s the north emd of Calico BluE and at the month of Shade Creek. 
Ln northern Alaska: a somewhat similar formation of chert con- 

@amemh. with interbedded layers of quartzite in the lower part 
and slate and shale in the upper pa& was described o r i g h d y  by 
Schrader 'O under tha designation Stuver "series " and was considewd 
pmDevonian. Subsequently the Stuver "series " was shown by 
Smith and Mertieul to overlie the Uppsr Devonian rocb and to 
underlie the upper Miwissippian rocks of northern Alaska and was 
therefore amigned to the basal part of the Noatak fornation, of lower 
and upper Miasissippibn age. This basal part of the Noatak foma-  
tion, previously cdEBd the Stuver '&seriep," is therefore believed a h  
to be appro~mately oorrehtive with the chert formation of the 
Y n h  In this connection, however, it ~hould be remembemd that 
northern Alaska constitutw a different geologic province from intar- 
ior N&, and it is therefore not suqrjsing that the No9tak forma- 
tign differs materially in lithology from rocks of airqilar age on the 
Yukon. 

Other formations compowd manly or partly of chert are known 
eJsewhep..jn,Alasktt, but accumulative data tand to show that roch 

& of mvardJqes may be of this general lithologic character. The 
Upper Trimsic chert; of northern Alaska, described by Smith and 
brtie,Js a good example of one of the newly discovered chert for- 
'rnatiodb that can not be correlated with the chert formktion of the 
Yulcon.' Thi Middle Devonian cherty rocks st the head of the 

,North Fork of Shade Creek constitute another example. Hence, in 
* the futnre the burden of proof will bar  heavily upon thabgeologist 

' ~ h o  atbmpts to cornlate chert formations in AIaska upan lithologic 
'%dinca alone. ' 

I 6  a m u o  B X . ~ X '  m B y I n o m  
! - ! f ,  8 ,  

. . >"d,. 
rn-011 

., The:- ImdiQ of the; Calico Bluff formation is at  Calico Bluff, 

.on the .west bank of the Yukon River, about 8 miles due north of 
J '  

p~b;afbr, h c:, b, ~ a r m i m n c m  in northem k la la  : U. B : ' B ~ L  ~ t ~ m q ' h ~  Paper 
-m,bp, W P ,  19M. 
:'#?df"*y+ P..&.asd Merth., f. B.,.jr., aography nad geoIm at n ~ r t h w t a m  Alamka: 

dm B n w e ~  Bull. 816, pp. 15&-157, 1850. 



B g h  *,.(See +PL 8, B.1.: mha;of 

Csliw Bluft, and. this zone apparently owtineea N. m0 W., j ~ t ~  
lowor .valley of the TaWlrk River and hyond in tbe mum m e r d  
direction. hother narrow belt of the slrme 6 j& ver~f of 
the mouth, of the Seventymila Riper md a h  contin- N. -BOQ .W., 

' mpping oat, agqin on the m& bank of &be Ydma about opposife ? 
the mouth of the TatoncEuk 

b ,  6 . .  , . . m ,  C 

. .r66 mob at mico BJUB Am% esssntidlj of .I- beds 
of l ~ n e  .and ahale with some slats and, being d y  mt1y falW, 
afford an exceUent opportunits for-, measuring 8 de&iled .aeetioa* 

Ftad.. 8.- d - dds d ace 81tl4~YUkm g1.a. 
J: 

m#ged ddge of W d I e  Ctmbrlan Ilntestoue on the.oppwItc mlde of tlis rl*ee.fr&Qwm 
at" the ttrRt 

I?6rLpn&nienes in re- to tbis d m ,  a &etch d3hG&h 
sida.bf the bluff is included ae Fi&+ ,5, in which som& of the':mora ? 
$m$ent beds rra designmted by lettslk Ths @oxiEi&- below 

. ' a  was msagnred imsbmentally from the k m  of]& b to the top of 
, t,he Huff. The d o n  fm zone b down tti the ,w&* edge at the 

ea&n point of the blue was not m d  h & m m d a U y , ,  bzlk the 
thickmess of beda in~olved t M i ~ ~ t s d  by h o  r0~~151F~~~1t i ta t i~  
methods, which checked each other verg clmly. The h m  and 
~haU. are thicker st the h e  of the &ion snd become pgiwmively 
trim thin W d d  toward the top. AH a mdt, *he up* part of the 
&an c o d &  of a great namber of tbin lmb of dtemmhg Lime 
done and -shale, some of which have hem been p u p d  togethm. , It 
'is doiibtfd whether any two wtioasr of Calico BlnfT mnde by d;ftg- 
emf nhan would ma&, for mu& of the variation is mnxq a p p m t  



firm 4 depqding to a m i d d l e  extent upsn,diflemii~d in 
pplar, which are,dne t6 weakhering a d  which do not p8rbidv ~ 1 1 ~  

Omewd. E A W ~  PdVt crrmpOBBd of drab ahale, with a few 
m a i ~ o n ~ , ~ ~ ~ - ~ ~ - - - - - - - ~ - ~ - - - - - ~ - - ~ ~  60 

mope of gray ahale, wltb a little llmestme. Gontains in tW 
-. ' . .upper p r t  two w three beds of sandstone that weathem a , k ,  

I - Iigbt o c h e m ~  yellow1 each 3 or 4 feet thfck --,,,---,,,,-, B5 
' Wmreotla shale, Ught gray or darker gray, matherlng to & 
z, ;: , .v i &bt spy. D m  2@ feet mmmL --,--,,--,,,,,,,, IW 

I" :' : , ' ..Maeefw Ma@ UmMone, notl m b l y  mrbnacetws. Wmtbm 
d light grey, Zone 6,- -----,------------------.-----*-- 8 , 

. . mfn beds of Wnck &ale and Llmwbne, both of whlch A 

- weather light and dark gray. T b w  rock8 are f u W -  
,l. ' . -  emae, bgt the shale contains lavertebratea of gmaaraldLT- 

,- Temnt frotn thwe found In the llmestmq indieati$ an1 
* ' ~ I l l a t L a g  d t l o n  of wdhntation and of marine life-, a 

1 .: FA cUE-f@rrnMg grow. g9 be&n Oonelsb of thin-Wded IW 
a , tbat,weathem to s chomlate color at the top; a Zioot . 

. r.. .. d l  
, bed d whlf~-weathering l im~tone  in the center ; and black 

, .. a h a t  et the ~-,,,,,--,-,,--,,-,---------------,---- I4 .:. ' ' !&hIn, ftledls black shale that weathem to a bronze color, ex- 
- . cept Irl the miffBle bi the seqdenca, where it a m r a  cW& 

. for 30 ar I5 feet ,,,,,,,--,,,,------ -- 119 
. . , Upper 58 feet in  mainly thh-bedded Ifmestone with .m ' . , 

. & f d . b .  : 
1 ahate, weatbering to a light chocolate color. IAIWW aT fe&' 

,, - b f h h  blPcr 8hal.e that weathem blackbh brown. 
h d *  8s 

W l P l  blsEL shale, weaweat= hmn at barie and red md 
b. v- " f  ' mllm W e r  urn gEving a general bronze colw to the b M s ,  43 
".. 

' Mkmating thin bsds of whlteweathering limeatone bad flsfrile . 
black ahale. Fmfls omur In a thin band at the very top- 10 

. . ,Dulr-gtag fetid Umeabone tha t  weathem Ught gray. 
9 ' erons at the ba~-----,---,,,,--,-,----~------, 4 

'' srk:gray i i d e  shnle that weaihera gellow-bmwm,-,,-, 15 
i ": ' o W s  of llmest- ae ma& as 8 feet thick, alteteathg with 

' 

. .. . . shale. C ~ e ~ t m i d w a g o f t h e s e q u w m a Z f o o t ~  
c . of t a U f e r o u ~  llmastmk ,,,,,,-,,,,------, ,-I,,,,, 

. . 
r i  - ,X)ark-gay feW m n e  th8t -them light gray. lWm!llf- i -  . 

E . . .  errma. Zone L ,-,-,,,,,,,, , ,,,-,,,--------,,,, 14 
,-A - . ' h a t l n p :  tbh beds of d a r k m y  Hmsbne and t2tln, f idle-  

, ' black ante that is pmbably calmrwlls. BeBh 2 to B Inches 
'WEt ,,,,, c ,,,,,----,,,,,,- a 

B b k  mts. mmmhet sIlleeona Near the tap l a  a &kith 
M ut fettd, bleck ioeeuiiemm 1-me tbat weathem 
h m e  b . 89 

' . ' dlttmtlng M s  of llm&one and a l e  with mme chert, In- 
, *.' * clndes 1 thick uwe of blacL silkeoua alnte, ahlc$ la 

. .. : + n Thf-esa eatimated-,,,,,,,----,-------------h--- SW 
' I '  .--..lr 
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98 i -; -0-Y OF ? h ~ l R c l r E .  DP;FImm, 

: TI* b.ae 4 l $ l b  seetimi, hete gi$eniia abttt,~ P t86 skd of th 
pdinrErdom4a Figure. 5 ahs. proj&iRg inb tb '**, '(% 
ph 84iiY.) t ~~~a~ .b, as previ'di&lf &hated, is anh Hdtmry bm, 
plscea at about- the level where, in gaing down. ip tlq, section, ,&a 
lirb&nd 'and hdi ferous  beds maaa This line 'kh&fo&  me^ 

nko ns the upper limit of the lower Mkksippinn quenee, h d y  
described. 

e ! r m ~ a r p D ~ o ~ ~ -  '. 4 - 
.-. . .I 

hctuPe:  of the P O C ~  at Cali& B l d  is that of rtr! + s g ~ -  
clma which ,plunges gently abut N. tOO W. The othet', t~#o"'belta of 
this formation to the nor;Ehwwt, ona oe the nodh&,8iae af the 
Yukon and one on the muthwed s i d ~ p w  interpmbd &:a, b&d way 
as the northemt and mtithwat limbuaf this m e  sydha. 'JStrb 
faulting, however, bas matsridly mdi6ed the qnclhd ~~, 
On the north rJide of the Ydton, north of Galim Blufl, occurs a rapid 
mltemtiou of Uppr Cambrim, Imer M i d p p i m ,   pep Mimia- 
sip*, and Upper Cratwxwus m d q  standrng prdcal ly .  on end. 
The bwer M&kippian ~ o e b  are ,bere repeatea t b  times in tha 
section, and the TJpper cretm~~~~ m b  t w i a  W w l y ,  ofi the 
southwest side of the Yukon shrike 'Mting is appamf,~~mrlarlgrIarly 
o p e t e  the month of the Tdtonduk River, where the areal distribn- 

- tion b? the lower and upper Mississippian roch is exact39 the Fvesse 
rtf what would be expecked if nokal eynchd. structure were prm- 
ent, :None of the four lmown upper Emkippian . l d t I a s  north- 

- w&&of CdiooiBEuff, themfore, may be e x p c t d  to mzutribu&. much 
dmt;fpaphric.kwidence a W t  this formation. me roch at CsTico 
BIuB far &m& unhown r-n, dnstitub a liiAle stratjgmphic 
idad of mJelatively simple stmdo* ,  surrounded on all'kdea hy b d e  
that are more intricately folded, .as we11 as 4 hulW4 kmd dl the 
dru-al m d  stmtigraphir: i n f m t i z r n  available is m w n ~ t e d  st 
th is  om I d Q *  

'Pfia n d m a r d  plUtige of the s g n c b ~  ifl in&tM'bn the 
south side of Wico Blub -(a% @* 5r, w h m  tbs SWXB of. &EJ & 
is emt aPd, ttzg dip ix 15°4S0 N., averaging perhapa BOO. .&or 
ctumpSng i evident towcard the east, &de af the Muff, Gut i~ general 
the t d r s  ara little. metamorphosed and show pede@ly-&e'.arigintl,Z 
bedding plaae, with incipient fraeEnte cleavbge ohl$ in '&be of 
the w e h r  beds. 

Ths higbd haw bean eroded at ~sli&@ln&lj;h $$them-. 
fore pot possibge to obtain p cwnpIeta stratigraphic. &m. The 
thicknw d beds f m n  t h e  a 6 ~ y  b e  t o  the .t6p d:tlle bluff 
at its south &d is believed k~ be about 12370 feet. ,736 %hichess 
from the base qf zone b to the top, as m&su& i~~tmmhhtdly, is 

c ' .'. . I, 
988 feet. - ' 

.{ r- - 2  



- .  . , i , & ~ p p m & i o n  it b of in- to exmine the d o n  made by 
B e  who, fir& studied in detail the mch e x p a d  at Cdieo 
M a &  md-.gaver #a following &ion : 8 

.. 1 ' 
I. ,  I .. I ulrwao B W  mxwn ' <1' ' ' 

a a- to b l a ~ :  shale, with few bands of limeatme-A,.. 
.N. Pray Um&ar.te tn &fncb, to lWllch bands, InterMett 

, w f Q  ,thin banps,of black slate --,,,,,--,--,--- --- 
C 

' 
M!WCK iiitia~e an0 tiahranate thin band8 of --, 
L BUck' -bollaceme shala ,,,--,,,,,,,------ i, 

0 .  . & IJras a d  black sh& -,-,,,, ,-,,-' 

, J. Dark- Ilmemrtone full of M@w, etc -,,,,,,,,,,,- 
I. &rk ~ b o ~ c e o n a  ahale ,-+-,,,,,,,,,,,-- ,,,, 

. a Gray cbem Zime~tow ------,---,--------- - -------- 
. a. Soft flmlle black shals ,,,,+-d,-,--,,m,---~-----+ 

F. Gray chert- ,,,,-,,,,,,,,,, ---" 

- '- 3L:Wslle black eer&mmam shale ,-,-,,,,,, -, 
. D.. Black earbonawms Elhale, with slaty cleavage deoal0pea 

In mmt beds--------,,--,,,--,,-----,,,,,,,,- 
> U Black carbonamus shalm, with ~ o m e  thin bhck chert 

hmda interbedded-,-,----,,,,,,,,--,,,,,,-,, 
L Black W t e  in &inch to Bhch ban* and interbedded 

Wa& shale ,,,--,,,------------- ,-,, ---- 
k Black carbonacewsl fkNe  Bhale,,,,,--,-,----------- 

F h m  an impection of this mction it ia fairly certain that wries 
L and Q oorrespond, raspectively, to zones b and a of Figure 8. 

- B&'s M i o n ,  horn the 4- of his wne L t~ the top of the Muff, 
* 

is given as 910 feet, and when i t  is remembered that this newme- 
matt waa made without inskrumants, it shows a, remarkable similar- 

k iQ kt the instmentally meesnred -tion of the same sequenca 
fmm th& base of zone b to the tap, which, as meaaured by wribr, 
is 988 feet, 

&a Amrl -TUnT 
f 

F d  are very plentiful at Calico Bluff, as well as at the other 
four upper Usskippian localities, and nearly every geologid who 
hag gone dawn the Yukon, from the time of Collier's trip in n 

fo the pmsmt, has made collectim at thew localities. Some of the 
f ossilifemus mnea at Calico Bluff are indicated in the section above 
given, bat others are doubtless present though not seen by the writer, 
for it wm n o t i d  that some of the fossiIiferous sonw had a rather 
slight latmal extent along the bedding planes, and any. one section 
would therefore n-rily miss some zones. The writer, like his 

UBrooLq b. 8 ,  glndls, 1. M., Paleosalc and -abed rock8 of the upper Yukon, 
U m k a  : -1. Bac A&ca RulI., vol. 19, p. 288, 1908. 



p h h l a ,  mU&d 4disiba.I f&$ 'atedd k r ~ ~ ~ ~ h d f &  ' 
' ' lodb at 'Cdtieo "Bluff. 14 him b e d  b&, hmmet;' to -dM~~blb  
" gtpd mrre1&3 dl the coUmtioas, -and th* r m l t  is shorn i$ the f& 

Iawiag table, which ~ 1 8 y  be said to r e p m n t  the intamittent ool- 
~ec thg  of aewn p10gistas over a period of 24 yeara A few of the 
curlier paleonto1ogic determinations wene made by CharIcm Schu- 
chert,, aow of Yale University, but the great marpe of deterdmtive ? 

w o r k h ~  been done by O. H. Girty, of the Unitel Ststaa Qdogical 
Burvey. Qistg himself made a trip down the Yukon In 1918 md 
mU& some of the best of the materid &ulabd Wowb. The 9 

Iocalitie~ are h g e d  roughly in tha chm01ogic order of the ml- 
lediow Although some of the Iocali* demtiptiom lrrs in- . 
and wme are alightIy in error, they are published ns gi~en  by the 
or@ c o l l ~ r s ,  with the exceptioa th& the tenmi right bank nnd 
left bd~, as wed in some of the lw1ity descriptions, have bean 
. e l t e e  to north, &. west, or south bank, as the case may be. Inter- 
p r e t * ~ ~ ~  of the locality made by the p r m t  wrihr are indicated 
in parenthwx .Zones indicated by J e m  are those shown in 
Fime 5. 

I .  
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m. :'Woc#rh~& & PaLon Rrwr 8 d l ~  latlth ~ f ~ b ~ ~ ~ t g m t l e  
-1. ~ e c t o r ,  A J. - w e r .  

m,oi mkon RIVW 2 m ~ e g  slspfpl;mth oi mm 
'j 

bver.  PMb.e h qlomerate. Coll&mI A. J. Oolller. 
'%& worth bank of Y-mkon Rlw hbotlt 6 d ~ e s  ab& .E&mmUe Rive& 
m-, A d m +  H01tick. 

We& bank of Pnkon IEltvef jmt abwe month of Beep Oreek ('1A- 

i I*L: ~JFWJ. IG~UBO~OP; m a r  ~ d l i c k  . 
, t W 7 3  fhltqo BlaK Snkon River.. WUeotor, Artbur R O W ,  

4 2  -,andr2H4B. Calico Bloil, Y d o n  River., Uollector, EL BmoW 
1 and -& North bank ot Yam Rlver above Irrlaod near Itar. (Eltar 

t fr'm abanamM r##tlmtent a t  the moafh of B w l t e  Rlve.)  O D l h c h ,  
&:a. , ~ t w l r e .  
. a46I wco BIOq 'JlaLoa aver. CJoUecm, P M, ma. 
, &4& YoHh banlr of Yukon River 1 mlIe a b e  WenQ-mW .Blwr- We, 
m. M . . ~ ~ &  7 ,  

~ ~ s a ,  I ? W ~  and r m .  ~ o r t h  end of C~U& P- aver. ~ofleetw; 
mctwackwelder. 
' 4 d i  I W B r  I-; 17#0, 1 7 m n  1- and: 1W. ~ o f i h " ' k  of Yukon 
B h  at-ME Lhd nwth d IBBUco Blnil. C611actmg mat .Blaegwelder. 

I= 'and llP88k CaUeo Eim iormatioe, saotbweet of maath. of Sheep ClffeeL, 
(T@bndnk Rlper). CouWor, Ellot Blackwelder. 
~p,, N ~ U I  bank of ~ o ~ o a  ~ r e r  nearly oppmitb &&mile m. W- 

i&% G. a. Ctw. 
WmZ Sonth .en8 ai G a ' i  B l a  Yukon Rim. mn&m, 0. Lt. &I*. 

. EWU. p d oi lm Bluff, Yukon River. ,moat mdmeia Oollectm, t4. EL 
am. - : .  7 

, m, h r x h  m d  Of B l a ,  yUk0~ m~m. []allectWI C1, a aim. 
tBM 'w& bank of Yukon Bl~er m t e  mmth of Bheeg CreeL ( T a M a L  

~UWT). ColIeczor, 43. H. Qlrty. 
6M3 and lW8A IlaIlm Blad. Falma R i m .  J.ast below Lww of mne B. 

w e ,  J; B, Merue, jr. 
68438.. QaWoo Bhf l , ,  Yukon a!w. C. kBII€cr@rI 3. a M& jr. 

. m C ,  Cailco Bluff, Ynlrw Rive .  Fmm 4fm bea of Ilm&ne W E  Ilea 
? 9 feet atramph1caElg above top d #roe C. ColleFtor, X 8. Y&e. jr. - UWD. Callco Bluff, Pnkon Blva. lo the 21bioot gone (m e o n ,  p. 81) 

n h i t  480 feet rerCfcuUy above rive*. Ooll&or, 3. B. M a e ,  p. 
~f3WI Claiicrr BInR, Qnkon am. Float Wrrmns Cd-, J. 8. 

3 . MWe, jr. 

If dl be; m h  from the f s d  list above given th& 117 gemam 
have'- idantifid, and it is M y  that 250 m mom species me 
qmsidd. Giirty's work on t h w  mllectians .hna been of n general 
n a m ,  with the purpbse of determiming the a@ of the severd ml- 

i ' leetiions ~ n t  to him, rather than an intensive study involving corn- 
pWa spaific idehtifications m d  the dwriptiun of new species. Many 
new.gpdes are present in these collections, and a through md de- 
Wed fitttmtologir: study of thie material would probably reveal 
sow bhmst iq  bkhgic d~ta ,  This fauna is d i k d  more closely 
bo the m d n e  G a t i c  fauna8 described hg Td~rnystbew than to the 
Miagiaaippian faunas of the Roekg Mor~ebki @MI, and this fact, 

821- 



togethp with 4b-pnesenoe. ot, tloat;hy ,new speaiee, has 
from eorrelathg it very closely with tha secti 
b1Eev& the C ~ l i ~ B l u f E  fo~mtation ta Waf upper 
thopgBBaot neaparily corielati@e with ,the latest 
]ao@h-1j the ~ d i &  Bluff $ormation can be coi 
Gef, g m p  of tha Unitad States. . p .. I 

Mississippian rocks, like those of the-Middle Devonian awiks, Me 
widespread in Alaska. Oiieqof the most persistent U)W 6gP'@kb 
r@b foehd B;Loqg. the nartb do@ of the Brooks Range, id,<A.l$& 
A&&% where' an upper I\l[issi&ippieri dgrobp of rocks, e m  ps $be 
Lislaiunre limestone, extends from Cape Lisburnebon the Amtia.Oima 
eastward almost if not quits continuously for a distance of 806 
t& B e  &ternakiona3 boundary: .This formation is cornpod t# 
stone wd chert, and although Jithologically it differs from thd.CllIi~i3 
Blu3' brmation, paleontologically it is very cl 
&r~ti&aphieaWy Wow, tlm Li~lurae limestone in 
lies ths*oatak &ramtion, which is also hown to be o 
sge, ebglitgh not mmasarily'dpper Missihippian. The Noatak $ 
t h n  is related mom closely id Bge to the chert f o m t i o n i * ~ ~ ~ ~  
~ukon'k$d td flie' Circle volcanics and kampart group &an #f6e * r a  

Calicq,$$iuff f~rpwkion. d~ '. 
T:Na*-sf. the Xakon, almg hhe hternational boundary, C d m m  * 

collw* a fauna similar to that of the Calico Huff formation W 
did p&differentiatk the' contaqjldh$j ro@ 'as a iveparate forin$*6~1. 
.!I."& f&a is prese"nted in this i a g r  inthe disc'udsion ~f the undif. 
Perwti@ed ,P.~lwg& rocks. 's,g plekkjng the localities of ca i&~ 
fossils, kowever, it appears that many of the upperd Miesisippiaa, 
l o~~ . t i&~f&l l  ia his shale-chdrV'grm~ of Ordovician te CarWfL 
erous a&+ he& mapped as qd4~erentia$jl~aleoeoic, which lid$ jy$ 
east of*$be bow&qy, between the ~ a t o 3 u k  River and H a d ,  ,wC 
&k,"&d ssp&- near to Hasd Luck Creek. Hence it mxms-m- 
t;ain. th#.kb OaltoQ Bluff formation %appears along tb64wuridwy 
some lgmiles northeast of its type locality at Calico Blue. ' "' 

pgan rocks are 13so knows st %he. head of the WWtit.Z%ier 
a d  in &e P~rk~dSetrict of Sem1:d Penhula. 
Raw mother gmrtt series of b d c  vvlcaaic rocks 
knomrars the Streha formation, of MissZmippian age, h a s ~ a n , b ~  
sive dte@opmenlh the valley of the Chitins4Biver. This foma@m+ 
howwe%.& ooataim, s Larger proplortion of :intarbedded &entcs tw 
t b  ampart gWp. The Shrdm formdim is believed by .the s&T. 
to cmt@e soufheasbward into southe;astern &ask% and d n  65 %be 
vobmic~rodzs of.Lynn Canal are believed to replesent thia horiwa A 

Faxtber;9outhti&, m southeastern Alaska, a large rep-- ad : 

: 
Puk~n RIP-: Canada GeoL Survey Mem. 67, p p  08-10% 1914. . p  : 

Y 
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; MM&ppi.sn .& is known on Chkhagof, Kaju, and 'Prinae of 

wddmul~ '  . . 

:T?~B F&S of & trmdionnl formation of Mikaippian: or P-1- 
vraiatl age sce a q m d  on the north md wuth ddes of the .Seventy- 
mile Eiwr mudmesf of Calico Bluff, in a nhkmw zbna north 'of the 
mouth of the-Tstunduk River, and dong the n o H W  aide of the 

. f ukw ELivw:mttttwmt of Nation. Rocks at other l w l i t i m ~  along 
. the bormdary, whiGh ham been mapped in this -OH mmlmdifferen- 

W, may 1 ~ t m  be ahom to belong to thia horizon. :- .. 

, I . .  
+ .. ' 

-+The kuck& a$ W kxh&itiond~fdrrb8tioa &mist ~ekmtidllp uf m ~ d y  
&ale, wgU@ dab, and m e  chert, On v d  hilltope and 
dope%.ns&aUp where old b u m  have b a d  the d a c e  tu view, 
t b m  & ase h d e r a b l y  w&thered, ao th&.ths Wding and joint 
pbma, , pertihlldy in the lrrgillaceam vsrieties, .are mmmonly 
w v d  -with s very thin red film that ia limonitic or perktape in part 
hem&ith, md:the e.flect of thia wedherd fragmental dB& ia to 
give to the:hilirltfidae mupied by mch rocks a brig&& sppamnm 
whenm +awed fmm a distanm. upon a wmny day. . Them brightly 
colored hiLlsidfisl;havs been noted by many ged~gista &g down the 
Yuka  but apparently wem not exgminsd by anyom.until the season 
of 1925. The vivid coloring h s  bwn noticed par t idr ly  in the hiUs 
wrthweet of Eagla.md northwest of Nation. At the.bese of these 
hills Nation, in a swamp, in the alluvium of the river valley, 
tbara i a  a d e p i t  of bright-red clay, evidently derived from the red 
6 f&sr up the? dope. I t  is said that tihe Indiana used to visit 
this lmality t;o.obtain.md pigment for tattooing md other tribal urn. 

The r e d - m e r i n g  beda northwest of Eagle, dong ths:south aide 
of the Seventymila River, consist of thin-bedded Mack carbonaceous 
shale, weathering to of gray and brown, d c n m w s  shale, 
siliceous date, s i l i m ~ ~ s  limestone, chert, and some beds of con- 
glomemte. Tbe pebbles of the conglomerata rre mainly chert;. &me 
ef these M e  weether to rn light reddish brown, which under the sun's 
r ap  appesr~ bright red st a distance. Along the wab bank of ,the 
Yukon about 1% miles below Eagle this mute formation, as aeen in 
~sndelides, oqsists of b& of shale snd chert. The same t.gdrwather: 
ing, hematite-~)mred d i m s  slate and chert were identsed an ,h 
north side of the Seventymile River, in contact with the Calico Bluff 
formation. 
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! reid-~eSthri~.g be&ie&w& O& Nation- consid a$ ,&taw 
grit, quartzitic andstone, and sandy shale and are in aanttgct,tq&& 
the &tion River formation. The exposures along this zone are not. 
good: 9s &a mostlg thber  W r e d ,  but evidently the bmsi- 
tiont$jformatioa exists hs.tsltthcmghi the mes mapped as swh may 
in fa& include part of the Nation River formation. 

At  $he locdity north of th4 mouth of the Tatonduk River tihe F 
seeaim a dis$ance, .are crealtntcolsred rather than dm. 

Ttbsyr-pear b I& at or -.,ths bas;q.,of the formation. .T&: con- 
clusiaa5,ieq dram 3wm tbe fact .$bat the iwmation here wntaiias bath .- 
u~rgerj Wi(pn mash@ .+saih and, obscure plant; r e m a ,  a 
c a ~ 1 ~ a t i o n  mggwhg its, twmitia~al  nature, d that it liw next 
on v q y  chow @.$be upper MBllissiwippian rocks that are i3xpose8-ta 
littie farther east, These,rocks" are ip part calcareous: Na 
good exposures of this formation were seen here, the outcrops being 
most& weathered rubble on f%e hill slopes, and therefore nothing 
whatavr is Baqyn regar-g Its strucztwe or thickness at tgis lmlity. 
. , ;f . 

: ' B T B W ~  A- T E ~ ~ K ~ S  
*>* ,  f ;.. \ 1 , .  

!Eh& is no oag*lueaLity ak .whidi $he formatien is complelbely de- 
 eloped from its base, as at :present recagniz&> at  the 4ap of f$$e 
Oalica.;B3@ formoeion, to its top, jusf, belorn the Nation Biver f&kmw 
6km. .~&mbom~, being a relatively numesistant group of: rocks, like 

r a'ride series,& Grops 01.16 &n.low, incompii6u$ ridges; 
m&y &! which are ;timber covered, and the exposum are;bot;h%posr 
aaid dkco&inuow. rvHmce it is particub~ly d3Bcult to formulate any 

a€ the general structure or to evaluate the structusl d&t& h 
o ~ d r  tcr arrive afi eny estimta af thicksies~. 

t Blow the north side of &I% %venQ&$le River near its mou&hc $he t 
ro& ~f this formation str ike N.. 40° Wb and dip 70" NE, ths a p  
paratty plunging mder the strip of aaiico Bhff for&ationstil~&. 
adjsim them to.the.horthe.ast. The reeks of both formatikns at. this 

C 

locality, however, constitute part of & faulted sequenoe; and the T" 

contact between thii two farmations is htarpmtd as a fault contact, 
probaw one iq the. series d hult  cantacts that are e&psed to the 
northe*, on .the opposite! side of the Yukon. 

South of the Seventymile River this dormation adjoins the Nation 
f ~ r m a t i ~ ~ i .  The beds are greatly disturbed and therefore veliy 

irregulsr in drjdte and dip but seem on the average to strike &I.& . 
north&. The dip are high, ranging .from 40° to 7 5 O ,  both t'o the 
sduChwest and to the northeast, thus'yiklding little informatiun'~re- 
garding the str&dmal relation of this formation to the adj&&ng 
Nation kiver beds: 

f - 



.t~It7.jB:Wavd ,that the mc?r~ of this forrantion overlie tire WOO 
Bld-fammtinn and underlie the Nation River- formation, but no 
data are a~aiIgf,le for stating definitely the structural relationships 
-to either the underlying or the .overlybg m h  The b d  bds of 
the Nation River formation, however, as Bean at the head of the North 
Fork of Shade Creek differ lithologically from the formation hem 
described, and it is therefore inferred that these beds are more likely 
to grade dow~~ward into the Calico Bluff formation than they are 
b.grsde upward into the Nation River formation; If in fact these 
mks are thus r e I M  stratigraphically to the Calico Bluff formation, 
it is Bkdy that the Nation River formation may overlie them uncon- 
formably. 

No reliable &aim can at present be made of tha thic'paz~~ of this 
formation, for neither itsr barn nor itu tOp is mura*ly known. It 
is believed, hcrweva, that its thickness is probably materid7 less 
than that of the Nation River formation, which is believed to be h r n  
4,000 to 6,000 feet. Perhaps, from what ia now h o w n  of this far- 
mation, 1,000 feet or at most 2,000 feet may be tden as a working 
estimate, 

AqIE A I U  (X lEUUAfOlY 

The 8tr~tigmphic ePidence for the placement of t h i a  formation 
within tbe Csrbonifemus quence  has been &etched in the discusdon 
of the lithology and structure. These mcks are evidently related 
to the Nation River formation, for at the two bast-lmown localitiee- 
h w &  of Eagle m d  northwest of Nation-they appear to adjoin 
areally h e  Nation River formation. It might, in fad, have been 
lx&r to inolude them as a part of that formation, but their dis- 
tinctive lithology, ,md appearance have led the writer to treat 
them aa a sep~mte unit. This will at l e e  ,focus attention upon 
them whm this ar& is worked ia greater detail at some subsequent 
h a .  G. C. Martin, in 1914, made a collection (Mafin 81) of some 
obscnm plant rernnins from s locality given as "eaSt bank of Yukon 
River 2 miles, below Tatonduk River," which may be the same as 
the l@ty noted by the writer north of the mouth of the Tatonduk. 
These plant remains have not b e ~ n  identified. At this locality the 
writer ,notad mme imperfect marine fossils, which were not collected. 
The idference is that both marine and terrigenous conditions are rep- 
resented at this locdity. 

The ~och at this locality, beuse they appear to adjoin the C a b  
Bluff 'Yorniatioin, are interpreted as the basal part of the trbitional 
formation, bit the evidence for this is not complete and unequivd.  
The importance of this locality, if the writer's stratipphic assign- 



m d h k h a M 8 , i a  that it may &ow #&ua1 skmt$gr&Bic t & d h : -  - .A 
d o e  iMmthe marine Calim BIufTfomatioh, of n p p ~ M i H !  
pirn .qe. Bmlra:' in an mrliec paper, without refeream b -7 pr.. 
tical* @up of rock, felt that an intmmediate formation might we'll 
exiat 'betiveen the Calico' Bluff and Nation 'River farnratiom.' ffa 
statmi . , .  

+ I '  
-. 

Kt. 1lr'bdt~lmpr/,lmk1& that detafl&'mplrbg may -1 a c*mm¶k?embme" 'w&- 
k aiatrata lylng bstween the Csllco Bluff an$ Nntion at- Ifmmrtbml M 

' m' d&fibd, Whether snch atmta, if foun8, should be iochded.111 anear-tlrt 
at* a! them fdrmatlons or be m a p m  a8 a.dlsflnct stmtlgmpbfe~unit mu& be - 
left m.the future to b? determined. 

f t is, conceivkd by the writer that this sa-called t m m i t i d  w- 
tion does, in fact, repment mch' an intermediate stratigmphic 
hbrilson; and .the d e n c e  at  hand indicstes that this trwitiond 
fohation is mow-klosely related lithobgically and rstrati~hically - 
to the Calico Blue than to the Nation River formation, .. :Brooks ~Isa  
b e l i e d  that. aa unconformity existed at the base of the 1Qetion R i ~ e r  
formation; andnadata have so farmbeen squired that cmbmert tht  
eonclnsion. If such an uneonformity does in fact exisk, the evidervcs 
is even &rower for relating thia trkmhtiwal formation with the 
Calico Bluff formation. Nevertheless, $1 available evidence of thc 
age of:'these beds is &ill inconclusive, and it, h w  themfi,re m e d  

. best on the geologic map to  designate hem simply Missimipbian or 
Penbq1vanjan. 

bothhr posaibte assignment of at l& a part o f  thia tkmitional 
formation slioui At be overlookedt From the Iithsld@c &scrip: 
hi on^ ib  d l  be n o t i d  that some of khwe rocks, psrticularly those 
south of the S e v e n w e  River, m m b l e  very much the M i d i  
Deyonian q a m m  st the heed of the North 'Fork of Shade Creek. c 
It ik th& possible; in the a k n c e  of f d  midenm, to cowelate th& . , 

rmks with the Middle Dwonilm argillih-ch& sequencs, and this 
. m b i F i t y  will need to 6e considered in foture work in this area, a 

No srimiPar m b  occurring in this portion of the stratipphio 
mlupm are known elsewwhere in interior or northern Alaska, so that 
no &r&graphic correlations can be made at p m n t .  The m& 
$ t r w  lithologic eimiIarity is apparent in mding Cairneab dascrip- 
tion 6B of his " shde-chert p u p , "  which ha mapped as Carboniferous 
to  Ordovician, and which in th is  report is assigned fo the undiBemn- 
tiated P d ~ z o i c .  Cnirnes stntes in part: 

I i 

b +rt! @y,qummtlc shales a= la a d d f t h  10mewIrat .Mm4 .&eMM 
IH place4r 'JCheee maridtic beds contain 1- milldent hm U prodwe m n  
.- . .- - 

mh, A.  sad E. w. -te and ~ t r d  ra*l ai t b  apPm k w .  
Alankn : Qsol. Eloc. America Bull., vol. 19, p. 282, 1808. 
LC- D. D., Ths Ynkm-4lantn hternatfoaal lmnd.m mmpfrrs .a& 

Yakon Rimmi: C d  -1. Buww M m .  01. p. R2, 1BM. 



, ' =  

- '  m"&-.d bd@&md te Mow coloritim m -thew& d a r n ,  but onll 
w . + m  t h m  red On a im& mciaee. These md&b kda deoompose 
rfrajdllip to form a red or yellowish ~ s n d  or ma, whlcb in a verg notleeable 

. d m y  5 the hillddm on wh5ch -tion in lacking, 
. . . This d - m  fits v e q  ndl the description of thi. tRnrdti~nal 

- ' - &mation primarily given by the writet and suggests strongly tbat 
I the rocks of this formation are alm repmented along the boundary 

- nprth of  & e : ~ u k ~ n .  

T%e $don River formation is w d  at two gemma1 lmrlities 
giong the Yukon.. ft  crops out along both sides of the Yukon 8 short 
distanm below Bade and extends eastward up the v d l q ~  of Shade 
Creek for,& unknown &stance, forming the bedn>ck & McCann Hill, 
8 prominent, dome-shaped hill along the international bound~iry. . - 

, ;,, 'She other s& COW really of two belts of tho Nation Rirer f orma- I 

" I *  tiqo,,mprated by s zone of fermisn l i m d n e ,  which extend from - 
t4b;Yukoa northwward np the valley of the Ntion River ta and 

, ' beyond the. iniernational boundary, althoagh the distribution of this , 

. ,. 
formation between the Y u h  and the bomldary is not exactly hown.  
'The belt gout h of the Nation Rim is believed ,to extend souhhwt- 
w a d  aa far w the valley of Michigan Creek, but its limit ha9 not 
been,amrt&@. A small anticlinal flexure brings the upper part 

, , of the formation t~ the surface in the middle of the Permian lime- 
stone ju& abave the Nation River. 

1. - !% mb at this formation con& of gray day 'shale, $&11&tone, 
'md chhglome~~te end resemble .vary mnch the -Upper Oretuceoua and ; ;  

. M e  amks, from which, indeed, they are at. mme localities hard 
to distia@4 'Where t h i ~  formation crop mli about S d e s  below 

). Eql le  it coasistsessentially of a drab mndy clay shale rrnd smd&une, 
the s~ndstonu-in beds from s few inches Ito 30 01' 20 fat  thick. This 
sdstmse co- .of grains of chert* decomposed feldspar, and more 
or 1- qnartz md w~rbonaceaus mnbrial. It weathers to a dark- 
brown color. The beds w e  commonly ripple marked but only slightly 
aras-bedad. and ahow numerOuB mud lumps and conmtians, ape- 

. dally. alomg'%he beddidg plane& Cbnglamerute beds with s thick- 
: ntssl& p n t . a s  10 feet are interdated with the shale a d  mndstone. 

This wlornerate is dark colored. It is corn@ of chert pebblee, 
. mainly lighk grsy and dark grsy bnt with some green, set in a sandy 

' ,$ ;. p t r i x .  Below Boulder Creek the bedsl a m  . coarser grained and 
' . Y M s t  u < dominantly of sandstone in beds from 8 inches to  6 fed thick; 



w & : r e m s . t h ~  o f ' m d p  &ale-and nmm- ~F&P of -a 
dgMmernte k?Mi"'ooniGm ' p b b h  as much 8s half .sin inch h 
dimetar. A b v ~  Boulder Creek much eommintlted $lank d4b$ 

cJIJ occum in thebe 'mb, and b l o w  Boulder C;r& large 'darbon 
mme bf bhich me 2 inches in diameter sad % feet'long, were 

seen & the sandSt6~e; b6t no plant remains of d i a g n d c  vctlu~l ill 
de-g the d~ of the r'dcIts werb m. Plate 10, B, showd1'a ! 
typilcal expoeure of the conglomerate and sandstone' of the NatlBb 
River formation. 

T o  the eagt of the B d d m  Creelr w s ,  partidrly on McWm . r ~  

Bill, Cairnesm h r v e d  a rngasive conglomerate 60 feet thick, which 
he bt3Geved b rep-nt the base of the Nation R i d  fsrmht~m, 
Overlying this conglomeaki he reported 230 feet of &wnish tu 
newly black grit,, overlain h turn by anather bed of m~gl6memt% 
26 to 30 feet thir!Br, h v e  which came andstoae, shale, and in& 
d s M  bedsr of 'dong1omerate, whose combined thickPam hem' wmsp 

I not hiown. The mare preseace of the mnglometats beds dots n& 
necessarily imply that this aer@nm represents the base of the *a- 
tion, for beda of mnglomer&te are dearly intraforrrratio~~d thrwghL 
.out the sequence. ' But the strhctuke of the Nation River formation 
in th~*McCann Hill mrea ik relatively simple, and the w19te~ is in: 
dined+ belien that the quence given by Cairnes does in mdity 
represent the basm of the formation. 

Much the 8 m h '  -bIkge of rock$, iacl~ding ~ e ; ' ~ & d ~  
and conglornemta, is exposed along the 'west bank of the Yukon 
from Trout Creek dawnstream to the da an limeskine. At and 
below the Nation River, on the north@ bank of the Yukon, ib the 
type locality of the Nation River formation. The mch exposed 
in the bluff just Wow the mouth of the Ration Bimr .are ememkihlly i 
gray &y shale, Mrbedded with one thick bed grid s e n d  thhQm 
beds of k v e  ~wriglornem~ The thick. bd of cu&$omeruW 
which apparemtJy,fwm the top of the Bill, corkate of gmy, red, hnd 
p e a  chert pebbles and g, .few pebbl~s, of quartzife, mme of which ? 

are as much as A inches in diameter, in &matrix that is mped of 
h e  *ate of cherty and sandy material ,with a whih, possibly 
~ l t t reous  cem#nt, Thee c o n g l o m e ~  ~ap- to be intraf~rma* 
tiomL, .. * 

A fe&ura of spscid inteast is the mxummm of a bad& bit-9 
nous d in t bd  formation on the muthat side af the Nation Rimr, 
a h t  three-quartem of a. mi;2enfram its mouth. With regerd to 
this coal Collier:' in 1902, wrote as f o b m :  .. l 

. . 
&!& D. D., d;. 'dt., p. 88. 

' 

amColFla, k J., me c d  -r& o? the ~ I I ,  klamh!:B: f#! i ~ ~ . '  & W. 216, ' 

w. w-8& Dm. v r '  , 



- Oab -:bed ct d has ken found at Nation River. Tim mim +orMnm 
ue~$m~&~3 m4.ha- mved 4 d d  not, be eramLne8. The iaee of tbe 

,*b&$ m which >they are located 3s mbjw to I w a t  sltderr by which the outaope 

: ; d '&.are covere& A mxnt pmsp& hole w a r  tbe top of tbe bluff showed 
' h t  2 im?t oi coal and ahnle staading nmrly mttical. 

'w, 1 WitMams, who waa rmper~nteadent of the m ' w  informed the mItw 
tbntr&e ox11 here was never wewell deflaed. -The cod wae fonnd la m k &  and 

1 kldmiya aften aa large as 8 f e t  thick and 13 feet long. When the mlne was 
absndooed a large bodg d tbis kind that had been 1m&d was left nnmlned. 
Largo plecee oi t h b  coal were foma In the creek bed before the coal body war! 
loFated. 

-r The: cbat at Natfon River is .distInet in character .from anr other 
aW1 rnlqd.011 the Tukoe I t  Ia a bltu~inour containing a low percentage 
OS rprts and abosLng nQ .traces of woody akncture. If them coals prove to be 
of +eaal,[-l, am, the differenem I r r  tbek compodtlon may be accounted 

.'. : for by the @eater d m  of metnmorpbIsm which they have sudtere8. An 
anmlyda wan mad@ of a aemple taken Irom a Idrge pH&, probably 100 tons, 

- mhkl  'fa 1m. It had heen w s e d  to the weather on' the river bank since .. ,. 
thut t h &  bat ayparently m e  not greatly altered, 'ft bad the following 

, ' I d u s l s o f m a  ~~p;FB'88~~frWlPY&~mVePmfmf 
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, . 
., Tmb .mel W e a  a good coke jn the labomtory. A large part of tbe 
&l m* drp and nnfmm11 and of good poallty, while a d l e ~  prt  wan 

:. and aim-t worthIem as heL eLe dlstribnbIm of tbe fro& was pMbabiy 
bhe to'tlle drrmfatian of water throngh the bod:- of rod. 
, . h 8 W  t b a d m k a  Commercial Co. astempted to open a caa  mine at 
@qw, and dbht aOOa tonn oC cod  were mined and eleddW to the Yukon, to be 

.. buD+,on river stmmecs or traoqmrted to the Dawsoa market., Owing h the 
i r m l a r l t g , ~ r  the co~l deposit and the eonwnent uncertafnty of the ~npply 
and to the erpense of mining It was ibandoned everal  years ago, Daring 

- the summer of 1902 one.man was p-g and attempting ta relocate the 

. . &:bed Tbln coal Is of better qanlity than that of any other mine of the 
- W p t  for the large percentnge of sulphur, but the disturbed conditlsn 

O! tbe earn makes It donbtlnl whether it can be worked at a proflt. 

, 
. . Ths 4 - b i n g &  at' the Nation Ribr is now ,completely .&n- 

' ' but if no fault. is present. it appears to be overlain by a body 
of gray clay date with thin interbedded sandstones, which in turn is 
overlain by massive bed8 of ccpnglomerah similar to fiat seen on top 

. : af the hill northwest of the mouth of the Nation Wiver. Still farther 
; up the hill slope f,o the east are exposed other beds of shale and 

- - .Esnd,stme. 



(BDU&W&] sids d&Yhnim an&:%- - the P e e  I d n e r  bring$ tta ..the &. tba u m  
part df the Nlt'tion River forbbtian, %hi& him con&& dadu#3p8 
of a lamb ~ h d e  *Pith aome t~m, beds ,~f~~rzartzose'~n&e. ,, At tkh' 
1- the evidepm favors strongly the idea of a contimom grada- 
tion bum the Nation River'~oform&ion upward inta the overlying 

;% : * Pmdhn limeshne. 1 

~(&eert ws .ad Blue the mh of tbe ~ s t i m , ~ ~  , 
formtion are folded, in p b  ,rather csloeely. h tha. 
blow Boulder Creek om m m b t  fold was nated. .In gmwdi 
eecuFding to BIackwelder,M the axes of the m W  fol@Pt& gaatly 
N, '15O W., and this atru&re c~0r rwpn .d~  rough$, thbagh not .ex- 
actly, to the stm~ture at C~lim Bluff, where a well-&fwd -&& 
bash  pitch^ gently N. 30" W. Although the .struutPre at Calico ' 

BlufF h unwu~blly simple, sa far as that genera1 area is e@wmd, fi 
would not be, justifiable Eo ~ p o I a t e -  that synclinal , r&mcSnra for 
any @at distance in any direction fmn Calico Bluff. The fault 
zone a$ and abve w l e ,  which might w d  be al led the Eagle over- 
thrust+ lies only n few milas math of the Boulder Creak l d i t y ,  t 

snd k b r o  is e m .  mabn to believe that other praU&pfmlta are ' 

prmrh~twndirtg in thia same gmenrl d w i o n .  Unfortuiiately there 
i a  an dIuvium.fUted basin htwwn the hnlder  Creek Imlity snd , 

C92iwBluff as well as wegt of Caliw Bluff, and in thi mne impor-, 
kn% dMctom1 evidence is deubtl- buried. On the esst side of the 
Yukon, however, at low water the Nation River fomratbn may be. - 
m a  dong the banla lying aficonfmbly upon older mckw-bf 
Illdeiminsd i%ge. -t 

At the mouth of the Se*veflQmil~ &vw and win m &::& 
of the Yukon oppasita tL mou* of the Thndnk River h r s .  

is'm evidenca of faults tren&ting in the mme gene& .dute&m- 
that ~K&R. 75" W. Both the regional atnrctora end the cFistriWthn b 

. of fmm~tion~ noI;thw+ wad, and, southwe& of C a m  Bluff there- 
fan .  indicate the p m n m  of. a fault or perhaps a ane' of faulting 
west of Calico Bld! which trends N. '15" W., und unden ithis intan- 

the R i a n  River roeks iu the Boulder Creek &fair, woutd . 

be botraded on the northeast by such a fedt m e .  
~ h s , : ~ a t i o n  Bimr rocks h the v d e y  of Shade Cree6 ~ i a ~ l t d h g  

the, =am HiLt area, seem to have a ~tracture Ithat ia ~mmmbat 
smpl&-and mare n-rly comparable 6 t h  the tgpe of .folding at 
Calico Bluff. They may constitute % blmk of relatheby dightly 
&formed rocb that e d e  from Odic0 Bluff .eoutbemtward up 

, + 



' % >  - .  
*;:;- ' " 'm d ia.bunded by B fault zone on 

- I T  ~ , m d t h w d  On the northeast side of thk+.ma. 
5 @q pxb-of the Mation River formation. lie 6th- 

1 olfft ah-t,&mictut:al dkmrdsnoe upon1Mid&+ 
7: aponian gl:gi@te and chert. T h  ohemation 

-m&s it necessary to pocstulata a disoontinuity in 
? sedbemtatio~, if not an unconformity, at the base 

&f the Nation ,River formation. I a~structural 
meonfomnit;p does in fact exist;, however, the evi- 

, J'-. . .. dance hare lndlcates no great discordance in dip ' 
-I - 7 btw&n, the . Nation River formahion and the. 

wdei lyhg  kb. . 4 -. 
' The rock  of the Nation Eiver formation snuth ' 

: . a d  east of the Nation River are also foldd, hut 
- a e  Isrbr struc+,ural relations are more evident. \ 
: The di&ibutAon of the Permian limestone and :, 

, , ' the Nation River beds $here suggests3 strongly thi$ . "' , pr&me of rt large anticline pImging wuthwest 
by *%st, The repatad minor folding of the Per-' 

- m k n  limestone at  the Nation River, however, 
dm- clearly t b t  this is not a &mph arch but an . 

'I + . . . rtmmnblrsga of minor folds welded in ta  the larger 
antidine, B*r evidence of thia &ructure is 
preimt,almg the gouthwest bank of the 9&on 

. btweert . Montauk Cabins and the Pemniam lime- 
&oak at the Nation River; for the rocks of the - .  

, . A Patiop River formation, which dip dominantly . 
- wntheasEward just below Montsdc C a b ' i  we ;, ...' '. 

reversed farther downstream, ss the formation 
plunges below the Permian limestone. (See fig. 6.) 

Z At flu Fation River l-lity the most stnldeg ' 

. sfgct31ral festure of the Nation Ri~er  formation 
ind slss bf, the P~mim r& is their regioad 

? . . . ' &rib or trend, vhich is about northead and 
therefore nearly at  right angles to the trend of the 
other ~ a k z o i c  formations farther up the Y&m. 

' . ,Such a dructurd trend might sugm that the 
,' :;; . Hihion Eiver and Permian sequence may not have ' 

h e n  affected by the dynamic movements ta which 
% - :.+ some of the.dder m k s  were subjected, and this 
" .. 

. .. in turn dug-8 that the Natioh River and Per- 
mian m b  may k& tmconformebly upon the Mis- 
sissippian older rock. Bmh-BD wag M y  
of the opjmiod thrtt mch an utlmnformity exihd. - .+ 

. '- But 20 years ago the p~esence of the Nation ' 
. L . , I  . C> 

. +'- "Bmoh, A. H., and Kindla L M., EkWmic and amod4teQ 
: , , ' h b o f  the upper Yukon, bZaaLa : Oeal. loc. Amerlcn Bnlt., vol. ',a,% W. 1808. 
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~ r e r  and tbe ~11hm1yingj wsitionrl $L~& A' 

~ 1 e ~ a m a  not besn,:mgnid, 'As these two forntiiihm ftf 
t b  EkgIeChh.:partakk of # e ~ & m c P , u m ' ~ ~  by the iPeghbrhg 
~ h i c  r e ,  the varimcei.%zy "mgithml, struckurn inL& NBW 
Biver lrea loses the sip%* that i t  h a s  formerly g i h .  Mdb 
ciexrt *ark hsa yet k n  done tw bxplaixji'thk variant structure, but td 
leest it carhinly does not n&&rily "hdicate the pmrloa 09 a : 

s t r u ~ ~ ~  unmnhrmity at %he tap of the Calico Bluff fomatib. ' 

.TheWation River rocks nre.igdn. e-d on the northwest 8i& 
bf the Nation River and conthiue up that s t m u  in a northa&l;p - 
direction to the intemations~'bouhdary, but the field evide- in- 
d i w h  tht this, h 1 E  of ?&- Rivgr. b d s  is separow. froin the 
Permirn and Upper Tribi? beds to  the southeast by a great faolt, 
or perbps a zone of faultin'+ Nothing whatever is known of the 

. sttitu& of this fa& plane. oq fault zone, but the iwmnptiorm8 of i 9  
exiahnm is indipamble to explain the ommnce of PJmtion a v e r  
beds on both slides of the narthwest~ard-dipping Permian lim&om1 
Nor is the extent of the throw known, but the northwest is apparently 
the n p b h h  Ada, far Natioq River beds. now ocxnr at the surf 
where Upper T r U c  or yowger b& shonld normally be a x p e d ,  
In general, -'therefore,. froma data & mprwmt availsble, it may be 

" 

&d that tha Nation River 3- ah its tap apparrr to grade . w p  
ward without any marked strtttigr~phic break into thi Psmiaa 
rock. At its base a dimntinuity of dhentstioa. I& been deft- 
aihly k g n i e e d ,  mid a structural miconformity may &kt, bit' mi 
httrked. dismd'&~1ca in dip between the :Nation ' River formation hd.  
underlying beds been r e b p h d ;  ' If the Nation River beds 
r e p e t  the begsrming of it&estrisl 'kedbnant&tim following the 
elevatim of this a m  r b v o  ma level-iTi' po~b-~d&$ippim $ h e ,  &ere i 
w d d  probaaMy be r gradual !transition .from marine tn'.hmest'rial 
dimexitation, witli,or withoub a structurrtl unconformi~, depending , 
mi. whather or not &e mderbbg Mis&&ppiai rocks wsm deformed c 
during %he regional elevation., As a matter of fact, di&$ntiauitiw 
in sedimentation have been mdognizd in the Carbonifemus-Triassic 
dpencb at many $Iaceg in ~ l $ s k a ,  but so far as the writerr iFI aware 
no. dructmnl unconfomity in ,this mquence has yet been O O m c d ~  
d&whepa in AZsgka This geqeralizatian indiestea that tb regional 
elevati& in Alnska, which bgm in Carboniferous time, land cul- 
rnlnaMiLjn the Tr%c, was gampanied by a minim* of rack 
deform&ion, and it constitut;m. evidence that, must be. ,&en some 
weight in the wlLF6deration of* this problem. Such e v i d ~ e ,  sro f a r  
ssr i$ p, is * p o d  to the, idea thah the Nation. Kl~ef r$ormation 
resh unconformrtbly upon Bbissippian,rocb. 



&no amplrde mtion of the Nation E v e r  WB has yet h n  feud, 
the t h i c b e ~ ~  of this formatim b somewhnt in doubt. In the Boulder 
Cimk ares &emcture  is complex, and, the.Nation Rieer b& are 
bounded st I d  on one side by a fault zone. On the norhhd  aide 
of tbe Nation Rieer the dructnm is somewhat simpler, but the ax- 
posum Bra inhrrnittent, and hem a h  r f auIt zone lies ~t m e  edge 
of the formstion. From MonhuIr Cabins down ta the Nation River 
the sequence is perhaps the least disturbed, but merywhere the major 
stracbe is m 6 e d  by minor folds; moreover, the ham of the forma. 
tion is not defiaitely expced. Under these conditions no exact 
&hate of the thickness can be given. The areal distribution of the 
formstion, however, interpreted in the light of ibs general atmctuml 
soggests a great thickness of r&. Brooh '* estimated the thick- 
neas of the'Naqon River formation at 3,700 feet, , Cairnes r1  estimated 
its thichem, as m n  along the international boundsry, at 4,000 feet, 
but he evidently included with the Nation River formation mme 
lhmtone beds of Permian age. B l ~ h e Z d e r ' ~  suggested the 
+bait7 that about 6,000 or 6,000 feet of strata are represanted 
by this farmation, but he was properly cautious with regard to the 
&ability of ~ u e h  figurn. The writer has no data suflicient tohvor 
my one of thea estirnrttas as against the othem. All three are of fie 
comt  order of magnitude-that is, from nbout 4,000 to 6,000 feet. 
Brook appmcmtEy did not mgaize the pmace  of a fanlt zone up 
the Nation River, and his estimate might amrdhgly be rated as a 
little low. On the whole, BlackweIder's estimate of 5,000 ta 8,000 
feet is pmbnbly as nearly correct as can ba given from the data eo far 
m l l ~  

beg MP  TI^ 

The Nation River farniation, m far as it has hen studied along 
the Y&on by the Wter and by Bmerican geulogists who p d e d  
him, appe~rs to be nonmarine in origin. Many fPagmentary plant 
re& are p m n t  in thea mks, though unfmtanately no material 
of spcislly diagnostic cham* bns so far been 0 6 M d  On the 
other hand, no marine b i l s  ham been f wnd. This condition, con- 
sidered in connection with the ripple marks, cross-bedding, and 
muddy concretionary forms, that thesa pocks ma of fluviatile 
origin. At the Nation River locality, however, t h ~ y  p d e  upward 
into marine deposits, and the conclusion is thetefare raached that the 
plaa of their formation mag have been at so ~hort a distanoe from 
marine w a t m  that a reIatively slight; shifting of .the strand line 
-- - 

, TB-h, A. H., a a  Kindle, IB, M., Paleosolc and aaaorhted mcku of the nmer Tnko~, 
Aha-: W L  8oc. Amerlea Wl., rrol. 10, p, 2911, 1908. 

~.Calmm. D. D., The Tulron-AlnrRa fater~tlonnl bonnQrl Mmm Pompbe a d  
?pLoa Elvers: Canada Gfml, Survej Msm. 8'1, p, 00, 1914. 

'"Blackwelder, Wet, unpubll~herll notea. 
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&&&kamrIg. B r m i m ~  W k w  the conditiom ab. depition 
fT&l&U3kdh8 tO;nr~r*. . .  . , , . 

q; ~ ~ ~ 0 1 1 ~  of thew fr&j@mnbq plant d hsm 
m d d q  geobogi~h, a brief,matimary of'which is here giqsm.: : .'--- 
- ' d m & % ~ ~  Rta'c~, mat bank 2 tnlle~ be?& Tatondttk River. WE&W'L 3: 
mllier. i. t e p ( & & n m f  m. . ."... ! 

-;7 ~ n k o h  6yver.cweet bad $.mihie above Nation R i m .  43- 

q?Ivctt..;. w r ~ P h p ! m  W. ' L  

I W ~ P ~ ~  R I ~ .  m~aw. t .b& .;'mlld.wnh of Hisee; 'it. i~ 
I 4 .  ! .. . 

jdndie.', hpidop3dte ' 

Md$81.   on mer ,  end Wk' 9 rnPW.belab Xabnllat~FtIpet, ~iih&; 
G:c. -tin. Hpedmeae mt~ivbtllied, . . .  _ ,  ' 5  I 

,midm 89. t  Bontbm bank e$ Nntlbn Plm .hdt a :mile ;a- *€b, st:oaal 
&e, OaU@or,.Q, q. M a r t 1  Slpeclmem not identitfed. , i 

1#1/$. ~ ~ o n 3 ~ r r r .  4 to E miles helm mule. ~ol-,,bpi"&: 
weldrir:!; Protolep!d&drofd group. ' A  variety of d d t I c s t d  8 h u L  

lwfi' Tulrori Ll&, north h n k  abont' 2 Inilea above Oalta, B?uE,' hfld: 
t r ~ ; .  ~likd'8l~ckweld&. ladtetBmrinat@ vegetal material. I .. 
3,3607m-~mkw Biver, west W P  al/fi.mtlea above Natlon R~v&. , : m r ,  

mot Blackwelder, Indeterrnlaats m t a l  rnaterW - . f " ?  > I ,  
3337/9. Y u k ~  :$i~er, north, bank 1% miles below Nntfon XUvef. :&$-; 

h o t  Blaekwelde~: -endrofd? group. 
. ' . <  . 

&&K%'. Yuhrh. River, northmst h n k  about 7% miles Hj &83P'y. bfi*; '. 
Coll~t*,  3. B. Yme,  jr. 8WtmnP, not IdedSml: . : I ,  ;,TO 

~a8 ) 'Wh i te ;  of tbe United Statcs ~ s a l d & c d  'Btwvejg,kh~'~'hn%'d$ 
the id&tii$catiaa,wted above, is bdned ,  m the--whld; tom&m, 
them plant remaihs to the lower C~rbbnff 6-, 'or ~issi&!ippirm, butt 
the ms&id is so p;dbrr that little mnfiden& can be platred @ '$iiy.lkge'' 
assignnient that Bepnda d o d  on thb character of this darb. The 
stratigfaphic rel'atim therefore bwon~e of much more im-ie,'. 
It L fairly m e  that the Nation River fd~mstim overlies She Cdico - 

U M  *lation and underlies. the Permian I i p m h e .  The fa&- 
tion sppears to @ads upw~rd into, the Pmmian limestone on & w a -  
aide af the Y&QB j jrrst above .the Natiw g m r ,  but itsl .&at& t o 2  
tlnderlgiug .for- in es ~ e t  obscure.. Therefore the f&mation is ' 
appamntly d&d mom doeely to the ~ l y i n g  ~ermian:l&&tm~ 
than to* the undepl- upper Misakippian &. Thi& Permian, 
lim&om, however, is eo low in -the Permian aeqnenm thet its con-, ' 

tained 1- w m  origina11y identified by G. 8. Girty as isrtinaErian.. 
4- m l a t e d  mi*. the Peamqlvanian rather than the Permim, 
The Xstiwn R i m  fowration, therefore, may b in ib up* part of , 
earliest Permian rga, but a better nssignment for tbi* seqmnm, . 
of rocks as a whals b believed to: be Pmsylvatlim. It iii the&& 
here c l d e d  a~ P m l v a n i a n  ( S ) . . . 

Nd formation simirar in cbantcter to N 8 t b  Bim. faPB@$o-- - 

s l n d . o f % e e m ~ i s h o w ? z a n y ~ h e r e b h M & ; C & a r ~ '  
a. >. 

"Oalllsr, A. J,. Qemw m d  -1 nso- af the Cape Umhme region, A m :  8. 8. . 
-1. R u m  Bull, 278, pp. 18-18, 1MH. . 



. " 
..A,. .' . , hw d&bed--8 ~~g frbh-water hI;maLidn which is mid to 

lie.& tbei barn ef the-Mimissippinn seqnenee of rocks at Cspa. Lis- 
m e , -  on :tb:- cmst, about 700 miles n & h d  d. the type ' 

N t r g r  QP thei NatkmRiver f nrmation, but these two formations db 
not ~ e e m  to be sp iaIIy  comparable, either in lithology or in alga It 

I- 

is probable that the Nation River beds represent a phase of sedirnen- 
~ri- tatim relahd to some great drainage sgrrtem similar to but not 

n d i l y '  ooeit;emivs with the present Yuka* Basin, bad as ~uch  
they w ~ d '  probably not have any exact csounbrpart 'elsewhere in 

- M a h .  5. 
' ' I  

' PERBnAxBEBLFEB , . *  .. , 

> '  .. : . . ~, *, . 
I.-1 >?, *-XI- 

I ,  ,, . E  .. . r  ! . . L  .. - 
MB-m . . 

Tbs Pem$m & herein designated TaMdi t  .&limrstone are . . . I .  '. & foui p n k l  localities. The typa locality is dong the 
Yukon jnst a b v s  the math  of the Nation River (the old Indian 

. $. name f9i: which h Tahkmdit), where a belt of such' mdm'crosses the 
" . Yufco~, 4readmg node&. (See PI. 10, A,) Aqpther, beit crosses . 

1 the *alley of,;Tput Creek, a stream that mtersl the;Yuhn from the 
.- " (i4"-j aonthwest, a b u t  8 milea above the mwth of the Nation, fbiaer. A 

block atE .Permian- limastone infaulted in the ,Middle. Devonian vol- 
canic .i&.*d on the south bank of the Yidion a short dis- 

3: tame h o w  thd.mouth of C d  C d .  (See pl.. 11, 8.) . Permian 
rcdzr-e found a h  along tbe iohmational boundary near Ettrrsin 

- "'.-< ~ e ' m d  115 or 80 milen northerst of the mooth of the Nation River. 
. . - The & naer Ettmin Creek were mapped by-Cairnes as undiffer- 
h r .  entitiid* CarbhiEsfdus, but a reexminution of. Cairnds Carbon- . 

:;.. id '" fomi l&1&ion~  has ~ h o ~ n  the pr-m of several collections 
of Pensxian-we, the Iocalitiea of which, when p l o w  on the map, fall 
in.or near thwe .&a# of undifferentiated Carbnifirm. Moreover, 

?4 the m b  thm are limestone similar to the Pel;mim limestone. The 
miter  hes therefore inferred the presence of Permisn rocks on 

- ..-+-"' ~ t t r r r 6  Crwk. and has so shown these areas on the mmpanying 
"map. It is prabebIe that the Permian limestone continues intermit- 

tently up tba :mathad aide of the Nation Ftive~ trnd connects with 
% .  ' :, tha P&llmian limesbone at Ettrain Creek. . . 

Ho formational name has previously been assigped,to'this Permian 
fornution, but itfi litholqg and fauna are so distinctive that a form* 
tional name i s  awbinly warranted, notwithstanding the ,fact that the 

!, , , upper; b i t  4f the Permian sequence is not definitely known. This 
"aq@@eo1ty m$ be3easened by using the term " limestone " instead of 

xi.-) , 
forniaiiion," in applying a formational name. The most fitting 

v .4  , ' . , * C y . :  



*. . 
-pkemame d & h a * e  bemi .Nation *a, but th is  h u a W $  Wd + 

dfmtz forua&tIonofP~1vmian  ( 8 )  e. .Thmxtbbetphm 
name i;s Tdhnd& the old Indian nkme of tha Nation River, and 
this .Permian h & n e  is therefore design&& the Tahhdit 
1im-B. . 

mamlr . t  - 
At the kype loality dohg the Yokoo River a h  the &m$ of 

the Nation River the Tahkandit formetion omkta -t idy of a 
cream-coIored to white rnmgive limesto~1e, with some bh of can- 

A 

glomereb, sandstone, and shale in the lower half. The k t  d o n  
is ~een~slong the southwest bank of the Yukon, where both the over- 
lying and underlying roeks are qd. (See %. 6.) The eeetion 
as measured by the writer along them bluffs, gtstea from the top 
duwnwsrd, is an followa: 

B M  d Pamb'..rd P@mmwhwm(f) m7ka orr r o r t w  of '$h 
R W  w t h  of Ba.tioib Rfaar 

&hmdit mwtone: : . ;  .Fm+ 
Mnastm m * l o r e d  to ligh't-gmy Zfm@tom, con- 

nmrmnma highly iosdu~ems * CaUe&on wT, *& * " ; "; I 
M d v e  Um&ooe grad% downward into ffde 4 0 s  

emtu camposed of may and g m n  &rt pebblee.  mi^ 
lectlon - -,,, d ,,,- - ---,-,,,, 

ODoongl- of gray am3 green chert pebbl€u ~ r n  
1 -,,,,-,-,, 

' Tbin b d n  of mmglomdte alternaffog with m n  and 
. hmwn shrlea LaweFb~If mwed. (kUed.tbn WtQb- 
; aknsslve tmmmdored oloredn* mdbg do.rllwM Intb 

conglmemte. This past of the &on ahom a small. 
verUcnl fault BtTiklng N. 56" W., along -hi& roclra 
are downthrown 4 feet on ~onthwest aide,,,-- 

Bbss-m conglomerate, whicb becomee eonrser It 
barn OoUectIon BS38a ,,, ,,,,,-,,,,, - 

Be& d cmg1mner~fE 1 to 2 feet a* altemnttng HtlI 
mndstone. The sandatone bed directly ader t b  
foot bed of conglomerste +ow4 on its top ,curious ir- 
r- fmprintar 4 to 12 inchea-lam t h t  * b ~  t '':- ' ' 
ropy Lara that wan emled whlls being aglUtecl; thm' 

- are bellewd to be of lnorg~nlc orldn. Thls mp' uf , .  
k b  includes m d  foseilifeme wnm ; a 1-tmt M 
of greeo modstone Is pmtlcularlg S~~lWerms-,, , , ,  ' 47 

mtlm ILIoet foxmation /Feunaylvaofan?) : 
Drab shale with -form1 tbln bed8 ei qnartmrre d , 

atone. k k s  am eqmaxl for 1;Mb feet abng beach, 
bat as t h e  firm an anticline+ onIy abont IHMI feet ef 
atrafaIrepreaebL -----,---,- mi 

Mawive whlte meatone erposed fn #rmlb for W. 
feet alotlg bench -----, - --,, - ,,,,,-, XOn. * 1P ' 
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E b h e m  in thie men the lithology of the Pemirm is alswt the 
m a ,  aa art seen at the -Nation River lodie. Along the Yukon 
Moa Ooel Cmek tha Tdbndit  lh-e ia bodemd by basalt and 

of -stme hebit, but Ithm beds am beEied to Mong to the 
Middle Devonisn q m c e  and to be faulted to their p-t pasition. 

!t%a Permian (Tdhndit) rocks rtt thu Natim River 1 4 9 ,  like 
the & of the Nktion Riwr formation, are distinguished by a 
n o r k b ~ l y  &end, which is abmt at right angles ta the t m d  of tha 
other formations dong the Ynkon. They also em pmhbly involved 
with the Nstion River h d s  in a great arch, whose northwestern limb 
crops oat just above the Nation River and whose e&rn limb is men 
in Tmut Creek. The axie of this arch appelars to trend about south- 
west by w& The arch is not simple but is modifid by minor folds, 
which ere perfeebly ezeaemplified by the Tahkandit limestone at the 
Nation River. Plate 10, A, a view of the narthmst bank of the 
Yukon just ahve  the Nation River, shows m anticline and & syncline 
in the Tahkandit limeatone. This syncline is IxEieved to be continu- 
o m  with the syncline shown in Figure 6. The high butts ahown at 
fhe extreme right in Plate 10, A, is an hhhl outcrop of the l h e -  
artarw, which may represent the trough of another syncline lying 
p a d d  ta the one shown in the center of the picture but farther 
north& !I%= folds are evidently of the open type and appear to 
h fairly symmetrical. 
The Tahkmdit rocks nre believed to grade downward into the 

f i t ion a v e r  formation, srr indicated in Figure 6. The upper part 
of the Tahkandit l i m d n e ,  however, ha% not been recognized, for 

? the fornrstion at the Nation River is overlain without a p p m t  un- 
@hr dkeMmm by Upper Triassic mb, and it is not possible to 
teU at this l d t y  bow much if any of the Tahhndit was emded 

+ before the Upper Trisegic dimenta were laid down. Hence, no 
estimate of t h e  totd thicknw o f  Tahltandit limestone a h  be given, 
but it may be strted with some amwarice that about 627 fe& of strata 
are axpod from the basa of the Upper Triassic down to lthe shale 
that is b e l i d  to represent the top of the N~tion River farmatinn. 
Of this thickntm 373 feet is limestone. 

Tbe =dit limsstone, like the Meais9ippian mh, is very 
fossiliferons, and numerous c o U h n s  have been made by geologists, 
including the writar, since 1896, when Spnrr m d e  his trip down the 

, Yakon. This fauna has been tabulated and is pmmntd below. The # 

883- 

%= 



d-tim of the fd'la, except in B few of the earlier c d d d l l ~ l ,  " has been mads by (3. H. Gtitty. Ae with the MkisippIsn foasilg 
however, Gidy's work has b n  mom a rnpid mmltissmcs of the 
fauns with the object of d e t a w n g  its age than a detailed stndy 
involving the identification and amription of new v i a  Many 
of the specim are new and are apparently mom closely related to  
Asisiatic than to North American Permian form, Neverthalw, 64 a 

genera and et least 128 species heva been recognized. This fauna 
was er igmd~'  b e l i e d  to h of PennqIvanian age but is now hgned 
by Girty to a horizon low in the Permian. The a r r a q m m t  of the * 
loeal i t i~  in the ltsbls is more or 1- chron010gis 
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M aud Z&& 'Eokon Rlrer a h  a(3lrcle. $The dmdpwon $4 inad- 
but almost ga~b m n t 9  the Nntlon River lmLl@.) OolIectbr, 3. L 

ZhCE6. Y*m Wwr, north bank 3 mllee abve month of %yenmile Ww. 
OoIlector, A. J. OoIller. {No Permian nwb are Bnown at Lhb localltj ; either 
the lacllity b wronglr rm5mled. or the faunal and age detminatlons am 
incorrect.) . 

2443. Yukon ICIm, w& bank 8 mil@ sbme NatEon Rlw. (Jnllector, A. 1. 
Collier. 

2445. Limestone rnwntafn 1 % milei northeast i*am mouth of Nation slmr. 
CollecDdr, & J.  [Ialller. 

OolUer 1902 (hmwsllm mrdfng in deamlptlon ot l d w .  Tnberweted - 
by the writer to mean dont llmmd along the YUon at th% m a t h  oi Waabir&on 
Cmk.) Clolleetor, k J. Collier. 
2441. Tukon Hm, weet bank 8 mflea atme Natlm mws. Cdlector, &Itbar 

E0llfclL 
Btooka lZ  Yukon Itlver, m t h w &  bank I mile Mow Tntondnlr Bim. 

mllecbor, A. R BrWb, (No Permian rmh are hoan at thYs IocaIitg, and 
the writer 1'0 helined to b u m  that thls rocautg also la mongly mrBed.1  
2440. Palrrm Rlver, m t b  bank 6 milea a b m  Natlorr. CoIlmor, A. H. Brook 

tThls coIlwtion probably corn- from the P o u t  Creek loedity.) 
2447. Enkon  rive^, north Ilmb of anticline oppo@te etation 34. CoLleetor, 

A. R. Brmke~ ( T U  mllwtion f~ nndoubtedlg from tht? north mide of the 
limestone band at Natlon Ether,) 
2448 y d n  Ether -rtam of a mile below Conk mt C o l l e ,  

k EI. Srmka 
427. Mchigan Creek, west due aboat 6 miles from mouth. (3a11&mI 5. B. 

Mertie, jr. 
428. Mlchtgan [Xeeg, WE& ddtr abut 3 ma fmm mouth -or, J. B. 

Yertlh jr. 
Marth 82. Yukon Ether, mMmtb Msk 2 mf4m a h  NnUm &iw?r. OolkEtor, 

Q. G. ~ r t ~  
Martin 83. Yukon R1m, mth b d  1% m l k  a b m  Hadm slpg.. - R e ,  

Q. a. Umn. 
1799, 17% and Xlssb, Pukm RIver, mthmt brrnlr 8 m k i  a m  Xatlon w 

Rlver, Collector. lllliot I3IacIcWelder. 
1800, 1&00a, and 1 W b .  Yukon Rfver, wed MI& abore Nation -1- 

lector, mot BZachelder. 
1801. Ynkm Rlver, south bank just below Ooal CK& W&Or, mlat + 

Bla*er. 
2487* m a ,  aad 'h8T'b. Pmkm EUv@rI w& bang m t e  month of N a ~ m  

Rive?. U w m t  part of middle ontcmp of Pwmian mudstone, wlth i6 feet of 
&al- but from lffPeral h o r I m .  Coll&or, (3. H. Ol-. 
2438. Yukon Biver, weet b n k  opposite month of Naffon Rberer Middle OUt- 

crop M Piymian Ilmertme, abo04f lots 24$7* 2437n. and UBTb, but ia, tmndtion 
beda below main white Elmeatom Collector, Q. & G w .  

2439. Bnme general lbcallty as B8, bnt fmm a mom shattlm jrrat 
2m Cwlector* a. Ff. Olrty. 
2440. &me mml locnllt~ as 2#&, but & barn of a beav llmestons 10 

feet above W. CbUector, C). EX Of*. 
2440% Bame general lie aft^ as 2438, but tbs Dop d thd white Urae  

&om as ewBed. wectorl a* H. QW. 
~ ~ 2 4 4 2 h , ~ e n d 2 a 4 2 d .  ~ m k m ~ r e t , m & b a n k . a p p o a l t e m ~ ~ t h  

of Natlw REw. Talw from maal horkmm% Wktor, 43. H. am.- 



Sf& Pukm R h r ,  mth banL threhqoartera oi a mile below mouth of -1 
(lolleetor, a. H. QirtP. 

S%i. Yukon RIVET, wert bamk m t e  mouth of Nation Urnm Perion8 
bwhm in 10-t of Permfan ~ h e a h e .  Colktor, a. H. am. 

6838, 5859e, -4 and &%@c Inlroa River, m d l w w t  Wnk about 2% miles 
apgtream Imm Nation. The mltlons of #ese Pmr l&tLee In th& P B C ~ ~  

# 
btbpaphlc man wme c lwly  cletermloed. COllectm, 3. B. MerHe, fr. 
6&PO. &nth-& aide of valley of Natlon River about 3. mile north- of 

Ynkan Mwr. Collector, 3. B. Mmle, jr. 
6&U Yukm Rivm. nonthwest bank a m t  thmtmrbm at a mile d m -  

& 
dream fmm mth of Coal Creek. Collmtor, J. B. M d e ,  jr. 
M42 Bmtbeast KM of valley of Nation River about 5 mlIm northeast oi 

Yukon Bl+er. Oollectw, J. la. Mertie, jr. 

In addition to &he MIS hbnlsted, nt least three of fie fmil 
oolleFtions made by Cdrnes along the international boundary are 
dm now r e ~ o g n i d  by Girty as Permian. Thme are given MOW. 
(Far explanation of numbers, BW p. 48.) 
xms 16: 

Obone&a adl. O. variolatoa 
Productua ct. P. aapasdi. 
Bhynchopom d R. niglttld 
Bpiriferlna sp. 
A v i r m l l m  t np. 

.m i 4 2 :  
Polypx'P gp. 
Cfionetes sp 
Pmdactne cf. P. aagardi. 
Pmlnctas n. mp. 
~ n s n c h o ~ o r a  d EL nwtlnI. 

- , X V I T n M :  
Chonetea d. 0. mttolotos. 
m u c t m  d. P. angatrIi. * . Pmdncha a, pp. 
Rhgnchopora FF. a. IliBItlnl. 

T%h lower P e d a n  harizon ia correlated paImntoIogi6ally by 
G r t q  with the Artinskian of TBChempchew and ia known at many 

5 l t~a l i tk  in $fsalra. In northern Masks t.hh h o r h  h1b8 been recog- 
nimd by Maddren r4 dong the international boundary in the valley 
of the Firth Ever, not far from the M c .  Farther wad in Arctio 
Alaska mks of the -I horizon in the Canning River region h v e  
bean described by Lefigwell 7B under the name Sadlerochit sand- 
stone. This fo&m, which consists there of 300 feet of andsbne, 
was a d b e d  by I;ehgweU as Pe~sylvanian but is now pla& by 
Qirty in the lower Permian. Maddrm" found this lower Permian 
horizon represented by a dcareous tuff lying at the top of a lava 

n y . a d i ~ ,  d. 0, aapabli9sd notek 
- - m u ,  L d e a ,  n s  Bhar w, n&m A h b :  U. B. 0001. B m  

Pmi. Pmpsr lm, 1118-114 1919. 



formation in the lower K u d r o h h  V d l q  of math* A.1- 
and B m  " found it regresented b~ a lirnwhrie formation in the 
upper Kaskohim Valley southwest of Lake Mnchnmina. 
In the A l d a  Range *on Permian r w h  are extekvely &el- 

oped. Roch 0,000 to 7,000 f& thick in &he headwater region of the 
Chi-hina River *erere d m d k d  by M e n d d d  under the mme 
Mankomm formation. mis formation mnshta of h - e ,  sand- 
W e ,  and shale. Farther suuth, in southern ArtinrPkian 
fo~ossils have ken found by CrtppsPa in tl 1-0 on W a i  Cmek, 
at the head of the White River, and it is possible that the PexPlian C 

rocks continue on around the north& side of the Wrbnw M Q U ~ -  
tains to join with the MdOrnBn form~tion farther northwest. In 
~outhsaatern A b h  P e e a n  r& were found first on Kuiu Jhnd 
and are now h e w n  to be e x t a d ~ e k g .  developed on Kupreanof, Ad- 
miraltg, and Suemez Islmds, ss w d  as at other locditim. 

In the Y h  VaUeyf na pdc811y -ham elm in A h h ,  
the wly part of the W c  system pmmt is the Uppr Triassic, 
and in the Eagle-We district Upper Trisssic mks are known only 
at two localities, At the Nation R i ~ e r  Upper Triassic roob adjoin 
the Permian limes ton^ on the nortkiwwb. In the valley of Trout 
Creek about 12 miles farther up the Yukon, the Upper 'Wassic 
rocks lie southeast of the P d a n  limedona 

f 

At & N&im Wver lmality Upger W d c  1w:b cmp out oa both 
d&q of the Yukon, but me mewha$ better expoeed, partjnlhrly at 
low &ajp of the river, on the e r o u t h 6  bank A tape txtravem from : 

tha f g r t b t  point downdream where mch 6 are exposad up- 
d r e q  to the Permian limestone &owed the fol2owing mtion. The 

given rue horizontal digtanma along the river bm& but 
the e e n l  dmctpre and thickmess are shown gmphieallg jn Figure 8: 
- . -  - - 

--, 7.8, ~ b s  - *L: mum-:  'u. b im. a m &  nnlt. ~ 8 9  m. i~bib, -- 
r~cqdonh.11,w.c., ol ma-- cmm B~V~DWM, malra: a k w* 

Euwep h o f .  Paper 41, pp. 4W1, 1806. 
a mm. B. & m w n m  of  the #ahma-Whits 81- Met, akrtk: u. L 

-1. Bwwy BnfL 417. pp 1&21, 1810. 



' FudUfemw black We. B m  ia N. 70- 1 Dlp fa 70. % 
in dowars- part d d o n  but W e 8  gr%dmlly lm 
ntrpsnream. This &ale c o n t a b  aome thin beds ui d m  
arglUaceom Ilmestons about 1 foot t h l c k  Qollectim lSP23, 

Covered ,,----,--I- ,..-.------ -.---- I 

5 a l y  llmestme or mtc-r &ale. F08~lUemm. Collec- 
tion XI426 ,,,,-------l--------I-----.-L-lll 

C~V&,----~--------------~-~--------------- 
$hale and a bfmt bed of Mghly fossilifem& llmwhne, from 

whfch a gart of mllwtfon 13425 wae made -,,,,,-,,,,, 
I m p e r f a y  exposPd bltnminws shale and Umestone &owing 
so many reversala of dip due to nnmerm small folds that 
It Is UbXcuIt to tell whether the alp oi the torrrtatlon aa a 
whole L dominantly sontheashaml or n o r t h m a r t ¶ .  
mntains e r a l  ~ I l l f e r o u s  beds from which cdlectlon 
13428 mm  made,--,,---,,,,,-,----^--^-^,,,,,,,,,, 

Orw i m m m  thin-bedde8 Urnatone Eltrike N. 46' El., 
d ~ p  m* m. ~ o l l e i m  lam -,,,,---------- 

Most l~  covered ; black nhale Irngeriectl y -ed. Bacgs ad- 
joining to the souEheaet are the ngpermost bedr! af the 
Tahkandlt limestone (lower Permian) ,,,,,---,, 

This d o n ,  imperfect ss i t  is, shows that thcm Upper TriaEwic 
rocks (30& essentidly of black bituminous M e ,  interstratified 
with thin beda of gray to black limestone. Mn& of the black shale 
exposed at thia locality is oil shale, but wne of these m b  were 
t e s t d  quantitatively for oil. 

The oil shale at Trout Creek was noted by P. J.  H3lsrd, of lEw;gle, 
ae arly  RS 1901, md in Octubr, 1915, he sent a m p l e  to the Dnited 
Elkatas Qeologicrsl Snmey. No distillation test of tho shale was made 
st that time, however, the specimen Wing apparently of more in- 
terest on account of its contained fossils than on account of its bitu- 
minona nature. The shale from Trout Creek consists of a mst of 
closaly c o m p r d  shells of P-& and Balobb in a matrix 
of black ahale. The fossil shells are so numemus and m closely 
c o m p d  that not even the h e s t  sliver of shale cm be & 
covered withont the i m p d o n  of a shell upon it. A rmmt micro. 
ecopic e x ~ t i o n  by Miss Taisi~ Stadnichenko, of ofthe United Statea 
GeoIogicaI Survey, indimtea that the bituminous material originated 
from spores, A m p l e  of this oil &de collected by the writer in 
f 925 was &tilled in the chemical laboratory of the Geological Sur- 
vey ly EL T. Erichn, whom report is given blow: 
The mmple aa m v e d  agpeare$ to ham Ibeem to &cb 

b 1Pk- tn Wueoce the cbaracle~ IXB well Ba the yleld d tbb ot2. For W h e r  
cbemld test the ahale deposit should be resampled at a r lion awifected by 



. A &tlllat!ou W - made aodordlng t& tb &~baIe dwmtiorp met!& PlrP 
bJ tbF E m u  ai Wesm for &termMng the yield of mde ~Mle ofl. m e  
t-1 tlme seqnlred for the dhtillatlon wa# one end one-hk€f honm ; rnte d oil 
~Ustlllation, 0.6 cubic antimeter a rniaut6. ' 

Upon comparison with other m d e  ofh ttha tern m e d  a 
shala by the R n m n  of Mlnes distiltaffm epparatna, tlalog a h i l a r  aLstiZla- 
tlon rate, the crude oil obtalnd from the mmpFe of &ale ftwn Trmt 
may be d~scrlbed as bIgb in gravity and low In wttlng polnt. In tbme ms@a i 
it ts mare ne~rly  I&e the m d e  oil obteined from the Kentnw dl shale. 

me chemical -@tion oi oil W e a  bas n& rn W m  e e n t b  lnaeetr. 
g a M  to rompam them with Qplcal petmlcmmq meh as pnrafEn-bas8 wtm 
leum, which fa  ~ m r  in HI& gravity and htgh ~n -tent of paramu mries 
hydmcerhs ;  or R naphthene-bage petioleam, which fs largely compoged of 
uaphthene aePies a other cyclic hyclrocsrbcm8; w a mired-kae petrQlenm, 
which ld lntermedhts In graeItp etnd mmposit%on betneen pnm~- lmsc  and 
napbthenebam The h5gh g'a~i ty  d the made 011 &t€iin&¶ from 
the shale of m t  Cfek Wvom its c ~ n m e k h l  us6 for the grd~~t im d 
lubrlcatlng oUs Tlw low W a g  point Indicates the abeence of comm&al 
qaantitlee ol pame 

Oil shde is also EEnown at Other lplacea in Ah&. A shale phe- 
nomaally high in its content of oil has mamtly hm found in the 
valley of tbe Christian River, about 75 miles north of Fqrt Y h a  
This ahah conhim 122 gdlone of oil to the ton of mIt md is them- 
fom of higher grade than any oil shale rn far found in the Waited 1 

States. Another bituminous depoaik, firat natd by Ensign (now 
Rear Admiral, &red) W. L. Howard in his haversa down the 
EtivIuk River, northwBstern Alaska, in 1886, hm recently been r e d s -  ? 
i t d  by P. 8. SmithPt ThL material hm now bean debrmind by 
David White, of the Unitad States Qmlo.ogEml Survey, ae tasmanite. 
S i l a r  mataria1 was dm %md by Smith on the EvsEna snd Meade 
Rivere; in northwmkm Alaska. . . 

On soownt of the s o h e m  of thie Upper W d o  ehah and lim* 
&ma tbe rock of this fomatiw mumble when expoaed to the 
- -- 

mEaprlck,  L C., A aowenlent and reliable saort for o%l mhele* for all gldd: 
Bur. m m  Rept  22W, 1951. 

=Rmrtb, P. 8.. md Ytrtlt, J. B., jr, Ombsr -I m p h )  oi u W m w h m : A l l ~ !  
U. 8. Qd. € k m q  BuU. W, p. 28& 1980. 



mtmq&am and are qniddy eroded away. In addition the incorn- 
mcg of them mft M s  has rendered them prticulsrlg subject 

. 'to deformation. The resulting poor expmm and mntuahd foId- 
h g  make it dif3caEt to obtain any stisfactmy idea of the strudure, 
Ths generabd d o n  shown in Figure 6 conveys the writer's im- 
p&on that thw r o c b  are welded into a mass of d folda with 

h a general northw&rly dip, A narrow mvemd zone mprates the 
lowest of the Upper Trisasic mcks from the nppermost Permian beds, 
bat the two formations appear at least to agree in strike and dip. 

* Little doubt csn exist, however, that the contact between the two 
f o r d o n a  mpresenta a p a t  hiatusl in aadimentstion that cor- 
maponds geologically to Middle and Lower Triasaic time and prob- 
ably slm to upper Permisn time. 

The b p  of the Upper Triassic quence is not e+, and them 
fam the total thickness of the formation can not be given. M a r h p  
wba ex~mined these rocks in 1014, estimated tbat a t  least 400 feet of 
mtrata are r n p d  along the h c h  oppmite tbe mouth of the Nation 
River. Bla~kwelder;~~ in 1016, noted that the visible exposures indi- 
cstsd a thickness of 575 feet md possibly sa~eral timea as much. 
T h e  section given in Figure 6, though in part i d d e e d ,  is plotted 
by the writer from the o k e d  Btrike and dip and indicates that 
Martin% estimata ia about m m t ,  as narly as may be judged from 
the available expmms. 

Twenty fossil ooUections have beem made from them Upper Tri- 
a d c  roekg r n d  J £ram the Nation River l d i k y .  This fauns has 
been ~ r n b l e d  by the wrihr in the tabla given below. T. W, St~tanton, 

v of the United States Nstisnsl Musauna, htw identified all this 
matarid 

a. C, w e  af : Osot bmarlo1 Bull., vol 27, pp. 101-108, 
t 1811. 

-kt, mp~Mbhsd sd. 



4Wk XnLoll ahet m QuadBr d a mile naHhsaat of moath of Rutioh Rim. 
O d l M ,  E. m a  
8B95, Yukon Ri~er, muthw& bank abut 1 mlb a b m  Natlm River. 

.a lei& bd oi a r k  nontmaaJlhe b e s w e ,  which is paobeMy not mom than 
60 feet atma thlr rrprlalllne P e r m  Lirnmbm, . c l o W r ,  O. 0, Martla. 

8898, lBW, and 8899. Yukon River, mthwmt banll aboot 1 mlle 8- 

Natlon River. 88BB k about Sl feet SEratigtaphEdatly a t m e  gSsagSsa IWM ld nImt 
10 i& ~trattgrapbldly ahwe 8598. & S S  IB from float dong Aver lmnlr b- 
tween lwatltlee 8887 and 889% 8&98 is a h t  300 W hUgrsph1cally abwe 
8897. Collector, G. 0. Martla. 
10268 and 10281. lRont Creek abmt 3 miEes hnm d m m s  with Pukm 

mpsr, am1 a. a  ad 
0862 l akm River, mtbweet  bank emthwerrt of Nation IUm. Cdlwtor, 

mot BhCkmlde~. 
ggSS. Yakon Rim, mnthmmk bank abbnt 2 me# abase Natloar. Oollector, 

miot BladKweIder. '- 

838P, Yukon Rlvsr. ewtbweat bank mmlte Natlon Ether. abetor ,  Wiot 
8 l a M d e r .  

O B # , ~ 7 , a n d ~  ~ o n 8 - ~ o f a m l l e n o r L h e a a t a i ~ d ~ n t i m  
Bim.  Collectw, Bltlchmtdm. 



..- m t  m k  abwt S Wan fmm c a & w r ~  wlth S u b  Ripps. W- 
- *, P. J. EUUiard, of made, Ah- 

< 18428,18425, fM!M, and fM27. Puhm Blm, south- Milk 23 mileer U p  
rtfleam f h m  Nation. Tbe relatlva posdtlom at fom # W a s  are gi- in 
the shatigrnphlc d o n  an ptge 131. C)ollector, J. B. Mertle jr. 

lM2.L &atbaast aIde of vaUq of Nation RIm?r netir X& m. 1901- 
lator. 3. B. M d q  jr. 

i > 
~ h 8  whc rocks ~ l a s g a  have b~ a-iw in d u  

Bfartin,H end it ie umecmay to include here a faunal bnd lith01qgia 
m l s t i a n  of the Upper Triassic m b  of the Yukon trith the other 

--. ! M a d o  mh Upper Triassic mlm are b w n  ~t many lomlitiea 
in Alaska, of which Martin Iists the Nizina Vdey, Kotsina and 
Kuskuha Vdeys, Cooper Pass, upper Srrsitsa Valley, Kenai Pesin- 
d s ,  west mwt of Cook Inlet, Ihnna Lake, M& Peninsuls, 
Kodiak Island, Admiralty Island, Kupmnof Island, Gravina Island, 
Firth River, Canning River, Noah& Valley, C a p  I.&bm~e, and Cape 
Thompson, To them should be added the numerous weas of Upper 
Triamic mch remntEy discovered in northweskm which, 
together with thme st Cape Lisburne and on the C k q  and Firth. 
Rivers, in northeadam Mnska, indicate that s mtknuolra Upper 
Trima belt. m northern Ahdm from the h t i c  Ooean to the 
izltgmtioraal hmdary. T h a  Arctic Uppr R i d e  mh differ 
likhologically, howem, from thm found along the Y&n in that 

. 
they include a comiderabk amount of chert. 

The rocks at the base of the Upper Triseaio seqnenk m t  t h ~  Nation 
Ever  codain certain p e r s  of ammonite, such as PWt96, 
Po-m, T w w m ,  C t h * t e e ,  iYunq~hyZZites, and N&hQF8fh1 
which do not occur in the higher beds. These are acoepted by Stan- 
Eoa, as an integral part of the Upper Triassic fauna but are believed 
ta represent a lower faunal horizon than the f d a  found in the 
higher strata. 

No Lower Triasgic & have ever been found in Aldm; nor ia the 

5 
Middle 'Sri&o repmxated, emapt pasibly at m e  questionable 
localiq at Bmok Mountain, in Seward Peeninmla. In this connec- 
tion, it should again be emphasized that the T-dit limestone, as 
we11 tu the other Begmian rodm in Alaska, represent only the lower 
part of tha Permisn sqnmm. Neverthel- Upper Waasic r&, 
wbefever fmmd in Alaska, appear to Iia upon Perrhian, P e n q l -  
&an, or Mkkippim &, without any angnlar dimrdance of 
beddhg. It i~ bbelied that s p d d  uplift of Maah be- in late 
Carbmihmus time md c u h k t d  gerhapa in the early Trinstic, 
followed by &mergence again in Upper Triassic time. T h e  lack of 
rtng nppmmt aagalor mcxmformity betimen the Permian and Upper 
- - 

mrth, t). C, ' R l e  mcb at b l h  : CEeo1. Boc. M a  Ed., ml, a7, 1918. 
m Bmlth, P. 8., .nd Me- 3. B., jr., dm- mnd m p w  Of  A n :  

W, Pb mL S u m y  BnU. 811, pp. 186-194,1988. 



~~ rock lesdsl to Ehe belief that tlh ttpfift was of &a phbmt-. 
forming type snd was accompanied jn i n a s h  by a d e u m  of 
warping nnd rock' deformation; if my deformation took place i t  
affectad only the dder, pre-Csrbonifemtw &, which were mom 
deeply buried. As- this pl~teau-fonniq uplift in C d m i f m u a  to 
Triwie time wag not worldwide in extemt, it foUows that in a m *  
adjacent to Alaska there muat be a hinge zone, where this time in- 
ternal will be found to be represented by deformed strata. Eenm the 
postulafa of an unconformity involving little or no m k  d e b a t i o n  
is inteaded to apply only to Alaska. It is believed that the deforxna- s 

tion of the Carboniferous, Permian, and Triassic roclts, which re- . 
sdtd in the folding md hulting of these rocks, h k  place in an8 
or more sta.gea in postTriaaic time. 

J d c  ro&, though present in grgreat thicknm in mathem 
A b k a  and on the Masks Penhula, rn unknown in the interim of 
h k t r  tmd am very sparingly developed, if at dl, in W c  A l e  
The system next. above the Upper T r i h c  in the  Yukon region, 
therefore, is tba [Ire- T w o  mriw of CmtuMmE r d s  have 
bean M d a t e d  in the upper Yukon Vdey, of which the alder 
irr E welldedoped Lower Cretac~~u~ wries. The yo-r ipr an 
Upper Cretaceous -rim, but as these x d m  apparently g r h  np- 
ward lithologically into Etmne Focke in such s mannes'that if has 
not bean possible ta draw s h e  betwean the two seriee, they am 
herein mapped Wther md described under the headiag Upper 
Crebcmus and b n e  aaries. 

-on -r - 
The Lower Cbhcmus rocks in thiil ama oc#wr mainly at two 

locrrlitiea which will probably l a b  be found to form parts of one 
continanus belt. Mmg the Yukon these rock9 crop out abut 10 
miles below the Nation Rimr and continue on both sides of the 
Yukon downstmum to Coal Creek, thenoe thinning to s narrow basd 
which ~cntinuw northwestward to Wdchopper Creek a d  far soma 
undehdned a c e  farther. {See pl. 11, B.) T h e  A m  sraa is 
along the i n h r n a t i d  boundary from the neighborhsod of fitdo= 
Creek northwsrd for at lend 25 miles. T b h  area, which, was mapped 
by Cairnes, wag not diflerentiated by him as h e r  Cmtmeaus nor 

' In fact' as exdnsively Cretgcsous ; his carbgmphic designation wss 
L6 Cretaceous and Upper CarboniferousS' Tha indusion of " Upper 



kbmifmus" in his legand m hvrm the f a  thgt the Nation 
Ever formation is so W a r  to the Uppr Cmkceuus r& that 
st many plams it  is di5cult to diflemtiate betwean the two. From 
the distribution of tbe Lower Cretaceous mcks nlong the Y&m, 
the writer surmises th& much of the rock along the international 
boendwy from Sitdown Creek northward to the 86th parallel is most 

P likely nlso of Lower Cmbmma age. It i s  believed that between 
r Sitdown and Ettrain C h b ,  however, CairnesP ' Cretaceous and 

Upper Carboniferous" p u p  is more likely to be the Nation River 
1 foramtion. Hence, on the acmmpmying geologic map the country 

rock from Sitdawn northward to the limits of the map is shown as 
XIowar Crwtmxaw, and from the Nation River southward to Ettrain 
Cr& the Nation River formation is indicated, with a M d t  un- 
mapped area between the two forpla~om. Another minor outcrop 
of h w e r  C r e W u ~  rocks is m n  dong the mrth& bank of the 
Y h n  about 10 mil= below the mouth of Thanksgiving Creak. 
Thie nmow bdt may be the northwestward continuation of the 
narrow belt of the mme rocks that cmmea Coal and Woodchopper 
C&* 

B l a h e l d e r  * hae used the tarm Kmdik formation in referring to  
the Lower CF&WWUB rocks of the upper Ytrkcm, and insmuch aa 
thm roc3oB are epically exposed in the aUey of the h d i k  River, 

$ from the Ynk'on northeastward probably to the boundary, this 
formetion name seems partidarly fitting and ia here formally ap- 
plied. yo be sum, neither the top nor the h t b m  of the h w e r  
C r e w w  m& hss been recognized in tb a m ,  ht as Jurssaic 
rodm are m h n t  in interior Alaska this formation is Hnown to lie 
everywhere unconformabl y apoa JYJ& older than Lower Cretaceaus; 

3 it is alao believed to underlie unconformably the Upper Crekeoua 
s t r i a  The tsrm Kandik formation may therefom be regarded as a 
format;ional name that includm aU the Lwar  Cretaceous sedimentary 

- rocks of thb m a ,  of whatsoever lithologic charactor, although it 
ii seema highly probable that only sadstone, slate, and conglomerate 

are represented. 
mm . . 

The Kmdik 'fomtion can&& in the main 03 ai monotbnous 
equmce of black slate and thin beds of sandstohe. The dates are 
carbonaceous, argiUamous rocks, which in aome of the thicker beds 
show little stratification. No cafcareow shale or limestone was seen, 
and tb slates appear not to be bituminous or oily, thus differing 
markedly from the Upper Triassic shales. Mopeover, no chert or 
si1iw-m data m e a m  in tbcvaeguenm, which thus differs from the 
lower Missi~fppian{ 8 )  rocks. These argillamus membes are ad- 

. .. *EMkwelder, HlUot. nnpablt~hed not- 
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vinedls for tbe maat part hmmm? gtate m h ~  than shale, .-hr in mbrt 
9f tham frachm aleaqe is d l  dtmbpd.  Phta 1&8, &ma 
e f@al- of the lhmr Crahum~~g q n d t i c  sm&itma and 
date. The san-ne beds &ow no sign of such cl-vqp, dthagh 
some af them are much jointed. 

me sand-= ocmr for the mod prt in tbin bed$ from B fuw 
inches to 1 or 2 feet thiok, but =me thick massive bads occur in the t 
qu-. One very thick k d  of thh type is e q w s d  along the 
south bank of the Yukon jmt M o w  Qhenn Creek The thinner M a  
of sandstone am usually dark gray on a imh b r d  but weathu to a v 

dd-brown .color, which is due probably ta their mtent of fwmm 
iron. They am composed wmntially of grains of quartz, with. liMa 
chert bnt with r.cetain amount of altered feldqar md ferrmsg- 
nesian mhenrls. T h e  thicker beds ars inalined be more purely 
qua*, nnd m e  of them by partid rearystdb~~tion clmly ap- 
proach quartzite. In the Rampart distsict;, where them mm M e r  
Cretaceous rocla olxnu, the heavy qu&dzm bess served the  write^ 
to a c d a h  e m  as horizon markers, inasmuch aa they make prorni- 
nent hogbach; t h y  will probably be useful in a similrrr way nlong 
the Yukon when more detsiIsd mapping is attempted. 

Morrg the banh of the Yukon no conglomerate wss 'men in the 
b w e r  b t a m w  aequenm. A few miles  upstream fsom Kandik 
River, however, on the north i d e  of tha Yukon, a ~IV& tbichm 
of thm mcka k at Kathul Mountah. Tha top of thia inom- 
htin is 9,400 he$ nbeve the level of the Pnkon, md in the mum of 
a trlp up the mountain the writer o b m d  thst tbe upper three- 
fourth of the dequenm waa m m p d  largely of =- and ma- 
@merste, the conglamemth being pPtieutarly &dent near t h  top. 
This cang!orn%c&h, however, is rather f i e  @d, and much of it 9 

might batter be deribnd aa a grit, aPGhough mme beds containing 
peb* as large FZXI 3 inchea in dimieter were scan. The component 
Xragmemtsl material ie submgdnr to ronnded and cwnsists of quartz, - 
cherR, data, and fmgmente of other d a r k a l d  mh, perhap in w 

part of volcanic origin. Except in the himess of p i n  these mn- 
gIomeratic beds do not differ materially from aosne of the conglom- 
eratss of the Upper Cmtmwoua and % m e  quenat. It jrr possible, 
h d d ,  that these mnglomemtes and grib may mark the base of the 
Upper CmtaaausY but the writer is inchmi t~ Weve  that they 
form BP integral part of the h w e r  Cretaceous d e a  

fietln W ~ I X  WM done rrribr en th- ut~er  US 
rocks. Such obmmatians EUJ were made, however, indicate thst the 
rmh rn comidembly deformed, though the folds are for the m d  



p.rt of tbe open type and of large amplitude, m that mnsiderabIe 
stratchw of river bluffs h o w  what appears to be homoclind stmc- 
turn b e  stmp d i p  were noted at places along tbe river, and  the^^, 
amsidered in relaion to the natum of the McPings, suggest the pm-  
e m  of some large unrecognized faults. Large unexamined areas of - 
snch rocks occur between Glenn and Chi Creeks, and it is rather 

@ M w s  to extmpalata the visible structure inta mch n h o m  
arms. 

The mcka at the west side of Gthul Bleunhh dip sonthessfwad, 
' ~ n d  &om at the cast end dip northwestmrd, BO that this mountain 

mmpie~ npprdmately the canter of s gentle vc l ine .  As thia 
qountuin rSses 2,404 feet above the Yukon, it ia safe to say that at 
laad 2,400 feet of ficrraer Cretacmus strata are p m n t  ak this locality. 
Neither the tap nor the base of this sequence has b n  &ed, 
however, and it is probable, therefore, that two or t h m  times that 

of strata may be p m t  in this wide belt of rocks. No 
data am nb hand for making any e lmr estimate of the stratigraphic 
t h i c h w .  

A m  Aim QO-fIOn 
I 

FhTs am rather mrca in the Kandik formation, but neverthelw 
r number of d collections have been made, which are ndquah for 
determining the geologic age. This fauna, which has been de- 
tarmind by T. W. Stanton, of the Unitad Statas Gmbgicd Survey, 
is Listed below. 

Fondla frrrm Kaadib tomatdon om Yukon Rtwr 

2874. W- OreeL 6 miles above mottth. Collmtor, A. J. Collier. 
8783. Yukon Wm,  muthweat bank about 44W garda below Glenn 4YreeL 

hwtor ,  m. x mldk 
mi4 Ymhm 3Liver, mnth bank about x% mlw btmw Ram CoUector, 

EL ar. Ybtm. 
B7#. Pukun fttrer, ?mmk abut 8 mUw aWw Obrlh WUnge. Col- 

lector, L K gloma 
9389. Yukon BImr 8% mila sbme Washington Cre& (lollectar, mot m e k -  

-1m. 



IM2% PtlBm Rlvar, mthwwt bang jtmt Mow bllena Cheek, f?oI&h, & B. 
Mort% jr. . . 

UWS, -st else c w m d c m  crnk atmt 1 m i ~ s  in a s c r a ~ t  kt &m 
P e o n  River. Colldor, J. B. Mertie, jr. 

In addition ta the invertebrate collections above enumerated, Bh&- 
welder in 1918 found remains of a plant which was identifled bjg F. IX 
ECmowhn as C W & e 8  h d i  Eichwald. This was found along the B 
southwest bank of the Yukon about 1% milas above the mouth of 
the Ksndik River. 

Of the six gemem of Inmrtebrab' that haw m far beem fd ie 9 
thtm &, Aum& m M i 8  Keyserling may be said to be the type 
f o d .  This f w i l  is particdsrly rtbundant at the 1 d t y  cm W d -  
chopper Cmk, im beds of slate. Other undetermined v i e s  df 
Aeccelta are probnbly also present a t  this locality, Mong the intar- 
national boundary Cnirneaar also made s number of collectio~ts of 
Lower Cretaceous fossils, from Si tdown Creek northward to the &x@- 
sixth pamllel. Thw were determined originaliy by T, W. Stantan, 
of the United States Geological Survey* (For explanation of n m -  
be- see p. 48.) 

XIV L 25: 
Humla ap. 
datarte? np. 
PanopaeaP sp. 
Undetermined psleeypod carts. 

XXVq 31:  
Ancella er&coUls Kemerling, 

XP a 31, 32: 
Ancella cmubll in  KwmrUng. 
&tart@ ap. 

XV b 80, 31, and 1 W: 
Andla cmdmllls Keymllng. 8 

X v j m :  
AucelIa eramhllls KggmTlna 

This Lower C!mhmw horizon is representad at many p l ~  51 .i. 
Alesb  The IocaIity nearest to the Yukon is in the W p a r t  dis- 
trict, where a p a t  thickness of Awdbbearing data md quartzite 
is fonnd. h northern Alaska Sehradess8 found Lomr aetaceous 
N)C& on b t h  the m t h  and the north &dm of the Bmks Range, 
a d  ha gave to t h e  two groups of rocb the designations Koyulruk 
and h a k t n d  " aeries?' In the recent work in northwestern 
Alaska the h e r  C r e t w w  mks n o d  of the Range, 

Cnl- D. D+ The T m - A l U h  MZemUonql . P q m  and 
mkon E171FD: Canad8 W. %nrrey Mum. 87. pp. IOblW, 1914. 

~chmder. F. c.. A -nsimn~e in m*rn : O. S. mi aimsj M. mpsr 
2Q, 1804. pp. 74-77. 

Bmlth, P. S., am& Mart#& 3. B, jr., &oIw and m M  ot nmt-m m: 
TT. IJ. Qml. Burtrey Bull. 8lU, p k  IWW, 1080. 



m y  eqaivalat h~ the bakkrvng group, were shown to continue 
w & w d  in & more or wntinuous zone from the hdzturmk 
Rimr b the M i c  Ocean. This p u p  is probably c I d y  mrrela- 
tive with the G n d i k  formation of the Eagle-Circle &strict. 
Xa the Chitha Valley of southern Masks two formations, the 

Kolterina oonglomerate and tbe Kennicott formation, both believed 
to ba in part at lmt d Lower Cretamfls age, were described origi- 
mdly by R d n ~ . ~  A&ZZ&earing shdes were found by CBppsm at 
the hmd of the Cbisma River and are also hown to exist Go the 
a& at the head of the White River. They were alsD found by 
Mandenhall'4 in the valley of the Nelchina River, a stream which 
%e& again& tha M a h u s h  River and flow8 eastward to the Copper 
.Ever. 

51 south- 'Alaska, east of Kuehkwim Bay, & of h e r  
Crehmoue are included in the group differantieted by Elpurr gu 

es ths "Oklune mrias.'"~ Herendeen limestone of the A l a ~ h  
Pminsula, as mapped by Atwwdp4 is dm of Lower Cretaceous age, 
Lower ~ t ~ u s  r o c b  am known on Admiralty and E b h  Islands, 
in gouthmEern Alaska. 

R m b  of Upper Cmbcaaua and Eocene age mop out in a continu- 
awa balt 1 to 15 milea wide for a digtance of 85 mileg fm the i nk -  
nmtiooal bomdary northweatward to Woodchopper Creek and be- 
yond. This belt exhnds muthmstwsrd from the boundary for an 
&own distance into Yukon Territory. Along the Yukon t h w  
m b  mop out only at  few p h  north and northwest of Caliw 
Bluff. A m u l l  ares of mch at the head of the Charley River 
mapped by Prindle in 1911, as Upper Cretsceous ( 8 )  is a h  included 
km. 

I . l m I m  

Little additimd work wm dona on this p u p  of mcb during the 
m n  of 1925 ; they were examined at several luditiaa on the north 
aide of the Y b ,  in Ynkon Territorg, and the northern boundary 

.r Mb, m t .  A mumpairanrn of the CUtIaa Valley and BLolal Y O W I ~ ,  a&: 
Wr18, ad, 'PWBllfl.ht Ann. Flept., pt. 2, p. 481, IW)O, 

'Cspm 8. R, The CbWna-Whlt& River diatrlct, Aimha: U. bl. WQL hrra~r BnIL 680, 
p: sz, ,191s. 

*Mfmbcahrll W. C, A d o e  from ~ u r r e F t l o n  Bay t o  tba Efrer, 
A k k a  : 17. 8. OcoL 8- 1RrCnfleth Ann. R e g t ,  gt. 7, p. 809. 1W. 

"Bparr, f. E, d rc~cmmbmnee in wutbweatertl Alneka: D. I Geol. T h ~ ~ t f &  . 
Ann. 8- pt I ,  p- lgl, 1800. 

-Atroad, W. R.., Qeolwy and miperal remumem d oi of o f e  Ma& Penhub: 
up a. -I. mRm E r a .  M'I, m. 88-11, 1011. 



af tb group WRS modified in the IU& no-& of Ed& & isr 
as hmm, these r d a  are dl of frd-mter origin d r e p m ~ l w -  
ditiom of sedimentatim not mlilre those that e x W  oh the thw~ 
the Nation River f o m t i m  wau lnid down. In fact, thee r~cb are 
tw sidrsr lithologicdy to the mdm of khe Nation Rivm format&m 
thst it is dificult to differentiate b o t w w  them st the localitim 
where the two f~maticms adjPia. 

Whomaen slag tha. Yulton, the Upper Cmbmm nndl Etmne 
(XI&& of impuse geenish-grag ta b o a t  b h k  m~~dstop~, 

graywacke, mmdy &ale, md M a  ranging from @ to mm con- 
glommte. A short & b a a  ~ b o m  the intsmtiond bwndary, ia 
tbo billa north of the Yukon, the cmgkmmta of pebbb 
from e qua* of an inch to 8 inches in diameter, in a brownish 
rnatri~ The pebbEes hem were mainly of vein qua& and chert, 
with m e  quartzite, quartzite shiat, graphitic phyllite, and decom- 
p e d  granitic or dioritic msterial. This is abut  the avenge char, 
actm of the mnglmerate. At sonte places, hawever, the onglm- 
crate is  mmw, m d  hulders as large as 3 feet in disme&r have baen 
oberved. At m& kcalitiee dl these mch are l m l y  awudidatad 
and therefore by westbering form on top of the ridges p ~ e l  depositg 
that ~imnIate hiuh b c h  grad. At phoes, however, ag for ex-, 
ample ixr the valley of the Seventymile River, thwe rmka have been 
more than o d n a d y  metamorphosed and m r  as- hard, wall-indu- 
rated srmW0114 slld oonglommb, 

A amdl ares of coam canghera-te a d  ~ n d s t w w  is, &PB gt the 
hmd of the Cbrhg Rim. Thme mk~ mest of gray m m  or 
cartnmsaaoots mmintone, hhrbdded with very coarse comp;lomerste I 

eant~bouldtrsrsmnchrrs  6fwt indiameter. Likemostsftba 
dm& of this saries, they carry plant -ins. 

TIM quenca of rocks in tbis striw, MI imtarpmtsd by P r i n d l ~ , W  
compri* &ah and with bade of ligpitor rt th b m  of the 
formatiou, ovet1aia by sandstone, shale, and conglommte, with thick 
beds 6f mnglomerah at or near CSaa bp. 

The upper or conglomerntjc beda appear to be .the p m b h  though 
not the ultimate souroe of a part of eba gold in the placem of 
the Seventpmfla River nnd of Fourth of July, Cod, Woodchopper, 
and 0 t h  cmb along the m t h  side of the Yukon between Eagle 
a d  C*. Tbis st~tsment, which wag ma& wi@y by the 
writerPB in 1923, in dkn&ng the origin of the gold de@b of 
inhior  Maaka, hm not been dearly mdershd by ef tbt;bs 
mining men of t b i ~  district, who sppanatly hwva k e n  led to belleve 

~ h d l e ,  L, Y., A mlodc mmmabunm of the CI l~ l t  w, Aula : U & W l  
-5 Xlall. W, pR. W 2 9 1 5 .  

~ e r t i e .  J. n., jr., me mxnlleaeg at meta~- w b  h thb ma K& 
kwlm raslo&m: U. 8. G%I gprVCg B& 189, P 1W4, 1929. 



th& dl the cmke which cnt this formation ought therefom s8 have 
pLsoar gold in the p r w t  gtresm valleys, de~ived. from th- con- 
&ommtas by m t  ermim and stream mdimen~ion, This belief, 
of course, ia Encorrect. As exampIes may bci cited Fourth of Jdy 

' and Cmwley C m b ,  south of Nation; the formor contains workable 
gold placers, bat the latter cuntsins little or no gold in ita stmm 

I Two oonaidediofls mnst be borne in mind-fimt, ne mason exkh 
for beEe&g that gold is universally distribtrhd in those mnglwz- - erafa, for here as elsewhere only certain streams .or even mrt& 
parts of wnne partidar dream draining from a &eralid area 
amtain smrlfemm gmvel; second, thsse & hrsve been highly folded 
at many places, particularly in this zone sonth of the Yukon, with 
the result that even if the conglomerate beds had originally carried 
qually diiributd degosita of gold, gold would no h n g r  b eqnally 
-'bated areaIIy. The gold in this mineralized belt from Eagle to 
Circle came originally from minerdzed rocks a6 the border of the 
granitic rock and also, in part, from the granitic rocks t h d v e s  
within the drainage bmim of the stream, and it has continued to 
a&imnhh as stream placers ever since these minwlalized roch were 
axposed t~ surficial erosion. The indurated congIomerafm are but 
one &ge in this process. Oald plmm may therefore exist in any 
of &a stfeams within whose drainage basins occur bodies of min- 
e d h d  rock, but the chances far the formation of g ~ l d  plrtcem may 
be said to be appwciably enhand  in the areas where t h w  conglom- 
erates now occur, fop in mch tuxma b t h  the orighittl mineralhad 
rock l~tld the fklt place- af the mglomaste are avnilable as 
smnc€s of @bold. 

.No etndiee ham @ ban made that am d c h t l y  detailed to 
wurrmt a Btmctud d o n  wmw- this bit of rock The mEos are 
known, howem$ to be everphem folded and at some loditiea 
intanaaly deformed. The structure of the Upper Cretmus and 
l h m e  rda muth of the Yukon is balieved in geneml to lm much 
mom mmptex than that of the b w e r  Cretaumus mch north of the 
Yubn, notwith&anding the fact that the Lower Cmtaesous rocla 
am oldm smd probably were subjecbd to dsformational p m m ~  
Mom the Uppr Cretaceum and Eocsna nsch were laid down. This 
appnmt lmomaly is due in reality to the dwm proximity of the 
-Upper Crstamma mcks to the e a t  of volcrtnism fsrther msouth. The 
same mnditim were obsemd in tha Paleozoic tach, those south 
af the Yukm l&g m*sb mrmr metaunorphof~ed thta xo& of eimilar 
oge, north of the Yukon. This hbrpretatioq of the Btx-nct\lw of the 
Upper Cmkcmus mh invol~w axiomatidly ihe idea that TOT- 



144 o m m ~  or EA- D~TRJCT, atdsgk 
* 

& m h  sa pdnced the greet k i c  bsth01it.h .to the mth 
and Fed to the deformation of the lab Paleozoic and T r i b e  roclar 
wan mmed in T d q  tima Evidence of Tertiary ml& in. 
sonthwwbm M&a has already been prmnted by the wribi;"' 
mid dthmgh no dratigraphic evidence of invasion of C~-&acmus . 
mch by granitic Wes hm b s n  recorded in the Yukon-Tanma 
regioa, the evidence from southwestern Alaalra, based on the t y p  
of metabt ion ,  bss been extrapolated by tha writer *' inio the 
Yukon-Tanms region to prove that Terkiaq htmsiona of @tie 
mngmns occurred in that region, particularly in the Tolwam and I 

Rempwt districts. Henm the idea of a perid of deformation in 
Tertimy as well as in Mmzoic time is not at varianca with p m t .  
interpretation& 

The evidence of the intensa deform8fiop of the Upet Cdacmns 
and Emme mlm is cogent at numerous localitiw, p~rticnlarly dong 
the Seventymile River, where these r e  Iie nearest to tha volcmic 
mcks to the muth. On B~rney Creek, a tributary of the Swmty- 
mile, the conglomemte beds stand nearly verticnl st placas, and. evem 
farther north, in tbe va;Eley of Fourth of July Creek, they am narly 
vertical at one expwure. Mong the south side of the Seventymile 
River belaw the falls, where these rocks strike about N. 6SP W., they dip 
consihntly south at mgles from 80° tu 70' and rn highly indurated, 
They congist here largely of sandstone and congbmerate, with mme 
ligaitio beds, but farther up Crooked Creek from the Sevmtymile the 
bedrock changes by degrees to mft shale and ~andstona This se- 
quance indicatq, if Prindle'a3 interpretation of the mder of depom- 
tion is correct, that theme beds along the Seventgmile River, thougb 
highly deformed, are at least right side up, the conglomerate resting 
normally upon the dratigraphically underlying &ale and sandstone, 5 

me beds of heavy conglomerate, however, am apparently dupli- 
cated folding snd crop out repeatedly in the area between the 
h~entymile and Yukn Rivem. This duplication of bgds by folding 
and parhapa alto by faulting questionably e x p W  the gceet d i s  P 

hmce ~scros;s the &rib of thew rmh from the falls of tha Sevanty- 
mile to the Yukm. It in therefore entirely pomible that no p a t  
t h i c h a  of r o c h  d& in this belt, even though the gmWt dis- 
tance mm the strike is nearly I S  milea, On the other hand, all of 
the aequence'rnay not be present in that portion of the belt where the 
didanm a c m  t h ~  atrib is the least. Prindle estimated the thick- 
ness of the sequence between the Seventymila gad Yukon Rivers at 

. . 
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8,000 fed. This, it Beema &a 1ATit.q is a minimum dmata and 
if rrubject at dl to mmideration &odd ba ineread rakher than 
-. In view of the absence of detsiled work done in this area 
it s~lems hardly worth while to hward any other figare. It I t o d d  be 
noted, however, that this estimate does not include the ma21 area of 
r& in the head of the Charley River to which Prindle assigned a 

Y thickness of 1,000 feet. From PrindIe's figures, therefore, 4,000 feet 
may be given as B minimum thickness for the sequence of mks here 
d d b e d  as Upper Cmtaceous and Emme. 

The pmpr age assignment for this p p  of rocks is a moot qna- 
tion. Martin; who has made a comparative study of the Mesozoic 
6 of AI&, is inclined to favor the ttasignment of a11 these rocks 
to the Upper Cmkcaous. Prindle,P on the other band, depending 
ltpn nnmsrrtnb determinations of plant fossils by F. H. Eowlhn ,  
h l~s  described these rocks, with the exception of the small area at the 
head of the Charley Ri~er ,  as Fmene. Perhsps the answer ta the 
pmbletn is the ~ a m e  as in the Ruby-Kuskokwim region, farther d m  
the Yukon, where the writera collected Upper Cretaceous ( P )  in- 
vsrtebrates and h n e  ( 8 )  plants from the same slab of rock The 
fmil remains m y  not be suficientIy diagnostic for reliable strati- 
grepbic m ~ t i o a  ; but it may also be that the Eocene in this region 
was not sharply sepamkd from the Upper Cretaceous by the begin- 
ning af crustal movements snd accompanying changee in d i t i o m  
of dimentation. Such a gradual transition from tha Mesozoic to 
the Ceaozoic: might easily result in an equivocal intermingling of 
f& 

5 . fn dl, 80 d d w s  of f d  plants have been made from &is 
aequemee of mdq and many more could be gathered, far at certain 
localiti~ the m h  am full of plant remains. Eight of these cullec- 

- tions, which were found along the Yukon, are believed at p m n t  to 
b of Uppar Cretaceous age. The other 12 coIlectiona, which wem 
found at m e  distance math of the Yukon, bave bean assigned b the 
Eocene, but e number of genera md,qecies ere common to both 
pups. Arthur Hollick has recently studied these mllections, and 
the mlts of Plia work when pubLished may throw additional light 
upon this problem Under the circumstances, and w i a l l y  h view 
of the h c t  that the nsmes of rwme of the speck and even the genera 

' m u ,  a. c.. ma -C .tratwpm of -R : U. EL GeoL a m  Bull. 776. pp. 
887-3eo. 1m. + 

Rindle, L. lt., '4, mwt mcm-sr of tb m e  -I, 42uL. : V. i!. Oad. 
I m e g  BnlL WB.'pp. -1. 1818. 
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i3d. B u m  Ball TM, p. 40. 1524. 
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kiwy htter be changed, the wtirber id& sat mo good p- wdl be 
d by p n b W g  s migbd J&i 1% Ag B m a t h  of xwd, 
- h e ,  the I d t i c s  fmm which ltlsasa coLl&icmm mra mu& &e 

w- 0- (r) latsea#oru 

XUkm mm, wwt bnr& % BleEl balm fleYelYt)rnna mter. cdle&m, 
A. J. CollJerm 

L 

m7I. Yakon Blver, we& bang 7 mil& akwb Natiun River. Wledm,-L J. 
Collier. ( Thlr collettlm may .1Me mm Fmn the M a t h  fomatlh) 
3243. Yukon River, west bank about 3 mile-a below 8epentymlle River. 431- Q 

I d r ,  hrthur Eolllclr. 
* 

Kindle Ilh. Pnlton Elver 1% milerr a b e  BevenQdle R i m .  CoUetm, 
I& M, %die. tIc is partls n the tvldence nfCordeS by tkI. abllectloa and 
partly apon the IIthorOgS milt t e lms refirred thu mzb rt thle lwalits 
to the upper m a ,  ra&r td#n tm tbe ~atioion R I W ~  format~on, to which 
BLacWQdep rsngwrted that they be referre&) 

Kindle 2Q. Gal mine, Wasbtngton UPeek, 16 miles h m  Yukon ItlmPBf m- 
lector, B. M. Kinme. 
7- Tuhn Ether, mu& banlr at moath af gulch 1% d l t m  M o w  -- 

mile River. Collectof, 0. 0, mrtla 
7408. Yukon River, m t h  hrik 2 dh b l o w  mouth of &m&ymLb Sffre*. 

muertw, G. u U H n .  
6815, Ynkm Rlver, @nth bank at month of draw 1% bslooP M t p -  

mile Rbver. QolIectm, 0, 0, Martla. 

. lkMm I f )  #- 

E&um' 8. Yukon XL1*er M o w  W o n  0- Oall&tm, 3.1 M. - 
Miar $27. Canl about 12 Ulm M Y-un RfviW. C)otlpctB, L k, 

mwr, 
~ C d l l b  40. Aawdun amek XOD gad- IrelorP crosalmg or m@~kv- fmu. 

Qollectar, a J. Colllet. 
abpm Wolf C* mbutafy oi 8eventpmBe IHTer. c o k *  L M. 

1 

Prlndle. 
B A E ' S ~ .  Btanch wolf Oteck, tHWtStl ei 8dwm-e BhB. -. 

L, KC P-ale. 
, 8 b P W  MPW, 3AP3MI Bqnnt Creek, trlbatarr d mmnmmb Rim. 

Wector, L I& PrUQle, 
P 

3 W .  M m l  OWE, trlbotarg of -le ILI*a. Colwtm, ,L S& 
PHndle. 

8- M%&n f%& 2 mllq a h e  w~Uon with U I I 1 o r  rXeeem.od- 
WF. L M. Prhdk. 

A t w o d  10. Bev8ptprfle Rloer 'BalF a d I e  betow M G r e k  
IOolleFtor, W, TP. A m  

Atwood 11. B m t  Creek 8 d l e e  above r t g  mouth. WBetor. W. W. A M .  

T h  other which belong with thesq ware founa h the 
Fortymile district, math of the a m  cmmd by thie repork ; & h ~  erst 
was debrmined u G r e m  ( 1 )  in w; tbe other b e  im Eocene. 



U~oo~ls~lidated sdhmt~ - In age from Pleist- to 
Recant are present in all the stream valleys of this area, a d  the 
physiographic h i h q  of their deposition constitutes a geomorpho- 
logic problem of great magnitude, which has not get Iwen attacked 
in this awa. 

The Mash Range, tagether with mthern and mu&- 
Alaska, was intensely glaciated during Pleistocene time, and prob- 
ably during early Recent time. ]In fact, some of this territory has 
not yet .really emerged from the glacial epoch, being still covered 
with great ice caps. The Bmks Range, which crwies northern 
Masks, was dm glacisted in Pleistocene time, though not marly rw 
mvemly or exhmively as the Alaska Ranp, and it is now nearly 
free from glaiem. The great stretch of country lying between  the^ 
two ranges, however, ha~l not been glaciated except in mrtain group 
of high rnouxltaim, where lax1 valIey glaciation of the alpine type 
has occnrred. 

While all this glaciation was taking place, both north and south of 
the Yukon Valley, climatic conditions of a peculiar type musk have 
d&d in &e interior of Mash.  The mean annual temperature of 
t h  region, bordered on tbe north, east, and south by ice caps, mnst 
have bean much l m r  than at present, and it L probable also that the 
anrid pmcipitatiori was even less than at pment. =vera like the 
Tamma, which headed in large psrt in tt glaciated handlad 
and wworked great volumas of outwash materid from the glwiem, 
whiah was suibsequently redepwitgd to hild up gretrt alluvial plains 
like that in the present Tanma Valley, north of the Alaska Range. 
B h a m  that hemled in emmtiay nonglficiatad sreras, howems? like 
th- behesn the Yukon and Tanana WVBFS, went through a physio- 
gr~pbke q d e  which is w yet ody imperfectly undemkood. Their 
deeply buried pmglacial stream gravel, where uncovered by mining 
operations7 is seen to be cuvered with great deposits of Mack muck, 
cornpod largely of silt and peaty matefial, with some beds of sand 
and layem of gravel. Them are the sediments whieh were depwited 
during this physiographic cycle, and it was during +e t h e  of their 
depmition that numerous f o r m  of pregladal life, such as the bison 
aand rnsskdon, became extinct in this region, while other more iaditpb 
ubh animals and plants wem rnodSed ta conform with the new 
environment. Where smsll amas we= subjected to local glaciation, 
the emerging alpine gla$em built up s few morainal deposits. Two 
mch morainal deposits in the southwe& corner of the area cavered 
by this report have been shown separately on the accompanying 
gmbgic map* All Ihe'other d1u~id depositst, of both PIeistooene 



and h n t  age, bsve b e e n - p p e d  TW@3€K'er- mi a single &&raphia- 
naif. 
bs the glaeiera.begsn to  retnat,'cl&atia conditions began to ah&@ , 

and to approach more nsarly those ,of the present time. Sherun 
m i o n  and mdimentation of the n o d  type were renewed; and thq 
formation of alluvial deposih of silt, sand, and gravel which began - 
then has continued to the present time.. Evidence exists at numerous 
localities that thfs em was ushered in by la lowering of the bam-level 
of the master dream of this region, which produced many changes * 

v ia the disposition of preexisting drainage chwels .  Mmy interest- 
ing probIems, Irrdudlnp stream superposition, reversals of ststream 

r flow, "inlaidn p v e l  deposited on preexisting deposits of muck, 
f e d g ,  and a mdtitude of kind& phenomena, are here' repre- 
sented and shodd sometime 4~ bastucEid in their phHographic and 
geomorpho1ogic aspects 

Five mappnble unite- of igneous & nre shown on Plste l9. 
Them, are undifferentiated Pdeoeoic greemstone ; Middle D e v b n  
greauhne interbedded with sedimentey m h  lower Mdissippina 
greenstone interbedded with dimentary rocks (Circle ~deanim)~; 
Mmzoic and Tertiary granite, diorite, and relatad rocks; and 
Tertiary lava flows, mainly rhyolite, but including eoma dwita. 

The pre-Cambrian igneous m k s  m i s t e d  with tha Binh b k  
schist rre dehlcribed in connection with that formation on p q p ~  1616 
and am not seprtrshd from the Birch Creek on the map. 

The Middle Devonian and Mississippian vdcsnic formati-, al- 
though mentially bssaltic, b e  bean describad on pegeg 77 and 86 in 
connection with the sedimentary roch, with which they logidly 3 

belong bemuse of their bedded character. So far as the other ipaoas 
rock are concerned, no additional work was done by the writer dur- 
ing the season of 1925. The petrology of these eruptive rmh was r' 

d e s c r i k l  in considerable detail by the wrihr4 in 1911. Several 
h m d d  thin d o n s  were studied and d&M at that time, and 
all that seems n m a r y  for the present report is a brief summary 
of that, work. 

The principal mapped ns undidtmntiated are .the 
Monnt $omnmn massib, at the head of the Seventymils R i m ,  m e  



w&xml wmm fa&w &, and the grem&ne that form the bluff 
rt w e  and extends northw-d up the north side of American 
42k.k Certain 4 amas dong the international boundary, 
mapped by Cairnes, am also included in this grouping. 

Y The greanetone at Mount S e m n  is an ultrabadc rack of pe- 
d o t i t i c  c h a r m ,  which weathers reddish brown. In relatively - - n n w e a t h d  sptdmene it is seen to be msentinlly a dmih consisting 
entirely of olipine, much of which h altered in part oor wholly to ser- 
p t i n a .  This mass of serpentine is undoubtedly intrusive. Similar 
arpentiae is exposed on American Crmk, forming the bedrock from 
the farla domtream far a d e  or two, This serpentine evidently 
forms a namw belt trending northeast, but it ia included in the 
undifferentiated Paleozoic r o b  because its extent in the direction 
of maximum dongation has not been determined. Other small areas 
of ~rpentine as welI as greemtone of original basaltic charecter occur 
ah a number of localities along the Seventymile between the Mount 
Sorewon m a d  and Mission Creek The greensbrie that forms the 
b l d  Muff at Eagle and conthuw northwestward up the north side 
bf Mission Creek is essentially a basaltic greenstone, with which m 
interhdded flow b m i r  and tnE, a h  of greenstone habit, aa well m . 

more or leas qua*& and crystdins h m h n e .  'I"ais body of green- 
stone is h l y  of effusive origin, though it may alm can& pome 
intrusiva m k  

M 

Gmmtones ~ r o  h o r n  at many horizons in the ~ a k m i c  md pm- 
F Psleomic sequenm of Alaska, gnd most of thesa 10cb -b1e one 
4, anether greatly. ThaoreticsIIy, the p-t gronpbg of undiflma- 

tiatad greenstone includes all the Paleozoic basic and ultrabssic 
9 rocks of gmomtan~ habit The sqentine, however, which forms 

a large part of these mh, is h o r n  to intrade the Silurian and 
Middle Devonian roclzs of this region but has n d  b n  seen any- 

' where in & of later aga d m  not definitely Bstablieh its 
uge, for it msy have beebeen intrnded st depths below the surface too 
p a t  b seach the later Paleozoic rocks. But a tdratigraphic dis- I 

rwnthuity. and perhaps angular mconformity of considerable magni- 
tude is Mend to gepwate the Middle Devonian pocks of this area 
fmm the o v e r l e g  Carboniferous seqnence, and with the idea in 
mind that such rock deformation is usually accompaqied by vol- 
canism, it seems possible that these ultrabasic roch are Upper De- 
vonian. The gfeenstone st Eagle may a h  be of De~onisn age, but 
if so, it is more likely to be correlative with the Woodchopper vol- 
&a a d  thedore to be late Middle Devonian. No data are avail- 



able ibr detsrmining the ajp af fhe -dry mall a m s  of 
m p p d  and unmapped, in this &a Where lsrga mas of erb& 
m b  mar, rue updream from Circle, the litholog$ of the interbddd. 
rocks may afford presumptive emidence for correlating the formation 
with e l a r  mAm in near-by are=. But the age of the gmaller area 
of penstone can not be assigned more cloely than Palmzoi& 

G d t i c  mb mupy a m e  in the muthem p& of tbie ares 
75 d e s  long nnd fmm 10 to 50 miles wide; and smaller outlying 
maww of M a r  rocks occur both to the north and muth of fhia 
great massif. M y  one nev area, about 15 miles muthenst of EagIe, 
in Yukon Territory, wag mognized and mapped in 1926, all the 
other awtographie work on these m2rs having baea done in pmvioue 
masod. 

The vdetita af acidic jntmmiw m b  pmvidy idenMed by hhe 
writer eonsiat of mwcuvite @%nibte, J d f e ,  mwmita-bbtite gran; 
ite, amphibole grsnite, hrmslhe  @b, epidde mte, md r 
lit&!% quartz momsobite. Among tba mbsilicic t y p  sre g r a d o r j t e ,  
qua* diorite, and diorite. T h e  bs& mEcs include g a b h ,  peridoc 
ti&, and pymmnite. The granitic and dioritic roclts, h e v e r ,  am 
the typical rocks of this p u p .  Locally, primary granite p i s s  is 

+ developed along the contact of them intrusivas with the country 
rocks, but such p i s s  h not to be eonfwd with the older pei- 
which are of em19 Paleomic or pre-Paleozoic aga Dikes of r h p  7 
lib, wits, andeaite, basalt, and diabase are m d y  found nmr 
the intrusive roclcs, but a part of these sre of Tertiar~r rsther than 
Mesoeoie age. 

7 
Mm 

The'gnmitic d of this area hem d w a p  been m & d d . Q  be 
of Mtkzaia a d  probably of late J U ~ S X ~ E  Bge, and this geaeralies- 
tim is doubtlea true for the g.re9ter part of mch &. Of Lsts 
years, hovever, evidenee has been amurndating that wma of the 
@tic and particularjy the momnitic rock of interior Alaska am 
of Tertiary e. Such Tertiary intnzsive rocks am highly developd 
in soukhwmtorn Alaska md haye h n  mwgnhd up the Yukon as 
far as the Rampart, Hot Springs, and Tolowna mining fistrick 
Whew'dmtippbic evidmw of the p m c e  of suah Tertiary grm- 
itic r&h is lsckhg, the presence of 'cinpabar in &e concentraM 
hk& f ith the gold from khs plamrs has been interpreted by the . I 



wrifsrm as dm& infallibla evidmm of Tert;ky It .is i sedom 
of intam& to recod the fact that cinnabar has been found in an- 
midsrabla qamtity in the placer wneentmtee on Canyon and Mogal 
d h h ,  tribut.riw of the Seventymile River from the muth, 'Shis 
fact strongly the recurrence of v o ~ ~  in Tertiary time 
nnd leads to tbe belief that &tie rock  of Tertiary age are p m t  
in this area, f i o q h  of course such & may not yet b v e  been un- 
coverad by emeion and themfore may be M o w  the mrface. 

A n m k  d flaws believed to b of Tertiary aga bvs bean mapped 
- lxi ths upper tralley of the Charley River. They d s t  mainly of 

rhycilite and dacite porphyriw, which a p p r  to cover tZle top of a 
number of hills. These Irrvss m c l d y  flows, buf the or%- froln 
which they imed ham not been wcogmd. 

The pre-Cambrian and P k o i c  geology of this region k m yet 
amly imperfectly nndemtaod, but enough information .is available 
to sWch at I& the main geologic cycles of sedimentation, erosion, 
mountaim building, and volcanism. As no one areg in the Yukon and 
oontiguous territory appem to furnish a complete historical quence,  
the writer has been, obliged in the following outline to  d r ~ w  upon 
gedogic data and experienoa acquired in other areas. 

The oldest mcb known in the Yukon Valley are the quartzite and 
mica =hid of the Birch Creek schist, which are of dim~llbry 
origin. Such mka constitub, then, the earliest evidence of d- 
mentation in A l d a ,  and their character indicah thst the ordinary 
pr- of erosion and sedimentation functioned then in gnilte the 
same manner &B st p m n t .  Bg no f-1s of any kind have been 
found ia this pre-Combdm sequence, it can not be dntd with mur- 
anca that thm arenamous and argil.laoeous m b  were of marine 
or -rial origin, but such trams of original texture s~ may be 
seen in some of the qnartaitic rocks indicate that they originated as 
we1lgort.d E h m l  d i m e n t s  strch as characterize the present eastern 
C o d  Plain of the Unitad Stetas. h t e r  in premCambrim time 
the twdimmts appear to have become more dominantly argiUsceous 
and even to a d e p e  calcareuus, the m l t i n g  deposits being n m  
m p m b d  by paphitic, sericitic, and chlorite whists and also by 
crlclrmom schist and crgstallins linestme. 

The pmCambrian alm had ib periods of vo1c&nism, aa indicated 
by granitic md dioritic intrusive rocks of p e i a d d  chmwtar .and 

.Mame, J .  8, p.. The oeFamce m f  -ne d e t s  In the Y- .nd g m b  
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by vatiomm~rphOBBd bwiiaanddhabadc rmkq such as sm- 
olih,:hornblende echist, and dated xi&, which doubtlema rep* 
mnk.both surflcid and deep-seated basic voleanim. A definib p m  
pnetio wignment of the igneous of the pre-Cambrian can, 
of cogme, not be made, but the gneism have invaded the ampbib- 
olikie d, and the evidmca at pmsent. availabls mgge%ts that tlm 

C 

scidia intrumves originated at a somewhat lahr dste than the besic 
eruptives, It should be remembered, however, that aomb of the 
ignwas racb at present mapped with the pre-Cambrian Birch Creek 

dz schist are pmibly of Pnteazoic q e .  n 

The earliest m r d  of a pronomad discontinuity in BedimBn&tim 
is seen at the top of the Birch Creek schist, in the Fajrbanlrs quad- - 
m g h  The field gvidemca is not that afforded by a visible, a w n -  
formify but consists of three lines of circumshtid evidence that 
am twlievd adequate to pmve the pint; them am a sudden and 
pronouncd change in the character of dimgatstion, s slight but 
apparently real difference in the mume of trend Llnm in the pre- 
Cambrian m d  overlying formations, and a marked difference in the 
degree of metamorphism. It is believed by the writer that at or 
about the end of the prid of aedimentatioa 1.gpmmted by the 
Birch C d i  schist the nsud diastrophic sequence of elevation, &ream 
rejuvenation, and acoemtuated erosion produd a great &continuity 
in deposition, which was followed by rmewed marine mdimentation. 
The ulconformity that m a r k  this break in deposition represents 
the lower stmtipphic Limit of Maski geologic howledge. Whet , 
bltppened geologimlly before this diwmphic epoch is largaly a 
matter of surmise and i likely to remain so for many ymts to come. 
The gsologic record of succeeding events beamas pmgressi~elg more 
intelligible, and additional work in APmka should continue to con- 3 
tribute kvidenm. 

It seems worth while b sug@ the pmibility at leeat that the 
p i s s o i d  granitic md dioritic rocks of precambrim agg may have 

Y 

orighmted contemporaneonsly with and have been one of the mani- 
festations of the diastrophic events that p d u d  this e d y  mm- 
formity. No @ t h e  evidence can t>e cited, but t h  gneiwid rocka 
invade some of the pre-Cambrian sedimentary mckg e9 well aa some 
of the mphiblitic rucks, so that  the evidence as far u it goes does 
not n e b  this as 8 possible hypothesis. 

Thcr sequence of evenh fonowing the deposition 'of the B i d  Cmdi 
schist ia aa get somewhat mcehin.  T h e  Middle Cambrien mb 
dong the bsunbq lie uncanfomebly a h *  the Tindir gronp; and 
the h y p t h d  has been farmdated that the Tindir @up may pos- 
sibly IM mm1mtkd .dth the lower part of the .Tstalma &p, which 
omlies.the Bimh.Crmk ahid in the Faihnka district. Them 



m&tiana mgg& the e b l e  pmsenca of a gronp of rocks of 
&bar h w e r  C~mbrian .or Mgonkim sge, or both, lying 
X31s .BFch Cmk whist and the low& known P a l e ~ ~ i c  rocks. If 
this inbrpretatim ia scmpked as a working hypothaia, the am- 
ddon follows t h d  bath Archean and Algonkifm rocb may be prH- 
ent in AIaalra ; thst the unconformity at the top of the Birch C m k  
schiet in the Fairbanh quadrangle represents a stmtigmphic hiatus 
and. period ,of deformation thst separates the Archean from the 
Algonhinn; an;d that another and similar nnmnformity e x k h  be- 
tween the Algonhian wks md the earliest Paleozoic rocks. 

The hhtory of events that oecnrrsd during ths formstion of the 
roab of the Tindir group is o b ,  but these rocks, which in their 
type locality are Little metamorphosed, indicate procaases of sedi- 
mentation erimiEsr to those of later geologic periods. One digtin- 
pishing cheracteristie is the occumnoe at certain horimns of 
hematitic beds, aa mentioned by Cairnes and as d d h d  also by 
th8 w r i b  in. connection with the red beds on the; Tatonddr River. 
The origin of these red beds has not been ddmnined, but they 
ovidmtly mpressnt B specialized type of sedimentation, difiemnt 
from the ordiaary pmsses  of erosion and deposition, that charac- 
t a d  m e  ar more epochs during the Lower Cambrian or Algon- 
Ean. V d d c  action is also recorded in the dikes, sills, and irregular 
intrnsim massss of gmemhns that appear to constitute an integral 
part of the Tindir p u p .  

A c M ) ~ & ~  to Cairnes, the Middle ( 1) Cambrian lhmtme of Jon= 
Ri* liea meonfomsbly ahve  the Thdir p a p .  IIence it ehould 
follow that a period of regional deformation m m d  a h r  the r o b  
of the Tindir group were formed, which was followed by rm era of 
mgionrtl depression below sea level, when the Cambrian sequace 
of rmh begm to be laid down. The writer's hgpothesiq however, 
is thak the early Cambrian ma, though possibly widespread st other 
I d t i m  to the mutheast in the Roc@ Mountain pmvinm of Can- 
dg, wm restricted in Alaska to & sht ivdy narrow embapent 
more or .lass coincident with the present Ogilvie Mountsins but 
peibly -ding some distanca northward and westward. This 
localization of m a h e  sedimentation would account for the apparent 
s k n c e  of early Cambrian rocks elsewhere in interim Alaska. 
No evjdeeca hes yet been found in M ~ k a  or in Yukon Territory 

that d c e s  ta prooe or even to suggest strongly m y  marked inter- 
r n p h  of sedimenbtion in Cambrian or Ordovician time. Emks 
of Middle and Upper Cambrian age and of h w e r  &dovician 
am known d o q  the international boundary just north of the Yukon, 
apparently ,in dormable  sequence; and in other pa- of interior 
A ~ & B  roclar of Middle Ordovician (Mohawilrjsn) and Upper Ordo- 



triurrs (Echoed)  a g  are dm f d .  EXenoe it would m-h* 
the Cambrian md Ordoviaim m~ *read gradually o m  
mching their d u r n  &at in tha Upper OFdopician e p h ,  for 
m h  rcuh ham k n  fomd wdl  dawn into sonthwd8rn A l e  and 
in h a r d  Pmimde. Minor unconformitiee undonbtedly exist, m, 
for emnpE~, the disamiinuity represeulted in the Whib Mountains 
north of Fairbarb, where middle Silurian roch msh with a p p ~ m t  
diecordance upon Middle Ordovici~n r&; kt no great strati- 
p p h i c  hiatm, eaaompanied by regional defomt;ion, bse yet b in  
identifled in the Cambrian and Ordovician mnqmm Apprruntly 3 
volcaaic Bctivitg was slight in the Cambrian end early Ordovician: 
but becama p r o v i v e l y  greater in late Ordopicim time, as indi- 
c a t d  by the late a d d l e  Ordovician basic volcanic rocks of the White 
Mountains md the Upper Ordovician greenstonea in the Sowiha 
Valler of % ~ ) u t h ~ r n  blasks. 
No rocb of lower Silurian qp am h o r n  in inb~or sleslts, and 

thia fact mighk be used as presumptive evidence that batwwn the 
Ordovician a d  Silurian rocks a stratigraphic hhtas, +bly an 
mguk unconformity, exists. The contact relations between the Or- 
dovieion and Silurian rocb,  however, have not & &died, and the 
writar is not in a position either to dm ox to deny thk hypth& 
If such azl uaconfomity can be shown, it should prove c convenient 
horizm in t h  stratigraphic column with which to correhh the Totab 
lanika schist, a formation af mefamorphd rhyotip, flow13 and 
interbdded ndhents of Siurim or Devonian age fomd betwwrz 
the Tanma River md the A l a b  Ra6nge. Middle tlnd u p p r  Bilurian 
~OCICB, howwer, sre well developed dmg the international boundsry 
d 88 numerous other localities in hterior, northern, and muth- 
w&m Alaska; md thm r&, which include a large proportion 
of h & m ,  indi- stronglyi9nothw long periad of mdiBturbFrd 3 
marine &podtian oompsmbla with th0 Cambrian-Ordovician depo- 
sition, Them m s h e  beds a p r  ta have been affectd to minor 
degree by volcani9m. 4 
Lo+ Devoni~n soclre, dm, am rmSnom in Mmh, but the 

meaning of their h c e  is better undmsbd than that d the abmm 
oZ lower Kdarian mh. The hypothesis has been prop& ma evi- 
denm therefor gimn by the writer that a p a t  &u&ral mom- 
f d Q  exists betmemi the Silurian and Dennlan m b  of northan! 
and intsrior Ahda Perhaps the direct evidenm ao far adduced for 
this hypothesis is better in northern Al& than in the interior, 
but it is believed by the writer to hold for all of A l h  Ekpa14y 
pod is the evidence presented by the writer' to s b w  that the 
-- - 
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from the Sihrian rn and .the regional ~dehmwtiop af 
tlmdMuriPn 4 oldm K&S were ~~ in somarim, though .* .- - *' mat dong the htenwtioaal boundary, by the intrusion of 

m x h  The anoonformity resnlting-from t h e s s ? ~  is 
m@dd rs one of the critical tie points in the geolog~r of interior - 

.-. &-OIL hgan sgain early h kha*Middh Devonian 
? v h  and mntinud without major iaterruptioq hmgh pssibly 

with minor ones, to tha end of Devonian time, resulting in the foma- 

v ' 
tion of the bads.described as a pnrh of the Wodehsppr d c a n k  
The extrapian of. besia lava bepa sometht~  in the ar ly  Devonian, 

. kt ifB fimt W h l y  mogaized pmdnats ooenr in the late Middle 
_ .I M a n ,  as examplihd. by the Wdohopper volmnirrs. A part 

*t.M of the. W d c h p @ r  flows were of submarine origin. .Snr- 
" . . hi J outpourhg 6f basic lavas mma to have continned intermithntly 

in*-the Uppr Dwonirtn epoch, and it i~ believed by the writer that 
. :, & - u l k r  mkd of deep-=&a origin .in i-or Ahkm may 

aAm ,hL#& oaigrpatrd at the same time, But of this belief there ia  no 
:. .' ' dmIub~pl40f. TZldMiddle Devonian rocks st thebend ef tba North 

Pork Qb &&I-Crcuk wererdep65ibd either contempmualy wit& 
', . ' or m m m f h d  Wm.thm t h  Woodchopper volcmim. - , .  

.* . . 
" - . L ~  rdatiowding ktweea the repremntativea d & e ' ~ o n i t m  

snd,Carbomifm systams is not entirely clerrr. Ammidamble m- 
queaoe of marine X d d l a  Devonian rock is. Imam along the inter- 

' 

d n d  hundory and in interior Algeka, but Upper Devonian & 
ham mot. ,hem iMif i ed  s m p t  ,in noftharn aPd mthtimykam 

_ I .  . . , .:& ' A l q  tb : Y h  *ad lths jntehstisnal h1111dq~ there- 
; . 4%- the Upper Demnian, in the light of pmseat hawledge, appears 
& - iq  be&qmsentbsl by tt depoeiti-1 &continuity, thwgh nat n e w  

: ' .  *arily by a &rueturd &conformity. 
I 

r*. . . . T k  wli& hmmwente  in the Carbonifemui nm +he s-vasts- 
W d Bhe.Bampad +group and Cimle mloanica;md tha dapodtion, 

? mmar lem ~ p o r a n ~ 0 ~ 8 1 y  with tbesa lava Aom, df the lower 
, U M p p i a n  cM a d  shala. The chert, formation i Wevd ta ba 

.I . of d n e  bri& bw.t, numerous mattars relating to its origin ~e well 
. " ' wjjk ctmect ~ g s ~ p h i c  placement am ss yet unmttled, &me of 
' 

'. t i l ~  Ilsvas of the Itsmpbrt p u p  are probably of aubsguaws origin, 
. r n , m a e  af thm rodrs are clearly of intrusive origin. The complete 

,.&# . -r.: . - ; m r y  of d y .  Carboniferous volcsnim on .the Yukon a n  not 
:-*Zlb w r i h  . . 

. . + .% depbaidoll of 4he ehm wan followd, aithont, stny strati- 
' 

f; :,graphic hi* or ddormgfiond morements,~ byi rthe~ dapoaitim of & 

4 nmkf upper Wmippi l la  fomtion,  krimm the Yakon las.khe 
Gh@i BInff hrmation and in,mrthern Alarmhls the Lisburne 1- \; m-11 
%.F 1; , - ' ,' bt - 
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..atma&:%- . I _ .  . ~ . ~ ~  ,*- impmnt. 
m h h  ~~MQP. d+'-.&~t%k$i~ &A a, dam-  

tion d the Cdim B l d  fmwdio~., .merhe adimmtatioa?- 
but &an& gradually slmg the Yukon and the inkmatiand 
b(md8ry .to= tarrigenou tyee of sedimenta.tion, cul- &Idly 
in the; deposition of a great thiclmess of f re&-water sediments hown 
as &e-Nation aim formatian. Them deposits were then s u h r g d  
below khe sem, and upon them wes laid down the m e 0  Permim 
limcdmne,. . a , ,  

Althaugh s e ~ d  mmb'fmaiiane md one t m d x i d  -%ion 
were h i d  dam dnring Cmbanif worn &el no major shacenral. m- 
OOnfmnity in .the d immtaq  mqueme is d e d  during this d 

Thia l& of angular mcododtiea is m g d d  as me af 
fhe~typical fmtures of the lah Paleuzoic histury. The tmnsitimd - 
beds b h w n  the tmmdrial Nation River formation and theapere 
ing m i n e  T n h d i t  (Fedan 1 1imeQtsne may be ~ e e n  on:the Yukon 
a p p o i 6  the month of tbe N&ian River, with no e d s m m  at rLI tro , 

mugm..llsy hitmaption in dimentktion or in- defonm~ 
tiwal movemsntd ;: and, dthough a disconltinuiQ in d m e a t a t i m  
hm bepi at the base of the Nation Rifer..fomstbn, na 
angular dicordanee in the beds was ohwed,  It can mat, of couree, 
be mabtaind MI the h i s  of such. negative evidam &ah Cedimaata- 
tim aktinud in'khia region withotrt intemptign doring the mtim 
Cuthardemus period. h d d ,  the traaaition from marine ta term- 
friaa akd backagain ta marine oondiltiona mnst certdnly ham bmm 
ecmmpafi by mmwnmta ofethe &sad line of cansiderrb1e magni- 
t t k  Uncododties without angulm dismtdanoe may themfd 
d i w  this mdhmtary seqnemcle, but they n m  not very evident? 
and. & presmm of an sqpltir u n e o n h i t y  of any eomibrable 
mqpitiude s e e m  much less pmbabla . 

After the d8pmition of the Tahkdit h & m a  ~ l t  of. A W b  
a p p a d y  # abave sea level, md *s no Lmer or Middle! 
T r i a d  & hew yet been found myrphe~8 in Ahdm it i s  belimed 
$hat ahnd m& existed in much or all sf Mssh mtil the &r again 
in- in Dpper Triassjc the .  Qne of the vsgs~es dd this 
mgio&,ehdbn and ths following mib&$ri& is that. tha Upper 
Trh& ruck of.the Yulron sre fine-gr~aine8 mdlmenta, Ads and 
li-, which s p p r  h lie conformably >upon the TahhnUit 
(Permian) l l 'mdae. Fdifiarou bde d ~ 1 g  h i a n  and 
Upper Tr&c age lie practically in crmtact with one amsther with- 
out dkrgence ( in attitude. Therefam a miy aonafdemble d i n -  
tinuiwh sedi6Hmtrtim d a  in e &&, bat it is hard fa c m -  
ceiye & the cobdithns of mdimenbtiat that might have prodad 
such m. result, Wdently the e 1 e o d - b  and s n k q a a m ~ d e p r e s k  

. . I  
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of t b h d  rspmmnced by the h e r  and Middle R i d c  tima inter- 
him b n  of the pllahu-forming type, the land moving 

q a r r d  and downward, with sn abaenae or minimum of ofting or 
ikhmatianl in fie earth's crust. Pos9ib1y an oscillatory move& 
d tha at& b due to variation in the ocean level might better fit 
%a facts. At any rate, a stratigraphic discontinuity exids at thin 
h & n  not only dong the Yukon but at other localitiw in Ma&&, 

' 

and k&ia dlscwtiaaity appears to cha~acteriee the transition fPom the 
Paieaaoie fo the Mosoaaic. In same par& ~f Alaska, particularly in 
% ~ f l k  BftBkst great dmmtionsl  of bmltic Iava amampanid 
&he B&M uplift land ~ubsequent depression. . Thee eruptions at- 
#aimmi kheir:gm&& d~~elopment in the intemal between the Per- 
'miamhand the Upper Triassic. AIoqg the Yukon, however, no lev= 
d Pennql~anim, himian, or Triassic have yst been mqghd. 

A$ the md of the Trhssic period this region waa again extensively 
-upkfhd above gea level, and it appears to have remained EO during 

. . af J-0 ti- Some time during the Jurassic aleo occurred 
. . the @nt batholithic intrudons of granitic and relatad rocks, of 

whi&-tb bstbMh in the basin of the Charleg River is a most strik- 
5ag mmmi,Ie. The Lower Cretaceous conglomerates sbm little or 

.'ho m c  mhrial derived from such intrusive socks, 8o &st it i 
tWy tbrt fhe mtrdves were injected late rather than esrly in the 
9 d e  and h d  not been uncovered to any large extent by d o n  
st' &he time of the .formation of the Lower Cretaeeo~ls r o c k  Con- 

axmi&* with these Jm&c granitic injections cam the -liest 
? wad of minerahtion of which them is anfr dsfiaite reeord in 

ktariw klaa8;a; and during tbis period were formed rmng of the 
$ p W p & z  veins of interior Ahdm from whi& the pamt placem 
w m e . ~ e t l E l ~  d & v d  
-9, By sabseqnent h b g  of the h d  marine sedbenwtim*rrs.gain 
b g m  +in Loatar Crehcems time, resnlting in the formation of h 
-q dtttq'md conglamernte that now c o d t u t e  the K a n a  
f o r m a t h  After this epwh of marine sdhmntation the land wire 

zrph el&k$ md a p t  series of hh-wster depmite, which 
&Ma tha mmmblsge of rmks here p u p d  as Upper Crehceous 
rrad -138, laid do- It RS likely thst this m i d - C m u s  
mgimsl deem was accompanied by deformationaI meoements that 

. folded the Lower Grehceous mks prior to the deposition of the 
: Upperi-C-nk:rocb, thus mlting in an unconformi9 Wan 

the&-* gro~jbo of mcb. The structural relatiam in the Rampad 
dEst)ilct. kdkde'rtbat mch sn nneonforrnity .exists, bat along the 

. *per Yukon the two groups of rocks are not in eontact, m that the 
,: Iyphbeais &-nut bs absolutely pmed. N e w r t h h  the uncon- 

bollin* m mm@ecla+s the pmbable condition. .. . 
43 . 



%& ' m m Y  OF Edam- m m m O T 3  ALABgdr- . . 

- ;- b wihted in &a dhmimt !&'%he Upper -:M 
3Wd.qtremwd m d q  them app&mto,hais bean IwWB~~~IW$W 
'61- bdtbmic hidus d the end td the M m i a  q so &tt, as r r s e d l a ~ .  
hi bs amrtsjnd at ptgsent the Cmt- depx&an h; 
hum iaerged' gradnab into the Eocene thmugh a h d k l  epmh 
A& E m n a  time, however, the @on was again upliftmi, and 

tt Basnot been mbsequently depflessed below ssa l e d ,  . Ebnc8-;no 
Tdhmy maria6 &rats are p m t  in interior dlaaka Along wbh 

' 

.4b +oar1 uplift in p & k n e  time cam further amdambf 
w i t h  rack of &e same general &&r as thm iajslctsd h:fh 
J a d * .  T k  intrusivea, bmevgt, +par hem oandd&d. 
huf)lgm.klu~ t& .&amrfsce and a t  ~ ~ w l i t b s e e d t e d  fhe.-+ 
Z o r a i n g  rhplitia a d  dacitic law 0owqaf whichthww ad the. hssad 
.thb Q k l ~ y  R h  am sxramplw. mw. w - e  grahitio.&m- 
giwa &no gaveBri%r to tha mcond h o r n  ,period of m i n d i ~ t i o h  in 
intdm Math, w i n g  tihe later p l d  quartz 'Pain% and chmakr 
'de@b and at  1ocsEities moping and enriching &a rk- . 
rein a3&em&. ,. 
ar 9lhe.pcut~Rmm history of ~MaaItlr ia Taaorded h:- 

&oi&e p&vel,:in the dmmts depbsitd duhg  the'^^^^ 
t m t # n d  i n ' h  k t  s t m m  alluvium. Tbe i a ~ t i m  d 

. this m r d  im t k r m  of elemationa md d s p d g n s  of.>& b m m M  
d u n  b h-qgdy n phgsiqpphic pmbIem tha blatieh of- &i& 

hts,ildf b n  begun, One fact ip partblhr shbddibc:*b 
~ ~ f p ~ m e l y ~ & ~ ~ t  interim -a, ampt in m e  hkfdl'm 
rdoog&e Y ~ T * n a n a  divide, wrur not glachkd d u r i q  &er F%e. 
-woch. Yd it waa bodered on the north, and d by 
wt eciers, and these, together with the elimstic dititioms~rshiab 
prod& them, mnst have had a potent Mp1mee th%hnsbmt 
ab " U -m intsrior Alaalra Gmat h&m~ of Mack why 
wi#,'mm M ' d + y  b n m  tha pm,leistoceae alluvial mat&& . 
&kddkh dew-  i d y  luiuarn as m L ,  t h d m  U t m i a  rte 
-h+t problem in dimmtaticrn a d  are na dl mmrd t b  
&i& WEAII wnmm of' d& bearing mn P16isbmne mdit iona.  me 
%m m a w  af, tbaere shom~fhat r ~ ~ . m d  
--t ef datdm by stream action wm nat the t&tid 
"m R&&lp.the meen tampratme was lan andjprkipika.bim . 
&-h, d t k t g  in unusual conditions d! erosiw. 

UWugh the Pl-B ia mferred to ma B &.acid ptrb,.jb-~ 
Wievrdt h t  idwglacirrl stages formed a paddb.of W qtdhr9n. 
.Aladq scs izl. tb-&tes, but the glacial jpl0gg.- of k i W r  tUdn 
-hea as y t  h v e d  bnt little a t t e n t h  For mdh skuw a# well ,M 
for-.pos+P1ei&mm glacial study, d W a d  tom phi^ (llurpg wig 

<. h-red, and little detded tbpogrsphic mapping lras yet lxmn . 
done in Alaska. 

? ? " . *  

I 

\ 
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"*%  pa^ murce of exprtsb~e m i n d  w d t h  in this mgia , 
in ,gd& The hgle-Circle district and mom partialar1y the Forty- 
d e  and C i d e  mining precincts, wbich lie to t h  muth and w& 
of tihe ,here described, ham long b n  known as muncae of 
placer prd. ~eposits were discovered at Ihmklin W h ,  in the 
For tme  district, in the faU of 1887; at Birch Crwk, in the Circle 
diskid ,  in the rmmmer of 1893; and at American Creek, m t h  of 
Eagle, ahortly &r the discovery on Birch Creek. AU, these old 
p 3 w  di&gma-re still prducing gold. 
No &her Jnistrd de.posit.e are h o w n  in thb region which give 

ptm.k pf m b l e  cornmarcid developmmt in tbe near Mure. 
-8 low-grade eoal depwita exist;, and attempts have been made to 
utiliOr6 t h m  M l y  far fuel, but without B U ~ ~ S  Oil BhJe a h  is 
known. at mveml Imfities, but this also d m  not seem pasiblo of 
qloi8atiob at tha present t h e .  

.I r 

I .. .r . - CKIW) PLA- 

, : ,.r " mEmmmlOH 
q'. ' . .  
. i ~,-p&tg map &ma t b t  the -h b e d r  men- 
tioned w h m  -4 hBB been mind for ite content of gpFd lie mth-  
m& ef $he Yukm Eve6 alm tha the grsdta intmsip~ bodisls aceur 
on the. bama rids of the Ynkn. The country mrtheaet of the Yukm 
brs POf yet, to be am, been much explored# plogiceUp, but the 
gtad from t h  st ma^^ dr-g that region doee no+ indicnb the 
m c e  them of a4y- exhuivn granitic intrugive~ c Im to the river, 

a T 4 e  maUm of metmnorphism seen in the r o ~ h  nodhe& of 
I &a Yukon dm tends-to c o w  this idea. I t  i~ believed &at dl &a 
t 
a' # m r  el& in t h i ~  mghn came origitmlly &om them @tic massas, 

altihwgh-the p& mum may be gdd quartz veins, mimdizd - 
1 &t#r mne+ or sn~isnt placer deposih. This distribdon of gold 

pkma is Wfm only whst mighk be axpeoted from whst is now 
ltaown of $h regional gaologg. This skhment ia not intended as 
a gmmd proeafiption of all the region nodbeast of the Yukm as 

e b l e  mt of gold mineralization and gold pbcem, for pructid 
' ccUp d of the %riaqyle between tha Y b  and Porcupine Rivers and 
tba inbamatiad M a r y  is as yet unmapped geologically, and it 
may contain @mit ic  ththat hove m i n d  the surroundmg 
m c h ~ .  ..But dwg the northee side of the Yukon in the zone btvr8ea 

. , Esgb m d  Circle the known geology do& not encoumge the hope 
: : for hdmg oommeroisl gold daposik *. '-: - The bw+mm& p~dwtive gold placer csmps in $his *on are tha 
-+, . & w b  pfgciact, Ipfag sonth of Eagle, find the Circle p e  - 



amad of Cide, Both th-amqm lie Irrif&mt ih sretr Mud& 
in thiaceport aad. therefore will not be d d b a d .  The Eagle-Cide 
. d ; s t r i & ~ t f i 8 ~ i s u s e d i i t h i ~ r e ~ * i n c l u d e s r n s i O l ~  tka &I& 

mntipue to the T&m beL'w- the mttlemmts of Eagle tnd art+ 
. With& this a m  gold plmr mines are baing worked on M a n  
Creak, an the SevenQmile River m d  ih tributarim, on Fonfth of July 
Crea$ and on W d c h p p e r  and Cud Creeks. -. 

L # 

A .  B O O B a m ! i O F ~  

In a p ~ o m  pabliation the writer a has oatlined the whgb 
-oe of m k m l  dqmits, incIudirtg the gold lodes, 4n laterim 
Mmka and has drawn therefrom such Mrnclusions as may be 
Por p-rn nnd miaem in marching for lodes and p l m  in th5  
ngim. me fandamenteI th& advanced is that the gold or& have 
originatEd as a phrree of p i t i c  intmim ; and &at &mfo.g when3 
bodies of @tic a r e  found the ooriditiuns in gsneral are ~STM- 

able for the oomtrrence of gold. It d w  not, of m m ,  follow thatt 
al l  g ~ d t i c  intrnsives have functioned as minmking agencies; but - 
on the other hand it is of d & W  d u e  to know h t  where snch 
r& e the quartz veins which resulted from their y c e  a m  
dmmt chanm far discomring wo~knble lodes or plaoe*s arspik~r, 

'Om modifying h&r in this +or&ng b p t e  ahodd Im 
timed; 4 The rnagetlgtic fluids that carxid in drttion tb 
eben&.appear.lo have mpd from the m o 2 h  granitic & 'at s 
lefe in tb& mmliag and to ham migrrrted upwad to pokb sb 
or m r ' t b e  ape- of the intrnsiee b t x h  Idom the &&.ele- 
msnta m e  precipitated to fom~the~gnartz p e h  and othm tgpaaof 
mhmdbed emwn Now it .will-Be &I-#&-#& b&h k g e  and mil 
MQ & @iMt: meh o m  ia khe Yakon-Tanana -0% but% it# 

p&bl&that if-- wuld hU& ahem &mmm~d to great &p"ths eoma 
br dl &them be found'w contlenB~~61:gmmd with w MI- 

. mis && means thd the-@ar&i~ & - a p p d d  sum* 
w h t  3 k r  to the &am at  same localities than at o&em and that 
in the p& sf their wbquent nncov&ag by d o n  6f the l a d  
&w*abrm of the intrusive bodies that came closer to the 
hava b& mom &asively eroded and e z p d  than others tbt  Is? 
at mewbat g r e & ~ ~ d e ~ t h a  Hence the ocmzrcemce of @ti0 rbob 
with large surkkd extent sngg~& & o m  deep &om into the l ~ e r  
parka of mch i n t h v e  bodies, with the afteDdant r e m o d  ages ago 
of thi *per or a p i d  zones. Hence, if the mineralizatim haer hen 
~ o I T c ~ ~ ~ ~ ,  as suppod, at br near them ~ p i d  zone, m& 05 
large mfficid exposwe of gPanific rock$ are regadd ep favor- 

~ y w e ~ .  &, #., = -@ of -€oat Qmb In tbe Yukd sna - . 
M m  m: U. B Oaol. 8- Bull. 7% pp. 149-Z-1M. 19m 



, dh fm'the +b1e wmmence of metsIlifemns lodm. On the other ' ~ I d d ,  bod i~  of pimitic rocks witb mli d c i d  area am in &enad 
:~~ as the apical pa* of larger underlying granitic m m ;  

m, - 
'>::-:' 'id as their unar zones have not been removed by erosion, mch bodie~ 
. r;, .m-ded as more f avomble sites for minemfizwth. Hence, it is 

A .  
Wwed that & kgt piaces fo prospect for possible metalliferow 

: lodes in the Yukon-Tanana region are at or near d . o u b o p s  of' ' 5 .  

- 
d @tic r& that are not more than 2 or 8 miles in diameter. Con- 

m y ,  large &tic bodies like the one which covers nearly all of 
.? the Charley Eivm B& are not regarded so hvombIy as pmible 

seats of minerdbation. 
-fa much; of &mior Alaska, however, on awmt of the high d 

. , , arP mining, metalliferous lodes ham Little p r m t  vdue unl- they 
~ 

, ' ; , ',- of bonanza chwackr; and such lodes are rare. Therefore the 
. ' ^ >  ~pmpector iE; ra&uralIy more intemsted in placer deposits, especially 
, .. - iagoZd placers. Me8 must, of course, have existed at some l ime In 

order to podam the gold which mbsqumtlg becrurme; coamntmted 
. h the phcers ; henee the same genersliztttions that apply to prospect- 

. *  . 
-;" ing for lode apply .also to prospecting for placerehat is, the 

&ream best ta .pmpe& am thosa which drain areas where miner~lia 
*" - ' ?  . . iMion k h o w n  or may be expected to be p m t .  In regiom where - 
. a -  

extansin g1MiaGoar hm taken place this genersIizatbn. may not 
hold ,&uq'for th~gold plsmrs, if they were f o d  prior to the - 
advmm of the glaciers, may have been destroyed md di&pahd by 
the ioe &ion. In the Yukon-Tanana region, however, practically ' 

- -. no glsciation has occurred, ga that this sddd  complication d m  not 
<. , enter into the mmtter. 

', -W.the-EagS~-Gml& &&kt tlm goId of the p l m s  on the Swan@- , 
F + : mile'.River wdJt;riWWrim, Fmrth of July C&, and TVoodchoppel: 
w ddd ail Crwb caziemorighalIy from the granitic xwks tb&t lie to * 

, &a ~~)tlthwest. But the proximate source of some of this gold is in . 

-. the moraemdbea and mfiglomerabe tlmt extend fiom Eagle north- 
! - wdmard at 1- as far as Woodchopper Creek. This is not hard to 

understand when it i~ remembared that ma& of thme granitic ro& 
. . were intruded during the Jnrassic period, whereas the conglomeratic 

rock wem famd long afterward, in Upper Cretaceous or Eoaene 
. - &B. In ather words, aesa  conglomerates represent ancieglt gola 
- .,. '..- -;: $kcem, which oliginded so long ago that they have h c e  becorns 

' - tomEdatad into mck Moreover, it is probable that at the time of 
tli& 'formation the regional erosion lewl was much higher than at 
present' and th& only the ilpper parts of the big Charlay River . 

: ,granitic' body weia, then exposed to  emsioa Hence the Chwley 
f ; ~  . &ver batholith, though now regarded as a not particularly favorable 

:a, +dh,fcnt gold-:ghcers, was probably in Eocene t i m e  a more favorable 
+-9. . . , , ' < 3 ! 1 .  

- ,:*:,-. 
- - ;g., > WV.. x 
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*F& &loam ma~for phwa!-d* aah ~ 1 ; ~ ~ ~ ~ ~  
dwpp& the g d d  af the Uppw CretgoeMtn and Eocene e o n g 1 0 d  
Tho zmmt st- in thie m have therefore obtained n parhall 
thmbr.*old from &he destruction of the dd f d  placers and brcYla. 
mmnmn.tz'atsd if in the premnt draiaags ebnn0h But the 
southest of the conglomerata belt-far -pla, the trjbu-af 

-, the &*,aver above Barney Creek-have probably deriwd 
w part of theif' gold d i ~ t l y  from the ori@ gold ldw.  _ I 

It dms not follow, however, that si31 the thrt thin-& 
Uppsr Cmtacenua, and Eocene Mt are f avorabIe sites for gold pLm, 
for three remnsi  (1) Some of thew old congIomeratm may cons& 
of-graval laid d o n  by stmum that did net berrd,far emugh +o the 
a o n t h m  to  ham tapped minarahd *ones. (9) Even whamrthe 
miend stmmbs dtrrined wt of Mica, of mineralid mn&y &. 
t h e  p4d was-probably irragular2y distributed in the old plmr Mi* 
ju& rs it is in m n y  prewnt-day gold plncera (3) The Uppm 
Cmtacwous md.Ewene roch have been p a f l y  folded.and other- 
wise disturbad b m  their original nyrly horizontal. &titub; thia' 

' 

f m t w  alone would meke for irregular distribution of gDld, man. if 
. tha d e n t  ~trbuss bnd devel~pd Ton& continuow pay streahi, :, . 

Tbefore, trlGhough mme of the goid which, earn oFiglndiy4hk, 
dl f h ~  Cherhy RSver.batholitith ma7 tw preserved jn ' 4cl :mi: 
abn&tes insbad of being widely d i p i p a b x & r a : z  ...- 
v s U q  like the Yukon, yet thb ~ ~ % s e a t  irregular dist&batiw.af gold 
i m ' t b -  cmglome~ate belt ad& an d m n t  of uncertainty to the 
$EObm of pmpcting in. the sfre- dPeIaing it that is not .ualh 

. the nmeertainty thkt attar& prmpcting in me@ st- &1 

gki&ed am=. In other words, ma be done,&mgm- 
' i&~l&pat2y in &a part of the a* mbhwwt of tlm Upper Omha* 

, c e 6 & ~  Jbm Mt, wham, rn In bhls EorB@a p c k t ,  th~ypld' 
. . plmm have becm derived for the most prb diredly from the mi& 

iml i@d mther thrn by mnaentration from ell%*. pl- 
&pordb.. , *' I ' f ;  r 

-I . ' ,*, , 2 J '  .' , RLLam-u.-TmWB 
. *  &dl. .  : 
'kernmi&: hay of the gold Ph&-mining o p i t i o m  :& .3 '&. ..>he = . b 

dwa& bstwsen ~ a ~ ~ e  and Circle has been mede by the +r, w':, ' . 
most pi the phr-mining planta were vipited in 1W5,b  oidar';~: , 
obh* s general idea of the ohsnder of the p h m  and df .# ~ 

cbnd&ions. On American Creek the Uppr (=rehceoua and &&B 
' 

rt>c&, exhnd fr6m the mouth updrmm for abut  4 &B$, h t  the 
plmislining operations were confined to s zone beginr* about 
4. mil& f arthi2 .upstream, where the Wrmk co- & sohist, ser- 
p t i n e ,  and 'other metamorphic At this e n t  b e r i m  L' 

Creec is joined by Discovery Fork, which enters from the south&+ 
. 

' .  
. . 



Oaa~oper&w, d i p  awns Divery claim at the fodm b d  5ve clha 
: - 4  hid - six, aibQps: Diseoverg claim, on. American Crsst, w a ~  pre- 
. , g-g"f vr.hp&dic. opemiom on a 1-ge acale~.  . Tibe stmm p v e l  

1;bi&hwrs k h e  srofhd ranged ia t$ickrtlea f mm 8 ta 10 f& 'I'hara 
I 0th~~ men wem:operating small plank on Discovery Fork. The.@d .. 

#- 
ftam Am&- Creek ie3 said to yield $17.25 t o  thewam ab.khe mint 

y:. but bawepkl st $16.70 cornme~slly st Eagle, : 
k Oa tbe &yemkymile River the. largest operating @at WIW at the 

~ppar end of Dimvery cIaim on Cmked Creek 4 ,  ma bdmck on 
CrmW Cmk belongs entirely to the Upper C s ~ u s  . a d  Eimne 
aqu- and nmch ar dl of the gold in the preaot:plscem hs. 

- iprohbly b reim~mntrsted from the mdm5 mglcammtss. The 
' 

&ream graPd that  was being worked is from 5 b 8. febt tbi& in tha 
wter  of t h  $gt h m e s  thicker towsrd C L  esat.dley wall. 
The pry &re&, where worked in 1925, WM 240 f& wide, but it  is 
g d ~ b l p  ~ m w . u g s $ r e i m  in the direction in w~ti'ch opmticms 
were b e i i  srtandd ... The ground here aver* -abut 3B.eenta to 
tba quare boobclf hedlwckr, and the gold ie of fair17&gh we, yield- ' 

ing about $18 an o u a a  in Eagle. The l a w  nugget $0: far found 
w- odued at  %,M1. This gromd wea being mined by hydraulia 

, apemti~, the- m v e l  bamg moved by two 211,-inch d m  mder a. 
* 3OGfoot d d  the tailings king dmked dovPnstretm by.& %in& 

W. -The fot. the n o d e s  was obtained from a, ditch thut 
taps ( h d d .  Creek farther upstmtm, but .as mork ~pgwma ap- 
'atrersm a higbet dit& will hsve to be dug hi d r  to &in the 

. . a m r y  baa&.c!. 
'. About 8 ndles up & &ventpile 3jtim from ~rodhd.   at and 

4m the same i d a  of the.* h y b d i c  plam-miming operations on a 
L S m U  8 d a  werahbg carrid on in 1836 & thb tnonth of e little 
f -,eslied B d m ~ N e d r  Cmk, ht thi~ ,IVO~$ promid mpmfitaMe 
lCls #d was Btt-. k t i n n e d ,  T b  kk& a.B beon 

C*Pehed -is tb dd. co4omerab forPnation, and dm& 8 b 6 
> --of gmml f&m W~8.50 feet wide was b e i  worked a& the time 

of the *b$a *& . - 
- Aboat 3 ~ndm~fartbernpsham, oa the nm& gide ofatbe Seventy- 
d 8  Enr ,  .anb&er man T R B ~  ILt work mining the. rim bara and 
pmp&bgI Ah &is point the mgIomemte. fmdia~  liw Q' the 
m, .md ,the emtry W w k  consists ~d q m w b i t e  whist, 

' : .-quartz-mica schut, amphiblite schist, and basalt d dinhe of 
. g m n s h e  Wfi; but at one place along the river ba$k a p b  of the 

. con@ome&-:was rr#en f aultsd into the old& schietose m x h  . The 
&-  bin^ at this pint  cnta through a ahort , g ~ &  in rspib 
which bmn:loaally as "The Fakla9' The Wq' of &w river 

_ b m  b- s: w m k  'of well4ePalopd b e d u s ,  m e  of which! a b u t  
'I: , . .' -. . f* 1, J 

z t  ! ,Q , 
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Welrt high, & m a  weU OQ a&&& of the r i v e r 4  
om;+~muth aide On tbe no& i d 4  at B leva14 to l+wP 
thacnae If2-f&&ch, s g r s a t - ~ ~ d s ~  the bilk On t h e s o d  
d e  hother prominent h e h  a m m  abwt l95 feet abwe.tbw rbm 
l d . . ~ ;  T h e a  hth, parti&ly the lower on- a m  Mng pm- 

h ~ ~ d . W o a S .  
Bmey C d ,  about 0.milm farthar 'Itpskesm and *on- tb 

nofi~dde, of &tzi %ventpile Xver, is an old placer-mhhg &,'but 
PO d n g  -tiom were being carried on them in 19W. This 
ereek4ls~ flows mtira2y through the Upper C r e w  and Eocene 
t d q : ~ n d  the gold in the placers prabablg. came h m  that wmce. 

Twodher m h h g  p h t e  were bing opsrakl -her up thq 
Sevenipde Ever, on the. wuth side, thd uppermat oi which, &, 
Alder Cmk, .had $een worked htermittenL1y for many years. T h  
is a hydraulic plant working Btream g r a d ,  but as the *bdmk  is 
wmpsd fsddy of the old schishe r&, the goid baa dou;btltm 
been derived M;P from origingl min-tion in the v d e y  of 
Alder Gmk, prdacd by the granitic inhmivss. The other p h t ,  
ctn l!?izgget Creek, waa worked on a mall d e ,  mainly by h d  
metha&. 

Fsd~er  down &a'Ynkon, muth of Nation, FOmfh of SdS; Crwh 
ik the ite-of good-skimi hydradie planti, had been in 
o p e r s h  for mmwd yeam The lower part of Far& of July Cwek 
outs w m m  &B !Ed&mdif. (Permian) limestone, but jn tbe npper 
part, wbem the mining operstiona w m  !being d e d  on, the Wmk 
is the same Upper C1.etsceorzs a id  B m e  canglomeraki h t u  86en 
w thea8ev8dtgmile Ever snd on Ammimu C& Thdpayr&e& 
ie:nbo~a$MO feet.wide and the gm~d ifi 10 tn 15 feet thi* mered 
'trg 2 to'? feetof ~~ The ,pHJim inththelomrifootoi 
@awl, and in tb k h c k ,  it be@ nmemy at p k  to rnhem9'ha 
of MmMn in 40 obtuin ill the gold. Tb& gravel in tk placers 
rangesinsizehm2to 10 inches, hta.fsRbbwldmpamuch ~ 2 % -  
feet i n ~ ~ ~ ~ l m e  ancouhred. ~ ' ~ b b 1 ~  of the cm!g10iglem* 
W m k  am mainly flint and quartzita, with some oain qnartz and 
rawly a piece of and n ~ ~ t n r d y  the dmam gravel is &ti- 

Iar in mharactsr, Curiously. enough, no gradtie pebblw weha sean 
at &is todie * in the bedrock or in &.the overlyhg *el, The 
gravel st this p h t  m q p  h vsIue from 20 ta 80 centatu &.square 
footaf b&uck 

T%e July C & ~ G 1 ~ o w n s n e u r E ~ 8 ~ o i  o l s i n v s m F ~  
of JulyCrwk, h m  d& 10 to daim 2b above D i I  a d  .plans 
to - c o n h e  its zmdq operstions for s n m b w  of ye&m T%@o.&ch~ 
have bairn buiI$, b lower one 2% &lee long, which tap thcrxqpar pert 
.of P ~ 0 f J a l y ~ r r n d m n p p e r a a e 9 y + d m ~ ~ * i &  hkea 
ita water from the, head of Washington C m k  The discharge Zrom 



thaw:d i t ch  e m h m  Bu$y bc& a headwater tribu-of Fourth 
oP3dy- and h d p  to feed the lower ditch farther duwmharn. 

- W3Jr!ntrealt, M10 fwt wid4 is mind in cuts 250 fee4 wide, work- 
ing~& B; didan08 of 100 feet and then darning for the other half. 
-Tk~m.diek averlying tbe gravel is 6rst ground-dui& ofl, then threa 
%-inch nodes u n d ,  a head of 160 feet are used to move the gravel, 

( A lina of eight or ten =foot sluice boxes are used, with a steel shasr 
t b a r d  snspended longitudindy omr them, thus ma- it pmible 

to move -Pel into fie &ice boxes 8imultaneoudy from both sides 

G of the boxes. 
. .Little actim mining is in p r o p  on Wood&qp md Cod . 

The chid placer mining daring the summea of 19% was 
ah M i n d  Grm4 a mall right-hand tributary of Wmdchopper 
k k ,  about 5 miles from the Yukon. Bere the baring of the hd-  
rock by phcm mining has revealed the contact between the lower 

. ; ' W e p p i m  chert cmgZomerate and the Upper &ehceow and 
' h e  mnglclmerate, tbe la&r o c a d n g  upstream from the former. 
- The pay M i4 abwt 100 feet wid% and the gravel and mu& are 
nbont 10 feet t h i ck  Mining was being done by opwn cutting, d d d  
by a d nozzle. 

On Iron Greek, another eastern tributary of Woodchopper Creek, 
9 or 8 mils abwe Mineral Creek two men were at work in 1925, 
one on Discovery claim, at the mouth of Iron Crmk, an'd mother on 
daim No, 9 ~ b o ~ s  Discowry. The work on D k m q  claim wrtg 
nndeqprmd work dona by wintar drifting. The work on No. 2 
above consisted of open cutting a d  shoveling in about 8 feet of 

. s gravel and 2 feet of muck, taking 8 feet on each side af the ts1nica 
born. The pay streak here is spotted and inegdar, but the gold 
is coarse and of Jdgh grade, one sample sent to Sea* gg~$ying 
$18.78 an ounce. 

* Three other men were at work farther up Woodchopper Creek 
% 

agagwd in small-scale winter drifting and prospecting. 
No p b - m h h g  operations were in p r o w  on Coal. Creek at 

the t h  of the writer's visit in 1925, but this creek has been mined 
intermittently at a number of placas in recent years, The bedrock 
at the mouth of Coal Creek and for a miIes npstrsam is the Lower 
Gmtaceous b h k  date, which is followed upstream for 8% miIw by 
fhe lower Mhkippilan chert and chert mng1omerab. Above this 

Upper Cretaceous land Eocene mks cross the meek. T w o  gronps 
.' of claims on the 4 are now hdd m a y  by two men. The upper 

group Zies st the lower sad of the Upper Cretaceous and Fatlene con- 
glomerate, and the gold in these placers hss probably been de.vd 

Y lr ' in part frorrr the reconcentfation of these ancient gold-baring rocks. 
. Z"he lower c l a b  lie mostly in the black-slate zone, and it seems likely 
'r 



.W' . m y  OF IAgYIOICIDOltlP8mTl3IoT, 

tlnt ltbe@d,in:&ma pkimm may h m  bwh d e i ~ d m m  a h m l -  
. 

iadmm in thwcreek itad& far &iaik~lter~@ is brighter im color, 
m r ,  and in grade than gold from th wpp.- 
me;py dmik m bhe lower claim iE 100 feet wih;gsd the g h r d  
from Utu20httbick The ground workdby thenwnerhtw~nd 

? yhldxd less than 18 mate to the g q w  foot of bedrock, although 
plaosn of lower g d e  thkn t h i ~  are undmbtedly prssent. Theeb tam 
p u p s  of cl- which *her comprise 7 m i k  of pb&m grmmd 
on Cod &odd, be thor~ughly prospbcted and if peible 
shouldbeminedssaunit. T h i s s h o u l d m a k e a g o o d h ~ o m n -  
ture,f or m e  ampnpg; for aCoal Crek n1wap:bas platy .of mkr, 
and mining waadd therefore not be at a disadvantage, as it b axl wmib 
of tb smaUe~ gdd-bearing creeks tr ibutq.  h the T u b .  . r .  
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