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THE YUKON-TANANA REGION, ALASKA 

By J. B. Wq Jr. 

For more than 35 g a r s  investigations of the geology nnd mlneml resourn 
OP the great tract of country lying in the central part of A ~ R B ~ R  befmeen the 
Inkon and Tanana Rivers have bPen in pmgrw. The p e n t  report aim# to 
correIate and coordinate all the many ~bservations thus gatberetl from many 
SOUw?t3, so as to five n comprehensive an8 nptwdate summary of tbe eignIAmnt 
featurn of the geography, geology, and mineral reaourcea of the r ~ i o n .  The 
geologic iormatlonhl occurring In this redon embrace memkrs belonglag to 
~ ~ ~ ~ I c a l l y  all the great @stem and many of the cpwhtl fmm tlle p m  
Cambrian to tbe Recent. The &iment~ry socks show n wide mnge In 
lithologfc character, from the highly metamorphic rocks characterlstlc of the 
Ulrcb O w k  Mist to the s1Ightty Consoliaatd sand and m v e l  demsita of 
the Qunteroarg. In compomltion, too, they differ widely, aome king conglome- 
rat=, otbers sandstones nnd shales, and stlll others Iimestonea Igneous rocks, 
some of effusive and others ot intrulre orlgln, form notRMe mmmnenta of the 
geologic sequence of rocm e m  In the region. and to* and vdcanlc 
ngglomemtm, which prtrtake of the characteristics of Mth dimentarg and 
lgneons rwka. are WdeLv distrlbnted. 
The mtneraI demfts that hare been most de\reloW in the redon nre those 

in which the principal ~aluab1e mineral is gold, but deposits contalnlng other 
valuable metallic minerals, wch as tin end tungxtw, aa well as nonmetalllfler- 
ous prodncts, such as ml, have been f m d .  la the a~~mpanylng  report the 
nim has been not so much to enumemte and deemibe In a-l each d the 
many plrlew at whlch rnlning or pr-ting has W%t done, but rather to rret 
forth the broader problems a-M with the  occurrence of mlnerariz~tion 
in the r-n and to attempt to trace the mnnection of certain types of de 
mts wlth certaln $~nlo#ic lnddents and p~ Rg this treatment the 
author has aimed to direct InteUfgent p r m E n g  toward those areas that are 
rwarrlecl as having most Eikeliboorl & containing mineral deposits of value 
nnd tliun to prevent much lo= of time and: effort in searching fn those areas 
ml~ere geologic conditions do not seem to have been iavornbte. 

INTRODUCTION 

The Yukon-Tanana region is an ares 05 about 38,000 quare miles 
in central Alaska that lies between meridians 146" and 152' wwt 
longitude and parallels 62" 40' a d  643" 35' north latitude, (See 
fig. 1.) This area, lying h o s t  entirely south of the Arctic Circle, 

1 



is bounded on the north by the Pdon River, on the south by t h ~  
Tanana River, and on the east by the international boundary be- 
tween AIaska and Canada. The distance from the conAumce of 
them two rivers eastward ta the international boundary is about 
320 miles; and the greahst north-south distance acroes the region, 
rneasumd along the 146th meridim, is about 170 miles. 

FIODRB 1.-Index map ahowrag lmation oi the Yukon-Tanana reglam. 

When the systematic niapping of Alaska was begun it ww found 
desirable to subdivide the Territory into qundrangles and map areas, 
the major boundaries of which were taken as the geographic meri- 
dians and  parallel^. In this way the Yukon-Tanana region was 
subdivided into five Erne@ which rue known as the Rampart, Fair- 
banks, Circle, and Fortpile quadrangles and the Dennison Fork 
district. The Rampart quadrangle includes that part of the region 
lying west of the 150th meridian; tho Fairbanks quadrangle Lies 
htw'een the 150th and 146th meridians; the CirEle quadrangle l i a  
between the 146th and 142d meridians; the Fortymile quadrangla 
lies cast of the 242d meridian and betwean the 64th and 65th paral- 
lels; and the Dennison Fork district includes that part of the Yukon- 
Tanana region south of the Mth paralbl. A small triangular tract 
that lies east of the 142d meridinn and north of the 65th parallel 



EARLY EXPLORATIONS 3 

has received ho formal designation. Another small map area in 
the central part of the Fairbanks quadrangle, ]mom rts the Fair- 
banlus ~peciel district, was delimited for mapping on tb larger scale. 

EBRLP EB;PI;OEATXOrn 

The upper Yukon Basin in Alaska was fir& explored by oEcials 
of the Hudson Bay Co. According Ito Dawson,* the Hudson Bay 
post an the Peel River, near the mouth of the Maekenzie, was in 
charge of J. Bell, who from this station reached the Porcupine 
River in 1849 and demended it for 3 days' journey. &turning to 
the Porcupine in 1846, Bdl dcmnded that atream to the large 
river wbich the natives called the Yukon. In 1847 Fort Yukon, the 
oldest settlement of the upper Yukon, mas established at the junction 
of the Yukon and Pormpine Rivers by A. H. Mumy,  another 
employee of the company. In the meantime, the upper Liard and 
upper Tnkon were being nctiv~ly explored by Robert Campbell, 
and in 185Q Campbell, starting from Fort Seakirk, at the junction 
of the Pelly and Lewes Rivers, cnntinued downstream and finally 
arrived ak Fort Yukon, thus proving that the Pelly and Yukon mere 
in mlity continuoas. T h e  Hudson Bay Co., however, did not extend 
its opemtiions west of Fort I'ukon, and the Russians, on the lower 
Ynkon, had not worked that far upstream, so that the river below 
Fort Yukon remained nnknown to the English until 1863, when 
Ivan Sirnomen Luk&, of the Russian-American Co., penetrated 
to Fort Yukon fram the lower Y~rkon. 
In 1866 the Western Union Telegraph Co. sent an exploring ex- 

pedition up the Yukon from its mouth. This party, originidly in 
charge of Robert Rennimtt and dter his death under the cornmmd 
of W. H. Da11; ascended the Yukon to  Fort Y&m. TWO memb~ra 
of the party, Ketcham and Lebarge, continned up the rivar as far a ~ l  

Fort Selkirk, but that stretch of the river had already been explored 
16 p a r s  More by Robert Campbell. The next year the ownership 
of Alasb pmsed from Russia to the United States, and in 1869 
Dall's trip was repeated by Capt. C. P. Raymond: of the Vnited 
States Army, wdo determined for the first time the geodetic posi- 
tion of Fort Yukon and thereby established American ownership 
to  this part of the river and the wrsounding area, . 

Dnsing the next 25 yem the Yukon and Tanana VaIIeys were 
visited at  inkmds by numerous men, with various motives. Some 

'Dawnan, Q. M,, Report on an explmatian in the Yukon dlskict. N. W. T.. and adja- 
cent northern portion of Britlnh Colurnbla, In 1887: Canada Geat Survey Ann. Rept, 
new ser., vol. 8, pt. 1, p. 188 B, 188R. 

'Dall, IV. E., Eaplora~an In Raerrlnn Amedca: Am. Jmr. 816, Id ser., vol. 45, pp. 97-9$, 
1868 ; &laah and ita reaourm, 1R:O. 

R m o n d ,  C. I?., $econoalmance of the Yukon nlver, Alarrte, Waablnmou, Govemmwt 
Prfnthg ORlce. 18'11. 



m e  in semh of geographic or scientific information, some for ad- 
venture, and some for fur or gold. The results o£ some of these - visits have been published, but many remarkable t r ip  by early pros- 
peetors and tradem have nbt been recorded and will therefme never 
obtain the recognition that they deserve, In the early seventies 
tmdsrs snd prllspctors, such as Adhut Harper, Jack McQuesten, 
A. Mayo, and George Halt, made numebus exploring trips in the 
Yukon Basin. Harper, McQueden, md Maya m h e d  #a Yukon 
in 1872 by the old Hudson Bay route from the Mackenzie River, 
and Broob: on the authority of 33. W. N e h ,  of the Biological 
survey, dates that Harper snd Mayo in 1878 ascended the Tanane, 
River between 250 and 301) mile, or as far as the premnt site of 
Fairbanb, and found alluvial gold on the barn of the river. Harper, 
with one companion, is alsD said by Schwstka6- to have made an 
overland trip from Belle Isle, the present site of Eagle, southwewt- 
ward ta the Tanma River sometime prior to 1883. George Holt, 
on the other hand, was the first white man to cross from Lynn Canal 
to the headw- of the Yukoar in 1878. About 1881 a man named 
Bean opened a trading pmt on the Tmana, River about 48 miles 
above its mouth, but this station wss later abandoned when his wife 
was Id114 by the hdiam. In 18@, according to Allen: a mis- 
sionary named S h s  m n d e d  tbe Trmnana Rives as far as the month 
of the Tklat. The best mmpeadiurn of infomation on Alaska up 
to 1881 is the volume by Ivan Petrofl,? special agent of the Census 
Office. Petroff did not himself visit interior Masks, but he made 
extended journeys in the more accessible parts of the Territory in 
1880 md 1881. 
In the summer of 1882 the Schieffelk brofbem, &ding to 

Spurn; ascended the Yukon in a small steambat from St. Michael, 
to Nukhhyet [Tananra.]; and in the fall of the same. yew they 
prospected some ma11 streams ahnt 80 d e s  above Tanana, where 
they found auriferotw bbars that would yield $10 a day to the man. 
Thm Btmm probably included Minook Creek and the H w  River- 
The Schieffelin brothem returned to Sm Francisco in 1883 and do 
not seem to have followed up their dimvery of gola. 
In I883 Lieuwant Sch~at.ka,~ of the United States ArmyI made a 

trip from the headwaters of the Yukon to its mouth. Schmtka 

~ B P o o ~ ,  A. H., T b m  Mount McKhIey @on, Almh: U. 8. W L  SW Prd P a p  
lo, p 26, 1911. 

0 achaatkn, Frederib, Along Alasta'n pent d m ,  1885. 
*Allen, 11. T., Report of an expxIltlon to the Copper. Tan-, and Komknk Rlrem, in 

tbs Twdtory of Alanka. &a the p a r  1883 : 49th Conc, 8. Skc, 125. 1887. 
PPtmU, Ivan, &port on the popnlatlor~, industrlm. and rmcrercee of  A I ~ k u :  Tenth 

Census of the Cnltpd Staten. rol. 8. pt. 2. pp 1-189, 1 W .  
L$pnm. 3. 1, Oeoloffg of the Yukon mrd dfstrlct, Alaaka: tJ. &. QmI. & m e y  18th Amn. 

Rept.. pt 8. pp. 10S1.33. 1688. 
*~chwatka ,  Ptederlch, Report on a rnmtnty rmonnalssnnce in A l h ,  made la 1885, 

fFashln%on, Earernmr*at Printing Omce. 1885. 
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made the first reliable travefae map of the Yukon Ri~er,  initiating 
themby the era of exploratory mapping in interior Alaske, Two . 

years after Schwatka's trip, Lk H. L. Allen,10 of the United States 
Cavalry, made a remsrhble trip through interior md northern 
Alaska, in the mume of which he descended the Tanana River from 
the mouth of the. Tok River to the Yukon. Allen made the first 
relisble map of the Tanma River, rm Schwatka had dons for the 
Yukon. After DalE, the next geologist to visit interior A 1 d a  was 
R. G. McConneU,H of the Canadian Geological Survey, who in 1888 
c d  from the M a c h z i e  f,o the Porcupine, descended to the 
Yukon, and ascended that stream to the confluence of the Pdly and 
h w e s  Rivers. Another aady trip was that of I. C. Russell IP in 1889, 
from St. Michael up the Yukon River to i h  headwaters. Ruwl l  
d e v d  h h l f  chiefly to p m o r p h i c  studies. 

Meanwhile the gold placers of interior Alaska were beginning to 
attract attention. According b Spurn,'" miner nsmed Franklin 
had found gold in 1886 at the mouth of the Fortymile River, and in 
1887 and &ing yeam the gold placers of the Fortymib district 
began to be mind.  In 1893 two Russian h d f - b d s  n ~ m e d  Pitka 
and Sorresccr made the finst discoverg of gold on Birch Creek, and in 
the fallowing year most of the imporhn t placers of the Circle dis- 
triut were discovered and opened up. similarly, farther down the 
Yukon, a Russian bdf-bmcl named John Minmk found coarse gold 
in 1898 on Wwa Creek and nmrby dreams, and in t.he spring of 1896 
active mining began in the Rampart cfiskict, finally, in 1890, the 
~ i c h  p l w m  of the Klondike district, in Yukon Territory, were 
d i m r e d ,  m d  the gold rushes bgan which culminated in 1898. 

s'SI&T-mC BUBm3Y& 

The next stage in the ~xplomtian of central Alaska W ~ S  mducted 
mainly by govenmental aeencies, with the p ~ ~ r p w  of obtaining more 
exact information regarding the geography, geology, and mineral ne- 
source& The first expedition of this sod+ was headed by J. E. Spun:+ 
in 1896. Spurr, together wit11 H. B. Goodrich nnd F. C. Scl~rader, 
crossed from Lynn Canal over Chilkwk Pass to the l~eadmters of 
the Yukon and descended that river as far ns Nulato, visiting the 
Fortymile, Circle, and Rampart mining camps on the way. Spurr 

Hhlleu, H. L., R e g ~ r t  on an expedttloa t o  the  Copw.  Tanana. nn& Ko'nlruk R i m s .  
In the Territory of Alaska, In the p a r  1885, M'affhlngton, Government Prlntlnp ORlce, 1887. ' McConnell, R G., &port on an exploraticin In the Yukon and .\Iackenzte Iiaalun, North- 
weat Territory: Cmada Gaol. Snww Ann. lZept., new wr., aol. $4, pp. 134-13n n, 1890, 

Rusuell. I. C. Notes on tile aurrace geology of Alaska : Ceol. Soe. Amorlca Hull., wl. 
1, mi. 9!3-156. 1890. 

Spt~rr~  J. E., OD. dt., pg. 115-117, 1898. 
u Spurr, 3. E., Gwlogg ol the Yukon gold dtshlct, Alaeka : U. B. Gml. Snrvey 18th Ann. 

Rept, pt. 3, pp. 87-392. 1898. 



attemptad n systematic drm3cation of the r& along #is rouh 
and a h  p-ntad the earliest published data regnrdh the char- 
acter and extent of the gold placers of the Yukon V~lley. Another 
gsologic expedition similar to Spurr's w m  made in 1898 by A. H. 
Brooks and W. J. Pehrs, who ascended the White River, portaged 
Ito the hetldwahm of the Tanam River, and descended that s-trean to 
itfl confluence with the Yukon. The n& year Bmoh l8 mads mother 
trip, starting from Lynn Canal snd p a m k b g  roughly on the muh- 
west his trip of 1898. On this trip he reached the Tmana River 
near the mouth of the Tetling River and thence proceeded northward 
across the Yukon-Tanana region to Eagle. 
In 1902 Brooks made a trip from Tyonek,.on &k Inlet, across 

the Alaska, Ranga kt the Tanana River, and thencs northward to 
Rampart, thus crmhg the west end of the Yukon-Tassna region. 
In the a m e  year A. 9. Collierla and Sidney Paige made a geologic 
travem of the Yukon from Dawson, Y. T., to its mouth, gming par- 
t i d m  attention to the coal measures along the river. This trip was 
mwted in 1903 by Arthur Hollick and Sidney Paige for the purpose 
of making more complete fossil collections. 
In JuIy 1903 a division of Alaskan mineral reoumw was organ- 

ized in the Geological Sumey under the leadership of AHmi H. 
Brtmkp, and in the same gem a systematic study of the geology a d  . . 

mined m u m  of the Yukon-Tananrm region. was begun. This 
work was uadertden by L. M. Prindle and with the cooperation 
of other Pederal geologists was continued until 1911. Most of the* 
surveys were of the reconnaissance type ~ n d  were published on 
a scale of 3.: 250,000, but a detailed geologic map of the Fairbanks 
special district, on the scale of 1: 62,500, and a, report wem also p m  

, pared, From 1911 to  1931 study of the Yukon-Tanma region has 
been for the writer a continuing project, on which he has worked 
intermittently during nine field seasons. This work was ra continua- 
tion of the re&nnn&nce studies initiated by Prindle, but the survep 
were more areal in scope t h m  t h ~  earlier linear traverses. Many 
other .geuloffists and engineers, howevar, h ~ v e  mntribnted to this 
work, will loa seen by the bibliogmphy presented below. Stmill 
others have done important work in this region, which bas not 
been published, and adequate acknowldgmsnt of such contributions 
will be made at the proper places. 

NBrooka, A. H., A remnnal-w m the m i t e  and Tanana River B&s, Alaeka, in 
1808: U. J., -1. Burmy 20th Ann. Rept, pt. 7, pg. 431-484. 1900. 

'Broohe, A. H. ,  A I.eeonnaimane! from P r M d  H~rbor t o  Eagle City, Alanka, Indudhg 
n de~crlption of t t ~ a  c o m r  deposits at the upmr White and Tanma Rivera : U. 8. Gaol. 
Bnrvey 21at Ann. Rept., pt. 2, pp. 331491, 1901. 

lTBrooke, A. E., The Mount McKinley region, h k a :  W. 8. Owl S u m  Prof. Pamr 10, 
1911. 

'Collier, A. J., The real mmrcm of  tbe Yakoa, Alaaka: U. S. W L  Burvw Bull. 218, 
1003. 
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The bpqaphic  mapping of the Ydcon-Tmans region may be 
regarded ss having hgun with the linear topographic s u m v  of 
the Yukon and Tantbna R i m  by H. B. Goodrich tand W. J. P e w ,  
respectively, in 1896 and 1898. The ForQmile qudrmgle was also 
surveyed in 1898 by E. C. Barnad. Systematic topographic surveys, 
however, were begun in 1903, coincidentdy with the systsmahic 
p1ogic  mapping, and in 1903 to 1910 reconnaisance topogmphic 
maps of the entire Yukon-Tanana region were pmpmed on a scale 
of 1:250,000. The topographic engineers who pmticipatsd in this 
work were T. G. Gemline, D. C. Witherspoon, R. B. Oliver, J. W. 
Bngley, D. L. Ileaburn, and G .  T. Ford. An area of about 500 
square miles in the central part of the Fdrbanks guadmngle was. 
also mapped. on a scale of 1 : 62,500 by T. 6. Gerdine, R. H. Sargent, 
and G. Y A euner. 

Another activity of the Geolcgial Survey in the Yukon-Tanana 
ragion was a study of the surface watsm and hot springs, which 
was carried on in 1907 to 1918. The engineers who participated in 
this work were msinly C, E. EIIsworth, G. L Parker, C. C. Covert, 
E. A. Porker, R. W. Davenport, and G. A. Waing. 

Abut 60 publimtians have been prepared by the gedq$sta  aind 
engineem of the Geological Sun-PY dealing with the geology, min- 
eral rwources, pl-r and lode mining, msnrface waters, and hot 
springs ;sf the Yukon-Tanana region. Of them more than half t ~ a t  
of the p v  of mining during the last 30 years and are largely 
of ephemeral inbest.  For the f olloming bibliography, theref ore, 
28 pawm have been selected, which include most of the published 
facts regarding the plogy, rnineraI rasources, and general mining 
conditions. The Bst is arranged chronologically. 

Bpnrr, J. El.. Geology of the Pmkon gold dlstrlet. Alnuka, wlth an Introductory 
chapter on the hlstorjr and preent nmdition of the district, by H. B. Good- 
rlch: U. g&. QeoL Snwey 18th Ann. Rept.. pt. 3, pp. 87732, 1898. 

Brooh, A. R., A recorrnaihprance in the White and Tanana River Basins. 
klassra, in lE%: n. 8. Qm1. Same$ %Mh Ann., Rept., pt. 7, pp. 431494, 190a. 

Brooks, k R., A m n n a i m n c e  from Pyramid Harbor to Eagle Clty, Ala~ka, 
inclndlng a description of  the copper deposYt8 of the upper White and Tanana 
Rivers: U. S. Oeol. Surrey Zlst Ann. Rept., pt. 2, pp. 331-4Dl, 1001. 

Collier, & J., The coal monrces of the Ymkon, Almka: U. 9. Geol. 8nrvey 
BuU 218, IsOS. 

Prindle, L M., T%e g ~ l d  placer8 of the Rrtymlle, Blrch Cteek, and Fair- 
bnnka regions, Alaaa: U. S. Geol. Survey Brill. 251, 1905. 

Stone, R. W., Reconnaissance from Circle to F o r t  Ramlin; U. 5. -1. 
Bnrwy Boll. 284, pp. 128-133, f W. 

Pdndle, L. M., and H m ,  F. L, The RRmp~rt gold placer region, Alnslca: 
IJ. S. Oeol. Survey Ball. 280, 1908. 

Prlndle, L. M., The Tnkon-Tanrtna redon, Alaska; dmctiption of ClreIe 
quadrangle : U. S. Geol. Enr~ey  I3uII. %!, 3906. 

Prindle. L. &I., The Fairbanks and Rnmpnrt gnadrangle~, Yakon-mnana 
renion, Ahska, with a aectioa on the Rnmpart placera, bs F. L. Hess, and a 



mper on tbe water supply of the E*airbanh region, by C. C. Caved: U. S. 
~ U N ~ J  BuU S T ,  1008. 

B m h ,  A. H., and Kindle, E. M., Pnlmmlc and aseoclateri rockrr of the 
upper Yukon, Alaska: GeoI. got. America Burl., rol. 18, pp. Z%Yi4l14, 1- 

Prindle, L, M., The Furtyrnilc quadrangle, Yukon-Tanunn redon, Alaska: 
U. 8. Qeol. Survey Ball. 375. 19133. 

Johnson, B. L., Occurrence of wolframite and CaflISlterite in the gold placers 
of Deadwood Creek, Birch Creek dletrict : U. 5. Gml. [Juraey Rnll. 412, pp. 24& 
2543, 19w. 

Bmoka, A. E., The Momt McKinley wplon, AlaRka ; with der~miptlona WE the 
lgneona rocks and of the Bonnlfldd and Kantllshnu dlntrlct~, by L. M. Prlndle: 
U. 8. Ged. Sumer Prof. Pnper 30, T D l l .  

Prindle, L. M., k geologic teconnafsaonce of the Falrbnf~k~ qaadrangle, Aheka ; 
with a detaiIed description of the Fairbnnks dtutrlct, by L. M. Prlndle nnd F. S. 
Kate, and nn account of lode mInfng near Fairbank#, bg P. 9. Smitll: U. S. 
GeoL Survey Bnll. 625, 1913. 

Eabin, H. M., A geol@c rwnnaimance of a part of the Rampart quadmngle. 
Ah&a: U. R. MI. Barney Bull. LW, lllX3. 

PrlndXe, L. M,, A gealogIc reconaaiarr~nce of the Circle quadangle, Ala&a: 
Tl. 8. GeoL Burner BulE. 5.38, 1913. 

C h a ~ h ,  Theodore, Lode mining nmr Falrbaaka:' U. 8. WE. Survey Bull. 
W, pp. 321-355, .1914. 

Ellsworth, C. E., and Davenport, R. W., Ilnrface water mpply of the Yukon- 
Tanana region, Alaska: U. 8. Qml. Survey Water-bnpplg Pewr 342, 1916. 

Brook4 & IT., Antimony deposits of Alaslra: U, E. -1. Survey Bull. &pg, 

1916. 
Warhg, O. A, Itaernl sprLngs of Alaska: U. 5. Geol. Bnrveg Water-Supply 

Paper 418, l9lf 
MertIe, J. B., Jr., Tbe gold placera of the Tolovana dlstricl: 13. S. M I .  Bar- 

vey BnlL WE. pp. 221477, 1818. 
Mertle, J. B.. Jr., W e  mining In the Fairbanks diatrlct: U, 8. W L  Snway 

Bull. m, pp. -4. 1918. 
Mwtie, J. B., Jr., The ocrmmce of metalliferoue deposltil in the Tukou 

and Knegolrwlm rdonn:  U. 8. Oeol. Survey Bull, 739, pp. 14%1@& I=. 
Martin, a. C., The M m o i c  strntigraphy of BlaRka: U. S. -1. Survey Bull. 

776, lm 
Hertie, J. B., Jr., CSeologg o? the Eade41rcle diatrlc4 Alaskn : U. El. GeoL 

Survey Bull. 810, 1980. 
Yestie" J .  B., Jr., A geologic reconn~issanae of the Dennlm Fork diatrIc& 

Alaska: U. 8. M I .  Snwey Bull. 821, 1M1. 
MerkIe, J.  ,B., Jr., The Tutonduk-Nation dlatrlct: U. 8, -1. Bnnw Brill. W!, 

pp, 347443, 1S2. 
Hill, J. M., Lode deposits of the Falrbanka dI8trlet: 1[J. El. CfeoL Survey Bull. 

W S B ,  1w. 
MertIe, J. B., Jr., MineraI clepoaltr of the Rampart and Hot Hpdngs dlatrleta: 

U. 8. Ueol. Survey BulI. &44, pp. 1&226, 1934. 

To this bibliogmphy should arm be added the more important con- 
temporaneous publications of the GSeological Sumy of Canada, 
which treat of contiguous parts of the Yukon-Tanana region in 
Yukon Territory, Canada, as folEow~: 

McCmnelI, R Q., Report on the Klandike gold flelde : Canada Geol. Survey 
Ann. Rept., vol. 14, 1 W .  



Cairnes, D. D., The T u k o n ~ A l ~ ~  internattonal boundarg, between Porcupine 
and Yukon Rlveru: Canada W I .  Bnrvey Mem. 67, 1114. 

Wkfield, W. E., AIxtymile and U d n e  R t ~ e r s  area. Pnkon: Canada h l .  
Survey Mem. 105, 1021. 

The present report is m eclectic summary of all the available in- 
formation regding the general and economic geology of the Yukon- 
Tanana region. Much of the infornation here presenkd has been 
given in earlier publications on various parts of this region, but the 
need was apparent for ,r general report, in which dl the local in- 
formation might be digested and emrdinated and in which the older 
data might 68 reviewed and revised in the light of supplementary 
information of J&r date. 

This project presented some difficulties. In cedain arm, as in 
the Engh-Circle and Rampart districts and t.he White Mountains, 
the character and distribution of the geolagic map units are sufficiently 
well known tn warrant their delineation on the reconnaissmce scale 
of 1 : 250,000; md in the Fairbanks special district a detailed geologic 
map on the male of 1 : 62.2,500 had already been published. In. other 
areas, however-for example? in park of the Dennison Fork d i s t r i c t  
geologic f omnations and boundaries have been extrapolated beyond 
their known limits, and the mapping is correspondingly we&. In  
still other parts of the region, particularly in the Fairbanks and 
Circle quadrangles, there are considerable areaa which the writer 
has not visited and in which the mapping; is h s e d  largely upon 
the field work of other men. Finally, thera am tracts, mainly 
in the Circle quadrangle, which 1 1 ~ ~ 0  not yet been visited by any 
plopis t ;  and in such areas the mapping repmanta only the 
writer's best guess as ta tlre general distribution of the major units. 
It should be pointed out, however, that these least-known parts of 
the Yukon-Tanana region appear to eollsist largely of metamorphic 
rocks and granitic intrusives, which will have to  be studied in con- 
siderable detail before they can k ~ .  classified and mapped as smaller 
units. In view of these variat.ions in the actual and permissible ac- 
curacy of the work, it ha6 seemed k t  to present the geologic map 
upon a scale of 1: 500,000. This m p  and the mcompanying report 
represent the present status of knowldw and opinion regarding 
the geolw of the Yukon-Tanana region. 

The present report may be said to terminate the era of m n -  
naissance surveys begun by Brooks and Prindle in 1903. The gen- 
eral types and distribution of the major geologic anits are now 
fairly well known, but for detailed pmntation of the geology 
much remains to be done. Therefore, the publication of the present 
report should more properly mark the kginning of a new era of 



detailed md semidshiled mapping in selected are% where the 
answers to many unsolved geologic problems can best be found. 
Thus, the rda~ons  between the pm-Cambrian and the wrly Paleozoic 
metamorphic rocks can probably be deciphered by special studies 
in the southern part of t h e  Circle quadrangle; the problems con- 
nected with the Pelly gneiss & require ra detsiIed study of the 
eastern part of the Dennhon Fork diskrid; and the Cambrian m d  
unmetamorphosed prs-Cambrian rocks can best be studied in the 
region n o d  and norkheast of EqIa.  In fact, as will be shown in 
the f 011owing pagm, importank stratigraphic, stx~cturaI, and paleon- 
tologic problems remain b b solved in nearly a11 the sedimentary 
formations so far differeniiahd ; and the igneous racks, particularly 
those of granitic charahr, present a. broad and fertile field for 
research. 

Another part of the present mport is a summary of the ecanomie 
geology of the Yukon-Tsnana region, with particular reference to 
the character ~ n d  origin of the placer and lode depmits of gold. 
!The results of most of the emomio  work, which is of paramount 
interest and importanm to the people of Alaska, have heretofore 
been promptly published in adequate d s t d .  The p m n t  report 
therefore d m  not treat of individual. mining properties, or even 
in detail of producing districts, but aims more particularly to 
present development of mining from a comparative point of view, 
emphtsizing the general character of the minerslization and point- 
ing out the similarities and diffepenees in the mineral deposits of 
various didrich in this region. 

T h e  present report is a elective summation of $eoIo&o facts and 
inhrpretations acquired by 25 or more geologists during a period of 
about 36 years, but more psrticularly in the years since 1903. It is 
not possible to show in detail the contributions made by individual 
workers, but the following sketch gives a general idea of the parts 
taken in this work by various geologists. 
In 1903 to 1911, L. M. Prinde, with his assistants, F. L. He=, 

Adolph IEnopf, 3C. W. Stone, B. L. Johnson, and J. B. Mestie, Jr., 
mapped th Fortpile, Fairbanks, an4 Circle quadrangles, and 
Prindle and P. J. Katz mapped the Fairbanks special district. In 
1911, H. M. E&in mapped n portion of the Rampart quadrangle. 

Another area of importance in this region i s  the zone along both 
sides of the Yukon, from the international boundary to Circle, which, 
though in reality part of the Fortymile and Circle quadrangles, mdd 
not be reached to  d v a n t w  by pack horses. This strip was there- 
fore repmtedly examined by geologists who tr&veled down the Yukon 



by hat .  Stsrting with A. J, Collier and Sidney Paige in 1902, this 
work was continued by Arthur Hollick and Sidncy Paiga in 1903, 
by A. Ha Brooks and E. M. Kindle in 1806, by G. C.  Martin and 
R. M. Overbeck in 1914, by Eliot Blackwelder in 1915, by G. H. 
Gidy in 1918, and by the writer in 1%5. Reports by Collier, Brooks, 
and Medie, listed in the above bibliography, givc the sequence of 
geologic findings in this project. 

The specsc geologic activities of the writer in this region have 
been as follows : 
1911. h i s t a n t  to L. M. Prlndle, la the mntrnl portlon of the Clrcle quadrangle. 
1918. &real and mnomlc  ~ t n d i e s  In the 'MEnrana and Falrbanka distrlcta 
1BI. 'Areal studies In the northern part of the Fairbanks quadrangle. 
1922. Arm1 and economic ~tndles  lu the Rampart quadrangle. 
1925. -1 gtndies along the Yukon River between Fsagle and Glwle. Asslshnt, 

M. M. Knechtel. 
1428 Aresl and economic studfee in the DennIsrm Fork digtrlct. Aaiatnnt, 

R. D. Obrenschall. 
1929. Areal studies in the northeastern part of the Fairbnnlnr quadrangle and 

the nortrthwertera part of the Circle quadrangle. 
1930. Areal ~ t n d i e s  norkh of thc Palion  rive^, ccntigaons to the intematloml 

boundnry. dmlatant, k E, Waters, Jr. 
1801. h e a l  and cconnrntc stndie~ In the Rampart quadrangle. Amlatarit, A. E. 

Waters, Jr. 

Other important work has also been done in this region, including 
the work of Eliot Blackwelder along the Yukon River and in the 
White Mountains in 1916, the work of R M, Overheck in t.he Barn- 
part and Fairbanks quadrangle in 1918, and the work of Philip S. 
Smith in the southern part of the Fairbanks quadrangle in 1920. 
For one mason or another tha results of them investigations have 
not been published, and in the p m n t  report the writer has utilized 
so far as possible thew unpublished data. 

The oontributions of other workers have already been outlined. 
The writer wishes hereby to acknowledge the many sources of infor- 
mation to which he has had access, but particularly to mention the 
d u e  of the fundamental geologic facts that were discovered and 
recorded by 1;. M. Prindle. The included bibliography is suffi- 
cient acknowledgment of the contributions of most of the other 
geologists and engineers who have worked in this country. The 
unpublished results obtained by Eliot BlaclrweIder, R. H. Overbeck, 
and P. S. Smith, mentioned above, ara included in the present report, 
but where possible individual acknuwledpent of their coutributions 
wiU be made. 

During several fidd seasons the writer has k n  materidy aided 
by geologic field mistants--M, M. Knechtel in 1925, R D. Ohrcn- 

54884-87-2 
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schalt in 1928, and A. E. Waters, Jr., in 1930 and 1981. The sewices 
of all these men are gratefully acknowledged. Another member of 
the writer's field parties to whom thanks are due is R. L. Phillips, 
who since 1921 has served as packer and who in this service hss 
~luffered one painful and dangerous injury. 

I t  wonld kw di6cuIt indeed to acknowledge individuaIly the help 
and hospitality that the writer has received from the people of the 
Yukon-Tanana region in the last 20 yeers. In respect to transports- . 
tion md equipment specid thanks are  due to the officials and em- 
ployees of the White Pass & Yakon Route and of the Northern 
Commercial Co., all of wliam have a1wa.p been willing and anxious 
to do everything possible to further the work of Federal scientists 
and engineers. The writer has never experienced any treatment 
other than hospitdity among the prospectors, miners, and traders 
of this country, and to mention certain ones in particular would 
be to slight the others. The writer prefers therefore to thank these 
many friends of 10 to 20 yearsy standing as a group for their helpful 
erlderstanding, cordid cooperation, and generous hospitality. 

GEOGRAPHY 

m o w  VAUmT 

The Yukon and itk tributaries form one of the large drainage 
systems of the world. The main Yukon heads in the northwest 
corner of British Colnmbia, and drains the southwestera part of 
Yukon Terribry and most of central Alaskrt. It forms the northern 
lmundery of the Yukon-Tanana region and drains three-fifths of 
that region. In east-central Alaska the Yukon receives two large 
tributaries-the Porcupki~ River, which enters from the northeast 
st the 145th meridian, and the Tanana River, which enters from the 
southaast at  the 152d meridian. T h e  Tanana River marks the 
southern limit of the Yukon-Tanma region and drains twdifths 
of it. The Yukon and Tanana Rivers therefore constitute the mas- 
ter atreams of the yukoa-Tanana region. 

From the intarnational bundarg  to the mouth of the Pornpine, 
an air-line distanm of 180 miles, the general course of the Yukon 
River is abut  N, 4s0 W. At the mouth of the Porcupine the Yukon 
River veers abruptly muthward, and f r m  that point to the mouth 
of the Tanma, en air-line distance of 220 miles, its general course 
is aboat S. W0 W. With regard to direction, the Porcupine has 
somewhat the relat-ion to the Yukon below Fort Yukon that the Mis- 
souri has to the Mississippi. Many minor variations from the e n -  
eral course of the Yukon, above ma below Fort Yukon, ara also 
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apparent on the accompanying map. The course of the Yukon 
River has ken controlled partly by the proexisting structure of 
the Wmk but has also been materialIy changed from time to time 
Ibp local warping, by aIiluviation and superposition, and by other 

. causes. The combination of these controlling fnctor~ has given rise 
to a long and intricate physiographic history, which as yet is only 
partly deciphered. 

The principal tributaries of the Yukon that drain the Yukon. 
Tansna region, named in order downstream, are the hidue River, 
r tributary of the White River, the Fortymile River, the Seventy- 
mile River, the Charley River, Birch Creek, Beaver Cmk, and Hess 

' Creek. The Fortymile River, the largest of these seven s teams,  
drains about one-sixth of the Yukon-Tanrtntr region, and Birch 
Creek, the m n d  large&, drains abut  one-eighth. A19 these tribu- 
taries are nonglacial stre~ms, which at ordinary stages discharge 
clear water into the Yukon. TI10 Yukon River itself, however, is 
t.urbid, became it flows swiftly over fine sediments in parts of its 
coum, and aha k a o ~  one of its large tributaries in Yukon Terri- 
tov, the White River, h e ~ d s  in the Alaska Range and discharges tt 
large volume of water that is loaded with glacial silt. 

The Yukon Valley between the international boundary and the 
mouth of the Tanana rep~esenb only a sn~all part of the entire val- 
ley, but this stretch is divisible into three rather distinct units. These 
may be designated the Eagle-Circle Canyon, tho Yukon Mats, and 
the Fort Hamlin-Rampart Canyon. The air-line distanm of the first 
mxtion, from the international boundary to Circle, is a b u t  180 miles: 
but the distance by river is considerably Ionget.. Within this stretch 
and for a considerable distance upstream in Yukon Territory the 
Yukon %om in rneanclers of large amplitude and has banks that 
rise boldly from the river. The width ranges from half a mile to 1% 
mil- and in the wider stretches numerous islands occur, The h e  
&vation of the Yukon River above sea level a t  the international 
boundary is 8'79 fwt, but on plate 1 the elevation is shown to be- 
about 600 feet. The error is due to lack of precise vertical con- 
trol when topographic mapping was first begun in this region. Re- 
twwn the hundary end Circle the fall af the river is about 135 
feet, or somewhat more than 1 foot to the mile. The current of the 
river in this stretch ranges from 4 to 6 miles an hour. A short dis- 
tance downstream fmm Nation a dangerous bedrock reef, h m n  
BB Nation b f ,  mosses the Yukon, but this is the only &tacle of 
this sort in this stmteh of the river. 

One of the characteristic features of the Yukon Vdey within 
the Eagle-Circle Canyon is the prevalence of well-d&ned terraces 
that mark the various levels of the ancient valley floor. One of 
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these terraces is from 75 to 100 feet above the level of the river and 
has been observed p~incipdy in the stretch between the Tahndnk 
and Nation Rivers, tributaries of the Yukon from the northeast. 
As a ruIe this tern- iq not level but undulating, and it rim 
gently toward the hills on both sides of the riper. This terrace 
is nearly eveqwhere timber-covered and probably has an upper 
grave1 surface A second terrace, estimated to be about 500 feet 
above the level of the river, is also present at  many pluw but has 
been specially noted blow the mouth of the Tatonduk River, Mow 
the mouth of the Nation River, and at and M o w  the mouth of t h e  
Kandik River, a tributary of the Yukon from the northeast. A 
third terrace, between 700 and 800 feet above the level of the Yukon, ' 
is vi~ible at many places between the Tatonduk River and Circle. 
Still other terrrrces, both higher and lower than those above man- 
tiond, are present in the valleys of hibutmy strams, both from 
the north and the south. The mapping and study of these river& 
terraces constitute an interesting geomorphic problem, and a, proper 
understanding of the erosional history of  this pert of the Yukon 
is n necessary preliminary step in tks solution of the more difficult 
geomorphic problems of the lower river. 
The Yukon Fhts constitute rt great alluvial basin in which the 

Yukon River flows from Circle to Fort Hamlin, an air-line distanm 
through Fort Yukon of about 180 miles. The great& width of this 
basin, from north to south, in the vicinity of Fort Yukon, i~ about 
'15 miles, and the area is estimated to ba at bast 7,500 quare miles. 
Within this ertmkh of the Yukon a11 the tributary streams on Both 
bides we similarly aggr~ded in their lower courses, and in tho Pox- 
cupine Valley thm flats extend upstream fmm Fort Yukon for # 
miles in an air line, 

The Yukon flow6 across the Yukon Flats as an intricately braided 
&ream. Even at ordinary strrgcs of water the river splits into many 
channels, but at flood stages the river overflow from its main &an- 
neb into hundreds of higher sloughs, and the flats become a vast. 
labyrinth of reticulating watarways, through which a stranger h d s  
it difficult to keep 60 the main channel The name Yukon Flats is 
somewhat misleading, for the valley floor, though devoid of relief, 
ia fm from approaching a horimntd plane. In fa&, the fall of the 
river from Circle to Fort Hadin is abut  200 k t ,  or neat~ly 1 foot 
to the mile, and these "flats" are therefore a tilted allupid surface, 
acrass which the river flows swiftly through a system of ,&allow 
braided channels. The current, which ranges from 3 to 6 miles rn 
hour and aperages perhaps 4 miles, is at least as mvift~ as that above 
dnd below the flak, and this mndition, together with many shallow 
and shifting gravel bars, makes navigation by river stemboats 
bdious and difficult. 



The ~ u k o i  Plats have not yet been mapped, and even the main 
channel of the river is uncharted, except for sketcha that have 
been prepared by the pilots on the river steamboats of the White 
P ~ H  L Yuk011 mute. The two Yanert brothers, who have lived 
for many years in the lower part of the Yukon Flats, h o w  more 
about the various channels of the Yukon within the flats than any 
other living men, and they have made some carefully prepared 
drainage maps of parts of the flats, but these have not been pub- 
lished and are therefore not generally available. The monnajssancs, 
topographic map that accompanies this raport covers the ridge coun- 
try south of the flats; but here, as elsewhere close to the river, the 
lower hills are wooded, and the map gives little or no expression to 
important surfam features, such as terraces dong the marginal 
zone. T h e  north side of the Yukon Flats is in the main unmapped. 
NOF do the main channels of the Yukon approach close to the hills 
allywhere in the flak. Therefore little is known of the surface 
configuration of the terrane bordering the flats, though observations 
that have been made from the adjoining hills yjeld some informa- 
tion r e p d i g  it. Thus, where Beaver Creek debouches into the 
Yukon Flats the kills break away suddenly in a skep unbrolren 
slope, which d m n d s  to a poorly drained, lake-dotted gravel terrace 
that is distinctly higher than the outlying flats groper. This hwwe 
extends northward from the hills for 10 miles or more, and acms 
this bench Beaver Creek flows in a sharply incised, relatively narrow 
bnt flat-bottomed valley. The borderland of the flats has Jso b n  
observed where the Chandalar River debouches from the hiUs to the 
north.10 Here a gravel terrnw, a b u t  30 to 35 feet above the level 
of the Chandrtlar, extends northward to the hills as a gently rising 
foreland. Another terrace, about 600 feet above the river level, is 
also visible north of the lower Chandalar River, The general con- 
clusion, then, to be drawn from the few available observations is 
that the Yukon Flats are also bordered by Eerraces, but that these 
brraces, particularly the higher ones, are less perfectly preserved 
than those in the Eagle-Circle Canyon and ~ r n  not nmessarily correl- 
~ttive in their elevations with those farther upstream. 

The bank4 bordering $he river chmnels within the flats vary in 
composition, height, and appearance. In gmrtal, they are composed 
of alternsting layers of silt, sand, and fine gravel, but observations 
at low water show that the lowest visible strata and the surfaces of 
the river bars are largely coam gravel, with individual cobbles as 
large as 8 or 8 inches in diameter. Most of these sediments sl~ow 
sross-bedding and other characterishim that require them to be classi- 

'Mertie, J. B., Jr, The ChandnInr-Sheenjek district: U. 8. Wl. Survey Bull. 81% 
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fied as duviatiIe deposits, but a minor proportion originated in small 
lakes m d  ponds md are therefore to  be reprded as lacustrine de- 
posit& All these sediments are overlain at the surface by 5 peaty 
stratum of vegetd materid. No hard rock is known to crop out. 
anywhere in the Yukon Flats, but a drill hole recently sunk at ForL. 
Yukon showed that the depth to bedrock at that place is 237 feet, 
The swift current of the river and the presence of such banks of in- 
coherent alluvial mahrid combine to produce much lateral erosion,. 
which m l t s  in the wnhnt attrition of older banks and the building- 
up of new bars and islands from the detritus thus obtained. 

The banks of tha older islands rise in general to a height of 15. 
to 30 feet above the mean water level and are usually bordered by a. 
dense growth of spruce timber, as much as 2 feet in diameter. Wer-. 
ever the river impinges against such banks, particularly on the out-. 
Eide of large meanders, the banks axe caved and fringed by over-. 
hanging m w  and by fallen trees, which project into the channel, 
forming dangerous s n a g  and sweepers. The inner sides of such 
meanders are usudly sandy beaches, and in places where the river 
is wide newly formed ~ n d  spits and low islands ocmr in midstream. 
Some distance back from the water's edge willows and alders grow 
on these low-lying sandy shores; a little farther back, on higher 
ground, poplam are found; and spruce is confinod largely to the 
still higher banks above described. 

The Yukon Flab, irrespective of their mode of origin, are believed: 
now to be in the stage of destruction rather than construction. Sev- 
eral consideratiom support this belief. Many of the higher banks 
are elemly above the level of ordinary inundation by high water and 
are therefore not subject to dluviation by overflaw. The absolute - 
elevation of such islands is therefore not being increased. Another 
factor contributing taward the destruction of the flats is that the 
Yukon Riveribelow the lower end of the flats, is cutting bedrock and 
is thereby lowering its channel. This results in an increase in the 
relative elevation of the islanda with respect to the mean river level, 
but the absolute elevation of the newly formed islands can only be 
increased by alluviation up to the p m n t  level of high-water over- 
flaws, and this overflow level itself is also being lowered by the re- 
duction of the hselevel of erosion. Therefore, a8 the older islands 
are destroyed by lateral erosion, islands of equal elevation are not 
being re-created by m y  fluviatile processes now acting in the flats. 
In the meantime the newly formed islands are themselves subject to 
destruction by lateral erosion. The magnitude of this lateral erosion 
may be gaged by the fact that the town site of Fort Yukon has been 
cut back mveral hundred feet in the last 15 years, The net resulb 
of these processes must certainly be the entrenchment of the Yukon 



, md the subgeqnent dissection of most of the bordering alluvial 
' depOEFits. 

Another significant feature characteristic of the Yukon Flats is 
Ehe bsckhmd drainage of the tributaries of &e Yukon in this stretch. 
On the north side of the river the Chsndalar, Hadweenzit, Ralzana, 
end Dsll Rivers enter the Yukon flowing in a mutheasterly direction, 
whe~eas the Yukon flows southest. These courses can hardly be 
ascribed to the control of m k  structure, as the major cleavage of 
tha rocks in this part of the Yukon Valley strikes parallel to the 
Yukon River. Moreover, them same coums alsa hold in the lower 
rillleys of the= tributary streams where they flow across the mft 
unconsolidated deposits of the flats. South of the Yukon the upper 
courses of the tributary streams show similar backhand drainage, 
but hem tho gmvailing structure of the country rwk may more 
properly be considered a causative factor. On the other hand, the 
smaller tributaries that rise in the hills north of Victoria Creek 
also flow across the flab in a northeasterly direction toward the 
Yukon. This backhand drainage wggwts that the m u m  of these 
tributary streams have b n  mahrially affected by local unsarping 
to the west; but whatever the cltum, this is a significant pmorphic 
feature that has a bearing on the origin of the Yukon Flats. - 

The lower stretch of tbe Y111con Valley, here called %he Fort Ram- 
h-Rampart Canyon", may be considered a vaIIey of pmorphic  
anomalies. Toward the lower end of the Yukon Flab the various 
channeLs of the Yukon coalesce, and about 8 miles below the mouth 
of the Dall River the Yukon is reunited into a sing10 channel and 
&m a narrow rock-cult gorge near the old sib of Fort Rnmlin, 
which continues downstmrn to the wide alluvium-filled depression 
of the lower Ray River Valley. A b u t  7 miles b l o w  Fort Hadin 
B mk-cut terrace is visible, abut 60 to 75 feet above the river level, 
but the gradient of this terrace is staepr than that of the Yukon, 
so that it approachas the Ievel of the river downstream. A higher 
hrmce, about 300 feet above the river level, is also visible in this 
stretch. About I2 mil= below Fort Hamlin the low mck-cut terrace 
has about disappeared, and its place is taken by rs silk bench, abouS 
75 feet high, which continlies downstream for some distance and 
then veers off into the valley of the Ray River. Below the Ray River 
the Yukon turns abruptly southeastward and enters another rock-cut 
gorge, through which it flows for 10 miles or more, emerging at 
She mouth of Hess Creek into a wide valley that appears to have 
beee originally part of the Hew Creek Valley. The river follows 
this wide vdey  to a point about 85 milas (air-line distance) down- 
stream, but at that point it leaves this depression and turns again 
inte the hills to the north, flawing for about 16 milos through another 
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rock-cut gorge, caned the Ramparts. The steep walls of this gorge 
rise abruptly &om tbe watar's edge to a height of 1,000 feat or 
more, before they merge with the surrounding hills. The low 
bmad depression, however, which marks an older course of the river, 
continues ta the south of them hills, and the Yukon flows back into 
it below the Ramparts. This is as fine an example of lateral diver- 
Eion of a river as muld well be found. 

River termxs are visible both below and above the Rampsrts, 
Between the Ramparts end Tanana two rather well defined terraces 
am developed. One of thee is about 50 feet above the river byel, 
but farther b k  from the river, a higher tsmce, about 300 to 400 
feet above the river, dm shows on both sides of the. river. A low 
hard-rack erosion level, abont 30 feet above mean water level, was 
also obwwed about 20 miles above Tanana and at some other places. 
Between HEW Creek and the Ramparts remnants of many terraces 
can be identified along the river, but these are particularly well 
presemd in the lower courses of some of ther tributary streams. In 
the lower vallay of Minook Creek, for example, three well-defined 
terraces and several less perfectly developed ones rn present. The 
highest of these terraces is from 900 to 1,000 feet above the level 
of Minok Creek, another is about 500 feet above the creek level, and 
a third is 90 feet high. These terraces are closely tied up with the 
geomorphic hiitmy of t he  Yukon. 

It appears from the foregoing description that the geomorphic 
histaq of t h  Forb Hamlin-Rampart Canyon is complex, and that 
this history is also the key to the origin of the Yukon Flats. Be- 
tween Fort H d i n  and the Ray River the Yukon evidently occupies 
the site of an older valley carved by a much smaller stream. Be- 
tween the Ray River and Hes C m k  the Yukon has been superposed 
upon a rock divide, which was not the site of any transverse s h a m ,  
though ih may mark the site where two small stream headed against 
one another, Both above and below the Ray River the Yukon there- 
fore flows in a canyon cutting bedrock, but the Ray River enters 
this canyon in a wide, open alluvium-filled valley, the bedrock base- 
ment of which is as low as the bed of the Yukon and probably 
lower. This anomaly of a mature valley opening into a youthfa1 
canyon requim explanation. The Ray River, like the other streams 
that enter Yukon Flats from the north, flows muth&ward, making 
a backhand drainage with regard to the Yukon. North of the Fort, 
Aamlin Canyon is a, wide duvium-filled depression through which 
Ihe Ray River formerly mntinud its southeasterly course to dis- 
charge somewhere in the Yukon Flats. The present mouth of the 
Ray River represents merdy a meander of the older stream, which 
has been laterally intersected by the Yukon in the carving of the 
youthful gorge that it now occupies. 



Below the mouth of He58 Creek the Yukon occupies a wide val- 
ley that is, quite unreleted to its valley above Hess Creek. This 
dder and more mature va1Iey is the downstream continuation of 
Hess Creek, which appears at some time to have communicated with 
the drainage of the Yukon Flats. Y e t  even in this lower valley 
the Yukon has been divertad from its course into tha hills to the 
north, to form tho present Ramparts. It is evident, therefor% 
that the Yukon River from Fort Hamlin to Tanana occupies sav- 
ereral older drainage courses, which were formerly indepndent 
stmilrms; and it is equally apparent that the Yukon has been Litemlly 
diverted at mveral places from an old vaIley to a new channel in 
bedrock. Finally, it is by no means certain that s river as large 
as the Yukon has discharged sauthmestmard from the flats since 
late Tertiary time, for the flab may at  some time have been drained 
northeastward through the Porcupine Valley ' to the Arctic Ocean. 

If the southwestern drainage from the flats has h n  in exist- 
ence since the Tertiary, the ancient outlet was probably through 
the lower part of the valley of Hcss Creek. 

Any explanation of the various pmorphic anomalies in this 
part of the ITukon Valley would require the formulation of mversl 
hypotheses regarding the geornorphology af this valley ~ ince  
Pliocene time, and the lack of preciso mapping and other requisite 
information renders such an undertaking at present of doubtfal 
value. Simple upwarping, however, or even complex cnunpfing 
alone in the Fort Hamlin-Rampart area will not explain the facts, 
although local downwarping, padieularly in the Yukon Flats, is 
very likely tm have been an effective mmssory factor during certain 
s t q e s  in this complex history. Lateral diversion on a grand ~cala,  
probably accompanied by stream piracy, appears to have been one 
of the chief f&ors, and it is di%cult t6 see haw this could have 
obtained without a marked elevation of the regiona1 baselevel of 
erosion; and this in turn points either to extensive alluviation of 
this part of the Yukon Valley or to impounding of the river. It 
remains a problem for the future to hequire more precise data and 
therewith reconstruct the long chain of events that must have taken 
place in the Yukon VralIey between For t  Yukon and Tanana. 

The surface configuration of the Tanana Valley is not so we11 
lmown as that of the Yukon Valley. Many obmers, hnc1ud'q the 
writer, have visited that p& of the rslley between Fairbrwrks or 
Nenana and Tanana; but for the upper valley, ?Aween the interna- 
tional boundary and Fairbanlzs, the notes and writings of B, & 
Brooks =re the principal sourcw of information. 



T h e  Chisma River, which is the largest headwater tibuhrg' of 
the Tanana, originates in the glaciers of the Alaska Range, near 
the international b w n d a ,  and after flowing northeast for about 
60 miles turns a t  Fight anglea ta the northwest, and the stream from 
that. point to the Yukon is known as the Tmana River. The Tanma 
flows in rr generd N.. 60° W. direction for an air-litm dishnm of 
375 mile  to join the Yukon. The actual length of tho river is much 
greater than this, for the course is far from direct, and the direction 
of flow likewise dqmrts rnateriaIly at many plates from the general 
courm. The conm of the lower Tanana is particularly ~inuous, 
awing to the fact that it swings northward for miles into the 
aggraded valleys of the tributary streams from that side. The 
best information at present available indicates that the Tanans River 
flows at an elevation of about 1,900 feet at the mouth of the Chisma 
and at 350 feet at Tanana. The gradint is therefore much greate~ 
than thrtt of the Yukon from the boundary to Tanma, and the dis- 
tance is much less, so that the avemge mrrmnt is correspondingly 
mifhr. The U n a  and all the lwpr tributmi~s of the Tanana 
are glacial streams that drain the north side of the Alaska Range, 
and the Tanana is a siIt-laden, turbid stream from its sourcs to its 
mouth. 

All the large tributaries of the Tanana River enter h n  the 
south, and moRt of the 15 to 20 rivers that constitub this drainage 
are mud-laden glacial streams that drain the north flanks of tha 
Alsska Range. The tributaries from the north, which drsin the 
Yukon-Tmana mgion, are smaller, cleur-water streams. The larger 
of them northern tributaries, named in order downstream, are the 
Goodpmter, Balcha, Chsna, and to lo van^ Rivers and Bakw C m k .  
The Tolovaaa, River has the l a r e  drainage basin; the Ealcha, 
Chena, and Cfoodpaskr Rivers and Bak~r Creek ffoUow in order of 
a r e a s  drained. One of the singulnrities of this drainage system is 
that no tributaries of any size enter the Tanann from the north for 
150 miles below the boundary. This is due b the fact that within 
this &retch the Yukon-Tanana divide fi@s close to the Tanma River ; 
for 50 miles it is nowhem mom than 10 rniIes and at one place only 
2 miles from the Tamana 

The Tanana River is usually considered to begin at the junction 
af Mirror Cmk with the Chisana River, where the latter stmm 
abmptly chanp i t s  course from northeast to northww., At this 
point the m a l l  stream called Mirror Creek enters from the wuh- 
east through a wide d~pression that is obviously out of all proportion 
to the size of the stream that occupies it. A low alluvium-filled di- 
vide =parates the head of Mirror Creek from the Snag River, a 
tributary of t h ~  White River. A considerably larger stream than 
Mirror Crwk must have once flowed though this wide valley, but 
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it is by no means cer2llin whether the course of this ancient stream 
was northwest or southeast. This is merely one of the prominent 
examples of drainage changes which the Tanana has suflered, per- 
haps b as p a t  a d e w  as the Yukon. 
From the mouth of Mirror Creek downstream for 50 miles (sir 

line), the Tanana flows in a broad alluvial l~ke-cfottd lowland 
thlrt ranges in width from 20 to 40 miles. Within this stretch the 
river flows slowly in a tortuous meandering course, with occasional 
riffles. At the mouth of the Tctling River, a small tribntary from 
the south, the hills close in from tbe south, brminating this broad 
lowland, although the valley flmr still remains 5 to 8 miles wide 
and the river retains its meandering course for another 35 mil.es. 
A short distance below Tanantl Crossing the river ceasea to meander, 
and for the next 30 miles it is a swift stream, confined to a single 
channel, with a few rapids. Cathdral and Tower Bluff Rapids 
m u r  in this atretch, the former in a constricted part of the valley 
and the latter farther downstream, where the river follows closa 
along the north side of a valley floor about 10 m i l a  wide. At Tower 
Blnff Rapids the Tanana splits into many shallow channels with 
shifting sand bars, and thence it continues as a swift braided stream 
to a point within 20 miles of the mouth of the Nenana River. From 
this point downstmam to tha Yukon tho 'ranana River flows for the 
most part in 0110 or two channels, wit11 a current of 4 to 6 miles an 
hour.. 

The Tanana differs from the Yukon in many r-. Instead 
of being a continuous canyonlike valley, the upper Tanana Valley is 
constricted onIy for several short stretches, as, for example, above 
the Robertson River and below the Johnson River. BrookszQ has 
aptly described this part of the ra1Eey ns a s*Wm of connecting 
basins, which the general ouklina of parallelograms. Below 
the Little Delta River, however, this basinlike topography gives 
place t . ~  a broad alluvial lowland, which continues with minor in- 
kmptiona to the Yukon. Throughout its co~~rse the Tanana River 
hugs the north wall of its valley, and this in turn gives rise to other 
variatio~~s in its course. In the upper T a n m ~  VnIIey the tributary 
streams from the north, though much aggraded in their lower 
courses, have r e l ~ t i v e l ~  narrow valleys. The lower 'tributaries of the 
Tanma from the north, however, such as the Chena and Tolovana 

-Rivers, a m  very wide nand have also been extensively aggraded, and 
the Tanana has been diverted northward illto them broad depres- 
sions tu form great arcs, wl~icll lengthen its course materially, In 
the T01omna arc the Tnnana also meanders t~rtuously in arcs of 

-Brooks, A. H., A reconnaissanm In the White and Tnnana River Badna, Alaaka, ia 
IBQ8: U. 5. Ged, Suwey 20th Ann. Rept., pt. 7, p. 450, 1A00. 



smder amplitude. Most of these features are connected geneticaIly, 
3n that all of them are phases of the diversion of the Tanma against 
or toward its north bank. Brooks m d  later observers are in a p e -  
ment that this divemion has been caused by the dun~phg of exten- 
sive deposits of glacial or ggIacio3uviatile material into the Tanana 
.Valley by the great glacial streams that drain the north side of the 
Alaska Range. The Tanana has been unable to transport this ma- 
terial downstream and has therefore deeply aggraded its valley1 
and by thm raising the baselevel of erosion it  has caused its tribu- 
tarias from the north 'likewise to q g r a d e  their lower valleys. The 
upstream extent of this aggradation in these north- tributaries, 
as shown on plate 1, is a proper measure of the magnitude 6f this 
P-. 

ho ther  intamsting and perhaps signXcant feature of the Tanms 
Valley is tha fact that the larger tributaries from the suuth, such as 
the Delta, Nenana, and Kantishna Rivers, enter the main s t m m  op- 
posite bedrock points that extend from the north side of the valley 
southwestward inta the Tanana Flats; md in so doing the N e n w  
and Kantishna have deveIoped a backhand drainage in their lower 
courses. Still another feature of interest is the right-bank erosion in 
the lowar courses of most of the tributaries of the Tantins River that 
enter from the north, as exemplified by the Rmly, Goodpaster, Sd- 
cha, Chena, and TqIovana Rivers. The causes of these peculiar 
features of both northern and southern tributaries are not apparent 
to the writer, though it is possibIe that they may in some unexplained 
way be connected with the alluviation of the Tanma Valley by the 
glacial outwash deposits contributed from the south. 

Ths Tmana has river terraces, but not enough work has yet been 
done to give mmy detailsr of their character, height, and distribution. 
Brooks has recorded the fact that terraces at an elevation of abut 
2E#E feet above the river am present in the upper Tan- Valley, and 
among others he mentions in particular 200-foot bluffs of strdfmd 
sand and Bilk at the mouths of Robertson md Johnson Rivers. Thege 
bluffs indicate the upper level of the dluvial fiIIing that was laid 
down in the Tan- Valley as the glaciers were dissipated md also 
gives a measurn of the amount of material which the Tanana has 
excavated fmm its valley in ystgkcial time. Brooks 2' also observed 
rock-rmt benches in the Tanana Valley, m d  calls attention to a local 
baselevel shut g00 feet lower than the surface of the old plateau, 
which he was able to trace for 60 miles. As the average elmation 
of the old plsbau above the Tanantb is about 2,000 feet, this level 
would therefore b abont l,40 feet above t he  prewnt river. 



The region lying k t w m  the Yukon and Tanana Rivers, which is 
part of the great central plateau province of interior Alaska, is a 
country of diversified topogrPsphy and drainage. Thrs p~ovince has 
no continuous chains of mountains, similar to the various ranges 
of the &kg Mountains, but i n a d  is a rolling upland character- 
i z d  by discontinuous groups of higher mountains that diversify an 
otherwise monotonous sky line pmduced by ridge crests of more or 
Iess uniform height. ( 1 2 .  The valleys likewise lack uni- 
formi@. Some of tho headwater streams have narrow, anyonlike 
valleys; some flow in wide open valleys t l ~ o t  are disproportionately 
large in comparison with the streams that now occupy them; and 
some flow across ~ggraded headwater plains. Similar diversity ex- 
ists in their Iower courses, for some of the lawek valleys are broad 
aggmded Iowlands and others are narrow gorges. This markod 
topographic diversity is the result of a long and complex geomorphic 
history, which dates back to the Tertiary period. 

The principal highlands of the Yukon-Tanana region during late 
Tertiary time vere in the eastern half of that region. The present 
highlands have been created principally by differential erosion of 
this older land surface, and as the ancient highlands were underlain 
by granitic rocks, which are resistant to erosion, the site of the 
ancient highlands has been parpetuabd in the present highlands. 
A s  t h w  granitic rocks are neither bedded nor in any marked degree 
gneissoid, structural lines are weak, and the trends of the ridges and 
the courses of the stmams are l e s  markedly unidirectional than far- 
ther west. Even in this eastern area, however, two prominent struc- 
tural directions are evident in the courses of the streams, One of 
them trends is about N. 60" W., and the other N. 60" E. The former is 
parallel ta the course of the Yukon from Eagle to Fort Yukon and 
also ia the Tanana River from its head to its mouth; the latter is 
parallel ta the course of the Yukon from Fort Yukon downstream 
ta and byond Tanank Within t h e  granitic rocks of the present 
highlands these trends are do~tbtless due to a system of multiple 
jointing. 
In the we&m half of the Yukon-Tanana ragion the production of 

highland areas by diflerential erosion is still more pronounced, al- 
though it is evident here, as elsewhere in th is  region, th& differen- 
tial warping has also been a factor in shaping the present land 
surface. In this western area the structural line that strikes N. 60" 
E. becomes dominant, and the ridges and valleys have a marked 
trend in that direction. There is, however, an older structural line, 
striking more nearly true northeaat, that is developed in the nroa 
occupied by the early Paleozoic rocks and also is reflected in the 



comes of the streams. These ~tmctu"PaI trends are interrupted at 
places by isolated buttes or mountain p u p s ,  which owe their ex- 
istence ta the intrusion of badies of Tertiary p n i t i c  roc& and prob- 
ably d m  to local uplift. As a mult  of these conditionsr, elongate 
ridges and hlsted butbs have been developed in the western half 
of the Yukon-Twna region. Thwe highlands, composed of the 
harder and more resistant country rock, are much lower in elevation 
than the eastern highland areas, but the neighboring valleys are dso  
more deeply eroded, and the 1-1 relief is therefore pronounced. 

One of the curious eRects of the structural control of the @md. 
drain* is a marked interdigitation of drainage channels, such that 
headwater streams on opposite sides of a divide tend to flow parallel 
to one another but in opposite directions. As s result, major ridges 
are not consistently higher than minor dipides. The Yukon-Tanana 
divide, for example, may follow a high prominent ridge for some 
miIas and then turn abruptly to the north or south across a low 
sddle, or it may even follow a. low iimbered ridge for miles until 
thak ridge joins another prominent ridge. This divide is therefore 
marked by intermittent jogs, which give it a very sinuous coum 
&nd may cause the inexperienced traveler inadmrtently to leave 
the major divide and descend inta some. deep valley. It is evi- 
dent that mamy of tho streams hwe courses inherited from 
an earlier land surfaca on which drainage channels were controlled 
mor'e by original dopes than by structurs tand taok shorter routes ta 
the Yukon and Tanana Rivers. These ancient channels lie athwart. 
the structural Iinss of the country, and later geomorphic evolutian 
has been a struggle between these conflicting trends. 

This ridge country, however, was not evolved in a single geornor- 
phic cycle but instead was carved intermittently throughout several 
such cycles, during which the dynamic characteristics of the streams 
changed greatly. The cornpIete drainage history of this region is a 
worthy problem for an expert geomorphologist. Enough is hown 
of the98 drainage cbnges, however, to afford ample evidence at many 
plates of deep valley alluvitttion, stream superpo&ion, stream piracy, 
md reversal of drainage cbann~ls. This complex history has im- 
parted to the valleys of this region mmy curious and seemingly eori- 
flicting chamctwisticq which add further diversity to  the topog- . 
raphy. 
The Yukon Valley between Fort Hamlin ttnd Tanan+ has already 

been cited 85 u d e y  of geomorphic anomalies. It is therefme to be 
expected that the tribut sries of the Yukon within this &retch and the 
dreams that hbsa against them and flow to the Tanma should also 
show drainage anomalies to a m~rked degrw. Minook Creek and 
most of the other ;south& tributaries of the Yukon between Minook 
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Cmk and Tmana flow in narrow myonlike valleys to the m e  
where they join either the Yukon italf or the old Yukon lowland. 
Their headwaters are markedly precipitous. Most of the tribu- 
taries of t.he Tanana that head against them, hogever, have wide 
open vaUeys, with incompetent streams of _relatively low gradient. 
and open headwater basins that in places p d e  imperceptibly into 
the enclosing hills. L o w  gaps are also prevalent where ancient 
watereonrses once existed, as, for example, htween the heads of 
Stevens Creek and the Nort,h Fork of Baker Creek. A All more 
striking example is the broad lowland between the heads of Cache 
m d  Baker Creeks, where the ancient channel of same large stream 
was once located, A t,hjrd lowland htween adjacent p u p s  of hills 
is the one now occupied by Niggerhead and Ende Sam Creeks. 
Them lowlands serve to break up the extreme west end of the Yukon- 
Tanma upland into isolated s~nall p u p s  of hills, but here awin 
differential erosion has haen a powerful accessory factor, for sllch 
hills are, grouped about intrusive bodies of granitic rocks or mks 4 

of &her lithologic types that have a relatively high resistance to' , 

Brosion. 
A little emt of the Rampart district conditions again change. He= 

Creek flows in a broad valley througl~out its course, and its head- 
water tributaries, unlike the tributaries of the Yukon farther west, 
herrd in open alluvial basins quite similar to t h w  of the southward- 
flowing tributaries of the Tanana. ifhe upper valley of Fish Creek,. 
one of the 1~rge tributaries of Hess Creek, opus in this way directly 
into the Yukon Flata, awl there are gmd reasons for the belief that 
a major drainage channel once connected the valley of Hess Creek 
with the flats through this gap, although the direction of flow of this. 
ancient stream is not now known. 

South of the headwaters of Hess Creek are the headwaters of the 
Tolovang River, which flows to the Tsnana The undergmund gold 
placer mining operations in Livengood Cresk, one of the tributaries. 
of the Tolovana, have sfforded an t:xwptional opportunity to g e e  
not only the alluvial surface but also the bedrock configurntion of a. 
t,ypical headwater stream of the Tolovana system. Studies by the 
writer in this area have shown a complex drainage history, one of 
the. ~ignificant features of which is an example of repeahd stream 
piracy, whereby L ivenpd  Creek captured some of the h e i ~ d w a t e ~  
drainage of the South Fork of Hesa Creek, m d  in a, later pmorphio  
cycle the South Fork recaptured a. considerable part of the drainagp 
of which it had been robbed. Other alluvial dividm between the 
headwater tributaries of Hess Creek and the Tolovana River suggmt, 

M m e ,  J .  B., Jr., The gold plaeera of the Tolovana Bhtr lct  : U. 9, QeoI, Buweg Rall, 
pp. 200-202, 191%. 
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that equally &+cant adjustments of dreinage have h h n  place, 
but lack of underground data prevents a convincing demonstration. 
Such old water gaps constitute mother of the drainage anomalies 
that characterize the topography of this region. 

'She lower Tolovana Valley is perhaps the most striking of the 
lowland f~~ of this region. Debouching from the hills, the 
Tolovana and its parallel tributary, the TataFha River, flow into 
valley 5 miles or mom in width, thmugh which they pursue a tar- 
tnons meandering course for many miles. The Tolovans is n much 
larger stream than the Tstalina, but both are small in propartion to 
the sim of the valleys that contain them. m e  valleys were surely 
carved by ancient streams that possessed both higher gradi~nts and 
a larger supply of wakr than the present streams. One of the char- 
acteristic featurss of these streams in this portion of their courses is 
the presence of log jams. One great log jam in the Tolovana Valley 
has dammed the river fox many miles upstream, and below this jam 
th0 bed of t ha ri-r for miles is a mass of interlaced logs, fFom which 
many snags project upward to the surface of the water. At most 
places a 12-foot pole p d  between logs wiZl h d  no b o b .  

A little farther downstream the Tolovans swings abruptly west- 
ward into the aggraded lower vdey  of Uncle Sam C m k  and, re 
turning to its own vhlley, is joined by the Chah11ikls River, into - 
which the TstaIina empties a few miles upstream. From the mouth 
of the Chatanika to the Tanana the Tolovans River is a sluggish 
a m h r - m b d  stream that meanders eren more tortuwsly than 
farther upstream, though in arcs of larger amplitude. The traater is 
confined to a single verg deep channel, and at norma1 s t a p  of water 
tho current is so slight that in many places it is impermptible. In 
this strefah the valley opens to a maximum width of 5% mil- and 
mnd& of a timbered $It plain, dotted with lakes, swamps, md 
marshes. Brooks crossed this swampy lawland with a pwk train in 
the lata fall of 19U2, but eebrlier in the summer ih psdsage with 
horns could be mmplished only with great difficulty and delay. 
Th.e amadation of this great silt plain by the Tolovann, and its 
trihtaries has been crtused, as previously sfated, by the elevation of 
the regional baselevel of erwion, due to extensive alluviakion of the 
Tmans Valley with gtwiofluviatile deposits. The great width of this 
plain, however, i s  another of the &king and unexplained topo- 
,mphic anomalies of the region. 

Worthead, of the Tolovana Basin is the valley of Beaver Creek, 
which drains into the Yukon Flats. The drainage of Beaver Creek 
is particularly anomalms. Heading against the North Fork of 
Prcacher Creek, Beaver Creek flows in a general southweterly direc- 
tion for 35 miles (air line) and then turns abruptly around the 
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d w e d  end of the White Mountains and flows in a northedrIy 
direction for 50 miles to the Yr~kon Flrrts. Its headwakr tribuhria 
me only h u t  10 miles from a p i n t  70 miles farther downstream. 
High temoes are p m n t  in the valleys of both Beaver Creek and 
its tributary Fossil Creek. The White Mountains, which lie between 
Fossil md Beaver Cresh, u e  trnmected by two narrow gaps, of 
which the northern one is a wind gap through which Fossil Crek 
f omerlg drained into Beaver Creek. The southern gap now carries 
the water of F a i l  Ckek into Beaver Cmlq but another s d l  
txibntaq of Beaver Creek is cutting b ~ c k  f mm the ~utheast and 
will ultimately rob the drain* of Fassil Crwk and make of this 
southern water gap another mind gap. The c~rnplete drainage his- 
tory of FwiZ and B~eaver Creaks is not known, but the recognized 
changes in drainage illur;tr& well how ancient conseq~~ent stream 
mum are now being tadjust4 to  struct~val lines, in wnfomity 
with the requirements of differential erosion. 

East of Beaver Cmk are the valleys of Preacher and Birch 
Creeks. In ih upper part, Preacher Creek shows no specially 8m0m~. 

dous features, but in i b  lower valley it opens into a wide depres; 
sion that folIows around the mt11 side of the Crazy biountains 
md clommunic&es on both sides of that range with the Yukon Flak 
T b  lowland also extends southeastward for another 25 miles but 
Illas no recowisable outlet in t I ~ t  11ireCfioil to the Yukon Flak 
Prelacher Cm&, however, folEows cyme b the hills dong the west 
end of this lowland and con,ntinnes northeastwad tbrough a gap 
2 or 8 i d e s  wide t o m d  the Yukon. This gap which divides the 
Crazg Mounhins on the east fmm another group of hills on the west 
thtxt is the gmmorphic end gmIogic continuRtion of the CSazg Mouil- 
tsins, constitutes  noth her example of an ancient s t m m  course that 
wns established a c m  the strike of the hard-mck formations. Be- 
yond the hills both Preacher and Bea~er C& are incieed in a 
border hrmne of p v e I  that extends for some miles out in the flsta. 
The h p t  valley of Birch Creek k generally lsimilrr to that of 
Pmwher Creek but shows to a more marked degree the c o n h t  be- 
twwn the wide vallep floors in these stretches where the stream was 
p d l d  to the cleavage of the Birch Creek whist and the n s m w  
csnydike &retches whem it flows acrosg the strike of this cleavwe. 
Plate 3, B, shows m e  of the narrow stretches in the South Fork. 
After leaving the hills, however, Birch Creek follows a, crooked, 
meandering course across the great lowland above described and con- 
tinuee mound the,& and nor& sidea of the Crazy Mountains out 
into the Tub5 Nets proper. ." 

This great lowland that lies south bf tbe C r q  Mountains tmds 
s h t  N. 60" W. and has a tota.1 lehgth of 80 miles. It parallels 
. W t 4  



the strih of the dominant structure of the countq rock but h& twb 
wide outlet# to the Yukon Flats, one on eath side of the Crazy 
Munfains, occupied now by Preacher land Birch Creeks. This low- 
land, however, i~ not a late incision comparable with the strike valley 
of Fossil Cmlq for it is now occupied by averd sluggish streams, 
which are incompetent to have cawed such a valley. The original 
sculpturing of this lowland may have been due to Merentid e m  
sion, but the p m s s  was an ancient one that long anMahd the re- 
cent valleys now being p d u c e d  by differential erosion, The gen- 
em1 appearance of this lowland mggesb that it was an ancient mum 
of some large masker stream, perhaps the Yukon i b l f .  This area 
in the vicinity of the Crazy Mountains is believed to be one of the 
critical localities for future geomarphic &dies on the genwis of the 
Yukon mats. 

The Charley River, the next lsrge &ream southeast of Birch 
Cmk, has fewer abnormal drainage features than the other main 
tributaries of the Yukon w, far enumerated. Unlike t h m  d m ,  
it has bs basin excavated largely within the area of a great batholith of 
p n i t i c  ro&s Ih principl tributaries, which enter iu the upper val- 
ley, Itend to follow structural lh& t h  griinibit'li~dw arid &i~pmb- 
able that the main vdley dm follows a complementary joint stmc- 
ture. The Charley River* however, like the other stmama that enfer 
the Ynkon ahve  the flats, has narrow canyonlike &etches, which ap- 
pear to indicate a p r m  of md justment to a lower baseleael of erosion 
than formerly axidad. Some of the high& country in the Yukon- 
Tanma region b found at the head of the Charley River, and hem, act 
in other p l m  in the region where the r i d e  exceed 6,000 feet in ele- 
vation, 1-1 alpine gladdon has taken place. Moraine Cdc,  a 
headwater trihtary of fiescent Cmk, occupiea a U-shaped glacial 
vdIey and hlaa s morainal de@t at. ;its lower end. 

The Seventgmite River, which .K~$dii against the lober valley of 
', the Charley River, is a typical strike valley, and khis featam alone 

is adequate to mount for its backhand dminage i% the Yukon River. 
' The upper valley i~i  canyonlike, but the whole valley is deeply incised 
in the h i h ,  though the floor broadens considcmbl y in the lower valley. 
One characteristic of bhe %ventpila River worthy of specid men- 
tion is a very w d  developed system of temmm. Just above the 
falls a Iow gravel bench about 62 feet high is p m n t  in the north 
side of the vdley, and 4 or 5 feet above this is another gravel ter- 
race that StFekhes backward to the v d l q  wall. On the south aide 
of the valley M i t r  low gravel benchm am also presant, which are 
mcceedsd upwad by two prominent &races 125 and 500 f& above 
the level of the stream. The 12&.faot terrace is very persistent and 
follows down the south side of Elm Seventymila River to the point 
where this valley opens out into the Yukon VaIIey, but there it 



veers eastward toward tbe south end of Calico Bluff. An alluvial 
depression between Calico Btud and the hills to the south B ~ O W ~  

the old cwm of the Seventymile River t~ the Yukon. The 600-foot 
termce 'is also very prominent and persistent. On the headwaters of 
the southern tributaries of the SeventymiIe River very well de- 
veloped rock-cut terraces are found on the ridge at an davation of 
s h u t  2,500 feet above the river. According to the description given 
by PFindle,l+ these are flabtopped level benches, in places mveral 
awes in extent, which occur at elevations differing from one another 
by a few feet to abut 60 feet, The character and structural atti- 
tude of the country rock appear to have exerted little or no con- 
trolling influence in the formation of these high terrama. Similar 
high terrllces accur at other localities in the Yukon-Tanma region, 
one of which, dong the divide between Woodchopper Creek ernd the 
South Pork of Birch Cmk, is illustrated by plate 3, A. 'She winter 
wow often lies at the up-slope edges of these benches until late in 
the summer- It is possible that some of these forms are of ?BuPia- 
tile origin, but most, of them are believed to be the d t  of mrtsin 
levding proawes that are effective in high altitudes and high lati- 
tudks and are therefom particulsrl y characteristic of the develop- 
ment of subArctic topqpphy. 

The Fortymile River diff em in several from m y  d f i e  
tributaries of the Yukon sa far ment.iond. To one, not a-cquainted 
wit11 the country the nomenclature of the tributarim of Fortymile 
River is very dusing. me two main brmnchea of the rivor are 
its North and Swth Forks. Abut  21 mike a b v ~  the main con- 
fluenca the N&h Fork receivm a large tributary from the west, 
which is d e d  the UMddle Fork." The South Fork, on the other 
hand, is made up of Mosquito and Dennison Forks, md the tam 
USouth Forky' is applied only to that stretch below the junction 
of these two forks, D e m h  Fork has two majn tributasies d e d  
"forks?', and I m l  usage has  themfore prduced such uncleairable 
rimes ns ''&st Fork of Dennison Fork of South Fork of the 
Fortymila River?' In general, m few of t h w  phmws are used in 
this report as cl~rity of e x p e o n  will pennib, but at best the 
nomenclature is diffidt ta undemhnd and utilize, 

The main Fortymile River, the Swth Fork, and the North Fork 
for 10 or 15 miles above the main conAuenca are meandering 
stmama that are deeply incised in canyons and cut bedrock on most 
of their rifles. Upstream from thm meandering c o u m  the 
tribotsriw am dmighter md swifter but are still incised in deep 
valleys. Above these stretches, particularly in the tributaries that, 

W F r l n U l e ,  L. H,, Tbe &old plncm of th -s, B k h  Creek, and FnItlmnka M o m ,  
Ahrka: U. 5. Qml. Survey Bufl 251, p. 20, 1W5. 



head against the Tanana River, thea streams am alnggi~h and flow 
B C ~  aggraded headwater plains. The upper valhys of Dennison 
Fork and its tributaries are specially @ examples of mch he&- 
water lowlands. The old erosion surface that once connected with 
these lowland amas mrttinuehl downstream into the lower pasts of the 
valley as e. high t e r n ,  the slope of which is much less than the 
p m n t  stream gradients in the lower valleys, so that it gradually 
increases in height above the river downstream. This old surface 
now forms the top of the canyon in the main Fortymile River, a t  
500 to 600 feet above the level of the river. This feature is illus- 
tmted in plate 4, A. Remnants of still highor terraces and a well- 
marked system of lower terraces are dm visible in this valley. The 
upper valleys of hnnison Fork and its tributariw a m  nlluviat plains 
to the extreme headwaters, and these atreams for the most part had 
in wide awampy dipidas. The distance from these headwater divides 
to the Tanana, as previously pointed out, is very short; but the 
tributafia of the Tanana, heading against thew same saddles, have 
nmrrow precipitoue headwater valleys. 

The lower valley of the Fortymile River is easy to explain. The 
river collsists essentially of entrenched meanders,, inherited from an 
ancient valley that existed prior t o  the late regional uplift, This 
part of the valley is an excellent example of the rejnvenahn of 
a dream valley that once wwas in atljtrstment to a mature topography. 
The upper valley of Dennison Fork, however, is distinctly aaornalous, 
for it is surrounded by high mountains and yet has no stespened 
headwater gradients such as would b expected even in an ama of 
mature topography. Moreover, this headwater drainage is entirely 
out of adjustmsnt with the headwater tributaries of the Tannna, 
which, with their high gradients, are doubtless now in the p m s s  
of extending their headwater valley to tha nor&. The h~sdwab: 
gradienk of the Dennison Fork must have ben active mountain 
streams at the time when this drainage was extended wuthw~rd so 
close to the Tanana ; and conversely the heaciwater tribuhries of 

. the Tanans are likely to have h n  less actively eroding streams, in 
order to 11ave.psrmittd t.he Demison Fork to extend its headwater 
drainage go far south. h an. earlier publication * V l ~ e  writer bas 
proposed, as an explanation of this anomalous hdwrvter drainage, 
B hypothesis of differential warping, whereby a b l t  at the lower 
end of them flsta was uplifted, thus locally raising. the I ~ ~ B v B ~  of 
erosion and causing extensive bedwater aggradation in the southern 
tributarim of &mison, Mosquito, and Middle Forks. This belt of 
upwarping appears to tread paralIel ta the general COUPSB of the 
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4 - .  Pnlron and Tanma Rivers but does not extend northweshard into 
the valleys of the Salchs and Chenr Rivers, for the dreams show 
no rmponsive pmorphic  features. The broader probled of the 
conlmnprmeous histories of the Yukon and Tanma Valleys still 
remains to h studied, in order to explain the original extension of 
the Yukon-Tanana divido southward to its present proximity to the 
Tanans River. 

The western and northern tributaries of the Fortymile River 
show none of the anomalous featurn of the southern tributaries, 
but instead have valleys that are approximately in adjustment with 
the old erosion surface of thc country. In general the valley floors 
are bmder  than that of the lower Fortyniile, and i t  is rtppa~nt 
that the effects of the late rejuvenation have not yet progressed 
upstream into these upper valleys. 

The Salcha and Chena Rivera and the smaller tributaries of 
the Tansns that lie. between the Selcha md the headwishra of 
Dennison Fork requiw, no special description in this paper, dthough 
they poses features of interest that Aould IM discussed in a more 
detailed account. Their lower valleys are deeply aaggraded, but 
n~pstream from points where &the 1,000-foot contour crams their 
valleys these streams in general show no very strikingly anomalous 
features. 
The ridge tops in the Yukon-Tanana region rise to elevations of 

2,000 to 5,000 feet, but the usual ridga level is from 2,500 to 3,000 
feet. Within any one district there seems to be B rather uniform 
level of these c m t  lines, but if the tops of all the main r i d p  in 
the Yakon-Tanana region were joind, the resnlting geometric 
m&ce would lm tt Rat dome, higheft in the east-central p ~ r t  and 
sloping gently therefrom in all directions, but doping most t o w a d  
the confluence of the Yukon md Tanans Rivers. Carving in this 
dome the ancient vall~ys that lie above the V-shaped dr~inage of 
recent date would prodace a greatly diversified surface, charm- 
terized by rather open depmions of moderate depth. This an- 
cient land surface, the predecessor of the present surfwe, has been 
classified by some of the earlier writers as an old pelleplain. The 
ridge-top surface alone, without referen@ to ite irregularities, might 
indeed be considered ~elatively featureless, but ~ v e n  this would 
show a-variation in absolute elevation of 3,000 feet horn the central 
acrsas to the two r i ~ e r s .  However, if any of the ancient erosion 
surf- had m y  cIajm to he regarded as a peneplain, this old ridge- 
top surface was the one. Nevertheless, when the irwpularitiesl of 
this upper mrface are also considered, it is evident thnt this clasai- 
fication is not altogether proper, for the ancieut surface thus re- 
constructed was greatly divera5ed, and in no way approached a 



baselevel. h k h g  backward, therefam, as far as the relatively 
complete land susface warrants, we must oanclnde that this ancient 
surface was that of a matum but by no means old topopphy. 
Recent stream rejuvenation, Qgether with local upwarping, has 
added the yonthful valleys that am now incised in thir ~lder 
terrane. 

There is another p m s s ,  however, which will have to be carefully 
evaluakd in futum geornorphic studies, The ridge tops in many pa& 
of the Yukon-Tanana region am abnormally flat, and many af the 
spurs leading Iatemlly from the ridges am also flat-topped, as we11 as 
extmrdinarily long. It is now well known that much of this sbnm- 
d fl ah- of crest lines and elongation of q u r s  is due b those same 
processes that ham previously been, mentioned in connection with the 
high bmosa. Nivation, altiplanation, and related prmsses have un- 
doubtedly produced many of thm elevated plane surfaces, m d  other 
probe~~sas &hd to mlifluction are equally certain to have been pow- 
erful factors in forming the long, smooth, gently sloping spurs. Little 
study of these processes hm yet been rnade in Alaska, but In the Scan- 
dinavian countriq where similar forms t&~& considerable literature 
on. this topic has accumulated. 

The p m n t  reIief in the Yukon-Tanana @on is marked, Tmma, 
the Iowest point in the region, hw an elevation above sea level of 
about 860 feet, and m r a l  mount& in the east-central part of the 
region rim to elevations in ex= of 6,000 feet. The lower valleys in 
the vioinity of them high mountains, homer, have elevations near 
3,000 feet ao that the I c e d  relief is not much more than 8,W feet, 
In the wagterP pslrt of the region the highest mountains &re lower 
but the v d e p  am oomsponding lowerl so that the maximum local 
d e f  dill approximates 3,01#1 fee&. Many of the higher mountains 
(higher in 8 relative rn-3 have reaeived local nmas, as shorn on 
athe mceompanying topographic map. Othm, particularly in the more 
rugged and I= frequented parts, have not been named. Tbe high& 
mountain in this region is a peak that projects above the ridge sepa- 
rating the Healy R i ~ e r  from the South Fork of the Goodpaster E v e r  
snd &@ tb an elevation of 6,515 feet. This mountain has received no 
Iml name. 

SXTTLFXZWM AlWl PQWZbTIOX 

The principal settlements of tha Y b - T a n a n a  region are located 
along the Yukon and Tanana Riven md include Fairbdq ~enana,' 
Fort Yukon, Tanana, Eagle, Circle, Hot Springs, ~ n d  Rampart. 
F&banks, Henana, and Eagle are incorporated towns. A large 
part of the popul~tian of theee mttIdmenta con&& of white people, 
but some of them, particularly Fort Yukon, Tanana, and Rampart, 
have also a considerabls native population. There are dm many 



m l l e r  mttlemmh, mrne of which am ewentially mining camps 
cornpod 1mgeIy of white people, while others are pr imr i l~  Indian 
villages. In the larger towns Territorial schools are maintained for 
the white children, md the Federal Government provides schools for 
the native children. h a n g  the outlying mining camps m y  be 
mentioned Livengood, Jack Wade, and Chicken. !J3ere are also a 
number of mining camps close to Fairbanks, such as Gla ry ,  Mee- 
han, and Berry, which are now Iosing their identity bemuse auk+ 
d v e  transportation is rapidly making them suburbs of Fairbanks. 
Among &e more prominent settlements &at are inhabited mainly by 
Xndiaas are Tmsnn Crossing, Eagle Village, Stephens, and Mans- 
6dd. In dl, about 25 post offices are maintained in this region. 

Fairbank, the largest town in this region, is located on the f l d  
plain of the Tanana River, along one of its sloughs, md is the center 
of mining, commercial, and industrid activity for the country. It 
was founded in 1905 as a mining csnzp but has now become a modern 
town, with public xhmh and a college, church% a hospital, a 
national bank, storm, telephones, an electrio power plant, rt theater, 
newspa- and a large aviation field. It is abo the northern tar- 
rainus of the Alaska Railmad md the center from which radish 
roads, trails, and w d r  md aviation routes to other parts of central, 
m r n ,  and northern Alaska. The University of Alaska (formerly 
the &&a Agricultural College md School of Mines) is IwM at 
CoIlege, one of the smaller setklements close to Fairbanks- Accord- 
ing to the Fifteenth Csnsus, Fairbanks proper had in 1930 a popula- 

, iion of 2,101, but at least 1,000 more people are distributed in 
nearby parts of the Fairbanks district, including these at Garden 
City and Cdege and in the mining camps south of the Chatanika 
River. 

Nenana and Tanana are essentially junction poi& in the trampor- 
tdion q&em of interior Alaska. Nenana is on the south bank of 
the Tanma River, just above the mouth of the Nenana River. The 
b k a  Railmad c m e a  the Tanma River at Henana, and this pclint 
has therefore become the head of navigation for river steamboats, 
though before the railroad was built such boats plied upstream as 
far as Fairbanks. Tanana, on the north bmk of the Yukon River 
opposite the mouth of the Tanana River, is the changing point far 
upper and lower Yukon River traffic, as different steamboat com- 
panies operate on the Yukon above and blow this point. According 
to the Fifteenth Census, the population of Wensrna in 1930 was 291 
and of Tanma 185, but adjoining Tanana is a native Pillage and 
midon containing mi additional population of 98. 

Port Yukon is the mnter of the fur industry of inkrior Aiaska. 
It is situated in the middle of the Yukon Flats, on the north bank 
of the T u b  River just above the mouth of the Porcupine River. 



Chie of the points of interest at Fort Y~lkon is the Hudson Stuck 
Memorial Hmpiw where the native people of the upper Yukon me 
cared for in sickness and are alm Caught the, rudiments of -nitation 
and hygiene, as well as the fundamental principles of Christianity. 
This is the only wellquippecl hvspital in the upper Yukon Valley 
of Alaska and is therefore a p a t  asset to both the white and the 
native people of the region. The population of Fort Yukon in 1930 
is given in the F i fknth  Census as 304. 

Eagle, Girds, Hot Springs, and Rampart are mining towns, with . 

populations rsspectively in 1930 of 78, 50, 45, and 103. Eagle is a 
pic tuque  little settlement on the sonthwest bank of the Yukon 
River a few miles below the international bounilary. It is built upon 
a terraw that stands well above the high-water bvel of the Ynkon, 
even at times of severe flooding after the spring break-up, and has 
the tmt town site on the upper river. mle is the supply point for . 

Fortymile, Seventymile, and American Creek mining districta and is 
also the port of enbrg in coming downgtrem from Yukon Territory. 

Circle is on the southwest bank of the Yukon River at the east 
~ n d  of the Yukon Flats and is built n p n  the great f l d  plain of 
the river. Jt is the supply point for the Circle mining district and, 
being lwated a t  the north end of the Stem Highway, is a junction 
point for p-ngers coming up or down the Yukon River who wish 
to go by automobile to Fairbanb. Abut 35 miles in an air line 
southwest of Circle are the Circle Hot Springs, where a small w~ter- 
ing place has been developed. 

Hot Springs is built: along a slough of the Tanana River, a few 
miles below the moutll of Baker Creek. It is the supply p i n t  for 
the Eureke, and Tofty mining didricts, which lie respectively to 
the northwest and northeast of the town. The Manley Hot Springs 
are located at this place but have not yet b e n  successfullp developed 
for ~isitors. 

Rampart is on the southeask bank of the Ynkon River a short 
distance below the mouth of Refis Creek. It is the supply point for 
the Rampart mining district, which lies to the south. Just RCFOSS 
the river from Rampart the Department of Agriculture formerly 
maintained an experiment station, but this has been abandoned for 
10 years. 

TSbffsPOETATTOR dKD C O ~ C A T I O B  - 

h t s ,  steam h i n s ,  automobiles, airplanes, hmsm, and dogs are 
utilized for the transportation of people, freight, rsnd mail in the 
Yukon-Tanana region. The Alaska RaiEmd, which camects Fair- 
banks with the south coast of APaska, wss completed in 1823 and 
since that time has been the quickest and mogt reliable mnte of entry 
into the southern part of this muntq. T h e  trip from tha ebast 



fakes two d a ~ r ~  m d  may be made by pagseqrs M h  in m e f  and 
winter. The Alaska Railmd also maintains a reliable freight aerv- 
ice snd is equippecE to handle all kinds of commodities, including 
perishable p o d s .  knother mute of entry is by automobile from 
Valdet to Fairbanks over the Richardson Highway, but t h i ~  road 
is open only during the summer. A third route, which ch the best 
for pltsaengers rrnd freight destined-to points along the upper Yulron 
River, is by way of the White Pa+ & Yukon Route. This consis@ 
of a, &arm railroad from Skagway across the Cmst Range White- 
horaq which is the head of navigation on the Yukon River; and a 
ateamboat service from Whitehorse to Nenana by way of the Yr~koil 
and Tanana Rivers. The steamboat service on this route is main- 
tained from the 1st of June until the 1st of October. For more 
rapid transit, airplane mrvice from the coastal cities to Fairbanks 
can alm now be obtained, both in summer and in winter. 
The navigable dreams of this region are the natural routes for 

local travel in summer, and the stream vdleys are a h  much u d  by 
horn and dog sleds in winter. Points on the Yukm River between 
Tmme and the boundaq are sewed by one steamboat, operated by 
the American Yukon Navigation Co. on a reliabb fortnightly s h e d -  
de, This boat also plies up the Tanana River to Nenana, but mwat 
of the local traffic on the; 'f'anana is handled by a steamboat oper- 

. ated by the kleska Railrod, which also serves the settlements along 
the Yukon River below Tanana. Motor launche am also extensi~ely 
used, W h  on ths Yukon and Tanana Rivers and on their navigable 
ttibuteries; and upstream from the upper limit of navigation for 
p m r  beak poling boats am used to a considerable extent. In  winter 

. the Yukon River is an arterial highway for horse and dog h a m ,  but 
the Tananr is a treacherous stream in winter, and sled travel sticks 
main1 y to the north shore, ktween Nenma and Tanana. Many trails 
from the two riven inland to mining camps and trappers' cabins am 
sZso n t i b d  in winter, mainly for the transportation of freight and 
mail. The lonest of these is the 90-mile trail from Eagle to Chicken. 
The Richarctson Highway, from Valdez to Fairbanks, csosses the . 

Tmana River at  the mouth of the Delta River and from that point 
b Fairbanb serv@s as a local mad for those who wish to enter the 
lower valleys of the Chena and Salcha Rivers or the ridge country on 
either side of those streams. From Fairbanks good automobile roads 
radish to the surrounding mining camp on Ester, Goldshetun, , 

Cleary, and Fairbanks C m k s  and the Chatanika River; and thege 
are smpphmentd by wagon and tractor roads that lead to I= h- 
quented localities. &I automobile road known as the St- High- 

. way has dso hen built from Fairbanks to Circle, and this servm 
both for local and t11mngI:ll trafic; and a 6-mile automobile mad has 



dm bmn built to m e c t  the Stmm Highway with the C k l e  Ed 
Spring& hother road now connecta Fairbanks with Livengod 
The only other r o d  of any consequence in this region is a 80-mib 
wagon road from Hot Springs to the Enrega mining district, which 
has rewxitly bean improved m that it is now suitable for tr~vel by 
automobiles. Regular passenger schedules are maintained by auto- 
mobiles in the summer on the Richardson and S h m  Highways. 

' 

Many summer pwk trails and winter ded rods have been built 
in this region, and some of th-, for short, d-ces from the river, 
havg now hem made into wagon roads. Thus, in g d  weather 
mgans may h ~ m a a  the EagleChicken road for 80 milm south 
from Eagle; a short road has bean built Erom Nation, on the Yukon, 
tu the Bourth of July Cmk camp; the trail lading from Rampart 
up Minook Creek can be used by wagom for some distance; and a 
wagon mad connecta ths lower end of the Hot Spring dough with 
Tofty. Consid~rfng the area of this region, however, established 
~ ~ m m e r  and winter mutea of trawl by land are as yet very meager. 

The difficulties attendant on travel in this country have greatly 
favored the development of airplane routes, and at the present time 
many of the outlying towns and mining c m p s  haye aviation field~, 
so that rapid t r a i t  can be had when the occasion warrants it. Much 
of the mail is also now b m g  carried by airplanes, though locally it 
must &ill be &stribat&- by the older methods. Fairbanks, with its 
large aviation field, is the regional center of aviation, and several air- 
plane companies offer service to all parts of Alaska. Outlying 
eommnnities have ben quick to avail themseIves of these fmilitim, 
and there am now 16 regular landing fields in the Yukon-Tanma 
mgion.*' 
In the early days of the development sf interior Alaska Fair- 

banks was connectad with the muth coast by a telegraph line, and 
the principal settlements on the Yukon and Tanana Rivers w ~ r e  
likewise joined by telegraph lines. Mast of these lines were later 
abandoned, but in their places mdio statiom were installed by the 
United S t a h  Signal Corps at Fairbanks, Tanana, Fort Yukon, 
Circle, Eagle, Hot Springs, and Liven@- Until recently thew 
 tati ions hmdled most of the long-distance and point-ta-point corn- 
muniation, but in the fall of 1933 most of these stations, except 

' 

Fairbanks, were abandoned, and commercial radiophones were in- 
troduced. Telegraph lines are still utilized, however, for eommuni- 
cation between points along the line of the Alaska Railroad, m, for 
example, between Fairbanks and Nenana. For local cammunimtion 
telephones are much used, not only at Fairbapks but also at  other 
places, as, for example, in the Livengood, Rampart, not Springs, . 
and Circle mining districts, 

-Taylor, I. I?. Ichld en%necr, klauka Rond Commlsllion), pereonal commasl~tI0m. 



. The Ptlkon-Tanana region is part of the p a t  interior province 
of M h  and therefor8 has a typically sub-Arctic climate. Tho 
winkam am long and cold, with short d a p  in midwinter; and the 
swnmera am short but relatively warm and are characterized by 
nearly continuous daylight for 3 month in midsummer. Except 
in a small area near Fort Yukon, the, sun is never below the true 
horizon at noon, even in the shortest winter days, and in the longest 
daya of summer it is visible for nearly 24 hours. Unlike the Tropics, 

region at sunset has a horizon that makea a small angle with 
the apparent path of the sun, which is consequently new the horizon 
long after m m L  This results in long hours of twilight, both in 
winter and summer. 

Climatic records have been kept by the Unitd States Weather 
Bureau at several localities in this region during the last 30 years 
or more, but only at  Eagle, Fort Yukon, firnpafi, Tanana, and Fair- 
banks me the records fairly complete. The mean temperature, 
precipitation, and wnowfall for these fire stations Ito the end of 1980 
have h n  oomputd from the, records of the Weather: Bureau mrl 
are presented in the following tables : 



inkresting facts are shorn by these m r d s .  In figure 2 
the menn tempemtam, pmipitat.ion, d snowfall for the whole 
region ham been plotted. From this diagram it will be obeerPed 

FInmm 2.-M~n t e m ~ t u r c ,  prcdMtatlao. and -tail in the Pnkom-Tapam 

that the wanbest weather occurs in the early part of July and the 
coldest iri the middle of January. The mmn precipitation is abut 
10;4i inches, which classifies the mgion ma =miarid, and most of this 



,, - ' falb as rain during the summer, with a maximum in early August. 
The l h  summer may, therefom, be described as the wet. season of 
this &on. A sharp drop in the precipitation c u m  during April 
shows that that  month is dryer than any other. The large& mount 
of snow falls in January, and practically none falls during June, 
July,-and Au- It is probable that no rain falls from November 
to M a d ,  inclusive, and on thw assumption i t  will be seen that the 
ayerage convasion factor of snow to w a h r  in this region is bout 
QOKb-thst i9, i t  takes about 13% inches of mow to make 1 inch 
of water. 

The individual records from the five dations do not depart puffi- 
ciently from the mean to warrant separate charting, but they do 
ahow some deviations from the mean worthy of mention. Fort 
Yukon is the warmest of the five in summer and the coldest in win- 
ter. Moreover, the time of minimum winter temperature at Fort 
Yukon appema to be two or three weeks earlier than at the other 
four stations, and the period of extreme cold weather is Ionpr. 
Fairbmks has the mildest climate of all the five statiom, for it is . 
appreciably warmer in winter and ie dm warmer in summer than 
any other station, except for a period of two months at Fort Yukon. 
Nevertheless, the mean annual temperature at Fairbanks is nearly 
6" below the f m i n g  point. T h e  mean annual €emperaturn at Ta- 
nans is the samp as the regional averap. 

Tanana has the greatest precipitation, which exceeds the mean 
for tha, region by more than 2 inches, and the precipitation at Fair- 
bank8 a h  exreeds the mean by about 1 inch. The lightest precipitgr 
tion occurs at Fort Yukon, whem it is 3.3 inches below the average. 
Tanana differs from the other dour stations in that i t a  maximum pre- 
cipitation occurs in Jr~l y rather than in August. Eagle comes c1me-r 
to mpmnting the average conditions af precipibtion than m y  
other station. Tanma also has the greatest snowfall, but Eagle, 

,tho@ third in precipitation, hiss almost as p a t  a snowfnI1 as 
Tmana. Af Fort Ynkon nearly half the precipitation falls as mow, 
but st Bairbanb and Tanma only about a third is snow. 

The means above tabulated and analyze3 are basal on figures that 
have a aide range between their maxima m d  minim4 and the 
tablea therefore do not give a very red picture of the actual existing 
clim&c conditions. In summer a maximum temperature of 100" F. 
has been rr320rded at Fork Yukon, and in winter minimum tempera- 
tures of -76" md -75" have been recorded at Tanana and Eagle 
respectively, thus showing a possible annual range of 176O F. Dur- 
ing the summer f m m  45 to 65 days may be expected when the tem- 
perature r i m  to 70" or higher, and in winter from 240 to 255 days 

, may be e x p e d  when the temperature falls to 3.2" or less. Also 
from 120 to 160 dnys in winter have a minimum temperature nf 0" 



or less. It should be noted, howewr, that th- fignrae are b a d  
upon the climatic records of stations along the Ynkw and Tanana 
Rivers, at relatively low elevations above sea level; pmbably mmc+ 
what different conditions prevail in the hi& that rise m v e d  
thousand fget higher. 

The Yukon River at Eagle b d  up in the spring somathw be- 
tween May 8 and May 18, usually a b u t  f a y  10, but at Circle, For€ 
Yukon, and Rampart tha break-up is pro&vely le&* by m m l  
days. The Tonana River at Nenantr sinw 1917 has brokn up at 
d a t e  ranging from April 26 to May 17, with an average dab of 
May 7. At Fairbanks the earlie& and latest dates of the break-up 
on mood since 1908 are April 86 and May 14, with an average date 
of May 6, It may therefore be seen that the Tnana Riper at Fair- 
banks and Xmana breaks 8 or 4 days earlier than the Yukon at 
Eagle. The Yukon and Tanana begin to Ireme a b u t  the middh of 
October, but the smaller streams in general freeze earlier in the fall 
and open earlier in the spring than the main rivers. Steamboat 
navigntion on the Yukon begins about June 1 and ends about the h t  
wesk in October, thus giving a period of river navigation of about 
4 months, 
M& of the grwnd in this region is permanently h e n  to great 

depths and thaws in mnrner only for a few fget below the surfam 
A marked exception to this condition, however, prevails dong tha 
larger stream, where circulhting ground wakr H a s  in pl- thawed 
the ground for mveral hundred feet back from the river banks. This 
frmn wndition, of the soil is belie#ed to have originated during 
the ice age, whm the regional climsts must have been e m  mom 
frigid than at prerrent, but ita prptuafion to the present day has 
doubtlees been m t l y  aided by an insuIating layer of sphagnum 
moss that covers much of the surface. The combination of a h n  
subsoil and a spongelika layer of moss at the surface pfoduc~~ a 
condition thet favors the pwth  of vegetation and mms ki balk 
the semiarid nature of the muntrg, for as a result of the froaen mb- 
mil, there is slighlt circulation of &round water, and the want pwip  
itation s u h  into the moss, where i t  is retained near the surface: 
thus dewring a, dense pIant growth. 

The weather in the Yukon-Tanaas region is generally plwmnt, 
bath in summer and in winter. T h e  summer d a p  are seldom 
oppmsrri~ely warm, and elcmpt for the myriads of rnasquit.oe3 in 
June and July working oonditions are very favorable. In the early 
summer thundemtorms are prevdmt in some masons, but a p t  
variatim exists in this mpect. Though much of the summer weather 
is fair, few perfectly cloudlem~ days occur, for the skg is usually 
charwtarized by j~olated clump of clouds, which make patches of 



emnshine and sh&w over the landmpe. This tenders the photog- 
raphy of distant lendaapas somewhat dificult. In winter still 
better weather previls, and except when storms or periods of 
e x d v e l y  low temperature occur, travel by foot and dog feam 
along astablished trails is earsg, and even cross-country tmvel on 
snowshoes is less laborious than Bummer travel in tha valleys. 

The vallege and lower ridges of the Yukon-Tansna region have a 
heavy mantle of vegetation, which includes coniferous and deciduous 
t m ,  many kinds of flowering planks, ferns, moms, lichens, and 
still lower forma of plant life, Little organized botanic work hm, 
yet been done in this region, but many travelers in the country have 
taken the opportunity to toll& the more common plants; and there 
is available rts a, result of such collections a considersbler amount of 
d&iptive botmic data in the files of the Unibd States National 
Mmenm and the Department of Agriculture. The flora of t.his 
country p m t a  many interesting problems, particularly problems 
of ~ 1 0 g y .  

The common trees are the white spruce, the balsam poplar or cob 
t o n w d ,  md the quakhg Bgpen, and at favesd lcalitias g o d  
stands of white birch are also found. Other twes that are mom 
sparsely distributed are the black spruce, black birch, and tamarack 
The white spruce constitutes a large part of &he forest growth, 
ranging in size from trees 2 feet. in diameter in the larger valleys 
to the m b b y  stunted kind that grow near timber line. The poplars 
and aspen grow principally in the valleys, brrt whem the spruce has 
been burned from the valley walls and lower ridges, poplars. and 
birches are among the first trees to reappear in the course of n&md 
mforeststion. The natural habitat of the birch is on well-ddned 
ridges and bill slop.  Black spruce grows as small scrubby trees 
in swampy plaoes, md the tmnarack or brch is found mainly in 
the d e y s  of the larger rivers. 

Much of the country, particnLarIy in the vicinity of mining camp, 
has at some time in the last 40 years hen subjected to forat fires. 
Mod of these fires, thmgh due to carelessness or negligence, have 
not bwn intentional, but some of them have been deliberately set 
with the intention of obtaining dry w o d  quickly, or of killing mm- 
quihs, or perhaps with the emneow idea of clearing off the vege- 
tation so that grgrass wodd spring up for horn feed. For mm8 ~ e a m  
after a Em a burntrover area is a dwlate stretch that is useleas for 
man or beast. Much h e  timber and other useful vegetation is 
destroyad, and the country becomes e veritable no-man8 land, devoid 
of vege.etation, wahr, and animal life. The rainfall in this country 



.is st beat ~pmse, and when the sur6cial. mantle of mdss and other 
vwtation is thus destroyed, nothing remains to hdd the moisture, 
and the run-off of the dreams becoma torrential. This advemly 
affects placer-mining operations, for water then becoma available 
only during psriods of miny weather, and the e x m s  run-off is 
wasted, instead of being conserved for perids of drought. Experi- 
ence should have demonstrated by this time that no useful purpose 
is served by setting fires, even in a country as sparsely populated as 
interior M a s h  

Timber grows in this country up ta an average elevation of about 
2,Wl feet above see, level, but local mnditions cause mnsidedle 
variation in the Eimhr line, Where basic or ultrabasic rocks form 
the country rock, or on northward-facing dopes, h b e r  may hardly 
extend up to an elevation of 2,000 feet; but En trunk valleys or on 
favored slopes, padicularly where the bedrock is limestone, aprum 
timber may grow up to 3,000 feet or higher. Near timber line the 
spruce becomes smaller and above t imhr  line gives place to low 
brushy of which the dwarf bla'ck birch and in moist ground the alder 
me the most common types. Above this am pmstrate plants, w~ch 
as the lichens snd certain flowering plants, which continue to the 
top of the mountains, unless intemptetl by slide m k .  . 

A large variety of other vegetation grows in this corntry. Wil- 
lows and alders, though essentially shrubby plants, grow at favored 
localities to 6 inches or more in diameter. Only one species of alder 
has been mopimd, but several species of willows are p=nt. The 
natural habitat of them plats  is along stream am, but they are 
widely distributed where the ground is damp enough to favor their 
growth. The flowering plants mm particularly conspicuous in 
summer, and many t y p  itre found. T h e  writRr25n an earlier 
publication 11ns given a Pi~t of 1M species that p w  in the vicinitg. 
of Eagle, and probably as mmy more could be collectd by a pr* 
fmional botanistc One of the most conspicurns and most attmctim 
flowers of interior Alaska is the Iceland poppy, a yellow speciw 
whose n&-1 habitat is on the upper slopas below and above timber 
line. 

Many native gmses and sedges a h  p w  in this country, and 
others which hsve probably been imported as seed in hay have be- 
come acclimated. Grasses that are suitable for horse feed grow in 
the valley bottom and to a marked extent in the gulches near the 
a p p r  limit of timber. Hmses soon learn to like some of the horse- 
tails, as well as cqrtain other kinds of vegetation, such as goms of the 
genera of the pea famiIy. In the lower valleya grass for horses 
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. ie-usually available by the end of the first week in June, but in late 
seasons adequate forage may not be obtained until after the middle 
of June. Similarly in the fall, the grass la& until the early or 
middle part of September, or perbps later. 1u the higher hills, 
however, forage is seldom available befom t h ~  middle of June and 
is entirely dead by the first weak in September. In general, there- 
fore, horses can forage on t.he mui~try for 3 or 3% months, the time 
depending on the locdity and the kind of wason. 

Several kinds of wild fruits grow in this region, of which the 
four most common and useful are the bqg bluehrry, the low-bush . 
cranberl~, the red currant, and the red raspberry. The high-bush 
cranberr~f, a member of tho honeysuckle family, is a h  much u s d  
for making jelly, and the juice of this berry, when it is fuUy ripe, 
provides n fine substitute for vinegar for table use. Strawberries, 
though native to southern rather t h n  interior Alaska, also thrive 
at some lwalitiea. At most of the settlements along the Yukon and 
Tanana Riven, and even in the hintaIsnd between the rivers, 
gardens are planted, and all the hardy vegetables, including pot~bes, 
turnips, cabbage, lettuce, rhubarb, bets?  carrots, and radishes, am 
grown without difficulty. Tomatoes and cucurnbrs are p o r n  for 
the most pmt in hothouses. Agricultural e x p e h m t  stationa were 
started by the Department of A p h ~ l t u r e  yeam ago at  Rampart and 
Fairbanks, but the Rampart st ation was mbquently ~bandoned. 
'She Fairba.nks station, however, ha$ continued to function md hm 
recently been transferred to the University of Alaska. Much fine 
work has been done at these stations, and one of the jrnp~rtsnt results 
of their work has been the-de~eloprnent of hardy cereals that mill 
ripen in the short sub-Arctic summers. 

ANmKAL LIFE 

The larger animals of this region are rrrribou, mtwwe, bear, and 
mauntain sheep. Meny thmsands of w d m d  caribou mnge 
throughout the mgion, and they form an important sdurce of fd 
for t.he white and native population. The mribou assemble in large 
bands in August, and one of the irnpmive sights of the country is 
a p a t  herd of these animals migrating across rivers and over mow- 
tnins, in euch numbers that their t-rsnsit past nnp one locality may 
take several days. From A m~nnfain top surrounded by such a herd, 
one may rn caribou on every ridge top in e v e v  direction, as far as 
the eye can reach. The caribou am more like cattle than wild game, 
and it  Is h a d  for the frontiersman to understand how the killing 
of caribon cnn be regarded by hunters as a form of outdoor sport. 

M 9 M ' I . I  



M o m  are plentifd but do not -bb in large her& Wd&, 
the caribou, they ara fomd mainly in bw timbered ~alle~rs, partic- 
ularly where l abs  are plentiful. Sheep am found in the high mom- 
&, but are reldively acrrrca. The largest number of sheep o b  
s e v d  by the writar were in the hills near ,Mount Schwetka, north 
of Victoria Cmk. Both the black bear and the brown grizzly bear 
are native t o  the country. The grizzly bear lives mostly in the 
higher mountains and is o h  met on the bare rid@ at  and above 
timber line. The Ar-bearing animals include chiefly fox, lp, 
marten, mushat, squkel,  weasel, mi& land otter, wolf, and of 
rec~nt years coyota Other animals, mch as  porcupine^, rabbit9, 
tm md p u n d  squirrels, m~hmots, and mice, are also found, 

The native game birds &re ptarmigan and grwse, but these birds, 
particularly the ptarmigan, appear to be nomadic and more or lass 
periodically appear in numbers at diffemnt localities, rand at other 
times are very scarce, In summer ducks, gem, and other water- 
fowl am plentiful along the streams and lakes. Many other birda, 
including the eagle, hawk, raven, owl, loon, tern, gull, kingfisher, 
mallow, sparrow, junco, thrush, warbler, jay, waxwing, and shrike, 
dso inhabit this country. 
The streams ma amply stocked with fish. Grayling are found 

in n e d y  all the etreaas, and in m e  trout are also found. Salmon 
mn up the Yukon and Tsnana Rivers and constitute an important 
mum of food, both for the people of the muntry and for their 
sled d w .  Other large fish, such as whitefish, pike, pickerel, and 
laka trout, a m  common in the l a b  and larger streams. 

DESG- UEOLOUY 

a m  FE&TaaES 

The Yukon-%ma region and contiguous areas north of the' Pu- 
k m  River present one of the most complete geologic &iow now 
h o r n  in Alaska. Bedded rscks of every geologic period except one 
have been identified, and B variety of igneous rocks, both intrusive 
and extrusive in orij$n, are also present. This divenssed w m b l a g e  
of rocks indicates that the region has had a long and intricate gco- 
logic history. The reconnaissance studies of the last 30 years have 
msultd in the accumulation of a grest mass of inf armation about 
this wgion, end although many of these data am even yet not 
thoroughly mmelsted, nevertheless thy serve tio indimfe the major 
events in the geologic histoq, Them remain, however, many m- 
solved geologic problems in this rejrion, not the least of which is a 
better understanding of the e o n s 1  structura 
The bedded mks range in ago from pre-Cambrim to lbcm\ and 

in the explanation accompanying the @logic map 2!4 map unih of 



bedded smb hem b n  di f femthtd  The oldest dkentary 
m b  am d 1 d  in a gnmp of crydallbe 9c&, h o r n  as the 
Birch C!mk &, of pre-Gmbrian age. Later pre-Cambrian rocb 
am also p m 4  of which the leaat metaanorphosed and k t  h o w n  
are comprised in the Tindir p u i p ,  of pmcsmbrian and Lower 
Cambrian ( 8) age, which is roughly r)omlative with the prs-Cam- 
brim Bdt series. Tbe Tindir group, however, is typially developl 
in the contignous m-m north of the Yukon River and therefore out.. 
side ~f the Yukon-Tanma region proper. Sonth of the Yukon 
most of the younger gre-Cambrian rocks are assembled inb n p u p  
of nadifferezltiated mk, which also includes some d s  of early 
Paleozoic age The calcareous members of the post-Birch Creek 
rocks am wpamtsly mapped, though few such rocks cw?mzr ~outh of 
the Yakon, The Cambrian sptem is developed, so far as now known,, 
only in the belt &long t h ~  international boundary north of the Yukon, 
but the proximity of these m b  to the Yukon Rimr mndm it de- 
sirable to give a brief outline of their general charackr. Some of 
the racks of Ordovician age are included with the gm-Cambrian in 
the mmblage hem napped as undiff emntiated pm-Middle Ordo- 
vician rock, bnt one formstion of basic Iavas, here designated the 
'Tossil Creek volcanim", hss been differentiated and mapped. The 
Silurim system, sa far w known a t  present, is mpresented by ody 
one formation, which is mmpmd of a great thickness of limeatone 
and dolomite hem named the "Tolovans lim&one." The Devonian 
sgstem, like the Ordovician, k largely undifferentiated, but one for- 
mation, composed l&pgdy of Iavw and h o r n  m the f f i W d ~ h o p -  
per vol&c~"~ has k n  Memntiated and separately napped. The 
undifferentiated Devonisn pock have been divided into B calcareous 
and a nonmlmus unit, which are separately delineahd on the 
accompanying nap. 

The Carboniferous system indudes a great diversity of bedded 
These ham been divided into five well-defined 111&p&le 

units and also into two less welldefined p u p s  of undiflerentiated 
rocks, one of c a l m w  and one of noncalcaxeous char&rP Three 
of the wd-d&nd map units (the Livengood chert, the XEampart 
gmup, and the Calico Bluff formation) are of Mississippian age, and 
two group d undifferentiated rock are also Mississippian. The 
Ramp& group is an assemblage of sedimentaq mh, lava flows, 
tuffs, and b d w ,  amciated with which are. rnasses of intrusive 
mka. Anothm lithologic unit, h o w n  as the Tation River foma- 
tionn9 comprises- a group of unique continental deposits, which are 
balieved h be of Pennsylvanian w. 'She youngest of the Carbonif- 
erous rocks is a marine limestone of Permian age, the Tahgandit 
Iimeatone. 



me Mesozoic rocks include a 'eeriess of Upper Triadc xtmks, and 
aEso rocks of Lower and Upper Cretaceous age. No Jarassic sedi- 
mentary rocks have been m g n i z e d  in this region, though some 
may be present, as a Cal'loPiaa fauna correZati~e with the lower part 
of the Upper Jurdssic of Alaska has recently ben found on the 
Porcnpine River, about 25 mil s  blow the international. boundary. 
The appamnt a h n e e  of Jurassic rocks in the Yukon-Tanana, region, 
however9 is interpreted to mean that a p S  unconformity exists 
a t  the base of the Lower Gretilceous sequence. In an earlier report 
the writer *= mapped the h w e r  Cretaceons rocks of part of t h i ~  area 
as a =parate unit, designated as the Kttndik formation, but in the 
present report the Lower and Upper Cretaceous rocks are mapped 
us a unit, with no formal designations. The yougest of the consoli- 
dated mks are a group of Tertiaq rocks of etuarine a d  conti- 
nental origin. Overlying all the hard rocksl of the region are a 
rariety of unconsolidated or allnvial deposits, which range in age 
from late Plimne to R m ~ t t .  

Many igneous m k s  are present in the Yukw-Tanma region. 
Some of these, such as the meta-igneous mh that am misted 
with the crystalline schists, are not separattply mapped. Okhers, 
~ u c h  as the Fossil Creek and 7Vodchopper volcanim gnd the Ram- 
part group with its associated intrusives, arc mapped with the 
hedded rocks. In eddition to these, five units of ignwus rocks are 
sepamkly mapped. The two mast irnprtant of these, from their 
ecanorriic relations, are the Mesozoic and Tertiary granitic rocks, 
which are the ultimate sourse of moat of the metallifems ores of 
this ~qegion. A gmup of Dmcminn intru~irr rocks, mainly of ultra- 
basic character, has also been differentiated. Finally, two group 
of lavas, one of early Tertiary and one of late Tertiary and Quabr- 
nary age, are mapped as separate nnits. 

ARCtBIN'T ROCKS 

The oncient m%s of this putt of ~tlaska are here divided broadly 
into thm unita, b a d  upon differences in sge and litmolw. The 
oldest unit, known rw the "Birch Creek schistT', consists largely of 
rrcry&lIi& d i m e n t s ,  with which are nssociated ancient meta- 
igneous rocks of both intrusive and extrusive character. The Birch 
Creek &st form the base of the geologic section and is entirely of 
pmGsmbrisn age, One of the two younger units, de-ded as Uls 
&'Tindir g o u p  md a w i a t e d  intrusive rocks"? is a group of little 

* Mertie, J. B., Jr.. &ale# of the We-Cirela MUM& *'lm : F. 8. a-I. 8- Bull. 
81% pp. 1 8 M 4 1 ,  1PBO. 



d . dtmd mIt4 which a m  mainly of pre-Cambrian a@, but may include 
some Lawer Chnbrrian rock The second of the two younger units 
includes the mzjor part of a group of partly mry&llized rocks, 
W wem described by Prindle** in his report on the Fsirhmb 

, q d a n g h  as the t Tatalim group and dm similar mcks in the 
Circle and Fortymile quadrangles which have not received formal 
designdam. h the p m n t  rep~rt the latter unit and certain un- 
diflerentiated early Pdeomic rocks are ooll~tivel y desigilated ''UII- 

djfierentiated gre-Middle Ordovician rocks." 

The Birch Creek schist forms the bitrock surface of about one- 
fikh of the country between the Yukon and Tsnana Rivers. This 
formtion occurs in three general tracts. The 1mge:est of the* is a 
t r i q l a r  h a  of h u t  4,000 square miles, whose muthern limit; is 
m k e d  by the valley of the Chena River. The northeast side of this 
triangle is delirFited by the flaS of Birch and Preacher Creeks, and 
the wdhwest side is f ornzed by the flats of the Tolovma River and 
upper k v e r  Creelr. This area contains few intrusiva bodies of the 
I& gmiitic mks, and those which occur w u p y  relatively ~m11 
areas. It is also a significant fact that younger pre-Cambrian rocks 
lie along both the gouthern and northwestern sides of this trirtnphr 
block of Birch Creek shist. The Fairbanks and CircIe mining dis- 
tricta lie within tbis area. 

A -nd area occupied by this forn1a4ion is a belt lying dong the 
nor&& side of the Tanrtna ltiver and extending from the head- 
waters of the Mqui to  and Middle Forks of thc Fortymile River 
northwestward to and somewhat beyond the Salcha River. This 
area comprises about 1,500 square miles. Along its north side this 
bBXt is adjoined by younger pre-Cambrian rocks and by Paleozoic 
pimdmw, but along it& east side the Birch Creek schist abuta 
against graat intrusive W i m  of granitic rocks, with an extmmelg 
irregular contact. A small mining camp, lmown as the Tenderfoot 
dishrict, lies near the west end of this belt, at. a considerable disknw 
from the grwt granitic intrusive bvdies. 

The third area of the Birch Creek #chist forms the easltern part 
of the Yukon-Trtnans region rand continues eashward byond the 
intarnational boundary into Yukon Territory, This area comprises . 

PriPdk ?A a, A ge01aslt TeCOnnaimnm of tbe Falrbanka quadrangle. & m k a  : U. 8. 
04. SII~VW s u n  624 pg. ~7-39,1913. 

A aagger (t)  preceding ti wloglc m e  ladlcate~~ that the name has been abandoned 
or rejwted for use in clamillcatlon in ~ubllcations of the U. 9. Wologleal Survey. Quota- 
tlon mark., l o m W  med ta indicate abandond w rdeeted oarnear, are now used only In 
t4e ordinan @en- 



abut 1,500 miles ha A I d  and an nndetsmbd ram in Canada. 
Along ita north side this Mock of the Birch Cmk whist a d j o b  
both the younger ppe-Cambrian TO& 'md the granitic intmivas 
ttnd interfingers with both of thew formations; dong ih we& d e  
the boundary is dehrmin.d by the p a t  granitic intrusivm, and 
the contact is likewise very irregular. A considerable part of  the 
Fortymile mining district lies witbin this srea, and just e a ~ t  of khe 
boundary, in Yukon Territory, is the Sixtymile mining district. 
ErtjXl farther east is the Klondilre mi* district, whom Mrmk 
is also camposed of the Birch Creek schist and other pre-Cmbrian 
mh. 

I z m O m T  A m  mrm3amr 

In demibhg the Birch Creek schist it should be stated at the 
out& that no intensive study has yet been made of these &. 
Many of the lithologic and structural data are b a d  on the field 
work of L. M. Prindle, which was done in connection with -id 
reconnahce  snrveys. The petrographic examination of t h w  
rocks, which hhss been made mainly by Prindle d the writer, w~ 
likewim a part of tbia reconnaissmca work and had for its principal 
objective the m i t i o n  of the constituent minmds, EO tbat proper 
petrographic daignations might be applied. The following data 
are therefore descriptive rather than gemtie, rand the applic~tion 
of modern methods for deciphering the history of these metamorphic 
rock remains a task for the future. 

The designation UBirch Creek schist", as now used, iadudw all 
the older pre-Cmbrim metamorphic rocks that were originally of 
sredimentary o w  h c i a t e d  with these metamorphic sediments 
are a considerable variety of alchists and g n e b  of igneous origin, 
which are not considered to be an i n w d  part of the Birch Creek 
fomtion. Tn the Yukon-Tmana region, however, @em meta- 
morghic igneous rocks have for con~enience bmn mappd with the 
Birch Creek schist, under the designtttion "Birch Creek schist m d  
amciabd meta-igneous roclrs. In Yukon Territory the Csxllsdian 
geologists have npplid the name "Yukon group" to all the older 
pre-Cambrian crystalline rocks of that region, imspeckive of th& 
sedimentary or igneous origin, but this usrtge  ha^ not bsen p e d l y  
adopted in A. l~ka ,  

The Birch Creek &st coI18iE(tS of mdkentS which through many 
ages have been regionally metamorphosed to g d n a  the more com- 
mon types now seen over 'so much of this countrg. A minor part 
consists of similar rocks which have been metrsmorphwed, not only 
by repeated folding and oompmsion but also by contact-metamor- 
phic pmmssm. Manifestly this additional metamorphism is not a 
fanetion of the age of them mcks but is due entirely to their p m -  
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iniity to great bodim of intrusive &tic pocks, m& of which are 
n part of the later plqgic sequence. It a W d  also be emphwkd 
that a description of the Birch Creek EC& m o t  at p-nt be at- 
tmphd upon s stratigraphic basis, for the original Mdhg has in 
large mesure been obliterated, and the stratigraphic sequence is 
known only in a most general way. 

The Birch Creek schist consists principally of quartzike, quaartzit8 
schist, quartz-mica, schist3 mica schist, feldspathic and chloxitio 
schistrr, and a minor proportion of carbonaceous trnd caIca~us  13chist 
and rrysta.he limestone. Quartsite schist and quartz-mica schist 
appear to be the more common typs, Mod of these rocks am corn- 
pletely recrystallized, but in some of the more competent beds-for 
example, the quartxi-riginal detritd fabric and other evidenm 
of their sedimentary ori& ere stin preserved. In w e d ,  k g  

mch are characterized by a foliated or ltmhakd structure, and 
mmy of them show a distorted hliate or erenulated fabric that in- 
dicates the superposition of ono cleavage upon an older structure of 
similar type. In s broad way, the more quartzme metamorphic rocks 
am mmidemd to repmnt  tho basement members of the sequence. 

The quartzite echish m x w  in beds that range in thickness from n 
few inches to =venal feet. Mod of these rocks con& sufficient 
mica to  give them a de&ita cleavage, but they also grade into bedsr 
of almost pure quartzite in which the clea~age is hardly apparent. 
Mwt of these rocks are shngly joinkd, and therefore In weathering 
t h y  usually b d  down to farm a blocky talus. This jointing also 
has an important effect where such mcb form the bedrock under gold 
placer deposits, in that it enables the gold to penetrate deeply into 
bedrock and ngcedates the removal and cleaning by hand of a con- 
siderable depth of such rock, in order to obtain a high recovery of 
the gold. Where the q u d h  schist and qua.&& occur in bigher 
country they urnally make prominent topographic forms, owing to 
*.heir superior resistance to weathering. Another charmteri~tic of 
these quartz-rich rocks, particularly above timber line, is the prev- 
alenm upon them of a black lichen, which gives ta their cropping B 

somber, forbidding appearance when viewed from ac distance. The 
quartzite schists are typically ~iewlopsd in the arm around the head- 
waters of Birch Creek but are aim found in the vicinity of Fairbanks, 
in the Fortymile country, and at many other places. 

The quartz-mica schists at mssy lmdities are interlaminated with 
the quartzite schists, but at other localities they appear to comtituta 
most of the country rock. As might b expected, theae rocks grade 
litboIogi4y on one hand into the quartdB schisb and on the other 
hmd, with a decrease in quartz, into rocks that are more properly 
tamed mica schist& T h e  quartz-mica md mica schists, particularly 



the latter, .are incompetent &, which hum taken up mmt of the 
strews i n d u d  by regional folding and differential comprescrion, and 
their bxhms show to & marked d p  the results of these pmemm. 
Crumpling, mnulation, and flow cleavage are characteristic featurn 
of these rmks, ss shown in plate 4, B, and it is apparant that not only 
has the original bedding been entirely obliterated, but also at many 
plam an older cleavage has been i n h l y  deformed to pmdum the 
present cleavage planes. The textures, in short, are thwe which might 
be expected to occur in mks that have been intendy deformed a t  
great depth during seve~al periods of diastrophism. In weathering 
these n i w m  schists disintagrata rto form soft, friable rocks, and 
where they have been subq'stel to &-&ion of both air and water, 
as in the bedrock mder placer depita, they disintegrate to a soft 
clayey mterid. The quartz-mica and mica &sts are found every- 
whex in the amas of Birch Creek schist and cannot be said to be 
specially characteristic of any one locality, though they am well de- 
velopd in the Fairbanks, Qrcle, and FQI-tymile districts, both in the 
vicinity of the placer-mining operations and in the neighboring hills. 

Calcareous whist and lirnestxne appear ta comtituh a relatively 
a l l  proportion of the Birch Creak schist and are restrictd tcr the 
upper parts, of the formation. Where observed, such calcareous Focks 
occur as elongated bodies of mall thickness and horizontal extent, 
which are completely recrystallized, usually schistom, and at some 
l d i t i m  ~iIicat;#i. The greatest amount of crystalline limestone in 
the Birch Creek schist is found dong the Fortymila River from the 
mouth of Franklin Gulch downstream, to the boundary. Here the 
l imeshe is intarbedded with a variety of schists and gneisses in I d s  
f m  a few inches to 100 fe& or more in thickness, and at p l m  
the misted quartzites are themselvw mom or I- calcareous. Simi- 
lar dcareous members crop out as B group of lenses of crystalline 
limestone in the FairbanEts district, &ending fmm t.he head of Pilot 
Craek S. 70" W, into the valleys of Dome and Vault Creek Other 
Iocalities are in the valley of Goldstresm Creek near FOE; at the 
month of Mastodon Creek, in the Circle district; and at sevenrl places 
in the headwaters of the Saleha and Chena Rivers, close to the suc- 
ceed ing pre-Cambrian &. 

Schists on which the effects of contact metamorphism have b n  
superposed sra particularly prevalent at or near the borders of the 
great iinstn~sive Wies of p n i t i c  mks that characterize the mst~rn 
half of the Yukon-Tanana region; and in this p m  new minerals, 
such us garnet, &u~~mIite, and albite, itave been developd. No spe- 
cial study has yet k n  made of t h ~  contad-metamorphic phases of 
the Birch C m k  schist, but petifemrrs schists have Geen o b s e d  
at many places along t h w  border mnes, and sta~~rolitia schists am 
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known at the baa& of C d  and Wdchopper Cmks and at other 
localities. 

The easentid minerals of the rocks oomposing the Birch C m k  
schist are quarta, biotite, and micite, and the mom cxmmon acm- 
wry minerals am Jbite or oligmlase, chlorite, 4 c i t q  garnet, iron 
oxides end hydroxides, spati&, and aircon. The less m m o n  m- 
e s s ~ ~  minerals, including those found in the contact-metamorphic 
p h m  m d  in the mira ted  meh-ignmus rocks, consist of epidoh, 
zoidts, hornblende, diopaide, augite, orthoclase, tourmaline, h u m -  
lib, andalusite, titanite, rutile, and pyrite. In same of these rock 
certain of t h e  accwmg minerah are dominant, particularly the 
feldspars and chlorite~ in the schists and the .hornblende among #a 
ipeoua derivdives. The quartzites am rn~mive rocks which consist 
largely of quartz with a little mica. Under the plierolscops the 
quartz is wan to consist of interlmking pains, usually showing 
strain shdows under r , r d  nicol prismls, though in m e  of thm 
rwke the original rounding of detrital grnins is still preserved. The 
mics, occurs in unoriEn.nted f l~kes.  The quartzite whisk and quartz- 
mica schists differ from the quartzites in containing increasingly 
larpr amounb of mica, which i~ oriented in pmlId flakes and 
gives ra resulting foliation. Of the micas, biotite seems to be. more 
-on than saricite, but the pnwnce of both these; m i a s  has in 
places' bean vtili zed to distinguish the Birch Creek mhist from highly 
a l ted  Paleozoic mks ,  which nre  likely to contain a larger pro- 
portion of the brittle micas and chloritic minerals. The increase in 
the proprkion of mica is also ~~sud ly  accornpmied by an i n m s e  in 
the number gild v ~ r i e t  y of the more common accessoq minerals above 
enumemted. Scnne of the quartzite *hi& contain oliw1ase or 
rmdesine, and by an increase in the amount of thesa minerals there 
arises another fairly common rmk type, the feldspathic schists. 
Some of the schish of t.his type mny perhaps b of igneous origin, 
but many of them are believd rather to represent metamorphosed 
arkosic sediments. 

A number of tt;vpes of rnetrs-igneous rocks are associated with the 
Birch Cmek schi~t, but the moRt abundant of thwa are the intrusim 
grouped under the designntion Pelly gneiss. This unit consists mainly 
of granitic rocks but lwallp includes darker varieties of monzonitic, 
dioritic, and oven gabbmic character. A description of the 
graphic fentures of the Pel17 gneiss is given on pages 202.-U)3. In 
addition to the Pellp gneiss, chlorite, albite, and wricite s d k t . ~ ,  
amphibo1itea, and hornblende sthi& are also apsociated with the 
Bimll Crek schist, and many of these mk~ are considered to be 

, the metamorphic derivatives of ancient igneous rocks. The chlorite, 
albite, and mricih schists, like the limestone members, are con- 



h e d  to the upper part of the Birch Creek schist, but in pmta 
of the Yukon-Tanana region they constitute a considerable part of 
the mapped unit. They are light-colored foliated rmh ,  ranging 
from a, dirty color to Sight green, and most of them am soft, 
friable, and lustrous. The es~ntial  minerds are chlorite, mricite, 
quartz, and acidic plagimlase, either albite or oligoclase, and the 
common acc689ory minerals are the mnm w thase of the mica schists. 1 

Thw & have not keen studied in any detail, but their general 
characteristics suggast that many of them may be igneous phyl- 
lonitea, comparable with the metarhyolites -iatsd with the To- 
tatlanika schist, as described originally by PrindleP1 The rtmphib- 
OEM coslsiat ememtially of hornblende, biotite, albite or oligaclllse, 
quarh, and calcite, znd by a dwreaw in the content of feldspar they 
p d e  into the hornblende schists. Other minerals found in t h w  
mks include @id% zoisite, garnet, tita.nitet apatih, and iron oxides. 

Mention should also be mads of the large amount of quartz found 
in the Birch Creek schist. Veins of  quart^, of coarse, rn present 
in nearly all the geologic formations of this region, but the Birch 
Creek achisk, h a u s e  of its great age, has been acted upon by vein- 
making processes of every period, and mrtsquenUy contains mom 
vein quartz than any of the other rocks. This quartz, as might be 
expected from its differences in age and mode of formrstion, is 
diverse in character. Much of it is a white vitreous quartz that 
ranges from small w m s  to veins and lenses mverd feet thick, but 
some of it, particularly in the smaller seams, is colorless and tram- 
parent. The quartz that characterizes the gold I d e s  af the Fair- 
banks district is inclined to be porous and to show some c@line 
faces, but this variety murs  in veins that cut transversely ~eross 
the cleavage of the schist and is-more characteristic of mineralized 
amas. Locally any of the qua* wins may be mineralized with 
sdphides, such as pyrite, amnopyrite, and stibnite, and with free 
gold, but in general mogt of the oIder quartz veins of the Birch 
C d  schist am barren. It was the presence of 80 much quartz 
in the Birch Creek schist and the additional fact that the mining 
camps first discovered, such as the Klondike, Fortymile, Kopkuk, 
Fairbanks, and Noma camps had a bedrock of &A that led min- 
ing men to behve that the Birch Creek schist was t he  mum of 
the grold. I t  is now believed, however, that the grmitir? roclm are 
the source of most of the gold of the Yukon-Tanana region, and 
that the Birch Creek schist is a source rock for gold d y  where it 
has been mineralized by granitic intrusives, 

mBPOok8, A, E-, The Mount McRlnfey region, bltbskq wftb dwcriptiom of the 
Igneow roc& by L. W Prindle: U. I. Qeol. lurwa Prof. Paper 10, pp. 14Sl60, 181t 
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Tha structure of the Birch Greek schist is h o r n  to be very 
complex, but the recunnai~nm studiw so far made do not justify 
m y  h l i t y  of opinion regwding either the details of the structure 
or h proceg~~s by which the structure haa been prdu&. In gen- 
etal, where the Bireh Creek schist contains no large bodies of later 
intruaives, its cleavage tends to st.rike N. 80" E., or roughly parallel 
with one of the major structural directions of the region. Evm 
where the structure is least irregular, however, considerable di- 
vemity of drike may be obsrerved, particularly in the less mmpehnh 
r&. In areas where the great M m o i c  grmitic batholith are 
found, the cleavage close to these intrusives tends ta foHow contact 
lines, but farther away it tende to be decidedly aberrant. The dip 
of the cleavage is even mom irregular, for dose folding is mm- 
mon, and many of the minor folds are closely a p p d ,  with axial 
planm ranging Prom high angles to verticaliky. Shearing has a h  
ken a process of marked effect, a d  at; p l m  lenticular fragments 
of cornpetant beds, such as quwtzite and old vein quartz, are found 
as dongated incisions in the less cornpetant schists, sometimes 
dmly  simulating a detritd or conglomeratio fabric. The struc- 
ture is further compliclstd, particularly in the Fortymile district, 
by the presanm of many ancient intnrsives, chiefly though not 
wholly of granitic charactert that have ruptured and defomd the 
schists during their intrusion, have soaked them with magmatic 
juim so as to Jter their chemical oomposition, and have subm- 
quently been deformed and sheared along with the ancient country 
m k ,  in such a why that they are now welded into the schkh and 
form with them a complex of metamorphic rocks that almost defies 
and-. 

The area of Birch Creek schist lying between Fairbanh and Grde 
includes lea granitic rocks than m y  of the other areas of 
rocks in the Yukon-Tanana region and may therefore be expected 
to yield the best information regarding the ancient metamorphim 
of thm roeb. This block of schist is bounded both on the north- 
we& and southeast by the younger rocks of the undiffemntiated 
pre-Middle Ordovician assemblage and in ra broad way the structure 
may be regarded as anticlinal. The accompanying geolagic map 
#horn 'tha$ the younger pre-Cambrian rocks converge toward the 
southwest, -ing a dosure around the end of the Birch Creek 
schist in that direction; and it may therefore be inferred not only 
that the.generaJ structure of the Birch C m k  schist is anticlinal, 
but that the axial planes of the folds plunge wuthwestward. The 
general dructura is also indicated by the f& that in inha cenkal zone 
ofy4his area, along the ridges between Fairbanks and Circle, occur 
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many quartaite schists of t h e  type which ia believed to r e p m n t  the . 
b a d  part of 'this metamorphic complex. That the ~tructure is far 
from simple, however, ia plainly indica*d by hikhly appregaed and 
in places mumbent folds, which trppe~r to  be characteristic, strue 
turd features. ( h e  pl. 5,A. )  As s, result, mmive M s  of quart~ta 
and qnarhite schist are found at some localities in a nearly hori- 
mntal pasition. In general, however, the axial planes of the ap- 
presd folds dip 30"-45" SE., and the impression is gained thaf a 
considerable part of this deformation is due to lateral thruslting from 
the s & h &  
The Fairbanks district lies in the central zone of this area of Birch 

C m k  schist, and the detailed studies by PrindIe8= in that district 
have thrown additional light upoil the structure of these older rocks. 
Prindle found two belts of crystalline limestone in the Fairbanks 
district, one in the valley of I;olclstrearn Creek and the other about 
3 miles south of and parallel with the Chatanika River; and he re- 
garded these mnal croppings sss evidence of closely a p p d  sgn- 
clines, in which the limestones, which occur in the u p p r  part of the 
Birch C m k  schist, have k n  infolded with older mh of the se- 
qumce. Carbonacmus scbists am dso asmciated with both of these 
blts of crystalline limestone, and these likewise indicate that higher 
horizons of the schists sm here represented in the synclines. More- 
over, if, RS above i n f e r d ,  the folds of the Birrh C h ~ k  schist plune 
southwestward, it would be expected, in synclines of this sort, that 
the higher rocb of the sequence would begin to appear a& the 
Fairbanks end of this Fairbanks-Circle block, and that tbe very 
rddest wks of the sequence would be found at the n&& end, 
in t.he vicinity of Circle, Tho lithology appears to bear out thia 
interpretation. 
In the endem part of the Yukon-Tanana region the structure of 

the Birch Creek schist is complicated, not only by the presenm of 
intmives but alm by the fact that the ancient granitic htmsivq 
hem &led the Petlg gneisq and other sncient igneous mdr~ bemme 
increasingly prominent. Tho regional trend of the clmvage in the 
vicinity of Dennison and Mosquito Forks of the Fortymile River 
appears to ba about the same as tho general direction of these two 
stream-that is, about N. 15" E.-and the prevailing dip of the 
cleavage is 15"-20° Em, although this sttitude is by no means uni- 
form. In fact, at some localities, as along the ridges south of Liberty 
Creek, the cleavage of the h l l y  gneiss a p p m  to be nearly hori- 
zontal. This twgio~~rh trend of the cleavage may be due to the 
proximity of the Mesoeoic granitic r+ but it certainly extends 
for distance east of them. StiU farther en&, however, in Yukon 

m p r i n d l e ,  I, M., k gmbglc mnnal-c8 of the Fnlrbanh q a n d ~ g I e ,  AIaska, with m 
detail4 d d ~ t l w  ot the Fdrtmnkn diatrlct, b l  L M. P r l n d b  and F. J. Eats : U. 8. Wl. 
Surrey Bull. 526, pp. 14-75. 1013. 
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Territwy, according to C*1d,8s the regional trend of the igneous 
schis&s; and presumably also the Birch C m k  schist, is northwesk with 
prevailing dips to the southwest. It should a h  be emphasized 
that both the intrusive Pelly gnebs and tbe igneous schists which 
are associated with the Birch Creek schist in this area partake of 
the game regional structure as,khe schist itself. When these facts 
are considered in conjunction with the belief that the present clsav- 
age of thist =hist in this area is superpod upon an older cleavage, 
whom genere1 t m d  is unknown, it will be apparent that the present 
Btats of knowledge regarding the structural hktory of the Birch 
Creek ahid in this p a t  of the Yukon-Tanana region is based more 
upon vague conjecture than upon accurate analysis, and much more 
work, of a very detailed nature, will be required to acquire any 
adequate underatanding of that history. In fact, considering the 
geology bf the Birch Creek wl~ist in Alaska alone, without refer- 
ence to Yukon Territory, the Fairbanks-Circle area is much the 
be* district in which to begin any such [letailed studies. 

As tha Birch Creek echist conlprises the oldest rocks in this region, 
the bwd of this formstion has not h e n  observed, u1d the upper limit 
is dm more or less indekrminate. The complex str~lctum has al* 
mad9 been outlined, and it need hardly be stated that the strati- 
graphic section has not yet h e n  deciphelwl. These facts make it 
impossible to hazard any exact estim~te of the thickness of thm 
rocks. It is probable, however, from tlre width acrws the re@onal 
strike rrt Cirde and the abence along that section of infolded M s  
of Ister age, that a thickness of many thousands of feet is repre+ 
&mid .by this metamorphic complex. 

AGE AND COM1DtATII)A 

The- age of $he Birch C m k  schist is now considered to be not nnly 
pre-Cambrian but early pre-Cambrian, McC~nnell;~ who first ex- 
&a$ khm ancient, crystalline schists along the Yukon River, cor- 
reldted them by lithology with the f Archean rocks of Canada, but 
subsequent workers, attempting to utilize a. classification based upon 
the fossil rscords, designated them first ng pre-Devonian and sab- 
mquently as pre-Silurian and pre-Ordovician. Cairnestb in 1912, 
disboverd Upper Cambrian fmsils in the rocks that lie above the 
e q & W  ecbiStg, ~ n d  on ths basis of tliese fmsils, together with 
the stratfgraphy and structure of the underlying rocks, he was led 
to the *mJusion that the crystalline schisb rrm of pre-Cambrian age. 

*CoctSeld, W. IS., WrWalle and Lathe ILivelrr m r ~ a ,  Tokw Terrltoe: ~ & d a  Ckol. 
Bnrvey M a m  128, pp. 14-28, 1921. 

MeConnf111, R Q., Report on an exploration in the Yukon and MacRemle Bdm, North: 
weut Tesrihry : C s w a  Q-1, Survey Ann. Rept., aew wr., rol '1% pp. 15-14 h IgW. 

*Wrrtes, W. D., The Yukon-Alaska lntetnatlooal boundam between Porcupine and 
Y&un Eiverm: Caunda Bmt Burwy Mem. 67, gp. 811811, 1914. 
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The facts upon which am b a d  the assignment of the Birch Cek 
schist to the emly pdambrian are given herewith. N&h of 
Eagle and both emt and west of the international boundary is a 
group of rockg, predominantly limedone, in which Csirnes found 
Upper Cambrian fossils and in which the writer subsequentPy col- 
lected early Middle Cambrim fossils. Below these fossiliferous beds 
is a gre~t thichess of noncrystalline, nonfkliferous rmh, aggre- 
gating between 20,000 and 25,W feet, which are considered on struc- 
tural rrnd lithologic p m d s  to be pre-Cambrian. These are known 
as the Tindir group. The Tindir group has not yet bean dwervgd 
in cmtact with the Birch Creek %hist, but all the evidence indicate 
that the Tlndir is younger than the Birch Cmk This conclusion is 
not based primarily upon the relative d e w  of metamorphism of 
these two groups of mh, although it is a Btriking fact that the 
mks of the Birch C w k  are completely mc-, wh- 
those of the Tindir group are Little metamorphosed. The principal 
evidence is the fact that tJheer are two g r o ~ ~ p  of m k s  which, though 
dm& in contact dong the Yukon, are totally diflerent in their lithol- 
ogy, the 'Sindir group consisting of dolomite, limestone, shale, date, 
quarbidta, red beds9 and b&c lavfls, whereas the Birch Creak schist 
con& few calcareous mks and no red beds. It would be i m p  
sible by metemmphism to t d o m  the rwlm of the Tindir group 
into similar t~ t h w  which constitute the Birch Creek schist. 
The Birch Creek schist is therefore conddwed to km older than the 
Tidir group, and ~s the Tindir p u p  is classified as pre-Cambrian 
and h e r  Cambrian(!) the Birch Creek schist ia comidersd to be 
early pre-Cambrian. The use of the t e r n  tLLAlgonkienm ~ n d  
f"Archean" for subdiviaiona of the pre-Cambrian has been dimn- 
t h u d  by the Unitad Stata Geological Survey. 
No attemp& have been made in Alaska to differantiate and to map 

separately the meta-igneaus rocks assmiatmi with the Birch Creek 
*hi&, h a u 9 ~  in no BI"BB. that has yet b e  & d i d  in d&I do.mch 
rocks form an important part of the geologic sequence. The granite 
gn& and the amphibolitic m k s  wsm identified by Prindleal in 
the Fnirbanfac district, but they are spamly distributed there, and 
the svaiIab,ble exposures are poor, RO that although these rocks mre 
studied petragraphially, they were not separably mapped. The 
Pelly gneiss and the chlorite, albite, and &cite dish form a con- 
siderable part of the stratigraphic ~equende in the Fortpule Vdey, 
but only rapid reconnaissance work has yet bean done in that part of 
the Yukon-Tanma region, and the best available inform&iort re- 

*Mettle, J. B., Jr., The 'Patondnk-Nation -let: u. a. &oL 8- Bill. 836, pp 
mwoi, laaa 

Prfndle, L. M., A *lac memaaiwaaae of t b m  ~~ pudtamde, Alaska. 4 t h  & 
detoi1c-d nerrcrlptlon oi the Fdrbanlnr dWrict, El L M. Prindle snd F. 3. Katz : O. 8. -1. 
Buweg Bull. 62626, pp. W. 1013. 
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. garding thes~ m k s  is that given by W f i d d  in connection 6 t h  
his semidetailed mapping of the adjoining Sixtymile district, just 
e& of the international boundary. In addition to this lack of car- 
tographic work, these meeta-igneous & have not been found in 
contact with the later pre-Cambrian or with the early Paleozoic 
rocks. The result of these circumstmces is that little is really lmown 
of the age of the meh-igneous rocks associated with the Birch 
Greek Aist.  

The PelIy gneiss in the Dennison Fork district has been observd 
in sn intrusive relation with the Birch Creek whist, and is itself 
intruded by the Mesozoic granitic rwk. (See pL 5, B.) Its age, 
however, cannot be definitely stated, as it has not been found in con- 
tact with any younger pmCambrilm or Paleozoic r o c k  Cock- 
field? who h a  given more study than the writer ta the field rela- 
tions between the Pelly gneiss and the Birch Creek schist, was con- 
Pinced &at this gneiss int.rudes all the pre-Cambrian ~~e 
m& of the Sixtymile district, but he was unwilling to hazard a 
guess aa to its absolute position in the stratigraphic F D I ~ .  Itr 
seema likely, from what is now known of the pre-Cambrian sequenca 
in a i o r  M A ,  that the Felb gneiss is a part of that quenca, 
bat ita time relation to the Tindir group is not known. In fact, it 
ia possible that the Pellg gneiss is of early Paleozoic age, though its , 

absence from tha socks mapped as undifferentiated pre-Middle 
Ordovician rocks, which elso occur in the eastern part of the Yukon- 
Tananlr region, is presumptive evidence against that interpretatiw. 

Still 1- is h o w n  of the age of the chlorite, albite, and &cite 
~chistg and of the amphibolites, hornblende achiste, and related roclrs 
Semidetailed studies of these rPcks have been made by McConneU * 
in the Klondike disk.ict and by Cockfield " in the Sixtymila &strict, 
and the information mntained in their reporta is the best now avail- 
abla Both M&nnell and Cod&dd reghrd all the mebigneow 
m b  asmchkd with the Birch Creek whist se part of the pre- 
Cambrian sequence. McConnell classified the pre-Cambrian r d m  
m follows: 
Klcmdlke mries: 

SerlcIte and chlorh schists, aerlved from the alteratlam o f  addie md 
baslc porphyritfc Igneous rocks. 

Fellg webs, derived &om the alteration of granlte porphyRr md Q- 
gorphyrg. 

Mmehlde  group: Altered dhbase, mdng at Erne I W t i e a  into m t l n e .  
Nasina wries: Wartalte, qnarkdte mhfd, and qu-mica mbbt, d t h  soma 

banda of chlorite and actlnolite whist and crgrrtalllne Iimestone. 

Cock~MId, W. B., Siatyrdle and Ladue Rim ama, Yukon Mtm: Cnnada Oaot 
Burvey Mem. 325, m 16-28, 1921. 
' Idem, pp, 21-26. 
"McCnnnelI, R CE., Re& otl the E I d b  EM fteldU: Cwds Geal. S m q  bnn. 

Rapt., vol. f 4, pp. 10&22B, 1805. 
41 Cmkfleld, FY. E, OD. dt., PP. 1 M 6 .  
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In tbk tabulation the "Nasina scrim" mrmspads closely with the 
Birch Lhek schist, and the Belly gneiss was considered to be a deep- 
seated intrusive that ww not greatly different in age from the mri- 
cite and chlorite schists, which repmenikd rmrficial phases of the 
same eruptive acti~ty. Cockhld, however, prewntd a somewhat 
diffarsnt section, as follows: 
Branlte webn. 
Amph!bo1ltes. 
Serlcltlc and cblmiffc d a t e ,  malnly of ignmm orldn. 
Naaina mrles. at the barn of the section, consisting of quartsite, e , w m i q  

schists, mica schist% sheared conglomerate, grnphtte ~chlatg, and cry~taltlne 
limestone. 

In this classification the sericite and chlorite schists am considered 
t;o represent a different period of igneous activity from the Pelly 
gneiss, which is stated to be intrusive into both the igneous schists 
and the amphibolites. 

Little is known st  present reerding the correlation of the Bimh 
Creek whist 8nd its associated rneta-igneous rocks with similar 
mks in other parts of Alaska. Ancient rrpstfie mks.have ken 
recognized and mapped in the region soath of the Tan& Riwr 
and extending t h ~ n t ~  southwestward into -the Ruby district; in 
the Koyukuk and Cbandalar districts of northern Alaka; and in 
Seward Peninsula. South of the Tanana the work of Brooks," 
Prindlg*z and C ~ p p s  has resultd in the grouping-of most of the 
metmorphic rocks and their mapping as a single cartographic unit, 
the Birch Creek schist. One significant fact, however, in ~mect ion  
with this work was the recognition and mapping of a p u p  of augen 
peisses and metamorphic igneous sehists, to which the &'sWtion 
"Totatlanilrs schist" was applied. This formation waa detemfned to 
b younger thsn the Birch Creek schist and older thsn the Carbon- 
ifem& rocks. It is ps ib le  that the Totat.lanika d j s t  . may be 
correlative with some of the meta-igneous schists that am associatsd 
with the Birch Creek schist north of the Tsnana. 

*) . 
In' the Ruby district and in northern Alaska the name bLBirch 

C m k  schist" has not been applied to the crystalline rocks, because 
such rocks are too f a r  lsepamted from the Birch Creek =hi& in its 
type locality. Then lithology and metamorphism of these rcwk 
however, am.much the same as those of the anci~nt  crystallbe mcks 
of the Yukoa-Tanana region, and it is probable that further dudies 
will justify && correlation. In Seward Penins~~la the cqdsfline 
- 

Broak8, A, Hi, Tne Jlronnt BtcKlnlg M o w  Almh, rritb M p t l o n m  at *ba f-s 
rock* and of the Bonrllleld and ht imhna dIatrltts. by L M. Prlndle: U. A. Geol. Snwey  
Prof. .P.peF 10, pp;6&~0, 1911. 

41 Cnppe, 8. R., The BonniBeld -06, Alamka: U. I. M I .  Bum Bull. 501. ph 2- 
1912. 



-rocks have been divided into a lower psrt knawn wc the Kigluaik 
group and an upper part called the Nome group. The Nonla group 
has been regarded as of pre-Ordovician age, but the Kigluaik group, 
which consids of schists, limestone, and gneiss, may possibly be cor- 
relativa with parts of the Birch Cmek schist. 

From the facts and hypotheses above pmsented it ia apparent 
thhat two lines of invmtigation are available in the future study of 
the Birch Creek schist and associated meta-igneous rocks, The 
petrology, stratigraphic equence, and, structure of the Birch Cmk 
schist should first be investigated in the type locality, between Circle 
and Pairbankq where the history of these rocks is least complicated 
by igneous activity. With such infomation in hand, the patrology 
and paragenetic relationships of the m i a t e d  meh-igneous roclts 
may then be studied to advantage i l l  the eastern part of the Yukon- 
Tanma region. 

TIBDm BROVP 

The Tindir p u p  is spam1y distributed in the Yukon-Tamna 
region proper, but its lithology and stratigraphy f o m  so integral a 
part of pre-Cambrian histmy that a summary description of ib rocks 
snust perfwme .be included in the p m n t  report. T h e  type locality 
of the Tindir group is north of Eagle, in the d I e y  of the Tatclnduk 
River, a tributaq of the Yukon that enters from the east sbnt  30 
miles by river below the int,ernational bunda y. A detailed descrip- 
tion of the distribution, lithology, structure, age, and correlation of 
the Tindir group north of the Yukon River has bean given in m 
earlier publict~tion.~~ 

So hr as h o r n  at pmsent, the mks of the Tindir group crop oat 
at only one gaaeral locality south of the Yukon-for a few miles 
below the mout,h of Fourth of July Cmk. North of the Yukon, 
how~ver, they form the bedrock in an area of about 200 square miles 
in Madm and extend for an undetermined distanm e a s t w ~ d  into 
Yukon Territory. Still ftrrther north, in the Yukon-Porcupine 
region, these rocks mappear at the m f a m  and are believed to have 
a wide distribution. It is also probable that soma of the rocks 
mapped as undifferentiated pre-MiddIe Ordovician, particularly in 
the area between Eagle and Circle, may be correlated later with the 
Tindir group, but the effects of metnmorphism south of the Yukon, 
mupled with-the small amount of work so far done on this probiem, 
make it impmible ta trace the Tindir group for my considerable 
distance south of the river. 

UMertie, J. B., Jr., The Tetondnk-Natlon district : U. S. -1. So- Bull. 836. pp, 
88,WPz. Irt32. 
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The mndir group consists of a thick quence of sedimentary rocks 
interhdded with basic lava flows and intruded by igneous masses. 
The intrusive mh, however, are not properly a part of the Tindir 
group. The principal mdirne'ntaq mcks m dolomitete, limeatone, 
bhda, slate, and quartzite, and the igneous rock are mainly diabese 
and W t  of greenstone habit, together with an undetermined pra- 
porLion of lsvas and tuffaceous beds of hematitic habit. In Ch8 type 
JocaLity few of these rocks are recrystallized and most of them are 
practicaIly unrnetarnorphosed. 

The geneml stratigraphic sequence, so far as known at present, is 
as follows : 
A. Principally thh-bedded Hmeatone (top of section). Tbicknma about l,m 

feet. 
B. Prlnclpally slllceous doIomIte rtnd shale, with beds of dalom1tIc cwglm- 

erate near the base. Thickness abut 5WP feet. 
C. Upper red beds, consbting of hemtltiltlc dolomite, sbnle, dht, M, and €am, 

wlth a recl basal conglomerate. Thickne~s 2,200 ta Z W  feet. 
D. Amygdaloldql and ellipsoidal lavas of peenatone habit. T h i c k m ~  abaut 

1,000 feet. 
B. Thin-bedded dolomite, shale, argIIllte, and quartsite, with local beds of mom 

massive dolomite and quartzite, alm baelc dl- and tdU& Thickness 
aboot I0,M)O feet. 

F. M-ive magnesian Hmestone Rnrl doIomlte. Lowe& borim thna far rewg- 
nIm3 Ln Tindlr gronp. TTblckneea not leas than 1,W feet. 

Q. Thin-bedded dolomitm and argillaceons meks not unlike thm of unit M. 
Aim confxine a prominent series of lava dom and an equally pmmlnent 
seriea of red b?& Thicgnem undetermined. 

The general stratigraphic sequence of the Tindic group is fairly 
well known, but the upper psllt of the sequence is much better known 
than tho bmal pmt,  and for this reason it seerns best to dewxibe the 
m a p  from the younpt  to the oldest mks, or, in other words, from 
the b a t  known to the least known. 

The rocks of unit A, which form the tap of the sequence, consist 
of thin-bedded limetone and argillih, with beds of limestone breccia 
and limwtone conglornemh near the base of the unit. Some of the 
limestone, particularly in the upper half, is a blnck crystalline nriety 
that emib a ffeid odor when broken. The thin beds of Pimestone in 
the Iower half are ma9si~e, pmus, and cream colored and are l a o m  
by chemical anal* to be somewhat magnesia. 

The rocks of unit B are variable in compmition and include numer- 
ons typw, such a9 doIomitR, shale, srgillih, sandstone, limestone, con- 
glomorate7 and grit, with mmy interpaciations. Dolomite and shale, 
h o m r ,  form a large psrt of the quence.  The carbonate mka of 
unit B appear to be more rnagnesian than thw of unit A, chemical 
anal- showing ratios of MgO ranging from 7 to 14 pemnt. When 
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~ p u t e a  ink molec&r ratios, the snslpes show that the dolomite 
molecub farms from 27 to 60 percent of thwe carbonate rocks. It i s  
b e l i d  &st aome of thm rodlrs ara mom magnesian, ~ a d i n g  
into I L ~ &  pure magnesite. Tbese carbonate rocks &re also notably 
siliceous, the proportion of silica ranging from 26 to 37 percent, stnd 
the &her rwks of this unit are ELISO more or less siliceous. The unity 
of this sequence is further manifested by the a h p t  apparance, at 
ib base, of rwka of different charackr, which form unit C. 

Th0 mda of unit C are best described collectively as red beds, but 
chemical and petrographic studies have shown that mcks of &her 
diverse rare thUg grouped together. Argillrtmus, dolomitic, 
cherty, quartzitic, tuffamus, and igneous varieties compose the ss- 
quanca, but most; of t h w  are mixed typm of rocks to which it is 
difficult to afix simplo descriptive names. Thus the dolomitic mem: 
b are do1omitic mainly became they m compmd largely of detrj- 
bl grain8 of dolomite, cemented by a hematitic matrix, and the same 
matrix is found in the siliceous a d  tuffaceous v~rie1;ies. The tnffa- 
ceous members, as shown by chemical analysis, are highly siliceous, the 
SiO, ranging from 36 to 72 percent md FepOg from 4 to 27 percent, 
with CaO m d  MgO forming most of the remainder. The one dis- 
t h g d h g  Gfi~aGteZiStiu of all t h w  rocks is a high percentqe of 
FeeO,, and some of them are in fact low-grade iron ores. Irrespec- 
tive of their oorigin, dI these rocks have in mme manner been impreg- 
nated with herrraiite. At their base is C O $ ~  red conglomerate 
aompkxd of snbmgdar to mgdar detritus, csmentad by e hemtitic 
matrix hhat looh argillaceous but may in varying degrees be silimous, 
dolomitic, orL even tuff&080~~1. The materid m at forms the cobblas 
and boulders of the conglomerate is largely dolomitic but also includes 
hematized gmembme and chert. The rock of unit C rare a distinctive 
and. i n t a d n g  p u p  that merits much further field and petrographic 
study. 

Unit D consists of basic lavas and associated ppoclastic rocks of 
greenstone habit, with many associated dike r~clrs of the same gen- 
eral character. Most of the h a s  am amygdaloidd, and many of 
them are also ellipsoidal, thus suggesting for them a subaqueous 
origin. Where best e x p d  the lower beds appear to be massive 
f laws of lava, and the upper beds mntain a greater proportion of  
vdcanic conglomerah and tuffs, Petrographically, the hvas consist 
of dark-gray fo greenish-gray holocrystalline to partly glassy brt- 
salts, with n tendency hwsrd a diabasic habit in the more coarsely- 
crystdine varieties. The dikes and sills, which are associated with 
the lavas, are p8rhicularly diabasic in charackr and axe $so charm- 
taxized by smell amounts of orthoclase and quartz, showing that they 
belong at the acidic end of the diabmbwsalt family. Although all 



these m k s  are collectively demriW as gmnstmtc~s, mahp of them 
are hardly sufficiently altered to merit that daesignation, and this 
small degree of alteratiori in racks as d d  ~ s .  t h w  is pn~icularly 
noteworthy when they are cornpad with the nl~cFl ymnlfer p n -  
ston= that accur south of the Yukon River. 

I 'he  rocks of unit E consist mainly of thin-bedded dolomite shale, 
argillite, nnd qurartzih, with a fern beds of more massive dolornib 
and quartzite, all of which are intruded by basic d i k  and sills. 
Thew rock, in the Tabnduk-Nation district, am not 6t well exposed 
ae the four overlying unitcs and also ham a a o m  complex structure, 
so that ]lass is hown of their Ethology mcl strstigmphic liraib. 
That these d s  are different from Ulme detwribed as unit B is 
clearly indicated, however, by the presence of the more massive mem- 
bers of dolomite and quartzite, by their content of igneous material, 
and by their much greater thicknes 

Unit F may be described as the eswntidl y dolomitic member of the 
Tin& p u p .  Thew carbonah rwh are inde  up of both thin and 
thick beds, but the thin-bedded and laminated types are more char- 
scteristic than the massive &&, and even the more massive varieties 
cleave i n b  thin s l a b .  These doiomik are cream-colored, buff, or 
light yellow, and in moderately r n ~ p d  country th@y khd ta fom 

mgped rrast lines than the Paleozoic limestones of bhe m e  
region. Some of them lare also much silicified, and aU of them par- 
take of the more complicated Btrrlcture that is characteristic of the 
rocks b l o w  unit D. 
, Unit G is in a sense a catch-all for the other rocks of the Tindir 

p m p  that have not or emnot lm al1mat.d to any of the si& p d i n g  
units. This unit includes many mdts t+ht  are similar to those of 
unit E but also includes one notable seriw of baaic lava flow similar 
to thorn of unit D and at least one wries of red bds mrnewhat like 
ibe beds of unit C. Certain distinctive features of the lithology 
and stratigraphic sequence of this unit, however, h d i c a h  that it 
cannot be correlated with .any of the p d i n g  units, and it is 
believed that in general these mcks are a supplementary part of 
the sequence, although it map we11 be that parts of the precading 
t~nih  are infolded in them. 

Unit GI: includes the mks that crop wt along the south gide of 
the Yukon below the mouth of Fourth of July Creek. Just below 
Fourth of July Cmek these rocks project into the river for a short 
distance, forming s reef h o w n  locally aa: the 4LRbek of Am9'; and 
about 4 miles M o w  Fourth of July Creek the same m k s  form a 
Inom extensive red that projwts ra considerable distance into the 
river. The* rocks consist emenkiallp of thin-bedded bleck to  g a y  
dolomi&, in beds from half an inch to several iincIres thick, inter- 
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Wded with argillits, slate, and a few M s  of l imWne conglomer- 
ate. Much of the dolomite shews very h e  alhrneting Mack and 
grsy laminae, in plam m many as 60 to the inch. . Moat of these 
Ids  m mom or less silicified, and some of the silicified argillite 
and s b  are perhaps better termed chert. The fragmented lime- 
&tone iis of two types, of which the more common consists of rounded 
limestone pebbles in a limestone matrix, The other type is an oolitic 
limestone in which the oolites are largely silicified to little balls of 
chert. A little farther downstream t h m  dolomitic rocks contain 
some altered intrusivas that were originally of basaltic or diabasic 
character but now contain so much calcite and chloritic minerals that 
they am better cl~sified as greenstone. 
In the low hills a short distance southwest of the dolomiltic rocks 

that line the river banks below Fourth of July Creek is a belt 02 
limegtone that trends parallel with the river. Some of this lime- 
&one is dark gray to black and noncrystallina, but other beds con- 
sist of a silicified or chert oolite, with local layers of limestone 
breccia. This band of limestone ie also considered to hlong in the 
'Findir group and is clmified as a part of anit G. 

The structure of unitrr A, B, and C of the Tjlrdir group, 88 

exposed in the type locality on the Tatanduk River, is mlativdy 
simple, for these units appear to be part of a plunging anticline 
whose axial line pitches southwestward toward the Yukon River. 
(&a pl. 6, A.) T h e  river marks a zone of faulting, trending north- 
west, the detgila of which have not yet been deciphered, but this 
faulting is known to have disrupted and hrrnixlated the mlatively 
simple structure of the rocks of the Tatonduk Valley; and south 
of this mne, not d y  the old rocks but also the Palecnoic, Mesozoic, 
and Thary  mks haw a rather domplex gtruCtum. The rocks of 
the Tindir p u p  that underlie the red beds &re not exposed in 
the Tatondnk Vrrlley, but where they crop out to the northwest 
their structure becomes progressivdy more complex, owing to dose 
folding, faulting, and igneous injection, ao that no broad generaliza- 
tions are yet werranted. The rocks below Fourth of July Creek 
blong in this category. They strike in general northwest, but the 
dip is variable both in degree and in direction, and the few avnil- 
able dfuctural observations probably have little signifimnce so far 
as the broader structural features are concerned. 

The thickness of the several units thnt form the Tindir group is 
given in the shtigrs-phic table on page 60. The totd thickntws 
of units A to F has been computed as about 18,W feet, but ta this 
must be added a considerable 6nt indeferminab thichess of rocks 



=presented by unit U. These considerations lead to the belief that 
the total thicknew of the 'I'indir goup, as exposed north of the 
Yukon Kive~ between the Tatonduk and Nation Rivers, is probably 
somewhero between 20,000 and 25,000 feet. The base of the sequence 
has not yet been observed, however, and it may we11 b that g sup- 
plementnrg sequence of rocks will later be found in the Yukon- 
Porcupine region that will materially increase the total thickness. 

The rocks of the Tjndir group were first observed in the upper 
ramparts of the Porcupine River by McConnell " in 1888, but a t  that 
t ime be was unable to make any suggestion regarding their pos- 
sible age. h 1907 Kindle 4e made FL geologic reconriaissance along 
the Porcupine River and recognized the fact that these rocks prob- 
ably underlie tlie Middle Orclovicjan mcks that crop out nearby. 
Kindle's estimate of their probable t.hicklress was 50,000 feet. The 
term 'LTindir grgrwp" mas fimk applied by Cuirnos,"? in 19U and 
1912, in connection with his geologic Btudies along tho international 
boundary, Cdrnas observed that t b m  rocks underlie tha Crtrnbrian 
and Ordovician sequence north of Yukon, mid on the basis of 
structural as woll as pnlcontologic data he concluiucled that they are of 
late pre-Cambrian age, correlative with the mcks of the BeIt seriea 
in British CoIumbia and the western United States. This conclu- 
sion has been fortified by the discovery in tho Tabnduk Valley of 
an early Middle Cambrian Bequence of rocks underlain mcmsively 
by units A, B, and C, tha uppermost members of the Tjndir group. 

In spite of the data above presented, tha pre-Cambrian age of the 
entire Tindir group, tl~wgh strongly suggested, is not definitely 
proved. Cairns pstulatsd a struct,ural unconformity between the 
Cambrian nnd Ordovician sequence and the Tindir group, but where 
his observations were made neither the oldest rocks of the Cam- 
brian and Ordovician wquenco nor #t! youngest rocks of the Tindir 
p u p  mere exposed, and an unconformity, even if definitall~ proved, 
would b inconclusive evidence. Where the oldest Middle Cam- 
brian rocks overlie the youngest rocks of tho Tindir group, aa in the 
Tatmdnk Vrrlley, no gtructural unconformity has been recognized, 
though the writer does not stab that none exists. The possibility 
therefore still rern~ins that some of the Tindir p u p  may be of 
Lower Cambrian a*. Against this interpretation, however, is the 

nlcConnell, R FL, Report on an erploratlon In the %Lon and Mackensie n ~ l n l r .  North- . weat Territorlwr: Camda W1. Surrey Ann. Ftcpt.. rol. 4, p f .  4 pp. 124-132. I$OX. 
MKlndle, E. M., RmZoglc monneissmee of the Portupine Ynlley, A l ~ k a :  O#t. Boe 

Amerlca Rull., vol. Is, pp. 320-322, 1908. 
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miversa1 absence of fossils in these rocks, their great thickness, and 
their lithologic and structural sirnilmiq to the rocks of the p ~ -  
Cambrian Belt aeries. Well-preserved fossils are far from plentiful 
in the overlying Cambrian rocks north of the Yukon, but at most 
localities some remains of organisms, commonlg. inperfect hut never- 
theless recognizable as fossils, may be found. This condition stands 
in marked contrast to that which exists in the Tindir group, in 
which pcveral geologists hnve searched carefully but fruitledy for 
fomils. The great tl~iekness of the Tindir group renders it un- 
likely that all these rwb could lm of Lower Cambrian age, but it is 
still possible that the uppermost part, represented by unit A, may 
later be proved to be Lower Cambrian. 171e regional structure is 
no aid in solving this problem, for structural unconformities have 
not  been observed either within the Tindir p u p  or between the 
Tindir. group and the overlying Cambrian rocks. This condition, 
however, inshad of being unique, is exactly that found at mmy 
localities in Montana where t.l~e Belt series has been studid. 

Regardless of unconformities, there neverthel-s exists some bcasis 
for a major subdivision of the Tindir p u p .  l % e  three uppermost 
units have a relatively simple structure and, with the exception 
of the red lbeds (unit C), are remarkably free from the results of 
igneous activitgr. The red beds are also characterized by s very 
prominent conglomeratic bmnl member. The underlying unib, on 
the ot.her hand, contain basic lava flows at two or more horizons, 
am jntnlded by hsic  dikes and sills, and have a more intricate 
structure, though tha last-named feature may possibly be only 
fortuitous. Unfortunately the red beds of unit C have not yet 
been found in d i m t  contact with the undererlying lavas of unit D, 
but further study in a mom favo~able locality m y  result in the 
dimvery of an nnconformitg at the base of the red beds, which 
would serve as the basis for a major subdivision of the Tindir 
group. 

DXD-WTUTED FEE-MIDDLE OBDOPI(ILbW 80- 

M€l!rRIBUTTON 

The m k g  hew mapped as undifferentiated pre-Middle Ordovician 
indude rocks of Lower Ordovidm, possibly Cambrian, and pre- 
Cambrian age and are found in two general aress. One arm is in 
the Fairbanks district, where a belt of these undiflerentiated rock9 
extends from the TsttaZina Rivor northeastward for mom than 90 
miles to the North Fork of Preacher Creek. At its southwest end 
a continuation of this belt is  also found in the low kills west of 
the Tolovana embayment. The maximum width of this belt, in 
the. vicinity of the White Mountains, is about 20 miles. The second 
belt of these m h  begins in the bwor valley of the Chena River 



and extamds eastward acrm tha Circk quadraagle into the Fortpile 
qudmngle, but this belt is disrupted in its central portion by the 
great granitic batbofiths of Mesozoic age. The total length of this 
seoond belt is about 180 miles, and its greatest width is &out 30 
miles. 

Thma rocfu3 as here mapped include the major part of the 
t Tatdina p u p  of esrlier reports. 

m a m ? T  

Most of the informatian pertaining to them rmks has been obtained 
northeast af the Tatali~ia River, and the best available section is in 
the zone extending from Champion Creek to the north end of the 
Whih Mountaim. This section is g d ,  not only bemum it m o m  
these mk~ where their outcrop is widest, but dm becsuse the line of 
the m i o n  lies mmss fairly mountainous country, where e x p m  
can be seen slmg the ridge bps.  Even along this profile, however, 
the errposlure~l are d i ~ ~ o n t i n u ~ ~ q  and this fact, coupled with the corn- 
plex Istmcture of the rocks, make it impossible to p m n t  a measured 
section. This mna has been tra~ersed by Prhdle, Blackwelder, and 

' 

the writer, and in addition t h m  other p h i a l  seetions of the rocks 
have k n  observed by the writer, one from the dome at the herd of 
Wiclremhsm Creek northward, a second from the Tanana River at 
the mouth of the h t i s h n a  northward, and a third from the lower 
valley of Beaver Cmk eastward. All th- traverses were qualib 
tive rather than quantitahive in scope, and the m l t  m y  best be 
d&M a~ a gmeralized ptogic  sequence, rather than a geologic 
section. It may further be observed that this ~squence is based upm 
m interpretation, which the structnm in placea renders doubtful, thab 
the mks iin general d a c w  in age from south to north. 

This ttsmrntdage, as mapped, includss a considerable variety of 
rocks, mme of which am so distinctive in their lithology and struc- 
ture that they might well be discriminated as separate formations 
along the principal section, but slrch lithologic units could not be 
projected along the strike without much more debtailed map pin^ than 
has thus far been d m .  Tha genedized geologic sequence that is 
found dong the zone fmm (Shampion Crwk to the White Mountains 
is given blow. 
d dlate and quarWte (top of secttan). 
B, Black il@Ilte, slate, and chert 
C, lUxl md gteen slat* qnflrtmae sandstone, and e N t t k  limestme. 
"I). Q n a m  sandstone and grit, in part feldspathlc arkone and graywacke, dl 

interbedded wllh slate. 
E. PhyHfte and qnartzlte, owrlaln by mmewhat 1- alter& qnactdtic smh 

lJnit E, the basal part of the assemblage, as seen bstween Champion 
and Bear Creeks, consists principaIIy of phyllite and quarteib, which 



me dishpishable with diculty from the uppermost beds of the 
Birch Creek =hid. These rocks are more or 1- recrystallized and 
have acquired a flow cleavage, but the mom competent beds still 
show distinctly their original detrital fabric. Togekher with the 
phyllite and quartzite occur some lenticular beas of crystdine l i m e  
stone, and one fairly good-sized body of limestone ia shown on plate 
1. dtered basic intrusive rocks a£ greenstone habit also m u r  here 
and there in this pkrt of the sequence, but they are relatively in- 
significant. The dominant structural feature of thew rocks is cleav- 
age, which, though variable to a oonsidembIe degree, strikes a b u t  
N. 5 0 O  E. and dips rather uniformly northwest at low angles, the 
maximum being 1 5 O .  In fact, the cleavage of the crystalline lime- 
stone that lies htween C,bmpion and Bear Creeks is nearly 
horizontal. 

Between the Iower ralleys of Bear and 0'33rien Creeks the as- 
semblage consis& principally of quartzitic rocks, in which, however, 
the original detrital character is usually evident in hand specimens. 
These mch occur mainly in thin beds, but, unlike those south of 
Champion Creelr, they have a less perfectly developd cleavage, and 
the dip of the dominant structure, though northwestward, is in 
general &per, reaching 50" or more. 

Unit D, the next younger division of the wsemblam is e x p o d  
along the ridges bordering the upper valleys of OfSrien and Willow 
Creeks. This unit is composed of quartzose sandstone and grit, in 
part feldspathic, together with considerable slate. The q u a r t a o ~ ~  
m k g  conskt principally of mmded p i n s  of clear quartz that show 
clmrly their original detrital charncter, though in some of thew 
rocks fracturing of the p i n s  and incipient racrgstallization are e d -  
dent. The name tcqua&ite", however, cannot be proper1 y applied 
to host  of racks In granularity they range from moderatsly 
h e  p i n e d  rocks up ix pebbly grits, with grains as large as one- 
fourth inch in diameter. Some of them are characterized by the 
presence of notiwbly larger g~ains of a bluish milkg quartz set in 
a finer matrix of clear quartz grains. Mmt of them also contain 
more or 1- iron hydroxides, derived probably from original iron 
minerals in the sediments, and for this reason they have a char- 
acteristidy rusty appearance. The quartz- rocks are not in 
general fddsprsthic, but at oertain horizons they are so markedly 
so that they are better dmribed as arkoses d grajwackes. These 
feldspathic r& are generally masive and occur in beds from a. 
few inches to mvemI feet in thicknem. In the coarser-pained 
va~e t i e s  grains of quartz ttnd feldspar M much tw half an inch in 
diametm have been olwemed. The feldspar includes both micro- 
cline and plagioclaw, and it is probable that these feldspathic rocks 

- were laid down in amas where the sediments were derived in large 
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measure from the gneissic rwks that are with the Birch 
Greek schist. The slates misted with the quaftzoss and feld- 
spathic rocks cumtitute a considerabla proportion of unit D and 
are particularly prominent in the upper part. n e y  are mainly dark- 
g a y  thin-cleaving rocks, which am greatly a p p d  and fdded. 
The general Btrike of the quartzitic, arkosic, and slaty rocks of unit 
D is about N. 60° E., but the dip of tho domin~nt dn~ctnre, the 
bedding, ia 20'45" S. This structure apparantly places these mcks 
below those of unit E, but actually the reverse is blieved to be true. 

Mona the ridge northeast of the southeaert fork of Willow Creek 
the rocks of unit D extend northweatward to a saddle oppogita n 
point in the creek about+.2 miles above tho forks. Here red and 
p e n  sIah saddenly oppear, snd thme rocks, together with some 
quartzose sanddune and a little lirne.&one, form the sequenm for 
the next half northwestward. These rocks am -gated as 
unit C, find althongh they constitute a relatively small part of tha 
whole assemblage, they form a conspicuous horizon marker. In 
places red and green hyem of slate alternate with one mother, but 
elsewbere the slates are mbttled in shade9 of red and green, and 
there is a suggestion that one type may possibly have been derived 
from the other. The calcamus beds consist of scattered lenses, a 
few inches thick, of dark-gray noncrystalline limestones, that mesther 
to rn ochero~s y~llow OF cmam color. Thew lewes of limestone look 
fa~omble for fmsils, but none were found. The structure of unit 
C is essentially the same as that of unit 13, except that the south- 
ward dip is, if anything, a little steeper. This part of the mrn- 
blage, characterized by red nnd p e n  ~lats, has been traced math- 
westward from Willow Creek for many miles, as thm elates crop 
out at plltces along the muthsast side of Fassil Creek, again in the 
%ma northwest of Wickersham Creek, and k a l l y  dong the T~nanr s  
River below the Tolov~ns, te lepph station. 

Northw& of unit C, in the White Mountsins, mother formation 
begins and extends almost to the forks of Willow Cmk. This for- 
mation, which is calld unit B, consists 1arplp of sr~ l l i t e ,  slnte, 
md chert and a t  its northwest side consists nf calcawons arFr;iHib, 
which contain Eowils. The argillita of this formation are clay 
r~Ch, but some of them have been considerably silicified, and all va- 
rieties may be fwnd from clay ardlites and slates thmugh silica 
argillites into true  chert^. Some of the cherts am distinctly hnded. 
Most of these rocks are black, but mme of them a m  dark-py  flags 
and SIB- and mme of the chert is even light gray. Pyrite, in small 
\-einleb and also as disseminated cr@al% iicr rather plentiful, prtr- 
titularly in some of the argdlitas. The mcks of unit B strilte N. 
70"-80" E. and dip genemlly 30"40° S, Some of these rocks, how- 



ever, dip northward, showing t h e t  they are not a simple momlinal 
sequence, and the presence of considerable clam folding at  some of 
the croppings on Willow Creek confirms their greatly folded atruc- 
ture. (See pl. 6, R.) The rocks of unit B continue southwestward 
izlto the upper valley of Fosail Creek, where they are likewise closcly 
fold& with the axial planes of the folds dipping northc~d~tward. 
Farther down Fmil Creek these rocks disappear. 

The fifth division of the assemblage, designated unit A, crops out 
imperfectly along the northweqt flanks of the Whita Mountains. 
This unit consists of black to drab slates interbeddcd with white, 
gray, and purple quartzite and apparently grildes upward into the 
overlying Ordovician volcanic rocks (Fossil Creek volcanics). These 
rocks dip steeply southeastward under the Ordovician and Silurian 
rock of the White Mounhins. 

At other localities along this belt of rocks the section is less com- 
plete than between Champion Creek and the White Mountains, but 
parts of the sequence above outlined have been recogmized. Thus, 
at  the dome at the, head of Wickersham Creek sheared quartzites 
are found, which show remnants of their original detrital fabric, 
and inkbedded with these are some banded slates. To the north 
of this dome appear less altered sandstones and grits. All these 
rocks have a dominant structure which strikes N. 50" E. and dips 
about 30" S., and this stands in marked contra  to the northerly 
dip of the lowest rocks of the assemblage which adjoin the Birch 
Creek schist north of Champion Creek. 'Be rocks above mentioned 
axe believed to IM closely wrorrelative with unit D of the standard 
section. The rocks a t  the head of Wicker#ham Creek are believed 
ta be seprtrated from the Birch Creek schist by a th& fault, and the  
lower beds of this assemblage have probably been faulted out of the 
sequence. Xorth of the grit and arkme there is a series of green, 
maroon, and purple slates, assmiated with fine-grained cream-colored 
t,o gray sandstune, and nowhere else in this section do such rocks 
appear. This series can sureIy be correlated with unit C of the type 
section. Above these slates to the north fragmental arkosic rocks 
appear which are interpreted as a part of unit D, and their repetition 
in t h  section without any marked change in the dominant structure 
of the c0unt.q rock indicates the presence of isoclinal folding and 
the duplic~tion of stratigraphic horizons. The next rocks to the 
north are fractured remnants of the Tolova~la limestone, infolded 
or infaulted with the rocks of unit D, and the last rocks of the as- 
gemb1ttg.e at  the north end of the section are quartzites intruded by 
small bodies of granular greenstone. These quartzites are believed 
to be a part of unit  A, and the greendone is consitlered to be the 
su bm rf ace equ ivalent of the Ordovician Fossil Creek volcanics. It 



will 6e observed that the blwk argdlites, slabs, and cherts .of unit B 
do not appear in the mtion north of the head of Wickersham Creek, 
and, like the basal part of the assemblage, they also aN believed to 
be faulted ont. 

West of the Tolovma mbayment these rocks extend northward 
from the Tan- River for abuG 15 miles. Some g o d  expoaurew 
of them are available along the blufls of the Tanana At the mouth 
of the Tolovana River, according to the original notea of 
the bluffs along the we& side of tha Tsnana are made up chiefly of 
femginous sandstone, intarbedded with red and green slate, and such 
rocks continue to crop out for haIf a mile downstream. The d date 
is a clay dah colored with hematite, but same of the assmisted 
greenish slates are siliceous. In places, particularly near the maa- 
s i ~ e  beds of sandstone, the data is greatly contorted and crenulated, 
giving a curly fractum, but in other places it has a smooth slaty 
cleavage. In t h i ~  wction two of the massive rocks were found by the 
writer to be quartzom sandstones, composed mainly of well-rounded 
gmins of qua*, rather uniform in size, with a minimum of inter- 
stitid cementing material. The matrix consists of fme quartz and 
aericite, greatly stained by iron hydroxides. One of t h w  two speci- 
mens shows incipient rec rystallization. Threa other specimens were 
found to be f~ldspathic sandstones, consisting mainly of quartz 
grains, with more or lese plagioclase feldspar, in varying st* of 
alteration. Soma of the leafit altered crystala were determined to 
have the composition of andesine, and some of the qua& p i n s  are 
broken and recry&allized,, particularly along their edges. The ma- 
trix consists of quartz, sennta,  iron hydroxides, and fine-pined ar- 
gill~oeous mabrial derived in part from the alteration of the feld- 
span. The gresn slak, under the microscope, was found to be c ~ m -  
p e d  of h e ,  well-rounded grains of quartz in a matrix of chloritic 
rnahrial, mricicite, and quarte. Incipient recrystallization is apparent, 

Korthwerd from the Tanana River along the 150th meridian t h e  
rocks form the country rock for 15 miles, but the h a  am law and 
wooded, and most of the croppings are merely rubMe. The m k s  
appear to be the m a  as those exposed along the river h n k s  be- 
low the Tolovana telegraph station, except that differential erosion 
bas tended to localize tho harder rocks to the ridge tops and to re- 
str ict  the mfkr argiElaoeous varieties to valleys and swales, where 
they are less apparent. Under the microscope the  more resistanb 
mks of the ridges are found to have the same fabric as thm along 
the Tmmn, but they are msentially nonfeidspathic and are best 
classified as quartz- and quartzitic sandstone,. No red slates were 

rBro&mI b H., k reconnahafe in the White and Tanann Rlver WM, A b b  in 
1#8 : U. 9. -1. B u m r  20th Ann. W, p. 472, I m  ;elno od@oal ootea 
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observed along these ridges, and most of the other slaty rocks were 
either dirty green or brown, owing perhaps to the high degree of 
residual wasthering on their ridges. 

The general trend of the rocks west of the Tolovann ernbayment * 

is apparently a b u t  N. TO0 E., and the few available ohrvations of 
*rike$ on the hills range fmm east to N. 80" E. The dip is indeter- 
minate. To judge from the lithology, both units C and 1) are repre- 
mntad in these hills. To the south, where unit E might be expected 
to occur, the country rock is concealed by the alluvial depodta of the 
Tanane River. Units A and B, on the other hand, have been re 
moved either by eroEion or by faulting. 

Between the lower v d e y  of Beaver Creek and the North Fork of 
Preacher Creek the mks consist a t  the west side of s h e a d  snnd- 
sbne and slate, the dominant structure of which strikes northwed 
and dips a b u t  4 5 O  NE. A high dome to the east consis& largeIy 
of metamorphosed nrkasic rocks, whose structure is indeterminate; 
and still farther east, dose to the North Fork of Preacher Creek, 
the country rack is largely slate. Most of these d s  may probably 
4e come1ated broadly with unit D. The rocks lying between the 
North Fork and Preacher Creek and the main Preacher Creek have 
not baen seen by the writer but are assigned to this assemblage on 
the basis of the sarlier mapping by L. M. Prindlle. 
Few data tlre available regarding the other rocks of this a m  that 

are mapped as part of this ammblage. The Chena-Salcha belt and 
i t s  &ward continuation in the valleys of the- North and Middle 
Forks of the Fortymile River have not, in fact, been men by tho 
writw, and the present classification is based largely on, the earlier 
traverses of L. M. Prindle, supplemented by the later mapping of 
P. S. Smith in 1920. Prindle included the rocks of this belt, wast 
of the 146th meridian, as part of his f Tatalina group, but east of the 
same meridian he cl-ified them merely a6 undifferentiated Paleo- 
zoic. Amrding to Prindle's deeripti~n,'~ these rocks consist of 
Inore or less metamorphosed quart z-f eldspar sandstones, quartah, 
shale, date, phyllite, chert, chert conglomer~te, p n - e ,  and 
limestone, of which the dominant types are derived from sandy and 
argillaceons diments .  The quartz-feldspar rocks are said to be 
composed of rather coam grains of quartz and feldspar in a finely 
gmular matrix composed of the same materiah with the addition 
nf some argillaceous material. These rocks are considerably rneta- 
marphmed, and in some of them the qaertx and feldspar have been 
converted into augen, md considerable sericite has developed. Such 
rmks suggest the presence of underlying bodies of the Pelly gneiss . 
a W l e .  L M, A geologle reeo~rtniwmnce of the tlrele quadrangle. Alanka : U. S. Geol. 

hmey Enll 588. pp. 20-27. 1013. 



and of the Biroh Creek schist. Ilnterbedded with these puartz- 
feldspar rocka at many places are he-grained quartzites and purple, 
drab, and g r ~ n  srgillaceous slates and phyllites, with a littIe lime- 
done. This description tallies in a. general way with that of the 
t TaMina p u p  in its type, locality and justifies the inclusion of thase 
rocks as s wllole in t.he assemblage here mapped, but the cherts and 
chert congIornerate, ns well as somo of  the greenstone, prticularly 
tha ultrabasic varieties, are probably of later Paleozoic age. Much 
work remaim to be done in the ChenwSaIcha, area before them in- 
folded later Paleozoic rocks can be separated from those of the 
~rndifferentiated pre-Middle Ortlovician assemblage hem mapped. 

B T B U m  ARD TEICEBPaB 

Little is known of the structure of mdXemntiM pre-Mid- 
dle Ordovician rocks. The rocks of unit E, which are considmd td 
represent tho h a 1  part of the assemblage, have a cleavage that 
strikes ebout northeast and dips northwest. This attitude differs 
little from that of the cleavap of the underlying Birch Creak schi& 
but most of these mb are not carnpleteIy mrystalliaed, whereas 
the rocks of %he Birch Creek schist are ralmmt entirely recrystalIized. 
This difference in degree of recrystallization cannot IM ascribed to 
the effects of intrusive rocks, as such rocks are as prevalent in thig 
undifferentiated assemblage as in the Birch Creek schist. No struc- 
tural unconformity has actually ~ I I  observed between the two, but 
an unconformity is indicated by ths difference in the degree of re- 
crpf,allizatiun. The lithology of the pm-Middle Ordovician m- 
GIage also suggeste the unco~~fomable wlatibn, for these r& ap- 
pear h ham baen derived from the erosion of the Birch Creek schist. 
The dominant structure of the rocks of unib C and D strikea 

pardd to the cleavage of the rocks of anit E, but tha dip of this 
structure is steeper and is principalIy to the southeast. Moreover, 
this dominant structura at many pIaces has been identified as bedding 
rather than cleavage. Although the relation between cleavage and 
bedding has not been observad in units C and 13, drag folds have in 
piaoes been seen with such relations to the bedding as to suggest the 
presence of appressed folds overturned toward the northwmt--that 
is, with axial planes dipping southenat. Such structure sug- that 
anits C and D &itute in general 5n overturned sequence of rocka, 
which are younger thnn m d  therefore stratigraphidly overlie the 
rocks of wit E. T h e  differences in structure and litholom also sug- 
gest the presence of a depositional hiatus between the mlts of unit 
E and the overlying rocks, but the available f a d s  are not adequate 
t o  prove this hypothesis. 



'Phe rdcs of unit B also dip mainly southeastward and are 
probably overturned to the northwest, so that their proper strati- 
graphic position is ahve  the rocks of unit C. Along their northwest 
limit this unit is in general. terminated by strike faulting, 55-0 that 
the next higher beds am not  exposad. The rock of unit A, which 
lie along the northwest ssido of tha 1Vhite Momtajau, dip steeply 
southeastwmrd under the ovorlyin~ Ordovician lavas and are t.hcre- 
fore also slightly overturned. These rocks represent the top of the 
pre-Middle Ordovician assemblage, but between units A and B an 
unlmown but probably not a great thicknem of beds has been 
faulted out, 
In general, therefore, thesa undifforentirsted rocks cumprim a great 

t h i c k n e ~  of beds, overturned taward the northwest and dislocated 
by strike faults. Though the bds commonly dip to the southeast, 
the general etrueture is isoclinal rather than monoclhal, so that these 
rocks inrrease: in age intermittentIy rather than continuously from 
south m t o  north. In other words, beds at particular horizons are 
probably everal times repeated at the: mrfrtee by close folding, with 
the infolding of adjaceilt bed3 of older or younger af5" With such 
structure the true thickness of the ammblage may be only a small 
percentw of the surface distance across the strike of these rock% 
Aa scl little is known of tha details of the structure, no true measure 
ment of the thickness has been mada It is the writer's opinion, how- 
ever, that the thicknass is not less than 10,000 feet, and it may be two 
or three times as great. 

The only f d s  that have yet been found in the roclrs of this 
amrnMage are a small collection of trilobites and brachiopods, which 
occur in the upper part of unit B. The exact locality and the faunal 
identifications am given b l o w  : 
161$il. Ert& bank of s o o t b ~ a t  fork of WllIow Creek, nbont a quarter of a 

mlle above the west fork: colIected by Eliot IElackwelder, 1016: 
Llnmlella sp. 
Ammtus sp. 
BtltbwdIns? sp. 
E e m i ~ a s p l s  ? sp. 
hfegalaapis? ap. 

Edwin Kidq of the United St.ates Ggological Survey, who identi- 
fied thew f a d s ,  considered them to be of 1;owe.r Ordovician age, 
and E. 0. Ulrich, of the United States National Museum, mncumd 
in this opinion. L D. Burling? of the Clrnsda Geological Survey, 
however, considered t h i ~  fauna to  be of Upper Cambrian age. 



These fossils determine the approximate age of the upper pnrt 
of unit B. Unit A, which is believed to ovedis unit B and is 
itself overl~in by Middle Ordovician lavas, is therefore probably of 
Lawsr or ewly Middle Ordovician age. But most of the gediments 
comprising this assemblage lie MOW the f o ~ e m n s  part of unit 
B, and as no fowsib have been found in these sediments, their age is 
largdy a, speeulaEiw question. T h i s  problem of age is further wm- 
plicated by the back that the fmile above listed a m  neither definitsly 
Ordovician nor definitely Cambrian. The following considerations, 
however, may have some significance : 

Unit B is decidedly a lithologic unit. The &wT contact of tbia 
formation with the underlying r& ha.¶ not Been o k m d ,  but all 
the fidd evidena is opposed to a downward lithdogic gradation 
of these rocks inb thom which underlie them. This cundition is in 
marked contrast to the stratigraphy of the Cambrian d w  found 
&long the international boundary, where the writer nQ has recorded 
the &ual transition of the Cambrian ink the Ordovician wquence 
without even a change in lithology. Waloottfil reported that in 
British Columbia the Cambrian rocks grade into the Wzarkian", 
and thee in turn into the "Canadian" (Lower Ordovidm) sequence, 
without s discaformity. Moreover, the mcks below unit B am HI 
w r k d y  different in their litholqgy from the Cambrian sequmm 
along the interntttional boundary md in British Columbia that it 
seems highly improbable that they belong mywhere in the Cambrian 
mction. Hence they me mom logically considered to h a part of 
the pre-Cambrian sequence. But the r d s  of unit B are likewiw 
di~similar to the Upper and Middle Cambrian mh e x p d  along 
the international boundary a d ,  on the other hand, are vsrg similar 
to the h w e r  Ordovician date and cherts exposed dong the bound- 
ary. The lithdogic evidenoe therefore favors the pdmntologic in- 
terp~btion of E r l r  and Ulrich, rather thm that of Burling, and 
the writer is eonstrajned to regard unit I3 as mom probably Ura* 
vician than Cambrian. This mdysis also l d s  to the Mief that 
the Cambrian system is prddly abaent in the White Mountain 
district, and tbat a dratigmphic hiatus and prhaps a structural 
unwnfvrmity exists at the base of unit B. 

It is thus implied that units C ,  D, and E are pre-Cambrian. But 
these rocks are entirely different from the Birch Creek whist,, and 
unit E at l w t  shows lithologic evidence that it originated fmm khe 
emion of the Birch Cmk *hi&. Units C, D, and E we therefore 

WBfertis J .  B.. Jr., The T~tondat-aattcn d I M e t :  U. S. Ge4. En- Bull. 888, pp. 
582401, 1832. 

WaIcott, C. D., Prem~ontan P a h d c  iormathm of the Cordilleran p r a m  of 
Caoada: Smithaoniaa Mlsc. Coll., P a l  75. no. 5, PD. 25M68 ,  1928. 
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d d d  to be hte pre-Cambrian. If tEtis is true, they should 
Im correlated with some part of the Tindir p u p .  But the upper 
rnmh of the Tin& &TOUP, BS studied by the writer alwg the 
i n b d i o n a l  bonndary, contain a large proportion of thin-bedded 
doIomite, as well ss red beds and extensive lava flows. The base of 
the Tiindir p u p ,  however, has not yet been obsarved, though it is 
a significant fact that stthe lowest beds of that group yet recognized 
contain a greater proportion of quartzib and ar~llaceous rocks, 
These wnsiderations suggest that units C, 13, and E in the Fair- 
baaks district may possibly be correlative with the b a d  part of the 
Tindir p u p .  Under this interpretation, the rocks of this m m -  
b l w  below unit I3 are iikely to represent the b a d  section of the 
yourqpr preCaanbrian sequence. The upper beds were either e r d d  
M o r e  the demtisn of unit B or perhsp were never deposited. 
Under either interpretation, an unconformity is indicated st the 
base of unit B. 

The rocks that are exposed in the low hills west of the Tolovana 
embayment have also been included as a part of this assembIage, 
but at this locality the Ordovician rocks appear to be absent. The 
rocks were originally described by Brooks "2 as the ''NiIkoka beds", 
''Nilkoka'' being the original name of the ,Tolo~ana River. Bmk8 
assigned his Nilkoks betls to the Paleozoic, but this ~ss ipnent  bad 
no paleontologic basis. These h(Ls probably represent units C md 
D of this assemblage. T h e  term "Nilkoka group" may later msve a 
useful purpose for a unit that clops not include any Pdwoic  rocks. 
It wwld be a fitting group n&me foY the younger pre-Cambrian unit 
of this -0% 

If the correIation above outlined is mepted as a working hypothe- 
sis, the rocks of this assemblage mud. be described as pr~Middle 
Ordovician and late pre-Cambrian. If I t  were pwible at the p w n t  
time to map separately the Paleozoic and pre-Cambrim rocks of 
this aswmblage it would doubkless be better to utilize at once the 
term "Nilkoka, group" for the pre-Gambri~n part. But such a dif- 
ferentiation, though possible in a small area in the Whits Mountain 
dmistrict, could not be extended el~sewhcre in the Yukon-Tanana 
region. The designation 'kndifferenti~ted pre-Middle Ordoviaan 
rocks" is therefore utilized for this assemblage until detailed map- 
ping of this region can be done. 

The rocks of the Tindir group have already been comlatsd with 
the Belt wries, and units C,  D, and E of the undifferentiated pre- 
Middle Ordovician assemblage must glso thereffim be oorrelated with 

P B w k o ,  d EL, k m n a a l m c e  of the Wblte and !Iknnm RL#r M a r ,  Illamka, in 
1898: TJ. &. -1. Z l n e ~  20th Ann. Be& p t  7. SI. 472. 1900. 
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the s m w  wriw of rocks. All these rocks were doubtless depositad 
in on0 or more inland bodies of water that occupied a basin from 
a few hmdmd to a thousand miles in width, extending from Mexico 
to  Alaska. The fingering out of these deposits into two or three 
narrow basins in the Yukon-Tanma region and their apparent ab- 
sence to the west, suggest t.hat eastern Alnska, represents the north- 
western limit of this p a t  basin of sedimentation, which subse- 
quently became the UornljlZeran gcosynclinc. The absence or smrcity 
of fossils in dl these mliments and the abrupt appearance af a 
higldy developed Cambrian f ~ u n a  in the overlying beds has been 
considered by most investigators of pre-Cambrian geology to indi- 
cate that t h ~  sediments were not of marine origin hut  inskad were 
depositsd in shaI1ow epjcontinental SCRS of fresh or brackish wabr. 
This scarcity of fossils makes it ne-7 to correlate. if at  all, by 
lithology, but all the previous experience of workers in the Belt 
series shows the difficulty and unsatisfactory mults of this method. 
The very nature of the sediments probably precludes such come- 
Istion, except where certain horizon markers c m  be followed con- 
tinuously. As the Tindir p u p  and the undifferentiated pre- 
Middle Ordovician rocks are not known anywhers to be in conk& 
it is unlikeIy that any clwer correlation between thgse two p u p s  
is po~ib le .  

CAMBRIAN BY8TEM 

Rocks of the Cambrian svstem are not known to m r  in the * 

Yukon-Tanana region proper, but they are present a. short distance 
north of the Yukon River on both  ides of the international bound- 
ary, and for this reawn a short description of these rocks is included. 
A mom complete description has been given in a m n t  repo~%.~' 

A few miles north of Eagle the Ogilvie Range c r p e s  the inter- 
national bozmdary, trending about east-wwt. The axtent of this 
range in Yukon Territory is not known to the wrihr? but on the 
Alaska side of the boundary it disappears in a few miles, The 
Ogilvie Ranp is the site of the Cambrian roc& now known in 
~ i n s k s ,  and -the, evidence, so far available favors the belief that 
the Cambrian sediment8.tion wag restricted to a relati~elv narrow 
trough that was approxhate2y coextensive with the present range. 

uMerde, J. a. Jr, The %tdnk-NaHon clbtrlct: 'CI. 8. QmL 8 u r w  Bull. pp. 
592401. 1839 
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Tho Cambrian sequence, so fnc as determiaed, is as folIaws: 
I. Upper Cambrian llmatone, which grade8 upward wttbout any notlcerlble 

sttatlaraphic or 1.ithologic break into OrderMan limestone. Thickness 
aboot 3,W feet  

5. Upper plate of Mlddle Cambrian 1Emestooe. Thlcknesls about 8,000 feet, 
K Slate and quortaite, also of Middle Camhrkn age. Thickness abont 300 

feet. 
4. h w e r  pIate of Mlddte Cambrlan llmmtone. TMcBnw between 600 

and 800 feet. 

.The Middle Cambrian limestone, particularly the lower plnta, is 
well exp& in the hills northeast of Calico Bluff, north of the 
Yukon River and also on the Tatondulr Rives. (See pl. 7, B.) It 
consists m&ly of mtlssive white finely crystalline rock, silicified Eo 
a greater or less degree. Soma of the siIica m r s  as chert, but 
more commonly it is quartz, and some of thjs limestone is so 
thoroughly replaced by quartz that it resembles closely a granular 
white quartzite. Oolitic limestone nbo forms a part of the sequence, 
but this type is mom common in the upper plate of the Middle Cam- 
brian. Still mother variety is Iim&ne wnglomerata, composed of 
subangular to rounded pebbles of lim~stane in a limestone matrix. 
Both the oolihic limestone and the limestone conglomerate are 
partly silided. 

Part of the upper plate of the Middle Cambrian limestwe is 
expo;sed along the north bank of the Yukon, about 4 miles down- 
stream from G&co Bluff, where it crops out st the water's edge. 
'Ship is s m a i v e  light-gray cry&ftlline limestone, which ia not so 
greatly silicified as the lower plate. It also has oolitic and con- 
glomeratic phasas. 

The Upper Cambrian limestone has apparently been eroded from 
the hius northdost of Calico BluE, hut about 10 mites to the north 
a sequence of Upper Cambrian and Ordovician limestone m r s  ' 

along a high divide h o w n  as Jones Ridge. Here the Upper Cam- 
brian limestone ranges .from a massive white to cmamalored coa- 
grained rock to a dense, fine-textured brownish-gmy mck with 
prominent bedding planes. The coarse-grained limestone appears 
mainly in the lower part of the wtion, and the brownish-gray 
lithopphic variety in the higher part. KO stratigraphic bi~tttus hns 
been discovered between the Upper Cambrian and Ordovician lime- 
stones. 

8 T B U m  hXD THXOKSTEBS 

The Middle Cambrian rocks occur in an anticline that pitchw 
southwestward toward the Yulron River. The axial plane of this 
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anticline meets: the Yukon River at the first bend below Calico Bluff, 
and from this point one limb of the fold trends about east md the 
other north. me eastern limb is faulted near the htermtional 
boundary, and the northern limb, which continues into the Tatonduk 
Valley, is likewise faulted a short distance north of the Tatonduk 
River. At the southwest end this fold i~ also terminated by a zone 
of faulting. The detrtils of this faulted anticline ham not yet been 
worked out. 

The Upper Cambrian limestoile crops out; in a syncline, w h m  axial 
plane strikes about east and pitches in the same direction. This 
pitching syncline is north of the pitching anticline above described, 
to which it is structurally dated. The muth l i d  of this syncline 
forms the north limb of an anticline of major size that extends for 
soma miles eastward into Yukon Territory. 

The thicknes of the several members of the Cambrian quanca 
is given in the htbnlation above prwnted and a g g m g h  about 
3,300 feat. It should be ~mphas id ,  however, that the Upper and 
Middle Cambrim ssctions have not bsen measured ns a continuous 
equenm, for they occur in this region at two differant Imlikies. 
The Middle Cambrian was measured at a locality where erosion has 
mmovsd not only the overlying Upper Cambrian beds but also pos- 
sibly mme of the Middle Cambrian beda The total thicknws may 
therefom be greater than that above given. 

Twenty-seven collections of Middle and Upper Cambrim fossils 
ham been made in the vicjnitg of the internetima1 boundary, jwt 
north of the Yukon River. These collections, together with their 
localitits and wlP&m, were presanted by the writer in m earlier 
publication, but some of them have remtly been redetermind. 
7%- lists of faunas in their revised form are here reproduced on 
account of their bearing upon the general gyulogy of the region. 
The Middle C d r i a n  forssils were colle&.d in the course of work 
done by the United S t a h  Gwlogiml Survey, but the Upper Cam- 
brian fossils were mlleded both by the Cfeo1oF;ical Sumey of Canada 
and by the United States Geological Survey. The fossils of mllec- 
tion 25AMtf48 were determined by G. A. Cooper, of the Unitad 
States National Mus8um, but all the other Middle b b r i m  fossils 
wem determined by Ellwin Kirk, of the United S W  Geological 
Survey. Eight Upper Cambrian coll&ions, made by D. D. Cairnes, 

UHertIe, J. B, Jx,, The Tatondnk-Nation dlmtrlct: U. 8. -1. B u r ~  Bull. Ba6, 
pp. 807401, l W .  
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of the Canadian Geological Survey, were determined by It. D. Burl- 
bg9 formerly of the same organization, but collections 4730, 4'751, 
4732, and 4738, made by Burling, were dehrmined by C, E. Resser, 
of the UniM Ststss National Museum. Of the five Upper Cambrian 
collections made by the United States Geological Survey, collections 
30LMt146, 30AMt14*19 and 30AW22 were dehrminetl by Teieiichi 
Kobnyashi, of the Imperial University a t  Tokyo, and the other two 
by Edwin Kirk. 
T h e  Middle C~rnbrian fauna consiste of 11 genera, of which two 

primitive corals, E t h m p h y l h  and AprcAneoqdhw, are wid to  be; 
more closely related to forms hitherto known only in the h w e r  Cam- 
brian. This statement* indicates that some of the Middle Cambrian 
socka north of Eagle are lower Middle Cambrian and also s u g m  
that a Lover Cambrian sequence may p i b l y  be present. The Up- 
per Cambrim fauna contains 39 pnem and a h  undetermined 
Foraminifera, curds, trilobites, and &modes. Of the 14 Upper 
Cambrian genera found by the United States Geological Survey west 
of the internntional boundary, onlp 5 also occur among the 30 genera 
representecl by the Canadinn collections along the zone close to  the 
boundq.  This sugpts that diff crent Upper Cmnbrian horimnsr are 
probably repnsenkrl by the American and Canadian collections; 
and the stratigrapl~y bars out t.his interpretation, b e u s e  the 
American collections are known to come from the upperrnd, Upper 
Grnbrian, w h e m  the Canadian mllcctions along the boundary ara 
bdieved to have come from lower horizons. The tabular lists are 
given barewith : 

Mtd& Cwn- fans of regbn north of Y i l h  Riuw, ?sear dmtmttrmal 
boasdm . 



Upper Cmbrtaa faum of tggfm aloltg the htermtWltal boundatg( 
rtlouected bp c m m  m g ~ o a l  a-FI 

Upper  UmWam fm 07 regtan, ~ w t h  of Yukon Rdw,  t i e ~  htmu&dimd 
bmndaq 

tColl%ot%a by U. 8. Qe~laiml Bmmyl: 

1 18AMt262 1 3OAMtLU I 3OAMklll ( 3DbWP1180AW6I 

LevMss -.--...---..-----..--------- * FA- ------.-.eraeraeraeraeraera.era-eraeraeraeraeraeraeraera 

Cowl?- -...-.----...----------.- * --------- 
Micrometra (?phidell@ pmula  

(White) .-..--.-..-.--.------.--------- 
hkrma?+ --_-.._----.~-------------- 
Obol~n estonh) af. 0. ahneanua 

(Whitfield) 
Oholus sp ..---.---...--.---------------- 
W a t n ~ s s p  -.----.-.--.....Bh----Bh------ 

Lla~ulella ap .-..--.--_-...-,....-..--+- 
1,frtcula $31 
0 bolc11*7 sp -.-.---....-...-+++------.--- 

-4ctothelocl.b. &aceaLinuamn ..--- 
Aorothole sp ----.--....---_..-++------.- 
Acrotretasp :I-----.---_.---- .----.- - - - - -  
Bchizambon d. 8. t y g l d j s  WPwtt .-,-. 
Enorthl~ sp ----.----..---_..---.---*--+- 
Orthoid ....---..---..--....------------*...-..-....-..-....- 
8tentrthem~p -...+.----...--..---.------ 
UlcellornusP8p 
Fmatrolts sp .-...--.._....-..----.------ 
Connl~r ln  s~ .--. - .---.-----..----------- 
l f~o l~ the l l n s?  np ----..--_.-...-..----++- 

AK1loqtus~p .,.-....--....--------------- 
E~~rpcsrelap ............................................ 
Ptychopi lr&~~p ..---..--.-...---.------- 
Xeolenus? sp ...----...---_-.-+-.----.-.- 
Bolenriploara 8p .-.--....---..--,-------- 
Agraulos sp .....-....--...-.-----*-*--.- 
hanphusl sp -----...-..-.....-".-------- 
IUaollus? SP .-.--+-...---.-.------------- 
I)io$llwephalua? s p  ...-.....--..--..--.. 
Rnomoc~re sp .-.--_..---_....--------m -.- 
l ) o r m y ~ o ?  UP -.---...---..-.------------ 
L1ostrucus sp .--.--...-.-.....----.---.-- 
Trilahltu.(und&rmIned) -..-- --- -------...--- 
O ~ t t l l c o d ~  .-...-.--------..--*------.u- 

The nearest Cambrian rocks with which this Alaskan sequence 
might be c u r r d a ~  rtre tho= of British Columbi~ and Alberta, which 
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ElPaniahambmg& (Wddt) .----...---.- 
O b o l ~  moll& w d ~ t t  ..-. --- -..-OI).OI)OI)OI)OI)OI)OI)OI) 

O ~ I M  IwestonW lhdoiaw- .--....-------- 
mall= SP -------..+..-.--.-- **- -------.----. -- 
Awothelc?budln gl....---....- -- -----------4-..---..--.. 
Acrorhds %DL---------..-- .................... 
Acrolretri or. A. amv- .---...-...---.------- 
Atrotrota cf. A. sngittalia Qaltw) ..-.-..---..- 
Auorthrs sp .--.-.....--_-..------------------- 
Eoorthis? sg .---..-__...---..-----+-----u..--- 
Ryolitc~ sp .-..--..--..-.--------------------+ 
DicellomusP np --.---...-.....--.._------.---- 
Pmurlnmostus (Plethaf~~&w) darkl..__.-.-- 
C h u a n ~ i ~ l l a  i o h e d i s  .--..---.-------------- 
T~tonnspisalmkensis ...---..+-----+.----+.---.--...--..--..---..--... 

Briscoin mwtiol .....--._..-------------------- 
Rriucoia robu$ta .-.-..--...-...--..----------- 
Briscoia septontriodia .._..--..-....--.-.---- 
Porabrlaco~a~!egmx ...-.---....--------------.L....-.--.-.---.2-----. 
Pnrabrrscoin slonomhis- -.-....-...-...-,..- 
Parabrisoof!i'/tripnnctata 
IIun~aiaY pa6iffcn.-. ..-..---.. .---.---..--..-- 
Eurekiu sp ......-..---.-.---.-----------*-+.-- 
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were studied for m y  years by C. D. Walcott. Walcott measured 
numerous d o n s  of these rocks at different Iocalities and studied 
the eonCained faunaa in mach detai2. No such work has yet been 
done upon the Cambriaq rocks of ertsbrn Alaska and Yukon Temi- 
toxy, and it is therefore not possible to correlate the faunas above 
listed with those included in any of W~Icott's standard sections. 
However, from the general similarity of the ffiunas and the strike of 
the mh, it aeems very probable that t h ~  Cambrian rocks along the 
international boundary were laid down in a. park of the same basin 
of sedimentation as those of Britkh Columbia; and the apparent 
a b n c e  of them Cambrian rocks farther west in Alttska also suggests 
that the international boundary is about the northwdrn limit of 
that basin. WaIcott has shown that the Cambrian sediments in the 
Cordilleran province of Canada were d e p k t d  in several troughs, 
which form a part of the great Cordilleran gmsyncline. The pre- 
Cambrian deposits have a much w t e r  east-west extent in this geo- 
syncline than the Cambrian rocks. The mme is evidently true ~t 
the northwest end of this gmyncline, for the Tindir group occurs 
not only subjtawt to the Cambrian rocks but also far to the north, 
in the Porcupine Valley ; and the undifferentiated pre-Middle Ordovi- 
cian h l a g e  as dmdy men, crops out well to the west and south- 
wesb in the Fairbanks quadrangh The Cambrian rocks along the 
bormdarg t h e ~ h m  probably rep-t the northwestern limit of 
Cambrian mdimentatition in the Cordilleran gemcl ine .  

The Ordo6ian wtrata within the p u p  of undifferentiated pre- 
Middle Ordovician rocks have already been considered. In addition 
to these, t,he Yukon-Tanana region contains a fom&ion of Odovi- 
dm polcania rocb that are separately mapped. The name "Fwil 
Creek volc~nics" is hero applied ta this formation. Other Ordovician 
rocks, bat11 older and younger than the Fossil Cmk voIcanics, are 
also found in interior Alwka but not in the Yakon-Tanma region 
proper. Reference to t,hese s o c k  mill be made in connection with 
the mdation of the Fwil Crwk volcania. 

The Fossil Creek eolcanics nre typically exposed in tlla White 
Mountsins, about 50 miles north of Fairbanks, where they crop out 
just north of F k l  Creek, in rr, belt about 40 miles in length. Korth- 
east of the White Mountains these rocks am overlapped by yonnger 
- 

Walcott, C. D., PmsDevonlan Recrfrnwtntlon in muthern Cnnadiaa Rocky lxlountalns : 
Smithsoulan nlfsc. Col!., rol. 75, no. 4, pp. 15S178, 1927. 



82 YUKON-TANANA REGION, ALASKA 

Ph.leozoic rocks, and southwest of the White Mountains they are 
probably eroded, for they do not reappear in the hills west of the 
Tolovana embayment. 

LITHOLOGY . 

The Fossil Creek volcanics consist of basic lavas, tuffs, brwias, 
and agglomerates of greenstone habit, together with a small pro- 
portion of granular basic intrusives. The lower part of the sequence 
consists mainly of bedded lavas and interbedded pyroclastic rocks. 
The lavas are diabase and basalt of greenstone habit, ranging from 
greenish gray to dark gray green. Amygdaloidal lavas are com- 
mon, and at several places ellipsoidal flows occur. The massive 
lava has been much fractured by deformative stresses and usually 
breaks down into sharp angular pieces. In  places, however, the 
rocks are mashed and slickensided, and some of the finer-grained 
basalt has developed a well-defined secondary cleavage, so that i t  
is really an igneous slate. The fragmental rocks consist of laminae 
and beds of fine-grained tuffaceous material, welded together to 
form dense lithoidal rocks that do not differ greatly in appearance 
from the fine-grained basaltic rocks. Some of these also have a slaty 
cleavage. The coarser tuff-breccias and agglomerates are less com- 
mon. The intrusive rocks of the sequence are speckled dark and 
light green granular gabbroic rocks, of greenstone habit, and are con- 
sidered to be the deep-seated equivalents of the lavss. These rocks 
are found with the lavas in the Whits Mountains and, in fact, in- 
trude them in places. They are best developed, however, along the 
ridge that lies west of the southwest end of the White Mountains, 
where they occur as small intrusive masses, invading the undiffer- 
entiated pre-Middle Ordovician assemblage. 

The upper part of this volcanic sequence contains an increasing 
proportion of volcanic conglomerate, interbedded with tuffs. The 
conglomerate is made up of well-rounded, water-worn pebbles and 
cobbles, ranging from an inch or less to 12 inches in diameter and 
cemented by finer sediments of tuffaceous origin. Most of the peb- 
bles and cobbles are greenstones, but small percentages of granitic 
rocks, quartzite, slate, and chert have also been observed. At the 
very top of the volcanic sequence is a reddish calcareous rock, which 
is probab1y.a tuffaceous limestone, upon which the Silurian lime- 
stone rests. This tuffaceous rock, which is from 80 to 90 feet thick, 
contains brachiopods, trilobites, and other fossils, and it is on the 
basis of this fauna that the age of the volcanic sequence has been 
determined. 

STBUCTWE AND THICKNESS 

The trend of the Fossil Creek volcanics is about N. 50" E. over 
a distance of 40 miles. Together with the superjacent and sub- 
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j a m t  mdm they are c l d p  folded, but only in the high r i d p  of 
the White Mountains are Ithe details of this structure apparent. 
Them tha dark-colored ~olcanic rocks and the adjoining white 
Silurian I i m d  crop out with d iagramt i c  clearness, and it is 
ap-t that the stntta are several t im repeated. At the north- 
e& end of the Whib Mountains, west of the head of F d  Creek, 
the Fwil Creek volcanics occur in a compressed anticline, between 
two eynelines of t h ~  Silurian limestone, and this anticline persists for 
10 miles along the strike, The rocks of th- folds stand nearly 
verLical, but the axial planes of the folds a p p r  to dip steeply 
southeast, and the folds themselves pikh gently southwestward. 
$long the northwest flanks of the White Mountains the volcanic 
rock mappear at the surdaca west of the Silurian b e d o n e ,  but 
in these lower hills the details of the structure are not appawnt. 
Mong the ~outheast flanks of the White Mountains, st the hertd of 
Fossil M, the voIcanic rocks a h  appear east of the Iirnestone, 
but hem the structure is more m p l e x ,  for the volmnic rocks and 
limestone interfinger in a complex manner. Thw in one of the 
upper tributaries of Fossil Creek the lhestane may be ben in s 
recumbent fold, wrapped around a central cope of the volcanic rocks. 
The more complex &mcture along the southeast flank of the White 

' 

Mountains is probably due to readjustments in the rocks, attendant 
upon the thrust faulting that wrts localized in the valley of Fossil 
Creek, asl previously described in wnnection with unit B of the 
undifferentiated pre-Middle Ordovician sssemblage. The pitching 
chwa&x" of the folds brings the volcsnic rmks to the surface a t  
the norhast end of the White Mountains, wllare they constitub 
all of the countrg rock. Conversely this strndurpl causas the vol- 
canic &s to disappear taward the wt~thwcst, The ellipsoidnl lava 
that cmps out in the water gap of Fossil Creek is probably in a . 

small closely compressed anticline, squeezed into the Silurian lime- 
gtone. 

No structnml unconformity has bean observed between the Fmil 
C e k  volcanics and the supe jwnt  Silurian limestone, but the 
fossils found in the tuffamus limestme at the top of the volcanic 
sequence are so p t 1 p  different in age f m  those found in the 
overlying Iimesto11e that a stmtipphic hiatus must exist between 
the two formatiom It is very fortunate that these two faunas 
itre so entidy dissimilar, for otherwise; it might be difficult to 
prove that tbe dcaraous tuff was not the base of the- SiJurian 
saquenm. h d i t y ,  howem-, a p e n t  disconformity is p w n t  at 
the top of the Fossil Creek volcanics in the White Mountains. Thia 
dimcmf&ty may be dun e.ither to lack of original deposition of 
the later Ordovician rocks, or to their removal by subsequent 



but the, pmpwsive pre-Silurian denudation of the undifferentiated 
preBlidd1e Ordovician a s ~ ~ m b l a p  to the southw& suggests that 
the latter interprehtion is more probably c o m b .  
No precise measumrnent of ththe thickness of the Fossil Creek vol- 

c a n i c ~  has been made, but fa judge from the structure of the central 
mticline of these rocks in the Whits Mountains, the- thickness can- 
not well be less than 2,000 feet; and the  distribution of these 
volcmic rocks at both ends of the White. Mountains, particularly at 
the northeast end, indicates that the thickness may be considerably 
greater than 2,000 feet. 

AQa AND CORBQCAmON 

Se~errsl collections of fossils have hen made from the uppermost 
member of the Fossil Creek ~olcanica. This fauna, which consists 
largely of brachi~pods nnd gastropods,-comprises 112 genera. All 
the fossils were examined and determined by Edwin Kirk, of the 
Vnited States Geo10gici-d Survey. A list is given below. 

5A880. About half a mllo weet of 4,000-foot mountnia that form# the mmt ot Whlte 
Monntdm, west of fork8 of Vw~si l  C m k  ; elevetion on m r  8bont 3.400 fwt. I301Iector, 
n, w. Stone, 1905. 

BAI-87, BASTO. Abmt 66 mile# N. 10° E. Prom FaIrlmmkri, saddle at extreme head of 
want iork of Willow Creek ; elevation abont 3,300 feet. Collectom, L. Ed. Prindls and n. L. 
Jobanon, 3909. 

101nC4, 6, 7. IJontbst Bank of Whlti- Mountatotl, nt extreme Iiend of west fork of 
Willow Creek; probabIy same luca4lty aa BAp87 and gAJ70. Collector, Ellot Blnrkweldet, 
iwn. 
1520D1. lout- gank of Wte llnuntaln8, about 6 mlleles northmt of tbe mouth of 

FoasI1 C m k .  Collector, Eliot Blaclmeldcr, 1915, 
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- These fossils were originally co~uidered to be of Upper Ordovician 
(Richmond) age, but subsequent studies by Kirk mn~inced birn that 
the entire fauna is best assigned ta the Middle Ordovician (Mo- 
hawkian) , approximately correlative with the fauna collscted by 
Kindle na from the lower ramparts of the Porcupine River. A some- 
what similar Middle Ordovician fauns has recently bwn collected 
by the writer &' from the belt near the international boundary, about 
7 miles north of the Yukon River. This fauna is considered by 
Kirk to be approximately of Trenton age. These three faunas, from 
the White Mountains, the Porcupine River, and the international 
boundary, comprise all t h e  Middle Ordovician fossils of lihtoral 
facies now known in Alaska. Several Ordovician graptolite facis,  
hawever, are widespread in Alaska, Thus, Upper Ordoviciau * 

(Utica) graptdites have been collected by Brooks 6a and Prindla in 
the Alaska Range; Middle Ordovician graptolites have been recorded 
by Cairnes and by the writer Bw from the international boundary 
belt; and Lower Ordovician (middle or lower Deepkill) graphlites 
have been collected by L. D. Burling from a locality close to the: site 
of the Cairnes collections. Buddington " and Kirk 68 have also found 
Middle and Lower Ordovician graptolites at several localities in 
southeastern Alaska. 
In addition to the Middle Ordovician rocks from which the faunas 

above listed were obtained, Upper and h w e r  Ordovician rocks are 
also well known in Alaska. Upper Ordovician (Richmond) fossih 
have been found by &kin 8* in the Sulukna Valley, about 50 miles 
west of Lake Minchumina, and by Brown &L somewhat farther south- 
west in the same general region. In h a r d  Peninmla numerous 
collections of Ordovician fossils have been made in earlier years by 
Collier, Washburne, Knopf, and Kindle md more recently by Shidt- 
mmn and Gathcart.06 These Ordovician rocks of Seward Peninsula 

w Klndle. E. M., Owlogic reconnahance aF the Porcupine Valley. AInaka : Cieol. 80c. 
her im BUII., POI. 19, p. 328, 1908. 

"Blertie, J. B., Jr., The Tatondub-Nation dlstrlct: U. 5. Geol. Someg Bull. 838. p. 
403, 1922. 

mBrooks, A. H., The M o a t  McICinley reglan, AlmW 4 t h  ra description of the igneoa~ 
r o a n  and of the Bonniflela aria Kantbbna ladiatrlctr, by L. M, Prlndle : 11. 9. -01. Survey 
Prof. Paper 70, p. 72. 1811. 

'Calrnea. D. D., The Yukon-AlaeRa Inbmatlonal boundary between Porcupine and 
Yukon Rivers : Camda Geol. Snrveg Mem. 67, pp. 65-46, 1914. 

hfertie, J. B., Jt, GeoIogsr of the Eagle-Circle dlmtdct, Alaska : U. B. Geol. Survey Bull. 
%I&, p. 50, 1880. 

Bnddington, k F*, itnd Chapln. Theodore, Geology and mineral deposits of  sonthemtern 
Alaska : U. 8. Geol. Snrveg Bull, 800 pp. 73-71, 1919. 

-Kirk. Edwin. An Ordovician fauna from aoutheaahm Al8laaka Iabma~tl : Geal. Sot. 
Amedca BsU, VOL 29, pp. 148-144, 1918. 

MBakIn, K M., Tbe Cmna-Nowitna reghn, illaskst : U. S. 8wl. Survey Bun. 887, p. 25, 
1018. 

"Brom, J. S,, The Nixon Fork country : U. I. Geol. Survey Bull. 788, pp. 103-105,1928, 
mlteldtmann. Edwatd, and Cathcart, 5. H., QwIogy of the Pork tin deposits, Ala~ka:  

U. S. Gwl. Surwv Bull. 733. pp. 23-28, 1922. 



were originally referred to various horizons from the Upper Cam- 
brian to the Upper Ordovician, but Edwin Kirk has found from 
recent stndiea that they fa11 into two well-defined p u p s ,  repre- 
sentative of the Upper nnd Lower Ordovician. The Middle Ordovi- 
cian appears 20 be abbset on Seward Peninsula, but this may be dne 
to lack of extensive collecting. 

It thus appears that Ordovician rock, unlike those of Cambrim 
age, am widesprmd in Alaska, but in interior Alaska the work so 
far accomplished indicates that the Middle Ordovician rmks arc! 
restricted to a ielatively small area in the east-central part. Only 
in the White Mountains of the Yukon-Tanana region, however, has 
the &It of Ordovician volcanic activity yet been recognized, but 
them is a &rang probability that the equivalent of the Fossil Creek 
volcanics may also exist farther southwest in the Ruskokwim Valley. . - 

The Silurian system is represented by one well-clefined formntion 
of middle Silurian (Niag~mm) age and poslsibly in part by a group 
of undi@rentiatd rocks that are considered to be largely of Devo- 
nim age. The middle Silurian rocks are here descrihd as the Tolo- 
vans. limestone. No formal designation ha4 been assigned to  the 
overlying p u p  of undifferentiated rocks, because this group may 
represent rocks of two different ages, which will ultimately be seprt- 
rately mapped. 

TOLOVbMA LIHmOUP: 

The Tolov~mt limestone is named $fir its outcrop in the Tolovan% 
Valley, bat iB best exposures are in the White Mountains, about 50 
miles north of Fairbanks. This formation is there infolded and 
essentially ooextnsive with the Fossil Cmk volcanics. Farther 
muthwest the stme limestone is also present on the end of the r i d e  
lying between the Tatalina and Tolovana Rivers ; and still farther 
snZ.hwest it reappears in the low hiIIs west of the Tolsvana embap- 
merit. The total length of the belt within which the Tolovana l i m e  
stone & recognized is therefore more than 60 miles. 

This formation is cornposed entirely of mcbonate mchg without 
any important admixture of argi Ilaceous or arenaceous members. 
Both Limestone and dolomite are present, but the proportion of each 
has not been determined, and in the following description the term 
Ulimestone" is applied in a generic sense. In the White Mountains 
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theee rocks are dark to light gray, have a crystalline textuh of me- 
dium grain, and characteristically weather white on exposed sup- 
fama, though in places this weathered rind is yelIowish or buff. 
Likeotherlimestonesjnthemountainouspa~of Al&a,thisfor- ' 

mation weathers out in pinnacles md castellated forms that make 
rugged and picturesque sky lines. Plate 7, A, shows the general ap- 
penranm of this formation. Zlhis limestone formation is in en- 
eral rnamive so that the bedding is not apparent, but at some hori- 
wns thew a w  also thin beds, ranging from a-few inchw to several 
feet in thickness. The fossils found in this formation in the \tThita 
,Mountains come from the lower 500 feet of the section ; and in the 
later part of Tolovana time animal life may have been absent, or per- 
haps evidonce of it has been destroyed by subsequent reerystallization. 
The limestone on the spur between the Tatalina and the Tolovana 
Rivera has been visited only by Brooks and Prindle, in 1002. 
Brwks demikwd this limestone as a massive white sernimydnlline 
siliceous variety, containing corals. 

West of the Tolovrana embayment the Silurimn limestone mps 
out in a band about IIh miles wide, with a general trend N. 70" E. 
This' limestone appears in low hills, where i t  has been subje~hd to 
more residua1 weathering and chemical aolution than in the high 
hills of the White Mountains, and therefore it forms yellowis11 
brown croppings that from a distance would ~ l c a r d y  be identZed 
as limestone. At close range it is seen td be a bluish-gray crgRtalline 
limestone, ranging in granularity from a cryptocrystalline Iitho- 
graphic: variety to finely crystslline types. The formation was not 
extensively sampled, but all the specimens collected are limmhne 
rather than dolomite. Fossils an? not distinguishable in freshly 
broken samples of this rock, but on the exposed surfaces corals 
weather out in recognizable forma 

In the White Mountains the stmctum of the limwhne ia srmikr 
to,that of the Fossil C m k  volcanics. At the northwest end of this 
range, the limestone forms tlie trough of two parallel synclines, 
separated by the Ordovician volcanic rocks. Both of t h w  synclines 
lam closely compmssed, but the beds dip steeply & w ~ y  fmm tbe axial 
plane in a c h  direction. 'She axial planes, however, are not vertical 
but dip steeply to the sroutheast. The southeastern of t k m  two ~ y n -  

cline4 is more complicated in structure, rendered so by the thrust 
faulting that w~ localized in the valley of Fossil Creek, md at its 



north& end the limestone is infolded with the Ordovician volcanic 
roch in minor flutings. A third be1 t of lim&ne flanks the Ordovi- 
cian volcanic rochs on the southeast in the valley of the west fork of 
Willow Creek. T h i s  ttppsars as a thin persistent band, standing 
about vertical. It appears to lm o faulted wedge lying on the south- 
east flank of the volcanic rock 
The folds of the Silurian limestone and Ordovician volcanic rocks 

pitch steeply southwest, so that the volcanic rocks disappear in that 
dimtion; and as the contact between this light-colored limestone 
and the darkcolored volmnic rocks gives the best clue to bhe rsgionel 
&ructm, the structure of the limestone becomes less apparent 
toward the southwest end of the White Mounhins. The south- 
eastern one of the two Silurian syncline8 trends into F06sil Creek 
and disappears, presumably against the fault zone in that &ream. 
The northwestam syncline, however, continues southwestward md 
is believed to be the dominant s t r u m  feature of that part of 
the Whita Mountains, although the minor anticline of volcanic 
rocks that is exposed in the wakr gap of Folssil Creek shows that  
this major structure is modified by minor folds At the extreme 
sauthmst end of the Whih Mountaim the Silurian limestone alolle 
appears st the surface, and the &shnce across its cropping, about 
1% miles, gives evidence of a considerable stratigraphic thickness, 
No accurate mwmmment of the thickness has been made, bt~t the  
wribr's interpretation of the ~tmcture suggests e ~ i b l e  thickness 
of as much tss 3,000 feet. 

Still farther southwast the Silurian Iim&ne crops out in isolated 
patches along the divide betwaen %aver Cmh and the Tatalina 
Itiver, but in this lower country the major stroctum is not ap- 
parent. On one of the highet buttes along this divide, overlooking 
Heaver Creak, this limmbne is a blue-gray mydaUine variety, the 
beds of which dip 45"-80" SE., thm sug@ing a continuation of 
the major structure of the southwest end of the White Mounhine. 
Upon the Iower end of k.he spur between the Tatdim and Tolovana 
Rivers Bmks fonnd the limestone dipping about '10" SW., but at 
this locality the strike was abut  N. 75" E. 

West of the Tolovana embayment the general trend of the 
Silurian limestone is N. 70" E., but at the west snd of thk band 
the limestone appaara to strike about N. 30" E. The dip of the 
Mding in these lower hills is indeb&ate from direct observa- 
tion, but the pre-Middle Ordovician rocks border the limestone on 
the south, A atfong joint structum, striking north and dipping 
steeply east, was observed, and tbis is believed to have a structural 
relationship the cleavage o h d  by Bmoh in the older rocks 
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&rig the Tanma River. The distance across the limestone band 
at this locality is mmpllrable with that at the southwest end of the 
Whih Mountains, and this constitutes a further indication that a 
considerable stratigraphic thickmess is represented. 

Xt bas already been shown, on ptlp 83, tbnt a djsconfurmity exists 
between the top of the undi iTeren tiakd pre-Middle Ordovician rocks 
and the b m  of the Silurian roclrs. This stratigraphic hiatus, in tho 
White Mountains, is inferred more from faunal than from struc- 
tural evidence, but in the hills west of the Tolovans embayment 
the hiatus is emphasizecl by the absance of the Fossil Creek volcsnim 
below the Silurian limesbne, as the base of the Silurian is in direct 
contact with the rucks that lie below the Fossil Creek volcanics. 
Additional evidence is afforded by the fact that early Silurian mks, 
though present ss a p p b l i t e  facies in soulhenstern Alaslra, are un- 
known in interior and northern Alaska. All: the available evidence 
therefore pointa to rs stratippllic discontinuity at tho base of the 
Tolovana limestone, and subsequent st~idies may &ow that hiatus 
represents one of the major features of Paleozoic history in this 
region 

The top of the Silurian sequence is not e x p o d  in the Whih Moan- 
tainn, nor have late Silurian  rock^ k n  identified definitely ehwl~ert!  
m the Yukon-Tanana region, and i t  is possible that such rocks am 
atxsent in this region. f n my event, the accompanying geologic map 
shows ~itrikingly the difference in trend lines between the Ordovician 
and Silurim rocks of tho White Mountains and the Devonian and 
Carboniferous rock farther north, the fomer trending abbu t north- 
east and the latter nearly east. With little doubt these younger rocks 
overlap the Ordovician and Siltmian sequence, and this learls to the 
inferenm that a great unconformitg exists between the Tolovma 

. limesLon0 and the later Devonian rock  This ~mconformity has also 
been inferred in other parts 02 interior AJaska, particularly in the 

. Porcapine Valleyd7 md in northern Aleskap ,rid it is now believed 
to mpment one of the major periuds of diastrophism in the P d w  
eoic history of this region, 

A considerable fauna has been collected from the ToZovana lime- 
stone by Eltone, Prindle, Johnson, Blackwelder, and the miter, of 
which some of the bast material was obtained by Blackwelder. These 
fossils are listed blow:  

mRindle. B. X, Gwlogtc mconnel~ronco of tha Pormplne Valler, Alaaka : Geol. Boc. 
America Bull., rot. 10. p. 327, 1808. 

YSmlPh, P. S., end Mertle. 5, B., 5r., Qoology and miaeral mmurcea of northwestern 
A l a ~ k a  : G. 5. Oeol. Sun-ey Ball. 816, pg, 138-139, 1930. 
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4-240-24% lRMte Mouahima, Ib  mltca north at Fklrb.a& 1.47 milaa N. Be* 8. 

from unctlrm of M and B e a w  Creka. Collwtor. t Y. I'rladkm 1904. 
4 ~ d 1 8 1 .  White MoantnEnr, 1.837 mblsn Y. 87" L firom junction of FogsU and Beaver 

Cnvkn. CoZl~rtoc F. L. lLlw 1904 
4AII lD:C-105.  dhlte ~ o ~ l l l t i l a r ,  i.82 mllea a. 31' & ?lorn junctlcrrt of M I  arid 

Bmrrr Creekn C o l W o r  B. I.. Hesa ID04 
U.\kBI O A J ~ ~ .  Wh!te &ountrlkn~, ~ ; a c h l < b b  Gut& X. 28' W. lsom Cache Mountain 

mad 38 hllw N. 84, E. of Bltlrlrnnhs. I:olltFtom A Y. PCtndle and H, L Johnman. 
1809. 

+lAI+@ OAJM Whlte Yountnlnn Llmentone OulEb. #Mat 48 mllea N. B* E. imm 
Fmirlmak; ~ : n l l k t n s r  t. M. ~r loc l i e  ond B. L. JohnsoU, lpFH. 

1 b l 9 1 l l j .  Whl te  d w n t ~ i o e  rrjrlr w+*t of fork. uf tl illow Creek, a b u t  Tc)O icet 
above creek, t'rdlerlor b:.:llot 'Blnckmlllvr 1915. 

ZT,'LOAl 2. NWhltv ~ d u n t a l n q  ~ r ~ t r k l a , p n I  G u l ~ h .  ~ m t  neral ImllQ rr O A W  and 
BAJ'12. i f i ~ h l  lles 135 iwt f t r o r l p r ~ ~ l ~ h l c a l l g  above I ~ O A Z .  Colewror, Ellot nlsck- 
welrlrr IH1.D. 

l W d ~ .  Whlke Uoarrtelns. n o r t b m t  [P) bank of Fornil Creek. a b o t  8 mUm k l o r  
BruhhloporZ r+ulcb. Cdlwtor. &Ilot Blaclwtlder, 1916. 

ITLOI12. Whi le  Mouotalns aoutbeast ilnnk about 6 m M  wrtbwwt of m w l b  oC 
*nil t7reek and .hoot 1 milp north of  a l t r  'where MII~~IOPI S A W  rnd BUM ware 
rns:~ c'ollectnr Ellot nfsckueld~r InlS. 

,llLWt33. ~ i r t 1 1  bnnk a l  15env;r Creek mbmt 21,0013 I-t n- tmm month of 
Fowll l ' r ~ c k .  t'ollertlbr J .  B. Mcrtle Jr. 1921. 

I l A l I t 5 . l .  Wbitp ~ o ~ ; n t s t r r s ,  ~racb\o& C:ulcb, awut 300 p r d n  tmm F a l l  kwk.  
Collector J .  B. Hen!* Jr.. 1021. 

l l ~ M i 5 6 .  Wbltp ~ ; u i r t n l n ~ .  Brbcbbopod Oolch, abwt 3W pMm from b i l  C R t t .  
Co!!ector 5. U. Mertlr .Ir Ilk21 

& 2 h ~ i l b & .  IIllls w d t  ~ , ? l ' o l o ~ s n s  cmbammt, 5.U mUm 8. 73 E. from Junctlm of 
EIurrtnana anrl I l u l l l r ~ L r n  Crrqlrrr. C'ollrcror, J. B. Mrrtla, Jr., %22. 

All these fossils hsva been identifid and their ago detefminml by 
Edwin Kirk Originally determined aa Niagsmn, thia f ~ u n a  is now 
oonsirlered to r e p m n t  a late horizon in the N i ~ r r m  epoch. This 
conclusion is b a d  on the pneral w p t  of t h ~  coll~t~ions aa a 
whole, for ~ n n s  of the colleclions, tabn alonb without reference to 
the others, are inadequah far R dose determination of age. Goflc 
cht8kns and Cl&PEda may be considered the type forms, for these 
and rdaM bmchiopods are widely dist.ributed in the middle Silurian 
elsewhere in Alaska; but in interior Alaska, at least, they have not 
been identified in late Silurian beds. Some of these collections, which 
did not include thm tpe forms, were originally cwsiderd to he 
of late Silurian or even of Devonian w, go that it was thought that 
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the Tolovans hestone might repwxnt continuous sedimentation 
from mid-Silnrian to Middle Devonian time. This interpretation 
wm also f a v o d  by the fact that all the fossils b v e  tabulated h ~ w  
h u  f w d  in the lower parL of the formation. Subsequent studies 
in this region, however, have shown that the lithology and fauna, of 
the Devonian rocks are markedly diflerent from those of the Tolo- 
vma limeshue, and the continuity of Tolovanlt dimentation into 
Devonian time is no longer considered even as a pmsibility. It i s  
pcmsible, however, that tho uppermost part of the Tolovsna, lirnmhne 
may be of late Silurian age, for similar massive limestone forma- 
tions in interior. and northern Alaska have been found t o  range up- 
ward into the late Silurian. Nevertheless, on the basis of the 
present howledge t h e  I'oIovana limestone is assigned to the middIe 
Silurian ( N i ~ m ) .  

The Tolovantb limastone is merely one phase of n p a t  belt. of 
middle and late Silurian limestone that has been traced in the 
form of rn arc from Cape Krmnstern, on the Arctic coast, eastward 
to longitude 146", thence southeastward to tha Porcupine River, 
southward to the Yukon Ri~er, westward to t.he TVhite Mountains, 
and finally southwestward into the Kaskokwim Valley. In northern 
Alaska this middle and lak Silurian limestone has been described 
as the "Skajit limestone" ; it has also been okrped and mapped on 
the north and eaet forks of the ChandaIar ICi~er:~ in the Porcupina 
VaUey,'hnd dong the intarnational 

The s o u t h e r n  extension of this  Silurian limestone belt into t h e  
K&okwim Valley has also been recorded.'s . The Silurian limestones 
am therefom traceable intermittently for more than 1,000 miles in 
narthern and central Alaska, and this belt constitutes one of the 
major stratigraphic and structural features of Alaska. 

The Devonian sydern of the Yukon-Tananbna region is less well 
known than either the older or tbs younger rocks of this region, and 
it is therefom mom difficult to represent cartcgraphicaIIy. The prin- 
cipal racks of this system conlprise a group of undifferentiated 

*Smith, P. I., and Mertle, J .  TI,, Jr., Geology and rnlneral rec~lorcee of norm- 
Alaska: U. S. MI. Sumey Bull, 816, pp. 124-152, l W O .  

m M g t l e ,  I. B, Jr., Qeologf and .o ld  plitoerlr af the Chandatar district: U. S. Geol 
8 w e ~  Bull. 773, pp. 2%2.13, 1926; The Chnn~lalnt-FlhFcnjek dletrlct: T7. 8, Geol. Sat- 
vey Bull. 810, pp. 11%116, 1030. 

nKIndle. E. M.. Oealoglc recmnnl~mnnre of the Porcupine Vslley, AIamka: -1. Soc 
American BulL. vol. 19, pab 324-326, 1908. 

"Cairn&#. D. D., The Yukon-Alnsku Ii~t~rnntlonnl h u n d r ~ .  bet- Parcopine and 
JTukon Rivers: Canada (3eo1, Survey Ma. 87, pp. 6S73.  1914. MerCle. J. B., Jr., The 
Tatondah-Nation dlatrlct: U. 9. Geot. Survef Roll. 83E. pp. 4@440?. 1932. 

' 8  Ernwn, J. 8., Tha Nixon Fork country : U. 9. (3eol. Survey Bull. 783, p p  102105,1928. 
M9-T-1 



r& which, though essentidy & d m ,  may possibly include soma 
r& of late Silurim age. This p u p  includes both sedimentary 
rocka and lava flows, and ia order to present 4 available informa- 
tion, the lim-nes and l a v q  which are the m& striking members, 
have where pmible been. separzhly mapped. The remaining mem- 
bers are shown on the geologic map as an un&flemtiatd p u p .  

' This method of separation yields three map units. 
There is a h  in this region a group of basic and ultrrabasfc intru- 

sive rocks which are considered to be of Devonian age. Further ref- 
emnw ta these & will be made in the demiption of the igneous 
rockst of the region. 

rng-om 

The undiflereniiated sedimentary rocks that are considered to be 
largely of Devonian age crop out in mveral arms. One of the largest 
of these areas comprises the low hills that lie in the muthwestern 
part of the v d e y  of the Tolovcmsb River and its tributarieks. This 
band, which has a general trend of N. 80" E., extends northeastward 
into the valley of Beaver Creek and southwestward into the low 
hills that flank the south side of Huthana Creek, a tributary of 
B&er C w k .  This area is &out 95 miles in length and at its 
widest point is more than 20 miles in width, but part of this width 
is occupied by a large mass of granitic rocks, md the intmsive action 
of this mass may have had such an effect upon the &itructure of the 
s u r m n d i i  sediments as to explain this great width of outcrop. 

These rocks also occupy a somewhat wedge-shaped area that liw 
north of Victoria Creek. This arsa includes sleveral bands of the 
differentiated limestone and one band of the differentiated peen- 
 tone, all of which are here considered to be a part of this sequexlae 
of rocks. 

East of  the lower valley of Bemer Creek is s third area of 
Devonian rocks, which extends eastward as a relatively narrow band 
for 60 rniles or more to the fiats of Birch Creek. This strip ranges 
in width from 1% to 15 miles and also includes several dongah 
bands of limestone, one of which is very persistent. 

A fourth area of these undifferentiated rock Iies in the upper 
valley of Troublesome Creek. This is rt small area, abut  5 miles 
from east to we& and about 6 miles: from north Eo w e b .  S m d  
lenm of diffemntiated limestone are also nmpped in this area. 

Undifferentiated Devonian rocks of about the same lithologic 
character, though much more metamorphosed, mupy two other mas 
in the e&rn part of the Yukon-Tmana region. The larger of 
these two areas is a belt that begins et  the southe~st end of the 
Birch Creek flats and extends S. 60" E. for 100 miles l;o the inter- 



national boundary and for en undetermined distance eastward into 
Yukon Territory. This belt, throughout most of its length, is from 
5 to 10 milm wide, but it broadens to twice that width near the 
bomdary. Similar rocks occupy a small area in the vicinity of 
Chicken. 

The differentiated Devonian gseenstones occupy an area along 
both sides of the YuEron River, from Coal Creek downstream to 
Thanksgiving Creek. This is the type area for these rocks, which 
have been designated the "Wdchopper volcanics." r' 

Little is known of thew rocks in the low hi& of the south- 
western part of the Tolovana Valley, for the croppings are pmr, 
and these hills have not been examined by the w h r  and have 
h n  little vlpihd by other workas. In c m i n g  the end of the spur, 
between the Tatalina and Talovana Rivers, Bmoh saw no rocks 
ex@ at tho surfaco other than the massive Silurian limestone. 
West of tbe Tolovans embyment and =nth of Hutlmana and 
Niggerhead C m b ,  the croppings am. alsa poor, but one exposure 
of rockg in p I m  and a considerable m o u n t  of surface rubble in- 
dimb that the rocks in this part of the belt consist of clay slate, sili- 
ceous slkte, chert, quartzite, and a variety of nondescript sheared 
mka Similarly on the ridge between the Tolovana Rivw md its 
West Fork the traverses of Brooks and Prindle in 1902 and of Brooks 
in 1906 indicate the presence of rocks which are dominantly quartzite 
and slate. No structural observations are avaiIablcs for arty of thme 
low hills. 

Within this same general area, however, particularly in the 
~ c i n i t y  of the Tolovma mining camp, these rocks crop out in some 
higher hills. Thus, south of Livengood the upper part of thia 
sequence of rocks has been beenobserved ' 9 0  consist, largely of sandstone, 
quartzite, shale, slate, argillite, and some thin beds of finely crystaI- 
line dark to light gray limestone, associated with and probably in- 
truded by serpentine and other types of panstone. These roch 
near Gvengmd contain fmsiIs of MiddIe Devonian age and acept  
the Woodchopper volcanics are  the only rocks of this sequence whose 
age hm b n  dehitely determined from the included fossils. 

North of Victoria Creek, in the wedge-shaped area abave men- 
tioned, rmks similar to those south of Livengood are found, and 
in addition m a i n  other types. Thus at the heads of Gmuse and 
Bear C m b  the dserentiated limestones of this p u p  are asso- 

nMartI6, I. B., Jr., Baalogy rrt the Eagls-llircb d l m c t ,  Maoh : 'II. S. CIed Bnmey 
Y3ulL a e ,  pp. 76-M. XDSO. 

flhtertle. J. B., Jr., Gold placers o t  the Toloram dlltrib: U. S. aeoL B m  
BuII. 662, pp. 232-288, 1818. 



ciated with sandstone, shale, slab, q n h i t e ,  conglomerate, and chert. 
Some of these rock are similar to others farther w e t  that are re- 
ferred to  the CarboIliiferous, and as fossiIs ars relatively scarce some 
doubt must remgin as to the h a 1  assignment of the nancalcareous 
mks that Be near the west end of the ares. between Victoria Creek 
and the Yukon Fiats Farther east in this same, srea the non- 
cdcareous rock are dominantly vitreoua quarteih or qusrtzose sand- 
stone and slab, with little chert or other tmes of rocks; and in 
fact, this paucity of chert away from the contact with the Carhni- 
ferous rocks is one of the distinguishing characteristics of this 
Devonian segnenm. 

Within this same amst am found large Wiea of limestone and 
lavaa of greenstone habit, both of which are mpmably mapped. 

The 1- of these bodis of limestone is mmpmed of dark-gray 
t o  blue-black finely crystallized rock, but some of this mass is 
ceamly crydaLIine and rnarbIeized, and along ita smth side it is 
notiwbly breociatcsd. The limestone is closely folded and crumpled, 
and beds at different stratigraphic horizons are evidently repeated 
several tima across the strike. Poorly p m m d  corals and crinoids 
were observed at several localities, but the b& of these do not give 
conclusive evidence of the age of the containing rocks. South of 
thig large mass of limestone are two narrow but persistent bands of 
limestone, one of which has keen tntced and mapped for 35 miles. 
The mom pemistant of them two bande is B crystalline limestone, 
at most plaioea completaly marbleized. These smaller bands of lime- 

. stone .are p t l y  sheared ruld may perhaps be faulted mtlietg of 
the main limastone mass to the north, but their linear persistenoe 
and their reappearance fmther east in the Cmzy Mountains mgg& 
that they represent separate m d  lower horizons in the Devonian 
qtrmce. 

The diffemtiated p m h m e a  of this same area are closely inter- 
mingled with the massive lim-ne. On the hill north of Mount 
$chwath the contact between the two formations is well expo&, 
and although it appeam to be a fauIt contact, the genera1 relations 
suggest that the greenstone lies htigraphically below the limestono, 
Directly below the limestone is s black slate of volcanic origin, and 
this is followed downward by shared purple and green tuffs, which 
j n turn give phm to lava, flows. The relakions are verg similar to 
those which exist bstwem the Silurian limestone and the Ordwician 
volcanic f50C1LS in the White Monntains, but here the fwils  of the 
limestone point 'to a D e v 6 m  rather than a Silurian age, and the 
tuffs, so far as o b d ,  are not fosiliferons. The best stratigraphic 
inh~mtmtion at pmsmt s v d a l e  is that these volcanic m k s  are 
correlati~a with the Woodchopper volcanim along the Yukon River 



and that the overlying limestme is correlative with the limkone 
interbedded with the W d c h o p p r  ~oE&a The faulted and 
irregular character of the contact between the limestone and the 
volcanic & east of Mount Schwatka is shown in plats 8, A. 

Eastward from the lawer valley of Beaver Creek, the same group 
of rocks again crop out, extending eastwad to inelude most of 
the Crazy Mountah. In this band the large of limestone with 
it, associated volcanic m k s  is absent, but in the Crazy Mountains 
one thin band of limestone, similar to those north of Victoria Creek, 
has been recognized and mapped as extending for a didmice of 22 
miles. Between Bearer Creek and the North Fork of Preacher 
Creek little is known of these rocks, for they have keen observed in 
place only at one locality, an the Borne about 5 miles S. 67" E. of 
the confluence of Victoria and Beaver Creeks, where they were found 
to consid of sheared sandstone and date. In the zone north of the 
North Fork of Preacher Creek these rocks also consist of s~nddone 
md slate, with two thin' bands of limestone dong the north side, 
nmr the L ivenpd  ch0rt- The noncalcareous rocks of the Crazy 
Mountains consist mainly of quartz- sandstone, quartzite, and slate. 
The slab is chiefly drab to yellow but includes some zones of red 
and green date. A little chert and chert conglomerrtte are, also 
Sound, but the chert conglomerate is dissimilar to that of the Liven- 
good formation in that the inatrix is sandy and not cherty. 'This 
ch& conglomerate more closely resembles the conglomerate of the 
Devonian rocks in the Troublesome Creek arem and is thought to 
sepmnt  the basal part of that sequence of mks.  The limestone 
in the Crazy Mountains consish of crystdline limesbe, similar 
ta that of the narrow bands north of Victoria Creek, and has yielded 
one small collection of imperfect f k l s  Threa aman lenses of lime- 
stone also crop out north of this main band, 
In the fourth am.n these mks appear dong the east and west sides 

of the upper valley of Troublmorne Creek, extending also a short 
dhtank up the valley of Quail Creek. These rocks are believed to 
lie in an anticlinal basin, surrounded by the youngr mcks of the 
Carboniferons quence. A continuo~ls section a c m  this basin can- 
not be given, for the rocks are more than ordinarily metamorphmd - 
md am so thomnghly headed and distorted that t.he supxficid suc- 
d o n  of k&- does not correspond to the stratigraphic sequence. 
Between upper Quail C m k  and Nugget Creek, however, the rocks 
along the north side of Quail Creek consist mainly of phylliteg, suc- 
ceeded at the mouth of Nugget C m k  by a crystalline limestone. 
Tbe lirtx&me contains fossils of Devonian ( P) age, and the phyllik 
are believed to nnderlie the limestone stratigraphically. At the 
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h a d  of tb spur between Nugget a d  Quail Creeks, on the other 
hand, is a tmmendously sheamd conglomerate, cornpod largely of 
chert pebbles Ad cubblea, but containing abbe detritus of sandstone, 
greenstone, limesbne, and vein quwtz, 'JC?1a pebbles and cobbla are 
flattened and dongated to so p a t  an extent that in placea tho origi- 
nal fragmentat chsrachr of the rock can hardly be recognized. This 
conglomerate is believed to underlie the fossilifems limestone above 
described and may mark the bnse of the Devonian mquenca Wed 
of Troublasrome C m k ,  between Nag@ and Miller Creeks, the rocb 
consist of sl&, graywacke, sheared p n s t o n e  (including mom ser- 
pentine), and one band of crystalline limestma Similarly the rmh 
on a spur on the east side of upper Troublesome C m k  and south of 
Blizzard Creek are first massive diabasic gmenstone, followed east- 
ward by slate md phyllita, which in turn are succeeded by diabasic 
greenstone, serpentine, and finally by the same sheared conglomerate 
that wars  on the spur between Nugget and Quai1 Creeks. Still 
farther eaat more Devonian slab crops out, and finally this is suc- 
ceeded by the black chedy m h  of the C a r h i f e r n .  All the 
Prtlemuio rocke in the Rampart district am much more than ad i -  
narily metamorphosed, and these Devonian M ) C ~  am no exception to 
the generid rule. 

Several milea downatmarn on Tmublesome k k ,  at the mouth of 
Union Creek, is a small body of rock that am markedly differen$ 
from the Devonian, rocks of the upper vdley. These am a group 
uf mica schists, mostly light-colored but including also darker mem- 
bers containing biotite and carbonaceous material. These whish 
have b n  invaded by stringers of pegmatib, and near these stringers 
the schist contains well-developed crystals of quartz and feldspar 
and some grains of garnet and tonrmalins. Them rocks resemble 
altered sandston= or quartzites. So far as their general appearance 
is concerned, they resemble closely some of the rocks of the Birch 
Creek schist, but they are many miles from the nearest ztrea of the 
Birch Creek schist and are not believed to belong to the old crystal- 
line complex. Instead, they are considered ix be the contact-meta- 
rnorphosed equivalent of later Paleozoic rocks and are here assigned 

. tentatively to tha undiflerentiated Devonian. 
The Wmdchopper volcanics along the Yukon River consist gsgen- 

t i d y  of hsaltic lavm of greenstone habit and associated pyrdastic 
material, interbedded with massive lime~tone md more or lws shalo, 
slate, and chert. The lams at Inany  place^ are clearly beddad, and 
numerous ellipsoidal flows are also present, in which some of the 
ellipmi& sre as much as 6 feet in diameter. Much volcanic aigglorn- 
.emh or flow b m i a  and more or less tuff and tuflaceous sediments 



am also intarbedded with the lavas. The lava is basaltic, and some 
of it ia amygdabidal, with vesicular fillings of calcita The original 
rock minerals, esmntially plagioclam and augite, are now altered to 
chloritic product% and the original, iron minerals are now completely 
oxidized. More or Ims secondary pyrite and pyrrhotite are also dis- 
tributed in these lttvas. 

From Wodchopper Creek downstream massive beds of limestone, 
which appear to be interbedded with the lavas, crop out at intervals 
in the bluffs on both sides of the river. Two of these m m s  of lime- 
stone, which are fossiliferous, occur along the north side of the 
Ynkon, a h  Woodchopper Cmk.  These are shown in plate 8, B. 
The lirneshnes therndves vary somewhat in appearmbntse, the differ- 
ences apparently depending more on their degree of metamorphism 
than on origkd diflerenoes in cornpsition. Some itre light to dark 
gray dense noncrystalline or cp91,tocrystaIline limestone ; others are 
p@rLly mcrgstallixed. 

The hlt  of rwhs that pamU81~ the Yukon River from the Birch 
Creek Flats to the Canadian boundary %nd the other area in the vi- 
cinity of Chicken are included in this group with considerable doubt 
rn to the aorrectneas of their correlation. They are more metamor- 
phosed than tha other rock of this group, but on the other hand, 
b t h  Prindle and the writer have found imperfect fossils in these 
6, south and southeast of Eagle, which appear to justify their 
inclusion with the Devonian sequence. Little m n t  work has been 
dons an these rocks, and the writer is dependent largely upon the 
description of them given by Prindle.7e Accordq to this descrip- 
tion, them rocks consist of green and black phyllites, cherty slates, 
cberts, gxeenstanes, serpentine, quartzites, and limastonm. The 
larger bodies of greenstone have been separately mapped on plate 1, 
and m0 elsewhere described ; and one small M y  of limastone, la short 
didarm northwwt of Eagle, has nleo been sepamtely mapped. A 
p d d  section of these rocks northeast from Glacier Mountain is 
given by Prindle. Glacier Mountain is cornpod of granitic r d m  
and is bordered on the northeast by pre-Cambrian quartzite, which 
is succeeded 9tmtigraphicttlly by 500 feet of carbonamus phyuite, 
600 f& of limeetone, 50 feat of quartzite, black and gray alaty 
phyllites ~xpomd at intervals for  half a mile or more, and ha l ly  
meager croppings of hmtone. Still farther northeast are greenish 
slmtRs. As the X D C ~  aver psrt of this distanw are nearly vertical in 
attitude, these distances may represent clmly the true stratigraphic 
thickness, but only a psrt of the sequence is reprented, as thm0 

"Prfnae, L XI., The Irortymils gnadrangie, Yukon-Tamoa region, Alaska : U. S. -1. 
R n m g  BalL 875, ~ p .  p.19, lQ0B. 



mks at the northeast end are overlapped by youqjer mh The 
fir& h n d  of quartzite was onsidered by Prindle 4.0 be a part of 
the old crystallina complex and is so mapped in the present report, 
but i t  may in reality be only a part of the 1st~ Paleozoic quence. 
The Iater rocks, hgirming with the 50Q feet of carbonamom phyilite, 
were mapped by PrindIe as Devonian, and this mapping also is f ol- 
lowed in the p r m t  report. Rocks of lessentifilly the same kind are 
fomd in the smaller area in the viciniq of Chicken. 

The mcks ham clagsified as essentislly Dewnim extend more or 
less mntinutlusly from the month of Baker Cresk nortbeashmd ta 
the lower valley of Beaver Omek, thence eastward Eo the flats of 
Birch Creek, and thence southeastward along the south tide of the 
Yukon River to the internatioizal boundary. The totd length of this 
arc is about 200 miles, bat little is h o r n  in detail of the stmctare of 
these rocks throughont this stretch. This is due in part to the re- 
connaissance chiar~ter of the mapping bwt more particularly to a 
dearbrth of well-exposed sections. In fa& nowhem in this sketch is 
i t  possible to observe these mks continuously for m y  g m t  djstaiuce 
acmm their gtrike, and any conclusions regarding their structm 
lnugt nemwmiIy be h m d  on widely sepamted obsemtions, which 
omr so great an area are almost meRninglm. 

Little is known of the dip 02 these beds. Some of &am stand 
nearly vertical; many appear to dip mathward at high angles; and 
a few appear ta dip northward. The cleavage d i p  eoasisbtly 
iwuthward, and some of it may ham been mistaken for bedding. 
The strike; of these mks, however, is tangent to the great arc dong 
which they crop out, and the dip of the dominant etmcture is suc- 
remively southeast, south, md southmst. Notwithstanding the a p  
parent structure, this group in general is bounded on the north by 
younger mks and on the south by older mh. One notable excep- 
tion to this generalization js evident in the ama north of Pictoria 
C m k ,  +where the Devonian rock4 appear to have the structure of an 
anticline that plunges muthwwtward and is banded on both &a 
northwest and the southeast by younger rack Evidently, therefore, 
the age of the ro& decreases in ganeral from south to norh, and 
with the structural evidence at present available, the conclusion seems 
marranted th& these mclm have been deformed inbo a system of close 
folds, which in mn&derable part are overturned toward the llorth. 
Such duplication of bads by folding wiII also account for the p a t  
distance, at some localitim, acms tZre strike of these rocks. 
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The distribution of these pocks also brings to l i h t  another feature. 
It is believed that the Devonian sequence in this region mneista of 
gn early group of Devonian rwks and a later group which is h o r n  
from the contained fosda to be of Iah Middle Devonian ago. The 
m b  clntssified as late Middle Devonian comprise the Woodch3pper 
volcanics and s part, or all of the Devonian rocks north of Victoria 
Creek. Both these areas lie north of the main band of Devonian 
rocks, and this distribution also conforms with the general relation 
of a decrease in age from south to north. It is also worthy of note 
that both blocks of late Middle Devonian rocks appear to be de- 
formed in general into asticlinal. arches, for not only do Carbonifer- 
ous mh reappear northwest of the late Middle Devonian rocks 
north of Victoria Creek, but similarly the Livengd formation re- 
appears north of the Woodchopper volcsniw. The details of the 
structure at both these localties sm little understd. 
No stratigraphic s d o n  of these rocks has anywhere b e n  mew- 

umd, and from the writer's observations npon the nature of expo- 
sures in this country, particularly in the belt occupisd by these: rocks, 
it is doubtful if my mmgleh section can be measured, although in- 
tensive detailed wo& in the future may render it possible, by p~ecing 
togather partial sections, to arrive st a better understanding of the 
structure that exisb. In view of this obsewed complexity and un- 
certain inbrprehtion of the strueturn, it is not +ble to s tah  with 
any ~ssurance what is the total thickness of this group of 9mks. The 
width of the belt b from 1 to 15 mil-, and taking into consideration 
the width of other belts of rocks in the same region, whose stmc- 
turn is better known, it ~eem safe to titah that the tatal thkkne,$s 
must be at least 5,000 feet. 

A mmiderable number of fossil rnIlwtions have been mado from 
these w k a  in the last 30 years, but unfortunately the roclks are so 
c o m p m d  and folded that many of these fossils cannot 'be relied 
upon to determine the age of the rocks containing them. Two lamas 
are recognized, of which one is clearly of Middle Devonian sge and 
the other is older. It seems k t  rto p-nt these two gronps sepa 
rately. 
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Colllm 4 6 R Localltg not mrded. Cohctw A J. t a l l l ~  1902. 
ZACW. h k o n  Rlver, eant bank, 3 milea below Aouth of ~ a t i n d o k  Rlver; pebble fmm 

river ravel. Collector A J C'olhlet 3902 
2h8fl2, Yukon FLiver: eaet'hnl;, < mll& below month of Tstondnk Rlwr ; pebble from 

rlver ravel. Collector A. J CoIlier 190'2. 
2 ~ 8 1 3 1 ,  ~ a ~ \ t v r r o t ~ r w ; i l w ~ .  ~to~lector ~ . ~ . ~ o ~ l i e r  18112. 
ZAP!& About 1% miles N. 30° E. from m b t h  ot ~uall'creek (3ollector, L. M. Psladle, 

1902. 
3kP77. Ttibuhry of Boundary Creek, 13 mil- muth of Eagla Collector, L, M. Pdndle, 

*nnn 
L W V 3 .  
4AP41. I 0  mllea @ of EagFe Collector L. M PrlndU 1804. 
-1XP301. Vnlle ot ~ r o u b l p ~ o i e  Crwk, 3b mil= eaat At Rampart 13ame an %4P20. 

Callector I* hi .  8rlndle 1WbI. 
4 ~ ~ 3 0 h .  27 mllpa e ~ k t  or Rampart, 1% mllee fi. 68" W. Zrom m a t h  of Qu& Crw+. 

Collecror. L .M. Frlndlt, lP04. 
EAS15.  Urnemtono on try nl ridge between North Fork of Preacher Creak amd Y ~ ~ k u n  

Flats - lon%tu(le aboot t 4 ? ~  110' Caltector R. TV Stone, 1806 
847: South bank of Ymkon Jiiver 12 mliha biiw ~ o o d c h o & m  Creek Collector, B. ?iL 

Kindle, 190R. 
848. Yukon RIver 2 miles below C a m  Blur, in indue beloaf Wd. Collector. EL B% 

gindle 1900. 
8 ? 9 . ' ~ a s t  bank of Yukon W?er 2 milem below Calico Bhff. Calleetm. E. kL Klmlle, 

1906. 
7AP82. Fort lle Wver a quarter of a mite below month of Nawleom Collector, 

L 31. Prindle, ROT. 
7AP268. Rid Mmeen f ~ r k m  of mall Creek east of Wolverhe Ywntnin. Collector, 

L hl. Priadle, g07. 
7iP277. llbout 1 mlla wsa of mouth at Qonll Cmek. Collector, L. M. PdPrlndle, 1907, 
1513A. Southwat bank ot P n h n  Rlrer at west end of dolomiZ~ bin* abut  3 nilm 

below the mouth of Thank ivln C m k .  Coltector Eliot Blackwelder 19111. 
1513B. Same as 1513A, %ut ~ W I  to 1,000 feet blpher in sequence. Col~ecbr, Eliot 

Blackwelder l D l B  
22AMt131 ~rt&pa.rt d M  I 1  m l h  8, BS* W. of mooth of QW Creek. Same am 

1 A ~ 2 1 1  Cdllector J. B. M ~ $ C  i. 1822. 
25AMWk52. Yukon'~erritor~ ~ a n a d i  -.a milen 0. 40° 1. a i  Internatloaal boondarg Ibp~- 

graphic mtaflon 112 col?ectbr, J .  B. h~ert~e,  Jr. la25 
2.jAMtS.9. rukon' Terntnyr, Cal~adn. 1.D miles s,' 40' E of interaatlonal bwmdam 
ngra hic mtation 112. Collector, J.  H. MertSe, Jt. 1926 

t0%9Ahfi:,l. Rid north of Victorla Creek, 0.33 mile ~ . ' 8 2 $ *  W. of Meant IchwW~ka. 
Collector, I. B. E t f t i e ,  ~r., 192s 

2PMlt6J. Itid %lo& of Victorla Creek, 0.75 mila N. 61' W. d Mount 8cb-tkk 
Coll~clor J I3 3%tip Jr., 1929. 

3 1 ~ 3 f r i 7 5 .  Flnmpsrt' dlatrirt. abut 1 miIa 8. 88. W. tram mouth of gotill C~eek. 
B n m ~  au TAP277 arid 22AMt133. Collector. I. R. Mertie, Jr., 3831. 
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The nndifFerentiatsd Devonian fauna wnsists largely of c0eIenhr- 
atm and includes only two pelecypds and two gastmpds, and 
only one genus among the I8 here shown has been identified speci- 
fically. Momover, all these wllections am poorly presemd, and 
few if ky of them contain enough diagnostic forms to w & r m t  any 
dam assignment of sge, Edwin Kirk, who has identified most of 
these invertebmtss, has therefore been ccmstrsined to  refer the% 
foesils either to the Deponinn or Iate Silurian, with varying em- 
phash upon one or the other system, depending upon the material 
at Hand, The writer has already shown, however, that an uncson- 
dormitg probably exists between the Silurian and Devonian mb 
in this -on; and he also believes that these fcwils probably rep- 
resent a single group of &, rather than two p u p s  of diverse age. 
It therefor0 follows that these fomils &re possibly either Devonian 
or Silurian but are not likely ta be both Devonian and Silurian. 
But tm far as h o w n  at pmnt ,  the middle and late Silurian in 
interior Alsska am repmnted by massi~o limestone and dolo~d.e,  
and inasmuch EM the rocks from which Chese fossils were obtained 
are diverse in lithologic character and appear structurally to be 
more closeIy related to the late PaImzoic rocks of the region, the 
writer believes that they should be regarded as Devonian mther 
than, Silurian. 

Much doubt m'h, however, as to their precise plam in the 
Devonian s y s b  No lower Devonian T O C ~  have yet k e n  found in 
Ah&% and therefore it wonld be inmmjstent, without better avi- 
d a c e  thm now exis& to refer t h e  fossils to that psrt of the 
perid. Middle Devonian m k s  at two or thma horizons have hen 
identified, however, and the & containing these fossils are be- 
lieved to represent the lower part of the Middle Devonian sequence, 
In addition to the inverkhmtes above listed, two coUwtions con- 

tssinhg plant remains have also been obtained as folfom: 

5APSI9. Dennlaon Pbrk of Fortymile River, about 20 mil= aonth of IJhicken 
M Oolleetor, L M. Prindle, 1m. 
1- North bank oC Swver Greek, 5 or B mil- above Willow Creek. 

Collector, Rliot Blackwelder, 191B, 

The two plant coIlections are of little importance but are given to 
m i k e  the record complete. Collection 5AF319 consists of some 
striated plant stems, which were referred by F. M. Knowlhn to  
C d d h ~  rcdhtw and ware said to indicate only a Paleozoic a@, 
Collection 152U mn.si&d of fossil wood. 



2AC90 Pukm Rl*er, north bank, cmwaite Woodebopmr : upper sad of a of blntk 
~ o ~ e c t n ;  A. J c0111er 1~02 

2 ~ ~ 9 0 :  ~ u k b a  ~ l v e i .  ~ o i i w e m t  bmmk S rnlW below W a e h ~ p p a r  C o w ,  
A J. CIollI~r, 1'902. 

2AC97. Yukon niver, rrooth~@ bask. 4 m l h  M I O W  Wood- COllWO?, 
A J. Ctllller 1902 

841. YUR& RL&, north bsng, oppdte ~ d c ~ o p p e r  ~ o m m  fi~kctor, m. AL 
Mndle. 1906. 

842. Yukon Wm. north bank, 2 mum above wood&og~ C m  Calkdor. 1. M. 
Kindle, 190G. 

846. Ynkon ~ T E F ,  Wthw@8t m, 2 mHm be101 W M & w  cIV&, &ll&Or, H. 
Kindle, 19017 

lstl im iw 170. Ynkoa m-, north 2 to 3 mltea above WO~CIIO- & 
collp&or h o t  blllelmeldar 1016. 

171. gakon W e r  south;eet bank, abont 2% mlles below Wdcboypcr 
lertor Ellot ~lackwA1der 191$1. 
172: Yukon Kiver. aohh b ~ n +  mpdte Woadcbop~er Boad Eolrw. cdhCbG mot 

Blackwelder 1915. IBAM~BQK Enst fork of Rnth Creek a tributary o i  LIvengoDd Creek. 1% mUm Iclatlrl 
of Liven t ~ > d  COIIW~DC J. R. Mertle br. 1916. 

20C5. &u&n River. nbrth bank, ofiposlte Wodchopget &ad How* C~ll%stor, X 
Mertle, Jr., 1925. 

AN the fmih ident;fied as Mid& Devonian, with the excaption 
of those in eollmtion 16hM:t64a, have been collected from the lime- 
stones that form B part of the Wdchopper volcanim. This fauna 
contains 25 genera, of which about half are brachiopods, one-fourth 
coelmtsrabs, and the remainder are echinoderms, brymrtns, mol- 
lusks, trilobites and ost rdes .  Edwin Kirk, who also identified 
most of these fossils, regards them ns mpresentative of a high hori- 
zon in the Middle Devonian, clos9ily relatd to the Upper De~onitm. 
It is probable that wctians B d Z M k 5 4  and 29bMt64, from the area 



north of Victoria CreeB, which are tabdated among the nndiffemn- 
t i a  Devonian fatma, may a h  come from the same stmtigraphic 
h o k  as the Woodchopper voleania, but the f wi ls  of these collec- 
tions are not dciently well pl~serPed or numerous to justify their 
inclmion in the Middle Devonian Iist, on paIeantologic gromds alone. 
Collection 16AMtMa, fmm the Liven@ district, on the other hand, 
is reprwmtgtive of m b  with a different litholojg fn>m that of the 
Wdchopper volcmics, but it is included in the Middle Devonian 
list h u s e  it was so determined by Mr. ICirk? on paleontologic 
gmnnk. 

Devonian mks are Widely distributed in central and northern 
Alaska. A11 those of central Alaska, so far as now known, are of 
Middle Devonian age, though some of them represent horizons high 
in the Middle Devonim, which may bo proved by subsequent work 
to be of Upper Deponiaa ngs. Several Middle Devonian formations, 
hirwever, have hen mgnizad in interior Alaska The oldest of 
t b e ~  ia the Salmontrout limdone, which has been dacribed by 
Kindle "+and by the  write^,'^ from the area lying between the Yukon 
and Balmrpine Rivers. The Salmontmut limestone is a highly fos- 
silifemus formation, and up to the p w n t  has yidded 53 different 
p e m  Rocb at this horizon have not hen  recognized in the 
Yukon-Tanana region, though they may possibly be present. The 
next horizon, almve the 3alrnont.rout limestone, is widely known, not 
only in the 'Yukon-Tanana region but a h  in many other parts of 
Masks. This horizon is mpresented by colledion f6AMt54a, and it 

i, is probs, le thst mos6 if not all, of the undiflerenti~td Devonian 
* 

fauns h v e  tnbulated may be assigned to the same horizon. 
The third and highest Middle Devonian horizon is represented 

by the Woodchopper volcsnics and by certain silimus and s1aQ 
bed6 t.hat ham k n  described by the writer70 in an srea north of 
the Yukon River and close to the international boundary. Upper 
Devonian rocks have not yet been recognizd in central MasIra but 
am typically developed in northern Alaska.80 7%- rocks are char- 
acterized by Spirif er d h j m ~ f ~ * s  and other invertabrates. Upper % 
vonian rocks are also well developed in southeastern Alnska, par- 
ticularly on Prince of Wales and Chieagof Islands. hb Lower 
Devonian rocks have ever been found in Alaska, and in kiew of 
the unwnformity between the rocks of the Silurian snd Devonian 
s p k m s ,  their absence is a sigdicant feature. 

El. M., Qmlogic rewnnalmance of the Pompfne VaUeT, b k a :  -I. Roe. 
dmwiur Em., vol. 19, gg. 327-429, 1908. 

Mwtle. X B., Sr., The Tatonduk-Nation dIdrict: U. 8. Geol. Survey Bull. 836, pp. 
407415,  1932. 

* Idem. pp. 4 W f 0 .  
-Smith, P. S., and M d e ,  J. B., Jr., Geotm and mtneral resoarcea of n m t e r ~  

AheXa: 13. S .  G e o l  Snrvw Bull. 815, pp. 139-1B1, 1930. 



Several p n p s  of mks, representing thomarids of fwt of sedi- 
rnenta md lavas, were laid down during the Carboniferous period 
in this region Tha general sequence of these rocks is now known, 
but much remains to be learned of their local characteristics and cor- 
relation. S e m l  diffimltim p-t themselves. First, no area has 
yet been found where a complete btigraphic sequence exists, and 
at most places either the top or the base of individual formations, 
or perhaps both, m n o t  be observed. Second, there i s  a good reason 
for the Mief that the lithology changes materially along the strike, 
thns making it difficult to correlate sections that are widely separated. 
Third, the d e w  of metamorphism is variable, depending on whether 
them rocks occur in belts of metamorphism or otherwise. Finally, 
with the exception of the Calico Bluff formation and the Tahkandit 
limeshne, which represent only a s m d  part of the sequence, most of 
the sediments of this sg.stam are only scantily foasilifemus. 

For the purpose of thia report the Carboniferous rocks are di- 
vided into seven map units, aa follows : 

Tafahkandit limeatone (Permian). 
Nation River formation { Pennsylvanian7 ) . 
Calico Blur formation (MsslMpph). 
Rarn~r t  group ( Misslssipplan) . 
Llrnestone beds (Mbsisslppian). 
Undiffeerentiated Mississi~pian rocks, 
Li~enmod chert (Mississippian). 

Thm map units are not mutually exclusive, and the above tabu- 
lation is not to be regarded strktly as a geologic column. In some ' 

amas more detaild work has been done than in others, and therefore 
formations have been r e c o p h d  and mapped locally which cannot 
everywhere be differentiated. Thus, the undifferentintd Missisqip- 
pian rocks include not only certain rocks of the Rampart area that 
are believed to underlie the Rampart group, but also younger mcks 
that lie above and just below the Cdim Bluff formation in the Eagle 
area and have locally been differentiated as map units. Similarly, 
the more prominent limestones that am mpanttely mapped are inter- 
bedded in part with the Liven@ chert and in part with Eater 
Mississippian rocks. The Nation River formation and the Tahkan- 
dit limestdne, on the other hand, have been observed only in the east- 
prn  part of this region ; and the distinctive lithology of the Nation 
River and the highly fmififerous nature of the Tahkandit wndet 
both of these formations so easy to recognize that it is improbable 
that either of them now exista west of Circle. 



The Livengood chert wag discriminated and mapped by the 
writer 6' in 1916 in the vicinity of Livengood, as s group of rocks 
composed largely of chert. The name "Livengood cherlt" first ;tap- 

p r e d  in print in 1926,@* but without definition. The formation is 
hare defined for the first time. In 1918 this formation was traced 
westward by R. M. Overbeck to the Sawtwth (Lynx) Mountains ; in 
1921 it was traced eastward by the writer into the valley of Beaver 
Creek; and in 1929 it was also recognized by the writer still farther 
east. 10 i t s  type locality the Livengood chert is now known to ex- 
tend fm a point north of the Sawtooth Mounts-ins to  the valley of 
Beaver Crvk, north of the White Mountains, a distance of about 05 
miles. The maximum width of this belt, in the vicinity of Liven- 
god, is 8% miles. An eastern extension of this belt is found in 
the hills that overlook the Yukon Flats, between the lower valleys 
of Beaver and Preacher Creeks. The lengtb of this belt is 30 
miles. The Liven@ chert has also been recognized and mapped 
in a narrow belt crossing IVOodchopper and Coal h k s  a short 
diitance south of the Yukon River. Isolated h d s  of this formation 
have been recognhd at other PI-, particularly in the vicinity of 
the Sawtooth Mountains, and the mctarnot-phosed eqnivslents of these 
mks have been observed farther west in the Rampart district, but 

. . these occumnca have not been mapped. 

The L i v e n 4  chert consists dominantly of chert, with which we. 
intarbedded &or proportions of limestone a d  argillaceous rocks. 
Numemns mall  Wies of basaltic or diahsic greenstone are also 
found with the dimentary rocks, but them igneous membem are 
Mieved to be largely intrusive and therefore. of later oi-Wn. The 
chert of this formation has been &died in more detail in the 
vicinity of Livengood than elsewhere in tho region. Observations of 
the rock from the bottom of 25 or mom shafts on the bench north 
of Livengood Cmk and other observatio~s in the surrounding hills 
ahow that the rock is in large part a chert, ranging in color from 
a light smoky gray to black, in places much bwcciated, and with a 
comparatively small proportion of other rock types. Below the . 
gravel that constitutes the gold placers on Wvengod Creelr the 

"Mertl* J. B., at., i b e  phi of the Tolovana district: U. R. O M .  Sarver Bull. 
862. pp. 23s-244, 1BlE.  

mMrrtle. J. I%., Jr., T M  Palemdc geology of Interlor Alaslra lnbatrnct] : Washingtom 
A d .  9d. J ~ Y . ,  rot. 16, p. 78, 1826. 



chert is deeply weathered to s sad to b h k  &CBOUS day, which 
includes numerous partides of angular chert fragments, but in the 
newby hills the chert is fmh and unaltered. Thus at Livenpod 
Dome and on the ridge extending northward from it the chert appearp 
as a dark-gray m k ,  in beds from e few inches to mveieral feet thick, 
aU of which are much fractured and breccia@. Locally some of 
the beds of chert are laminad. 
The chert is highly residant to erosion, and it might therefom be 

expected that even though it fonns the principal type of rmk along 
the ridge bps, mcks of less resistant type might lee found b con- 
&tub am Important part of the sequmca in the vdlep.  That is . 
apparently not true, however, because in tho bedroclr underlying 
t h e  pIacem of Liv'mgod C m k  rtrgilIaceous rocks were oherved 
in d y  4 of 25 shafts, and there only EM a minor proportion of the 
Mrwk Such argillaceous beds as were dmnd am either shale 
or @ite, and wme of them are distinctly cmbonaceotm. Similar 
argillaceons mh were dm o h w e d  on Amy Creelr, a tributary of 
Livengmd Creek1 on the South Fork of Hess Creek, and at other 
localities. 

Two kinds of limestone are d a h d  with the chert if the Liven- 
gad chert. The less plentiful type rxxu& as thin h d s  of non- 
crystalline and little silicified d a r k - p y  limestone. Several beds 
of such limeatow were o k r v e d  dong the wdls of Amy Creek and 
in some of the mnaller tributa~es of Liven@ Creek west of Amy , 

Creek. The more common type is ra crystalline white limetone., in 
varying s t a p  of silicification. Several Wies of t.hL limestone am 
diffewntiated in the vicinity of LEvengd, and it was also * e d  
&P the Mrock below the placers of Livengmd C d  in 8 of 25 
slrsfk This more or l w  silicified limstone is a white to cream- 
m1od m k  in the hilh but weathers to tunes of yellow gnd b m  
below the gravel. Also in p l m  underground the limestone has 
h n  dissolved from the partly silicifiad rmk, laving a r d  that 
resembles a siliceous sinter. In places-for example, along the'ridge 
southead of Martin Crwk-this limestone is almost completely silici - 
fied snd dm1y u p p r o x i r n ~  in appearance and composition a 
pure-white grann!ar quartzite. Other bbdiea md lenses of this 
siliceous lim&one have also hen  Q ~ I T ~  both east and W& of 
the L ivengd  district, and in one of them small lenses, in a westma 
tributmy of Lost Creek, wme imperfect fomils were found by R., M. 
Cherbeck. In mod of these silicmns limsstones the silieeom matter 
is c h ~ l d o n i c  quartz, but in some, as in the Martin Cmk. m11r- 

rence, the silica is p u l a r  quartz, and padations1 t p  appear to 
exist. It seem probable &st the silicification of thm limestones 
within or contiguous to the Livengood chert has resulted f rn t h ~  
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circulation of heated waters charged with silica derived from the 
wntiguous cherts. 

Another prominent m k  type of the Livengood formation is chert 
conglomerah. This rock crops out st intamah dong -the south 
side of the Livengood chert in the Livengad districf md at other 
localities both to the east and west. It is well developed at the west 
end of the area occupied by the Livengood chert, northeast of the 
Sawtooth Mountains, and is equally prominent along the.north side 
of the hills that border the Yukon Flats, between the valleys of 
Beaver 'and Preacher Creeks. It is also found along the ~011th side 
of the 'livengood area in the valleys of Woodchopper and Coal 
Creeks, southeast of Circle. This conglomerate appears to lie at or 
near the base of the Livengood chert, though similar intra.forma; 
tional conglomaratas may also be pr-t higher in the sequence. 
This rock is a unique horizon marker, because it differs Iitaologicalig 
from any other wnglomemta in-the Yukon-Tahna region, and 
where it is observed one may be sure that it and the cherty r~~ asso- 
ciated with it are. B part of ths Livengood chert. This chert con- 
glomerate is composed essentially of chert pebbles in a matrix of 
chert. The pebbles are usually small, wdom exceeding an inch in 
diameter, and vary in shape from rounded to subangular. As n 
rule, the pebbles are of much the same color as the matrix, usually 
gray, and are so perfectly welded into the matrix that in unweath- 

I ered croppings the conglomep~te nature of the rock may not be 
. readily apparent. At other Iocalities the pebbIes have different 

colors and stand out in marked contra& to one another and to the 
mstrk. 530 firmly are the pebblw cemmted to the mrttrix that 
&cia1 dteration does not cause the rock to disintegrate, allowing 
the pebbles to separate. On the contrary, in both h h  and alb& 
specimens of this rock the pebbles are permanently attached to the 
matriz, and when the rock is broken it fractnrm directly across both 
matrix afld pebbles. This chert conglomerate is therefom a rigid 
P&, and the movements attsndmt upon regional metamorphism 
were registered in the farm of extensive brecciahion, with the de- 
velopment at some places of myrids of m l l  cracks which have been 
recementad by ch Jcedonic silica. 

The chert of the pebbles and of the matrix of this conglomerate 
has Bean examined under the microscope m d  has been found to be a 
rnicrcmystalIine rock composed of chalcedonic quartz, which shows 
only aggregate polarization. In some places, however, particularly 
where extreme brecciation and recementation by d i m  has taken 
place, the conglomerate itself has a h  been partly recrystallized to 
a fine-grained quarteitic mck. The m l t  of this process is particu- 
larly noticeable in the Rampart district, where some of this chert 
is included among the undifferentiated Missimippian rocks. 

I 549a-m+ 



108 YITICOB-TANANA REGION, ALASKA 

The origin of bt.h the chert conglomerata and the chert of the 
Livengood chert presents some puzzling features. The widespread 
~ ~ c e  of these rocks, their obvious lack of genetic relationship 
ta siTiceous intrusive rocks, the lack o f  iinterna-1 evidenm of replace- 
ment, and the cmxmmce of entirely unsilicifid argillite and lime- 
stone interbedded with the chert at various horizons have convinced 
the writer that this chert and chert conglomerate are of primary 
origin But these mks are almost devoid of fmils, and therefore 
it is hardly likely that the chert was derivwl from siliceous organisms 
such as diatums, though pmibIy it may have been formed as a rwult 
of the secretion of silica from sea water by the action of certain types 
of algae. Possjbly it may have resulted from the original sedimenta- 
tion of fme-pined or colloidal siliceous silts, or perhaps the silica 
was precipitated from aqueous solution by chemical action. The 
exact mechanism by which thase rocks were produced is not yet 
understow?, but in any event the ihert is believed to be primmy. 

If its primarg origin is admitted, the chert conglomerate then p m  
mnts an additional problem, for a question naturally arises as tx~ the 
mason why the pebbles of the chert cory!1omerate at many pies are 
exclusive1 y che* The pre-Mississippian f ormatiom include many 
other kinds of mIn; and relatively little chert, and it would there- 
fore be sx~ected that the pebbles of a bagal mng1omerate should be 
composed dominantly of the various other types of country wck. 
The explanation might be suggested that th- chert pebbles origi- 
nated by prolonpd residual concentration at the surface of a rela- 
tively few cherty rocks, while the less resistant rocks were chemi- 
calIy disintegrated; but the region is permeated with vein qnartz, 
which is as resistant to chemical disintegration as the chert, yet little 

, or no qua* is found in the chert conglomerate. These considera- 
tions suggest that the pebbles, in some rnsnner, were formed e n -  
t i d y  at the same time aa the matrix that contains them, and that 
both pebbles and matrix had a common origin. The grocm~~ may 
have been simiIar to that by which the limestone mng10merate.and 
limestone breccia, in the Cambrim rocks were formed-that is, by the 
submarine erosive and sorting action of oceanic currents. Or per- 
haps the formation of deposits of chert in shwl water, where at- 
mospheric agencies might act a t  intemals, might have ~ewlted in the 
denudation and sorting of siliceous fragmental debris by atmospheric 
agencies. Or again, such siliceous deposits in shoal waters may haw 
been broken and roPIed by tidal currents. In any event, the sub- 
angular charicter of some of the chert pebbles, indicates that the 
comminution of the fragments of chert rnvst have occurred after 
Ihs source mck had attained a considerable degre of cohesive 
drength, and that this comminution was accompani~d by little sub=- 
quent transpodion or mertrnent. The exact process clannot be 



exactly visualid,  but the writer is convinced that the pebbles and 
angular fragments of chert in this conglomerate are essentially con- 
temporaneous with the matrix itself-not precimly contemporaneous, 
as the wurce rock probably antedated the pebblas, but mentially 
contsmporaneous in the sense that both pebbles and matrix were 
formed during the mme geologic epoch, and in fact during a single 
gmnorphic cycle. 

amucmm ABD THICK- 

Although the chert of the Limngood chert is highly resistmt to - 
erosion, few good structural obeervations are mailable, as these 
r& occur mainly in B part of the region where the ridges am low 
and the croppings are mainly rubble. To generalize from s very 
few obsemtiom, the drike of these rocks is about N. 60" E., and the 
dip steep to the south. These rocks are closely folded, however, and 
dl svidenm indicates that in the type locality the. same beds are prob- 
ably duplimted several times in crossing this belt from south to 
north. The few fossils so far collected in the Livengood chert are 
considered to be Carboniferous, but this formation is adjoined on 
the south by fosiliferaus Middle Devonian rocks. Moreover, the 
chert conglomerate that crops out along the south side of the Liven- 
good belt is much mom likely to be a basal conglomerate than one 
formed at the top of the =sequence, for t r v s i o n a l  mnglomeratw 
have many mom chmces for survival then -anal conglomemtes. 
Finally, the f 6 I s  found in the next group of rocks, north of Liven- 
good, include famns that were originally determined as Pennsyl- 
vanian, though now referred to the upper Mississippian. Hence a11 
evidence indicbah that the Livenpod chert, in its type locality, is 
bounded by older rocks on the south and by younger & on the 
north, and the conclasion is therefore justified that the Aructurs of 
these rocks is that of a closely folded sequence, overturned f m  
south to north 

With this type of structure and few data for detailed intmpreta- 
tion, no measurement of the thickness of these beds is possible. The 
type locality, though the best place for fossll evidence of the limits 
of the formation, is rs poor p l m  wherein to determine the thickness, 
for at this p i n t  there is a marked break in the structural trend 
from N. &On E. to about east, which is reflected not only by an 
increase in the width of this belt of rocks but also jn divergent 
stream courses, as shown by the headwatem of the South Fork of 
Hess Creek and by the ToIovana  rive^ above the. mouth of Liven- 
good Creek. This divergenm in regional trend is probably an effect 
produced by the intrusion of Tertiary granitic mh, some of which 
appear at the surfam.on and about Amy Dome. This localized 
intrusive activity has apparently added additional complexity to a 



gtfnctxre already too complex for mady a&aly&. Obviously, them 
would be much duplication of beds in s section of the Livengod 
chert drawn N, 30" W. through Livengood; on the other hand, the 
absence of any considerable area of infolded younger r& within 
this area indicates a considerable thickness of beds, perhaps a e v d  
thousand feet, but no closer @timate than this seems warranted. 

Fos& are very scarce in the Livengood chert, md none have 
k n  found at the type locality, near Livengad; but the mall ml- 
lection listec.2 below was obtainad in the valley of the West Fork of 
the Tolovana River. 

18AQFS. m n d  western Mbu- of Imt Qreek above ih month, 2 4  miles 
N. 21" W. from junction of L u ~ t  Creek wlth tha West Fork of Tolovana Ri~er ,  
Collectar, R. M. Overbeck, 1918: 

Crinold ntems. 
Batostomella ap. 
BthyrIs em. 

Thae fossils were identified by Q. 8. Qirty, of the United States 
Geulogical Sumey. They were examined toether with wveral 
other collections that were obtained from the undiffewtiated Car- 
boniferous m b  to the north, and Mr. Girty accepted the whole 
p u p  of collections as Carbonifemurs, and probably upper Missis- 
sippian, but with certain reservations. The more diagnostic fossils, 
upon which the determination of upper Miskippian-age was b d ,  
do not occur in collection 18603'8, and it is doubtful if this collec- 
tion alone, considered without referenm to the others, even jn&8es s 
definite assignment to the Carbnifsrons. On the other .bud, this 
collection d w  nut contain Spirifer &Jrsntb, which is character- 
istic of the Upper Devonian elsewhem in AJaska, md t.he best e i -  
mste of the geoIogic age of the Livengod chert that the writer is 
able to give is that it probably represenh the base of the Carbonifer- 
ous sequence in this region, and it is themfore clkfied as 
Misissippian. 

The only munhrpart to the Livengood chert is a formation 
that crop out at the head of the knaktuvuk River, in northern 
Alaska, which was originaIly described by Schradar as the "Stuvos 
rerim" but was subsequently included by Smith and Mertie" as n 
part of the Noatak formation, of Misskippian aga The general 
stratigmphy of Schrader's Stuver "series"', however, does not mr- 
respond cloady with that of the Livengood chert. Other groups of 
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xmh containing considembIe chert occur elsewhere. in central and 
northern Alaska, - but the M information now available indic~bw 
that mmt of the cherty rocks of northern Alaska are of Triassic age. 
Ghin cherty m b  from the Ruby district were donbthlly referred 
by the writer an to the Mesozoic (I), upon the h i s  of an obscure 
i d  imprint that was found by G. L. Harrington along the border 
of these rocks. These cherh resemble very much the Livengood chert 
and are also m i a t d  with Isva flows similar to tho58 of the Ram- 
part p u p .  These cherty mcka from the Ruby district, as stated in 
the report cited, may eventually be proved to IE of Carboniferous 
age and mare or lem mrrelative with the Livengood chert. 

The rocks here mapped under the Mississippian blocks designatecs 
ulim&m~" and unoncalcareous rocks" crop out mainly in the Ram- 
part district and northeaptward therefrom. Beginning nesr Tanana, 
t h m  roclts extend 140 miles N, 60" E. in B band of variable width 
to the confluence of Grouse and Bear Cmks,  in the upper valley 
of Hess Creek, and then continue ss two bands, the southern of 
which tastes the direction of the main belt, and the northern branch 
extands northeastward up the northwest side of Grouse Creek and 
on ta the Yukon Flak Within the same belt are many Wies of 
limestone, most of which are separately mapped, though their a p  is 
no mom certain than that of the, noncalcareous rocks. Most of them 
.hdmnes occur in the Rampart district, between the North Fork of 
BPg,r Creek and Minook Creek, though two other conspicuous 
areas of limestone also occur to the east--one Irt the head of Lost 
Creek and the other along the ridge north of Beaver Creek. 
In addition to the Mississippian rocks above mentioned, there are 

cartaim other rocks along the Yukon Rivm a short distance dawn- - from Esgb which fie stratigraphically below the Calico 
Blnff formation, These mcks are best exposed along tha west bank 
of the river north of Calico Bluff, but they crop out also along the 
northeast bank blow the month of Shade Creek, along the north& - 
bank between Calico Bluff and the Tabnduk River and on the west 
bank opposite the mouth of the Tatonduk. Other Mimimippian rocks 
that may lie stratigraphically above the Calico Bluff formation are 
found in a zone between Eagle sand the mouth of the Seventymile 
River, overlapped in part by younger Carboniferous and Tertiary 
rocks. Another occurrence of this sequence that may overlie the 
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Cdico Bluff formation is found along the northeast bank of the 
Yukon below the mouth of Fourth of July Creek All these mh 
are in this repart considered to 'be a part of the uadifferenti&ted 
Mississippian sequence, though only t h m  math of the river are 
mapped. 
In the extreme mutheastern part of the Yukon-Tan- region 

there is a group of rocks which were &led by Bmks the LVelIes- 
ley formation." These rocks crop out OR the east side of the 
Chisana River, south of Mirror Creek, and also for some dishnee 
on the west side of the Chisana. The rocks of the Wellesley forma- 
tion are here included with the u~diflemntiated noncalcamus Mis- 
sisipphn rocb.  

L I T E m  A m  I3mumwm 

&st of the information regarding these Mississippian mck~ has 
been obtained in the Kampart distrid, as that part of the belt lies 
in a m o ~ t a i n o u ~  area where good croppings are avaiIabEe. On the 
other hand, the Rampart &strict is an area where the count.ry 
rock has been more than ordinarily rnetamorphd, with the result 
that the structure is complex and difficult of analysia Thia gmup 
includes mks of many varieties, which probably repmnt  several 
horizons in the Carboniferous. Lithologically, these rocks comprise 
shale, slate, phyllite, mndstone, quartzite, several varieties of schist, 
the* chert cx3nglomerats, limestone, p m h n e ,  and their metamor- 
phic equidents, h l  conditions, however, ~qnder i t  impracticable 
to divida these rocks into formations, baaed either on differences in 
lithology or on faunal evidence, for where the exposures are best the 
rocks are SO highly metamorphosed that ftlunal evidenm is oblit- 
erated; and where fossils are found, particularly east of the Ram- 
part district, the hills a m  low and exposuma am poor. Although 
complete data am lacking, partial aections and a number of f ~ i l  
mIlections yield considerable information as to the lithologic se- 
quence md age, These data may best be given by a pmsentation 
of local details. 

A &ion from the head of Russian Creek, in the Rampart district, 
- southeast tu the mouth of Chapman Creek will illustmte the varia- 

tion in lithology and d e p  of local metamorphism. On the ridge 
between Russian and Ruby Creeks are found quarbmics schist, 
quartzite schist, quartzite, garnet and staurolite schist, phyllih, 
hornblende schist, snd chert schist. In the midst of this quenca 
is a band of crystdline lirnestnne, bent into a hook, thus flustrating 
the character and intensity of the metamorphism that bas l d l p  
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occurred. Intermingled with these metamorphic rocks, particular1 y 
near the limestone, are bodies of s h e a d  greenstone. PrindIe 8T 

noted the same zone of highly metamorphic rocks, for he refem 
specSca1ly to the gmetiferous mica schists and marbles of Ruby 
Creek, All these rocks have evidently developed flow cleavrtge 
under gmat dynamic stress, and are now completely recryStaIIized. 
The type of structure is illustmtd in plate 9, 23. The striko of the 
schistosity is best determined by the elongation of certain prominent 
beds, such as the crystalline limestone, which trend N. 60" E. Be- 
tween Ruby and Slate Creeks, along the same section, the rocks are 
not well exposad, but toward the heads of these two creeks, particu- 
larly on and about Baldry Mountain, the sequence consi* of phyl- 
lih, s h e a d  chert, quartzite, quartzite schist, and s a v e d  varietiss 
of green schigt. It is chtt~mteristic of the siliceous schish of this 
p u p  that under the influence of the atmosphere they weather 40 
form mooth surfaces that simulate a chert and suggest that these 
mks were cherty, in the same way and for the same reason that the 
imprints of bryozoans and coelenterates o f h  weather out of crys- 
talline limestone which if broken reveak no trace of fossils. It is 
therefore the h t e r ' e  bclief that most of the quartzites and quartzite 
schists around Baldry Mountain, no matter how coarse-grained they 
now appear to be, were not derived from sandstones but instead m e  
the highly altored derivatives of a chert formation that has been 
kneaded and recrystallized to a surprising extent. Similarly the 
p e n  whish are probably derived in large measure from basaltic 
and ultrabasic greenstones, which Rppear elsewhere in the Y uhn- 
Tanana region as little-altered rocks. general strike of the 
schistosity mmaius about N. GO0 E. and the cleavage dips 30°-600 
NIV., in marked contrast to the regional cleavage farther east in 
the Fairbanks quadrangle, where it dips in general sauthward or 
southeastward. 

The section from the head of Slate Creek to the mouth of Chap- 
man Creek was not directly observed but was seen indirectly by 
means of an oblique section up Minmk Creek, starting from the 
mouth of Slah Creek. The rocks consist of quartzite, chert, chert 
conglomerate, phynite, slate, and sraillite. Two bands of brown- 
weathering siliceous limestone Jso form a part of the sequence. 
AIl of these rocks are 1e.s altered than those farther northwest, and 
it is a noticeable f a t  that the metamorphism dscreasm progressively 
upstream. Opposite the mouth of Goldpan Creek, along the west 
wall of the valley of Minook Greek, is a massive white quartzib; and 
two similar but smaller croppings may also be soen at the mouth 
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of &Idpan Creek. k close examination of this rock disc1m~s the 
fact that it  is, in part at least,, the metamorphosed product of a chert 
conglomerate; that is, a mnglomemte like thst of the Livengood 
chert. From the mouth of Qoldpan Creek upstream on Minook 
Creek the rocks, though of the same geneml character as those 
below Goldpan Creek, appear to include a greater proportion of 
argillaceous mka The strike of the cleavage, from Slate Creek to 
Chapman Creek, is nearly northeast, and the dip, as before, i~ 
northwest. 

Supplemenby 20 the section between the head of Russian Crsek 
and the m a t h  of Chapmen Creek, certain observations on the ridges 
north snd south of Granite Creek are also instructive. Bet- 
Granite and Boulder Creeks a thick band of crystdine Iimd11e 
crops out, which continuas jn diminishing width northeastwad d- 
m& b Minook Creek and extends in an increasingly wide zone 
~uthwestward to Wolverine and Orum Creeks. This is the most 
persistent belt of limestone in the Rampart district and probably 
corresponds to the limestan- noted on Minook Creek between Slats 
and Gold pan Greeks and also to the limcstoris st the head of Hoogi~ 
and Little Minmk Creeks. Between Granite and Boulder Creeka. 
this limestone is greatly sheared, grading into calamotls whist, with 
a cleavage st* N. 60" E. and dipping 60" NW. On the north 
side of the limestone the country rock is all derived from original 
chert. Some of it is still massive, and some is slaty chert md pencil 
chert, but much af it is sheared. Micaceous minerals have devel- 
oped in same of these sheared cherts, producing rocks that are bwt 
described as cherty phyllite and chart gchi&, T h e  limestone on this 
ridge is split for about 2 miles in such e way aa to include a thin 
wedge of sheared chert, gmembne, and quartzite. 

South of Qranite Creek, on the ridge between Granite Creek and 
the head of Minook Creek, the country m k  is sheared chert and 
black slate, with a eleavsge drikhg as elsewhere N. 60° E. and dip 
ping 60" NW. Thongh s h m d ,  these rocks are less altered than 
thaw north of Granite Creek. It js of interest to note that a ds- 
posit of stibnita was o k w e d  along this ridgo. The stibnite is a -  
tewd and is co~ersd by red and yellow oxides, by means of which 
it was fir& observed. 
The hestone  bodies of the Mississippian northeast and m a t h d  

of Minook Creek have been separately mapped, so far as p d e a l .  
In the'zone from 92 Huntar to Troublemme Creek, the rid- are low 
and croppings am too scattemd and incompIete to permit mparah 
mepping of the limestones, dthough they are pmb~bly as much a piart 
of the sequence here as they are in the high bills southwed of Mi- 
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nook Cmk. All the limestones from Minook Creek b the north 
fork of Baker Creek have been recrystallized. They include coarsely 
crystdine white marbIe, phanerocrystaIline, mamive, and banded 
light-gray marble, and many varieties of finely crgstallins limaone, 
mostly light gray but grading into darker varieties. $ome of the 
more strongly metamorphosed types of crystalline limmGone, par- 
Scularly impure varieties, have developed later minerals such as 
mica, gurnet, and epidote, Silicification is not common in these 
lim&ne~, as might be expected if they are the metamorphic equiva- 
lents of the siliceous limestones about Livengood. Dolomitic wt- 

rietiea were observed only among some of the her-grained litho- 
graphic types. 

Northeast of Minmk Creek, in this same northern belt, an inter- 
esting &ion of rocks is expmed in thn valley of 92 Htlnter and 
on the ridge wt and west of this creek. The rocks here are be- 
lieved to be the stratigraphic equivalents of those that cmp out on 
Mino& C m k  upstream from Ruby Creek, but they rtre much less 
metamorphosed and are fosiliferous. This section and also those 
on Huron Creek, Mud Fork, and Erickson Creek have been studied 
by Cherbeck:S from whose no& the following data are t a h .  The 
n&h end of the ridge. west of 92 Hunter is composed of greenstone 
and greenshne shist. Succeeding this to the south, and apparently 
underlying the greenstone, is a blue-gmy, light-weathering limestone, 
followad farther south by impure light and dark cherts. Still far- 
ther south on the same ridge are black s1at;es and dark phyllitm, the 
latter containing some thin beds of conglomerata and grit. Misskip- 
pian fossils were fotmd in a limy grit composed of grains of chert 
and quartz cemenhd by calcite. South of the fossilifemus beds are 
slates and quarhiha The &ion up 92 Hunker supplements the 
sections along the west ridge. South of the greenstone there crop 
out for a mile the folIowing bds, named in order h m  .north to 
south: Dark-blue argillite, in part crrlcsreous, in bsds 6 inches to  2 
feet thick, weathering rusty brown; highly carlsonacaous schist, much 
crumpled ; black and pn i sh -gray  slates ; platy phyllite ; and argil- 
lacsous beds streaked with sandy layers. At tho north end of the 
ridge east of 92 Hunter is a dark-blue limestone that is believed 
to be correlative with the similar limestone found west of the creek. 
About a mile to the; south on this ridge are argillites containing 
bands of cheert, and these are followed to the south by bluish slates 
with conglomeratic and gritty beds containing Missisflippian fossils. 
Still f ader  south are dark-gray phyllitm, becoming darker in color, 
which abut against the massiva Cretaceous quartzites, 

'Overbeck, It, M., nnmbUahed data on work done in 3918. 



The rocks thns dwcribed in and on b t h  sides of 92 Hunter are 
dm found on the ridge between Miller and Willow Creeks, f mm the 
northastern limit of the Cretaceous quartzite down the ridge to 
TrouMesoxne C d  The general sequence toward the northeast 
is micaemus sandstone followed by brecciakd light-gray chert of 
unknown th ickne~ A mile farther to tha northeast is a reddish 
rock of unlmown character, followed successively in the asme direc- 
tion by brownish shale, dark slate, and bluish-green limwtone. At 
the end of this rid&, along the west wall of Troublesome Creek, the 
same fossiIifemus p i t  is again expmd. Dark-blue brecciated h e -  
stone is also exposed in the valley bottom of Willow Creek, and one 
of the streams that enters Willow Creek from the north shows light 
and dark impure chert, together with aoma dark-blue slate and 
phylih 

Tha Mississippian rocks are also e x p o d  along the spm leading 
west from the Sawtooth M o u n t k  Here they include siliceous slate 
and argiIIite, chert, chert conglomerate, m d  sandstona Close ta the 
intrusive m k s  t h ~ t  form this massif tho shale and argillite are hard- 
ened and altered, with the development of mntacbmetamorphic lain- 
eralsl mch aa andalusite and cyanilta. At one locality nea,r the contact 
with the monzonitic & m e  chert conglomerate, in a @ly 
s h d  mndition, was alse h m e d .  The cleavage of them mks,  
dips steeply northward, but the bedding appears to strike about east, 
and to dip both north and south. 

North of the Sawtmth Mountains a lithologic though not n e c e  
sltrily a ~ t m t ' i p h i o  mquence iis fairly well exposed in Union Creek 
At the head of the creek, near the momnite of the range, is a sheared 
conglomerate made up of pebbles of 1ighhIored granitic m k  and 
q u h ,  set in a dark a F g i U m u s  matrix. North of this is a consid- 
erable th ichm of dark-colored argillaceous rocks, which in turn 
am followed by a variety of mdtimlod thin platy phyll ih,  with 
soma satiny dab. NNoh of them is wme dark-greenish and reddish 
pencil slats, and this, a f h ~  a m n d e d  interval, is s u d e d  by a 
mm grit or conglomerate made up chiefly of d w l y  mmented dark- 
gray, black, and b r i g h t - p n  chert pebbles but containing abo a 
little quartz and well-rounded nearly white grains of a feldspathic 
rock. The 6 in the lower 2 miles of the c m k  are cwceald. 
Most of the mcks exposed on Union Creek dip 20°-800 N. 

St31 farther east, on the East Fork of Mud Cmk, the first mIks 
that crop north of the Livengood chert are greenish-gray data 
Fkher downstream is 5 greenish-gray, &-weathering phyllita, 
which is followed by greenish-gray date md by s massive cream- 
coloml quartzite of medium grain. East of Mud Fork Overbeck 
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dm obtained several inmp1ete mtim in the various tributaries 
of Eriebn W k ,  which when mmmbled give a lithologic sequence 
h m  muth to north h t  as follows : 

Livengmd chert, ~011th dde of mtlon. 
Breenl&-gray ghylllte. 
Greenish sandatone. . 
FhpUite. 
Dark.blne impnm limestone. 
Fhylll te. 
Wac& @late. 
Impure limestone. 
Qnartzite. 
BrecclaW Ilmestone. 
Pnrple slat* 
rted and greenLah-gellow phgllite. 

Indcient i n f o d o n  is available to s t a b  whether this sequence 
of mlm i~ crvertmned, but in any event the rocks are so greatly folded 
h t  the lithologic sequenm d m  not cormpond with the true 
stratigraphic q u e n m  

The l d i t y  where Chbniferous fossils were ht found in this 
western part of the Yukon-Tmana region is a low rounded hill 
southwest of the confluence of Hess Creek with its South Fork. 
These rocks were described by PrindleaP as greenish, grayish, and 
black slates, with siliceous material. Other rock rubble on the slopes 
of this hill &ows that there are also present in this vicinity a light- 
color&, brownish-weathering limestone, yeIlowish and greenish shale 
and slate, black c h e ~  and d~k-colored carbonaceous and micaceous 
amdstones. T h ~ a  rocks also dip to the southeast, but the q u e n m  
is probably overturned to the north. 

h r n  these obmrvations it is apparent that a a d - d e h e d  sequence 
of argillaceous and arenamous rocks, with $om8 limestona and little 
chert, lies north of the Livengood chert, in the zone between Rampart 
and Livengood, but so much of the slequence is concealed that it is 
not possible to say what relations exist between them two groups. 
An unconformity, a hdt, or some other structural or stratigraphic 
relation might easily exist, but in any event it is believed that them 
rocks are younger than the Livengood formation. 
On the northwest side of Grouse Creek the rocks of the Iower valley 

am largely argillite and sandstone, with dikes and small intrusive 
bcdk  of bwdtic greenstone, but farther upstream the country rock 
changes to srgillita, slate, and chert with much p n s t o n e ,  which 
may possibly be a part of the Rampart group, though here mapped as 

'Prfndle, L. M., Tbe Fafrhnks and Eampart quadraagIes, Yukon-Tanana redon, 
A h k a :  U. 8. Oml. Burvey Ball. 537, gg. 22-25, I90& 



noncalcneous Miaskippian k k s .  B e t k  the he& of arouse 
Lhek and the Yukon Flats there am two short ridgm that trend 
northeast. These are composed of shale, date, and quarkme sand- 
&tone, and from fossils collected nearby they are also considered b 
be a part of the Wssissippim Enquenm. These rocks are probably 
the less rnetamorphmed equivalents of those on Union Creek, Mud 
Fork, and Erichon Creek. They dso dip domhiantly southeast- 
ward. 

The roch that form the ridge between Victorilt ~ n d  Beaver Creek 
nre likewise composed of shale, argillite, and quartzite, with 8om 

chert, although the argillaceous rocks predominate. Them is also 
an this ridge a large body of limestone, which is highly siliceow and 
membles most clmly some of the silicified limestones in the Limn- 
g o d  chert. All these rocks am intruded by mall bodies of peen- 
done. One cwlenterata was found by Blackwelder in this limestone, 
but the specimen was tm irnperfact to warrant a stratigraphic as- 
~ignment of the included rmh. Both this limmtme and tho other 
rocks along the ridge to the west of the I i r n b n e  am agsigneti Ito the 
Mississippian mainly on the basis of lithologic similarity. 

'She rocks that Lie along the west bnnk .of the Yukon River north 
of Calico Bluff underlie the Calico Bluff formation. At the muth 
end of this sequence the rocks direct1 y below the Calim Blnff forrna- 
tian consist of rnbonaceoes and siliceous shale and nrgillite and 
&a stratigraphically downward into shale and chert and finally, 
at the north end of the esposure, bcome almost entirely thin-bedded 
chert. This chert is mostly black bat weathers to a yellowish bmm, 
probably owing to the formation of hydrous iron sulphatas. The 
base of this sequence is not e@, but the croppings show ra thiek- 
negs of abut  1200 feet. These mks lie, along with the Calico Bluff 
formation, in an open ~~rlnclinal basin that plunges gently N. 80" W., 
but this structure is modified along the sides and ends by faulting, so 
that these m h  may be said to Lie in a structural island of fairly 
simple structure, surrounded by rocks of much more complex strue- 
tnre that is not, well understood. 

The mcks in the hilt between Eagle and the mouth of the Seventy- 
mile River am thought to lie stratigraphically above the Calico Bluff 
formation, but croppiitas aro so poor that little confidence can be 
placed in this assignment. These rocks consist of thin-bedded car- 
bonaceous &ale, weathering to gray and brown shale, mlamus 
shale, siliceous slate, siliceous limestme, chert, and some beds of con- 
glomerate. On exposed hilltops and slopes, especially where old 
burns have bared the surface ta view, they are considerably 
weathered, and the bedding and joint plan-, particularly in the 



argillawus verietim, are mmmmIy covered wiih a thin red fitm 
of hematite or limonite. The eft& of this westherd debris is to 
give to the hillsides ownpied by such material s bright-red appear- 
snm when viewed from a distance on a sunny day. These beds are 
p t 1 y  disturbed and therefore imgdar in strike and dip but ap- 
par w the averape to strike northweat. The dips are high, rang- 
ing fmm 40" to T5O, both to the wuthwh and northwest, thus 
yielding little information regarding the structural relations of the* 
rock to the Nation River formation, which adjoins them on the 
north&. On the basis of other data obtained on the north side 
of the Yukon they have been considered to underlie the Nation Rivar 
formation, and this forms the basis on which they are considered 
to be younger than the Calico Bluff formation. Similar rocks, how- 
ever, containing. fossils of late Middle Devonian age, are imam 
north of the Yukon River in lths valleys of Shade mid Eagle C m h ,  
and later work may prove that the rocks in the hilh northwest of 
Eagle are older than they are now suppwd t o  b. 

Amrding to the deacripticin given by the Welledey 
formation cansih in ita rawer part of coarse massive conglomer~te, 
intarbedded with some M s  of clay date, but the upper part is com- 
pbsed almod entirely of slate. Brooks estimated the thkkness at 
l,W to 2,OW feet, but the top of the segumm was not ~8eognized. 
Although the name "Wellesley formation" was used tw a local dcsig- 
nation by the writere1 in an mrlier report dd ing  with the p l o g ~  
of th i~  muthedm part of the Yukon-Tanam region, it wems k s t  
in this mport to include the formation in the undifferentiated non- 
calcareous Mississippian unit. From the reported lithologg, it 
e m s  probt~ble that this formstion lEas in the lower plsrt of the 
Mississippian. 

MtB A m  -TIOH 

Fifteen collectiom of fo5SitS have been made from the und:demn- 
tinted Mimiwippian raeks, most of which came from the p e a t  'belt 
of these mks that dmtches from the Rampart district northeast- 
ward to ths Yukon Flats. These fossils are listed blow. 

" B r o o l n , k R . , A - ~ t b t h e W h i k a n d T a n a n a m m B . d m m h  
188s: 0. 8. OmL B- 2Otb Ann. Bcpt. pk. 7. PP. 47M72.  1900. 
" Meme, J. B.. Jr., A rrmnnalssaaee o l  Deanlew Fork dhtdCt : U. 8. -1. 

h w e r  Bull. 827, pp. 2L213. 1932. 



Braolre 27k Valley of Bneg RiverI abwt 16 d e e  mowthesat of ~~ Creek &bctm, 
A. 11. Rrookn 1889 

rlAP270. 4b m~lpb eamt of  art ~ m l i n  and about 12 m~lm N. 2S0 m. from t rom~ct lon  at 
Gruutw nnd Henr Cr6eks. ColEector, L M. PrindIe. IBOQ. 

4AP277. 8n m l l ~ u  uoulheaat of Fort Einmlln and abont 1 mHe $. 41" W. from fmkn of 
Renu Crwk. CnlI~ctor. Is M .  Prindle. IPo+l. 

4AI':ll? 8 mllrn m a t  of Ihmpart. Collector L M. Pdndla l9Oe 
4 ~ ~ 2 1 , i .  35 mllm aouthcaet nr F ~ r t  ~~amlln'arrd about 1 mile 8. 41' W. fmm forh of 

Benu C r w k  Collrctor, I-. L. Ileea. 1804.  
7.4P318. Littlr Minook Clvrk. 5 milea 8. 13%' W. from jundun of Hunter Creek and 

47 Pup. CoII~ctor, I., M. Printll~. 1907. 
r 3 A I  320 RI11~c. at hrnd of 'Dawnon Vn%k 3 milem S. 21' W. from jmcttcm d ~nnter 

h e + k  nnti.47 ,"up Col~ector 1,. M. ~ r l o d h ,  3 0 7 .  
1522A. Ridye iorth of l t p i c ~ r  C m k ,  about 1 mile N. 27' W. ircnn mouth ef Wnlm 

C w k .  Collfctor, ?\lot L3lackwpld~r 1915. 
, IHAOFZ. About - miles S. 10'hU k.. from janctlon or Hunter k k  and 4T PUP. ml- 

lector 11. M. Ovrrbrck 3 4 1 F .  
1 ~ h b - 3 ,  About ~ * & ' n ; i l ~ s  8. 10'/bV W, i m j a n c t i o n o i E m t e r ~ k a n d 4 1 P n p .  

Coll~ctnr R. 11. Overhwk 1!)18. 
f 18~01~4, About :3 mil& S. 18'W. immjundlonofHnatttCl'e~2kandr17Pop Col- 

lectr>r, It. M. rl\vfrb=rk, I H I H .  
I/ lHAOIP6. Allnut 1.0 rnllcs S, 17%. W. itom j ~ a c t l ~ n  of Ba6w 41 

Collectd~r. R. 3I. O v ~ r \ m k ,  It l lB.  
1HACII.'7. Ahotlt 3l; mllpo 9 B%' W from forb of Hcss C r d ,  dose to -1 apd 

4 ~ 1 1 2 ~ 1  ~ o l l c r t o r  d. 31 OV'~;LWCS 191s 
2lkhItl28. ~ 1 1 1 l m ~  ~mk,  trlbutam of ilvengood Creek, from bedroeh 1.1(IQ feet aWva 

m Icrcl. Colterlnr. J. R. Mprtlc Sr.. 1821. 
2 lAhf t l59  A b o u t  16.4 wllrn 9. 39' E. from jantUw of ~ ? Q u ~  aad ]3ear k k S .  

CoZlcctor. I. B, Ncrtlw Js., 1921. 
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O~br-,-..........~~ .............-................**......... 
Coral -..........* : .......................... x .... x -.- .... 
Corslt .....*...*................................ X --.---,--- -... 
Zsphrenttat ap ...................................................... 
htopbophyllum _.,......-.-.-,-..--- ........................ ,.. 
(:ynthoph llum .................................................  thoat at rot iron^ sp -.......--.--,.------- ........ x ........ --. .... 
Bgrln~opntn? 6~---.-- ........... .,----- ........................ X 
B~rometopora? rp ........................... x ..-.--..---.--..--.. 
Pletycrtnr~s SF..-..-- ....................................... X .... 
Crinold columns .................................................... 
Bntostomell~ sp ----....---.-..---.--- ............................ 
Rbabdomeson ~p .................................................. 
Archlmedeul ap ................................. X ................ 

hlleckion Bndcs 27A was determined by Chsrlm Schtzchert, n m  
of Yale UniPeEsity. The- collections made by Priadle in 1904 and 
1907 were determined by E. M. Kindle, now of the Canada Geologi- 
cal Survey, but were subsequently reexamined and in part redeter- 
mined by G. BEE. Qirty, of the United StatRs Geological Sureey. 
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Btrophenclooto sp.-- ......-,.. 
Fist~~Hgortl sp ........... , .................. 
Fistui[~lur~? bP ..---------..--.--------- 
Dalchyrls? ep ............................................... 
Bhnoporo sp ............................................ 
BpirllorlnnP ap 
Fenutitelln ap ............................................ 
Polypmll? ap .................-*.--- 
Jlhotnbnpnrlr figd .........,.....------- 
Ilhi~IrIorneUa? SP....................... 
Umn? up.. ............................................. 
Cl~oneto~? BJ ................................................ 
I'roducrus P. I w h m  .................... 
Prorluct~? .............*.....................-..... 
1 l n m l l r o ~ h 8 i  &p 
Rrr[rlinr cf. 8. arotlmn 
B iriior up .................................. rf usrar i i sd .E ,mnam. . . ,  .............. 
N ~ i c u l ~ ~ p  ...................... -.--- 
Rotl%ru h(ramp .......................... 
Euom iduasp  ................. ..------ 
~ r ~ o b r 1 ~ 7  ...................... -..----. 
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Mr. Girty dm debmined the collections m d e  by Overbeck and 
the wribr. Collection 1522A w~ dehrmined by Edwin Kirk, of 
the United States Geological Survey, but was assigned merely to  
the Pd~ozoic. With the exception of oUmtion Brooks 27A, which 
hm not beem reexamind, all these fossils are now m p t s d  by Girty 
as a part of the Misskippian sequenm, but they are fragmental 
lots, and the stratigraphic assignment does not have the same degree 
of certainty as that. for the fauna of the Calico Blu% formation. 

b e  peculiar Pmil forms were found in collection 21AMt152. 
Them imprints resemble closely the genus OM- as described 
by Enahan from the Cambrian of Ireland, but there is little doubt 
that the rocks in which these fossils are formed are an integral part 
of the Mississippian mquence. They are shown in plats 9, A. 'After 
b e i i  submitted to several paleont~logists, none of whom were will- 
ing to name them, photographs were made and sent to Rudolf 
Ruedemann, of the State Museum of New York. Dr. Ruedemann 
agreed that they exhibit the structure of Oldha& but thought that 
they showed some details sugpting that they may be hydrozo~ns. 
In addition to the so-aI1ed O I d h d ~ ,  there are gome fine hairline 
imprints among the specimens, which Dr. Ruedemann thonght were 
diffemnt, pmibly being a bryozoan or hydrozoan. 

The number and fragmental chxtcter of the 18 fossil collections 
from the mdiflereflti&3d Mississippian rocks illustrate the d B -  
culties of mmmaissmce geaIogic mapping in the Yukon-Tanma 
+on. These colIections were distributed over an ares of at 10mt 
760 square miles and therefore represent an average of one collection 
for every 50 square miles. Where fossils we as scarce and poor as 
these, mapping must necessarily be based largely on the lithology of 
the rocks; and i t  must be admitted that many of these undifferenti- 
ated Mississippim rocks do not difPer materially from the underlying 
Devonian mch, and mme of them, p~rticularly the dates, am not 
I& the Lower Cretaceous rocks. The present mapping represents 
the writer's best judgment as to what should be included in or 
excluded from the Mississippian sequence. 

The correlation of these rocks with specific Mississippian f orma- 
tiom in other pa& of interior or northern Alaska is hardIy war- 
ranted, for the rocks hers described may include any and a11 horizons 
in tk Misskippian. The Calico Bluff formation, for example, may 
well be mpresenbd in the belt of rocks that &retches northwest 
from the Rampart district, for the rocks of that formation are soft 
~ n d  little resistant to erosion, so that they might easily be present 
in the wide raUuvium-i2led valleys of Hess Creek and its tributaries. 

maban, J. K, m e  genus OldkQwkt (ForW), its tbaracter, modes of occurre- md 
a &dgtfon of the nature of the Imlitim In which It: O C C U ~  in the Cambrian mcb of 
Wicklow and Dublin : Royal Lrl~h Acad. Trans., POI. 28, pg. 64741, 1868. 



If Ehey do so m u r ,  they may never be recogniaed in thia western 
province of the region. A somewhst similar condition wsa encoun- 
tered in northern Ala~Ira,@~ where Smith and the writer obmrved and 
described a p a 4  thicknass of Mississippian rocks that wem believed 
to underlie the more precisely determined Lisburne limdone, of 
upper Mississippian age. This p a t  complex of rocks was called 
the Noat& formation, and in a broad sense the undiffersntiated 
Mississippian rocks of the Yukon-Tanana region may be said to 
correspond with thttt formation, though the lithology is different . 

in manT respects. 
W d B T  GROUP 

The' Rampart group is an assemblage of bedded volcaniw and 
sedimentary r& that crop out in a belt @*ding from Stevens 
Creek, in the &mp& district, northeastward tii the Y h n  Flak 
They are well exposed along the Yukon River from Fort HamPin to 
Rampart, but as the Yukon in this stretch flows about parallel $0 

their strike, only a part of the sequence is them expwed. At Fort 
Hamlin the width of this belt southeast of the Yukon is 25 miles, 
but from the work of Edcin " the rocks of this group are dso h o w n  
to  extend for an undetermined distance northwest of the Yukon, 
into the valley of the Ray River, and to reappea: still farther north- 
west, in the d e y s  of the Me1ozi and &nuti Rivers. 

Another group of similar rocks are lmown farther up the Yukon 
Valley, extending upstream from CircIe for 20 miles or more and 
cropping out also in the C h q  Monntains, west of W e .  n e s e  
rocks, being so far separated from the lmality of the Rampart group, 
were given a diffemt designation ("Circle wlcani~s'" by the writer 
in an earlier reporq6 though even at that, time they m m  mnnsidered 
probably to be qnivalent to the Rampart group. Subsequent work 
by the miter during the field seasan of 1929 Mher  strengthened 
this belief, and although the two pups have not been h c d  directly 
into one another, their essential contemporanei9 seems d c i e n t l y  
established to warrant mapping the Circle volcanics with the Ram- 
part group. 

rsrarrmor AWD m u r w R m  

No complete stratigraphic section of the Rampart group in its 
type locality can be given. The Yukon runs in general pardel to 
the drike, but some of the wide meanders &tween Fort Hamlin and 

~SrnIth, P. 8.. nnd Msttle, J. B., Jr, Qaolwy and mineral wnonrces o l  northweatera 
h a  : U. B. Qeal. Sur- Rall. 815. pp. 1S2-108, 1930. 

UEakSa. ItL BI., Tha Yukon-Kapulrak w l o n .  Xlankr : W. B. Gml, B u m  Bull. 631, pp. 
8137, 1916. 

hi%rtie. J, B., JT., Wag of tL E8g1bClrele UlWrlct, Alanka: O. I. U e o l  S u m  Bun 
816. pp. 85-88, 1930. 



Barnpart yield partial cross sections. Miwk Creek cuts though the 
suutheaatern half of the formation, but only discontinuous exposures 
are v i~b le  in its  allay, snd the hills near Rampart are low snd to n 
cvnsiderabla extent covorad with gravel and timber, so that cropping 
on the r i d p  also are rare, Similar conditions prevail on Hem C m k ,  
and in the smdlar valleys between Hess Creek and the Yukon. Mh- 
ing operations on Hunter and Little Minook Creeks have also ex- 
pcxsed the bedrock a t  pIacss, and there are numerous expasurs on 
these creeks themselves, particularly on Hunter Creek. None of 
these Eocslities, however, yields R complete section, but from all of 
them togetller a fair idea of the lithology may he obtained. Tbe 
present description is baed upon field observations on the Rampart 
group by the writer in 1922, 1923, aud 1931 and upon the notes 
and published reports of Spurr in 1896, of Collier in 1902, of P+de 
in U07, of Eakin in 1911, and of Overbeck in 1918. The thin sections 
of t h e  rocks made by earlier workers have also been reexamined, 
but thoso of Spurn and Overbeck furnish most of the data, for the 
petrographic dar ipt  ions. 

The Rampart group was fimt d m r i k d  by S p ~ r r , ~  '~110 gave B 
detailed account of its lithology and petrography. Spurn's descrip- 
tion serves as R generid picture of t rocks, but in the light of 
later work it requjres considerabIe modification. For this reason, a 
new dpscription of the Rampart g w o p  i s  hemwith given, which mill 
12 fonnd to differ in some important p r t i ~ t t l a r s  from t h ~  original. 
A petrographic desmiption of these mKFi is presented in the wctim 
of this report devoted to the igneous sock of the region (pp. 20% 
210). 

Along the Yukon River from Fort Hamlin to Rampart the R m -  
part group consists of sediments, inelnding chert, shale, slate, md 
sandy bds,  interbedded with diabasie and basaltic Aows, tufb, and 
b m i w  of greenstone habit. Most of the ippons m~mbers nre lava 
flows, with which are a~ociated flow brewias and sl~baerial and 
water-laid tuffs. Jn places dikes of diabase cnt the Rampart group, 
nnd just above Hess GI-k the associated igneous rocks nm rnail~ly 
conrse-grained greenstone intrusives. The cherts of the quelrct? 
are found as thin M s ,  ranging through gray, p n ,  black, b l u ~ ,  
and red and in places showing varicoInred banding. They appear 
to be rather closely associated with the Javas and tend to weatl~qr to 
a dirty brown color. The shales and slates are for the most part 
black or dark gray, but green and red varieties are also found. The 
sandy beds include yellow and brawn sandy shales and a few thin 
beds of yellow and brown sandstone. A few calcareous h d s  are 

Bpnrr. J. k, Geology ol the Yukon gold dbtrlct, Alanka : O. 9. -1. Survey 18th Ann. 
m., pt 3. pp 156-169. 1808. 
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also found among the sediments, and mbout 12 miles gbave Rampart a 
lens of fk l i feror~s  limestone about 200 f e t  thick crops out along 
the north bank. Interbedded with this limestone are seven1 layers, 
from 10 to 20 feet thick, of calcareous grit, composed of pebbles of 
greenstone cemented with calcite. Down the beach from this lime- 
stone are greendone, chert of varibus colors, argillits, black crystal- 
line limestene, and basaltic tuff; and greenstone is found upstream, 
so that these mlcamus bds appear to be an integral part of this 
group of roch. 

The rorks of the Rampart group are e x p e d  at intervals on 
Minouk Cmk and its lower tributaries. Along Minmk Creek the 
rocks .are mainly bedde.d greenstone, but on0 prominent bluff ju& 
above the mouth of Hunter Creelr is composcd of grmmstone tuff. 
On Hunixr Greek more bedded greenstone is f ond ,  associated with 
yellow-brown weathering chert In thin beds, Much of the green- 
&one in this vicinity is greatly fractured and breeciated, and the 
cherty beds are closely folderl. Similarly on Little Minook Creek the 
bedrock consists of mvcral varieties of basaltic greenstone, slate, and 
chert. 

Eastinortheast of the Rampart district Overbeck *I has studied the 
rocks of the Rampart group in the valley of Hem Creek, and in the 
vdl~ys  between Ress Creek and the Yukon. The lithology in =en- 
era1 is similar to that seen along the Yukon, except t h ~ t  the propor- 
tion of sedimentary rocks s m s  grater. Thus, on Richardson and 
Erickson Creelrs, two tributaries of Hess  creel^ from the south, most 
of the rocks are coarse-grained greenstone, but fine-grained rnicaceons 
shale, argillita, and chert constitute, an imponhnt part of the se- 
quenoe; and on Mastdon Creek, a tributary of Hem Creek from the 
north, the rocks include greenstone and he-grained red and gmn 
argillites and tuffs, in part calcareous. Still farther north, on Wal- 
dron Creek, an exposure about 2 mil= above the mouth shows dark- 
blue argillaceous beds, thin bands of light and dark chert, and brown 
sandstone. 

From these local details i t  will be seen that the Rampart group 
consists partly of 'bedded greenstones, tuffs, and breccias and partly 
of a variety of d i m e n t s  that include chert, shale, slate, esgillite, 
sandstone, and a few beds of limestone and calcareous grit. The 
coarser-pained basic intrusive rocks associated with the grmp am 
not separated on the map. Soma of these intrusives appear to  be 
much less altered than the l m  flows, and it is possible that they are 
in part considerably younger. All the greenstones and many of the 
sediments on fresh fracture have a, greenish color, due to  the presence 
of secondary minerals such as the chlorites and wrgsnthe. On 
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weathering; however, them minerals are oxidized and produce l a o -  
site and related minerals that gire a brown discoloration to many 
mppings. The sediments probably constitute from a third to n 
half of the sequence and appear to be more common along the south 
side of this belt than along the Yukon. As both the Rampart group 
and the undifferentiated Mississippian rocks that adjoin them on the 
sodheare greatly folded, it is likely that this prevalence of sediments 
along the southern border of the Rampart group may ba due in part 
to infolding of the older rocks, which are domhantly aedimentaq. 

.The structure of the rocks of the Rampart p u p  ia not simple. 
Wherever these rocks are exposed they are clwly folded and locally 
faulted m d  brecciated. Slickensided rmrfams are common. A good 
many readings of strike and dip have heen made, but most of these 
were taken on incompetent sedimentary beds and therefore tell little 
of the general attitude of the beds at any one locality. The lower 
valley of Hess Creek is carved largely in thaw rocks, and its course, 
together with the general trend of the ridges in its valley, give 
perhaps the best idea of the regional drike, which is PJ. 70" E. 
Abont 50 observations of the donlinant structure have been plotted, 
of which two-thirds show dips ta the north and one-third to tho 
south. The average north dip is 47" ; tbe average south dip is 36". 
M d  of these observations were made on the hdding, but some of 
then1 record the cleavage. The= data in reality mean little but 
suggest a regional dip to the north for the Rampart group south 
of the Yukon. Geologic conditions north of the Yukon are nob 
sufficiently well known to extrapolate structurally in that direction. 
No estimate of the thiclmess of the Rmnpwt group has been made, 

m d  with the present lack of knowledge regarding the structure and 
areal limits of these rocks, no exact estihte is practicable. It is 
obvious, however, that a formation which is doetely folded and has 
a width across its strike of 20 miles may possibly have a Eltratigraphic 
thickness of as much as 5,000 to 10,000 feet. 
In the Circle district the rocks equivdent to the Rampart group 

have been called "Circle volcanics." These rocks consist esent,idly 
of Basaltic lams of greenstone habit, not unlike the lavm of tho 
Woodcl~opper volcsnics. (See pl. 10, 8.) They differ from the 
Woodchoppr volcmics, however, in that they are cut by diaba~ic 
and gabbroic intrusive rocks. The formation also contains inter- 
bedded sedimentary rocks, mainly chert and argillite, with some tuffs 
and flow brecxias. Along the Yukon River above Circle the inter- 
bedded sedimentary rmks appear to constitute only a minor propor- 
tion of the Rampart group. It is noteworthy that neither in the 
Circle district nor in the Rampart district do these rocks contain 
any massive limestones comparable with those found in tha Wood- 



chopper volcaniw. Little is known of the structure of the Circle 
voleanics, but a4. their southward limit, 12 or 15 miles west of 
Thanhgiving Gde; they appear to dip northwestward, thus ap- 
parently overlying the Mississippian (8) rocks that adjoin them on 
the southeast. From this point downstream for 16 miles, to a pint 
where the exposures on the east side of the river end, numerous re- 
versah in dip were observed, and it i s  obvious that these lavas aro 
much hlded. 

AQE hRD WBK&eATTON 

The Rampart group consists dominantly of bedded igrieous rocks 
' 

but h a  a considerable proportion (one-third to one-half ) of inter- 
bedded sediments that give a clue to the geologic aga Some of 
these sediments are scantily fossilifemus, and it is probable that 
in time diagnostic foagils wilI b discovered. Organic I-emains have 
in fact already been found, but they are too few and too imperfect 
to wamnt  a positive statement regarding the age of these, rocks. 

The oldest reference tq organic remains in these rocks is given by 
Spnrr,BB who reported n rock along the Yukon below Minook Creek 
that he determined to be a glauconitic jasperoid containing fish 
teeth. The originat1 thin sections of this rock have k n  reexamined 
by t h e  writer and by othera; and the rwk is found to be an ordinary 
diabase of greenstone habit consisting esml~tially of plagioclase 
feldspar, pyroxene, and magnetite, with some calcite, chlorite, and 
other secondary minerals. 

Prindle in 1907, in the course of his boat traverse from Fort 
Hamlin to Tanana, found a fossil coral { I )  along the southeast 
bank of the Yukon River about 14 miles by river below Fort Hamlin. 
This specimen, no. 'mP2.30, was never transmitted for paleontologic 
determination and has now been lwt 
In September 1923 the writer made a boat trip from B m r  to 

Tailana, in the course of which the following collection of &&Is 
was made from sediments that are believed to he a par t  of the 
Rampart group : 

23AMtlm. North bank of Yukon River about 12 miles R'. 10' E. f om Ram- 
wrt. Collector, J. B. Mertle, Jr. 

Stenorma 8p. 
Leiodema rtp. 

F l s t u l l p ~ ~ a  ap. . 
Them fossils were identified by G. H. Girty, who assigned them 

to the Wssi~ippian. 
Spun, believing that the Rampart gmup underlay rock of known 

Carbonifero~m age farther up the Yukon, stated merely that the 

Spurr, J. IU., QmIogy of the Yukon gold dbtrlct. Aluska : U. 2%. Wl. Surrey 18th Ann. 
*t, pt. 8. p. 188, 1898. 
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age of this group of rocks was pre-Carboniferous. Collier in 1902 
and Kindle in 1906 collected Middle Devouian fossils from lirna- 
stones interbedded with ~olcanic rocks along the uppr Yukon 
opposite the mouth of Woorlchopper Creek. Brookso8 melated 
them Middle Devonian rolca~lics with the Rampart group and thus 
awapted Spurrb assignment of pre-Carboniferous. It was s u b -  
quently shown by the writer ' that the 'Z'Fmdchopper volcanics are 
not correlative with the Rampart group, which represents a dis- 
tinctly later era of more widespread volcanic action. 

' CoUection. 23AMt130, above described, mas taken from a Ie~is of 
limestone that is probably a part of the Rampart group. Calcareous 
&ts, interbedded with this Iimestai~e, also contai~i the same fauna, 
thourh in a very poor state of p ~ r v a t i o n .  These calcamua grits 
suggest strongly the fosilifemus calcareous grits found by Overhck 
on the r i d e  e a s t  and west of 92 Hunter, in the Rampart district, 
which appear to  underlie the rocks of the Rampart p u p .  The 
-bility that this limetone and its a - i a t d  grits we older than 
the Rampart group must theyefore be considered in determining the 
nge of this p u p  of &. In ge~icral, however, it may be s t a t 4  
that only one col1ed.ion of determinable fossils has been made from 
the r m h  of the Rampart p u p  and that the stratippkic p i t ion  
of these f k l s  is more or less doubtful. But if this collection d m  
not properly belong in the Rampart group, it represents a horizon 
that is older and not younger thm thwe rocks. The Overbeck coI- 
lections, from beds underlying the Rampart group, are also assigned 
by Girty h the Mississippian. Therefore, all these collections, taken 
together, d m d  good evidence that the Rampart p u p  is not oldcr 
than MGssippian. 

In the upper Yukon Valley, in the vicinity of Eagle, a rather cum- 
phta sequence of Carbcmifemns m h  is &, but no Carbonifer- 
ous volcanic mcks appear as part of the sequence. Farther down the 
river, however, but upstream from Circle, the& i a group of voIca.nic 
mrh which have been described by the writer a as the '<Circle vol- 
tanics." Although the relations of these volcanic roc& to the more 
p d y  d e k m h d  Mississippian section could not be determined, 
they were assigned to the Misissippian and were md&.d with the 
Rampart group. In 1929, however, the writer was able to tram them 
vokcwic rocks westward from Circle around the north side of the 
Crazry Mountains in such a dimtion as to suggest that they might 

"Brooks, A. H., 1'nlemolc and aksoclatd rocks of the uppr  Tukon, Alwka: Geol. SOC 
bmedca BuU., voL 10, g. 277, 1908. 
' Mertie, J. B., Jr.. Geology of the Eagle-Circle dlstdct, Alaska: U. S. -1. Survey Bull. 

816, pp. 8W8, 1930. 
a Mertb, 5. 13., J r., Gwlogg of the Eagle-CLrcle dlartrlct, h-ka : 0. 8. Geol. Survey Bull. 

816, pp, 86-88, 1930. 



cunnect with the Rampart group. But tbe fact &ill remains that in 
their type lowlitp near -1% them volmic mlm a p w r  to contain 
a mallan pmprtim of interbedded sediments than the Rampart 
group. It is therefore possible either t b ~ t  the volcanic m k s  near 
Circle ma be corrd&d directly with the Rampart p u p ,  the btho- 
logic differonce being attributed to changing conditions of ammula- 
tioa along the strike; or that thew rock represent a dominantly 
volcanic seriw overlying the partly marine rocks of the Rantparti . 

group and thus wpplemcnting the Rampart sequence. 
Irrespective of the precise st,rat,igraphi reletions that may exist 

between the Rampart group and the Circle volcanics, they am either 
eqa.iva2ent or closely r~latcd to one anotlier, rind in the present re- 
port they are mapped together. The Rampart group in its type 
lmlity appears to ovarlie the undifferentiated Mississippian mcks. 
There still mmaim the problem, however, of correlating a p a t  
thicknes of volcanic rocks with the sedimentary Carboaifems se- 
quence in the vicinity of Eagle. The Calico Bluff formation, in that 
area, is definitely known tc~ he of upper Mimissinpian age. It is 
b e l i e d  to be overlain by a great thickness of continental deposits, 
the Nation River formation. Much then depends upon whether the 
Cslico Bluff formation is represented among the undifferentiated 
Mississippf~n rocks of the Rampart district. I f  the Calico Bluff 
formation i s  at a distinctly higher horizon than the undifferentiated 
Mississippian rmh of the Rampart district, the latter may be domi- 
nantly lower Mississippian, with the Rampart p u p  lying strati- 
graphically between them and the Calico Bluff formation. This 
interpretation of the stratigraphy explains the absence of the Ram- 
pert group in the Eagle area and the absence of the Nation River 
form~tion in the Rampart area. OR the other hsnd, it is possible 
that the Calico Bluff formation is representd among the undifferen- 
tided Missimippitln rocks around Rampart. Such an interprets- 
tion would place the Rampart group stratigraphically above the 
Calico Bluff formation and would also saggest a correlation of the 
Rampaft group with the Nation River formation. The fimbnarned 
interpretation has k h  favored by the writer in an earlier report,' 
and in the absence of further eridence of a more decisive character 
it is alao used in the present repert. 

The Rampart p u p  may be correlated with a gimilar assernblqp 
of voIcanic and dimentary rocks that accur in the Ruby district 
and extend southwestward into the Kaiyuh Range. This asmmblap 
was re ferd  bp the writer * to  the late Paleozoic, but the absence 

Mertle, J. B., ~ r . ,  mo~ogy ot th* Eagle-Circle dbtrict. AimaLa : O. 8. O ~ D L  S n m ~  B&. 
8143, pp. 84-130, 1930. 

'Yerue, J. B, Jr.. and Barnacton, 0, L,, Tbs B~bg.gu&o%nim segfon, AIamka : U. Zk 
-1. s u m  B U ~ L  764, pp. ~~0.r924. 
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of fossils made it impossible to state definitely that the rrocks were 
of Mississippian n p .  

Another rather complete section of Carboniferous lams and re- 
lated rocks is expo& near the heads of Chisana and White Rivers, 
at the head of the Tanana. The geologic section in this area was 
&died by Cepps,' who showed that the lowest rocks are of Devonian 
age, and the youngest Perminn. At least three groups of basic 
volcanic rocb and nmoeiated sediments lie between these two fossilif- 
emus formations, and &a lower one of the three is very probably 
contemporaneous in origin with the Rampart group. 

The study of the Rampart group also mggesh iB correlation with 
the Carboniferous volcanic rocks of southern Alaska. In the Cop- 
per River region Moffit and the writer have described and mapped 
two formations of vdcanie racks, of which the lower is similar 
lithologicdy to the Rampart group and is likewise of Mississippian 
age. This is known as the Stmlna formation. T h e  upper, called 
the Nikolai greenstone, is now known to E>e of Permirm or Triassic 

J age, It is probable t.bt the Barnpark group is equivalent to all or 
possibly to the lower part of the StreIns formation, T h e  Circle 
volcanim may dso be equivalent to the Streha formation, or pr-' 
haps to its upper pa&, It is hard to s e  how either the Rampart 
group or the Circle wlcanics c*n be correlated .with the Nikolai 
penstone, as no evidence has pet been adduced in the upper Yukon 
region to  how any marked volcanic activity in Permian -time. 

CALICO BLUFF P 6 m T I O N  

The type locality of the Calico Blue formation is at Calico BIuff, 
on the west bank of the Yukon River about 8 milw due north of 
Eagle. Calico Bluff, viewed fmm the southeast, is shown in pl~late 
10, B. The S M : ~  of this formation am also exposed in a narrow zone 
on the north b& of the Yukon north of Calico Bluff, and this zone 

. strikes N. $0" IT. and reappears on the north side of the valley of 
the Tatonduk River. Another narrow b l t  of the same rocks occurs 
just west of the mouth of the Seventymile River and also continues 
N. 30" W., cropping out again on the west bank of the Yukon a h u t  
opposite the mouth of the Tahnduk River. 

- 
The m k s  at Calico Bluff consist essentially of alternating beds 

of limestone and shale, with some slate. The top of the sequence 

Capm, B, R., The C h I ~ n a - m i t e  River M m  A h k a :  U. 8. WI, Somy Bra. 830, 
R 88. 1918. 
-. * fiogit, P. E., and M d e ,  X B., Jr-, The Kotdm&-Kn@hla~ dlutdb, Alaska: U. S. 
-1. S u m  Ball. 786, pp. -7, 1828, 
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is not exposed. The formation downward witbout any 
stratigraphic intemption i n b  arg i l lwus  and siliceous rocks, and 
the base of the mquence is arbitrarily kkea at  that p i n t  in the 
,section where, in going downwrard, the limestone md fossilifemus 
beds cease. Being only gently folded, the beds in this bluff afford 
srr awllent opportunity for measuring a detailed section. 
The beds of li~ndona and shale are thicker a t  tho base of the 

section and become progressively thinner toward the top. As a 
mEt, the u p p e r  p ~ r t  of the section consists of a great number of 
thn beds of alternating limestone and shale, some of which am 
p p e d  together in t l~c  following section. It is doubtful whether 
m y  two sections of Calico I3lufP made by Jiffemnt men avouId ex- 
actly metch, for much of the variation in lithology is more ap- 
parent than -1, depending to a considerable extent upon differences 
in color, which are due to weathering and do not parsid laterally 
along the beds. 

Rediou @ OaliiM Bluff fwmatM i m t h  M e  of Callno Rlufl, m Ytrkon RIerer 
hlmc EagIe 

Pest 
[lovered. Lower part e o m m  of drnb ahale, wlth a few beds 
of limwtone---~,-,,OOO-OO-OOO-OO-dOOO-O------- 80 

Blape of g m y  shale, with a lfttle Ilmestone, Coataha In the 
upper part 2 or 3 M e  of sandstone that wenthem a Ilglit 
ocbesous gellow, each 3 or 4 feet thlck -----,---,---,,-,-------. 95 

Calcamous shale, light gray or darker gray, weathering to a 
liaat &my. Upper 20 feet, mered 1% 

Mamlve black 11 mestone, noticeably carbonaceous. .Westthem 
light  ray-,,,,-,----,--,----,,,---^----- 8 

Thln bedn of blark shnle and Hme~tone, both of which weather 
light and dark may, Them w k s  are fmWernuw, but the 
shale contalna iuvcrtebmt~s o f  Emem direrent from tho* 
tonod In the limestone,, indlcat1n.g nu oscillating conditIw of 
aedimentatlon ~ n l l  (lr mtlrlne l i fe  -,-------,,---, ,-,---- ---- 215 

X rlifi-iormIn~ gnmp of bwls. Consists or thin-bedded I l m g  
*ale that  weathers to chocolatf! brown at the tm; a 2- , 

foot 'bed: of white-weathering Limestone in the cmter; and 
black ahale st the bba~-----,---,,-_----------~------~---- 11 

min, d~sIle black hale that b-enthers to a bl+ome &or, ex- 
cept In the middle of the quence ,  where It uppears c h m  
late brown for 20 or 15 feet -------,-------------,.----,- 110 

U p l ~ r  56 feet la mainly thin-Mded ltmeAtOne with Borne ahnle, 
weather in^ to a lfgbt chmlntp-brown. Lower 27 feet is 
flsslle black ebale that n*eathers Wnckish brown ---------,,- 88 

Fls~ile black shale, weathering brown at bnm and tptl and 
;rellow farther up, giving a genera€ bronze color to the M n ,  4R 

Alternating thin becIs of whiteseatherlng IImestone and H a ~ I l e  
black &ale. F ~ i l s  occar in a thin band at the very top,, 10 

Dark-grny fetid l i m e  that wmtbers light gmg. Frwsll. 
fferous at the base--,,---,,,,-,,-------,--------------4 4 







Pwt 
Dark-gray fisslle 8hf1le that Renthers yeUow brown,,,,,,---- 15 
Beds of lime~~tone as much ae 3 f e t  thick, alternating mith 

shale. Contain8 about midway of the wqnence a Zfmt bed 
of foselliferme llmestone -,,-,,,,,---,,,,-,, 28 

Dark-gray fetid limestone that weathera 1Ight gray. Fosdl- 
ifemns--,-,,,,-----,-,,,-,,,,,,,,-,-------------------- 14 

AIternatbg thin beds of  d r k q a y  Ilmmtone and thin, W l e  
black slate that Ls probnhlg cnlcnreous. Beds 2 to 8 Inches 
thi~k-,----,---,,,~~-----~~----------~~--- 24 

,Black slate, gomewhat alllccons. Nenr the ton Is n &Inch bed 
of fetid black fosslliierous llmestone thnt weathers white--- $9 

Alternating beda of limeatone nnd ~ h n l a  with some chert. In- 
cludes a thick zone of blnck S ~ I J P P ~ I I I  ~ ln fe  -,-,,--,,------- 8fM 

The lower 300 feet of this section is inaccemibla and was not meas- 
ured directly but was estimated by two roughly q~~zlntitative met.hds, 
which checked one enother closely. 

The structure af the rocks a t  CaIico Bluff is that of an open syn- 
cline which pIunges gently about R. 30" TT. The other two belts of 
this formation to the northwest, one on the northeast side of the 
Yukon and one on the southwest side are interpreted in a broad 
way as the northe& and southwest limbs of this same syncline. 
Strike faulting, however, has materially modified the synclinal ~truc- 
ture. On the north tide of the Yukon, north of Calico Bluff, occurs 
a rapid Jternstion of Carboniferous and Tadary mb, standing 
practicdly on end. Similarly, farther downstream  trike faulting 
is apparent on both sides of the Yukon, at the mouth of tha Tatonduk 
River. None of the Mississippian localities northwest of Calico 
Bluff map therefore be expected ta contribute much stratipsphic 
evidence about this formation. The rocks at Calico Bluff, for some 
unknown reason, constitute a little stratigraphic island of relatively 
simple structure, surrounded on all sides by beds that, are more 
intricately folded, RR woll ns faulted, and all the structural and drat- 

4 
igraphic information nvaila3le is concentrated at this one locnlity. 
The northwestwttrd plunge of the syncline is indicated on the 

south side of Calico Bluff, where the strike eb the rocks is east and 
tho dip is 15°360 N., averaging perhnps 20", whereas the regional 
strike is N. 30" IT. Minor crumpling is evident toward the east 

* side of the blue, but in general the, rocks nre little metamorphosed 
and show perfectly the oriainal bedding planes, mith incipient frac- 
ture cleavage only in some of the weaker betls. 

The highest h d s  have been eroded at  Calico Bluff, and it is 
W therefore not possible to obtain a complete stratigraphic section. 
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The thickness af beds from the arbitrary basal line to the top of 
the bluff at  its south end is about 1,270 feet, 

Foaeils are very plentiful at Calico Bluff, ns well as at the other 
nearby localities where the rocks of this formation crop out, and 
nearly every geologist who has gone down the Yukon'River, from 
the time of Collier's trip in 1902, has made collections from these 
rocks. The table presented below may be said to represent the 
intermittent collecting of seven geologists over a period of 24 years. 
!l%e writer' also made additional collections of upper Mississippian 
fossils from the valley of the Tatonduk River in 1030, but the 
lithology of the mntaining rwks is somewhat different from that 
of the Calico Bluff formation, and i t  does not seem k t  at present 
to include these fossils with the fauna of the Calico Bluff formation, 
as a b o ~ e  defined, though subsequent work may warrant the inclusion 
of these rocks as the upper part of the formation st its type locality. 

A few of the earlier palmtologic determinations of these fossils 
were made by Charles Schhucherh: now of Yale University, but the 
greater part of determinative work was done by G. R. Gtirty, of 
the United States Geological Surrey. Girty b l f  made a trip 
down the Ynkon River in 1918 and collected some of the best of the 
material tabulated below. The 1ocaIit.ies are arnanged roughly in the 
chronologic mder of the collections. 
- 

7 Mertle, J .  B., fr., Tbe Tatondak-Natloa dfntdct: U. S. GeoL Snrvey Bull. 938, pp. 
411-423, 1932. 



Fauna o j  the Calico B l G  jmnation 

G o d  ........................................... 
CyattlAlonhap 
BBdmpb llamPsp 
aphrbn,&sp -.... :::: ............................. ........................................... wt'sP 

...I--- ...... 

......... 
X 

X 

p ) 6 p b l u ~ S D  ....................-..-....... 
MplophyUumt up .- 
~rnpl-SD 
OampopWUmn ep---- ................................... 
D h o p  Uum7 sp 2 Lltbwlq ont sp 
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688'1. Wmt bank ot Yukon River U milea above mouth of Serentymlle Rlver (Calico 
Bluff 1. Collector k J. Coll l~r 1WH. 

'IAC6B. South &nk of ~ t t k o i  H ~ V P C  2 raI1m above mouth of kentymlla River. Pebbla 
In run lomerate. Collector, A .  J .  rolliet, 11HI?. 

2848. North bank o l  Yukon R l w r  nbout S milea abore seventymile River. Collector, 
Arthur Bollfck lIM:<. 

2G.lfi. West  kunk nf Yukon Hirer j~rst above mouth of Sheep Creek (Tatopduk Rlver). 
Collt.ctot Arthur Uolllck 1003. 

2842. ca l ico  Bluff, yukon RIvFt. Collfctor. Arthur Holllck 1803 
Zfi-H. 2R41.k 064.tR. ('rtllco BlulT, Yukoil Itlwr. Collector b. H. ~rooka.  1BOd. 
2651, 2 ~ 5 1 ~ :  Korth bank of Yukon Hlver ttbove lalnnrl nee; Star (an nbandoned settle- 

ment at rhe mouth of Ser~nt IIe Hivcr).  Collector, A.  FI. nrookn, 1906. 
813. Calico Rlttbf Talon R ~ T .  t'oll~vtor IC. 31. KhidIe l!!OG. 
8-15. Xortb bank' of Yukon IlS~er 1 ~ni le '  ikhore ~eveniynl i lc  River. Collaetw, 1. hX. 

Kindle, 1006. 
1798. 1706A. 17988. Korth end of Calico HluW. Yukon Rlver. ColIectw. EUot Black- 

weldur, 191;. - 
. 1797 li97A-F North bank at Sakw River at blg bend north of CaHco BlaR Col- 
l e t o r  h i n t  ~la&elder 1916. 

1798, 1;9B,t. Callco B I U ~  iormatlon, nouthwaet of mouth of Bheep Creek (Tatondnk 
River). Coll~ctor Eliot Blackwelder 1R16 

5279. Nortb b a h  of Yukon River hearl i  m o s l t e  l o v w t r m l l e  FUver. COlleCtfm. 0. E. . .. 
Rlrtp. 1918. 

5302. South end of Callco Bluff. Yukon River. CoIIector, Q. H. Oirty 1918. 
5302A. Ilese of Calico Bluh Yukon Hirer.  Float mpecErnen8. ~oll&ttor. G. 8. Girtf, 

. I t , l U  ro tn .  
TrRfl3 North end of Calico Bluff Yukon River. Coll~rtor .(: A Gltty 1918. 
53&: meet bank of Ynkon REX& opposite mouth oP ~ t i t o h u k  H ~ T &  (Sheep Creek). 

Collector G H Qirty 1918. 
6843, 684'3~:  ail$ Blok Yukon Bircr. J u a  b l o w  bplae o t  mne B. Collector. J. B. 

Mertle 3s. 1825. 
G R ~ B  dalico Bluff Yukon fllwr. Zone C. CalleCti~r J B Merlle Jr 1825. " ~RIPU:  C R ~ ~ C Q  ~ n d  Yukon Hirer. From 4-Coot bed of'l~m&one t h i t  ti& 41 feet ntmH- 

grt1~11~1ri1lly nhove top of zone C. Collector J. 5. Mertie Jr l t 1 5 .  
sn-1:w. Culico Dll~tT. Yukon River. 111 blE-foot zond a&ut ,150 fmt vertically above 

rlvvr ('otl~rtor J.  R Mertie Jr. 1915. 
5 ~ 4 3 ~ :  C R ~ ~ C O ' B ~ U ~ ~ , '  ~ u k o n ' ~ i r h r .  Float apeeimenn. Collector, J .  B. Mertlc, Jr,, 1020. 

The faunal list above given comprises 117 genera, and it ia prob- 
able that more than 2W species are repres~nted. The paleontologic 
determinative work on these collections has been of a general nature, 
with the purpm mainly of debmining the geologic age of the 
fossila, rather than making a detailed study with specific determi- 
nation and the description of new species. Girty believes that.this 
fauna is more closely ~ l a t e d  ta the marino Asiatic faunas deacrihd 
by Mmnywhew than ta the Mississippian faunas of the Itockp 
Mwntain region, and this fact, together with the preeence of Inany 
new species, has deterred him from athmpting to correlate closely 
with the standard mctions in tho States. This fauna is now con. 
sidemd by Girty to he of upper Mississippian age, roughly correl- 
ative with the Chester group of the United Stah. 

North of the Yukon River and along the international bomdary 
Cairnes' made 15 collections of upper Mississippian fmils, which, 
thou~h they include Rome species different from those found at Calico 
Bluff, are, ne~ert~heless, considered by Girty t o  be a h  of upper 
Miwimippian age. The same is true of the fossils coUecM by the 
writer from the valley of the Tatonduk River C~OBR to the Yukon. 
From t h w  collections it ia evident that the Calico Bluff formation 
has a considerable exteasion north of the Yukon River along both 

nCnlrne#, D. D., The Yukon-Alnaka Intwnatlonal bonndarg, Eetwem Porcu~lne and 
Puhon Rlvem : Canada h l .  Surrey Mem. 67. pp. 9%-103. 1014. 

'Mertie, J. B., Jr., The T~tonduk-Xatton d l ~ t t l c t :  C'. A. Geol. Survey Bull. 838, pp. 
421423, 1832. 
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sides of the international hundary. The upper part of this far- 
mation, which has been removed by erosion at Calico Bluff, will 
probably be found in this contiguous northern area. 

Miskippian rocks are widespread in Alaska. One of the most 
persistent formations of Mississippian age is one in northern Alaska 
that is h o w n  as the Lisburne limestone, which extends from Cape 
Lburne, on the Arctic Ocean, eastward a h s t  if not quite con- 
tinuously for 600 miles to the international boundary. This for- 
mation is composed of limestons and chert and therefore diffem 
lithologically from the Calico Bluff formation; but the faunas of 
these two formetions me similar and are considered to have origl- 
natad at, about the same time. 

Mississippian rocks are also lmown to exist at many other places 
in M d s ,  including Ssward Peninsula, the Alaska Range, and south- 
mm and southeastern Alaska, but none of the formtmtiom appear to 
correspond clmely with the Calico Bluff formation, although many 
of the fossils are similar. 

The Nation Biver formation is sparsely distributed in the Y&on- 
Tanana region. ft crops out along both banks of the Yukon River 
a few miles below Eagle, f o m s  the bedrock in an area between Boul- 
der Creek and the lower Sevei~tymile River, and extends northeast- 
ward from the Yukon to tho international boundary. Farther down 
the Yukon it again crops out on both banks, above the mou6 of &e 
Nmtioxi River, and extonds from that locality northeastward up the 
valley of the Nation River and southeastward along the north- 
side of the Yukon to  the Tatonduk River. It also is well developed 
dong the northeast bank of the Yukon below the mouth of the Na- 
tion River. 

U T H O r n T  

The Nation River formation is a thick sequence of continental de- 
pita . ,  consisting of wall-indurated cIay shale, sandstone, and con- 
glomerate, and except for itS; higher degree of induration wemblw 
greatly the Tertiary rocks t b t  crop out along the south side of the 
Yukon. In the belt that eras the Yukon below Eagle the Ndion 
River formation consists mainly of dark-gray sandstone in beds from 
a few inches to 80 feet thick, interbedded with drab c l ~ y  shale, The 
sandstohe consists of gains of chert, decomposed feldspar, qua* 
and more or less carbonamus rnateriaI. It weathers usually to s 
dark-brown color. The M s  are commonly ripple-marked and also 
show various kinds of mud l u m p  md concretions, though cross- 
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kidding is not common. Beds of dark conglomerate, 10 feet or more 
thick, are also interstratSed with the sequence. These conglomerates 
are composed mainly of well-rounded pebbles of chert, usually light 
to dark gray but with some green cherts, set in a sandy matrix. 
Much comminuted plant debris occurs in all these rocks, and in soma 
of them carbonized stems, as large as 2 inches in diameter and 2 feet 
in length, may be seen, but no plant remains of particular diagnostic 
value in determining the age of the rocks have been found. 

The base of the formation is well exposed in the northeastern err- 
tansion of this belt, near the international boundary. There the 
basal bed is a conglomerate about 80 feet thick, and 250 feet higher 
in the sequence is another bed of conglomerate, abont 50 feet thick. 
At this point the Nation River formation rests upon beds of late 
Middle Devonian age. The formation therefore has not only a basal 
conglomerate but also an intra formational conglomemte, particu- 
lady in this lawer part af the sequence exposed along the Yukon 
below Eagle. 

From Trout Creek downstream to Nation =ver the rocks of the 
Nation River fofmation have the same general lithologic char- 
acter, including hale,  sanddone, and conglomerate, bnt the upper 
part of the formation, which is exposed along the southwest bank 
of 'the Yukon above the Natjon River, is essentially a gray clay shale. 
This appears to p i l e  upward into beds of sandstone and congIom- 
crate that contain Permian fossils. The rocks here are faulted, and 
mme of the sequence is probably missing, but the stratigraphic evi- 
den- indicates a gradus1 Oransition from the continental deposits- 
to the overlying marine dirnents  of the Permian; and this rela- 
tion constitutes the best datum at  present available for the strati- 
graphic plaaement of the Nation River formation. 

Below the month of the Nation. River, along the northeast bank 
of the Ynkon, occurs the same gray clay shale, interbedded with MY- 

era1 thm beds and capped by one thick bed of conglomerate. The 
thick conglomerate forms the top of a blufF about 1,400 feat above 
the liver and consists of gray, red, and grean chert pebblw and a 
few pebbles of q n d i h ,  as much as 4 inchea in diameter, in a 
matrix of cherty and sandy material, with a whih, pmsibly calcare- 
ous cement. This thick mglomsrate may be near the top of the 
Nation River formation and probably corresponds to the conglomer- 
atic beds e x p o d  below the Permian limestone on the opposite side 
of the river. 

A f a r e  of m a 1  interest is the occurrence of s bed of bitumi- 
nous coal in the Nation River formation on the southesst sido of 
the Nation River a h t  three-quarters of a mile from its mouth. 



This has previously described by Collier," and it suffices here 
to state that this coal is of coking @grade and was found by analpis 
to contain 55-55 percent of fixd carbon, with a rather high percent- 
age of sulphur. The cod-bearing bed is now concealed by mutarid 
that has slumped from a b m ,  but the coal is known to have occurred 
in a crusl~ed bed, about 2 feet thick, &..anding nearly vertical, with 
foot and hanging walls of shale. 

The: major &ructure of the Nation River formation is not well 
known, but it is certain that these rocla in general are considerably 
deformed. Between Eagle and Calico Bluff the rocks am folded, in 
places dosely foldd-in fact, one recumbent fold mas o h w e d .  
The rocks appear to strike approximatdy parallel to the gene& 
course of the Yukon. The dip of the rocks is variable, owing to 
folding, and the structure is further complicated by a q&rn  of 
faults, which trend northmest. One of these faults probably passes 
along the southwest side of Calico Bluff, thus cutting thmugh the 
rocks of the Xation River formation gomewhere below the mouth of 
Boulder Creek. Stratigraphic interpretation of this structure, 
bas4ed on a few croppings along the river, is manifestly impracti- 
cable, 

From the mouth of Shade Creek northeastward toward the Cana- 
dian boundary the structure is probably simpler and may approxi- 
mate a monmlinal sequence dipping southwestward. On a high 
peak 334 miles to the nortl~east and 3,900 feet above the river the 
basal beds of the Nation River formation dip 10" SW., ht this dip 
evidently steepens toward the river. I f  the dip remains low nearly 
to the river, as seems prohble, no considerable thicknhss of rock ia 
in~olved, perhaps less than 1,000 feet. This interval, however, rep- 
resents only a small part of ths total thicknew. 

Near the mouth of the Nation River some larger structural fee- 
tnw are suggeted, but fufiher work will be required in the hiUe 
along the northwest side of the Nation River, between the Yukon 
and the international boundary, before the major structure can IH 
definitely determined. Apparently the mka of the Nation River 
f om~t ion ,  striking northwest and dipping essentially gouthwest 
along the Yukon near Eagle, follow the northeast side of the Yukon 
in n narrow band and near the Nation River veer to the portheist, 
continuing in that direction up t.h0 Nation Bivei toward the 
h ~ i n d  ary. This distribution, together with the distribution of the 
Permian and Trinssic rock on the sonthw~st side of the Yukon 



betarwn Trout Creek and the Ration River, suggest strong1 J the 
exi&nce of s plunging anticline, w h m  axial line, dipping w e  
southwest, cmsw9 the Yukon near the month of Trout Creek. This 
is not by any means n simple structure, for the central park is char- 
acterized by Iml folding. in which the Nation River formation, the 
Tahkandit limestow, and the Upper Triassic rocks are a11 involved. 
Plate 11, A, showing the Tahkandit, limestone folded into an open 
anticline and syncline just southeast of the Nation River, exemplifies 
the local expression of the major strwbure that is mzgg&ed. This 
major structure is furth~r  cflmplic~ted ;by faulting, the effects of 
which nre visible in the rocks nlong the southwest side of the 
Yukon opposite the mouth af the Nution River. Also as a result 
of such faulting, there is an abnormal distribution of the rocks at  
the mauth of the Nation River, for if the folded structure were not 
thus modified, Triassic end younger rocks should appear along the 
northwest valley wall of the N~t ion  River. Instead, the Nation 
River formation reappmrs along this side of rtllley, suggesting that 
a major fault, trending pro1)aMy northeast, cuts the anticlinal struc- 
ture at the mouth of the Nation River. The upthrown side of this 
fault irr. on the northwest. This fault probably intersects the country 
rocks close to the coal bed above referred to and accounts for the 
broken and complex structure of the rocks in the vicinity of the 
coal mine, in nn area whew the usual structure is open folding. 

No complete section of the N&ion River formation hss yet ban 
found. The mks of this formation mt and so~ltheasl; of Calico 
Bluff undoubtedly form tho basal part of the section, but only a 

part of the sequence is mpmnted. The mks that extend 
i. up the Yukon for 12 miles or more above the m0nt.h of the Eation 

River probably represent s rnnsidemble part of the sequence, in- 
clnding the uppmost  M a ,  but es these rocks are folded and not 
continuously exposed, the t hicknms cannot h rneasn~~d. Finally, 
no horizon markers a m  availnMc that would enable the lower and 

* uppr eections to be pieced togetl~er. The piwise t.hickness is there- 
fore indeterminate. EBtimates of the t h i c k n ~ s  ranging from 3,700 
to 6,000 feet b e  k n  m d e  by various workers, nnd a11 that can 
kw said is that the thickness probably lies between these limits. 

The Nation River formation, to judge from the character of its 
mb, is of fluviatile origin Much fmpenttll veepltal material is 
p m n t  in t h w  mES, but little of dinpmtic *value has get been 
colleded and idantifid. However, collections of such material have 
b n  made by variws geologists in past yearn, nnd nll  of these wew 



submitted to David White, of the United States Geologies1 Survey, 
for identification, with the following d t s  : 

! W O O  P e o n  Rlver, eaet bank 2 mlles below Thtvnduk RiTer. Cbllector, A. J. 
Collier. LspBdodmWmt m. 
8AE7. Xwkm Ri~er, we& bank 3 milea a h ~ e  Nation I(iPer. Gollector, Arthur 

Hollick, Bpimpk.Zlto~e m. 
16% Yukon River, northwest bank 6 mil- north of Hlagle. Collector, El. M. 

Kindle. WididophyL-e groap. 
Martin 8r. Xukon Ril'er, east bank 2 milm below Tatonduk River. Colleettrr, 

Q. C. Martln. Specimens not 1denMed. 
Martfn 89. Bout heast bank of Natim River half a mlle above mouth, at coal 

mine. Collector, G. C. Martin. Specfmens not identlfld. 
1601/19. Ynkon River, 4 to 5 miles below Eagle. Oollector, Elliot Black- 

welder. Protolepidodendrold group A variety of ddecrticat~I atema. 
1507/X. Yukon Birer, north bank about 2 miles above Callco Bluff. Collee- 

tor, lliot Blackwelder. Indeteminate regeta1 material. 
IW/X. Yukon River, west h n k  6% mlles abme Natlon River. Oolldor, 

miot Blackwelder. Indeterminate ve-1 material, 
15M/63. Yukon RIver north bans: 1% mila M o w  Nation River. ColIeck, 

lUot Blackwelder. l3othrodendrold9 grong. 
25AMt127. Yukon River, northeast bank about 7% mil- N. 33' E. of Eagle. 

Collector, J. B. Mertle, jr. Spdmens not idenmed. 

Mr. White was inclined from the general appearmix of t h e  plant 
remains ta assign them to the Miasissippian, the possible alternative 
being Upper De~onian, but the mahrial is so poor that little confi- 
dence can be placed in debminations of age that depend on this 
flora alone. The stratigraphic relations therefore become of consid- 
erable importance. The Ration River formation certain1 y underlies 
the Trthkandit limestone, of early Permian age, and is themfore not 
younger than early Permian. Along the internatioml boundmy it 
dehitely overlies late Middle Devonian rocks and is therefom not 
older than late Middle Dsvonian. Thepe 'two facts constitute all 
the d e h i t e  stratigraphic evidence available, for .the Nation River 
formation has not been observed in contact with the Calico Bluff 
formation at any locality where no possibility of faulting exists. 
The stratigraphic relations south of Calico BIuff, however, suggest 
that the Nation River formation lies stratigraphically above the 
Calico BIuff formation. It follows therefore, that the Natioh River 
formation is probably of pc&Mississippian age, for the Calico Bluff 
formation lies high in the Mississippian quence, snd the character 
of the bagal b d s  of the Nation River formation suggests that this 
f omation lim unmnf ormably upon all formations older than .itm1f. 
Hence the Nation River formation must be regarded either as Fenn- 
sylvanian or very early Permian. But the barn of the Tahkandit 
limeatone lies well down in the Permian sequence, and, this hct  
makes it improbable that the Nation River formation is also Permian: 



Therefore, the Nation River formation is here considered to be prob- 
ably of ~~nnsylvanisn age. 

- 

Quite apart from the local stratigraphic relatiom, this interpre- 
ktion has much ta toppart it, when considered in bms of the gen- 
eral Carbaniferous sequence of Alaska. Marine sdim&nts of Car- 
boniferous age are widely distributed over Alaska, and &I1 them 
-rocks, though abundantly fossiliferous, have been found to belong 
either in the Mississippian or the Permian series. In other words, no 
nisrine Pennsylvanian rocks are known in Alaska. It is therefore 
not surprising but to bs expected that continental deposits might 
somewhere be found in Alaska that would reprssent this period of 
nomarine sedimentation, This fom~altion appears to be-a uaiqne 
lithologic unit, though the possibility exists that plant remains may 
abo exist ehwbere in interior Alaska, in estuarine rocks of the same 
age that have survived later cycles of erosion. A suggestion of this 
is found in the notes by Kindlsu and by hladdmn on the occur- 
mca of Carboniferous plants along the Porcupine River about 28 
miles below the Coleen River. 

However, an alternative conclusion should be stakrl. The plants 
of the Nation River formation rnd of the h r c ~ ~ p i n c  Valley and also 
certain Carboniferous plants collected by Collier 13 from Cape E s -  
burne, in northwestern Alaska, hare all been rsferred by David 
White to the lower pad of the Mississippian. On the evidence of 
local stratigraphy and regional Carboniferous geology, the writer 
has concluded, in disregard of the botanic evidence, that the Nation 
River formation i s  probably Pennsglvmian. It is possible that 
the Nation River formation is lower Mississippian, as the fossils 
s r r g p t .  G. C. Martin,'* formerly of the United States Ckologicd 
Surrey, holds this opinion. This interpretation must be sdmitted as 
a possibility, and if no other exposures mere aviailable than thos 
along the international boundary, where the base of the Nation 
~ i v &  formation rests upon ~ i d d l e  Devonian, rocks, this interpret& 
tion would be hard to disprove. But the apparent up-Ward grada- 
tion of the Xatian River formation into the Permitin limestone at  
the. Nation River seems to contradict this hypothesis, under which an 
unconformity instend of a transitional zone must there exist, with 
the Calico Bluff sequence entirely removed by erosion. This diffi- 
culty seems insuperable to the writer, ret the qnestion should not 
be ragarded as definitely settled. 

" K i d 1 4  E. M,, d w l d e  reconnaiaaance of t h e  PorcupLne Talky, -4laslia: Geol. Roc. 
America Bull., vol. 10. p. 33, 1908. 

UMadOren, A. Q., unpnbllmhed notes. Ib l l .  
m.Collier. A. J., Qeolo~p ~ n r l  con! murcem or the Cape Lisbnme region. b k r :  U. S, 

-1. Survey Bull. 278, p. 22, 180#. 
Ornl ~ o r n r n ~ n l ~ ~ t 1 0 n .  



The Tahkandit limestone is known at sepera1 localities, all of them 
along or contiguous to the Yukon River. The t y p  locality is along 
the Yukon just above the mouth of the Nation River (the original 
Indian name for which was "Tahkandik") , where a h l  t of such rwka 
crosses the river, trending northeast. (See pl. 11, A,) h o t h e r  
belt on the south side of the Yukon crosses the v~l1ey of Trout C d ,  - 
about 10 miles south of the mouth of the Nation River, striking east. 
The continuation of this bIt is found as an isolated Iirnestone bum 
on the north side of the Yukon about 4 miles northeast of the mouth 
of the Tatonduk River. Along the muth bank of the Yukon a short 
distance below the mouth uf Coal Creek a ~mdl block of this lime- 
stone crops out. 

nTAKnaer 

The Talkandit limestone consists essentially of limestone but also 
includes in its lower part, some M s  of fmsiliferons cong2omerate, 
sandstone, and shale. The best section at present available is exposed 
along the southwest bank of the Yukon River opposite the Nation 
River, where not only the Tahkandit limestone but also the over- 
lying and underlying rocks are also exposed. The stratigraphic 
section at this locality has been measured by the writer," but later 
observations from midstream indicate that faults are prewnh which 
were not recognized when the section wns studied at  close range; 
and the section originally presented, though correct in getieral, may 
be erroneous in some of its details. 

It was recognized by t.he writer in 1925 that the m b  of the 
Nation River formation and the Tahkandit limestone formed a pitch- 
ing anticline, whose axial planer trended northeast, but the extension 
of this fold at  thrtt time wns not known. The work of 1930, however, 
resulhd in the reeogpition of the limestone butte northeast of the 
mouth of the T~tonduk River ns the eastward continuatioi~ of the 
south limb of this major fold. At the same time the northeastward 
extension of the other limb was recognizecl in the valleys of Hard 
Luck and Waterfall Creeks, east of the Nation- River. The general 
outline of this structure over an area of abo~it 200 squars miles 
is now recognimd. The a i a l  plane strikes east-northeast, and only 
the pitching end of the anticline c r m a  to the south side of the 

*Herti& J. R., Jr., Geology of the YagleClrcle Qlotrlct. Alaska: U. S. Gml. B u m  Bum. 
928, p. 122, 1930. 
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Yukon. Still farther northeast, toward the international boundary, 
along tbe strike of the north limb of this fold, Cairmes recognized 
the same limestone near Ettrain Creek, as shown by its fauna, though 
he mapped it as part of the undifferentiakd Carboniferous. On 
the south limb of the anticline most of this limestone has been 
ended east of Trout Creek, but the limeshne butte northeast of 
the mouth of the Tabnduk River represents the la s t  outlying 

, remnant of the formation in that direction. 
The structure a h v e  outlined represents the major or regional 

gtructure of these rocks, but the TahkanrEit limestone a h  has minor 
folds. These are illustrated by the open anticline and syncline along 
the north bank of the Yukon nbove the mouth of the Sation River, 
as shown in plate 11, d. 

The total thickness sf the Tahkandit. lim&one as measured in the 
section above cited is 527 feet, of wl~ich 373 feet is limestom. In 
view of the faulting now recognized at the sits of the &ion, this 
bection may be in error to some d e w ,  but it  gives an npproximnte 
idea of the thickness of the formation there exposed. It should ba 
emphasized, however, that the top of the formation has not been 
~.ecognieed, and therefore the total thickness of the: formation may be 
much greater. 

&Or ANlJ OOaWUTIOfl 

730  Tahkandit limestone, like the Calico Bluff formation, is very 
fassiliferous, and numerous collectiorls have been obtained from it 
by g e o l o g h  since 1896, when Spuw made his trip down the Yrtlron 
River. Other collections from the Tahkandit havo k e n  made by 
Cairnsg and by the writer, but in the following tabulation only 
t h m  fossils from the north side, which aro close t~ the river, are 
included. 

" C a l m  D. D.. The Yukon-Alaska lnternntlonnl boundary, b e e n  Porcupine m d  
Ynhm Rivers: (3nandn Wl. Surrey Mem. 87, pp, 03-103, 3014. 
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2444 and 2444rt, Yukon Rlver abme Mrcle. (The d e a d  tion ia lnad uate but dmwt 
-1y n e p m n t *  the Natlon River locality ) Collector J. %. Blpurr 18%. 

2AaY5. Yakon Rlvcr. north bank 3 miles'abore rnoutd of ~eaenty&le Rlver. CaOetbT, 
k 1. C'ollEer. 1WT. (No Prmlnn rwks are known at  thin localitv: either the F d i t r  1m 
wrongly mwmlpd, nr thr faunal nnd age determlnatfonm nw inrorr&it.) 
2443. Yukon Hluer, weat bnnk 3 rrliles above Nntinn R l v ~ r .  Collector, k J.  war, 

.rn" 
2-1. 

2145. Llmmtone monntaia, 1% miles northenst from mouth of Nntlm River. CoRmtor, 
A. J.  Collier 1002 

Collier iabz. ( i m b l ~ o u e  wording tn deamjpt~ori of Io~atltr, hte nted the d t e r  
to mean float found alonn the Yukon at the mouth of Washinrton -?.I C%ector. k J. 
Collier 1 QM. 

21.1i. Yukon Rlw. weat bnnk 3 miles n h v e  Nation River. Collactor. Arthur Eolllck. 
19oa. 

tlrookm 12. Yukon glrer, mutbwwt b m ~ k  1 mile beIm Tatondug: Rlver. Collectcm, A. H. 
IBrncrh lW6. (No PermIan w k a  are known at this localiW, and the wrlter ia IPcllned 
t o  h ~ 1 i 6 v s  that thin lnrallty alao in wrongly recorded.) 

2140.  Yukon River, much hank 8 mllm above Ratton. Collector, A. H. Bwka, 1% 
(T~IIN  coJJwtion rObAb1~ comW 1Mm t hc  Trout C m k  10tBUtv.) 

2447. Yukon [lvpr, nortl! limb of nntirllne oppaelte stmtfoa 14. Collector, A. H. 
BPUU~B 1808 (This COHCCTIOII is unrlnubtedly fro~ri tbe north aide. of the lbneutone band 
at xmtion 1ti1-er.) 

244H. Yukon Rivet. threeqnaftcm of a mile below Coal Creek. Callwtor. A. 8. BEm%. 
100s 

4 27. M l c h f m  Creek, rest dde about 8 milen from mouth. Collector, J. B. M d e ,  SF-, 
1511 

428. Mlehimn Creek weat mide about 3 mjlm from mouth. Collector, J. B. Merlie+ Jr., 
191 1 

Martla 82. Yukon RIver, aoath bnnk 2 mileu above NaHon REver. Collector, Q. C 
Mnrrln 1914 

~ ~ t i i a  83.' Tukon Rlver, south bank lJh miles abme NatIon giver. C%llOlleFtOr, 0. C. 
Martin 1914 

1790' 1799i, 1799b. Ynkon RIWr, southweat bank 8 m W  a h  Katloa Blvm. ME 
lector hltot BhckweIdes lUI6 

1 ~ 0 b ,  1HWn 1800b. h k o n  '~lver. weat bank abom N a t h  Eivtr. CoUtctor, nliot 
B l n ~ k ~ a l a ~ ~ ,  1916. 

1 H O l .  Yukon Rlrer. srwth bank jnst below Colll C-. thllEcto~, Mlot BlaCkWddei, 
rn. r: 
A V 1 . l  
3437 2437% 2137b. Ynkan River, neat bank oppoata mouth of NatIon BLver. Imwmt 

gart of midrll~ outcro of P d a n  aendotane, wlth Iti feet of &ales, but from wveral 
oriaonk Polkctor 2 H CIrtp X918. 
24.1% Ynkon ~ l v i r ,  weit  bank oppodte mwth ot Nation Wver. MLddle ontCm~ o t  

Wrrnlaa llrn~nton~ a b e  lots 2437 24375 and 2437b, but In trnnaitIon beds below m l n  
white limes ton^ kolieetor. G. .R. dir-, zdln. 

2438. Sam#. &nerd localttg as 2438, but from a more nbalg stratum just abom 2138. 
Collector (' 11. (;lrry. 1PlH. 

2440. k&e p n ~ r a l  locality ae 2438. but from b e e  01 a heavy ~imeetnne 10 M a h  
2439 Collector r:. I l  Girt 1918 

a i h o a  Same i e ~ l c r d  loce~ i tg  an'2438, but from the verg top of the wbtte limeat- *~r 
ex d. Collector I: IT. Gtrty 1918 

$ 4 1 2 .  %42~-rl .  Jukbn ~tivcr,'weat bank o godte month of Natloa BIm. T 8 l ~  from 
Irizoos. Cullrctor. t:. 11. ~ i r t y ,  IS&. 
I n k ~ t n  River. R O I > ~ ~ I  bank threPQuarter8 of 8 mile hlon m w t h  of Cosl 
C LI. w r t g  1i)ltl. 

Inkon RIvcr,' wmt bank nppoete mwth-ai-Nation IUw. V a r l m  horfiom in - 
l o w ~ s r  outcrop of Perminn himeatone. rmlbctor O. H. ~ i i r t v  l Y 1 8 .  

5839, 58:E'J~-c. Yukon Rlver, southweat ban6 about ~q;'kllm a m  from Natlon. 
The positrons of t1:eae fn;: !?@!tien_ 1n-iv.t Permian str~t lgtupbic  M S o n  wexe c l o ~ l y  
detl'rrnlnnl. Cell€ 

5H4O. Swth- 
Collector. 

5x41 1 
rniitboi 

6812, E 
Collrctor. J. B. : 

TI or, J. #I. merue+ Jr. Lnr.3 
side of rallry of h'ahon ~ i v e r  abont 1 mile northmat of Yukon aver .  

d. D. hreta;P. Jr., 1 9 2 . ~  
'ukon Itiver, aouthwcvt bank n W t  th narters ot a mlle d o r m t m  from 
Con1 Creek: Collector. f. kt. Mertle, ~rm5. 
loatheant ~ i d e  of vnllpy aI  SatIon Itlluer about 6 m l l ~  northWt at ?hlkolk RiVOF. 

bl~rtie Jr ICi2.-#. 
rf l h k t o r h  t11;it EBW the rnounhln 4% miles Irl. 411' m. from mouth of 

~ountda Collector J. B. Mertie, Jr. 1930. 
lut caoa'tlm mouada 4% milee N. 4d" E. f~ mma 

6Ft43a. Base c 
Tatonriuk Rirer. o ~ i  west flanh of m 

nS4::b. Vp *r part o I  lin~r~srur~c l t  
of T:>tandnhkiuer. Co l lw~nr ,  9. H. Mcrtle, Jr 

en I:,, Sandelone and rouglonlerate )rubnbly 
2 ~ I ~ I P R  ennt northeast of rr~nuth OP dntunduk 
Collcrhtor. A. G. \\-atera, Jc., 1W0. 

The determinations 0.5 all these fofossils, except a few of the ear& 
collections, have been made by O. H. Girty. .& with the fauna of 
the Calico BIuff fomrakion, OIrtyL work has been more in the nature 
of a rapid reconnakanm study, with the idea of learning the age 
cd the fossils, rather than a detaited stndy involving the dehrmina- 
tion and description of new species. Many species, in fact, are new, 
and the fauna is appmntly more closely related to Asiatic than  to 
North American Permian fsunas. Nevertheless, 68 genera and at 
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least 135 species have k n  mognid. This fauna was believed 
originally to be of Pennsylranian age, but is now a&ned by Girty 
lu, a horizon low in the Permian. Farther north, along the inter- 
~lationd boundary, the higher portions of this formation are prob- 
ably preserved and may be expected to yield a mmewhat different 
f&rna. . 

TRXABBXC BYSTEM 

In the, Yukon-Tanane region, as practically everywhere else in 
Alaska, the only part of the Triassic @em present is the Upper 
Trimic, and even the Upper Trinssic rocks are found only at  two 
general lmalities. One of these is at the mouth of the Nation 
River, where ths Upper Triassic rocks adjoin the Tahbndit l ime 
stone on both sides of the Yukon River. Twelve miles farther up 
the Yukon the Upper Triassic roch also occur in the valley of 
Trout Creek, southeast of the Tahkandit lim-ne. 

." . 
XmfIOrnY 

, At the Nation River IocaliQ the Upper Wassic rocks am ex- 
pcmd on the sor~thwwt bank of the Yukon, particularly at low 
water. The exposures at  best, however, are intermittent, so that a 
precim stratigraphic section cannot be measured. A tape traverse 
was therefore made along the beach from the farthest point d o n -  
stream at which such rocks are e x p d  lrp$ream to the Tahkitndit 
?irn&n&. These horizontal distances are given in the following 
f abulation: 

Upper Triasafo m b  a h g  Fnkon Rioer o m a f t e  mouth of Ration River 

F w t  
EWslliferons black shale. Strike N. W e  E.; dip 70' 5. 
In downatream part of mtlon but becornerr graduallg less 
nptream. This shale conGina some thin beda of dense 
argillaceouhl Ilmmtone ahat 1 faot thick. Collection 13423- 1%) 

 cover&----,----------^----^---^-------- 720 
Shaly limestone or calcareous shale. Fos~liferons. ColIec- 

tion 1 3 4 2 5 - - - , - - - - - - - , ~ , - ~ - 4 - ~ - - - - - -  40 
. , C~verd,------------~--------, IS 

8hale and a Sfwt bed of blglhy fmaillferoua limestone, from 
which a part of coilectlon 13425 was mnde 12 

Imperfectly eqmsd bituminous a hnle ~ n d  I irnestone ahwing 
so many rerersals of dip due to  numerous small folds that 
it is difkult to tell whether the dip of the formation as a 
whole is dominantly soutberstrrrlrd or northwestward. 
Contains several f oasiliterous from wh let1 Mllection 
I3426 mas rnntbe-----------=------------- - - - - - - - -  W7 
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Fast 
Qrng fwrslliferom thin-berlderl UmePtooe. Btme N. 46" E. ; 

dlp 30* hW. OoEI~ctIrn 13427 17 
Mostly ~werd~;.bIac% shde  Imp~rIedJy--expomd. -B ad- 

JoIrllng tn the southeasrt arc the uppemo~t beds of the 
T~~hkandit l l m t n n e  (lower Permian) H10 

From the foregoing kaverm it may be seen that the U p r  Triwsic 
rocks consist ementially of b l ~ k  bituminous shale, interst.rrrtified 
with thin beds of gray to black limestone. Much of the shale at 
this locality is oil shale, but none of it was tested quantitatively 
for its conhnt of oil, 

At the other locality on Trout Creek the m k s  a m  about the same 
as thme apposite the mouth of the Natioh River? but some of the 
oil shale consists of a mat of closely compressed shells of l'seesdo- 
wwth and HdoZiia. in a shale matrix. T h e  fossils are so nuurnemu9 
and so closely compressed Umt not even the thinnest sliver of shale 
can be discovemd without .the impmion  of R shell u+ it. 

The U p p r  Triassic rocks are soft and consequently present little 
resistance to erosion and m r  mainly in valleys, with poor expo- 
sures. They 'are also incompetent m k s ,  whidl are patrt.iculady sub- < 

ject to deformation. Such conditions make i t  difficult to determine 
satisfactorily their sltructnre. The tmrerw a h r e  given suggePts to 
the writer that these rock are welded into a number of s111u I1 folds. 
with a general northwesterly dip. A nlrrrow cove l~d  zone separates 
the lowest Eppr Trissic m k s  from the highest h d s  of the Tnh- 
kandit limestone, but the two formations appear to agree in strike 
and dip. Nevertheless a depositional hiatus exists btween them, 
for not only the Middle and b w e r  Triassic but also the late Pcrmian 
beds are missing. 

The top of the Upper Triassic sequence is not exysed, asld the 
total thickness cannot be awertained. Even the thicknw of the 
mks here exposed annot be accurately determined, awing to the . 
intermittent croppings. Martin,lr who examined them rocks in 3914, 
estimated the minimum thickneas to be 400 feet, but Blackwelder," 
in 1915, thought that the visible exposures indicated a thickness of 
575 feet and possibly several times as much. 

n7Mmttln. a. C., Tdamle m k a  of A l a e b  : -1. Soc Anh?rlm. Bull., roL n, pp. 701-702, 
1818. 

~glackwelder, Eliot. nnpublinhed notes. 
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Twenty collections of fossils have been made from thew Upper 
Triassic rmh, most of which cmie from the Nation River locality. 
They are listed blow. 

- 4064. Yukon RIver a quarter of a mile northeast of mouth of lrfttion Rfmr. CoIlebor. 
81. b1. Wndle I W .  

8886. ~ u k A n  fiver, southweat bank abwt 1 mile atme Natiaa Rlmr, From s IQ-loot 
t d  of dnrR nonrryetnlline Ilmeatone, which la rohhty  wt more than 60 feet above the 
crynt A I I I ~ P  Permian limestone. ~ o ~ l p c t o r  C; I: R ~ n r t ~ a  1914 

fiItR00-q*n0. Yukon R l v ~ r ,  ~ o u t h w ~ ~ t  ~ K ; I I ~ '  abok~t 1 &11e s b v e  Natlon Rlrer. 8898 Ls 
nboul . % I  fr+t ~trnti%rrphlrally above 8895 ; 8ROi la nhout 10 feet sttRtl ruphIfntl ahova 
8896. HsIkH I R  from oal klonfi r lwr bank betrvwn HROT and 8890 ; 8 8 0 9 5 ~  a b u t  100 fpct 
etrarl#r?~phlrnllv R h r e  8897. Cnllrctrrr. G .  C .  hlnrtln, 1914. 

10?6(1, Ifl2t<7: Trout Creek about 3 miles frorn cs!lliupnce with Yukon Rtvcr. Collector, 
43. In. Mnrtln, 101.1. 

8382. Yukon River, s o n t h w ~ t  bnnk eouthwwt of Natlon Riler. Collector, Ellot Black- 
welder I n l h .  

938d. Tlikon Rlver, m t h w t  bnnk abont 2 mtlea above h'attok Collector, l l lot Blaclt- 
welder 1915. 

aaad. Yukon Rlrer, m t b w e s t  bank o-te h'atlrm Riwer. Collector, Ellot B W -  
welder 1915 

s3&, 9 ~ 7 ,  0388. H l l l ~ d e  one-third of a mile nfn-thmt of mouth oi Natlon River. 
Co]]rt.tor. El lot Blnckwelder 1815. 

a:yn. Trotrt Creek ahont'l mil- from mRnene  with Yukw Rim. M e e t o r ,  P, J. 
allllard of Ea lr Alualin 1915. 
1:112j, 1?1,15t, i3421~. i 342 i .  Ynlmn Rtvmr, southwest bank 2% mil- w m  from 

Nat!<,n. The rClatlvc po-l?IOna of thew four collect!ons ate bven in tbe stmtlgraphlc 
wrtinn, rollector, 3. R. 31ertle. ST., 1925 

134424. S o n t h a t  aide o[ unrley of  om Rlwr near Enbn River. Collector, J.  B. 
Mertj~.  Jr.. 1825. 

M9%37-11 
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These fossils have hen determined by T. W. Stanton, of the 
United States 43eological Survey. All of them are classified as 
Upper Triassic, bat it is *orthy of mention that certain genera 
of ammonites, such as P&i%s, Popmcwm,  Traohyosm, CEid te s ,  
Y m p h y Z Z i t ~ ,  and IVathoP.~~es, occur only in the lowermost bds.  
These ammonites, though accepted by Stanton as an integral part 
of the Wppr Triassic fauna, appear t,a represent a distinctly older 
faunal horizon. 

Upper Txiassic rocks occur at many places in Alaska. Mmhin,lD 
in his general report dealing with these rocb, lists the Nizina, 
Kotsina, md Kuskulana Valleys, Cooper Pass, upper Susitna Valley, 
Kenai Peninsula, west coast of Cook Inlst, Uiamnrt Lab, Alaska 
Peninsula, and Kudiak Island in southern Alaska; Admiralty, 
Kupreanof, and Gravim Islands, in southeastern Mash; and the 
valleys of the Firth, Canning, ~ n d  Soat& Rivers, Cape Liaburne, 
and Cape Thompscm, in northern Alaska. To these should now be 
added the numerous areas of Upper Trimic rocks recently recorded 
by Smith and Mertie in northern &ka,P0 and a still later dis- 
mvery of the same rocks by 5. E. Owens, a prosgedor, in the upper 
valley of the Coleen River. n e s e  occurrences in northern Alaska 
indicate, that a more or less wntinuo~za belt of Upper Triassic rocks 
crhses northern Alaska from the Arctic Ocean to the international 
boundary. These rocks, though correIative with those dong the 
Yukon, differ in that they include a considerable proportion of 
chert. 

~ A C Z P O O B  8Ya- 

The Cretamus system in the Yukon-Tmma region includes rooks 
of both Lower and Upper Cretaceoous age, which are believd to be 
~eparated from one another either by rtn unconfodty or by. s d e p ~  
sitional hiatas. The h w e r  Cretmeous series, as it dso lies uncon- 
lormab.bIy apoa older mb, is a fairly well d e h d  group of rocks, 
particularly in its paleontologic aspect. The Upper Cretaws 
series, on the other 'band, is so closely associated with later m h  of 
early Tertiaq age, both stratigraphically and paleontologically, that 
it has no well-defined upper limit. In this report, theref ore certain 
rocks which, though possibly Upper Gretaemus in age, are in the 
writer's opinion more probably a part of the Tertiary sequence me 
descriW as Tertiary. It is also true, however, that rel&tiv~ly few 
Upper Cretaceous rock are h o r n  to exist in the Yukon-Tanma 
region, and this fact, together with the intimate &ation of these 
rock with those of the b w e r  Cretaceous sequence, renders it im- 

Mrtrtln, Q. C, f watt mcka kt olaalra : G-301. SOC her l cn  Ball., voL 27, p gB7,1918. 
m Seth, P. 8., mu3 M e ,  J. B.. Sr., Oeology snd mined resourtea of northwedern 

Alaska: 0. 8. GeoL Survey Bull. 815. pp. 185194, 1930. 



practicable to describe and particularly to map these mks septtrately. 
In the following pages, therefore, the Cretaceous rocks are described 
coIlectipely, with individual references to localities where the rocks 
are believed to be nf Upper Cretaceous age. 

Lower Cretaceous mh crop out along both sides of the Tukon 
River for 20 miles above end below the mouth of the Kandik River 
(hown locally as CharIey Creek). These m k s  have previously 
hen  described by the writer as the Kandik formation. Thme 
J ~ w e r  Cretaceous rocks: also are known to extend northeastward dong 
Imth sides of the valley of the Kandik River to  and beyond the in- 
ternational boundary. Lower Cretaceous rocks also crop out in the 
Hot Springs and Rampark, districts to the muthwest, as s wide band 
that extends from the lower Tanana River east-northeashmrd to 
the West Fork of the Tola~anl~ River, in the Fairbanh quadrangle. 
The length of this band is a b u t  70 miles, and its width ranges from 
12 to 20 miles. Upper Cretaceous rocks may oceor locally in this 
band, 

UTHOU)(II 

Along the Yukon the Lower Cretaceous kla (Randik formation) 
consist of a monotonous wqumce of black slate and thin beds of 
sandstone. The slates are carbornus,  argillaceous rocks, which 
in some of the thicker beds show little stratification or cleavap and 
am themfore more properly described as argilEites. The usual argil- 
laceolls members are really slates, for most of them show a well- 
deveIoped fracture deavage. The sandstone interbedded with the 
slates is usually much jointed. Plate 11, B, shows a typical outcrop 
of the Kandik formation along the Yukon River above the mouth 
of the Kandik River. 

The sandstone m for the most part in beds from n few inches 
ta 9 k t  thick, but some thick massive beds alm are present. One 
thick bd of this type is exposed along the wuth bank of the Yukon 
just b l o w  the mouth of Glenn Creek. The thinner beds of smd- 
stone are urmallp dark g m y  on a h h  break but weather to a dull- 
brown color, which is probably due to their content of ferrous 
oxide. . They are composed essentialIg of pains of quartz, with 
little chert but mom or less altered feldspar and ferromqgesian 
m i n e d  The thicker beds are inclined to km more purely quartzose, 
and some of them by partial recrgstauization approach quartzite. 
In wests of complex structum these massive beds form exmllent 
horizon markers. 

=Mertic, J.  B., fr., Geolow of the Eagle-CIrcle dlstrlct, Alqblu:  U. 8. W I .  Elorref 
BnU. 816, pp. 13&141. 1930. 
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A few miles upstream from the mouth of the Kandik Rlver, on 
the north side of the Yukon, a p a t  thickness of the Kltndik forma- 
tion is exposad ttb &thd Mountain. me structure here is simple, 
and the elevation above the river wrresponds roughly with the 
strati,pphic thickness, so that a sequenm of 2,400 feet of beds may 
'be observed. The lower fourth of this sequence consists mainly of 
slate and thin beds of sandstone, but the upper three-fourths is 

- 
composed of sandstone, grit, and conglomerate, the conglomeratic 
beds becoming mom noticeable toward the summit of the mountain.' 
In t.he lower part of this section the interbedded slates, with a 
fracture cleavage, lie between the jointed beds of sandstone. This 
fracturing js well i l l u s t r r t ~  in plate 12, A: Higher in the section 
the conglomarate is fairly fine grained and might better be de- . 
scrihd as grit, though pebbles as large as 3 inches in diameter were 
n M .  The pebbles are subsngdar to rounded and consist of qnsrte, 
chert, slate, and fragments of other dark-colored &, possibly in . 

park of volcanic origin. Except for their fine grain, these; con- 
glomeratic beds do n& differ ewntially f m some of the Tertiary 
conglomerates along the south side of the Yukon, and it is p i b l e  
t h a 0  they may in fact mark the base of the Tertiary sequence, 
though thia seems unlikely. 
Jn the R~mpart and Hot Springs districts the h w e r  Cmttwwus 

rocks omur in the vicinity of ofmitic intrusions, and therefom some 
of them t how marW thermal metamorphism. Local dynamic me&- 
morphiam that is related genetically to  the granitic intrusions has 
also extensively mbdified the character of these mcks at certain 
localities. The leastaltered md structurally simplest of the Cre- 
tacm~is mck in this western b l t  am found in the country that lies 
between the headwaters of Hutlinana nnd Hutlitaha Creeks. 
In the headwater region of HutIinana and Hutlitakwa Craeb 

L w e r  Cretaceous pocks form practidiy a rnonoclinal sequence, 
striking nodheaqt and dipping southeast. At the head of Hutlinana 
Creek are three prominent exposures of the massive quartzite, two 
of them between the head of Bear Creek and Hutlinsna Creek and 
the third forming the country rock of the high dome between the 
heads of Bear and Applegate Creelts. The last, which is also strati- 
graphically the highest of the three, extends southwestward down 
the ridge between Goff and Cairo Cmks, The two lower e q o -  
sures occnr on the ridge between Giro and Ratlinrtna C& and 
&end southwestwad to the northwest side of the HutIinnna Vu1- 
ley. A fourth outcrop of quartzite flanks Wolverine and Elephant 
Mountains on their southeast sidw and appears on a prominent knob 
west of Deadwood Creek, extending thence southwe~tward down 
$he ridge between Pioneer and Eureka Creeks. This is believed to 
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be the lowest of these four quartzite outcrops and is close to the base 
of the Lower C d a m u s  sequence. 

These ridge-forming members form reliable horizon markers and 
could be mparately mapped. These quartzites range in color frorn 
creamy whih to very dark gray, but the gray appears to be the 
usual color of the unrnetamorphmed and unweathemd varieties. 
They are hard, vitreous rocks, composed of p i n s  of quartz and rela- 
tively free of other minerals. SuperficiaIly, them rocks resemble 
quartzites, but except where they lie close to granitic intrusivea 
they are not recrystallized to any considerable extent. Petro- 
graphically they might better be called well-indurated qurtl.tzoae 
sandstones, but th.s term "quartzite" seems more applicable. h 
these quartzites marine fossils have been found. These rocks form 
the tops of ridges in this area and therefore constitute most of the 
visible crowings. Between the quartzitq howover, argillites and 
dstw crop out at  favorable localities on the hillsides and in the 
valley bottoms. Such rocks, in the unmetamorphosed zone here 
considered, are dark-gray to black he-grained argillaceous rocks, 
in which the original badding is more likely to be marked by a 
b d e d  stmeturn than by any pronounoed parting along the bedding 
plan-. A slaty cleavage that cuts across the folded bedding planes 
is developed in places, but the r d s  in general are not recrystallized. 

Southeastward from the head of Applegate Creek to Wiggerhead 
CPeek the ridges become lower and croppings more scarce. Few 
r& in place may be seen in the valleys, but on the ridges 
the country x& is suficienUy well expoeed to show. that the ridge- 
forming roclcs change abruptly to mft dark-gray, brown-weathering 
micawus or argillaceous sandstones. These rocks, as compared 
with the quartzites, are thin-bedded and grade into sandy sh~les. 
They do not mist weathering to the same extent ISS the quartzites, 
and the ridges which they form are therefore Iow, are relatively 
,flab-tapped, and show rubble rather than prominent rock ledges. 
These rmks probably lie stratigraphically above the quartzite and 
slate that occupy the stretch from the head of Applegate Greek to 
Elephmt Mountain and are likely to prove to be Upper rather than 
Lower Cretaceous. 
In a hlt that extends southwestward frorn Quail Creek to the 

Tanana River the country rock has been intruded by granitic rocks 
a;ld has ban altered by both dynamic m d  contact metamorphism. 
This belt is but rt few miles in width near Quail Creek but widens 
ta 12 miles or more near the Tmana. It includes the granitic in- 
trusive at Wolverine and Elephant Mountains, Hot Springs 
Dome, and Roughtop Mountain and the mineralized zones that con- 
stitute the mining areas of Quail, Eureka, Sullivan, Woodchopper, 



and American Creaks. Throughout this belt b w e r  Cretaceous 
rocks constitute most of the country rock, but some 'CTpper Cre- 
tsceous rocks are known to exist in the vicinity of Wolverine and 
Elephmt Mounhina. All the Cretaeeow rocks in this belt have 
suffered local dynamic nnd thermal metamorphism and therefom 
differ in general appearance and character from the rocks in the 
heztdwator re* of Hutlinana and HutIitakwa Creeks. 

Wolverine Momtain is the dominating topog~aphihic feature of the 
Quail Creek area. The core of the mountain is an intrusive mass 
of granitic rocks, and the heat and pressure attendant upon the 
invasion of such rmks have produced marked changes in the Cre- 
Samus  rocks. The quartzom sandstones show a considerable de- 
gree of rscrpstallization to true guartzitic rockg and the argrllaceous 
mh, particularly near the contact, are baked, hardend, and m- 
cryWized to several varieties of hornfeh and related rocks. Some 
of the altered argillaoeo~lsr rocks are m e ~ l g  spotted or nodular, mch 
spots eppearing under the rnicrosmpe only as carbonaceous clots in 
a h e  groundmass showing incipient mxystnlliaation, Closer to. the 
p i t i c  rocks are found hornfels in various stages of recrystdliza. 
tion, from he-grained r d s  to phanemrystalline varietiw with 
good-sized flakes of biotite. The common minerals of these hornfels 
and tcknotenschiefer' are biotite and quartz, but andalusite and lqa- 
mite homfels are also present tn s small extent. 
The Wolverine Mountain area is also worthy of special note h- 

rause it is one of the two o t  t h m  areas in the Yukon-Tanana region 
where Upper Cretaceous rocks have been identified. Such rmks 
occur on the south fork of Quail Creek, along the southeast side of 
Wolverine Mountain, but h ~ v e  also been identified by t h e  writer on 
the north side of this mountnin. According to Prindle,Be the section 
along tha southeast side of Wolverine Mountsin mnsists of 10 f eelj 
of local conglomerate overlain by a few hundred feet of massive 
black smdy shale and fine-grained black shale. The conglomerate 
is composed of pebbles of quartzite and black slate, A mall amount 
of similar conglomerate wlrs'atsa observed by the writer at  abotlt 
the same Eoeality. On the north side of Wolverine Mountain nt  
1- six gulches d b  into the main fork of Quail Creek, the larg- 
E& of which enters Qaail Greek about 1% miles above its forks. On 
the spur just east of this gulch, beginning at  an elevation of 3900 
feet and extending up to the intrusive contact, are found beds of 
black carbonaceous sandy argillite and shale, in part massive and 
in part thin-bedded, that also contain Upper Cretaceous plants a n t i  

jnvertebrates. Below the elevation of 3,200 feet, however, massive 

=Madlo, L Y., d. ~ 1 0 5 k  t c ~ w u a i ~ n c e  mi B e  Fairbankn qundmngle, Ah-: 0. B. 
W I .  Survey Ball. 825, pp. 47-48, IBf3. 
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quartzita and slab, containing AwIIQ. and other h w e r  Ctaceous 
invertebrates, extend northward down the s l o p  to Qnail Creek. 
The rOGXGS containing the Lower Cretaceous f d l s  slso include some 
sandy M s ,  which are also in part carbonaceous, with irregular- 
shaped concretions and rippIe marks. One thin Iayer of sssndy shale 
was observed to have impressions of invertebrates on one side and 
ripple marks on the other. A few pebbles are also found on the 
hard vitreous quartzites. A11 the dab therefore indicate that the 
AumUa of these Lower Cretaceous rocks lived in a near-shore, shal- 
low-water habitat. It should aIso be emphasized that most of the 
Cretaceous, rocks surrounding Wolverine Mountain belong ta the 
Lower Cretaceous horizons. 

The rocks about Ejephant Mountain are essentially similar to  the 
Lower Cretaceous rocks about Wolverine Mountain but dm include 
plant-bearing beds that have been determined to be of Cretaceous 
age. The quartzite west of Deadwood Creek has already been de- 
scribed. This is believed to be of Lower Cretaceous age. At or near 
the base of this quartzite, at the head of Pioneer Creek, the country 
rocks are mainly argiIlite and bIack slate, but associated with these 
rocks are some quartzita and c~nglomerah, the latter a puddin~tono 
with quartzitie matrix. At the contact with the granitic rocks of 
Elephant Mountain more of this conglomerate is exposed. It con- 
sists of pebbles as much as xveral inches in diameter, of qurtzite, 
chert, vain quartz, and limestone, cemented by quartzite. In the 
shaly rocks interbedded with this quartzite conglomerah, a rather 
poor collection (22AMt79) of Cretaceous pIants was found. This 
quartzite conglomerate contains no pebbles of granitic rocks, and 
its contact with.the granitic rocks is unquedionably that of a sedi- 
rnentary h d  invaded by an i n e m .  

Between the southwest end of Wolverine Nmntain and the head 
of Minook Creek the C r e h m s  sequence consists mainly of a black 
graphitic argillite that ohangss in places to a black slate. About 3 
d e a  southwest of FJephant Mountain, however, these argillaceous 
rocks give place to another band of qutartzite that continues west- 
ward around the head of Boston Creek. A zone of displacement 
and shearing i s  balieved to continue southwestward from Elephant 
Mountain, md as both argillite and quartzite Iie to the northwest 
of this shear zone, they cannot be correlated exactly with any of the 
beds previously described, The quartzite dips steeply northward, 
however, and is therefore beLieved to be equivalent to one of the 
four southward-dipping quartzites so~~theast of Wolverine and 
Elephant Mounbins. 

Northwest and north from Elephant Mountain the dip of the 
Cretaceous rocks is reversed to the northwest, and some of the beds 



cmmrhg southeast of Elephant Mountain are repeated. At least 
two well-marked outcrops of quartzite are present in this area, one 
of which extends northeastward as a prominent hogback as far as 
the head of Miller Creek. The general character of the rocks is the 
same as those in the valley of Hutlinana Creek. 

Eureka, Pioneer, and Rhode Island Creeks and their tributaries 
constitute a large part of the Eureka mining precinct. These ci.eeks 
lie in the zane of shearing that extends southwestward from 
Elephant Mountain, and the Cretaceous rocks in this area, have been 
materially altered. Thus on Eureka. and Pioneer Creeks the bedrock 
is largely phyllite and slate. At one place on Doric Creek, a tribu- 
tary of Pioneer Creek, mining operations show i bedrock made up 
essentially of phyllite, in which are scattered reefs of dark-gray 
quartzite. One of these competent quartzite beds is closely folded 
into an almost recumbent fold, and another is cut by a quartz vein 8 
inches thick, which was subquently faulted. At other placea on 
Pioneer Creak, where placer mining has- bared the bedrock, it is 
found to consist of sheamd smdstone, ssandy phyllite, and slate, 
cut by quartz veins and nohbIy pyritized and iron-stained. Again, 
on the point of the spur between Pioneer and Alameda Creeks the 
bdrock where expmed by placer mining ismade up of phyIlite and 
argdlite in a highly altered condition, cut by quartz stringers and 
greatly fractured and iron-stained. A description of the bedrock on 
Rhode Island Creek would rnereiy duplicate that above given. It 
is evident that the country rock in the Eureka precinct is mom 
metamorphosed than that on the headwaters of Hutlinana and Hut- 
lihkwrp Creeks, but fragments of marine f o d s  found in the basins 
of Eureka and Rhode Idand Creeks prove that this alteration is 
due not to difference in gklogic: age but to local dynamic 
metamorphism. The mineralization that made Eureka and the 
neighboring cmh a gold placer camp was also related geneticalIy 
to t h w  dynamic disturbances. 

We& of Baker Creek the altemd mne widens to incItlde almost 
the entire width of the Cretaceous rocks. This is due ta the fact 
that two granitic intrusive bodies, one at Hot. Springs Dome and 
one at M g h t o p  Mountain, have invaded the countq rocks, pro- 
ducing thermal and dynamic metamorphism from two d m .  The 
hills in this area made up of Cretaceous rocks are low, and even 
the ridges are covered by residual talus, so that ouWops are few. 
Thermal alteration is best seen along the intrusive contact, near the 
summit of Hot Springs Dome, where the country rmk co~lsists 
mainly of spotted and nodular schists, in some of which andalusite 
has developed. Sheared quartzitic sandstone is also p m n t  at one 
locality along the north contact of the intrusirn rock, and west of 
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the summit of the dome some sheared conglomerate occurs, ~ h i l a r  
to t.h.hat found near the intrusive contact' a t  Elephnnt Mountain. 

Along the north bank of the slough f rorn the tnwn of Hot Springs 
west to the Tanma River the altemd Cretaceous rocks are well 
sxpused. The c o n M  with the intrusive rocks lies from half a mile 
to a mile of the slough, so that the dkrstion in t h e  croppings 
is due more to dynamic than to thermal metamorphism. These 
mh c o ~ i s t  dominantly of phyllite, with somewhat less slate and 
arp;illite and a minor proportion of quartzite. The quartzite m n r s  
in beds a few inches to 2 feet thick. Where this slough joins the 
Tanana River excellent exposures show that these beds are so closely 
folded and apprassed that the folds themxlves am hardly noticeable, 
the rlominant structure being nearly vertical Some of the phpllite, 
Like the rocks closer to the granitic racks is also nodular. 
Few hard rocks appear at the surface in the mining area btween 

Sullivan and Woodchopper Creeks, but scattered exposures and the , 

observations made possible by drift and crpen-cut mining show that 
the Cretaceous rocks in this district  re generally similar to t h m  
around Eureka and Pioneer Creeks. Phyllite, slate, and quartzite 
are the common varieties, and thermal effects are absent. Farther 
north, however, in the head of Boulder Creek, hornfels is developed 
around the margin of the Ror~ghtop intrusive body, but the thermal 
effeds appear to be mnch less than eround the Hot Springs Dome. 

hother occurrence of Upper Cretaceous rocks hrms been dewribed 
by Martin:$ along the southwest bank of the Yukon River a sI~ort 
distance below the mouth of the Seventymile River. These rocks 
consist w n t i d l y  of alternating beds of mndy shale and sandstona? 
with some beds of conglomerate as thick as 10 feet. These mks con: 
tain plant fossils that have been determined to be of Upper Crsts- 
ceous age. Xot far weat of thase rocks, however, and<probably adjoin- 
ing them is a great thicknessof Tertiary rocks, On tlre p 1 a g i c  map 
that accompanies the present report these Upper Cretaceous rocks are 
included with the Tertiary sequence, because their areal extent is tm 
&mall and too indeterminate to warrant their-separate delineation. 

The Lower Cretaceous rwks along the Yukon River are consider- 
ably deformed, though most of the folds are of the open type and of 
large amplitude, so that for wnsiderable stretchas along the river 
the structure appears to be essentially homwlinal. In places, how- 
ever, the rorks have r &p dip, which when eonsidered in relaticm 
to the open folds suggests same unmmgnbed faulting. Along the 

-Mnrtl.n, G. C, Ths M W C  mb-pb @I u: U, 3. W L  S u r ~ e g  Bull. 178, 
887-380, 1928. 



west side of Rathul Mountain fbm rocks dip southe&ward, but 
at  the erst end they dip x~ofLhwsstward, suggesting that this moun- 
tain is  the site of a gentle synclind basin. As this mountain rise& 
2,400 feet above the river, and tha dip of the rocks is low, the total 
thickness there exposed may be nearly 2,400 feet. The top of the 
sequence, however, is not exposed. 
'In the Rampart and Hot Springs district the structure is more 

coanpla, particularly so in the vicinity of the granitic intrusi~es. 
A section from ths head of Miggerhead Creek to the mouth of Chap- 
man Creek, passing through Elephant Mountain, shows one o p n  
anticline, which is invaded along its axial zone by granitic rocks. 
The structure is broadly symmetrical with mpect  to the zone of 
granitic intrusivas but is areally unsymmetrical because a large part 
of the Cretaceous sequence on the northwest side has bean removed 
by erosion. For this reason the stratigraphic horizons and structure 
that characterize the rocks at the head of Niggerhead Creek have 
no counterpart northwest of Elephant Mount~~in. 

Although this structure is broadly anticlinal, in that the beds dip 
away in both directions from an axial zone, the arch is momalous, 
for the dips are steepest in the axial zone and d8c-e progressively 
in either direction away from that zone. Thm on the southeast 
side of Elephant Mountain, where the stratigraphic sequence is best 
developed, the dips change from a range of " 1 O  to W0 at Elephant 
Mountain to about 40" at the head of Applegate Creek. Extrapolat- 
ing southeastward to Niggerhead Creek, the dips might be expected 
to become even lower, but the few scattered observations that are 
available in this low country do not appear to b a r  out this inter- 
pretation. Therefom, go far as can Im 1eamed by surface observa- 
tioxlq the Cretaceous rocks appear to form a monmlinal sequenoe 
from Elephant Mountain to the head of Applegate M k .  The 
Btructure in the area southeast from the head of Applegab Creek is 
insdciently well known to show whether this monmlinal sequence 
continu& without interruption to Niggerhead Creek, or whether 
reversals in dip mur.  

The present structure of the Cretaceous rocks has been produced 
by three difffernt though related p m - n e r d  folding, fault- 
ing and shearing dong a narrow zone, and intrusion of granitic 
rocks, The grmitic intmives lie along tho zone of shmrhg but are 
not themselves sheared. It is therefom probable that the shearing 
p d e d  the intrusive action. The foIding, however, is not ao easy 
to place in the deformational sequence, but evidently it had some 
dose genetic relationship to the shearing and intrusiie ~ITWSSS, 

bemuse these were 1wJBed alwg the axial plane of the folding. 
If it is assumed that the regional folding occurred principally dur- 



CRETACEOUS SYSTEM 165 

ing one d.eformationa1 cycle, it seems that any one of the five f ollom- 
ing hterpmtations are possible: 
1. The folding may h v e  preFederl the shearing. 
2. The idding may have been contempornnewa mlth the @hQn~lng. 
3. Tlie foldng mng have iol la\v~l  the shenrlng but preceded the intrusion. 
4. The iolcling may bave been contemporamus wltb and caused by the  

intrusion. 
5. The folding may have fo1lowJ the lntmiw. 

If the regional folding took place after the intrusion, without a 
wusative relationship, the localization of the axial plane along the 
line of shearing encl intrusion w w l d  have been s fortuitous and 
altogether unlikely event. On the other hand, thc granitic intrusion 
can hardly be regarded as the must?. of the folding, for this e m s  
inadequate to account for the deformation observthle in the Cre- 
tacews rocks 10 miles or more to the southeast of Elephant Moun- 
tain. Theaeconsiderationselirnina~ the fourthand fifth hypotheses. 
The second also seems imprhble, for shearing and folding would 
hardly be expected to occur synchronously. The third hypothesis 
seems possible but implies thatt a long time intervened between the 
haring and the intrusive, and this is doubtful. The most likely 
explanation is that the folding tmk place before t h ~  shearing and 
intrusion, and that the axial plane of the anticcline k a m e  n zone 
of wedmesa dong which subsequent readjustments took place. 

Along the borders of the granitic intrusives the Cretaceous rocks 
have been greatly metamorphased. Tbe thermal effwts of thilis con- 
tact metamorphism hare already been described. In addition to such 
effects, the mks have been p t l y  deformed. The more competent 
M s ,  such as the quarteites, have been tilted to a position approach- 
ing the vertical, and the less compeht argdaceous beds have been 
c o m p r e d  and sheared, producing close folding and secondary 
cleavage. The deformation of the argillaceous rocks is visible 
around the flanks of Wolrerine and Elephant Mountains but can 
best be observed along the slough west of Hot Springs, where B U C ~  

border facies are well exposed. The dominant strike of the rocks 
along Bis stretch is east with a dip of 60" or more to the south. 
Cleavage and local bedding are usually parallel or nearly so. At the 
mouth of this slough the nrgillmeous beds are so closely folded and 
a p p d  that the folds are hardly discernible, only cleavqe being 
prominent. The cleavage at this locality is about vertical. 

The regiond stmct.ure of t . h ~  Cretaceous rocks in the ~alIeys of 
Baker and Sullivan Creeks is indeterminate, as the country is low 
and the bedrock is largely concealed by alluvial deposits and vegeta- 
tion. Scattered exposures along the north flanks of Rot S p r i n e  
Doma indicate a geneml northward- dip, thus suggesting that the 
pr&nt valleys of Baker and SulliviLn Creeks may occupy a b d  



synclinal basin. The main mne of shearing and mineralization in 
this a m  appeam to be localized in this presumed synclinal besin, 
several miles from the granitic rocks of Rat Springer Dome and 
Roughtop Mountain. This condition contrasts sharply with that 
which exists at Wolverine and Elephant Mountains, where the gra- 
nitic intrusives lie alang or near the main zone nf shearing. This dis- 
tribution of the intrusive rocks cannot be explained, but it cormbo- 
rates the interpretation above given that the folding preceded the 
granitic intrusion. 

The h w e r  Cretaceous rock certsinly extend without intemption 
from Elephant Mountain mtheestward as- far as the head of Apple- 
gate Creek, a distance of 7 miles ; and if the squence is ra l ly  mono- 
clinal a, p e a t  thickness of rwks must b represented. More clehiled 
work must ba done in this belt, however, before my specific state- 
ment regarding t h i c h w  is justified, for the stmctum is possibly 
'isoclinal, with many repetitions of the same beds. In any event, it 
seems pmbable that a great thickness of Lower Cretaceous rocks ex- 
ists in this district, amounting at least to 5,000 feet and perhaps con- 
eiderably mom. 

MIB AlOD -ATION 

A considerable numhr of fossil collectiona have been made from 
the Cretaceous rocks of this region. The Lower Cretaceous fossils 
are dominantly of marine origin, but the Upper Creheeous fossils 
include both invartebrates and plants. Several coIlsctions that were 
considered to be indeterminate were a h  obtained, and although this 
materid adds nothing to the howledge of this fauna, the locality 
descriptions are includd as a matter of m o d .  



m4. Washington Cmek 43 mlln a m  month, CON-r, d. J.  QaUim. 1802. 
2AP216. Kldge about 2 mlks east of head ot Uttle J&wok Crek. C~lleetot, L & 

Prlnalle lQO2 
4~ lm&8a. head at B M e  Idand Cree$. ColWtat L. Y. -Ic, ISM. 
4nP:l:lV. Head of Glen Gulch, between Enreka &d Hhode Island Crealru. Collect~r. 

L M. Prrlndl~ 1 W .  
4aP34U. 34i .  ~ e a d  of QUIOI Run, trlbutaw of Rhoda ruhad Creek. Collector, L YL 

R i t ~ n ~ r  1904. 
~ A P ~ B I .  Retween heads of New York en# MfnooL Creek& Collector, k I. Pllndle. 

1904. 
4AH238. Gravel from Eureka Creek. near month of Boston Creet Collector, F, 5. 

He% 1004. 
37A3. Yukaa BIver, mnthwest hnk, obat  400 yarda below O h n  Creek Collector, 

E. M. Kindle 1UM. 
3TH4. yukdn ICLVW, m h  bank, sttout 1% mlletl below &am m. C O I I ~ ~ O ~ ,  E. hC 

KIndle 19U0. 
3786. rukoa   her, mcrrtb be&, about u mllm a m e  Village. ~ o ~ l w t m .  

10. M. K i n d l ~  1908 
l lAEb.  ~ i d d e  bGttwsen Little Minook and QusU Cree-. COllcrtor, H. M. E&W. 

191 1. 
nn89. Yukon Rtvrr, 8% mllea abve Wauhlngton Creek Collector, Ellot BLc*aelder. 

i ~ i a .  
1HA01. Peak east of upper Annter Creek, a b u t  8 miles southmat of the montb of 47 

1-p. Collector R M Overbeck 1918. 
22AMt8t. n&t' 6 . i  rnilr~ ~ . ' 7 9 "  W. irom mouth o~ ~ a a l l  G W ~ .  contctor, J.  B. 

Mente Jr. 1022. 
2 2 h k t l i ~ .  About 3.T mil- 13. 78' W. from mouth of Quail Crttk. ColIector, J. B. 

Mcrtie Jr., lU22. 
25Ahr207. Yukon giver, mntbnest bank, just below Glenn Creek. Collector, J. 

Uertle Jr. 1825 
25;i!dt22?. Entlt d d e  of  Wdehapper  CFeelr, about 1 mile from PWII River. Collec- 

t o r  J. l3. Mcttlr Sr. 1925. 
~ 1 ~ ~ f i 2 7 .  (:rive1 ;a McCaskep Bar. between Eamka and Alameda Creeks, ColMtor. 

J. 11. W P T ~ I P ,  .IT.. Ina i .  
3tAMtI54 lW. Aborit 8.7 R. 78. W. hut month at hall,  Creek &me ' 

22AMtT18. 'tollwtor, f. B, Mertle, Jr., 1W1. 

H - . **....... ............... 
Nomla up ..........---.-.-..--...,.....-..-,-.---. 
Nmdon # t ~  .....--.-----..-------...--..---+-++. 
Cuatllaa np ............................... *atll.atll**atll-. 

I n m u 9  rrl. L Isbbtw BFblotbelm ............... 
P- up. .......................................... 
Phmrnys sp.- ............-.- mmmmmmmmmmmmmmmmmmm 

L n h a  sp ........................................... 
h'stica sp +....-.....-......-.-.---.-..--........... 
PaabydiW UP ..,-.,.......__----------------*-.. 
S u e h y d i x d  rrp ....-..........,--------.---.--+. 
C ndetermined smmomlta .....-------------.----.-. 
7-1. htbamt m r  of Wolvem LlWntala. 2.6 mum 19. 58' W. of mouth at 

Qumli Creek CoirecEor I* M. Prindk 1W7. 
7&.p!!&. Mdge on nkt aide of $ouh Fork of Quail Cre& Collector, S, M. Mn&+ SrYn --. - 
TAW@ East ddt of h v t h  Fnrk nt *all Creek Collector t. M. mnm. 1m. 
8800. &th Fork of Quail Creek. a W t  I mile abdve fa*. h m  m 3hPZr8. C o l l ~  

tor t; C BIulSn 1914. 
z'zabItio5a. ~ d o n t  3.1 mUea 8. 89. W. R.irom month o t  -it M coi~cctor, J. a 

Yertic,  Jr.. 19'22. 
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Upper Cr@acemr plants f m  rum-Tonants wgim 
d ,, J r f  d 

11155. Yukon Rlver, 26 milen befolr YIsslon Cm&. Colleetor 3. E. I m. l89fl. 
2873. Yukon Iliver. muthwest bank. 2 mllea below month of bren&Rtrer. 431- 

lector A. J. Colller 1002. 
324's. Yukon k i v k  southweut bank, last Mow moo& ot k w ~ ~ t y d h  Bier. O a W  

tor Arthur Aolltck 1903. 
4 8 ~ 3 0 8 .  ~outhwkat  spur of Wolverine YoanhLn 2.9 miles 8. 68. W. ot mcmth of 

Q u a  Prcekh ~ levn i ion  about 3200 feet. ~ortector' L M. Prlndle. IsW. 
7~&3, hear Wolverine ktoAntsln ( 1 ) .  ~ollcct& L M. Prfndl 1Wb 
74P271. Bourb~ast q w r  o l  Wolverine Mountain,'2.& milea S. 38"  W'. nf morrth d 

QbnI Creels. Collector, L. M. Priodle, 1807. 
R816. Yukon River, southweat bank. at mouth o t  dmw 1% miles blow 8ewntgmm 

River. Vollector, C.  C .  Marlin 1014. 
7407. Same au  6815 ~ollt&or B. C. Ynrttn 1919. 
7408, Yukon Rlrer 'southw~st hnk,  half a h e  below next gulch below Seventymile 

R l v ~ r .  Collector G .  'c. Martin 1919. 
22Ahft70. ~oufhrast  Bank of'~~ephant Hmtsln,  7.7 mUea H. 44' E. of Ohm. C o U e  

tor .I. B. Merttc Jr. 1922. 
$2~~t105b. ~bout'B.1 miles S. 89* W. from mouth of Qmil Creek CoUector, J. 5. 

Hertie, Jr., 3022. 

Among the Lower Cretaceous fossils several q u i r e  explanation. 
C W r i t e a  W EichwaId h a form that has baen loosely referred 
ta the lbclene, but in reality its: age is unhown. It may perhaps 
haw a mnsidembls stmtigraphic range. In this district it happens 
ta occur in rmks that rare d&nitely known to be Lower Cretaceous 
in age m d  has therefore been included with the other h w e r  Cre- 
taceous fossils. Collections 4AP338a, 339,340,341,346a, and 4AH278 
are listed as indeterminate, owing to the fact that so little was Emawn 
of the 1-1 stratigraphy 30 years ago. In realitg, these collsctions 
appear from original nabbook data to have been obtained from the 
quartzites of the Lower Cretaceous rocks and probably m p m n t  
the macerated remains of small pelecypods like Awe&, similar to 
those found in some of the later collections. Hess states in his note- 
book that collection 4AH278 wss taken from "bou1dera of calcareous 
sandstone carrying many fragments of shells." Material similar t o  
these collections was observed by the writer on McCaskey Bar, in 
the Eureka' district, and constitutes the undetermined material of 
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collection BAMt12'1. No one familiar with the habibt and appear- 
ance of A w &  in the ZIower Cretaceous of this district would doubt, 
.however, that the latter collection, though specificaIIy indeterminate, 
represents t k  AweLbbearing beds. The conclusion that is de- 
rid from these so-called indeterminate collections is that the coun- 
try rock on Emka Creek and its tributaries is really of Lower 
Crehce~us age. No fossils have been found in the country rock of 
Baker, Sullivan, md Boulder Creeks, nor on Bean Ridge, but the 
assignment of the muntry rock in these areas to the Crehceous b 
materially strengthened by the presemation of Awenu sp. as far 
west as Eureh Creek. 

The Upper C m t m u s  fossiIs present the greatest problem, be- 
cause the occurrence of rocks of this age dong the flanks of Wo1.rer- 
ine and Elephant Mountains is not in accord with the appamnt 
regional structure. The invertebrates of collections ?AP2Tl,278, and 
279, supplemenhd by similar fossils in 8900, form the basis for the 
recognition of Upper Cretaceous rocks in the Rampart district. With 
regard to the Prindle collections, Stanton in 1807 made the fo1E.o~- 
ing statement: 

These fwi l s  evidently all belong to prnetlcally a single h o h n ,  whlch is eon- 
fldentb referred to the Upper Cretaceons M y  firat Impmdm that several 
of the fossils were qecMcally Identical with toms that have been collected on 
the Yukon River at Bishop Rock and near Nulato Is not d r m e d  on cIoser 
examination, but I believe that they are of practically the same age. The 
species of Iwarnw is very likely one thnt has been previously found on the 
Y-n, but the spwimena in the present coII&ion are too imperfwt to nerve 
as the basis for a positive Identiflc~tlon. m e  mod imgortant forms are 
ammonites, which make up the bulk of the collwtlon and whfeb I have referred, 
in some cases doubtfulln to the gmna Pachudi8m&r. These are unqnmtionably 
Upper C*etaceon# Qpes. 

The pImt f d l s  are very indefmite. ColIsctiom U P 3 0 6  and 
7APBtl were originally referred doubtfnIly to the Eocene, and coI- 
lections T A B 6 3  and BAMt105b were not considered to justify an 
age &gnment. Colleetiw 22AMt'19, from Elephant Momtam, was 
definihly ~h&gned to the Cretaceous but not specificdly ta either 
the Upper or Lower Creheeous. These plants come fmrn the same 
beds that yielded the Upper Cretaceous invertebrates and are there- 
fore here assigned to lthe Upper Cretaceous, though in mality this 
amignment is based more on lithologic than on paleontologic 
grounds. 
If the age of the invertebrates is as 'certain as statad by Stnnton, 

it is necessary to conclude that Upper Cretaceous rocks form part 
of the sequence around Wolverine Mountain. It has previousTy been 
shown, however, that the sediments at Wolverine Mountain strike 
nearly east and dip steeply north on the north side of the moun- 
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tsin and steeply sonth on the south side. Such structure would ap- 
pear to indicate that the oldest rocks of the Cretaceous series might 
be expected at this locality, but the f mils, on the contrary, appear 
to indicate that Upper Cretaceous t&a flank the mountain 011 both 
gidesr and are overlain by Lower Crehcmua rocks. Upper C r e t a m s  . 
rocks must themfore be iafolded or infaulted at Wolverine Noun- 
tab, if the fmil determinations are to be acmpted. Frindle's origi- 
nd mapping, also bawl upon fossil evidence, shows a rim of Upper 
Cretaceous d s  encimhg the granitic rocks of Wolverine Moun- 
tain. The structure abve outlined makes this slymetrical distri- 
bution of the Upper Cretawous rocks improbable, but, on the other 
hand, it is diflicult to present a generalized delineation of the Upper 
Cretaceous rwkS that would be comp~tiMe with the stmcture. For 
this mason and a h  because the Upper Cretaceous mks in the 
vicinity of Wolverine Mountain are a minor .part of the C m t a m s  
sequence of this district, the whole Cretaceous sequence has been 
mapped as a single unit. 

Cr&mu& rocks am known F L ~  mmy placeg in Alaska, and their 
distribution, chamter, and fauna have been described in detail by 
Martin." The best-known d o n  is on the Alaska Peninsula, where 
the Lower Cretacleous is divided into two and the Upper Cretaceous 
into three mappable formations. The lower of the two Lower Creta- 
ceous formations, hown as the lgtaniukovich shale, consists of shale, 
-&one, and oonglomerate and therefore resemhlm to some extent 
the Lower Cretaceous rocks of the Hot Springs district. The upper 
of the two b w e r  Cretaceous formations of the Alaska Peninsula, 
called the &rendem limestone, has no likh010gic oounterpart in the 
Hot Springs districk, but its type fossjll, AweZIa maahUi8, is the 
form mo& commonly found in the Huk Springs district. It is prob 
able that AbZhd& h d  a wide gmgrephic r a n g  a d  existnd 
in the Hot Springs district under near-shore conditiom contempo- , 

mneously with the formstion of the Rerendem limetqbne. The 
h w e r  ~ 8 0 ~ s  aea probably invttded interior Alask~ from the 
southwest, land Lower Cmheous sedimentation on the Alaska Pen- 
i n d a  bad W y  been in progress a long time before the upper - 
Yukon Valley was i n u n W .  I t  is therefore likely that no marine 
b w e r  C r e ~ u s  rocaEs contemporaneous with the Staniukovich 
shale am p m t  on the upper Yuko~  
N d  of the Yukun Eiver, along the international boundary, the 

h w e r  4h4mwus rocks have lmn identified by Them 
rmks, as previously stated, pmbab1y connect by way of the Kandik 

a Martla, G. C., The M d c  a-tigmphp of AlanPn : U. S. Qeol. S u m  BaIL 176, irp 
1647K,  1#28, 

LCafma, D. D., The ~nkon:Almb Internntlont~l boundarg, betrreen Porcuplsa nnd 
Xakon RRivem: Canada &OL Survey Mem. gf. pp. 10&-1(1T,lnI& 
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River with thm along the Y u h .  Crwirnes made five collgctions of 
' f a d s  from these rocks, in which the type fossil appears to be Aek 
wno mdcoUjs Keyserling. Still farther n o ~ h  in northern Alaska 
Schrsder found h w e r  Cretaceous rocks on both the south and the 
north sides of the Brooks Range, and hs gave to these two groups of 
rock the designations Koyukuk and Anaktuvuk "series." In the 
recent work in northwestern Alaskam the h w e r  Cretaceous rocks 
north of the Brooks Ranm roughly equivalent to the Anaktuvuk 
group, were shown to continue westward mom or less continuously 
from the Anaktuvuk River to the Arctic Oman, This p u p  is prob- 
ably c lwly  co~mlative with the Lower Cretaceous rocks of the 
Yukon-T~nana mgion. 
In the Chitina Valley of southern A l a h  two formations, the 

Kotsina conglomerate and the Kennicott formation, b t h  belisved to 
be in part at least of Lower Cretaceous age, were descrihd originally 
by RohmPa Aucet7a-bearing shales wem found by Capps at the 
head of the Chiaana River and are also known to exist to thc east, 
nt  the head of the White River. They were a h  found by Menden- 
hall in the valley of the Kelchina River, a stream that heads against 
the Mntsnudra River and 0ows eastward to the Copper River. 

In southwestern Alaska, east of Huskokwirn Bay, rwh of Lower 
Cnhce~us age are included in the group diffemntiated by Spurr 
as t h e  "OkIune aeries." Lower Cretaceous roch am also known on 
Admiralty and Etolin Islands, in southeastern Alaska. 
The Upper Cretaceous mcks of the Yukon-Tmana &on present 

m e  unsulved problems. Their lower limit is fairly well h w n ,  es 
they sppear to lie unmnformably ahve the Luwer Cretaceous se- 
quence, but their upper limit has not been determined. Unlike the 
h w e r  Cretaceous sequence, they appear to contain s m i d a b l e  
iwil flora, indicating the nenr- sher re origin of most of them, and 
possibly rs termtrial origin for some. The overlying Tertiary mks 
are entidy terrestrial, and the close association of these rocb with 
the Upper Cretwus m h  along the Yukon River below the Seven- 
tymile River suggeste that the m-called Tertiary rocks may contain 
a considsmbb unrecagnized Cretaceous sequenm at their h, or that 

* Bcbrader, F. C., d remnnnlsmnm la northern &&a: W. El. -1. Bumcy Pd. Paper 
24 1m, pp. 74-77. 

8mIth, P. S.. 4nd Mertl& J. &. Jr.. -1agp 8nd gmgmpliy of n o r t h ~ r n  Ahuka : 
U, 13. -1. B u m  Bu31. R16, pp 106-201.1930. 
"Rohn, Osesr, X reeondmamce of the C h l h  Vslfey and the IkoM Mormntdm, 

Alauka:  U. 8. W1. S u m ~ y  21at A n a  Rew, pt. 2, D, 431,lQM). 
SPappa, B. R, The CbChl~naa-mtte N v e r  diukict, Nnnta: tr. S. -1. Barre Bull. 684 

p l2, 1916. 
P3tendenhnll. W. C, A remnnalsglnce f m  -on Bay t o  the Tamna Rlver, 
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perhaps the so-called Cretaceous rocks below the Seventymile River 
&re mlly  a part of the Tertiary sequence. Similarly in the Rampart 
district, in the vicinity of TVolverine Mountrtin, the Upper Cretaceous 
Eequence is by no means well defined stmkipphicaIly, and it is even 
possible that some of the so-called Upper Cretaceous m b  may in 
~eality be of Lower Cretaceous age. 

Two general types of Tertinry rocks are found in the Yukon- 
Tanana region. The older of these is a coal-bearing wries, the fossil 
flora of which k considered ta be of Eocene age. h reality, this 
series may possibly also include rocks of O l i p n s  or Miocene age, 
and the sequence is therefom better designated as early Tertiary. 
The younger Tertiary wries consists of uncaasolidated deposits, 
whose age has not. been determined from fossil evidence, but on 
geumorphic gfounds they are Weved possibly to be of late Tertiary 
aga, perhaps Pliocene. In addition to the later Tertiary gravel, 
there are high terraces, with or without veneers of gravel, which also 
were formed in this late Tertiary epoch. The distribution of these 
late Tertiary gravel deposits is definitely bow11 only at  a few 
localities where they have been explored by mining operations, and 
the h o w n  areas are so mall that it has not been feasible to  map 
them separately. They are therefore included on the accompanying 
map with the unconsolidated deposits of Quaternary age. 

EAXLY 'SERTlbBP BOOKS 

The early Tertiaq rocks are found in different parts of this 
ragiw. The greatest area is a belt, from 1 to 15 miles wide, which 
h n d s  from the international boundary west-northwestward to  
Woodchopper C m k  and beyond. In the opposite direction this 
b l t  continues east-southeastward into Yukon Territory for an, un- 
known djstanm. This beIt, in Alaska, follows the south aide of 
the Yukon, but the rocks crop out along the river only at a few 
places. At the west end of the Yukon-Tanana region the early 
Tertiary rodcg crop out intermithntly along both sides of the Yukon 
River, from the mouth of Hew Creek to tha Tamna River. Nmr 
the mouth of Minook Creek they are not only found on both sides 
of the Yukon but also extend for 2 miles up the valley of Minook 
Creak. Throughout the remainder of the Yukon-Tanana region 
early Tertiary roclrss occur only here and there aa isolated remnants. 
One such small area is known along the ridge north of the North 
Fork of Preacher Creek., A smaller area occurs about a mile north- 
east of the; confluence of Fairbanks rtnd Fish Creeks,, in the Fair- 
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bauks district. Several small areas have also been recognkd in 
the vicinity of Chickan, in the Fortymile district, and at the heads 
of the Charley and Goodpaster Rivers, about halfway between 
the Yukon and Tanana Rivers. Two small nreas are mapped along 
the north side of the Tanaua, just west of the mouth of the Tok 
River. 

L f T H W Y  

Where seen south of the upper Yukon River, these rocks consist 
of impure greeuish-gray to almost black sandstone, graywncke, and 
sandy shale, in beds ranging from grit to  coarse conglomerate. A 
short distance above the international boundary, in the hills nurth 
of the Yukon, the conglomerate consists of pebbles from a quarter 
of as inch to 3 inches in diameter in a browllish matrix. The pebbles 
here are mainly vein quartz and chert, with some quartzite, quartzite. 
schist, graphitic phyllite, and decomposed granitic or dioritic mate- 
rid.  This is about the average character of the conglomerate. At 
Some places, however, the conglomerate is coarser, and boulders as 
l~brge as 3 ffee in diameter h ~ v e  bee11 observed. At most localities 
all t h w  rocks are loosely consolidated and therefam, by weather- 
ing, form on top of the ridges grarel depoaits that simulate high 
bnch gravel. In places, however, as, for example, in the valley a£ 
the Seventymile River, them rocks ha\-e been more than ordinarily 
indurated and occur as hard sandstone and conglomerate. .The se- 
quence of rocks in this series, as observed by Prindletz comprises 
shde and mndstone with beds of lignite at the base of the forma- 
tion, overlain by mndstone, shale, and canglomerah, with thick 
beds of conglomerate at or near the top. 

The conglomeratic beds appear ta be the direct though not the 
original source of a part of the gold in the placers of the Seventy- 
mile River and of Fourth of July, Coal, Woodchopper, and other 
c d  along the south eide of the Yukon River between Eagle and 
Circle. This does not indicate that a11 the streams cutting these 
rocks contain worlmble gold placers, and 110 better examples of the 
variations in distribution of placers .from this source can be found 
than the adjacent streams known as Fourth of July rand Crowley 
C M ,  which head in the Tertiary rocks. The former has workable 
gold p h m ,  but the gravel of the latter contains little or no gold. 
No reason exists for beIieving that gold is universally distributed 
in thew conglomerates, for here as elmwhere only certain streams 
or even certain parts of some particular stream draining from a 
mineralized area contain auriferous gravel. Moreover, these rorks 

Prklle, L. M., A geologic reconnnimance of the Circle qaadranglc bhs$  : U. S. GeoL 
Survey BulL 63R, pp. 3 2 3 4 ,  1913. 



have been highly folded ak many plam, particularly in the wne 
south of the Yukon, so that even if the conglomerate I d s  had 
originally carried equally distributed deposits of gold, the gold 
in ths d e p i t a  derived from thea m k s  would no longer be equally 
distributed. 

Between Hesa Creek and the Tanana Eirer the Tertiary sequence 
-shows the same general character. These croppings have not  been 
examined st c l ~  range by the writer but were visited hug earlier 
workers in this district, notably Spurr ~ n d  Colllier,14 from whose 
descriptions the following information is largely drawn. 

Just below the mouth of Hws Creek (originally caIled the W h p -  
per River) the Yukon abruptly changes its course from so~~the& 
to --northwest, thus making pronouncad bend ar loop, on the 
inside of which the Tertiary coal-bearing rocks are exposed. Di- 
rectly opposite the mouth of Hess Creek and for about e mile 
l~pstresrn the early Tertiary rocks  re eqmed intermittently along 
the west bank of the, Yukon, but downstream and on the opposite 
side of the river they are covsred by recent alIuvium. At the north 
end of the section the early Tertiary racks rest without appamnt 
unconfarmity npon siliceous slates and kufls of Paleozoic age. This 
Felration, however, is accidental, for other exposures farther down 
the Yukon and elsewhere in this region show a pronounced uncon- 
formity between the Tertiary and Faleazoic rocks. The early Ter- 
tiary rocks &rike N. 30" E. and dip SOo SE., so that the coal-bearing 
beds opposits the mouth of Hess Creek am near the top of the 
e x p o d  Tertiary sequence. The lower fow-fifths of the &ion is 
m m p d  of fine-grained sandstone, shale, and a small amount of 
conglomerate, throughout which am distribntad f d  leaves, mainly 
of dicotyledonaus plants. 

Another section is exposed from the month of M i n d  Creek up 
the east bank of the Yukon for a distance of 2 miles. The base of the 
sequence is coarse conglomerate, which is overlain by finer-grained 
conglomemh, grit, and interbedded shale. The pebbles in the h d  
conglomerate are from 2 to 3 inches in diameter and consist mainly 
of material derived from the underlying Paleozoic rocks. The beds 
near the top of the seqnence have the same lithologic character 
as those at  ths base but are noticeably less indurated and in plam 
consist of ahmt  inoohemnt smd and gravel. Impnre lignites occur 
at wveraI horizons in th- rda upstream from Rampart. These 
M s  strike about N. 75" E. and vary in dip from 20" N. at the north 
end of thesequence b80" N- atthe south end. (See pl. 12,R.) The 

Spun: Y. B., &elof* of th Yukon @d d M c t ,  A h h :  U. B. Oeol. 1 9 a W  18th 
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section may be at least as thick as that e x p a d  upstream from the 
Il)&w mine, but the two &ioas are not necessarily com1sk;ive. 

North of the North Fork of Pmscher Creek the early Tertiary 
rocks are p r l y  exposed along the crest of the ridge. The rubble rtt 
the mrfm consists mainly of wnglomerata and grit, composed 
mainly of pebbles of chert but including also some dark-gray quartz- 
ite and vein quartz. Pebble as large as 4 inches in diameter are 
visible along the r i d e  top. These rocks are well indurated, and the , 
cmqiorneratic beds naturally form the crest of the ridge, with shaly 
beds probably lying farther down the slopes ta the north and south. 
The early Tertiary rocks in the Fairbanks district, according to the 
description given by Prindle,sS consist of brown micaceous sandstone 
and conglomerah. The conglomerate is composed largely of pebbles 
and fragmenks of =hi& and vein quartz, and the sandstone co~~tains 
ferruginous nodules and indeterminable plant remaim T h m  rocks 
are not well indurated. 
In the two small areas at  the head of the Charley and Goodpaster 

Rivers the rocks are largely conglomemte and nrkosic sandstone, of 
varying degrees of coarseness. The coarsest conglomerate is made 
up largely of granitic boulders, 6 feet or less in diameter, Beds of 
her-grained conglomerate were seen, which alternated with beds 
of shale clontaining plant remains. Mask of these rocks, however, 
are arkosic sandstones, along the bedding plans of which there is. 
msiderable carbonized plant material. These aca well-indurated 
gray rocks cornpod of about equal amounts of quartz and feldspar 
with some mica. 
In the vicinity of Chicken, in the Fortpila district, the early Ter-, 

timy mcks consist of fine-gram cream-colored to  yellowish-brown 
sandstone, drab shale, and M s  of conglomerate. The sandstone is 
l d p  consolidated and contains numerous carbonaceous streaks, 
fernginom ndules, and here and them angular to subangular peb- 
bEes of chert as much as an inch in diameter. The ehale is soft m ~ d  
disintegrates rapidly to clay on exposure t o  tha atmosphere. This 
sequence also includes beds of lignitic coal. 

I On Napoleon Creek, likewise in the Fortymile quadrangle, these 
m k s  unconformably overlie the undifferentiated Paleozoic r&, 
At the base is a 18-foot breccia, composed of fragments 4 inches or 
less in diameter of the underlying green phyllitic rocks, with a sandy 
m .  Above thin is 4 feet of bluish argilEaceous rock, overlain by 
20 feet of breccia, which in turn is followed by alternating becis of 
shale and conglomwate. 

Along the north side of the Tanana River below the Tok River 
them rocks, amording to the field notes of k H. Brooks, consist of - 
6 PrllPdh L. K, op. ddt IRuU. 638). pp- -7. 



176 YUKON-TBNANA REGION, ALASKA 

8 f& of fine pl low sandy shale, which is exposed on the river bank 
m1d is overlain by coarse feldspathic sandstone end conglomerate. 
The grains of the sandstone ara rounded, but otherwise the sandstone 
clossly resembles an arkose and must b close to granite, which is 
believed to be the parent rock. The fine yellow sandy shale contnins 
a few obscure vegetal remains. 

The T e r t i q  rocks south of the Yukon probably present a much 
more eompleb section than those farther down the river, but no 
studies have yet been mads t ha t  are sufficiendy detailed to warrant 
a structural section across this sequence of rocks. In generel, how- 
ever, them rocks south of the Yukon am everywhere folded, and at 
m e  localities they seem to be more greatly deformed than the 
Lower Cretaceous rocks in the vicinity of the Kandik River and 
northeastward, notwitlrstsnding the greater age of those rocks. This 
appsrent anomaly is due to the fact that the region south of the 
Yukon is a province of p t  intrusive and metamorphic ectivity, and 
the Tertiary. rocks lie within or along the e d g  of this province. 
The same condition of p e a t  deformation south of the upper Yukon 
and little deformntion aorth of the river also holds for the Paleozoic 
and pm-Paleozoic rocks, This condition suggests stmngly that the 
volcanism and accompanying metamorphism that wers produced in 
Mesozoic time by the batholith in the Charley River Basin were re- 
newed in the Tertiarg ancl c a u d  the deformation now obsemable in 
these Tertiary rocks. Thk hypothesis is also borne out both by the 
presenca of geni tic rocks of Tertiary age in the Rampart district and 
by the evidenoes of Tertiary mineralization in many parts of the 
y.nkon-Tan mura regioi~, including the Seventymile district. 

Evidenoe of the interim deformation of the early Tertiary rocks is 
found at numepons localities, pnrticuEarIp along the Seventymile 
River, where these rocks lie near the intrusive rocks to the south. 
On Barney Creek, a tributary of the Seventymile, the conglomerate 
beds stand nearly vertical at plam,  and even farther north, in the 
valley of Fourth of July Creek, they are nearly vertical at one 
exposure. Along the south side of the Seventymile River blow the 
falls, where these mcks strike abut  N. 55" W., they dip oonsistentIy 
~outh at engles of 30° to $0' and are highly indurated. Tbey con- 
si4t here largely of sandstone and conglomerate, with some lignitic 
beds, but farther up Crooked Creek from the SevenQmile the bed- 
rmk changw by degrees to soft shale snd s m d s b .  This sequence 
indicaks, if Prindle's interpretation of the order of deposition is 
correct, that t h w  beds along the Seventymile River, though highly 
deformed, trre at  least right side up, the mnglomerat& resting nor- 
mally upon the stratigraphically underlying shale and sandstone. 



Tbe beds of heavy cunglom~rate, however, are apparently dupli- 
cated by folding and crop out repeatedly in the area between the 
Seventymile nnd Yukon Rivers. This duplication of beds by fold- 
ing and perhaps alsa by faulting unquestionably explains the great 
distance across the strike of tlzese rocks from the falls of the Seventy- 
mile to the Yukon. It is therefore entire17 possible that no great 
thichws of rocks exists in this belt, even though the gratest dis- 
tance across the strike is nearly 15 miles. On the other hmd, all 
of the sequence may not be present in that portion of the hlt where 
the distance across the strike is the least. Prindle estimated the 
thickness of the sequence between the Seventymile and Yukon Rivers 
at 3,000 feet. This, it seems to the writer, is a minimum estimate. 
In fact, opposite the mouth of Hess Creek, where the sequence is by 
no means as complete as in the Seventymile district, Collier 8r &i- 
mated the tllickness of the Tertiary rocks at B,Oa) feet. In view of the 
lack of detailed work upon the Tert.iary sequence, it hardly seems 
worth while to hazwd another estimate. 

The rocks at the head of the Cbrrley and Goodpaster Rivers were 
hastily visited by Plindle and the writer in 1911, and little study 
was given to their structure. They am only slightly tilted, and their 
total thichess is estimated not to lm in excew of 1,000 feet. In 
the Fairbanks district the early Tertiary rocks are found only- in 
one mall ares, and the exposures are mainly surface rubble. In 
the Fortymile district the early Tertiary rocks occupy a few small 
areas, and althougll they are fairly well exposed in $am, their 
structure is complex, and the stratigraphic sequence and thi&.ess 
are indetermh~ate. 

The age of thee rocks is not surely determined. Them seems to 
be little doubt that most of them are of early Tertiary age, but 
as already shown, Martin:%  lying upon the paleobotanic deter- 
minations of Hollick, is inclined to regard some of them rocks, 
pticularly those dong the Yukon ~ i v e r  below the Seventymile 
Riverj as of Upper Cretaceous age. It is possible that both Upper 
Cretaceous and Tertiary rocks a1.e included in the sequence hem 
assigned domiilantly to the early Tertiary. 
In dl, more than 30 collections of plant fossils have been made 

by various geologists from this wqwnca of rocks, but moat of these 
have been obtained incidentally, in connection with other geologic 
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work. Fmds  am plentiful, and many and more complete mllec- 
tions could and should be made, for a final settlement of this problem. 
The available material has in went years besn reexamined and 
studied by Hollick~* and the resulb have recently been published. 
In view of this fact, no good purpose would be served by publishing 
the older botanic determinations, as &any of them have been ex- 
tensively revised. It seems advisable, however, to place on record 
the locditiea whem thesa fossils have been collected, and them data 
sre presented below. 

Bpurr 4. Ihew ooal mine, Yulron Riper opposite mouth of Hesr Creek. Collector, 
3. E. s y w ,  1m. 

Rpart 8. Bputbefmt bank ot Yukon River just above mouth of Mlnmk Creek Col- 
M o r n  J. El. Spurr, 180%. 

Bpurr T.  Yukon River between Mlnook Creek and Tanana. CollPctor, J. E. Spun', 
1SB6. 

2kC21. Coal Creek about 12 m i l e  from Yukon River. Collector, k J. ColHer, 1902. 
2ACM. American Creek 100 yards blow cmadng of Eagle-Vntde& trait Collector. 

A. J. Collier, 1802, 
2ACL40a. D m  mal mine. Cullector, A. r. Collier, 1902. 
2AC146. Northwwt brnk of Yukon Rlver 4 milea ugstreern tmm Rampart Collector, 

A. J. Collier, l9fl2. 
!2ACIt31. Eloatheant h n k  of Yukon River about t miles downstream from ItarnPart: 

damp from old tunnel. Collector, A. J. Colller, 1802. 
SAHOn, b, c. Drew coal mine. Collector, Arthur Hollick, 1W8. 
f3AH10. &utheaat bank oP Y u h n  R l m  about 2 miles upatream from Brmps*t. 

Collector. Arthur HalllcB, 1903. 
8AP224S. McDoweU clnlm, Chicken Creek. Collector, L. M. Prladle, 1908. 

- 8hP261. Chicken Creek Collector, L. Y. Prlnale, 1903. 
3bP830, Wotf Creek. trlbutary of 8eventymile River. Collector, L Y. Prindle, 1808. 
3AP338 Branch at  Wolf Creek, tributary of $eventymile River. Collector, L M. 

Prfmllc, 1903. 
8AF34W50. Bryant Creeks tributary o i  kmntymlle River. Collector. L. M. Prlndle, 

1903. 
8AP88Li. Mogul Creek, trlbutarf of Henn-Ue Rlver. I?.ollectos, L. M. Prlablt, 1903. 
3bP4R2.' Mhaion Creek 2 milea above junction with ExceIslo~ Creek. Coll&or, L. M. 

l'rlndle, 1003. 
SAPl78. LfbwtB Cnelt. tributary at O'Brlm Creek. Collector, L M= [.n6le, 1W. 
Kindle l l b .  Ynltop River 1% m i h  above Wventgmlla River. Collector, E. M. male,  

1908. 
Kindle 20. Ooal mhw, Weshlngtcrn keek, 18 miles from Yukon River. Collector, 

1. M. 'KtntlIe, 1906. 
Bennett, 1W8. Drew wal mhe.  Collector, V. H. 3eitnett. 1908. 
Kindle, 42. Nortbwmt bank of Yukon River ubout 20 mile# above Tanana. COT- 

lector, E. Y. Kindle, ISM. 
A t w a d  10. Seventymile R l w  half a mlle below mouth of Mobogal Cr& Collector. 

W. W. AtwooU, 1901. 
Atwoud 11. B v m t  Creek 3 m i h  above: lta mtwth ColIechr, W. W. Atmod. 1907. 
Atwood 14. Drcw d mine. Collector, W. W. Atwood, 1007. 
A t w o d  15. Sswtheaat hnh of Ynkon River upatteam from h p a n  Collechr, 

W. W. Atwood, 1007. 
Atmod 10. Northwert bank of Pukm Bivw abont 10 miled# below Rampart. Weetor, 

W. W. AtrPd .  1901. 
11ABl. hatheant h n k  of Yukon Elver about 1% d m  ugartrsnm mom Rampart. 

Q I J l e e t ~ ~  H. M. Elubo, 1911. 
1UE2: Bolltheaet bank of Yakan Rivet abut  1% m b  upatream from Earnpart, 

about 500 feet ~trotlgmphically above 11AE1. Collector, H. Y. Fdkln. 1011. 



h ddition to the plants, a river mussel (llAE3) was alm col- 
leeted by Eakin from the same beds es lot llAE2. This fossil was 
determined by W. H. DalI as Unio &Ale08 Mayer. 

From an examination of Hollick's paper, it appears that this 
ancient flora includes extinct species of poplar, buttonwood, maple, 
hamhut, oak, hickory, walnut, hawthorn, and persimmon trees, a$ 
well as a markd percentage of subtropical Asiatic plants. Thus in 
one flora, from a relatively small part of Alaska, there appear n 
temperate North American facies and a subtropical Asiatic facies. 
Thig assemblage is in marked contrast to the relativeIy few species of 
spmw, poplar, birch, willaw, and alder that now grow in this re- 
pan, under prmnt sub-Arctic conditions. 

According to both Knowlton and Hollick, most of the Tertiary 
flora of Alaska is of +Arctic Miscene (late Eocene) age. According 
to the same authorities, this flora, while admithd1y mixed b t h  in 
climatic m d  geographic aspects, has a more marked kinship with 
the Fort Union flora than with any other of the Tertinry floras of 
the western United States and Canada. The biologic relationships 
are indisputable, but the geologic interpretation that all the rocks in 
Alaska containing this flora am Eocene may be questioned. A vari- 
ety of Tertiary rocks, some obviously younger than others, are pres- 
ent in interior Alesh, but all are assigned by the paleobotanist to 
the Eocene. Some of the inconaistencim sttendant upon this g~ologic 
interpretation in the Alaska Range have already been discussed by 
the writerafa In the interior of Alaska several Tertiary horizons are 
probably mpresented, and it seems entirely possible that indurated . 
terrestrial deposits ranging in age f ram Eocene to late Tertiary are 
present in this  region. 

This ancient flora throws considerable light, however, on geologic 
conditions that prevailed in the Yukon-Tanana region in early Ter- 
tiary time. The assemblage of temperate pIants similar to our eastern 
United Shtes flora, together with subtmpical plsnte of Asiatic aspect, 
cedainly indicates a temperate climate with a precipitation seveml 
times as great as the present precipitation in this region. 

The earIy Tertiary rocks of interior Alaska, unlike the older 
marine sediments of the Mesmoic and Pdeozoic, tend to have a 
lhmr type of distribution, suggestive of ancient drainage channels, 
and Pn some areas such linear distribution coincides roughly with 
major stream valleys of the present day. Thus, along the Yukon 
early Tertiary rocks are distributed as belts and patches, first on one 
side of the river and then on the other, from Yukon Territory, 
Canada, downstreram into the lower Yukon Valley. With little doubt, 
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' these early Tertiary sediments were laid dawn in a wide valley that 
may be the remote ancestor of the prmnt Yukon. Topographic 
and climatic conditions, however, were very diflewnt from those of 
m a y .  The present plateau of interior Alaska was not dissected 
then as now, the relief was probably small, and the trunk valleys 
were open and swampy. The stratigraphy indieas  a thickness 
for these early Tertiary rocks of the order of 5,000 to 5,000 feet, 
and such a thickness of fluviatile deposits seems incomprehensible 
without the assumption of regional subsidence during the period of 
alluviation. The coal measures in the early Tertiary rocks likewise 
point to wide marshy valleys hhat were developed by regional sub- 
sidence. It is therefore concluded that early Tertiary time in the 
Yukon Valley was characterized by a gradual raising of the regional 
baselevel of erosion. 

LATE TEETIbBY XIEPOBm 

In the description of the present topographic relief in the Yukon- 
'Tanana region, reference was made to a system of high terraces 
that are found along the Yukon River and some. of ih larger tribu- 
taries. The higher of these river bmaces are from 50C) to 1,000 feet 
above the present drainage levels and are believed t o  be of late 
Tertiary rather than Pleistmne age. Beyond Cheir approximate 
elevations, little is known of these old erosion levels, for no detailed 
information is a~ailable regarding the direction and magnitude of 
their gradients, their subsequent defomakion, and other significant 
data. All these rock-cut terraces were probably o v e r l ~  at soma 
period in their history by ancient gravel, but mod of thew gravel 
deplosits have been removed by subsequent erosion, and the terraces 
are  now either bare or are covered only by thin veneers of graveI. 
Little can therefore be learned of the character and age of these late 
Tertiary unconsolidated deposits, except in same particular areas 
where they have been partly pmerved. The Rampart district is such 
an a m  

Unoamlidated deposits of this type, which are regarded as late 
Tertiary, crop out along the ridge tops east of Minook Creek, from 
Hoosier Creek northward to Hunter Creel<; and rernnmta of the 
same gravel also exist on some of the ridge tops between' Hunter 
Creek and the Yukon. On these relatively low ridges, where both 
residual overburden and vegetation occur, it is difficult to determine 
the true Iimits of these gravel deposits, and their extent as mapped 
is based largely upon geomorphic interpretation rather than upon 
obser~ed boundaries. Fortunately these ancient deposits of gravel 
are gold-baring and have therefore been prospected to such an 
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extent that local information is available regarding their major 
distribution and general character. 

Four of the principal rnxumnces of these deposits have received 
locsI names. The largest and economically the most important 
deposit form the & of the ridge between Hunter and Minook 
Creeks. This is called Idaho Bar. A second deposit, called Cali- 
fornia Barf forms the divide between Little Minook and Little 
Minook Junior C m h  and continues around the bead of @e latter 
s t ~ a m .  A third, known as Florida Bar, rests on top of the ridge 
between Hoosier and Minook Creeks. About 2 miles up Minook 
Creek from the mouth of Hoosier Creek is a small creek h o r n  
as Florida Creek. On the ridge south of Florida Cmek, another 
small body of such gravel forms what lias been cdled Macdonald 
Bar. 

Xdaho Bar (pl. 13, B )  is typical of these older deposits. It has 
an elevation of nbout 1,800 feet above sea l e ~ e l  and Is about 1,000 
feet higher than the mouth of Minook Creek. Littb Minook 
Creek, however, has a high gradient, so that the elevation of Idaho 
Bar above the h d  in upper Little Minook Creek is from 600 to 
800 feet. CaIifornia and Florida Bars have about the same eleva- 
tion, bM the bedto& heath  them is probably higher. than thak 
under Idaho Bar, as these bars are believed to have been famed 
upstream from Idaho Bar, in the old drainae system that produced 
all of them. Therefore the thiclmm of these late Tertiary gmmI 
deposits on California and Florida Bars might b~ expected to be 
somewhat I w  than on Idaho Bar. 

AH these gravel deposits aro nowhere exposed to advantage, their 
chmmter is h o r n  only from what IL&S bean found in the prospect 
shafts and tunnels that have been driven. Idaho Bar has been 
prospected ttnd miwd sporadically for 80 years but unfortunately 
little of the mining data have bmn preserved. Hess mentions one 
shaft near the middle of the divide between Hunter Greek and Little 
Minook Creek that was sunk in these pnvels to a depth of 100 
feet. E0 also stabs that in general the gravel of this high hnch 
is frozen and consists of chert, diabasic and metamorphic rocks: 
e n  quartz, heavy quartzite boulders, and some smaller pebbles. The 
quartzite boulders referred to are now known to be derived fram 
the Lower Cretaceous mks that crop out at the head of Minook 
Creek 

A favored locality for prospecting and mining in I d ~ h o  Bnr has 
.heen dong the south side of the ridge, at the head of a small gulch 
that enters Little Minook Creek at the bend. Here the miner can 
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prospect by means of s tunnel driven an bedmk, instead of sinking 
a shaft. One such short drift, driven daring the winter of 193051, 
mes exemined by the writer. The M r w k  a t  this point is'chert of 
Cnrbniferous age, and t.he surface of bedrock h very irregular, with 
abrupt rises and drops, The gravel is of the type mentioned by 

. Eess and is wet1 rounded and ftlirly coarse. In the roof of the tun- 
nel and dsa near hdrocb some boulders as large as 2 feet in diameter 
were observed. 

~rom'  the mouth of this drift to the top of an old shaft nt the 
mest of the divide the barometer shows a differenca in elevation of 
190 feet. This old shaft is said by the present rninem to hava been 
90 feet deep and is pmbrrbly the one mentioned by Wess. The ob- 
vioua deduction from t h m  observations is that the bedrock js about 
100 feet higher at  the crest of the ridge than & the south side, where 
the deposit is opened by drifting. Also the minimum thichm of 
the deposit on Idaho Bar is probably not much over 100 feet, 

A ~ E  AND mmuno1p 

These high gravel deposits are the remnaats of an old -vet sheet 
.that extended mrkheastward from Florida Creek to the Yukon. 
Some of the miners in the Rampart district, recognizing this trend, 
have looked for a southwestward continuation of the high gravel 
along the ridge between Ruby nnd Slate Creeks, but no such e*nsion 
has been found. In reality, the ancient upper channel of Minook 
Creek was abut  where it is now, b l ~ t  in its lower course, k l o w  the 
present site of Eloridra Creek, it drained northeastward to some 
master stream. This condition existed at  rr time when the mgione2 
bsse level was, about 1,000 feet higher than at present. The gravel 
of Idaho, Cslifornia, and Florida Bars was deposited in the lower 
murm of this ancient predecessor of Minook Creek, and has been 
presewed because the lower course of this ancient stream was sub- 
sequently diverted westward to its present channel, The headwater 
gravel, corresponding to that on Idaho, California, and Florida Bars, 
has not been preserved, becauue it waa eroded and dissipated in the 
recent entrenchment of Minmk Creek. 

The gravel deposits of Idaho, California, and Florida Bars are 
now assigned to the later Tertiary on the baeis of &somorphology 
&her than on fossil evidence. Them ancient deposit5 lie so far 
vertically above the Pleistocene depoeits that form the lower benches 
in the present ~ t m m  valleys that they can hardly be called Pleisto- 
cene without b g n i n g  to th& epoch a duration of unwarranted 
length. Furthermore, the Pleistocene deposits of the Yukon Valley 
usudly include, at least in their upper parts, more or leas black car- 
hnmeuus silt, commonly died "muck", and ~ u c h  material is lacking 
or scarce in the high gravel. Another indication of the g m t  ago of 
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the high gmvel is it9 elevation with regard to the gravel of a lower 
e m c e ,  onIy 90 feet above the present level of Minook Creek. This 
lower terrace extends up Hunter Creek, and its mantle of gravel 
and silt is the s a u m  of the Pleistooene mammal remaim, later de- 
scribed. Other fa&m being qua], the gravel of Idaho Bar should 
be much older than the Y l e i s w n e  mammal-bearing sediments. 
These considerations lead to the belief that the high gravel deposits 
of Idaho, Cslifornia, and Florida Bars are pre-Pleishcme. 

These gravel dey i t s ,  an the other hand, are neither much indu- 
raw nor tilted, so that they bear little resemblance to the early 
Tertiary coal-bearing r& i f  this district. Moreover, the folding 
of the coal measures implies a period of deformation following their 
deposition that must also be fitted into tha Tertiary historical e- 
quenm. This period of orogeny has been considered by the writer m 
to have murred either in Oligmene or Miocene time, but if the 
deposition of the coal measures extended into the Oligomna, as the 
Tertiary stratipphy and flora suggest, it is more likely that the 
Miacena was an epoch of mauntain building in this district. Thc 
high gravel of the Rampart district was, of course, deposited Jong 
a k  this priod of mountain building. None of these facts prove 
de8nihly the age of the high gravel, but in the aggregats they 
s u g p t  strongly the late Tertiaq age t~ which i t  is here referred. 

Unconsolidated deposits of Pleistocene and M n t  age cover the 
surface of a considerable part of the Yukon-Tanana region. These 

' Jluvid deposits have not ken studied sufficiently to warrant their 
%para@ delineations, and on the accompanying plogic map (PI. 1) 
they are shown as a single pattern. 

Lack of criticd ds& prerenta a clean-cut separation and mapping 
of the Pleistocene and Recent deposits. First, there exist no marked 
diflerenw in l i tholw that correspond to differen= in age. The 
ancient. gravel deposits of this ~ g i o n ,  so long as they are incoherent, 
look much the same as recent ones; and even t,he carbonaceous silt 
that characterizes the older alluvium has been rework4 by modern 
streams and may be pnesent as superficial deposits thak are quite 
similar to the original material from which they were derived. 
Second, it is impdcab!e to observe stratigrapl~ic mctions of tha 
~llnvinm in a @on where mch deposits have a considerable thick- 
ness. Warn fithe older deposits rn found as alluvial veneers on 
rock-cut termca, their general character and age in relation to 
adjacent deposits may possibly be learned. BUS the Pleidaxne 
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drainage of the Yukon-Tanana region has had a long and intricate 
history, during which there wem developed d d  erwional channels 
that are now filled by both ancient and r~cant pawl .  Sections of 
such d e p i t a  are not visible and can be obxrved only whem under- 
ground placer mining is in progress, Indwd, a stratigraphic sec- 
tion of such deep dcpwit.~ could be obuined only by being prasent 
during the entire bime that II &eft was being sunlt, for the malls 
of such shafts are cribbed us they are sunlr. 

The inexaictness of tho tcxrns "Plei~hcen$~ and "Recent7', IIB ap- 
plied to the alluvid deposits of interior Alnskka, is a third barrier 
to a geologic classification. The term "Pleistocend', in the United 
States and southern Canada, is generally understood to b synony- 
mous with the ice age, but this usage may not be applied in Alaska, 
for the ice age map have begun nt an earlier date and certainly 
persisted longer in Alaska than in more southern latitudes, In fact, 
parts of southern Alnska are now ice-capped and may be said still 
to be in the ice ap. But in interior Alnska even the term "ice 
age" is difficult 0% application, as most of the Yukon Valley, though 
begirt by ice on the north, east, and sonth, has not h n  regionally 
glaciwd at any time during the Quaternary period, and glacial 
dqmi t s  ommr only Imally in the higher parts of the region, so 
that their relations to the early Quaternny deposits of the lower 
vaIleys cannot h detemincrl. 

If the alluvial depmits of the Yukon-Tanana rcgion are to be 
asiiped to e p h s  or smaller units, of different nges, it will have 
fa be done largely on the basis of geomorphic dudy and inbrpmta- 
tion and by extmpolation from facts determined Iocally to more 
widespread generalizations. The czmntial data fir a qmafltial 
d d c n t i o n  of the dIuvial deposits have not been o b i n d ,  but 
certain of them d e p i t s  have evidently Jr bed are still being laid 
down by m n t  stre~lms during the latest gmorphic cycle. Such 
materid, for ppurpos~s of de,script.ion, may ba called "Me allnvial 
deposits"; and all Quaternary material deposited in pnmding.cycles 
of emion may be called "older alluvid dqposik7' Cartrtin of these 
older deposits, however, are of glacial origin, for local alpine glacia- 
tion wurrecl during Plei-na tima on the headwaters of some of 
the dreams that, dntined the higher portions of the Yukon-Tmana 
divide. These deposits have becn locally differentiatad lbnd mappd 
as glacial deposits. In this classification tile older deposib mpm- 
sent an epoch whom c l u h o n  may be soveral thee that reprerated 
by the later deposik But the classification may be d n d  by ld 
descsiptiom of the dder depasi9 that will give an inkling of their 
mlative ages and may l ed  eventually to their proper subdivision. , 
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me Pleistocene epoch in Alaska, as in many other parts of North 
America and Europe, was ushered in by a gradual lowering of the 
mean annual temperature, accompanied perhaps by changes in the 
amount or distribut.ion of precipitation, but with the net resuIt of 
regional glaciat.ion on a large scale. The Slash Range, together 
with southern and southeastkrn Alaska, was intensely glaciated dur- 
ing Pleistocene and probably during early Recent tima Ln f c t ,  
some of that part of Alaska is still covered with great ice caps. The 
Brooks Range, which crosses northern Alaska, was also glaciabd, 
and small remnants of these glaciers still persist at some places. 
Finally, the upper Yukon and Tanana Valleys were extensively gl* 
ciated at the same time. hterior Alaska, however, including the 
Yukon-Tanana @on, was not gltrciabd, except for the Iocal alpine 
glaciation; yet all of this inkrior basin was girdled during the 
Pleistmne by great ice fields on the nbrth, east, and south. These 
neighboring ice fields and the climatic and geomorphic processes 
that accompanied their development must have exerted a profound 
influence upon the processes of erosion and sedimentation that ex- 
isted simultaneously in the Yukon-Tanam region. Quite apart 
from the regional lowering of the mean annual temperature, as corn- 
pared with that of late Tertiary time, them ice fields probably served 
to depress still more the mean temperature of interior Alwh,  yet 
not so much as to induce regional glaciation. The precipitation must 
have been as srnall as at present, or perhaps smaller. Yet the mords 
preserved in the sediments show that vegetation grew, animal life 
existed, and, at lend in the early stages of the glacial epoch, erosion 
and strew =dimentation were as active then as now. The same 
records also show that in the later stages of the glacial epoch, how- 
ever, many of the vertebrates which then existed perished and that 
others were modified to new species that were btter able to survive. 
Similarly in the late s h g g  of the glacial epoch there came into ex- 
igtencle throughout much of interior A l d a  peculiar conditions of 
erosion and sedimentation, which are not yet fully understood. In 
fact, the whole PIeishcane history of the Yukon-Tanana region pre- 
sent,~ many difficult problem of erosion, sedimentation, and stream 
diversion, part of which are functions of climatic conditions, wherw 
others are further carnplicated by regional and local movements of 
elevation and d s p d o n .  Moremr, most of these probIems involve 
interdependent factors, like a complex mathematical equ~tioe of 
several variables and many functions of each of the variables, so 
that a partial solution of certain Imd geomorphic problems leads to 
more dificult Tegional problems. Underground pl-r mining hrlw 
already supplied some of the sssential data, but befare a satisfactory 



general: explanation of Pleistocene gemmorphology can be presented, 
much further infamation wiU be required, particularly the type of 
info ma ti or^ that may be obtained from detailed investigations. 

Six small areas of glacial deposits am shown on plate 1, though 
undoubtedly other areas of morainal material are present in thk 
region. Thm deposits were mapped by PrindEe and the writer dur- 
ing the field season of 1911, and although the occurrence of dpine 
glaciation in this region had been surmised prio~  to that time, these 
moraines presented the first dehite evidence of it, Similar mo- 
rainal meterial may be expected elsewhere in the vicinity of the 
higher mountains along the Yukon-Tanana divide, but this part of 
the region has been little explored. 

The glacial deposits m u r  entirely in the central part of this 
region, on bdh sides of the Yulron-Tanana divide. In this part 
of the region the Yukon-Tanana divide has been controlled largeIy 
by differential erosion and is formed by the harder md more mist- 
ant rocks. Next to quartzite, the p n i t i c  rocks of this region are 
most resistant to erosion, and there fare the position of the granitic 
intrusive3 has to a considerable extent determined the localities of 
g.lacialt.ion. Eve of the areas of morainal depwits occur in or near 
the two large batholiths of granitic rocks at  the heads of the Charley 
and Gdpaster  Rivers, and the sixth lies in a small area of granitic 
rocks in the valley of the Nwth Fork of the Salcha River. The 
western part of Yukon Territory is similady unglaciated except 
for local alphe: glaciers. 

Only the headwater streams along or near the Yukon-Tanma di- 
~ i d e  have been modified by moving ice, but at  such localities all the 
characteristics of alpine glaciation am evident, including cirques, 
hanging valley#, U-shaped lower valleys, and moraines. 

The largest glacial deposit shown on plate I lies near the head 
of Cmcent Cmk,  a. western tributary of the Charley River. This 
deposit is a moraine &out 1% miles long and half s mile wide, 
which occurs at the confluence of two forks of Crescent Creek. The 
deposit is about 400 f e d  thick a t  its upper end and about 100 feet 
thick at  its lower end and is arranged in three or more, concentric 
ridges, of which the outermost, away from the present creek, is the 
largest. The age of this d e p i t  and of the others that resemble it, 
in cornparisan with the older alluvial deposits in the lower valleys, 
cannot b stated with assurance. 

During the glacial epoeb the Ynkon and Tanana Eivers were both 
glacial streams. This is not to say that either or both of these rivers 
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occupied khmughoat the ice age the same channels that they do at 
- . v t ,  for much e ~ d e n m  Is  available to show marked changes in 

their drainage sysbms. But their valleys, at least, were drained by 
major rivers, flowing probably in the same direction as at present. 
Both these streams drained glaciated areas, the Yukon heading in the 
glaciers of Yukon Territory and northern Alaska and the Tanana 
in those on the north slopes of the Alaska Ranp. The tributaries of 
the Tsnma River from the south, particularly in tho late stages 
of the glacial epoch, when the glaciers of the Alaska Range were 
retreating, handled and reworked great volumes of outwash deposits 
from the glaciers, moving this material northward and suhcquently 
depositing much of it to form the great alluvial plains that now 
lie south of the river. 

These glttciofluviatile deposits greatly a b e d  the character of sdi- 
mentstion in many streams that flowed southward to the Tanana. 
The lower valleys of wch streams were extensively aggnrded, thus de- 
creasing their lower gradients, causing the deposition of their coarse 
detritus farther upstream, and rnmking p a t  silty swamp of their 
lower valleys. Though much of these deltalike deposits has sinc-e 
been removed, these lower stream valle_vs still show the'sffacts of this 
process, in great e m b a p ~ n t s  at t.heir mouth% One of the most 
striking examples is the Tolovsna embapent. The present depth 
of the alluvial deposits, both in the Tanana Valley and in the lower 
valleys of its tributaries, shows also that the base level of erosion 
for the Tanana was lower in preglacial time than at present. 

The Yukon R i ~ e r  likewise drained a glaciated region in its upper 
valley, and the headwater glaciers lhewise produced a considerable 
volume of gIaciofluviatiEe material which was transported down- 
stream by the river. The volume of outwash material was much 
smaller, however, the glacial sources were a considerable distance 
upstream, and the excess of glaciofluviatile deposits, which the stream 
could not handle, remained upstream in Yukon Territory and there- 
born produced no aggradational aflects in Alaska similar to thce 
prodneed by the Tanana. In fact, this outvash materiaI, by the 
time it was tmnsprted into Alaska, had been reworlred, assorted, 
and mixed with nonglacial alluvium to  such an exhnt that it was 
practidy normal stream detritus, 

While the Tanzlns and Yukon Rivers were thus functioning dur- 
ing the glacial epoch, their tributaries in the Yukon-Tanana region 
continued to exist as'normal nonglacial streams. Many of the pm-  
ent ralleys are disproportionrrtely large in comparison with the 
streams that now occupy them; and the amount of Jluvial materia1 
is also disproportionateIy large. These conditions suggest a period 
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of active erosion prior to the glacial epoch, and the volume of the * 

early Pleis-e alluvial d e p i t s  shows that this stream activity , 

continued for a considerable time into the glacial epoch. Possibly 
an antecedent period of deep residual decay of the country rock 
might account in part for the volume of material in these old chan- 
nds, but the streams themselves must have been erosionally actim 
to handle this material. 

These earliest Pleistmne deposits consist of silt, sand, and gravel, 
but where they have been available for underpnnd observation they 
are dominantly gravel. These deposits occur in many different site 
in the present valleys. Some of them lie 200 feet or more below the 
present surface, only 200 or 300 feet above sea level. Others occur on 
stream terraces, well above the p m n t  valley floors. At some places 
they lie deeply buried in old channels, separated from the present 
stream channels by bedrock reefs; and at other places the old md 
the new valleys have nearly the same courses, so that the pceseat 
streams are now dissecting the older gravel. Many of the richer 
gold placers in the Yukon-Tmaaa region occur in these older de- 
posits, but as all the placer deposits of this region have been de- 
scribed in considerable detail in earlier reports, they will not be 
further dcscribd here. These older deposih mcnr in all the pin-  
cipal mining areas of the region, induding the Pair-, Hot 
Springs, Rampa* Circle, Se~ant~yrnile, and FortymiIe &&rids. One 
of the problems of Pleistocene geology is the correlation of sU these 
older deposi ta, particularly the explanation of their varying elevsc 
tiona above sea level in regions where the present streams have nearly 
tlie same elevation. Hypotheses have been pmented, both by the 
writer and by others, to explain the l o d  reldions that exid 
between the older alluvial depmits and those af more recent dam, 
and at  some places the Qurtternary history of the streams has been 
deciphered. But s general c o d a t i o n  of these older Pleisbcene 
deposits cannot yet be made. 

After the deposition of the older Quaternary gravel them began, 
in this region, a different type of sedimentation. Most of the older 
gravel deposits are overlain by a varying thickness of silt, contain- 
ing much vegetal material. Tbis silt is black when wet but is light 
to dark gray after the moisture has been removed. No detailed 
rnicrmpic studies of this material have yet been published, but it 
appears to be composed of h e  subangular to rounded grains qf 
quartz and other rock-forming materials. Soma evidenm leads to the 
Gelief that  a considerable part of this material is wind-borne, At 
the top of mch deposits, and lmalIy in Iayem throughout them, the 
ult is mingle$ with much vegetal material, which gives it a black 
color; and lmlly beds of peat" form s part of the sequenm. These 



deposits of silt containing considerable vegetal material are called 
by the miners; but h n s a  dl the silt is dark-colored when 

wet the term i'muck" is loosely applied to all the dark-colored siltam 
These silt deposits, as well as the gravel below them, are usually 

frown in whole or in part, in interior Alaska The silt, however, is 
much more likely to be solidly fromn than the gravel. It also 
contains beds and lenses of clear ice, practically free. of sediment, 
which are believed in large part to have formed after the original 
deposition of this material. These beds of silt in some locdities are 
only a few feet thick, but in other places, as in the Fairbanks dis- 
trict, they may have tt thickness of 100 feet or more. The silt beds 
are not uniform in character throughout, for mining has shown the 
presence in them of inlaid lenses of grit or even grrtvel, showing 
that conditiolls of alluvial accumulations were by no means uniform, 
even at my one locality. Such deposits, overlying the older gold- 
bearing gavel, present one of the great difficulties of placer mining 
in interior Alaska. The silt itself is practically barren of gold, and 
in order to  reach the underlying pTawrs this overburden must either 
be removed, or else underground mining methds must be utilized. 
At some localities, particularly in small-scale operations, a face is 
opened to badrock by thawing, and thereafter the silt is allowed to 
thaw from the beat of the summer sun, aided often by a stream of 
water directed from a giant. In  larger-scale operations the silt is 
thawed by means of circulating water, supplied by pipes driven into 
the p u n d ,  and after being thawed the overburden is groundsluiced 
off by hydraulic methods. 

These thick deposits of silt contain, in addition to vegetal, and ver- 
tebrate mains,  a mnsiderable fauna, of fresh-water molluslrs and 
diabms. If they occurred o d y  in the low-lying streams, tributary 
to the Tanana, whoee lower courses have been aggraded, they might 
be considered to be mainly deltaic silt deposits. But they also occur, 
in other parts of tho Yukon-Tanana region, partictilarly in the Tolo- 
vana Basin and in contiguous areas, 11p ta an elevation of at least; 
1,200 feet above sea level. If this region, in late Pleistocene time, 
had been inundated by reason of barriers of any kind across the 
trunk streams, .these deposits might well be considemd lacustrine in 
arigin. But in that event them should be preserved many termces 
and old h h  deposits, marking vmious stages in the formation md 
disappearance of such f resh-water lakes ; md such eridence has not 
k n  f omd. Information is still too meager to furnish an explana- 
tion of the origin of these deposits, and the solution of this genetic 

' problem must thersfore a w ~ i t  s more inhnsive study of the dis- 
tribution and character of these deposits. 



Tt is obvious that many types of sediments of varying rrges tm 
inclt~ded mong the older deposits of the Quaternary. The geologic 
age of these deposits must be determined largely npon the basis of 
contained fossil remains, where such material is available. The 
relative ages of contiguous depi+for example, successive ter- 
race deposits-are almost elf-spprent,  Bat the reIative ages and 
correlation of widely separated and fifAle-related deposik, like those 
of the Fairbanks, Rampart, and Hot Springs districts, cannot at 
present be stated. 

The older silt and some of the gravel contain abundant remains 
of mammals. Thew weather out of the hrrace deposits and are 
washed down into the present streams and are also uncovered in large 

' numbers in placer mining. In order to obtain goad specimens of 
these mammal remains, it is almost necmary to be on the ground 
while mining operations are in progress, and as the gedogists of the 
Survey visit the mining m p s  w3y for a few days in each year, only 
fragmentary rnakrinI has been collected. At the present time the 
extensive hydraulic operations of tho Fairbanks Exploration Co. 
are uncovering a large supply of such material, but as the result of 
an arrnngen~eat betwcen this company, the American Museum of 
Natural History, and the University of Alaska this material is now 
being extensively collected and preserved. On several occasions, 
however, the Smithsonien In~titution has sent men to  Alaska for the 
express purpose of collecting this material, and one of time ex- 
peditions, under the direction of C, W. Gilmore,Qa obtained some 
excellent material, particularly from the Rampart district. Mem- 
bers of the Geological Survey have aIso obtained more or less of 
these vertebrate remains, some from the Fairbanks district in earlier 
days and some from the Rampart district, and this material has been 
tr~nsmitted to  the United States National Museum. A list of the 
ve&brate remains collected by the Geological Survey and s part 
of those collected by the Smithsonian Institution is given below. 

23S3. Llttle MIaaak Creek, mmpart dfstrlct. Donors, M c b h  & Ballon. 
Oollwtor, Uen. T. FX Wilcoz. 

Blson allenl Msr~11 (sltoll). 
4AR281. Mttle Minook Creek, Rammrt district. Collector, F. L. Hm, 19W. 

MUUS IP. (teeth). - Little Mhook Creek, Rampart dlstrlet. GoIl&or, D. M c h i a ,  3- 
Blmn occldentallrr Lucaa 

B14. Tanana River 20 mlles a w e  mouth. Collector, C h a r l ~  Bheldoa 
Bkon octfdentrtlis Zuar8. 

-Ql?more. C. W., 8mlthmntan expkmtlan In Alaska la 1007 fn march of PleIstoCem 
-11 vertcbmtrs: Bmlthmnlnn XlUt.  h l L ,  vol. 31. no. 3807. pp. 1-33, 1908. 



-00. Fafrbsnkn Creek, claim MI. 8 above Mwovery. Ooltector, Adolph 
+opf, 1906. 

BImn allenl or latlfrms (foot bone). 
m O L  Upper Cleary C m k .  Collector, Adolph Knepf, 1M. 

Bison alletll or latiirons (portion of skull). 
rm& Little Minook Creek, Ilamgnrt di8trict. Don~r, J. W. Duncan. Col- 

lector, C. W. Gilmore, 1801. 
Bison crasslcornls Richardson (~kulf)  . 

6727. Llttle Minook Junior Creek, Rampart district; Claim 21 above Dis- 
covery, from gravel jnst above bedrock. Donors, Bowen & mole. Collector, 
C. W. GiEmore, 1907. 

Ellephaa primIgenina Blummbtlch (bone&. 
Blson crasslcornia Blchnrdrron (renr of -1. 
- Little Minook Creek, Rampart dlstrlct; claim no. I above D l s c m .  

Donor, G. B. Allen. Collector, C. W. Gllmore, 1W. 
Elephm grlmigenlus Blnmenbacb (calanenrn}. - Little Minook Junior Greek, Rampart dislrjct. CoIkctor, C. W. Gllmwe, 

X 9 M .  
Ranglrer m. [fragments of aatlem). 

T100. Sullivan Creek, near old Tofty, Hot 8prlnm district. Cdleetor, C: P. 
Bnyder, 19B. 

llquns niobrarensis ahshe Bay (skull). 
7708. Hunter Creek, abont 2% milea above month, Rampart dhtxict; top 

of gravel beneath 20 feet of sIIL Donor Jnrnea Nelson. Collector, H. M. Ealdn, 
1911. 

Blmn alleal Marsh (skull). - East bench of  S a w n  Creek; near d d  !hitsI Rot Sprlngn district; 
allt 6 fert above b a w l  gravel and 40 feet below surface. Donors, Tllleson & 
L'nenreu~ Collector, 3. B. Iertie, Jr., 1931. 

Wnna niobrarensls alaakae Hag (skull and lower jaw). 
SkMr128a, Ruth Creek, tributarg of Livengod Creek. Colllector, J. B. 

Mertie, Jr., 1921. 
Birron craasimmls (isb~ll). 

U t 1 2 8 b ,  c. Qwdluck Cmk,  tributary of Liyengood Cmk.  Collector, 
J. B. Mertie, Jr., 1m. 

Elephna primlmioe (tooth and npper end of hameme). 
mASr3-41, Valley of Goldstream Creek, near junction of Pdro and BIlrnore 

Creeks. Collector, P. S. Smith, 1029. 
F4nm l a m k i  Hag (left upper premolar). 
F4um of E. lambel. XIas (rlgbt lower molar). 
Bison sp. (left upwr milk molar). 
Oltellua np.   part^ o t  skulle, three lower jaws, and severaI llmb bonm 

nad vertebrae). 

Thew vertebrates were identified largely by C. W. Gilmore and 
0. P. Hay, of the United States Katianal Museum, who considered 
them to be of Pleistocene age. They include three or four species 
of buffalo, two speciea of horses, and one each of mammoth, cari- 
bou, and ground squirrel. Many other remains are also and, 
to judge by the  Plejstocene vertebrate fnuna collected in other parts 
of interior Alaska, there should nlso be included moose, bear, muskox, 
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wolf, and other wel l -horn genera that have persisted to the pmsent 
day. 

Several collections of fresh-water invertebrates and of plant9 have 
dm been obtained from these older deposits, particularly fmm the 
silt. Them are listed herewith: 

Kindle 2 Rampart, from mar1 640 feet ~ b w e  level of Yukon River. Col- 
leetor, E. M. Kindle, lBOa 

L$mnaen caperata Say. 
Succinea chrysis Wwt. 
- North bank of Yukw River 12 mil- above Tanana ; rigger 7 or S feet 

of a bank 20 to 25 feet above river level. Collector, C. W. ailmore, 1W7. 
Sncclnea grosvenori Lea. 
Euconnlus trochlforml Montaga 

BAS8-11. V a l e  of Goldstream Creek near jwctlan or Pedro and Gilmore 
* Creeks. Collector, P. S. Smith, IW. 

Lymnaea stagndis ( LinnB). 
Odba palastris: (Mliller) . 
Planorbis pawns 8'ay. 
Pisidinm cf. P. scutellatum S W L  

3288100. Gold&am G m k ,  about 1% mileer nptream from the old Wagner 
prui]z!rtg. Collector, P. S. Smith, 1932. 

MoUusb 
Lymnaea gtagnalh jngu1arts Say. 
Lymnaea (Stagnfcola) Wnstria 

MUlIer. 
Planorbis (Hellsoma) bi n n e g 

Tryon. 
Planorbis {ayraulus) BimIlaris 

F. C. Baker. 
Diatoms 

M d d r a  ItaIica (Elwenberg) Kf.ltz- 
ing. 

Cgclotdla cf. C. meneglilniana 
KUtZilx. 

Fragllaria construens var. venter 
Ehrenberg) Gmnow. 

Synedm crotonmh Kitton. 
Smedra ulna (PJitmch) Ehrenbq.  
Sgnedr~ aWnis KIitzing. 
Synedra capitata Elhrenberg. 
Tabellaria fenestrata ( Lyngbye) 

Klitzng. 
Achoantltes Ianceolata BrMmwn. 
Cmeooeis glacatula EhrenWrg. 
Navicnla gupula KIitetng. 
Navieula radim Xntsing. 
Navlrula crgptocephala Kiitzing. 
Navicula camiddata Klitzhg. 
Navicula angllcn RalB. 
Navicula cf. N. hamiaca Krasska. 

Navicula exigna (Gregory) Miller. 
Pinnularia polyonca (Brebissm) 

Miiller. 
PInnnlaria nppendienhta (Agardh) 

Oleve. 
Plnnularia Borealis var. brevlco~tata 

Hustedt. 
PinllnIaria dactylus Ehrenberg. 
Finnnlnria interrupts W. Smith. 
PInnulaila fasdata (Lagerstedt) 

Hn~ltedt. 
Caloneis trinodls (Lewis) Boyer. 
Neldium afline var. longiceps (Greg- 

ory) Cleve. 
Skuroueis mceps Ehrenberg. 
Gomphonema subtile Elhreaberg. 
Gomphonema constrfctnm Ehren- 

berg. 
Oomphonema ~cuminatum Bhren- 

berg. 
Gomphonema acuminatum mr. cow 

nata ( Ehrenberg) W. Smith. 
G-omphonema spbaerophom Ehren- 

bere. 
Gomphonema gracile Ehrenberg. 
Cymbella clstula (Eemprich) am- 
now. 

Cgmbella ventrIcosa KliWng. 
CyrnbeUa parva W. Smith. 



Cymbella rmspidatn Klitrinr. 
Amphora ovalia Fii.lt.skng. 
Amphipleum wllnclda KUtzlng. 
Gyrosigma k I i t s i a g i  (Gmnom) 

mere. 
Snrlrerla sp. 
Epfthemia hyndrnanni W. Smith. 
Epithemia zebra Tat. procellus 

(KIltzing) Grunow. 
Eplthemin torgida (Ehrenberg) 

Kfitzing. 

Itliapnlodla ventdcosa (KUtzing} 
1IIIlller. 

Ennntlu b m ~  El~lrenberg 
Eunlltin nlplnn (h'aegell) Hnstedt. 
Eunotia Fudetlcn var. hidem 

klustedt. 
NltzwhIa denticnla Grunam. 
Nitzschia ncnta nnnrzcli, 
Rontmchfa nmph toxga [Ehrenberg) 

Crunnw. 
Rpiculehl of &ah-water smnges. 

35k52&29. Valley of Engineer Creek1 Fairbank8 dlstrlct, Collector, Stephen 
Taber, 193.5. 

Invertebrates. 
36A8108. Palley of Engineer C m k ,  Fnirbanb dlatrict. Collector, Philip S. 

Bmfth, I%%. 
Lymnam sttignalls jngnlaria Say. 
8tnmicola palustria Mfiller. 
Qyr~utus  pervus Ray. 
EIelisomn trivolvls Say. 
Sphaerlum midentnle Prime. 

36AS22-26. Palley of Uoldstmam Creek, Fairbansta dlstrlct. Found In the 
dlt. Collector. St~phen !Faber. 1935. 

Plwm of white apmce, Plcea canadensla 
EWAR27. %Iley of Englnee~ Creek, Fairbanks district. Fonnd in i l ~ e  mflt, 

Collector, Stephen Tabr ,  19%. 
S t m ~  of n spwip~ of hamelnil. Eqnhtnm. 
L ~ v e s  of the dwarf camandrat Chamadaphne calycnlata. 

S A U l W .  ELer-Crlpple Creek area. Fklrhanh disttict. Wnings of andent 
rat nests in the uIlt. Gollector. Philip S. Smith. 1935. 

S m s  of n srnlea of dandclion (Taraxacum) and the ripened seed CaeeA 
and s d a  of a a p j e a  of pink (family Cargophyllaceac). 

35AS10R. Ester-Cripple Crwk area, F'nirhanlts district. Rat droppings fn 
ancfent rat nests In the dlt.  allcctor, PhllEp S. Smith, 1035. 

Fragmmtarg rernelns ot seeds, a m a i l  pafP-ball, and other vegetal 
materlal, 

T h e  two collections by ICindle were determined by the late 7V. Hm 
Dd, af the United States National Museum. The rnoIlusks 
of mUections BASS11 and 39AS100 wera determined by IT. C. 
Mansfield, of the United States Natiansl Nuseum, but; the diatoms 
of collection 32AS100 were dotermined by K. E. Lohrnan, uf the 
United States Qeologicnl Survey. Collection 35AS106 was deter- 
mined by J. P. E. Morrison, of the United States National Musenm. 
The four collections of plants were determined by Roland W. Brown, 
of the United States Geological Survey. 

Most of these mollusks, diatom% and plants are mferable to spe- 
cies that are still living, and herefore they merely show that the 
silts from which they were obtained are not probably older than 
Pleistocene. The stratigraphy of thew deposits also shows that the 
silt was laid down in late Pleiswene and Recent time. 



As the glaciem north, a&, and south of intsriar Alaska began to 
disappear, climatic conditiom again began to change, and probably 
aim conditions of erosion and sedimentation. The mean annual 
temperature muat have risen, and c h a n ~  in pre~ipit~ation may also 
have occurred. The flood of glmial outwash from the glaciated 
regions subsequently diminished, and great rivers like the Yukon md 
the Tanana began to erode and dissipda the aggraded alluvial mate- 
rial in their hedwatercs. In short, climatic conditions and geomor- 
phic procwses Iike those that are going on at the present time were 
established. 

The Recent alluvial deposits are composed mainly of gavel,  sand, 
and silt. Much of the coarser debris has been ~ m d d  from bedrock 
sources and laid down by the present streams. The silt has b n  
derived in considerable measure from the reworking of tha older - silt, although a certain proportion has also been drposited by recent 
streams. Certain solifluxional processes peculinr to sub-Arc& 
regions have also hded  to produce fine sedimenh of this type. The 
following sketch will serve merely as an90utline of the procwes 
involved. 

Stream detritus originah larely by mechmical and chemical 
weathering of the regional bedrock, but in interior Alaska the relic 
tive importance of these methods is modified by lorn1 conditions. 
Chief among these are the low mean annual temperature and the 
vegetation. The mean annual temperature of the Yukon-Tananr 
=@on is about 9" below freezing, which alone is capable of produc- 
ing a condition of permwent frost in the suburface. In addition 
to this, the valley floor and sides and also the ridge tops up to an 
elevation of 3,000 feet are covered with a mantle of m m s  and other 
vegetation, which & as an insulator and tend to prevent the sumbr 
heat from penetrating far into the frozen ground bdow. And these 
two conditions combine to produce a curious disposition of the lucd 
precipitation, for the frozen condition of the deeper ground pre~enh 
deep cireu~ation' of water, and tho mosses prevent a rapid surface 
run-off of the rainwater. Therefore, the moisture is conxrvd in a 
spongelike mossy mt close im the surface, where it  f avos the growth 
of vegetation much demr  than might be expected in a &on where 
the annual precipitation is only I1 or I2 inches. 

The customary distinction between the water table and the zone 
of weathering above the w&r tabb is in this region bard .  valid, 
for much of the subsurfam water, where premnt, is f r o m .  Hence 
the ~02vent and depositional effects of circulating ground water are 

' 
almost lacking, and the chemical effects of oxygen and carban dioxide 
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8re sharpIy restricted, because these reagents are not carried in 
-&don. Chemical weathering, therefore, is much 1-s important 
as an agent of weathering than in regions farther south. 

The surface of the ground in summer, however, i? in a state of 
alternate thawing and freezing thnt produces marked mechanical 
weathering, due to the effects of frost heaving and related processes. 
Tlie bedrock is loosened and fractured by the freezing and thawing 
of water, and an angular rubble that shows little oxidation is pro- 
duced. This rubble tends to accumulab on the ridges as residual 
material. But the same thrusting forces that frracture and com- 
minute the bedrock are dso eflective as a means of transportation, 
for the rock debris is thrust upwardl and laterally away from ita 
phce of origin and begins to move slowly down the hill slopes into 
the valleys below. Such moving ~heets of alluvial materid often 
develop charmhristic flow lines along the sides of the valleys so 
that they m m b l e  successive w a ~ w  on a shallow body of water. 
{See pl. 13, 8.) 

Although chemical weathering in the headwater regions of the 
streams is sharply restricted, and mechanical weathering is seasanal, 
neverthelm the total amount of debris t h ~ t  iis moved by the processes 
above outlined is remarkably great. It is not uncommon to observe 
sheets of such alluvial materiel impinging from both sides of n 
valley upon a headwater stream at a rate faster than the dream 
can transport the material downstream, so that the stream tends to  
flow in a narrow channel, sometimes wveml feet deep and only II 
foot or two wide; and in places the lateral debris has actually coa- 
lesced over the running water. 

This residual and semiresidnal material is unsorted and includes 
m k  fragments of all sizes, embedded in fine silt. Where the al- 
luvial sheet has moved laterally a considerable d i h c e  from its 
place of origin to s drainage channel, the angular debris becomes 
rounded to a considerable degree. As soon as this material is ex- 
posed to the effects of running water, it begins to move downstream, 
the silt rather rapidly, especially in times of flood, and #a larger 
rubble more slowly. From this stage onward, however, the erosiond 
processes are essentially similar to those that prevail in more southern 
latitudes, and the r d t s  are ~ n t h l l y  the same. The headwater 
gradients are normally shper  than the gmdienh of the lower 
valleys, and at some point or rather some zone in the valley stream 
action changes from transportation to deposition. As the regional 
d i e f  is raduced and the headwater gradients are diminished, this 
zone of deposition moves upstream, thus developing progressively 
upstream e fluviatile gravel sheet. As the upper part of the gravel 



eheet is extended upstream, h e r  sediments cover the lower part, 
with the final d t  that the coarser and heavier sediments '$om 
the base of the alluvial section. The nnifonmity of this process is 
interrupted by floods, which carry mrse material farther down- 
stream than it would ordinarily go and deposit it on top of finer 
material, thus resulting here and there in alternating beds of fine 
and coarse material. This general process of stream alluviation 
is also modified by 1-1 conditions. For example, Minook Creek, 
in the Rampart district, has been rejuvenated in recent time by a 
local lowering of the baaeleve1 of emion. TI~i61 rejuvenation has 
operated t~ produce increased gradicnts in the lower valleys .of 
Minook Grwk md its tributaries, ~ n d  this in turn has operated to 
erod~ the older gravel and t o  replace them with coarse detritus of 
the type that would ordinarily be found in the headwater parts of 
these stretLms. 

hother condition that modifies the charncter of the R e n t  allu- 
vial deposits is the effect of winter ica In the larger rivers, like the 
Yukon, a great thiclrness of ice accumulatas in winter, and when 
the spring break-up occurs thia moving ice becornea a powerful 
abrasive tool operating upon the underlying gravel. Partly as a 
rexsult of this movement, and partly as EL result of conditions that 
exist during the formation of this river ice, extensive boulder pave- 
menh are deveEoped at placw, particulmly along the lateral river 
barn. One of them boulder pavements is shown in plate 14. The 

' boulders in these pavements am facebd, scratched, and grooved in 
a manner so resembling the effects of glaciation that the two cannot 
be ertsily distinguished. In some of the smaller streams the ice 
increases p a t l y  during the winter, both in th ichm and in area, 
as a reault of overflows of water, scting under hydrostatic pmtire 
from upstream. Such bodies of im do not mow downstream in the 
spring with the normal winhr ica but are dissected by tho streams 
and often remain as valley ice, or "aufeis", nmrly dl summer. Such 
d e p i t s  of aufeis also have the effect of widening valley floors, for 
in spring, when the water first begins to flow, channels may 336 cut 
dong the sidee of the ice, thus diverting the stream against the valley 
wdIs and producing lateral erosion. Many stretches of wide flat 
valley floor on the tributaries of the Yukon have been produced in 
this manner, and it is quite possible that t he  same procsss, acting 
on a larger scale during the glacial epoch, may h a ~ e  been a powerful. 
acmory  factor in the development of the Yukon Flats. 

On a e  Tanana side of the Yulcon-Tanana divide conditions are 
somewhat different from those existing about Barnpart. The h d -  
water portions of dreams that head in high countrg, auch as Hut- 
lhana Creek have narrow gravel she& much like that on upper 
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Minook CreekT bnt the lower valleys of all the streams, such tts the 
Tolmann River and Baker and Pattarson Creeks, are deeply buried 
with older alluvium. The, Baker Creek Valley, including the- lower 
valIeys of Hutlinana and Ilutlitakwa Creeks, may be regarded as 
typical of the conditions of Recent alluviation in the Hot Springs 
district. This valley is a wide timbered alluvial plain, witJh swamps 
and lakes, that slopes very gradually upward from the main drain- 
ege channels to the valley walls. Much of the upper part of the 
old alluvial filling is silt, underlain by a relatively thin deposit of 
gravel resting on bedrock. This gravel was lerply deposited in 
the ice age and has not been subsequently removed, becmsc agg-rada- 
tion of the Tanana Valley by its tributaries has maintained a rela- 
tively high baseleve1 of erosion. Baker Creek about 15 miIes north- 
east of Hot Springs k deeply incised in this older alluvium but is 
neverthdess not flowing on bedrock. Its bed is lined with Recent 
wlluvium, csxxied dawn from the hills, bnt the gradient is so low 
that t,he coarmr debris ie dropped farther upstream, and in periods 
of flood only the finer detritus is tmnsported im the Tanansr. In this 
maIlner coarse Recent alluvium has been distribntd over the finer 
silty material of the ice age a t  those localities where the mountain 
streams debouch into the wide expanse of Raker Creek. This pro& 
esx can be observed particularly well at places like the Tower end af 
Shirley Bar, where mining oprt-ttions have been carried on in the 
upper thin veneer of marscr present alluvium that overlies the older 
silt of the Baker Creelr Valley. 

Without going into details, the @nerd aquence of events of late 
Tertiary and Quaternary erosional history from oldest to young& 
may be rmrnrnarized as follows: 
I, DeformatJon and mountain bu>allding In mtd-Tertlary t h e ,  whereby the 

coal measurn and earller rocks were r m t l y  deformed. Granitic rocks were 
atso intruded at or about thls mme tlrne. Both the folding and the granitic 
intrusion probably mused local s a r p i n ~  of the 8urInce of the country, which 
produced mnrked changes In prmxlstlng dminn~e cllannelrr. 

2. Long-continned regiwal eroalen, whereby n maturely diweeted land mr- 
fare was developel. 

3. Regional or epeirogeni~ uplift in the PHocene epoch, accompanied by lml 
warping of the surface, followed by lowering of the bageleve1 or eroslon h late 
Pliocene and early Pleistocene tlmc. Them events produced the syst~111 of ter- 
races so well dereIoperl nlong the Yukon and it8 tribntarlea. 

4. The coming of the Ice age, dnrlng which glnciatlon on a ]arm mile 
occurred In t h e  AIaska and Brooks Rangw and In the headwaters of the Yukon 
Rirer. Alpine glaciation also occurred locally in the h i ~ h e r  part of the Ttikon- 
Tanana region. 

5. Farther elevation of the baselevel of erosion, In late MeLatocene tlme, 
and the depasltfon of thick deposits of ailt op to an elevation of 1m feet 
or higher. Such deposits are not restricted to the Tanma Basin bat an? 
alrw present in cbntiguons parts of the Yukon Baain. Bg the dlt allnvlatlen 



old drainage chan~mb were largely filled and the earlier bedrm?k channels 
were efBciently conceded, ao that maw streaw migrated from their nndar- 
lglng bedrock cham0 and were therefore angerptxd upon old valley 
walls or even cut into preexisting bedrock dlvides. Numerous examples a f  
this p m  are h o w n  In this regloa, of which a coni3picnons one is the super- 
position of the Ha&Yukon drainage upon the bedrock divide between Hess 
Creek and the Yukon Flats. 

8. The dissipation of mod of the glacial ice, and the aggradation of the 
Tanana Valley by ontwmh deposits, thus mising the badevel  of eramion in 
the Pnkon-Tanana region. SiIt was deposited in this cycle up to an elevation 
of 600 feet in the trlbutarierr of  the Tanana River. The aggradatIon of the 
Tanana Valley, though it accounts for the raising oi the baselevel of emmion, 
does not explafn the character of the silt deposits, thek wide dlakibuUm from 
the headwaters to the mouths of the tributary streams, and the pancity of 
otber types of detrltns. 

I. Regional lowering of the baseleuel, in the contrse of which the rejuvenated 
streams quickly eroded and transported dawnstream the soft gilt deponlted 
dnrIng the preceding cycle. h a result of these W ~ C - ,  the thick alluvial 
deposits in the lower trtbutaries of the Tanana are chrtractedzed by the follow- 
ing generalized mion : 

(a) A coal- Betrital shwt of Recent age that folIow8 the junction of 
the hUln with the present wide valley floor. 

( 6 )  8flt and W sand of PIeistocenc a@ underlying the Recent gravel along 
the borders of the bins and forming the nnrface of the valIey floor farther 
down Ln the valley& 

( c )  Early Plehtc&~e gravel that underlies the sllt and lies upon Mrock.  
The deep placers of the Chatanika River and Sullivan and Woodchopper CreeW 
are a part of this older gravel. 

Igneous & form an important part of the geologic sequene in 
the Yukon-Tma region. Several groups of such rocks have h e n  
remgnjzd, and some of them have been separateIy mapped. The 
oldest igneous rocks of the region are certain amphibolites, horn- 
blende schists, ~ n d  chlorite schists that are mapped with the Birch - 

Creek schist, although not considered to be an integral part af it. 
These rocks are the metamorphosed equivalents of basic intrusives, 
and perhaps extrusives, that originated in early pre-Cambrian time. 
They are younger than the oldest rocks of the Birch Creek schist, 
but those of effusive character may be more or legs contemporaneous 
with the youngest rocks of the Birch Creek schist. No detailed 
petrographic studies of these ancient basic me&-igneous mlm have - 
been made, but their general character is mentioned in connection 
with the deecription of the Birch Creek schist (pp. 51-59). 

Another group of metamorphic igneous rocks is the Pel17 gneiss. 
This formation, which murs principally in the eastern part of the 
Pdxon-Tanam region, consists mainly of granite g n k  but inclndee 



*.darkex-dored varieties of monzonitic, dioritic, and even gab- 
broic origin. Where p t l y  metamorphosed, these mcks grade into 
feldspathic quartz-mica schists. The petrographic character of these 
metamorphic mcks is g i r e ~ ~  in the fo!lowing pages. The PdIv gneiss 
has not been separately mapped but could easily be differentiated 
as a separate unit among the metanlorphic rocks by more detailed 
work. It intrudee the older rocks of the Birch Creek schist and is 
probably younger than all the crystalIine schists but is nevertheless 
consided to be of pre-Cambrian age. 

A third group of pre-Cambrian igneous rocks comprises the younger 
basic lavas of pre-Cambrian age. These hvas  are not known to 
m u r  in the Yukon-Tanma region but are well developed a short dis- 
tance north of the Yukon, along the international boundary. They 
have been dwcribed by the writer in an earlier publication 48 ~jnd 
include amygdaloidal basalts rtnd a variety of associated pyroclastic 
rocks. In their type locality thase rocks are not recrystallized and 
constitute a part of the nometamorphic rocks described elsewhere 
in this report as the Tindir group. They are believed to be of late 
pre-Cambrian age and are definitely youngor than the crystalline 
rocks of the Birch Creelr schist. 

The oldest igneous rocks of Paleozoic age. are the basic lavas, tuffs, . 
breccias, and agglomerates of greenstone habit which are typically 
exposed in the White Mountains. Thw have been designated the 
Fossil Creek volcanics. From fossils found in the uppermmt tuffa- 
ceous beds this formation is assigned to the Middb Ordovician. 
No detdIed study has been mado of these lavas and the pyroclnskic 
rocks associated with them, buf their general character is outlined 
in the description of the rocks of the Ordovician system (p. 88). 

Another group of basaltic lavms of greenstone habit, with as=- 
ciated pyroclastic rocks, occurs along the Yukon River between Coal 
and Thanksgiving Creeks and also probably north of Victoria Creek. 
These rwks are interbedded with massivs limestone and with more 
or less shale, slate, and chert. These lavas and associated rocks have 
been called by the writer the Woodchopper volcanics. The lavn 
flows are normal basalts, whose general character is set forth in the 
description of the Woodchopper volcanics (pp. 9697) .  

Sueceding the Woodchopper volcanics is a group of basic and 
ultrabasic rocks, composed rn~nly of wrpentine, that have a wide 
distribution in the Yukon-Tanana region. Ths age of these roclrs 
B not definitely known, but inasmuch rss they intrude the Middle 
Devonian q u e n c e  and have not been observed in intrusive relations 
to the Carboniferous rocks, they have been referred tentatively to 
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the Upper h o n i a n .  Their general petrographic c h a r d r  is given 
in the following gages. 

The greatest outpouring of h i i c  lsvas that bas occurred in tha 
geologic his* of the Yukon-Tanana region took place in early 
Carboniferous time. Godsized bodies of basic intrnsive mlts were 
& developed at, a b u t  the m e  time. The Isv&s and Ms, though 
emtially basic in character, also include some acidic types; and all 
of them am in1;erbedded with a congiderable propartion of d i -  
mentary rocks This great assemblage of ~olcanic material with the 
interbedded sedimenh is known ns the Rampart group and is well 
developed dong the Yukon River, both above and below the Yukon 
Flats. The igneous members of the Rampart group are separately 
described in the following p w  

The Msozoic era wm marked by the revival of granitic intrusion 
in the Yukon-Tanana region. Immense batholiths of granitic mh, 
aa well as srn&ller intn~sive bodies of the same material, invaded 
the Paleozoic and pre-Cambrian rocks, sometime in the mid-Meso- 
zoic. The larger intrusive masses am particulttrly well developed in 
the eastern part of the region, but smaller intrusive bodies also occur 
as far west as the Fairbanks district. These granitic mlrs are the 
altirnah source of soms of the placer gold in the Fairbanks, Circle, 
Seventymile, and Fortpile districts. Their petrographic character 
and probable age are further discussed in a later section of this 
report. 

After these Mesozoic granitic mcks had baen injected into the olde~ 
rocks, there mrred, possibly in early Tertiary time, s great out- 
pouring of lava  of acidic and intermediate composition, comprising 
mainly rhyolite and dacite. These lavas were poured out chiefly 
in the eastern and southeastern parts of the Yukon-Tanana region, 
where they now rest upon the crystalline schists and the Mesozoic 
granitic rocks. As no Mesozoic secliments are present in this part 
of the region, and as the age of the Mesozoic granitic m k s  ia not 
precisely known, the ago of these lams cannot be awutately deter- 
mined, although they nre thought to be of early Tertiary aga, The 
petrographic character of these lavas is described in a, Iater section of 
i his report. 

Sometime in the early Tertiary there o c c m d  another period of 
injection of granitic rock. The surface cropphgs of rthw rocks are 
confined t o  the west and of ths Yukon-Tan~n~ne region, but there are 
reasons far the belief that they may also exist in other areas, par- 
tic~llarly in the Fairbadm, Seventymile, and Fortymile districts. 
These granitic m k s  are distinctly different froin ths Mesozoic gntn- 
itic rocks, not only in their petrogr~phic character but also in regard 
to  their mei@1iferous associations. They are the ultimate source 
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of mast of the placer gold irt the Liven@ and Hot Sprinp ddis- 
. . 
trick and are also believed to be the mume of the cinnabar found 
in so many of the placer concentrates in these snd othor mining 
districts. A detailed description of thew rocks is given on pages 
219-226. 

Late in Tertiary time and extending ints the Quaternary, lavas 
of several diverse types, ranging from acidic to basic, were erupted at 
the surface. These occur in the eastern part of the Yukon-Tanana 
region, near the international aloundaty, and extend still farther east 
into Yukon Territory. Some of thrsse lavas are very recent, and at 
one locality on the Dennison Fork of the Fortymile River a volcanic 
cone is still well preserved. In various parts of this region thsre 
are also dikes of basic and intsmediab igneous rocks, which are 
quih unaltered and may be genetically related to these late lavas. . 
Further details of the late Tertiary and Quaternary lavas are given 
below. 

The groups of igneous rocks above outlined include the more abun- 
dant types that am now known, but they by no means represent a 
cornplde record of the regional volctbnism. In the early stages of 
recunnaissance mapping in this region, when the work was being 
done by mwma of linear hvemes,  without the aid of tapographic 
map, many mlledjcms of igneous mcks were made with the idea of 
learning something about the great petrographic diversity of sucn 
rocks. I3undreds of thin sections of these i p u s  mkS were cut, 
and subquently most of these were examined by the writer. Many 
curious types of rocks were found in these collections, but the linear 
natum of the early work makes it impossible, even where the exact 
localities am known, rto utilim these data for cartographic purposes. 
These sections show, however, that there are numerous specinlized 
vnrieties of igneous rmks in this region, which the writer c m o t  
specifically allocate in the geologic section. Many of these, perhaps, 
am the end-products of mapat ic  diflerentiation and probably be- 
long in the major groups above outfind. Others m q  represent 
periods of volcanism which the writer has not recognized; and 
findly, it must be rerne~nbered that considemble areas in the Yukon- 
Tanana, region have not been visited by any geologist or h ~ v e  been 
mapped only from a considerable distance. The igneous p l o g y  of 
the Yukon-Tansna region therefore presents a vast field far future 
investigation and study, 

PELLT OH- 

The general occurrence of the Pelly gneiss and its relation to the 
Birch Creek schist have already been set forth. Its petrographic 
character is described blow. 



202 YWKON-TANANA REUION, ALASKA 

'fie Pelly g m i ~  mnsish mainly of granitic.roekas but lee* in- 
cludes darker varieties of monzonitic, dioritic, and even gabbroic3 
character. The granitic gneisses are typically lightsolored mbt 
having a m n d a q  atrrrctnre that ranges from laminated gneissoid 
to the contorkd schistose fabric, and therefom they p d e  from a 
rather rnwive gneiss to a feldspathic quartz-mica schist. At some 
IocaLiEk, particularly along ridge tops, these gneisses weather resid- 
ually into monolithic outcrops. '(See pI. 15, A.) The more com- 
mon gnekmid type is characterized by many a u g q  usudly of feld- 
spar, m l y  of quartz, which range from 3 inches in diametar d o n -  
ward to micmopic dimensions. (& pl. 15, B.) At some plam 
feldspar augen ltre so thickly crowded together that it is difficult to 
obtain a specimen of the matrix, and many of these lare dongated in 
the ratio 1 : 1%. 

Under the microscope the range of the PdZy gneiss from o w a l l y  
granitic to gabbroic types is even more evident. Rocks that appear 
to be dtassifiable as originally granite, quartz monzonite, grano- 
diorite, qnartz diorh, and quartz pbbro haw! been recognized. In 
hhe &tic types quartz, orthoclase or micmline, albite, and mica 
seem to constitute the 899entiaI miners1 components; the accessory 
mineral are apatite, zircon, garnet, snd magnetite, and the second- 
ary minerals are qmrkz9 setkite, several varieties of chlorite, epidote, 
calcite, and iron hydroxides. Of the micas, biotite is much more 
common than muscovite, but as these wcks veer toward feldspathic 
schist muscovite becomes more common than biotite. In the mon- 
zonitic ~ n d  dioritic types both orthoc'laes and plagioclase wcur in 
varying amounts, though in B few such rocks potash feldspar ia en- 
tirely a k n t  ; and in these more basic types green hornblende becomes 
the promjnent mafic mineral in place of mica, and titanite and mag- 
netite become more prominent srnong the accessory minera1s. The 
quartz gabbro t y p  are closely reIated to the quartz diorites, in that 
hornblende, and not pyroxene, still constitt~tes the main dark rnin- 
sral, althoqh the plagioclase i s  suficiently basic to render the dmig- 
nation quartz gabbro applicabls. 

The constant and locally high percentage of albite among the alkali 
Eeldsp~rs of the granitic peisscs is perhaps the most jnte=ting 
petrographic feature. In some specimens albite and orthoclase are 
present in a 1: 1 ratio; in others a much smaller amount of albite 
occurs; and in some olipclase rather than albite is present. This 
sodic feldspar appews to be of three types. One is the resnlt of a re- 
placement of orthoclase and plagiaclw by albite and olig.oelase, 
which occurred during the leaching and deoomposition of the original 
feldspars. The second type of albite is beGeved to be original mag- 
matic materid. Such albite is intergrown with q~rartz and orthocIase 
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in a fabric that seems original, though the crystals may be ernshed 
or dongated by later deformation. Graphic or perthitic intey- 
growths are rare, and much of this albite is untwinned. The t h i d  
type is crpstalloblastic albite that is really more characteristjc of the 
feldspathic schists. 

B P E m m O r n  m m s  

The ultrabasic and basic intrusives m r  in two belts that have a 
pronounced linear distribution. The largast and most persistant of 
thme is s beIt that begins at the Tanana River between the mouths 
of Salcha and Chena Rivers and extends intemittently N. 75" E. to  
the head of the Salcha. Along the same direction these rocks re- 
appear east of the batholith in the marley River Vdley, at the head 
of the Seventymile River, and then continue S. 60' E. as intermit- 
tent bodias to and probably beyond the international bundary, 
These rocks form the river bluff just below Eagle. In the other belt 
them rmks are found both east and west of tho Livenpad mining 
camp and as mall bodies near Liven-pod and in the valley of 
Troublesome Cmlr. The trend of hhis belt is also N. 75" E. 

Certain basic intrusi~es of greenstone habit are also found in 
the Livengood district, cutting the Livengood chert, and similar 
gresnstmnes cut the endifferentiatad Mississippian rocks that lie be- 
tmsen Beaver and Victoria Creeks. These and other undifferentiated 
greenstone intrusives in the region are for convenience included in 
this cartographic grouping. 

PIWEQORAPHIC C H A M -  

T h e  intrusive p n s t a n e s  have been little studied, and in fact 
few of the field occurrences have k n  seen by the writer. In the 
principal belt, however, the writer bas seen these rocks where they 
occur along the ridge north of the Salcha River and northeastward 
therefrom. This ridge and other ridges and buttes in the l i g h r  
parts of the region composed of t h e  mcks have a yellowish-brown 
color and smooth rounded outlines, so that they are strikingly dif- 
ferent from the surrounding hills. At close mnge the rocks north 
of the Salcha River were found to be a body of serpentine, greatly 
bmieted  along the borders. These fractured zones em filled with 
secondary minerals, such as calcite, quartz, and chalcedony. Some 
of this fractured materid is opl~icalcite. The main mass of serpen- 
tine does not show clearly itsl true origin, but it is probably derived 
from some ultra-basic intrusive, such as dunik. Farther nodheast, 
however, one of the smaller buttes at  the head of the S d c h ~  River 
was found tobe composed of a serpentinous mck, derived from olivine 
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diabaae. Other specimens of these mcks, collected by Prindle in 
1905, probably at the southwest end of this belt, show clearly their 
ultrabasic origin, being composed of olivine, altered in part to ser- 
pentine, together with tremolite and magnetite. In the mme belt 
the rocks composing Momt Sorensan, at the heads of Flat and 
Fisher Creeks, were found ta be largely serpentine, and some of them 
were derived from olivine. 

Few of these mcks from the northern belt have been examined by 
the writer. The hills in this part of the region are lower, md 
these rock do not have the same mnapicuously colored croppings 
5 s  those in the Salcha-Chentl. belt. Small bodies of serpentine occur 
along the south flank of the ridge south of Livengmd, and this rock 
under the microscope appears to be Jsrply serpentine, with some 
magnetite. The serpentine occurs as anastornosing veinlets and 
stringers and is evidently weonday *after sorlre ultrabasic or basic 
rock West of Livengod, however, along the ridge south of the 
West Fork of the Tolovana River, the olmrvations and thin see- 
tions of Overbeck show that a variety of rocks m, which are 
grouped under the generic designstion of ugreenstone.n Some, of 
these mcka are ~Itered diabases and diorites, but true serpentine 
was not observed. Northeast of the Livengood distrid, in this 
northern belt, there also axnr a variew of p n s t o n e s ,  some of 
diabasic composition and others which am bIack glaq-looking 
rocks, suggestive of ultrabasic lava fl oms. 
In general, therefore, thee mcks mag be said to be l q l y  of 

intrusive origin, but they clearly include both ultm0asic md basic 
typas, both of which are partly or wholly altered to serpentine and 
chloritic produck They &re of particular interest because they 
appear to be a source of chmmitr! and other chrorniferous minerals. 
Thus, in the vicinity of the small bodies of warpentine south of 
Livengood, a small body of chromfte was exposed in the coum of 
prospecting a low-grade gold deposit. 'The size of this body of 
chromite was not determined, EM the prospecting was being dona 
for gold. The nearby serpentine also contained numerous grains 
of chramite, scattered throughout the rocks. Moreover, picotite 
(chrome spinel) was found by the wAer in practically all the placer 
concentrates in the Livengod district. A tram of nickel was found 
in some of this lode rock by Overbeck, and a, s m ~ l l  nugget of plat- 
inum was found in the clean-up in one of the creeks draining to 
the southwest from this area. These facts suggest that ores of 
nickel and platinum nay possiblp be found in the vicinity of thase 
ultrabasic mcks. 

M E  AmD 0 0 ~ T I O 1 P  

In the Salcha-Chena area no data am available for determining 
the p l o g i c  age of these nltrabtwic md basic mcks, as they lie in 



coatset with the crystalline schists. To the north- however9,tkis 
southern belt is interrupted by the M m o i c  granitic rocks, indlcat- 
ing that they are older than these acidic intmsives. Northeast of . 
the Charley River batholith they intrude somewhat metamorphosed 
rocks which are doubtfully ~efe lTed  to the Devonian These mks 
in the southern belt are therefore probably late Devonian or post- 
Devonian in age, 
In the northern bl t the data are somewht better. The serpentine 

south of L i v e n p d  intrudes rocks from which Middle Devonian 
f a d s  have been collectsd; but it has not bem found to the north 
in the Livengood formation, which is regarded as the basal part 
of the Missisqippian sequence. This localization of the ultrabasic 
r d s  shows that they are younger than the Middle Devonian se- 
quence and suggests strongly thtat they are older than the Missis- 
sippian rocks. These racks are therefore referred to the Upper 
Devonian. 

The small bodies of baaaltic and diabrtsic greenstone that intrude 
the Evengood chert and the undifferentiated Mimisippian rocks in 
the northern part of the Fairbanks quadrangle are obviously not of 
Upper Devonian age9 but they are thought not to be younger than 
Paleozoic and may well be representative of the intrusive associated 
with the Rampart group. 

The general distribution, litholoy, age, and correlation of the 
Rampart group have been given in the description of the bedded 
rocb (pp. 1 S 1 2 9 ) .  In the following p a p  the petrographic char- 
acter of the bedded igneous rocks of the group and the associated 
intrnsives is describeil. 

These igneous m k s ,  as seen in the blt southwest of Fort Rmlin, 
consist largely of volcanic flows, tuffs, and breccias, toether with 
a minor but undetermined proportion of in trustve mcks, which, how- 
ever, are not pmprly a part of the group. Mmt of these rocks rare 
characterized bv a dark-green color, which, however, is in pkces 
modified to lighter hues of green bg the preaenoe of considedle 
mounb of secondary minerals, such as calcita and zeolites. On 
axidation at the surface all these rocks Jlange to various hues rang- 
ing from yeIlow brown to brownish red, and hem and there even 
mom briUianS tints of red are developed. The brownish range of 
hills that lies along the northwest side of the Yukon River at and 
a h v e  Rampart is typical of the weathered appearance of these 
mh. 
In granularity the bedded lavasl range from rocks that are too fine- 

grained to show the individual pa ins  u p  to fairly coarse mdrs of 



diabasic habit, in which the principal constituent grains are easily 
visible. The intrusive rocks are still coarmr and have the appear- 

, ance of coarse-grained diabase and gabbro. Some of the lavas were 
originally vesicular and by subsequent filling of the gas cavities 
ham now become strikingly amygdaloidal. Porphyritic varieties 
of the lavas are also found. The tuffs likewise vary greatly in 
pnularity, ranging from rocks whose fragmental character is not 
determinable in hand specimens to coarse flow brmcias, though the 
latter ttre rather unoommon. The fine-grained neturn of many nf 
the tuffs, together with the similar alteration of lavas and  tuff^, 
makes it difficult to distinguish thew two types in a e  field. The 
fuffs, however, have been particularly susceptible to the influence 
of dater mineral-bearing solutions and are therefore more likely to 
show extensive silicification than the laws. 

Field observations have shown that the most common typea are 
diabase md basalt of greenstone habit. Tufftlceous rocks are next 
in abundance. Greatly altered rhyolites, andasites, and intermediaie 
@pee of lams and tuffs are also found in small areas, particularly 
in the basin of Gamek Creek. The intrusive rocks range in com- 
position from basic diorite to gabbra The foIIowing petrographic 
characters hwe been detamined from abmt fdl thin sections of the 
igneous rocks of the Rampart p u p .  

The diabases and basalts am similar in mineral cornpasition and 
differ mtrinly in their fabrics. If the d i h i c  or ophitic fabric is 
defined as one in which crydaIs of ,pyroxene constitute the matrix 
for bladed laths of feIdspar* most of the m-called d i a b s  am not 
so in fact. This definition may be bmadded slightly to indicate 
that the feldspar c r y s u z e d  earlier than the pyroxene, so thaf 
feldspar laths project into crystals of pyroxene. Under this defini- 
tion at  least half of the lavm of this group should be called diabase. 
The fabric of the basalts is th6 so-called intersertd fabric, in which 
the s p m  between the crystals of pyroxene is flied with l ~ t b  o f  
feldspar, as well as other minerals. The basdts am dso noticeably 
her-grained than the diabasw. Most of the d i h w  and basal* 
are  quigrandar rather than porphyritic, but in the porphyritic 
varieties pyroxene is more commonly developed as a phenocryst than 
feldspar. The basalts also grade into still finer grained rocks in 

' 

which a proportion of the ground mass was originally glassy. 
The essential minerals of the diabrtses and basalts are plagiwlase 

feldspar, pyroxene, and magnetite (or i1menit.e). Apatite is a com- 
mon accessory constituent and in mme rmks is rather plentiful. 
Olivine is very sparingly developed-in fwt, no olivine was found 
in any of the sections of rocks colleckd along the Yukon, though 
it has been observed in some of the greenstones near Livengood. 
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The tendency is for these lavaa to be a little more acidic than nor- 
mal diabases and basalts, and therefore, instead of olivine, accessory 
primary quartz appears in numerous specimens, and the plsgioclase 
is more than normally acidic. 

The plkgioclase feldspar occum mainly as lath-shaped crystals, 
and ranges in original composition fmm basic andmine to  acidic 
labradorite. Whem mnal growths occur the range is usually from 
oligoclase; to labradorite. The pyroxene is invariably augite, rang- 
ing from pale yellowish green through a light dusty brown to almost 
coiorlws. The iron ores occur in equidimensional euhedral to sub- 
hedral grains, and the apatite in mbhedral Inths m d  needles. The 
feldspar nnd pyroxene of these rocks are considerably altered, tho 
fddspar commonly more than the pyroxene. By the leaching of 
lime the pltrgioclase in some of these rocks bas been albitized, yield- 
ing a porous cloudy oliplase or albite, which gives a more *1ic 
aspect than the original composition warrants. Sricita and kaalinic 
products have also been formed in the alteration of the plagioclase. 
The pyroxene is commonly altered to various chIoritic minerah, 
though in certain rocks the high-temperature alteration to horn- 
blende has omupred. Where the hsalts are partly gItass, this rock 
glass has b n  chlorithed, frequently to a nearly isotropic chloritic 
minerd. The iron o m  are also altered to  a gmabr or 1- extent 
to hematitic and limonitic material. Semndaary titanite, or leucox- 
ene, is de~elopad from the ilmenite. Secondary calcite is plentiful, 
and epidote and various zeolites are prmnt in some of the rocks. 
Pyri te  is developed here and them. These data suffice to show that 
these rocks cm normal badc Iavas, which have developed a typical 
greenstone habit. 

The tuffaceous rocks of the Rampnrt group are composed largely 
of fmgments of volcanic rnahrial, but the coU&ions so far made 
indicate that this mataria1 includes not only basaltic but also andes- 
itic, dacitic, and rhyolitic debris. In gmeral the tufls are made 
up of subangular to rounded grains of feldspar, felsitic ~ n d  basaltic 
rocks, calcite, chloritic material, and silica. Some dekital quartz 
is also present, and by increase in this constituent the tuffs grade into 
impure sandstone, or graywacke. The calcite in some specimens is 
evidently an original constituent, and by increase in this mineral, 
the tuffs also grade into calcareous tuff and tuffaceous limestone of 
the -type from which fossils have k n  mllected. The tufls. also 
grade into chert, but in such rocks the nature of the silica is doubthl. 
Some of it is undwbtedly secondary, but another part is almost 
rae certainly of original sedientsry origin. The determination of 
t h  original nature of the tuffs is rendered somewhak uncertain by 
their high degree of alteration. Most of the feldspars are albite, 



but m e  of this albik is secondary. Oraina of felsitic volcanic 
material, however, composed essentially of albite and in some speci- 
mens mixtures 02 quartz and albite, show clearly the more midic 
character of some of the tufls. 

Rhyolitic lavas and tuffs thnt constitute a part of the ~olcanic 
r o c k s  of the Rampart p u p  in the valley of Garnet Creek, south- 
west of Rampart, were described by Enkin." Those racks as ob- 
served by the writer were found to have a pronounced structum, 
suggestive of lamination or bedding, striking N. '10" W., which is 
a variance of 40' from the regional strike of the rocks of the Ram- 
part p u p .  me dip is TOa S. Probably this varianm is due merely 
ta local folding. These rocks appear white or buff when viewed 
from a distance, but along the southwest side of Garnet Creek they 
exhibit many colors, including p n ,  p y ,  and red. Some of them 
remmble banded chert. Others are manifestly fragmental and sug- 
gest silicified tuas and bremias. Here and them am banded zones 
characterized by opaloid ~pherulites from very minute size up to 
half an inch in diameter. Some of the weathered material is porous. 
The most striking characteristic is the great diversity of color, tex- 
ture, and lithalogic character represented. Under khe m i c m p e  
most of them rocks are clearly fragmental and seem tn consist largoly 
of angulnr pieces and irregular areas of chert, spherulites of quarts 
and feldspar, calcite, zeolites, and secondary chalcedonic silica. Some 
of the spherulites show fine-grained graphic intergrowths of  quart.^ 
and feldspar. In some specimens serpentine is extensively developed. 
Only one or two thin sections seemed to be true rhyofitic flows, all 
the others appearing to be fragmental. These mks are so greatly 
silicified and otherwise altered that no reliable determination of 
the feldspar cuuld be made. Some of the feldspar in the spherulites 
is apparently orthoclase, but some is apparently albite. It is be- 
lieved, however, that these rocks are really derived from rhyolitic 
material, possibly a soda rhyolite. Probably a detaiId area1 in- 
vestigation would revea1 a greater proportion of such la~as .  The 
rocks seen by t.he miter appear to be largely rhyolitic tuffs and 
breocias, replaced by silica, zeolites, and calcite. These rocks strongly 
suggest a correlation with a similar group of he-grained rhyolitic 
and dacitic flows nnd tuffs in the valley of the Sulatna River, in the 
Ruby di~trict.'~ 

Eakn" 'has also demribed ~eddiish andesitm, intmbeddd with 
pnstonm,  as an integral part of the Rampart group. Such rmks 

' 

were observed at the head of Squaw Creek, northwest of Rampart 

a Eakia, 8. M., A geologic reronnaissnnce of a part of the Rampart quadrangle. blmkn: 
U. 5. Qeol. lawey Bull 636, pp. 18-18, 1915. 
a Mertia J. B., ST.. and Harrhgton, G. L., The noby-Kuarkokwim W o n ,  Alaska: 0.9. 

Qeol. Borveg Bull. 7114, pp. 00-82, 1824. 
'Eakfn, H. M., op. clt., p. 1% 



No thin sections of these are available, but in view of the andesitic 
charecter of some of the tuffs between Rampart md Fort Hrtmlin, 
such rock may have f m e d  an appreciable part of the volcanic 

- sequence. 
. Coarse-grained intrusive racks fornl only a minor proportion of 

the igneous m k s  but &re present a t  seveml places dong the Yukon 
above Earnpart and in the valley of Hess Creek and its tribu- 
taries. The general character of these rocks rrs here described is 
b d  on an examination of about a dozen of the sections. In general, 
they consist of gabbro and pyroxene diorite, lmally containing also 
a considerable proportion of quartz. These are hypidiomorphic 
granular rn rtssive da rk-green rocks mad0 up essentially of pladoclasa 
feldspar, augite, rarely hornblende, and iron ores, with s c x w r y  
quartz, apatite, biotite, ant1 rarely zircon. They grade, bp a change 
in fabric, into coarse-grained cliabrtsic rocks. The plagioclase ranges 
in composition from labradorite to andesiw, and therein these rocks 
differ markedly from the pyroxene-baring rnonzonitic rocks el*- 
where exposed in tho Rampart and Hot Springs districts, which Rave 
more alkalic feldspars. The fcldspar and pyroxene are altered in the 
m a  manner and to much the swne degree as in the basic la~as ,  and 
these roclrs are therefore also classified as greenstones. They suggest 
strongly the basic intrusive rocks associated with the Strelna f orma- 
tion in the Kotsina and Kuskulana VaIleys of southern Ala~ka.'~ 
In the description af the general stratigraphy of the Rampart 

proup it was stated that the Circle volcanics, which rtre exposed along 
the Yukon River upstream from CircIe, are now correlated i n  en- 
~ r s l  with the h m p a r t  p u p .  These Circle volcanics appear to  
contain a smaller proportion of interbedded f r w e n h l  rocks than 
tho Rampart group in its type locality, but the jgnoous members of 
the group are essentially the same and will not be separately 
described. 

Another pomp sf peRstones that are correlahd with the Ram- 
part p u p  are found in the southeastern part of the Yukon-Tanana 
region, north of the Tmms River. These rocks were originally 
diifeferentiated by B r ~ h * ~  and have not subsequently been visited 
by any other geologist. Ten thin sections, however, have been ex- 
amined by the writer, and the information derived from these 
sections constitutes th0 basis for the following description. 

Four types of rocks are represented-gsbbro, diabase, basalt, and 
uItrabasic rocks-all much altered, with the development of a green- 
stone habit. The gabbro is a coarse-grained hypidiomorphic granu- 

QMniflt, F. H., and Mertle, 3. B., Jr., The Kotrlna-Kusktllans distrfct. hlaaka: G. S. 
Owl. Gurvey Bull. 748. pp, 67-68, 1923. 

aBrooka, k Et., A rmnmisrranct? in the White and Tanrtna Rlver Bardm, &tus8k. 
in 1SQB: U. &. Qeol. Surve~. 20th Ann. Rept., pt. 7, p. 470, 1800. 
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lar rack composed essentially of kavlinized plagiuclase feldspar, 
pyroxene largely altered to chloritic products, and iron hydroxides. 
In one or two specimens the original rock-forming minerals have 
been completely replaced by secondary minerals, such as quartzr, chlo- - 

rite, ,calcite, and epidote. The diabasic and basaltic greenstma 
differ from the gabbmic greenstons mainly in their h e r  g: anular- 
ity and different fabric and on the whole are less altered than the 
gibbmic rocks. Chlorite, calcite, and quartz are the main secondary 
minerals. Three specimens of uZtmbrssic greenstones consist e m -  
tially of olivine, with a considerable percentage of mqnetite or 
ilmenite in elongated patches along lines of cleavage. Actinolite is 
an abundant constituent of one of them specimens. Brooks also 
mentioned the presence in this assemblage of dioritic greenstone 
(metadiorite) and tuff nmms peenstone. 

These rocks are closely associated with the Mississippian rocks of 
this &ma known locally as the Wellesley formation, md for this rea- 
son the wribr believes that they are probably a part of the Rampart 
group. Their petrographic character, however, suggests that they 
may possibly belong with the basic and ultrabasic rocks of Upper 
Devonim ap. Ultrabasic rocks, however, may be expected as dif- 
ferentiates of a, basic magma, and the occurrence of such types 
nmong the basic lavas nnd flows hardly justifies their cla~ification 
as Upper Devonian. 

HE808010 Q W I U  ROOKS 

Grrtnitic rock are widely distributsd in the Yukon-Tnnlans region, 
but the larger intrusive bodies rtre confined to the eastern park of 
the region. The k r p t  surfaca expmre of these rocks is an ir- 
regular-shaped M y  which lies largely in the basin of the Charley 
River. This mass extends about 80 miles from east to west and 
abut 50 milea from north to south and comprises aa area of nearly 
1$00 square miles. Another irreguIar-shaped area of graeitio mh, 
having an area of 1,000 square miles or more, lies south of the 
Charley River batholith. Another large body centers around Mounh 
Fairplay, south of the Mosquito Fork of the Fortymile River, and 
a fourth lies along the north side of tha Tanana River dowmkream 
from Tanana Crossing. In addition to these, about 80 m1Ier bodies 
of granitic rocka a m  shown on the accompanying geologic map. In 
the absence of critical evidence to the contmry, all these rocks that 
are found east of the Tolovana Valley ltre mapped as Mesozoic, but 
it is possible that some of the smaller bodies, especially those in the 
vicinity of Fairbanks, mny later PMVB to be of Tartittry age. All 
the granitic rocks weat of the Tolovana Valley are believed to be 
of Tertiary age and are so mapped. 



Though irragular in outline, them granite bodies show a tendency 
toward an dongation parallel to the original structure of the 
cotntr~r & In the east half of the region the regional strike of 
the mks is a b u t  N. 60" TV., and the Charley River batholith has 
exkmsions at both its enstern and wcstern ends that trend in this 
direction. Similarly, in the area east of the White Mountains the 
smaller: p i t i c  Mia am elongated in a d i ~ t i o n  about N. g0* E., 
pamlle1 to the regional strike in this north-central part of the 
region. 
On t he  higher ridges ~ n d  dornos the grnnitic rocks, from pre- 

Cambrian to Tertiary, weather out lbrgely by frost action, pro- 
ducing isolated and a t  some localities fnnhstjc monolithic forms. 
The rocks separate along cracks and joint planes, and them mom 
or less regular .blmks are further modified by exfoliation into 
;boulders. 

-RAPHI0 0 l T A U m  

The panitic rocks consist principally of granite and quartz diorite 
but include also same quartz moneonite, as we11 as acidic and basic 
diflsrentiates of the granitic magma. ?Most of the granitic rocks am 
coarse-grained, hypidiomorphic p n u l a r  rwh, but porphyritic 
varieties are also found, especially as dikes and along the borders of 
the; larger intnlsive mams. The commoi~ mineral mnstitnents are 
qu~rtx, potiish and soda-lime feldspars in varving proportions, bio- 
tite, and hornblende, with several aeceswry minerals. Dctailed 
work will be necessary in this &strict to map &parately the different 
petrographic m e s .  

The rnmt common of the Jfesozoic granitic rocks is biotite granite, 
In the Imrger masses this is a dark-py  hypidiamorphic panular 
rock, but some of it has a slight greenis11 hue d u ~  to chloritiza- 
tion of the biotih. In some of the smaller intrusive bodies the 
biotite granite is distinctly porphyritic, with phenocrysts of feldspar 
an inch or mwe in length. The mineral constituents nre quartz, 
orthoclase (less commonly rn iml ind) ,  pleiwlase, and biotite, with 
apatite and zircon as the common .accessory minerals. Locally gar- 
net is also present. The orthocIase in some of these rocks is graphi- 
cally intergrown with the quartz. Plagioclase constitutes from 5 
ta 30 percent of the feldspars. The average composition of thb 
plagimlase feldspnr is about that of basic oligoclase, though some 
of the h c k s  have zonally g o w n  plagioclase, ranging in composition 
from acidic oIigaclnse on the  edges of the crystals to  acidic labrador- 
ito in the centers. Titanite and magnetite also o a r  as accessory 
minerals but chiefly w h ~ r e  hornblende is also present and the granite 
tends to be solnewhat more basic. These rocks are not usually altered 
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to any considerable extent, but where snbaequent alteration hss oc- 
curred the biotite is usually altered to chlorite, less commonly to 
epidote or muscovite, and the plagimlase is more or less sericitized. 
Other secondary products are calcite, pyrite, and hematite. 

Any of the large masses of granite or quartz diorite in this region 
are likely ta lieve a biotite granite facies, and this me is therefore 
widely distributed. A specialized type of highly pottassic biotite 
granite was also found among the granitic rocks in the 4,000-foot 
dome southeast of the forks of the Ladue River.' This consisted of 
orthoclase, microcline, little or no plagioclase, chloritized biotite, 
and some epidote. Similar meks were found along the north side 
of the Tanana River, below the mouth of the Tok River. 

By s gradual decrease in the mount of biotite and a correspond- 
ing incream in the amount of muscovite, there are alm developed 
the biotite-muscovite and muscovih granites. These are lighter- 
colored rocks than the biotite granite, and some of them, owing to 
subsequent leaching of the biotite, appear in hand specimens to be 
muscovite granib, and their true character can be discerned only 
under the microscope. The feldspar of these rocks is usually ortho- 
clase, and the phgioclase is oligoclase. The accessory constituents 
commonly incllrde apatite, zircon, and garnet. Compared with the 
biotite and hornblende granites, the biotite-muscovite and muscovite 
grmik are relatively scarce, though good-sized bodies of these rocks 
are present locally, as, for example, in the divide a t  the head of 
Coal Creek. In general, however, these two t w  of graniter occur 
as dikes cutting the other granitic rocks. 
By a decrease in the amount of biotib and an increase in the 

amount of hornblende, the biotite granite grades into hornbIends 
granite. Many of the granitic rocks contain both biotite and horn- 
blende, but relatively few true hornblende granites hwe been ob- 
served. The biotite-hornblende grmitas are darker in calm thm 
the biotite granite, owing mainly to the larger proportion of mafic 
minerals, and as a rule it is not practicable in the field to distin- 
guish them from the quartz diorites. This dktincion ia based on 
the character and proportion of the feldspars and is best made under 
the microscope. As a rule, the biotite-hornblende gmites do not 
differ materially in granularity from the biotita granites, although 
those in which hornblende is the chief ma6c mineral m y  be a littIe 
coarser. The feldspar of the biotite-hornblende granite includes both 
orthoclase and plagioclase, the latter with an average mmposition 
a b u t  that of basic aligoclase. Where hornblende is an important 
part of the r d ,  titmite is one of the mom abundant accessory min- 
e d ,  The other accessoT minerals m e  apatite, magnetite, and z:ir- 
can, and the more common secondary minerals tare epidote, calcite, 
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and mricite. ZocaIly the granitic rocks show evidence of metamor- 
phism, and one specimen from a point 2+$ miles west af the junction 
of Manila Creek with the Middle Fork of the Fortymila River shows 
undulatory extinction in the quartz crystals, and m p e k t e ,  or m- 
ondary quartx and feldspar, with the original feldspars. Another 
specimen, coHected from the north side of Slate Creek where it 
joins the Fortymilo River, is a basic differentiate, cunsisting largely 
of hornblende and biotite, with subordinate quartz, orthoclase, and 
albite that show strain phenomena. In this rock the hornblende is 
zonally grown, being brown in the center and grading outward to 
green. 

Biotite-hornblende granite is the second most plentiful of the 
granites. Hornblende granite has been observed at Veta Mountain, 
on the spur between Olo and Independence Creeh, rukd on the spur 
between Pithburg and Portage Creeks, in the Circle quadrangle; 
in the granitic mass west and northwest of Wolf Creek, in the Dee- 
nison Fork district, and at other ImIities, but is relatively mcom- 
mon. No true pyroxene panites have been found among the Me- 
zoic granitic rocks, but a few have been observed in which the mafic 
minerals include diopside, as well aa hornblende and biotite. 

Many special varieties of p n i t e a  occur in this region, but it is 
beyond the scope of this report to dwribe them in detail. Chief 
among such rocks am the tourmaline granites. Tourmaline is found 
at  many plnces ns one of t l ~  mafic minerals, buQ only at a few lo- 
calities is tourmaline the sole or chief dark mineral. One such speci- 
men, which wtbs found by, Prindle as float in Liberty Csoek, con- 
sisted of quartz, orthmlase, oligocIase, tot~rmaline, apatite, and zir- 
con and is believed to be of pegmatitic origin. Another tourmaline 
granite forms a small intrusive body cutting the massive Silurian 
limestone of the Whit4 Mountains. The neighboring limestone is 
a h r e d  to a white, finely crystalline marble. b o t h e r  occurrence of 
tourmaline granite is at the head of Haps Crcck, where the tourma- 
line occurs ss irregular gains and masses, replacing some of the feld- 
spsr. At this lacality fluorite is also abundant, occurring mainly 
with quartx and pyrih in veins, which cut the adjoining schist, but 
also RS mall grains in the tourmaline granite. 
Highly silicic dike rocks are also of common occurrence, These 

include qumtz porphyry, alaskite, aplite, and pegmatite. The alas- 
kite and aplite are characterized by the absenoe or scarcity of dark- 
colored minerals. Alaskite is m m p d  entirely of quartz, perthitic 
alkali feldspar, a little oligochse or albite, and s little muscovite, 
arranged in a hypidiomorphic granular fabric. The aplites haw 
about the same composition but have a sugary, panidiomorphic 
granular habit. As thew rocks become porphyritic, rand the min- 



erds of the groundmass d e c r e a ~  in size, they grade into granite 
porphyries. ]Dikes and gills of granite porphyry are well dewloped 
in the schists wt the heads of Faith and Bachelor Creeks. Another 
intawting granitic differentiate occurs among the granitic rocks at 
the west side of Mount Fairplay. This is compmed essentially of 
quartz and muscovite, with accessor$ tourmaline, hematite, and zir- 
con but no feldspar whatever, Syenite has been noted by 
Prindle 50 in a small area on Bear Creek east of Cache Mountain- 
This is a porphyritic rock with a tsachytic fabric, composed chiefly 
of tabular orthocI& and pyroxene, with a little biotite. Such rocks 
must be exceedingly rare, .Ear a high percentage of quartz is an al- 
most tmiversal feature of the granitic rocks of th i~  region. 

Second among the granitic rocks in abundance is the family of 
dioritis, and amow these quartz diorite is the most common. These 
m k s  closely resemble the biotite-hornblende granites but dser  in 
containing relatively little alkali feldspar. Several varieties of 
qua,*% dioritw have been recognized, the differences depending upon 
the dorninanci of particular types of rnafic minerals. The primary 
minerals that have been observed in these rocks are quartz, plagi- 
mlas, orthmlaq biotita, hornblende, apatite, augite, t itanite, 
magnetite, ilmenih, and sicon, and the secondary minerals are 
sericite, epidote, zoisih, chlofite, calcite, pyrite, and quartz. Quartz 
and feldspar me the most plentiful constituents, and in soma of 
these rmks these two minerals have dewloped as phenocrysts, giving 
rise to a porphyritic fabric. The plagiwlase feldspar is charwter. 
ised in general by zonal growths, ranging in mrnposit.ion from 
oligoclase to labradorite, with an average composition of andesbe. 
Orthoclase constitutes 15 percent or less of the feldspar. The chlo- 
rite and sericih are dez4ved largely from biotite, and the epidotes 
from hornblende. Augite is an accwsory mineral. 

Quartz diorite is found at many localitias, m o n g  which may b~ 
mentioned Pedro Dome, the Gdpaster  River, the ridge at the hetad 
of Miller C d  in the Circle district, the ridge at the head of Coal 
Creek, the ridge east .of Granite Creek, md the head of Shaw Creek, 
More extensive occurrences are found at Twin 3lounkain and West 
Point. DioritR without quartz is of rare occurrem and is not 
known to form any large bodies of intrusive roclr, though same 
smaller bodies and dikes of both hornblende diorits and augita 
diorite have been observed, the latter in particular occurring among 
the grmitic rocks west of Wolf Creek. Such rocks must be re- 
garded in general as differentiates. of the grandiaritic magma, 
rtather than characteristic types. 

a PrindI~ L. M.. A gm10gic recopnal%smce of the Fafrbankl quadrangle, Aksh : U. R. 
GeoL l w e y  Bull. 626, p. 68, 1913. 
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Inasmuch a9 both granite and quartz diorite are characteristic 
typss among the Mmzoic granitic rocks, it might be expected that 
intermediate types, such as quartz rnonzonite and pnodiorite, 
might also be common. Such, however, is not the case. Among the 
several Ilundred thin sections of the Mesozoic granitic rocks shdied, 
only a very few have been identified as quartz monzonite.  OR^ such 
rock occurs on the ridge btween Mosquito Fork,of the Fortymile 
River and Buckskin Creek, and one was found in the Fortymile 
quadrangle, but several others were recognized among the granitic 
rocks collected by Brooks dong the north side of the Tanana River 
Mow the Tok River. Those of the Fortymile country consist of 
quartz, orthoclase, d plagiwlase in a b o ~ ~ t  eqnal amounts, horn- 
blende, biotite, titanite, apatite, and magnetite. Those along thb 
Tnnana had about the same mineral composition, but one of the 
specimens also contained augite. The plagioclass feldspar ranges in 
composition from ol igdase  to andashe. Granodiorite also has 
been observed onEy at  a few locdities. This marked scarcity of 
gradational types between the granite and quartz diorita is a ehar- 
wteristic snd noteworthy feature of the Mesozoic granitic rocks and 
suggwts two stages in the intrusion of these wcks. This condition 
also is in marked contrst to that which prevails in the Tertiary 
granitic rocks, which are dominantly of mollzonitic character. 

Gabbroic differentiates of the granitociioritic magma have been 
found only at, a few localities. One specimen of this type was found 
at the east side, of the granitic area west of Kechumstuk Mounbin. 
This is a true &bro, consisting of plagimlase, nugite, a little biotite, 
apatite, and magnetite. The plagioclase is zonnlly grown, with rims 
of andesine and centers of bytownitc and an averngo composition of 
about acidic labradorite. Another specimen collected by Brooks 
along the Tanma below the Tolr River is an olivine gabbm. A third 
specimen from the junction of Slmw Creok wit11 the n'orth Fork of 
Birch Creek containd qunrtz and is really a quartz grtbbro. Still 
other basic and even ultrabasic differentiates have hebeen found, and 
others will doubtless be discovered when more detailed work is dons. 

The granitic and dioritic rocks of this region ocxur mainly in 
areas of Paleozoic and pre-Cnmbrian rocks, and although it is clear 
that they are post-Paleozoic, a more precise determination of their 
age isclifficult tomake. I n  the Charley River country a, conglomerate 
mas found by Prindle and the writer, in which the pebbles and cob- 
bles consisted largely of p n i t i c  material. The aga of this con- 
glomerate was given by Prindla R1 as Upper Cretaceous (?), but the 

Pdadls. I. M., A g m l o d ~  recoanafawnce la  the CIrcle qna&angle, &aka: U. 9. 
tJp01. survey BnU, 1188, p 52. 1913. 



writer regards it as more probably early Tertiary. Along the Yukon 
River the h w e r  Cretaceous rocks contain much conglomentte, but 
no p n i t i c  pebbles were obser~*ed in these rocks, although the 
granitic rocks are forrnd nt no great distance to the north. This 
does not prove, however, that the granitic rocks are younger than 
Lower Cretacgous, for they might have been formed prior h the 
depwition of the Lower Cretawous rock3 without having been ex- 
p e d  at. the surface by erosion nt  that time. duradc m k s  hare not 
h e n  found in the Yukon-Tanana region, and the relations of the 
intrusives to rorh of that age cannot be determind. On the strati- 
graphic evidence alone it con only be said that these p i t i c  and 
dioritic rocks sre p&-Pnleozoic and pre-Tertiarv, and therefore they 
have been mapped as Mesozoic. 

The mere fact, however, that Jmaq~ic rocks have not baen found 
in the Yukon-Tanana region, sugpsts that the Jurassic in this 
region was probably a period of extensive uplift and possibly of 
mountain building; and it is probable that these great masses of 
granitic rocks were intruded more or Ims contemporeneously with 
such arogenic movements. In the Talkeetna Mountains of Southern 
Mash  the granitodiaritio roclrs have been shown by Paige and 
Knapfm to be of Jurassic age, for they intrude Lower or Middle 
Jurassic rocks, and their pebbles rare found in Gpper Jurassic rocks. 
In southenstern Alaslca the Cotaat Range b~tholith is generally re- 
garded as ranging from Jurassic to Lower Cret~ceous in age; nnd in 
northern Alaska the pmitic roclrs have been shown by Smith and 
the writer to have hen in existence before the Upper Cretaceous 
rocks were formed. Them comparative rfstrt cannot be utilized to 
prove the age of the granitic rocks of t,he Yukon-Tanana region, but 
they show that granitic rocks were intruded in many parts of Ala~ka 
ROW time in the late J~irassic or early Cretaceol~s and thereby sug- 
gest that the granitic mcks of the Yukon-Tanana region map have 
been formed a t  or &out the same time. 

" The early Tertiary volcanic rocks are found mainly in the south- 
pastern part of the Yukon-Tanana region, in a large area lying 
between the Tanana River and the head of Dennison Fork of the 
Fortymila River. These rocks have also bean obsemd in some 
smaller areas a t  the head of tha Charley River and in the vicinity of 
Manila Creek, in the valley of the Middle Fork of the Fortymile. 

-Pam Siilaey, and Enopf, Adolph. OtoFagIc monaal#sana h the and TnI -  
b t n a  Raslas,  Alaska: U. 3. Eeol. Burrreg Rntt. 327, p. 20, 1807. 
u Smlth. P. S., and Msrtie, J. R., Sr.. G e o l w y  and mlnentl reacrarcw ot nmthwemtern 

Alaelta: U. W. Oeol. S a w e ~  Bun. 815, pp. 204-286, I93n. 
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As the central and southeastern part of the Yukon-Tansne region 
has .not been fully explored, other small areas now unrecognized 
may be later discopered. 

The early Tertiary volcanic rocks consist mainly of rhyolite, d ~ c i b ,  
and andesita, but they may also include basaltic Isvas, though these 
for the most part am of later origin. The rhyolitic mks, which are 
the mast numerous, are light-colored and commonly porphyritic, with , 
pheniwqsts of q u ~ r t z  and feldspar. The ground mas of both the 
porphyritic and nonporphyritic varieties Is usually fine-gained, 
though the identity of the principal dark-color4 minerals can of ten 
be recognized. Under the microscope, however, most of the rhyolitic 
rocks are seen to be beolocryslalline, relatively fern of these rock 
having any considerable proportion of glass in the ground m s s .  
' h a  most common type of rhyolite and rhyolito porphyy consists 
of quartz, orthoclase, acidic plagioclnse, anti biotito, with tb acces- 
sory minerah apatite, titmite, zircon, mngnetite, ihnenib, md locally 
garnet 

Where these rocks are. porphyritic thc! phenwrysts are usually 
quartz and feldsparl either orthocltlse as plagioclase and in soma 
specimens both. Magmatic corrosion of the phenocrysts is noticeable 
in gome af these rocks. The groundmass is usually a finely granular 
matte of quartz and orthoclase, with rt minor proportion of plagio- 
clase. Graphic intergrowtl~s of quartz and orthmlase are not un- 
common, and spherditic orthoclase is present hers and them. Tha 
plagioclas8, in both pphenocrysts and groundmas8, has ths average 
compwition of basic oligoclase, but tho phenocryds of pIagioclnse 
are as a rule zonally grown and show s considerable range in compo- 
sition f m  r i m s  to centers. Much of the biotite is more or I t s  
altered to ddoritic minerals and epidote. Muscovib occurs also as 
one of the, primmy minerals but is less abundant than biotite, 
Hornblende is rere. The common secondary minerals are chlorite, 
sericite, epidote, rtnd calcite. 

A more apecidized type of rhyolite was observed at several loeali- 
ties. This is a wdic rhyolite, some of it porphyritic and some non- 
porphyritic, msistiag mainly of quartz, albite, end biotite or locally 
hornblende. In much of the porphyritic rwk the phenoerysts are 
corroded orthoclase. T h e  gmundmas is a fine intergrowth of quartz 
and albih. 

The dacitic rocks, like the rhyoiitic rocks, include both p ~ r p h ~ i t i c  
and nonporphyritic varieties. They much resemble the ~hyolitie rocks 
but an the whole are darker and seem to be mom altered. TufTn- . 
aous varieties were b seen. The rock constituents nm chiefly 



quartz, plagioclase, biotite, and horn blend^ Orthmlase is relatively 
s c m .  The plagimlase, about andsine, is usually much sericitized, 
and the m&c minerals biotite and hornblende are nearly everywhere 
altered to chlorite, epidote, and other secondary products. Apatite, 
titanite, and iron oxides are the principal accessorg minemls. 

Andesitas are scarce and relatively of smalI extent. They resemble 
the dacitas in general character and mode of occurrence but cuntain 
little or no quartz. 

These rhyolitic and dacitic rocks were first recognized by Prindh 
and the writer 54 a t  the headwaters of the Charley Eiver, In that 
digtrict these rocks were observed to lie upon the surface of Mesozoic 
granitic rocks, forming mesalike cappings on some of the hills. 
Dikes cutting the granitic basement were also observed, which ap- 
peared to be connected with the overlying Iavas. These dikes had a 
regional strike rmging from north to northetat and were therefore 
nearly at right angles to the major structural trend of the schist 
and to the direction of elongation of the granitic bodies. The larger 
of these dikes were interpreted as occupying the fissures through 
which tho leva welled upward to the surface, and the flows them- 
selve~l were therefore classified as fiwure flows. 

Subsequent work by the writer in the Dennison Fork district 
revealed the fact that thwe lnvas occur there in much t l i ~  same 
manner, though on a, larger scale. One difference, however, was 
noted. The porphyries of the Dennison Fork district do not con- 
sistently overlie the Mwmzoic granitic rocks but instead appear to 
be irregnlarly intermingled with them. This mode of distribution 
is interpreted as due in part tn the outpouring of the frtvas from 
several centers at  different elevations and in part, perhaps, to snb- 
sequent folding OF tilting of the rocks in this ares. The petrographic 
similarities are so great, however, that there is little doubt that the 
rhgolitic and dacitic melts of the Dennison Fork district are cor- 
relative with those at the head of the Charley River. 
T h e  geologic age of these flows is uncertain, becam stratipaphi- 

cally the Javm tsre largely associated with the Mesozoic granitic 
rmh, the precise age of which ha9 not been determined. I f  the 
Mesozoic ranitie rocks are of late Jurassic or early Cretaceous age, 
the rhyolitic and dacitic lavas might possibly be late Cretaceous, but 
the Cretaceous perid in general does not seem to have been char- 
acterized in this region by much volcanic activity. 'She% layas are 

'Prlndle. L. I&., A #tmlode mmnabanm? o t  the Circle qaadtaa& Ala8ks: 0.8. M I .  
BulL 638, p p  43-46, 1813 { d e s d p t t o ~  Of IgImur w k a  by J. B. BTertle, Xt.). 

mhiertle, J .  IJ, Jt, A ~ l o d c  rccmnalnnance of the Dennirwn Fork dintrid. Alssks: 
If. 8. aeol. Bamg Rnl l  827, pp. 33-3% 193 1 I1932 J, 
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thedon m.Egned to the early Tertiary. No data whatever are 
- avnilable as to their age relations to the Tertiary p n i t i c  rock, for 
these two g m p s  occur in widely mpamtd and different areas. 
They show no ckom petrographic similarity, however, and the lavas 
am therefore not consided td be the surficier equivalents of the 
T d r r y  p n i t i c  mlm but rather as representing a distinct epoch 
of voIcanism, probably earlier than the intrusion of the mid-Tertiary 
granitic rmh. 

It is reasonable t~ believe that such rhyolitic rmb should haw 
had deep-seated granitic equivalents, and this in turn s u g m  the 
possible occurrence of granitic rocks that a m  younger than the M e w  
wic  granitic rocks, and older than the mid-Tertiary granitic rocks 
%hat m r  in the Mestem part of this relfion. A comparative study 
of all the granitic rmks of the Yukon-Tanana region, by means of 
their radioactive properties, by both chemical and spectmscopic 
methods, appears to offer the greatest promise of r pwcim detemins 
tion of the ages of these rocks. 

D I m m O *  

Granular intrusive that are classified generally ae p n i t i c  rocks 
occur at several localities in the western part of the Yukon-Tanana 
region. One of the largest of t h w  is a h l y  abol~t 10 miles long and 
nearly 3 miles in greatest width that lies northwest of Hot Springs, 
along the southead flank of Hot Springs Dome. A atill larpr 
body of eueh rocks liw in the Tolovana Basin, east of Idaho Creek. 
It has not been visited by the writer but is assigned to the Tertiarg 
largely on the h i s  of the mcurrenee of hot springs along its ewt 
flmk. Another @-sized body of granitic intrusives forms the 
corn of Roughtop ( M m )  Mountain, at the head of Boulder Creek. 
Them rocks crop out in the Rampark of th Yukon md form tha 
cores of Elephant, Wolverine, and Sawtooth Mountains, in the Ram- 
part district. A number of smaller bodies are also mapped, and at 
least two of them are known to have prduced mineralization in the 
adjoin in^ count7 m k ,  fmrn which gold placers have been derived. 
One of these is the small granitic mass that constitutes Amy Dome, 
south of Livengod C m k  ; and the other is the small body of granitic 
rocks at  the heads of Glen, Rhode Eland, and Omega Creeks, in the 
Hot Springs district. The presence of these rwks in some of the. 
highmt mountains in this region i~ a p p ~ e n t l y  due to their superior 
resistance b erosion, as compared with the sumonnding Mesozoic 
and Paleozoic dimentary rocks. 
In addition ta these larger intrusive mass=, numerous dikes, sills, 

and small intrusive M i e s  rn present, particularly along the periph- 
6488-7-16 



eries of the larger magses. On account of the large number and 
small aim of t h e  dikes, it has not been found .praeticabIe to ~how, 
them on the accompanying geologic map. 

Theae rocks are light to dark gray, and in the larger intrusive 
bodies range f ronm medium to very cmrse grain. The average size of 
the grains is perhaps 8 millimeters, but a t  Roughtop ~ n d  S~wtooth 
Mountah crgstals of fddspar 5 centimeters or larger were observed. 
As rs n ~ l e  these rocks are not porphyritic, except along the mrgina 
of the intrusive bodies and in finer-grained dikes emanating there- 
from. In most hand specimens feldspar, pyroxene, and biotite can 
readily be di&inguished, but the  finer-pained dike rocks are 
aphanitic and also tend to be differentiated into acidic md basic 
fractions. 

The larger masees of granitic mks may be cl&d in three 
general types-monzonito, quartz monxoni te, and gznite. Tha 
granite has been recognized only in the intrusive b d y  southeast of 
Hot Spring9 Dome and in the Livenpod district and is qaite dis- 
tinct petrographically from tho others. The quartz monzonite. and 
mmzonite grade into each other by a variatiolr in their eontent of 
quartz and are certainly consanguineous. 

The rocks of Elephant Mountain are characterized by great uni- 
formity in texture. From one end of the rnmntain to the other, s 
distance of about 5 miles, little variation appears to  exist in these 
rocks. Under the Illicroxope ortlioclnse is swn to constitute about 
hdf of the feldspar, and some of i t  is graphically intergmwn with 
quartz. It is also mixed with albih in perthitic intergrowt.hs so 
fine-pined .as to be almost srlbmicroscapic and therefore in some 
thin sections appears to ham an index of refraction a little higher 
Bmn that of normal albite. Tha plagiocl~se feldspar has about the 
composition of andesine. Quartz is present in small amounts as an 
intentitid rnineraL Augite is the principal rnafic mineral and 
jn ,me of these rocks is pink and probably titanifesow. It is 
rather common for the augite to occur in pod-simd crystals and 
to incIude numerous ~maller crystals of biotite md apatite, having 
the same crystallographic orientation, thus producing locally s 
paikilitic texture. Augite has also suffered a high-temperaturn 
alteration to p e n  hornblende, and where hornblende is presmt 
much of it seems to have been thus produced. Biotita is the second 
most plentiful mafic minerd and occurs in pod-sized blades, except 
where included in augite. The accessory minerals are apatite, mag- 
netite or ilmenita, zircon, and titanite, the last in part secondary 
after ilmenite. 



The & from Roughtop Mountain appear to be essentially the 
ame as those from Elephant Mountain but dider in main  textural 
respects. Many of them are except.ionillly marsepined, and w 
gmat range in fabric is visible. Also these mks appear ta hsve 
sufFered more differentiation, for apZitic and basic segregates w e  
rather common along the borders and are ohrvabIa even wikhin 
the main intrusive body. This type rock under the microscope is 
seen to h &about the same as that from Elephant Mountain. Among 
the diffemntiated varieties may be mentioned a porphyritic quartz 
monzonite porphyry, consisting of a granopl~yric groundmass of 
orthoclase and qusrtz, with pl*mIase as phenocrysts. Titan'ifer- 
ous augita, biotite, and olivine also occur, both as phenoqsts and 
in the groundmass. The accessory minerals are apatite and mag- 
setito. Another differentiate is a fine-grained gabbroio rock consist- 
ing essentidIy, of coarse crystals of rtugite in EL matrix of fine 
crystals of basic plagioclase. Biotite and magnetite are also pres- 
ent in considerable amount, and apatite is accessory. Granitic and 
alaskitic types are also p m n t .  The former differs from the mon- 
zonite in having a large proportion of orthoclase and consider- 
able quartz. The plagiwlage is present in smaller moun t  and is 
commmly oligaclm. Augite is abwnt and is r e p l a d  by biotite 
and hornblende. The alasltite consists of orthoclase, quartz, and 8 

little plagioclese and muscovite. The rocks from the Sawtooth 
Mountains also show a considerable range in tedure md a m  prob- 
ably more closely relabd genetically to those at Roughtop Mountain. 

The rocks from Wolverjnc Mountain and from the two smaller in- 
trusive bodies t o  the northwest and southeast, like t h m  from EIe- 
phant Mountain, are rather uniform in composition and texture but 
differ in baing lighter in color and in having quark as one of the 
principal constituents of their modes. These rocks are quartz mon- 
zonites. Thoy consist of quartz, orthoclase, pla@;ioclme, angite, bi* 
tite, green hornblende, and accesory apatite, zircon, and titanite. 
The pl~~ioclase has about the cornpositinn of oligoclase and is com- 
monly more or less sericitizcd. Minute, nlmost st~brnicroscopic per- 
thitic interpwths  of orthnclasc and albite are also pmenL Some 
of the hornblende is secontlnrp, mplacjng augite. 

The granite from Hot Sprinp Dome, exemplified by sample 6 in 
the table on page 222, differs from the others so far described. It 
consists of orthoclase, quartz, plngioclnse, and biotite, with accessoq 
apatite, zircon, and iron oxides. Pyrox~ne and hornbIende are ab- 
sent. The orthoclase forms rtf1me-quar2Rrs or more of the feldspar, 
l~nd the remainder is oligmlase. Graphic intergrowths of ortho- 
clase and quartz also occur. This rock should he classified as eb 

biotite granite. 



The granitic rocks from the vicinity of Liven@, particularly 
from Amy Dome, have been classified earlier by the writer as 
.iliodtic, this de%Wination 'being based 'largely on the eharactsr of 
the ma fic minerals. In, rwrlity, the feldspars in the specimens exam- 
ined am sa completely kaolinized thrtt they are entirely indeter- 
minate, and these rmks might equally well be called m o n w n i b  
Along the north side of Amy Dome, in the upper valley of Amy 
Creek, albite granite i s  also expod,  and s d a  rhyolita cuts the 
country rock on the =me ridge at the heads of Nuth, Lillian, and 
OIive C m h .  These two types of sock are clo~ely mmciated with 
the Tertiary ores of this ares and indicate the Tertiary age of the 
neighboring granitic rocks. 
In order to  obtain chemical as well ils petrographic data on 

the Tertiary granitic rocks, five samples from the Rampart and Hot 
Springs districts and one from the Sawtooth Mounhins were aria- 
lyzed in the laboratory of the United Stam Geological Survey. The 
analyses are given below. 
1. Composite nnmple of u w i m m  alAhftl03, 10Q, snd 114. Ftmbtop (MOOW) M ~ l l -  

M n  14 mllear N. 20 W. from Xlot Sprlnp. 
2,'Com oflte snmple of nwrlnlenn 31AMt143, 148. and 146. ElcDhant Moantnln, 28 

milea h'. E. from IEot l p r i n r ~  
3. Speclrnen 81ABItltr3. \Volvcrla% Stouataln 16 mllee 1. 96' 1. from Bampah 
4. Specimen 3lAYtlH0, hinuntRln 17 r n i l ~ n  d. 41' E. from -part 
5 Sp~ct111~n  3lhNtflEil Hltwtnnth 1Moiintnino. 21 mil- S. 68' E. from Ram rt 
6; C O ~ ~ O P J ~ R  R R ~ \  le O) R ~ * - P ~ I I I P I I B  :CIA.lltU82, 690, 701, mnd 705. Hot ~ p r g g s  &mi?, 

3 milerr uorthw+st v?llut FJprln~e 

Yerti4 J. B., Ir., The  old placem of tba Toloplam UlatrIet: U. 13. Geol. 8- &U. 
882, pp. 247-248, 1918. 
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On -mining the m a l ~  of these granitic rock5 fnrm the Ram- 
part and Hot Springs districts, one is impressed by the fact that all 
Mong in subrang 2, of the quantitative clas~ification.~~ This sub- 
rang is bused upon a ratio of K,O+YatO that ranm from 7 to 
1.61, with a central tone that is defined as ranging from 4.3 to 9.2. 
The average mtio of H,O+Na,O for t h m  six analyses is 2.3, which 
lies within this central mne. This ratio is fifirly uniform, and in 
rocks t h ~ t  differ so considerably in other Tespects as these do, this 
relationship suggmt~ R definite petrographic consanguinity. With 
regard to their rangs, based upon the ratio ( K , 0 + N ~ O )  +CaO, 
a somewhat* different. condition exists. These ratios range from 1.1 
to 6.8, with an average of 2.85, corresponding to a central position 
in rang 2; but in the individual ratios the m k s  fall into three 
rather distinct types, as three Ife in rang 3, two are centrally located 
in rang 2, and one is transitionaE between rsngs 2 and 1. The mks 
of rang 8 am represented by samples 1, 2, and 5, from Roughtop, 
Elephant, and Sawtooth Mountains, respttively; the two which are 
centrally located in mag 2 are reprewnted by samples 3 and 4, from 
Wolverine Mountain and from the mountain close to Wolverine 
Mountain, respectively; and the m e  which is tr~witimal between 
rangs 2 and 1 is fmm Hot Springs Dome. 

The norm of these rocks, b a d  upon the c l w  and ordem of 
the quantitative class5cakion, likewise show a natural cleavage info 
the same three types.  In samples 1 and 5 quartz is absent, and in 
sample 2 only 1.38 pemnt is present. Momover, the orthoclase and 
plagimlam in these three samples occur in approxim&ly equal 
amounlts, and these features confirm definitely the mignrnent of 
t h m  mks to the family of monzoniten The femic minerals of the 
norms diEer from the mafic minerals of the rndes, ae might ha ex- 
pected. Some of the R,O baa been used in the formation of biotite, 
and ALQ, has also h e n  mparated from the feldspars to form bio- 
tite and alurninous pyroxene, instead of diopside and hypersthene. 
Olivine is present in two of the normg but is absent in the modes, 
except in. the porphyritic differentiate a h v e  described. The MgQ 
and FeO of the normative olivine are evidently included in tmhe 
mica and pyroxene. 

The norms of the samples from Tfolverina Mountain and from the 
mountain & of it also agree;su far as the salic minerals are con- 
cerned, with the mdes. Orthoclase and plagioclam are present in 
approximately equal proportions, but t h e ,  mmples differ from tho 
three preceding samples in that qt~artz forms from 15 ta 18 percent 
of the rock, being thus one of the major constituents. The same 

Whltman, I d d l n a  3. P., Plfiew, L. Y., and Washingtom, H. B., Quantitatlvs 
chmlfiattlun or L p m m  rorl;.. p. 131. Unlr. Chlago Pram 1803. 



distribution of the basic oxidw has occurred to form alnminous 
pyroxene and biotite, instead of diopside, hypersthene, md olivine. 
The salic minerals of the norm confirm the ddgnation "quartz 
rnonzonihs" for ttlese rmko. 

Salic minerds constitute morn than 92 percent of the norm in the 
sample from Hot Springs Dome. Orthoclase constitutes abont 58 
percent of the normative feldspar, which in the absence of other 
evidence muId warmnt the classification of this rock as a quartz 
mormonite; but the p ~ u d t y  of fcmic minerals and the modal char- 
acteristics ,previously described render it necessary to classify this 
rock as a grnnita. 

The three samples fmm Roughtop, Elephant, and Sawtooth 
Mountains are ref arred in the quantitative ~Iassification to the 
subrang Ruruncose (II.5.3.2), a relatively rare type of igneous rock. 
Among the 8,602 rocks whase analyses are tabulated by Washington, 
only 6 have been referred to this s~brang:~ anand most of these are 
intermediate or transitional forms. Nc, true type is given by 
Washington, but a sample from CampbeU Pond, Lincoln County, 
BIaina, coma closest to the mean. Sample 1, from Roughtop Moun- 
tain, coincides very clmely with this type, but samples 2 and 5,  from 
Elephant and Sawtmth Mountains, respectively, are likewim close 
to the average type. These three rocks veer towlsrd alkaline types, 
and this fact is a t t d d  by the inclusion by Washington of leucite- 
bearing rocks in divisions lI.5.3.2 and 11.5.2.2. In other wortls, the 
rnonzanitic r a c h  of this area are as alkalic as rocks elsewhere that 
carry feldspathaids, but the percentago of silica. is just high enough 
to prcvent that mineral expression. 

The 3-18 from Wolverine Mountain is a~igned in the qumti- 
tative clarssification to the ~iubmng dellenose, but the class, is distal, 
veering toward a less salic type exemplified by 21.4.2.2. Sample 4 
belone in this less sdic division but is tramitional toward del- 
Penosa and also in order toward a less quartzose t y p .  Type 11.4.2.8 
represents an unnamed division in tho qunntihtive dassifimtion, to 
which only 3 of 8,602 mcks ham been asigned by Washington. 
Kone of these three are typical of this division, all being distal or 
transitional in class, order, rang? or subrang. They are described 
petrographicalIy as granite, quartz syenite, and syenite. 

The composite sample from Hot Springs Dome belongs in a di- 
vision of the qmantitative system classified as mihalose, of which the 
type sample comes from N a n  Mihaly, Hungary. This also is a, 
relatively r&m p u p  of igneous rocks, containing only 8 of the 

mWnehlngton, A. 9, Chmlcal almlym of lgnems m k s :  U. I. Qeol, Surrey Prof. 
Paper 99, pp. 46'l4BB, 1912'. 



8,802 classified by Washington. The sample from Hot Springs 
Dome, however, is transitional in order, rang, md subrang in the 
direction of a type less rich in quartz and orthoclase. MI the rocks 
classified by Washington as mjhalose are either granites or rhyolites, 
and this n p s  completely with the petro,mphic characters ob- 
served in the biotite granite under discusion. 

AII the rocErs whose analyses are given above, with the exception 
of the monzonite from the Sawtooth Mountains, intrude Cretaceous 
sedimentary rocks. Most of these intruded wdirnents are of Lower 
Cretaceous ege, but ,some of them around WoIverine and EIephant 
Mountains, on the basis of their fossils, axe clnssif~ed as Upper 
Cretaceous. Some conglomerate beds are present in the earIy Ter- 
tiary rocks near Bamp~rt, but no granitic rocks hnve been recorded 
from the contained pebbles. 

Thew a brahigraphic data are insufficient to determi118 precisely the 
geologic age of these granitic rocks, but they suggest strongly that 
they were intruded in Tertiary time. Tho absence of granitic peb- 
bles sug@ either that them granitic rocks hnd not been exposed to 
erosion when the coal-baring rocks were laid domn, or that they 
are evem younger fhm the cod-bearing rocks. One other condition 
that might be considered to havo a bearing on the age of these in- 
trusive~ is the presence of hot s p r i n ~  along the stluUreast flanks of 
both Elephant Mountain and Hot Springs Dome. A deduction that 
might be drawn from the presence of these hot springs is that these 
granitic rocks are relativeIy young, and this implication would favor 
their assignment to an opmh later than tho conl-bearing rmks. Snch 
an assignment would relate thcm genet,icslly to the diastrophic move- 
ments that am considered to have taken place in mid-Tertiary time. 

Both Mesozoic and Tertiary rocks are widely distribaM 
in interior Alaska. Most of the granitic rocks sf the Ynkon-Tanma 
region, inc l~~d ing  the great batholiths of the Forkpile and CkIe  
quadrangles and the granitic intrnsives around Fairbanks, a m  con- 
sidered to be of Mesozoic a@. Thma rwks am essentially biotite 
granite and quartz diorite and are cl~nracterized by a, marked paucity 
of m m n i t i c  types. Most of the granitic rocks of the Kdokwim 
and lower Yukon Valleys, on the other hand, are of Tertiary age, 
and a t  one plam, at least, they have been found by the writer to 
intrude early Tertiary rocks.bg It is therefore believed that at bast 
=me of these Tertiary granitic rocks are RS young as Oligocene; or 
M i m e .  In the Ruby, Innoko, and I d i t a d  districts, where the 

-Biertie, J. R., Jr., and Harrlngton, a. L.. The Ruby-Kunkokwfm redon. Altt8Ba: U. 9. 
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data on stratigraphic a@ are best, these Tertiary intnmives am mon- 
zonites and qurtz monzonites, made up of orthoclase, plagimlw 
qultrtz, augits, biotite, and hornblende, with mall amounts of mag- 
netibg apa&ite, and zircon. It is dm characteristic of many of the 
Tertiary granitic intrusives of mthwestern Alaska that the aurif- 
erous gold p l w r s  which they have p r o d u d  carry cinnabar. 

There can be little doubt that the granitic rwks of the Rampart 
ma Rot Springs districts should be classified as Tertiary. Pet- 
gmphically they are the counterparts of the acidic intrusive of 
southwas~m Alaska, and all the available data above pmntsd 
indicate that they are relatively young. Cinnahr is not everywhere 
p m n t  in the gold placers of the Rampart md .Hot Springs dis- 
tricts, as in southwestern Alwh, but it is f m d  in mtne of the con- 
centrates from the Eureka, area and a h  in the Liven@ district, 
and its abpence elsewhere may be due to the conditions of p h  
accumulation that destroyed this soft mineral. At any rah, the 
petrographic, stratigraphic, and correlative data am so mutually 
concordant and convincing &at the miter is led without hesitation 
to assign all the granitic rmks of the Rampart and Hot Springs 
distrids to the Tertiary, I is f urthermom probable that they are 
younger than the early Tertiary coal-baaring rob, 8o that their a g ~ ~  
may h mid-Tertiary, but this is a hypothesis that cannot be proved 
at the present time. The granitic intrusives in the Sawtooth Moun- 
tains and the plug forming A m y  Dome, in the Livengod district, 
a m  aho c m r e ~ d ,  on petrographic grounds, with the granitic mks 
of the Rampart and Hot Springs districk 

Most of the lrrvas of Iate Tertiary and Quaternav age are found 
in the Dennison Fork district, in the southeastern part of the Yukon- 
Tanma region. The principal area is a narrow belt btween the 
main forks of the L d u s  River that extends eastward across the 
international boundary into Yukon Territory, The continuation of 
this bl t  has b n  mapped and described by Co~lrfield.~ 

These rocks, which comprise both lavw and tuiTs, strike a little 
north of west and crop out in rs belt about 2 miles wide over la dis- 
tance of 14 miles in Alaska and 4 milea in Yukon Territory. At one 
point abut  10 miles west of the international boundary, along the 
south side of this belt, the lavas can be plainly seen in bedded se- 
quence, dipping about 30" N. Here 25 beds of lavva and tuff were 
counted, and after making due allowance for cowred zones on the 

CockfkId, W. %., Eiixtymile aad Ladue River nreae. YnBon : Canada M. Survey Mem. 
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hill slope, the writer bl ieva  that at least 40 h d s  are prmnt at this 
1-ty, with a M a 1  thickness of about 600 feet, This is by no means 
a messurn of the total thickness of the formatioh If the same dip 
continues northwad to the limit of these rocks, the total thickness 
may well Ix several times as great, but of this there is no direct 
evidence, ~s the exposures on the north slopes are not god. It seems 
probable, howmr, even if the structure is reversed, that this for- 
mation may embrace 2,000 feet of k v a  and tuff. 

Two other small areas of basic rocks occur north of the East Fork 
of Demisnn Fork. The more northerly of these cornpriss two small 
hogbacks of basaltic rock. The southern srea is a little volcanic 
cone, with a well-developed crater, which likewise must Be wlntively 
young, as it is but little dimded. 

Lava flowsl are known st other plates in the Yukon-Tanana region. 
Thus in the F a i r b h  district Prindle " fonnd a basaltic lava flow, 
s h u t  250 feet thick, which fwm the end of the Fourth of July 
Hill, facing. Fish Creek. This flow is about horizontal, lying di- 
mt ly  upon the Birch Creek schist. The present mmrrence is prob- 
ably only an uneroded remnant of a considerably larger flow. A 
aimilar flow was found ebout a mile above the mouth of Alder Creek, 
elso in the Fairbanks district. 

In addition to lava flows, volcanic ash occurs in the emhm part 
of the Yukon-Tsnnna region. This material is visible along the 
banks of the Yukon River from Lake hbarge ,  in Yl~kon Territory, 
downstream to a point helow Eagle and has dm bezn noted by 
Brooks along the upper Tanann. The mnrce of the ash, according 
to Cepps,"%s an ancient volcano somewhere in the headwater region 
of the White River. According to Knopf:' this ash is an andesitic 
pumice. 

-IC C U A m  - 

The main belt of volcanic m k s  above described consists of lapas 
of m v e d  kinds and subaerial tuffs and flow breccias. Rhyolite, 
dacih, and h s a l t  were observed in such clwe relations with one 
another as to suggest their nearly contemporaneo~~la oriRin. All these 
m b  a m  prphyritic, and some of them sre partly glassy, but aside 
.from that they have no particular petrographic characteristics that 
merit special description. Banded tuffs a m  prominent., as they 
weather ta various $lades of brown and red. At ths volcanic crater 
above dmrifxd the main lava is a normal basalt, but nllmbasic 
incl~~sions of Iherzolih nand websterite are also found in these l a v ~ ,  
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The basalt fm Fourth of July Rill, in the Fairban& district, 
is described as a bmwnish-black rock, which-weathers into spherical 
masses that have a superficial resemblance to boulders. It is com- 
posd of Iatha of plagiocIase feldspar, pinkish augita, oLivine, more 
or less albmd brownish g l q  and a considerable quantity of iron 
ores. 

AOE AFD -TION 

These lavas are undoubtedly of several ages. The Iavas and tafls 
that Iio &ween the forks of the Ladue River are believed to be post- 
Eocene and have been considered by Clackfield to be post-Miocene. 
As them rbcks do not lie in contact with l ab  Tertja~ry depmits on 
the Alaskri"side of the international boundary, their age cannot be 
definitely ascertained, but the writer is in entire accord with Cock- 
field's suggestion that they originated late in the Tertiary period. 
Tl~e  volcanic cone to the north, however, is so well preserved t h a t  it 
may be of &cent age. The volcanic ash in the eastern part of the 
Yukon-Tanana region is certainly of Recent age, and Capps esti- 
mated that the en~ption which produced the nsh took place about 
1,400 yeam ago. In general, therefore, it appears that volcanism 
hns continued in the Yukon-Tanana region into Recent time. 

The records preserved in the rock  how that the Yukon-Tanma 
region has had a long and intricate geologic history. These records, 
so far as they  are now known, have been presented in the preceding 
part of this report, and it remains now t o  correlate and summarize 
th- data in order to give a sequential hisbry of the whole region 
It has been shown that many major geologic problems in this 
countrg still remain t~nsolvd,  and i t  is therefore obvious khat no 
complete history of geologic events can be presented. Nevertheless, 
enough infomakion is now availilaMe to sketch at least the main 
cycles of serlimentation, erosion, mountain building, and volcanimL 
In so doing, however, even the geologic records of the P b - T a n a n a  
region are inadequate, and the writer is obliged to some extent to 
draw upon geologic data and experience acquired in neighbring 
a m 8 ,  

The oldest rocks now known in the Yukon Valley are the qu&te 
and schist of the Birch Cmk schists, which are of sedimentary ori- 
gin. These sediments, except for their high degree of indnmtion 
and metamorphism, are not essentially different from others that ere 
being formed ~t the present day, and it is therefore ccmcluded that 
the ordinary processes of erosion md sedimentation functioned then 
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in much the same m e r  as at present. Such traceg of original 
' hbric ~rs are pmrved in these mlcs indicate that the basal arena- 

ceous d m e n t s ,  naw rep-nted by quartzite and quartzite schist, 
originated as weII-wrted littoral deposits. Somewhat l~tater, however, 
the wdiments appear to have become dominantly argillaceous, and 
even to a d q p w  mlcareous, the resulting deposits being now repre- 
sented by graphitic, sericitic, and chloritic schists, calcareous schist,  
and crystdine limestone. As no fossils have been found in these 
rocks, it cannot be stated with assurance whether they were of 
marine or nonmarine origin. Though greatly metamorphosed in 
general, some of these m k s  are sufficiently well preserved to retain 
at least fragments of fossils, if organisms wit.h hard p& had ex- 
istad at  the time the sediments were laid down. The nakural infer- 
enco from the total absence of such remains is either that marine 
invertebrates with hard parts had not been evolved at this early 
date, or else that these sediments are of fm&-water origin. The 
source, or land mass, from which these depoaits originated is also 
unknown, but as they were formed hundreds of millions of years 
ago it is hardly surprising that their origin and m d e  of formation 
am obscure. 

Toward the end of this era of early sedimentation, there mcnrred 
the earliest volcanism of which any record exi& in this region. 
Ll;rtva of basaltic character m d  perhaps ocher types were extruded at 
the surface, and other valcanic material was injected into the sedi- 
ments; and in the course of time t h w  volcanic rocks have been met+ 
mophmed to form some of the green schists, as well as the amphibo- 
lite and hornblende schist, which now characterize these ancient 
rocks. This period of sedimentation and voIcanism was terminatd 
by the intrusion of granitic rocks, which invaded the earlier 
sediments. 

A11 the sedimentary roclrs that form the Birch Creek schist and dl 
tho igneous rock associated with this group are IlQW i n h d y  meeta- 
morphosed. Moreover, they am much more mehtuorphmd than 

\ the l ~ t e r  pre-Cambrian rocks, and it therefore follows that one of 
the mujor periods of diastrophism in this region must have occnrred 
after t h w  rocks had k n  formecl. It does not follow, however, that 
this was tho earliest period of diastrophism in the region, for in a 
geologic sequence of events as long as that represented by the Birch 
Creek schist there may have been s v ~ r a l  such periods of regional 
deformation, Kevert heless, this early diast~wphjsrn, accompanied by 
the intrustion of granitic rocks, is the earliest manifestation of this 
type of deformntion of which there is any record and is considered 
one of the significant featurns of the p l o g i c  history. 

After or perhaps during the injection of these ancient granitic 
rocks, the region must have been elevated, the water in which the 



earliest sediments had been accnrnuhting was 'drpiaed otT, and the 
region became a positive element, perhaps of continental propor- 
tion& Drainage channda m w  developed, md the process of hr- 
restrid erosion was began. How long this condition prevailed can- 
not be learned,. but & some later time, parhaps millions of years 
Ister? the region was warped downward in such a manner that large 
bodies of water again formed on its surfam, md sedimentation was 
renewed on s major scale, forming the later pre-Cambrian d i m e n t a  
Fader south, in British Columbia, sdirnentation of the same type 
resulted in the formation of the I h I t  geries. The evidence from this 
region and from other parts of Sorth America indicates t h ~ t  this 
sedimentation took place in several bodies of water, which not. only 
were not connected with one hother but also had no tidal connec- 
tions with the ocean. The resulting sediments were therefom n w -  
marine. It is only by this postulata that the abence of marine 
organisma ia these sedimenb has been satisfactorily explirinad, for 
many of them are little altered, and inverkbratg forms, if they had 
existed in these waters, would certainly have been preserved. More- 
over, highly developed organisms with ~keletons w m p d  of hard 
parts suitable for preservation are known to have had a wide distrl- 
bution in the succeeding geologic epoch, and the an&d forms of 
the& invertebrates must certainly have existed in the open m a n   st 
the time when the later pre-Cambrian sediments were baing formed. 

The diversity and p a t  thickmess of the sediments that now con- 
stitute the Tindir group and the other of the later pre-Cambrian 
m h  have already been described. T h e  Zristorg of this period of 
mdimentation is one of the least undershd chapters of the regional 
history. It in inconceivable that such a volume of d m e n t e  could 
amumuI& u p  a continental platform without the gradual sink- 
ing of the floor of the basin of sedimentation, for othervise it would 
be necessary that the bodieg of fresh water should have been 3 or 
4 milea deep Whether this sinking of the f l o m  of such baeins in 
this region was a continuous or an intermittent p m  ie not deft- 
nitely known. ProbabIy it was inhrmittent, and the p m s  may 
posgibIy have been reversad for Iong periods, mu1ting in the eleva- 
tion and erosion of sediments already laid dawn. 

This long period of sedimentation was interrupted or acumpanid 
by several periods of volcanism, during which basic lavas were 
poured aut'many of them as subaqueous flows. During one of these 
volcanic periods, represented by unit D of the Tindir gfollp, at  least 
1,000 feet of lavas accumulated, moetly below the surface of the 
w ~ h r .  Tha record also shows the eruption of earlier flows of the 
game type during this Sam8 epoch of mdimenhtion and alsa of later 
flows of volcanic debris that may have accumulated as hrrigenous 



deposits. The Iatesf stam of this epoch were apparently devoid of 
volcanic activity. 

TPlis p r i d  of continental dimentation appears to have been 
terminsgd by a gmdual sinking of the continental areas, with the 
co-uent invasion of the waters of the wean. The stratigraphy 
and structure of the later pre-Cambrian and the supe jacent Cam- 
brim rocks suggest that this sinking was not accompanied by defor- 
mation of the rocks but instead was e p i r o p i c  in character. The 
marine' sedimentation which the11 began marks the bqgnning of 
Cambrian time. The p m n t  restriction of Cambrian mks to a m s  
whem the later pre-Cambrian mks are typimlly developed ~hows 
that in the early stages of this marine inundation the oceanic waten 
were lomlized in the old pre-Cambrian basins of sedimentation, but 
as the continent continued to sink the ocean spread out over krge 
areas rtnd reached its maximum errtent in Upper Ordovician time. 
So far as cam be learned ~t present, this invasion of the o m n  during 
Cambrian and Ordovician time was a continuous process, and d- 
though the strand line may have oscillated seaward and landward in 
a minor degree, the manic  waters da not appear ever to have 
retmted entirely during these two periods. 

Much of the sediment I d  down in interior Alaska during Cam- 
brian and Ordovician time was of a cdcareous type, resulting in the 
formation of great bodies of limestone, separatd by minor daposits 
of argillaceous material and siliceous material. These limestones 
and a-iated rocks contain a considerable fauna, which represents 
Home of the oldest marine orgnnisms of which there is any record 
upon the earth. These organisms, however, were highly developed 
at t h e  time when the oceailic waters first invaded the continent, and 
many millions of years must have elapsed while these: inv-bmtes 
were evolving from simpler unicellular forms in their oceanic birth- 
place. As m s  existed prior to Cambrian time, it is probable 
that the ancient strand lines, along which the more primitive typas 
of fossils lived, are now buried by the present oceans. 

The Cambrian and early Ordovician sedimentation in this area 
was a quiet, orderly p r o w ,  uninterrupted by omgenic disturbances 
or by volcanic activity. Toward the later part of Middle Ordovician 
time, however, volcanism was again renewed, as shown by the lava 
flows in the White Mountains. These lavas, like those of the Tindir 
p u p ,  were basaltic in char~cter and subaqueous in origin, though 
they were also submarine. The Upper Ordovician record is absent 
in the Whib Mounbins, but the record from southwesbrn Alaska 
shows that these lava flows continued and i n m ~ w d  in ~ o l u m e  
during Upper Ordovician time and in their later stages were prob- 
ably mom ar less contemporaneous with a regional uplift of the 
region and a draining off of the oceanic waters. 
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The Yukon-Tanana region .evidently remained above the sea dur- 
ing early Silurian time, for no rocks of this age ;ear known in 
interior Alaska. During this kterval erosion of the muntry by 
stream action must have occurred, but it is probable that the land 
stood st no great elevation above the sea, and that erosion was not 
a very active process. In middle Silurian (Niagaran) time the 
w o n  was again deprmed and was widely invaded by the man. 
The ~xtent of this marine jnundrttion is indicated by the great 
thickness and wide dj~t~ribution of middle Silurian limestone, not 
only in the Yukon-Tanana region but more particularly in northern 
and southwmtern Alaska. Notwithstanding the lapse of time and 
the depositional hiatus represented by the early Siluriart, the middle 
Silurian limestone of the White Mountains lies without any o h m -  
able strmctural unconformity upon the t~nderlying Ordovician vol- 
vanic. rocks. It therefore seems probable that this uplift of this 
region in late Ortlovician time and its subquent submergence in 
the middle Silurian affected the region as a whole, without the 
accompaniment of mountain-building processes 

Marine Bedimentation wntinued in this region kbroughout the 
middle Silurian and for an undetermined period in the late Silurian. 
Late in Silurian time, however, the region we9 again uplifkd above 
the sea and e x p a d  to hrrestrial erosion ; and the absence of Lower 
Demnim rucks indicate that this region remained land t,hrough- 
out Lower Devonian time. Esrly in the Middle Devoni~n the region 
was invaded by the ocean, and marine sedimentation was again 
h p n .  This uplift and d e p e o n ,  unlike the one which occurred 
at the end 02 Ordovician time, was tsmpanied by folding of the 
pre-Devonian r d s ;  md at awry place in inlterior and northern 
Alaska whem Devonian and Silurian rocks adjoin each other t h i ~  
deformation is made evident by diffezlen~es in the structure and in 
t.he d e p  of metamorphism between tho rocks of these two periods. 
The fir& recognizable orogenia disturbance of thh type, which ac- 
curred in pre-Cambrian time, was accompanied by the intrusion 
of gmitic rocks, but so far as now hown, the injection of granitic 
mks did not accompany tbs Lower Devonian diastrophim in the 
Yukon-Tanana region, though the wrihr hss presented evidence 
to show that such granitic intrusion did in fact occur in northern 
Alaska. 

The marine sedimentation, which was renewed in Middle Devonian 
time, probabIy continued in this region without major intemptions, 
though pmsibly with minor ones, to the end of Devonian time. The 
earliest of the sediments thus laid down was dominantly lime- 
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stone, which occurs in the Yukon-Porcupine ~egion. This was fol- 
lowed by the deposition of thin lxds of sandstone, shale, and lime-' 
stone, - and finally by the l i m a n e  and associated volcanic rocks 
that occur along the Yukon at Mroodchopper Creek and also north 
of Victoria Creek It will thus be seen that the early Middle Devo- 
nian dimentation was free of volcanic activity, but in the later 
part of Middle Devonian time basic lava flows were a e i n  extruded, 
largely LeIow the surface of the sea, and mere interbedded with 
the marine sediments. This surficiaZ volcanic activity may have 
continued into Upper Devonian time, 'but there is no direct evi- 
dence of it. In fact, no sediments that aro definitely of Upper 
Devonian age have ken reqnized  in the Yukon-Tanana region, 
though rocks of this age have a wide distribution in northern Ala~ka. 
Certain basic and ultrabasic intrusive rocks, however, are believed 
to have been intruded, and perhaps in part extruded, in the Ynkon- 
Tanana, region dnring the ?Jppc; Devonian epmh. 

The stratigraphic relations that exist botween the Devonian and 
the oldest Carboniferous rocks in the Yukon-Tmana region are not 
definitely known. No structurnl unconformity hm been recopieed, 
but the apparent absenct, of the t ~ i c a l  Upper Devonian of northern 
Alaska, characterized by &@?.if LT d i ~ j w m t w ,  suggests either that 
the Yukon-Tanana region mas not submerged during Upper 
Devonian timq nr else that the Upper Devonian rocks, after their 
formation, were uplifted and eroded prior to the beginning of 
Carboniferous sedimentation. In either case, a stratigraphic dis- 
continuity appears to exist between tho rocks of these two peridw 

The earliest known evont in the Carboniferous history of the 
Yukon-Tanana region was the heginning of a peculiztr tppc of marine 
wdimentation, which resulted in the tleposition of the eherts and 
associatd rocksof theLivengm1 formation. In the premdingpagea 
certain suggestions have bgen made to explain tha origin of these 
unique siliceous deposits, and it suffices here to state that certnin con- 
ditions existed in this early Carbonifemus sea that haw not hen 
duplicated on the same scsle, befom or since that time. In the later 
st a p s  of the formation of these them deposits submarina volcnn ie 
actfPiQ was again initiated, and, increasinp in intensity, it finally re- 
m1td in the greatwt outpouring of h a s  that is known in the en- 
tire plogir: history of this region. This period of volcanism be- 
gan with intermittent lava flows, which were interbedded with cherty 

. beds, then culminated in a vast assemblage of lavas, and finally 
ended with intermittent eruptions, as it had bgun.  The volcanic 
rnsteriel and assaciahd sediments of this epoch am designated the 
Rampart p u p .  Ample evidence is available to dlow that this -at 
volcanic eruption, which occurred in part below tha surface of the 



ma, was not merely a Iocal fmtam but a h  m n m d  on as p t  
or even greater scale in gouthern Alaska. 

After this epoch of ~olcanism masine dimentation continued in 
the Yukon-Tnnsna regio11 throughout the remainder of Miskip-  
pian time. A rxm~idembPe thickness of alternating limestonw and 
shales were deposited in thin beds, wbch make up the Calico BluE 
formation. These am highly fossiliferous rocks and therefore con- 
stitute an important geologic horizon-marker. At tka @p l ~ ~ ~ i i t y ,  
at  Calico Bluff, the' uppermost beds of this formation are not ex- 
posed, nor in fact have they b m  definihly recognized elsewhere. 
The late history of this upper Mississippian sedimentation is there- 
fore incompleh, but i t  is believed that Pennsylvanian time, not only 
in this region, but throughout Alaska, wes marked by a regional 
uplift, whereby the ocean retreated beyond the limits of the p m n t  
strand line. This belief is bawd on the lack of recognition of marine 
Pennsylvanian dirnents in Alaslca; In the upper Yukon Valley 
terrigenous edirnenh, which repressnt this missing marine interval, 
are sti1I preeemed and constitute the Nation River formation. This 
formation has not yet been found in mntmt with the Calico Bluff 
formation at any locality where no possibility of faulting exist9, and 
upon this observed fact depends the classification of Chis early Penn- 
sylvanian uplift. The general stratigraphic relations, however, do 
not suggest that the rocks of the Calico Bluff fornlation were folded 
before the m k s  of the Nation River formation were laid down, and 
this uplift is therefore tentatively classified as epeirogenic. 

At the end of this period of regional uplift the country was again 
depressed and invaded by the sea, with the formation of marim 
Permian lim&nm, which rest without .angular discardknce upon 
the uppermost lmds of the Nation River forhation. These lime- 
stones are known mllectively as the Tahkandit limestone. T h i ~  
was a regional subsidence withbut any marked orogenic di~turbanm, 
far the structure of the Pennsylvanian and Permian rocks is identi- 
cal. The Tahkandit limestone, in turn, is overlain without my 
angular discordsnce by Upper Trimic rocks. As the h w e r  and 
Middle Triaagic rocks am missing, another epeircgenic uplift and 
submergence of the region must have wcurred. These u p w a d  and 
downward movements of this region, in late Paleozoic and early . 
Mesozoic time, were undoubtedly accompanied by erosion, when the 
region was above sea level, but so far aa known they took place with- 
out any marked omgenic or volcanic disturbances. 

After the deposition of the Upper Triassic beds the Yukon-Tanana 
region was again uplifted above the sea and remained a land aur- 
face througfiout Jurassic time. The geologic histary of this period 
is obscure, but it is p r h b l e  that this uplift was more or.iess con- 



comitant with the injection of the great masses of granitic rocks 
that sow occupy considerable ares  in the central and southeastern 
parts of this region. These granitic intrusions were accompanied 
by orogenie movements of the first magnitude, as a result of which 
the earlier mks of the region were regionally metamurphmd and 
also extensively altered alang the borders of the granite bodies. 
B d  highland are= were probably also fomed a t  the same time; 
and; ib9ckly7cas a remit of the gwnitic inthons ,  cams.;.the earliest.. . 
period of gold mineralization of which there is a definite record in 
interior Alaska During this period of mineralisatioll were formed 
many of the goldquartz veins of interior Alaska, f m  which some 
of the richest of the placers have ben derived. The CircIe, Body- 
mile, and probably the. Fairbanks districts illustrate this perid 
and type of minerdieation. 
By a subsequent sinking of the land marine sedimentation was 

once more begun in this region in Lower Cretaceous the, wulting 
in the formation of the various d h n h  of that age along the 
upper Yukon m d  in the Bunpart district. These two &reas grd-  
ably 9 - t  the reminder of a much greater area, of such wdi- 
men@ which have subsequentIy been removed by erosion, but it is 
prohble that the highland areas, such as the country at the head 
of the Charley m d  G d p t e r  Rivers, were noh submerged ah this 
tima 

The geologic events that occurred during the perid between the 
end of the Lower Crataceaua and the beginning of the Tertiary u e  
not definitely known, for few Upper Crehcmus rocks m u r  in the 
Yukon-Tmana region, and their re!ation to the Lower Cretaceous 
and E w n e  rwks are obscure. Apparently the region wrts elevated 
above sea level at the end of Lower Cretaceous time and was eroded 
for a long period. This elevation was probably accompanied by 
orogmic movements and may also h ~ v e  been characterized by in- 
trusive igneous activity, though such diastrophism and volcanism 
,have not been proved in the Yukon-Tanana region. In any event, 
the interval between the retreat of the Lower Cretaceous m;ea and 
the renewd of rnmine Upper Cretaceous sedimentation is consided 
to be one of the majw p r i d s  of uplift and erosion in this region. 

Marine dimentation waa again renewed in certain areas in the 
Yukon-Trsnana region in Upper Cretaceous time, but mod of this 
sedimentation took place farther to the southwwt, in what are now 
the lower valleys of the Yukon and Kuskokwim Rivers, Apparently 
a great lowland area then existed in swthwstern Alaska, and the 
sea tipst inundated that part of Alaska end swept progressively - 
eastward. Few Upper Cretacmus rwks, however, are liow known 
in the Yukon-Tanana region, and t h m  which have been found, to 
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judge from the mixture of marine invertebrates and land plants 
which they contain, niust have been of near-shore origin. It is them 
fore probable that most of the Yukon-Tmana repon dnring Upper 
Cretaceous time was a Iarid arm thrtt was being actively eroded and 
was a mum of supply for the materid deposited farther to the; 
southwW&. 

The lab Cretaceous and early Tertiary history of this region is 
obscure. It may be that the region was uplifted and eroded after 
the Upper Cretaceous m k s  wore depositad and before the Tertiary 
sedimentation began. But to judge by hhe close association of the 
Upper Cretaceous and Tertiary rocks along the Yukon River below 
Eagle and by the difficulty experienced in distinguishing the floras 
of these rocks, it seems probable to tha writer that no marked 
stratigraphic hiatus separntes the Upper Cretaceous sediments from 

-those of the basal Tertiary, but that a slight elevation of ths land 
caused local conditions sf sedimentation to change from a near- 
shore marine type t o  tt fresh-water type, characteristic of the lower 
courses of open valleys close to the sea. Terrigenous deposits of 
Eocene age then gradualIy accumulated in such wide valleys, under 
conditions favorable for the formation of peaty deposits, from which 
the Eocene coals were s u ~ u e n t l y  derived. me great thickness 
of these Eocene deposits, however, points to a gradual mbsidenm of 
the region in the Iater stages of their formation. 

Later in the Tertiary period, after thew tarrigenous deposits were 
formed, the region was a p i n  uplifted, folded, and intruded by 
granitic rocks. These intrusions gave rise to a smnd  period of 
gold mineralizatiorl in this region and furnished the source of later 
goldquartz veins, the deposits of cinnabar, and most of the tin 
deposits of the region, particularly those in, the vicinity of Hot 
Springs. It is aZso probable that new highland areas were formed 
during this Tertiary period of orogenic disturbance, and that the 
streams were rejuvenated, initiating renewed and long-cuntinued 
erosion. 

After the Tertiary granitic rocks were intruded, the old and also 
thc newly uplifted highland areas were prqpmsively eroded for 
a long period of time and were gradually reduced to a maturely 
dissected land surface. ThIs period of erosion continued without 
interruption until late Pliocene time, when the country was again 
regionally uplifted. In the accelerated erosion thst followed, the 
streams were incised in their old valleys, and the high terra- 
described elsewhere in this report were formed. Considerable warp- 
ing of the surface also took place a h t  this time, or a little llater, 
thus creating anmalies in the drainage systems, some of which 
have persisted to the present day. 



h the PIeishmme e p h  the glaciation of Alaska began, b i t  the 
Yukon-Tmana region, thmgll girdled by ice on the north, east, and 
south, was not glaciated, except for some mall  gl~ciers of the Alpine 
t ype  that existed in the highland areas. The pmm~rphfc history of 
Pleistmene and Recent time is a mmplex problem, the solution of 
which has hardly yet begun. IVhile glacial ice was accumulating in 
the areas somewhat moemo~ed from the Yukon-Tanma refion, the 
bmlavel of erosion for this region mas in some manner elevnkd, and 
estensive silting took place in two or m m  S ~ I E ~ P S .  By a sttbsqent 
lowe* of the bdslevel, in &cent time, most of these silts were 
removd by renewed erosive action of the strcams, but in so doing 
the s t m m  s d e d  many and extensive changes in their courses, if 
not in their directions. These changes in the drainage coums, which 
were induced not only by Pleistocene silting but alw by differential 
warping of the surface of the region, havo lcd to many anolnaloua 
features in the premnt streams, the full interpretntinn of which has 
not been worked out. 

ECONOMXC GEOZOOY 

Studies of the mineral msaurces of Alaska have k e n  carried ckn by 
the h i t a d  St&s Gcdogical Survey in Alaska for 35 yoars, with 
the primary object of fostering the mining industry in the Territory. 
The investigations have been planned with a twofold purpose-first, 
to gain a better understanding of the sources, chrtrachr, and extont 
of the known miners1 deposits, in order that their future develop- 
mont might be facilitated; second, to apply the information tllus 
gained to the discovery of new mineral dsposits. In the pmt.ical 
carrying out of these objectives, the science of geology has bwn 
freely applied to the discovery and development of mineral deposits. 
This has required not only that the individual properti~s sho~tlri be 
examined but also that regional geologic h i sbv  should be cdeci- 
phered, in order that the geologic facts may be mailable for @nerd 
application to minem.1 economjcs. After such facts have been ascer- 
tained, it remains for the geologist to translate these data into work- 
ing principles fist will be of use to the mining operator and to the 
prospector. This is the objmt of the present chapter. 
Federal geologists have visited all the mining camps in the Yukon- 

Tanana region; and some of the mining districts, such as the Fair- 
banks district, have been studied. with considerable cam. The results 
of these exruninations have been published in n wnsiderable number 
of Geological Survey bulletins, and it is not the purpm of the 
wriBr to reprodurn these detailed descriptions and the localized rle- 
ductions resuIting from them. Such work, however, hras m l t e d  in 
.some rather important conclusEons, which are of generd significance 



and i f  w i d q m i d  application throughoult this region; and it is the 
specific purpose of the following pages to p m n t  in oondend form 
such generalized deductions regarding the distribution and mur- 
mum of mineral deposits in the Yukon-Tmana region. It is dso the 
purpose of the writer ta state t h ~ e  conclusions, fro far as possibIe, 
simply and in nontechnical langnage, so that they will be understood 
by mining men and prospeetors, who are not always conversant with 
the spzidi&: pEo* nornencla turn. 

Both netallifemus and nonrnetalliferous mineral deposits occur 
in the Yukon-Tanma mgion, but so far only the metallifemus de- 
posits have proved t o  be of economic significance. These consist 
mainly of goId and silver, but tin, tungsten, snd antimony have nlm 
been produced on a. commercial Bcale; and deposits of lead, zinc, cap- 
p r ,  chromium, ion, cobalt, nickel, platinum, molybdenum, and bis- 
muth ere known to be present, though some of these o m  have not 
been found in their bedrack sources, and many of them are only 
scantily represented. At the present time gold (with alloyed silver) 
is the principal metallic product of the region, but small amounts of 
tin are also king movered. 

The nometall iferous deposits consist of coal, oil shale, and mineral 
waters, as well as depmits of sand, gravel, clay, building stone, lime, 
marble, and other products. Mmt of these deposits cannot h ex- 
ploited under present economic conditions, except in a ma11 way for 
local use. In the early days of the exploration and settlement of this 
region, attempts were made to utilize the mals dong and contiguous 
to the Yukon River for local needs, but the abundance of cheap wood 
nnd the small demand for coal made it impossible to produce coal on 
a commercial scale. h a l l y ,  however, as in the vicinity of Chicken, 
in the Fortymile district, co%l is occasionally mined, when needed for 
hlacksmithing or similar work 

At the p m t  time phmr deposits are of greater economic signifi- 
cance in this region than lode deposi* but mineralization of some 
kind must have occurred before a placer can be formed, and it is 
therefore logical to consider first the lodes. Little intensive prospect- 
ing for DI~tttllifeFO~~ lodes has as yet hen done in this region. This 
is easily underatmd when it is remembered that the Yukon-Tmana 
region contains many cornmemiel gold placers, which at the outkt  
could be worked with a minimum of equipment and which, under the 
higher costs of living and t.mnsportation t.hat prevail in this country, 
yielded a greater margin of profit. The placers, therefore, in the 



early mining history of a country, receive the major atlention of those 
engaged in prospecting and mining; and even in the later strrge8 of 
mining development the large-scale l o w - p d e  placer-mining opera- 
tions that then develop give employment to many psrsons. However, 
3 a mining industry is to thrive in fullest. the - b h c k  
*ources of the minerals found in the placers should 6e located. T h e  
Fairbanks district has already entered u p n  the development of 
metallifemus Idles, and a p I d  lode mining industry ia gradually 
being established. In mmt of the other mining districh of the 
Yukon-Tanttna region the bedrock sources of the gold and other 
minerals that are found in the placers have not yeh been located. 

The placer-mining operntions, however, have shown the character 
af most of the minerals that exist in this region, for such minerals 
accumulate in the concentrates recovered with the placer p l d  and 
5ave been identified by laboratory examination and studies. T h e  
gwlogic formations which occur in the basins of valleys containing 
=Id placers and f m  which t h m  placers are derived furnish a 
further clue to the p o u m  of these minerals; and from these and other 
related hcts the general mode of occurrence of such minerals may be 
p d i d d .  

Most metallic deposits have been derived directly or indirectly 
from igneous roch, though in some deposits the connection is re- 
mote. In the Yukon-Tanana region, however, the connection between 
mineralization and igneous activity is everpwhere apparent, and 
many of the I d e a  must be closely associated with igneous racks. 
This fact gives an initial clue for the praspector. However, many 
kinds of igneous mks exist in this regigion, as shown in the preceding 
description of such rocks. Silicic, basic, and intermediah t y p s  
are p r e n t ,  both us intrusive Mi- and as lave flows. Moreover, 
igneous mcks of the same general character have b e n  intruded and 
extruded at different epochs, so that two rocks of the same general 
character may have produced mineralization of different kinds. At 
16mt sight this complex history of volcanism may wrn a stumbling 
block to one not v e d  in geology, mch as a practical miner who is 
endeavoring to utilize geologic facts in his search for minerals. For- 
tunately o11ly certain types of igneous rmh, which are readily rec- 
ognized, have an important bearing up011 the origin of lodes that' 
are likely to be of commercial value. Moreover, 011 the accompany- 
ing geologic map the distribution of the mom conspicuous of them 
igneous rocks is shown, and although there are doubtlem other bodies 
that have not been located in Che conme of the reconnaissancs sur- 
veys, the prospechr can thus find t y p  localities and obtain speci- 
mens of such rocks, from which to extend the information gained 
to lass well-known areas. 



Wilh the exception of the platinum metals and the ores af dm.- 
miurn, iron, and nickel, most of the minerals of the Yukon-T,anana 
region are asmiated with gmnitdioritie intrusive rocks, and prac- 
tically all the minerals that are likely to have any'futu're economic 
-significance are related genetically to such inti-usives. This grohp 
of grani todioritic rocks includes grnnite, quartz monaonite, monzo- 
nib, quartz diorik, and cliorite, together with specialimd' variants 
-of these mks and d a t e d  dike mks. AU them rocks resemble one 
another to  a greater or less degree, and in fact their true petro- 
paphic chanicfer is often not determinable except with the' aid of 
a microscope. Mmt prospectors and mining operators recognize 
these granitocfioritic or granfic rocks at .sight. They commonly 
consist of quartz and feldspar in varying amounts, together with 
;mica, hornblende, or pyroxene, or mixtures of these. The quartz 
and feldspar are light-colored mineraIs, the others are dark-colared, 
band the resuiting color of the rock theref ore ranges from a white or 
very Bight gray to dark gray, depending upon the mineral constitu- 
enh. The grain of these rocks is usually sufficiently coarse to make 
'Itha' component minerals discernible with the naked eye, though a 
low-powered lens is often helpful. 

Grmitic rocks have been intruded in a t  $east three different geo- 
logic epochs in the Yukon-Tmans region. 3118 oldest of these am 
represented by the PelFy gneiss, which is especially well developed in 
the eastern part of this region, though also known as far  wwt as the 
Fairbanks district. It is possible t.hat this ancient granitic intrusion 
was the source of some of the old: quartz veins in this region, most 
of which have subsequently been geatly metamorphosed and re- 
crgstallizerl. Most of these older quartz veins, however, appear to  
contain JittIe gold or other metallifemus minerals, and if gold quarta 
veins of commercial value were originally formed during this early 
perid of g~ani t ic  intrusion, it seems probable that most of them 
have subsequently h e n  eroded away and that their metallic con- 
tents have been dimipated. Nevertheless, valuable mineral deposits 
are known elsewhere in association with similar ancient granitic in- 
tmsivaa, and it sho~rld not b asumed that the. Pdly gneiss is of 
no importance as a source of mineral deposits. In other words, 
areas wntignous to the ancient gneiss@ are by no means a poor 
place for prospect in^, and it is possible that the occurrenee of so 
many of the larger mining campg, such as the Fortpile, Fairbanks, 
Royukuk, and Nome camps, in areas of ancient crystadbe rocks nay 
be attributable in some mcnsure to the mineralizing influence of t h w  
ancient granitic intrusi ves. 



Tha second perid of granitic intrusion occurred sometime in the 
Mesozoic era, probably in late Jurassic or early C r e w u s  timq 
The granitic rocks of this period form the Charley River batholith 
and also constitute mast af the other grsnitic areas in the oentrd and 
eastern part of the Ynkon-Tanana region shown an the geologic 
map. These granitic rocks gave rise to the first major-period of 
mineralization in this region of which there is tiny clefmite r w r d ,  
although, as above stated, the Pelly gneiss may have been the soume 
of still eadier mineral deposits. ( I  

A third period of granitic intrusion occurred in Tertiary time, 
probably in post-Eocene time. The granitic rocks of this period are 
found mainly in the western part of the Yukon-Tanans e o n ,  
though wme evidence is avaiIable to shorn that they also occur in 
other parts of the region, below but not far below the p-nt sur- 
,facee, As set forth in an earlier part of this report, these Tertiary 
granitic rocks, though they look like the Mesozoic granitic rocks, 
have certain specialized petrographic characters that warrant their 
reference to the family of monzonitic rocks. These quartz mon- 
zonites a d  monzonites gave rim to the second major period of 
mineralization in the Yukon-Tanana region. 

Two major periods of mineralization are thus recogniwd in the 
Yukon-Tanana region, but it shouId not be understood from this 
that in both of these perids tho granitic intrusion and rninerafiza- 
tion were consummatad quickly or simply. The introduction and 
emplacement of large masses of igneous rock, like the batholith 
in the basin of the Charley River nre likely to have orcc~~picrl a 
long interval of time and in all probability took place in n numkr 
of different stages. Similarly the mineralization that accompanied 
the intrusion of the ~ a n i t i c  .rocks, bath of Mesozoic and of Tertiary 
age, is likely tm ha& m ~ ~ r r e d  in several stages, and ample evidonce 
of this is available in some of the mining districts. 

The most widespread ltnd most important mineralization that has 
occurred in the Yukon-Tanana region is the first or Mcmxoic type. 
This miaeralieation prob~bly pm1uwd the l d e s  in the Fairbanks 
district and also indirectly most of the gold in the placers of the Cir- 
cle, SeventpiJe, Fortymile, and Tenderfoot districts and in the 
scattered placers elsewhere in the central and eastern part of the 
Yukon-Taart~la region. Some of the placer gold in the Rampart 
district may also have originated at this time. 
In the Fairbanks district the extensive mining of lode deposits hns 

made it possible to learn more regarding the charmter of this first 
period of metallization than elsewhere in the region, where little I d e  



dsveIopment has been attempted. M e  d e p i t s  in this district 
m u r  at two separate localities, one in the east-central ,part of the 
district and w e  in the western p~rt .  In the east-central area the 
lodm occur mainly as h a r e  veins, which strike in general W. 8" W., 

~enttiqy #p~~~ZtrW&titm of th6' XSiFch C h k  &hi&. The gold is con- 
fined largely to them veins, which in turn are believed to be derived 
from granitic and dioritic rocks that mop out nearby. In the west- 
ern area granular intrusives do not crop out in large bodies, but p a -  
phyritic derivatives of such rocks indicate the presence of gsanitic 
stacks at  no great distance below the surface. Here the gold occurs 
both in fissure vains and in more diduse mineralized mnes, and the 
strike of the ore bodies ia less uniform. The paragenesis of all 
these veins and other lodes has not been studied in great detail, 
but it is evident from the work already dom that at least three 
stages in this first period of mineraliiation may be recognized. In 
the f i a t  stage some gold was deposited, accompanied by vein quartz 
, and considerable pyrite. In the second stage quartz veins and other 
lodes with a higher content of gold but containing also a considerable 
diversity of sulphides were formed, and some of the older veins 
were reopened and enriched. In the third stage another genemtion 
of quartz veins and dimminrrted deposits wem fomnsd, which eon- 
sisted of quartz, scheelite, and perhaps tin ores but contained little 
gold. Still another type of mineralization, charlactsrized by the 
forumtion of high-temperature minerals, WCEE as tourmaline and 
cassiterik, has also taken place in the Fairbanks district, but data 
are lacking for correIating this stage of mineralization with the 
three stages of quartz-vein formation. 
In addition to pyrite and its alteration products limonite and 

hematite, the following. ore minerals, as shown in Ikt compiled 
by Hill,%% are known to be present in the lodes of the Fairbanks dis- 
trict : Argentite, amnopyrite and its alteration pducts  liillingite 
and scorodite, native bismuth, bismuthinite, boulangerite, &dcocite, 
chalcopyrite, covellite, galena, jamesonite, manganee oxide, sphler- 
ih, stibnite and its alteration products ceroantits and stibiconite, and 
htrahedrite. Of these, amnopyrite and ita alteration products, 
galena, jamesonite, sphalerite, stibnite and its alteration pduc*  
occur rather plentifully at  plltces, but the remainder are relatively 
ram During the era of high pries for cerbin mineral products in 
1918-17 the, ores a$ stibnite (antimony) and schselite (tungsten 
were mined conunerchlly. In addition to the minerds above listed, 
ck ter i t e  and wolframite have also been found in the placer con- 
centrates 

~Hul.  3. M, Lade degosLts of the Fsirbanb dtstrfct: U. 19. [twl. Survey Bun. BISB, 
Pp. 71-78, 3988. 
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It is apparent from this list of ore minemls that the Fairbsnks 
district has been intensively rnineralkml. The paragenesis of all 
these minerals is not known, but except pyrite and the tun~ten  min- 
er&, most of them are believed to have been introduced in the m n d  
s t a e  of mineraliention. Stibnite is one of the cornmanest of the 
sulphidm. It occum in the lodes both with and without quartz and 
d m  not itself carry much gold, but where it occurs in the older veins, 
enriching them, high-grade gold o m  have been formed. The same 
is true. of amnopyrite. Prindle states that at  one locality stibnite 
was found in m c l m  association with a sericitized dike of granite 
porphyry that a genetic relationship was apparent, but as a general 
rule - the gdd-lodes af the F a i r b n h  district are indirectly related 
to the granitic bdies, through the medium of quartz veins, and a m  
not formed in or directly along the peripheries of the granitic rwks. 
These quartz veins are fairly regular in direction, and most of them 
have well-defined walls; and as no high-temperrtture minerals have 
been recognized in the gold quartz veins, it is inferred that they 
originated rat moderate depth--deep enough to insure a fair degree 
of regularity to the fissures but not deep enough to show the decb 
of high-temperature mineralization, 

The tin md t ~ q p h n  minerals of the Fairbanks district include 
cwterrte, =heelite, and wolframite. &heelite has been found in 
the lodes, but cassiterite and wolframita have baen mgnimd only 
nmong the heavy minerals of the placer conmntrak. Scheelita 
m u m  at athe head of Bilmom C m k  in mineralizeil zonw or ore 
shoot9 in silimted limdones but is not considered to  have originated 
as a contact-metamorphic deposit, h u s e  the alteration of the coun- 
try rock in which it occurs is believed to have p d e d  the formation 
of them ores. Schselite is also found both in quartz. veins and as 
disseminated deposits at the heads of First Chance and S b l e  C m k a  
and jn quartz veins on Fairbanks Creek. It is probable that all t h ~  
scheelite ores were deposited mnternpraneously with the last, stage 
of vein-quartz formation in this district. The sourca and manner 
of formation of t h  cassiterite and wolframi* however, am not 
known. 

The Circle district is another exl~mple of the first or Mesozoic 
strtge of mineralhation. Gold is the principal mineral of economic 
imparbnce here, but no lodes of commercial worth have been located, 
and only the placers have been developed. In addition to gold, how- 
ever, the concentrates recovered with the gold on Deadwood Cmk 
show also the presence of wolframite, cassiterite, magnetite, ilrnenite, 
ar~enapgrite, pyrite, galena, limonite, garnet, tourmaline, and 
quartz.@' Some of these minerals, such as the magnetite, garnet, sand 

~Johnmon, B. L, O C C U T ~ ~ I C B  of woliramit'e and wdterlte la the gold pla~erar of Dead- 
w d  k k ,  Birch Creek district: U. S. Geol. Surrey Bull. 442, pp. 248-250, 1910. 



tonmaline, are high-temperature minerals, but granitic rocks also 
occur on. D e n d w d  Creek, and these minerals probably originated 
in the granite rather than in the pld-quartz veins. Except for the 
absence of cassiterite end walframite, about the same group of heavy 
minemls rare found in the other s h a m  conceh%rtttes of the Circle 
district. The source of all these ore minerals lies probably in quartz 
veins derived from m a l l  bodies of granitic roclrs, most of which 
have not yet been uncovered by erosion, though some are exposed 
an Deadwood and Mammoth Creeks, but the mode of occurrence of 
these minerals is unknown. 

The Fortyrmle dist~ict is also considemd to be an example of 
Mwzoic mineralization, though the presence of cinnabar a t  certain 
localities suggests that it was also affected by the Tertiary min- 
eralizakion. The concentrates recovered with the gold in the c m h  
of this district are largely rock-forming minerrlls, such as rnag- 
netite, ilmenite, garnet, hematite, and zircon, but on Wade Cmk 
the wncentrates include a large amount of barite, as well as smaller 
amounh of cirmabar, pyrite, ant1 cassitxrite. Barite in smaller 
quantities is also found on other cmks in this district, and cinnabar 
in small mounts was recagnizred on Franklin Gulch. Similarly just 
east of the intRmatiod boundary, the concenfmtes of the placer 
creeh at the head of the Sixtymile River have been found by 
Cockfieldme to consist of hematite, magnetite, zircon, garnet, and 
titanih, hgether with galena, pyrite, and a little cinnabar. Tung- 
sbn minerals were specifically tested for and were found to km 
ab~ent. 

hlmt of the mining in the Fortymile district has been placer 
mining, but at leash one lode hss h n  prospected and sampled. 
This is at the head of Lilliwig Creek, a small tributary of lngle 
Greek from the west. The lode material is sricitized quartz diorite, 
cut by numerous veinlets of calcite md quartz, containing gold, 
pyrite, and a little chraImpyrite. Not only is this lode locatized- 
in a small body of quartz diorifs, but the creek downskmam from 
this intrusi~e rmk contains workable gold placers, where= upstrelam 
from the intirusive rock the stream gravel is barren of golrl. This 
lode deposit shows the mIationship that exists between the granitic 
intrusions and the mineralization at this locality, rtnd similar rela- 
tionships are believed to exist elsewhere in the FortymiIe district, 
for the placers appear to be distributed dma ta a, number of small 
bodies of similar intnrsives. Doubtless many other lode deposih 
have k n  seen by prospectors in this region, ht they hhave not been 

"Cmkdeld, W. 8., gixtyrnila &rid h d u e  Riven arm, Pukw Territov: a n a h  Geot. 
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ECONOMIC G E O ~ P  246 

intensively prdspectd and are not known to the writer. A lcopper 
I d g  however, has been found in the upper valley of Kschurnstuk 
C+ of which the principal om mineral is brnite; and some miles 
northwest of this an antimony lode is also reported, Also a t  the 
Ukink'' of the Fortymile River, where plaoor mining was once done, 
the pImr concentrates contained cassiterite. 

Most of the mineraliz~tion in the Fortymile district is considered 
by the writer to have been due to the effects produced by the intru- 
sion of granitic rocks during the Mesozoic e1.a. The occurrence of 
cinnabar in the Fortymile and Sixtymile districts, however, suggests 
that Tertiary mineralization has also been operative in this pn1.t of 
the region. It is of. interest in this connection to h o w  thnt Cock- 
field,Bs though admitting the Tertiary significatlce of the cinnabar in 
the Sixtymile district, is inclined to  ascribe most of that rnineraliza- 
tion to the influence of the Pelly gneiss, thus placing the geoIogic 
date of the mineralization back in the pre-Cambrian. This is an 
interesting hypothesis, and if it  can be shown that tho gold of the 
Sixtymile district originated in pre-Cambrian quartz veins rather 
than in Mesozoic quartz veins, this fact may ~ender the Pelly gneiss 
of much greater potential importance as a source of gold rninernliza- 
tion in other parts of the Yukon-Tanana region. 

Little prospecting for lodes has been done in the Seventymile dis- 
trict, and little or no study has been made of the heavy minerals that 
am recorered with the concentrates. So  fa^ as hown, however, con- 
ditioris hers aro similar to those in the Fortymile district and m w t  
of the mineralization originated as a result of the Mesozoic panitic 
intmsions, though on Canyon Creek, in the Seventymile Valley, good- 
sized pebbles of cinnabar have Geen found. 

One other type of deposit that is attributable to  the effects of the 
Mesozoic mineralization should be mentioned. At the head of the 
Healy River, on the south slopes of Mount Harper, a deposit of 
rnolgldenita has been found. This deposit is a fissure vein of white 
quartz in which mall bunches of molybdenite sre scattered. This 
locality iis within a large area of Mesozoic granitic rocks and is p:oh 
abIp a late phase of the intrusive rtction. 

These scat- elrampleg of mineralization in the central and enst- 
ern parts of the Yukon-Tanantt region by no means represent all the 
rnimral dspsita f iat  have been found in this country, but they prob- 
ably give a general idea of the types of ores that may be expected to 
be found by prospecting. The available evidence to  date suggests 
that most of the  kmld deposits were formed at a moderate yet con- 
siderable depth) below the surface and that they are localized in 
quartz veins, uaudly a t  somc distance from the granitic contacts, 



Experiem h s  dm shown that the smaller bodia of granitic rocks 
are, mare likely Ito be the w r c e  of workable lodw than the large in- 
trusive m-s, such as the batholith in the basin of the Charley 
River. The explanation of this fact lies in the pmbaMe concentra- 
tion of metallization, except the contact-metamorphic metallization, 
at the higher points or apexes of the invading granitic rocks. As 
such hdiesnf'granitic rocks are subsequently b a d  by erosion, them 
rninerdkd zones are first e x p d  and make the smaller croppinp;s. 
of granitic rocks. Subsequently, them smaller outcrops, together 
with the minera3ized zones that may have farmed about them, ere 
eroded away, and the larger gr~nitic masses am exposed, which are. 
lean or barren of minerd deposits. 

The mond perid of mineralization was connected genetically 
with the intrn~ion of the rnonzonitic m k s  thak are prevnlent in the 
western part of the; Yukon-Tanana region. Mineralization of this 
same period and type was still more widely distributed to the sout,h- 
west, in the lower valleys of ths Yukon and Kuskohim Rivers. , 
It is possible, of course, that rnetalliferous deposits formed during 
this period may be p m n t  almost anywhere in Alaska, for the 
metal-bearing solutions in their upward or outward passage from 
the underlying intrusive masm must have penetrated sedimentary 
mka of $11 ngm Nevertheless, it is remarkable that these* later 
deposits appear to be scam in regions of dominant1y pre-Mesozoic 
rocks. Thus in the Yukon-Tsnrrrta region evidena of Tertiary 
mineralization has been recognizd with assurance only in the Hot 
Springs, Rampart, and Tolovana diaricts, which are situated either 
among or near to the Mewsoic dimenta ry  rocks. It is likely that 
this restricted didribution is in some way related to the omgenic 
history of Almka, but the exact connection is not m d e d .  

Little intensive prospecting for lode deposits has yet h e n  done 
in the areas affected by this late period of mineralization, but the 
ore minerals fomd in the pImr mneentrites, together with the few 
known Ides,  give some idea of the metallhation that has been pro- 
duced. The principal ore minerah include gold (with alloyed sil- 
ver), cassiterite, pyrita, barite, cinnabar, galem, stibnite, picotite, 
native coppr, ndive  silver, chalcopyrite, itnd cobalt and nickel ores. 
The occurrence and paragenesis of th- minerals so far as they are 
now known have been des~ribed by the writer in s recent 
end it is unnecemrg. in the present report to repeat the details. In 
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general, however, tbe mjneralhation of the Rampart and Rot 
' Springs districts hrrs probably m d  in t b m  stages, m f o l l ~ w s  : 

I. ba early EJ- &racteriM by the depettlm of @d. sllrer, md cogper 
*ma, which wm eirwtive b tk valley of Minook Creek sml I& tribntarles. 

2. A m n d  stam cbanwterkd by th depmitlon of mid and cinnabar, 
thongii at some lmlltlefi  the cinnabr depsits  are ?a&M.  Thla gtage B 
reprmmted In the ICareYta and TaEovana dlstrlcttc 

3. A third m, characterized by the demltion of gold, cassltwlte, and other 
ores. This stage probably had a complex hlstory and molted In the formtlon 
of a varletg of lodes. some with and some without mdterlte, The i y p ~  locality 
t in the Hot Springs diehi& - 

, The Tertiary age of the earliest of them thm stages of minerali- 
zation is somewhat in doubt. No lodes representative of this stage 
hsve been found, but the gold plawrs found in the tributaries of 
Minook Creek are so distributed as to suggest that  the gold and 
associated oresl have been derived from an underlying body of grs- 
eitic mh, by which the Carboniferous country rock has been contact- 
metamorphosed and mineralized. The local geologic relations are 
such as to suggest further that the granitic rwks which prodoced 
these eff- may pmibly have h n  of Mesozoic age, but this hypoth- 
esis cannot be proved. In any event, this earliest stage of minerali- 
zation in the Rampart district prorlucd gold of high grade and, to 
judge by the concentrates recovered with the gold, also prduoed 
barite-galena lodes, which probably were sil~er-bearing. This galena 
has not been analyzed, but its argentiferaus character is mggRsteci 
by the presence of nuggets of native silver on Slate Creek. This 
st* of mineralization also produced copper lode, as indicated by 
the common m u m n c e  of native copper in the mncentr- from 
Hunter md Minook Creek Later Tertiary mineralization, 
however, is i n d i d  by the p m n c e  of Sraces of cinnabar in the 
concentmte~l from Ranter Creek. 
In the; Tolo~ana didrid the common minerals c d l W  in the 

gold placer concentrates, in addition to mk-forming minerals, am 
pyrite, ammopyrite, picotite, and barite, but in the streams t h ~ t  
drain southwmtward from Amy Dome cinnabar, scheelite, and stib- 
n i b  have also been identified in the placer concentrates. Moreover, 
at one locality at the bead of Lillian Creek the writer was able to pmn 
cinnabsr out of decomposed granitic material. On the spur west of 
Ruth Creek a low-grade stringer lode has also been prospected, which, 
in addition to p l d  contains pyrite and g~senopyrite. Most of these 
ore minerals, with the possible exception of the picot&, have prob- 
ably been derived from quartz veins md lode deposits of more diffuse 
t y p ,  which originabd close to the granitic rocks that am e x p o d  
on the ridge souhh of Livengood Cmk. 



Cinnabar is a characteristic prcduct of the Tertirv minerdbation, 
not only in the Yukon-Tnnana Pegion but dso in. muthwestwu 
A.lash. On the other hmd, cinnabar is not found in all the placers 
that have h n  derived from Tertiary lodes. This is weI1,illustrated 
in the Tolovana dbtrict, where cinnabar has not k n  recognized in 
the bench placers of Livengod Creek, though it is found in a num- 
ber of streams draining the west end of the ridge south of Livengood 
Cwck. The mem absence of cinnabar, tl~ereforo, cannot be regarded 
as evidenw of pw-Tertiary mineralization. It is also characteristic 
of the cinnabar-bearing gold I d e ~  that they occur in intimah asso- 
ciation with the granitic rc~ks  and are commonly found in small 
veins and veinlets within or dong the peripheries of these intrusives. 
The Tertiary monzonitic rocks have apparently been intruded closer 
to the surface of the region, as it existed at the time of their forma- 
tion. The cinnabar-gold deposits, which were formed near the apexF 
of them intrusiv~s, likewise were formed closer to the surface thab 
the original gold quartz veins of the Fairbanla district. This c o l ~  
dition is reflecled in the less regular character of the quartz veina, 
in both tha Tolovm~na- and Eureka districts. 

A good illustration of the final stage oaf Tertiary mineralieatio~ 
is found in the Hot Springs district. A variety of m i n e d  d e p i h .  
originated during this stage of mineralization, but little is h o r n  of 
the bedrock source of these ores, and, therefore, little can be statad 
regarding their paragenesis. The most conspicuous feature of this 
district is a mineralized belt, known as the tin belt, which lies mainly 
in the ralleys of Woodchopp~r, Sullivan, and Cache Creeks but also 
extends northaastward into the headwater region of Raker Creek. 
Within this beIt high-grade gold-cassiterite plamrs have hean mind 
for many years. A more detailed description of these deposits has 
heen given by the writer in a recent repcbrt." In addition to p I d ,  
cawiterit~, and the rock-forming minerals, the mncentratm from 
thcse placem include also pyrite, picotibe, monazite, aemhynite [ 8 $ ,  
and native capper. Cassiterite is very plentiful, amounting in some 
of these placers to 0.2 pound to tho square foot of bedrock; and it 
is saved and shipped as a byprduct of the gold placer-mining 
operations. The hdrock sdurce of thig c d f e r i t n  has not been lo- 
cated, brtt rs cut and polished section of some of the low-pade om 
found in the gravel shows that the cassiterih is intimately inter- 
mixed with vein quartz and country rock. Apparently, the vein 
quartz was extenwively fractured after its introduction into the 
country rock, and the cassiterite was then introduced into the cracks 
and crevices thus rnarlc. There is no evidence of replmment and 
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little evidence to suggest a pneumatolytic origin, for although the 
moentrdes contain tourmaline, the other minerals thd contain 
volatile constituents, such 86 topaz, fluorite, and exbib, are rather 
searca 

South of the tin belt late Tertiary mineralization of another type 
has taken place near the top of Hot Springs Dome. Rere the ores 
are found in bedrock, but so little pros- has been done that 
the paragenetic relations are not clear. The ores occur in shear zonw 
that trend east, more or less parallel to the elongation of a body 
of Tertiary biotite granite that lies a short distance to the south. 
The surface o m  a m  galena and limonite, the former in pockets in 
the latter. Little quartz is present, but along with the limonite 
are some siderib, hematite, and manganese ore. Though galena is 
the chief sulphide, small quantities of chalcopyrite, pyrrhotite, and 
pyrite nre also pr-nt, with here and there a. little malachite or 
murite. In one own cut eqdhrite or cobalt bloom was observed, 
both on quartz stringers and without quartz in crevices. Nickel 
minerals are alsa reported to m u r  in a nearby pyrrhotized basalt 
dike. Them shear-zone deposits carry $1 to $2 ~2 ton in gold and 
from 5 to 8 ounces in silver and itre therefore low-grade depmits. 
A11 the ores are more or less oxidized, and nothing whatever is 
known of their condition and conhut in depth. The genetic rela 
tions that exist between these deposits and the gold-tin ores are like- 
wise unlmown, but both types of deposits are believed to have origi- 
nated in the final stage of Tertiary mineralization. 

Experienm in other parts of the Yukon-Tanana -on nlgpsts 
that tiq and tungsten lodw are likely to have been formed more or 
lms simultaneously, though tungsten minerals are not evergwhem 
found with cassiterite. Tin and tungsten minerals are defkhIy 
known, however, to have originatad both during Mesozoic and 
Terkiarg stages of mineralization, and these minerals ttre therefom 
no index of the a g e  of minemlie~tion. In the H& Springs district 
the st& tin is of Tertiary age. In the Tolovana district some 
scheelite has been found in the streanas draining the ridge west of 
Amy Dome, .and this scheelite is considered to be of Tertiary age 
merely b u m  Ule other mineralization of this district appears to 
be of Tertiary age. Similarly, in the gold plmm of Quail and 
Tmubl~sorne GreeksI the association of cimabttr, cassiterite, and 
scheelits suggests a Tertiary age for the tin and tungsten minerals 
of that area. Ores of tin and tungsten m y  therefore be found in 
association with both Mesozoic and Tartimy granitic rock& 

Of dl the mj,emIs thus far e n m a t e d  as representative of 
Memmic and Tertiary mineralization in this region, only cinnabar 
mn be mid to be distinctly limited in a geologic sense. 80 far as 



now known, cinnabar has been found in A 1 6  only in I d e s  of 
Tertiaq qp and in placers derived -from such Mes. - This mineml 
therefore appears to eoxlgtitute an important time marker in the 
sequence of mineral depdts. MolyMenih, to lm sure, has been 
observed only in association with the Mesozoic ore d e p i t s ,  but the 
sing19 occurrence of this ore in the Yukon-Tanma mgion does not 
wlrmrnt any general dductiona 
In searching for mineral depitg, thewfore, the location of bodies 

of p n i t i c  & is of gmst importance, but small outcrops of in- 
tmiw bodies of this type are more likely to be the mume of &- 
e m i o n  thm Iarger outcrops. The p-nm of quartz veins, 
.however, is equally important, for although such veins are usually 
derived from nearby or rlnderlying Mies  of granitic rocks, those 
d may be >enmaled by overburden or map not have been h r e d  
to the mrface by erosion. Mesozoic md 'Sertiaq granitic r d ~  a m  
*ally &@ant es sources of ore minerals, 'bat past experience 
has &awn that lodes ane more likely to be found in e l m  m i a t i o n  
with Tertiary granitic & than with Mesozoic p n i t i e  racks, for 
the latter in general exhibit a more distal type of mineralizabion, 
exemplified by quarts veins that may be BOW distance from the 
intrusive bdies.  On the other hand, the IMcsomic minemlizatiw 
is more likely to ham rasulted in the formation of om Mi- that are 
confined within district fimm veins, where thy can be more easily 
and profitably worked. 

m k L t l A ' S I O H  CO- W I T 3  BASIC IC;IHEOWS EOFK% 

The rnetaIlic I d w  mm&d genetically with basic igneous m h  
in the Yukon-Tanana region have not so far proved to be of economic 
significance. Chromium, nickel, and platinum ores belong in this 
category, but the known occurrences of t h ~ s e  elements are fen. 
The only known occurrence of chromite in place is on the spur 

west of Rwth Creek, south of the settlement of Livengd. Hem 
in the wurse of pmqmting a gold lode a s m d l  body of &mi te  
was e x p a d ,  but the size of this M y  m s  not ascerkabed. Small 
intrusive bodie4 of Devonian serpentine, however, occur nearby, 
snd the writer believes that the chromite is related genetically to 
the serpentine. Picotite (chrome spinel), however, is common in 
dl the prdludive placer c:reeks of the Tolovana and Eureka dis- 
tric* h the places creeks draining Wolverine and Sawtmth Moun- 
tains, and in the tin belt of the Hot S p m  district. ahis mineral 
sudy originated in basic r o c b  but that i t  originated only in the 
Devonian basic mks cannot be asserted. Its widespread distribution 
sug- an gdditionnl source in basic differentiates of the Tertiary 
monzonitic rocks, 



I*. *> 
N W I  is of no economic irnportanm. in thia region biit has been yw to hwe been found in small smounta in the Tolovana 

distrih-&I in tha mineralized b l t  near the summit of Hot Spring 
Dome. 

Platinum baa been rkrdecl at only one locality 3-1 the Yukon- 
Tanana @on. Overbeck ?# mtes that a small nugget of this metal . 
was given to him which was reported tn have come f ram s cbm-up 
on one of the producing placer c m k s  of the Tolovana district. The 
exact locality is not atrrted, but the nugget is believed by the wrihr 
tn have come from one of the creeks that drains the west end of 
the ridge south of Livengood. Platinum metals are known to be 
derived mainly from ultrahsic rocks, such as serpentine and pyrox- 
enite, and the widaspread occurrence of Devonian rocks of this type 
in the Yukon-Tanana region warrants a more csreful lookout for 
platinum, palladium, osmium, iridium, and the other metals of t h i ~  
p u p  in prospecting for gold plamrs. 

Most of the metals and metallic ores that m u r  in the lodea are 
found in the placers of the Yukon-Tanana region, but only gold has 
'been found in plnoer deposits of commercial valua Cwiterite, the 
oxide of tin, is also recovered as a byproduct of the gold-placer min- ' 

ing in ,@ Rot Springs district, but them p l m m  could not be worked 
comercially for their content of tin alone. Small amounts of cas- 
siterite and wol fmi t e  were also s a d  and shipped from t$e gold 
placers of the Circle district during the era of high pricea for tin 
and tungsten in 1917, but t h w  gold plecers contain mlatively m a l l  
amounts of thees minerals. Gold placers may therefare b said to 
be the only plmcers in this region, at present known, that can be 
worked on a commercial sale. 
T h e  principal p l d  placers that have been worked, in the Yukon- 

Tanana region am in the Fairbanks, Rampart, Hot Springs, Tol- 
ovma, Circle, Eagle, and Fortymila districts. Many other gold 
placers, of course, have been p r o s p t d  md worked, mch as those 
in the Tenderfoot district gnd the placers of the Fourth of July 
Creek, 'along the upper Yukon, but the bulk of the gold production --:? 

- <  - has come f ram the seven districts above narnd. T 
tory of the diwovery of thew 

considerd~le fortunes 



252 .. ~ O N - T ~ W ~ A  REGION, ALASKA 

were acquired by many operabra, working on a small sate. The 
bonanza depkts, however, were soon worked out, and as time pwsed 
manual methods of mining gave vay to cheaper and more effective 
methods, invol~ing the use of hydraulic operations for rm&cial de- 
posih m d  ham-hoisting plants for underground deposits. At the 
present time all the seven principd mining districts are still pro- 
ducing placer gold, but in most of them highest-grade placers are 
now worked out, and most of the gold is being recored by larp-  
scale mining operations. An exgmple of this is in the Fairbanks 
district, whem mining of the low-grade deposits is now in progress 
on a gigantic wale by the use 02 hydraulic methods and dredging. 
The other districts may eventually be worked in this same way, and 
upon the adoption of such methods depends the future of the placer- 
mining industry in these older camps. Such development in the Fair- 
banks district, however, has been made possible by the building of 
the Alaska Railrod, which by reducing the cost of transportation 
has lowered the cost of all commodities and thereby decreased ma- 
$erialIy the cost of mining operations. The similar development of 
t,he outIying camps will probably have ta await the construction of 
highways that will connect them with the Alaska Railroad. 

All the placer-mining districts have been repeatedly visited and 
studied by Federal geologists in the course of the last 25 or 40 years, 
beginning with the work of J. E. Spurr in 1896. A bibliography 
listing all these reports has been given in the intrductol-g part of 
this report, and the reader is referred to this rather ~olurninous 
litmature for detailed descriptions of the placer deposits. To at- 
tempt even to summarize these detailed descriptions would take 
far more s p m  than can bo allotted in a general report. Instead, 
the writer will present only a genetic classification of t h e  placers, 
citing certain localities as illustrative examples, 

The process of concentration of gold in the streams of the Yukon- 
Tanana. region involves a tremendously complex geomorphic his- 
tory, which is only beginning to be understood. From one point of 
view this p m s  is simpler here than in southern Alaska, h a u s e  
the region is essentially unglaciahd, and the valleys have not been 
affected by glacial ice. Yet indirectly the glaciation in nearby afeas, 
particularly in the Alaska Range, produced profound geornorphic 
.and dimatic changes, which are reflected in the character of the 
~ediments d e p i t e d  during that epoch. The process of placer for- 
mation, l~omcver, is definitely simplified by the ahenm of marine 
or fmh-water beach deposits, so that in general only fluviatile and 
clocsely related placers have k n  fonned. 



The placer deposit63 of this region may in general Im clamifled as 
followa : - 

Residual and hillside placera. 
stream placem: 

Ancient R t r e a m  placers : 
Bench placers. 
Buried placere 

Recent stream placem. 

aesidual placers are formed by rock weathering and decay in 
place. By frost heaving and other processes, the volume of such 
debris overlying the bedrock may have been rnahrially diminished, 
but fnndamentdly the @Id of wsidud plamss was not transported 
to my material degree by running watar but was concenhrated 
mainly by gravitative sinking through disintegrated rubble that 
a c c u f n ~ ~  upon ran upland bodrock surfam. Residual dep06ts 
of rack debris are not uncommon in this region, but no example of 
a strictly residual gold placer can be given, as most of the gold 
p h m  that approximate this type have bean formed on sloping 
surhms, where hiUside creep has also been an important factor. T h e  
gold placers of Shirley Bar, in the Eureka +district, are dm& resid- 
ual placers, for the gold accumulated upon the very gently sloping 
valley wall of the North Fork of Baker Greek. Such p l a m  can 
lw of c.omnarci&l value only where the underlying bedrock has been 
extensively and highly mineralized, and Shirley Bar is no emp-  
tion to this rule, for the really valuable placers at that locality were 
t h m  in which the gold of the residual material had been reconmn- 
trated by small streams that drained the bedmk surface. 

Hillside or duvial placem are residual placers that have h n  
formed on sloping bedrock surfaces, usually on gently sloping valley 
walls, and have hen hansported down such slopes for mme dis- 
tan118 by soil m p ,  frmt heaving, and the action of tiny rimlets 
within the disintegrated rock debris. Such depmits are common in 
the Yukon-Tanma region, though few of them constitute rich 
plsmm. In the formation of such cleposih the gold gradual1 y sinks 
to  the bottom of the moving debris, where it is retarded by imegu- 
1aritie.s and crevices in the surface of tha bedrock, while the over- 
burden continues to move downward toward the valley floor. The 
net d t  is an accumulation and concentration of gold upon the 
M o c k  surface. Such deposits may be of considerable am1  axtent 
and are characterized by the presenca of unsorted w a r  or sub- 
angular rock fragments, commonly emhdded in clay. They are 
also chmctarised by B deeply weathered and locally iron-stained 
bedrock mrfrtce. One of the best examplea of a commercial hibide 
deposit is the gold plamr of IIIcCaskey Bar, in the Eureka district. 



The formation of stream placers is a complex procass, involving 
many factors. One of the most influential of thew factors is the 
climate that d e d  when the placer was formed, for upon the tern- 
perature, the humidity, and the character, amount, end seasonal dis- 
tribution of precipitation depend in considerable measure the char- 
acter nnd speed of erosion, and the consequent movement of rock 
debris. Preexisting climatic conditions are aEso involved, for upon 
them depend tbe conditions of n. stream valley md its a h i d  
depmits at the time when plawm began ta form. The nature of 
the b d m k  and the relation of a stream to stmctnral mnditions.$hat 
&st in the bedrock are ,further mattem for aonsiderstion. 
Again, both the regional and the local deformation of the 
earth's surface by tectonic rnovementa, before, during, and even after 
the formation of a placer deposit, mnstituk additional factom, which 
have greatly increased the complexity of the geomorphic history 
in many mining districts in the Pukw-Tanana region. In addition 
to them more generalized factom, which apply tO areas of consider- 
able size, there are other factors that may apply locally, so that 
the geomorphic history of many dream valleys c a n  Ibe deciphered 
only by detailed local s t o d i ~ .  Obviously, therefore, the genesis of 
the stream placers in the Yukon- ana at la region cannot be staled in 
detail, and insul5cient work haa yet been done even to warrant the 
attempt. Certain general principles are recognized, however, which 
apply to the fom~tion of most stream placers. 

Stream placers are th0 common type in the Yukon-Tmana regioa 
Such placers 81% formed by the action of running water, and their 
origin is clo4elp connected with the history of the alluvial deposits 
in which they occur. Most streams with a normal. pomorphic his- 
tory h ~ v e  relatively high hadwater gradienk, which gradualIy de- 
mase downstream. A p e a t  doal of the active emion in s stream 
~ a l l g  mcum in its hesdwatem, md in the dear-water strslurrs of the 
Yukon-Tanans region the transportation of rock debris takes place 
mainly during periods of high water. At such times the headwater 
detritus is moved downstream to a certain wne, where the current 
of the stream dackens, and the mamr materid begins to ba depos- 
ited. The finer ~ o c k  debris is moved farther than the coarser debris, 
and sand and silt may be transported far downstream before they sro 
dropped, Alluvial material is therefore present in all d o n s  of a 
dream valley, from its hwtdwahrs to its mouth, but most of these 
deposita may lm regarded as transient material, which is awaithg 
further downstream transportation an the next flood. There is, how- 
eTer; a certaincritical point or zone, in a norrnd stream, above which 



all the material in the &ream bed is of kransient character, for all 
i&h material, from the surface to bedrock, is subject to further 
portadion downstream in periods of high wabr. Below this critical 
zone, on the other hmd, them is .pr h d y  of alIuvium at and near 
bedrock which will not be further disturbed by high w a t e ~  and which 
wiU not again be moved until the overlying d e e h  are removed 
by some geomorphic change, such as a lomering of the IomI baselevel 
of erosion. The thickness of this substratum of permanent alluvium 
increases in general downstream. Gold, because of its heaviness, 
tends b remain with the coarser rock debris ; and when rwk debris is 
in proc3ess of movement downstream, the gold tends to accumulate at 
the upper end of this critical zone. The sib of deposition of the gold, 
however, is somewhat variable, depending upon diurnal or seasonal 
varia.kio118 in the volume of water and upon the amount of other mate- 
rid transported; but there is a rather defhita zone, beyond which 
little gold will be moved downstream. 

Streams, however, seldom remain indefinitely in ra single channel 
but instead will migate lateraUy in their valleys. In this process 
channels are cut in older alluvial deposits, and debris of various types 
and ages may be intricately intermixed. Gold placers that have 
remained for a long time untauclled by running watm are again 
reworked, and many of the anomalous features found in placer pay 
streaks may be attributed to such reworking of older deposits by lat- 
eral stream migration. Yet in general even this phase of erosive ac- 
tivity is confined to fmnsient deposits and does not affect the perma- 
nent dluvial substratam downstream from the critical zone. There- 
fom, in general the deposition of gold is still mstricted ta the upper 
end of the critical zone. 
As a stwarn continues in its cycle of @erosion, its upper valJe.ey is 

nmally extended progressively backward into the divide at its head; 
or i f  this process is opposed by another stream on the opposite side 
of the divide, the elevation of the land between the two streams will 
be pmpssivaly lowered. In either event, the original headwater 
gradient will be gradually lowered, and as this occurs the critical 
zone that marks the upstream limit of the permanent alluvial sub- 
stratum will gradually migrate upstream; As this p r o m  continues, 
old deposits of gold will gradually be covered by the substratum of 
permanent dluvial material, the upper limit of which is moving up- 
stream with the critical zone; and as the site of gold deposition is also 
dependent upon the location of the cri t ical  zone, gold will h de- 
posited p r o g d v e l y  farther npstream. In this manner, pap streaks 
are gradually evolved, and a cmtinuons pay streak should therefom 
b regarded as a series of overlapping gold placers, the oIdest of 
which lie farthest downstream. 



If the prooass of stream alluviation were continued to its 6nd 
&ages, dl the bills wonld be eroded away abnd dl the d t a n t  rock 
debris which- the streams could not transport to the sea would be 
deposihd as an dluvial cover upon the broad valley floors of the 
region. Usually, however, tectonic disturbances or other causes will 
change the bas~lmel of a &warn long before the cycle is completed, 
If the baselevel is l o w e d ,  the &reams will be mrejuvem~d and 
will begin to cut into and dk ipab  their older alluvial deposits, If 
this rejuvenation is one of considerable magnitude, the dreams will 
-me entrenched in their older deposits, and the older depsita 
will be left as p~tve l  t e r r m  or benches dong the sides of a new 
valley. Such high pel deposits, if they originally contained 
considerable gold, will constitute @pica1 bench plawps. If the en- 
trenchment continues to the old bedrock surface ttnd the dream 
erodw furhher in that surface, gravel-covered bedrock terracee will 
be found dong the valley w d s ,  and as the tribubry stream denude 
the original gravel, the placer may be in part or wholly destroyed, 
leaving only a bedrock brraee. When, on the other hand, the b- 
bvd of a stream is elevahd, new alIuvia1 deposits will form upon the 
older ones, and m originaI pay streak ,rimy h o m e  deeply buried 
under a great thickness of alluvinm. In the later stages of such a 
period of alluviation various fwbrs may cause the stream to wander 
lateraIly far from its original course; and if the baselevel is again 
l o w e d  md the stream h c i ~  itself in its dlnvitbt valley floor, its 
new course may be quite different from its original coum. Under 
such conditions the stream may destroy parts of an original pay 
stre& and leave untouched other parts, which lie on either side of 
its new c o u m  Such old buried placers, in wid8 valley, may lie 
at a considernble horizontal distance from the present &ream mum. 
They are buried placers rather than bench plwem, although in ordi- 
nary mining parIance a11 placers that lie a t  a considerable horiaontd 
distance from the present strettm c o u m  are loosely d w i p t d  
L'bench'Vepposits. If, however, drrring the subsequent cycle of lower- 
ing of the baselevel, the present stream incises itself deeply in the 
alluvial deposit that constitutes the buried placer, the latter will 
h o m e  essentially a bench placer, though its geamorphic history 
wiU haw hen quite d8erent from that of a typical bench placer* 
Indeed, tha process may continue still further, so that the p m t  
stream not only may excavate a new channel in an old buried placer, 
but may eventuallg inciw itself in bedrock, thus producing gravel- 
covered bsdrcck terraces. This stqp has mtnaIly been reached by 
some of the streams tributary to the Tanana River. 
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Considering the variatioil jn the baselevel of ta stream, it can be 
d i l y  seen that the datum plane may remain constant for a long 
tim, m it may be elevahd or depressed at varying rates. The 
resulting variation in the character of sedimentatidn m y  be of ttl- 
most intinib diversity. In addition to variations in the baselevel 
originating outsride of the valley of a particular strstun, many 
streams in the Yukon-Tan- region am believed to have, been 
subjected to tho effab of local warping, either within their own 
drainage basins or in the hilIs that form their dividasl Downwarp- 
bg  in a stream valley would result in the l w l  mumulation of a 
great thicknw of alluvium, with bedrock surface in one part of 
the valley that sloped in a direction opposite to the flow of the stream. 
Upwarping might resuIt in the f omt ion  of B rock-cut canyon, with 
a bdrock surfme above the myon that also sloped opposite to the 
d i c t i o n  of flow of the stream md wrts covered by alluvium, which 
inmead in depth upstream. Downwarping in the divide at the 
head of a stream would result in a diminution of the volume of rock 
debris entering the dream, or it might condvably result in stream 
piracy. And upwarping in the divide at the head of a stream would 
lresnlt in a great incrertse in the volume of rock debris thrown into 
the stream. But m n y  of these geomorphic eEBcts can a h  be pro- 
d u d  in other ways than by upwarping or downwarping, padicu- 
larly in stream9 whose base level has been elevatd, so that they have 
been superpmd upon original valley walls w upon bedrock 
divides. I t  will readily be seen what diverse geomorphic rmulh may 
be produced when these many variations in the regional b a d v s l  
act concurrently with local warping. This picture of a complex 
geomorphic history ia by no means overdrawn, for all these and 
other unknown variable factors have actually been effective during 
the late geologic history of the Yukon-Tanana region. 

Bench plamm, or eIevated placers that originated essentidly as 
the result of a lowering in the baselevel oS a stream, are well known 
in the Ykoa-Tanma regicma At soma localities the bedmck sur- 
face wder both the bench gravel and the pment stream gravel has 
-tially the same elevation, EO that only gravel h c h e s  have been 
develaped. More commonly, however, bath the bench gravel and 
the bedrock below it have a higher elevation than the bedrock below 
the p m n t  stream, and this condition is usually observable in the 
configurntion of the valley walls. The sucoessive terraces in the 
valley of Minook C d  and some of its tributaries, previously de- 
scribed, are excellent examples of gravel-covered bedrock terraces, 
and the lowest of these in the valley of Hunter Creek is a bench 
placer. A still better illustration in the same district is Idaho Bar, 
which is an ancient bench placer, of late Tertiary age, which Bes M O  
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to  800 feet above the present level of Little Minook and Hunter 
Creeks. Another good example is the bench placer that forms B 
continuow pay st& along the north side of Live- Creek. 
Here it is probable that the bench is rs regult of elevation of the base- 
level, followed by a lowering of the baselevel, the second pmmw 
being of greEtter magnitude than the I%&. Additional mampl~h: of 
bench pla~era m found at many places in the Fortymile district, 
where a succesa3ion of stream terrrscas have hen formed not unlike 
tbm in the Rampart district. Good illustration of bench placers in 
the Fortgmile district are the pay streak that liw along the north 
side of Dome Craek and the bench placers on Myers Fork 0.8 Chicken 
C d ,  where mining operations are now in progms. 

Pleistocene and Remnt climatic conditions in this region were 
~ u c h  that m& of the alluvial d e p i b  are permanently frozen, but 
where such grwd lies c l w  to or below the level of p m n t  streams, 
it is likely to b partly thawed in irregular patchas by the action of 
natural wld-water thawing. The bedrock surfaces of bench plwrs ,  

' however, lie well above the level of the p m n t  streams and are 
therefore not so likely to be subjected to cold-water thawing by 
running wahr. The bench deposits are therefore as a rule solidly 
frozen and are -mom economical to work by underground mining 
methods, as no pumping and little timhring rare mquired. The 
Bench plaoers of L i v e n g d  Creek exemplify this condition, for this 
pay Btreak is solidly frozen and dry from one end to the other, and 
in underground mining it was not uncommon to clean 30,000 or 
40,000 square feet of bedrock from a single shaft, with little or no 
tirnbring. Many bench placsra rare well d a p t d  to hyhu1ic min- 
ing methode, but irrespective of the mining methods used, if they 
are not tm far from the p m n t  creek, they have the added advantage 
of yielding an adequata grade for sluicing and mple room for 
placer tailings. 

Buried p b m ,  or placer deposits that haw been f o d  essen- 
tially as the -It of an elevation of the 1-1 baselevel, are dm 
well known and constitub in fact some of the most valuable placers 
in the Yukon-Tanana region. In such placers the bear& below 
the gravel is usually little higher and often lower then the surface 
of bedrock under the p m t  streams, and as the surface of the 
valley rises gradually away from the streams, it ia characteristic of 
such deposits to be deeply buried under a thick overburden. Such 
deposits am therefore worked, at least in the earlier stages of mining, 
by underground methods. It is also chwraicteristio of buried placers 
that they are oommody mom or less thawed, and in underground 
mining this necessibfes mnsidemble timbering md often pumping. 
Buried pld~cers of this type are more expensive to  mine by under- 



ground methods than troe bnch plmm, but it so happens that the , 

tmm of many of the buried placers in the Yukon-Tanana region 
has been SQ hgh that the greater cost of mining ha9 bean more than 
offset by the i n d  returns. Buried deposits, however, are ad- 
vranw11~1y worked by dredgmg. 

Most of the gold placers af the Fairbanks and Rot Springs dis- 
trick exemplify thk class of buried placers. In the Fairbanh d i ~ -  
tJrict the gold plmm were laid down in ancient streams whose 
mums in genml were different from t h w  of the present dreams. 
A f b r  the p l w m  were formed the barnlevel in this district was ele- 
vated, and the stream valleys wera progressively alluviaid with 
l a b  deposits of gravel and silt, up to an undetermined elevation. . 

During this dluviation the streams became sluggish ~ n d  migrated 
laterally from their old channels. Subsequently, the local baselevel 
was lowered, md the streams began to excavate the alluvial filling in 
the valleys, but in so doing, owing to their prior lateral migration, 
they incised new gorges which httd no necessary relation to the under- 
lying surface of bedroclc. They, therefore, dissected the allurial de- 
posits and the underlying pIacers in a most irregular fashion and 
in places were in fact superposed upon the Iower slopes of old valley 
walls. A s  a result of this process, the p m n t  valleys may have. 
buried placers f i s t  on one side of the stream and then on the other. 
Thus, on Cleary Creek the pay streak in fie upper valley abova 1Volf 
Creek lies along the west side of the present stream, but below 
TTfolf Creek .the pay streak continues along the sitst side to the town 
of Chatanika, whereitagain crosesla the west side. Thesamecon- 
dition is observable in the pay s h d x  that occupies the valleys of 
Pedro and Goldst- Creeks. 

The lowering of the 1-1 baseIeve1, however, was not of uniform 
mwitude  on all the s h a m s  in the Fairbak district, and the pmc- 
ess may have k n  further complicated by local warping. The net 
m l t  has been that the present streams have lowered their bedrock 
channels in varying degrees, m that although most of them flow at 
nearly the Bsme level or slightly higher than the old bedrock surface 
below tha placers, others have incised their channds to a level ap- 
preciably Jower than the old bedrock surfme. Thus on Goldstream 
Creek some of the bedrock surface below the productive placers is 
hqgher than the surface of bedrock under the present creek, yet 
fundanentally the Qoldstrearn pay streak is a buried placer and noh 
a bench placer. The deep placer in the valley of Patterson Creek, 
in the Hot Springs district, is another excellent example of a burid 
placer, but here the elevation of the bwelevel, which resulted in the 
alluviation of the valley of Pathmon Creek, may have been farther 
complicated by local warping. 



Mwt of the richer placers of the Yukon-Tanma rsgisn am ancient 
placers, of either the buried or bench type, which originakd mainly 
in early Ple~stocene time, It is pmible that the climatic and 
erosional conditions befom and in the early stages of AInskan glaci- 
ation ware somewhat didEerent from thwe which existed during or 
after the ice The climate was probably milder, and rock 
weathering took place more in the manner now obsemed in temper- 
nte climates. A ground-water table was probably present in the 
late Tertiary, knd residual decomposition and accumulation of rock 
debris were important factors in weathering. Such conditions 
favored the production of a greater volume of rock debris, which 
incidentaIly included gold in mineralized areas, so that even with 
the same volume of water the downstream transporkation of gravd 
wes a mare constant process than at present, with the mult that 
m m  gold w a  concentmted in the valleys. The p t  widt,h and 
depth of many valleys in this region seem entirely out of proportian 
to the size of the streams that now occupy them. These oversized 
valle-p j ndictlte a long and uninterrupted acmimzl q c I e  prior to the 
ice age, but it is rlsa pcsssible that this erosional cycle WBS amm- 
partied by a greater precipitation than now occurs in this region. 
It is also a fact worthy of emphasis that nearly d the richer ancient 
gold p l m  of Alask~ are found in districts of low elevation. A h ,  
the ancient placer8 occur rnajnly in areas of moderate relief, where 
the &ream gradients are low now and aem also relatively low at 
the time of the formation of the plmpg, 

The recant dmmn placers in this ragon q u i r e  little expIanation. 
They lie in the pave1 deposits thst form the p-nt valley floors snd 
have h e n  mncentrated in part by direct erosion of rninerralized bed- 
m k  and in part from the destruction of ancient placers Where 
bench gravel carrying gold has been eroded by the present streams, 
the resulting stream gravel has the great& chance of containing 
mmmefcial placers, for even though the original g.oId tenor of the 
bench grm1 may have bean low, the elevated position of them de- 

, pasib makes them particularly susceptible to stram erosion, so that 
a great vol~~me of gravel may be reworked and the gold concentrated 
from it. Where ancient buried placers have been eroded by the 
present streams, the resdting stream placers are 1- likely b be of 
economic mgn%cmce, for as a rda only parh of the older placers 
have been emded in any one valley. It may hsppea at some localities 
thst all the goId in the recent p lmm is derived directly from min- 
eralized bedrock, t h g h  this condition is seldom realized. In this 



event, if the intensitg of rninerslization wae of the sama order of 
~ i h d e  as in the bedrock that supplied the gold of the ancient 
placem* the chances for a workable plawr are less favorable, for the 
amount of erosion in the pmmt dream valleys since the ice age has 
not been so great &S in the ancient preglacial stream. Irrespective 
of their origm, the recent stream placers of the Yukon-Tanana region 
am relatively unimporhnt, compared with tha ancient placers, 
though some of them constitute workable placers of medium grade. 
The gold placers that are now being worked in the upper valley of 
Walker Fork of the Fortymile River constitute a good example of a 
recent plawr deposit that c a n  be profitably exploited. The gold 
placem of Nome Creek, in the Fairbanks district, constitute another 
example of such workable deposih of Recent qp; and the gold 
p l m m  of American Creek, in the Hot Springs district, may be 
citBd as a third exl~mpb. 
In addition to the lower gold tenor, tha m t  strasm p l m m  lsre 

usually in considerable measure unfrozen. If the recent gold plscers 
am deeply buried, so that they must b worked by nndeqpund 
methods, this unfrozen condition is an economic disadvantage, and 
the cantent of pId  must be correspondingly high to warrant their 
exploitation. If the recent placers are of shallow depth, hovever, 
their unfmmn condition is a decided advantage, as they can be 
sdvantageously work4 by apen-cnt methods, such as hydraulic min- 
ing end dredging. 

CoaI is the only one of the nonmetaUiferous d e p i b  of t h i ~  region 
that has been explored with an idea of its comrnarci~l production. 
Zn earlier years the cod bed9 of this region, particularly along and 
n w  the Yukon Rimr9 were opened up, and coal was aictually mined 
at several localities. The present small population dong the Yukon, 
however, together with the lack of industrial u ~ e  for cod, and the 
a b d a n m  of wood for local needs, has xendered the exploitation of 
coal profitless, and ah the present time little or no ma1 ia being* 
mimd. The coal beds that occur along or near the Yukon were 
examined and studied years ago by Collier,l' and additional Infor- 
mrrtion has h published by other workemfor example, certain 
dab  given by the writer lC regarding the cuals near Chicken. In 
the prmnt report it suf6ms to review briefly thwa orxumncea of 
coal. 

mColller, A. J., Tbe con1 reaonmer o t  the Yukon, h h l :  U. Qeol. B w s p  W11. 218, 
% 2 W 4 ,  1908. 

Mertlq J. B,, A,, kilning in tbs Bbrt- W l c t :  m. K -1. bar re^ Bull. 818, pp. 
i l l-112, 1880. 
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M& of the coal beds occu~ in the Tertiary rocks, mid, as shown 
on plate I ,  these rocks crop out principally along the Yukon be- 
the international boundary and Circle and farther downshmam be- 
tween H&$s Creek and Tamma. In the upper river or Eagle district 
coal beds have bmn found at .several localiti~ in the ba~in of Mission 
Creek, particularly on American Creek; on the Seventymile Biver; 
on Washington Creek; on soma of the tribuhries of the Charley 
River; and on Caal Creek. All these coal croppings m u r  dis- 
tances of 5 to 20 miIw south of the Yukon. Thew beds of coal rn 
in the lower part of the Tertiary sequence and range in thickness 
from a few inchw to 6 feet. Three analyses given by Collier 7u show 
that the coals had an average content of fixed carbon of about 40 
peroant and of volatile matter about 42 percent. Most of this ma1 
is black md glosq,  with a conchoidal fracture, but some of it shows 
a, certain amount of woody structure. All of it is classified as lignite. 
In the lower river or Rampart district the coal beds early attracted 

attention. Directly opposite tbs mouth 02 Heas Creek coal crop. 
p ine  are visible along the Yukon, and in 1895 or 1896 a prospector 
named 0. C.  Miller drove a tunnel to explore these coal-bearing 
rmks. This was then called the MilIer mine but subsequently erne  
to be known as the Pioneer mine and dill Lter as the Drew mine. 
The coal seama hem, in conhast to those in the Eagle district, 
m u r  in the upper fifth of the Tertiiary sequence9 which is c o r n p a d  
mainly of fine-grained smdstone, black shale, and W s  of coal ; and 
unlem the sequence is repeated by faulting ah heleast seven coal seams 
are p m n t ,  ranging in thickness from 1 to 7 feet. Analyses of three 
of theas seams of coal and of two other coal beds near Minook C d  
were given by Cdlier,rs md another andysi~ of the coal from the 
DIWW mine had earlier been published by From these six 
analyses it is found that these coals in the R~rnpart district have 
an average content of fixed carbon of s h u t  37 percent and of 
volatile matter about 41 percent. This coal is similar in general 
character to that found in the Eagle district and is classified aa a 
black lignite. About 1,900 tans of coal was mined at the Drew 
mine, of which the greater part waa used on t h ~  river steamboats, 
but it appears not to have proved satisfactory for that samice. 

Similar beds of Tertiary coal occur in the Fortymile district, and 
at Ghicken one bed of c d  has been mined and utilized for black- 
mithing and similm work. A 8 5 - f d  shaft near Chicken dhclmd 
22 feet of coal, in a vertical psition, but neither the top nor the 

"Collier. A. J., op, clt, W. 2748. 
1" Idem, PP. 3 w .  
w Sparr, a. E., Con1 hi the nelgblwrhood of the gold belt: U, 8. Geol. Survey 18th Ann. 

Rept., pt. 3, pp. 381382,189T. 



bottom of the seam was men. A run-of-mine sample of this coal 
showed it to contain about 36 percent of fixed carbon and 31 percent 
'ormllatile matter, but a picked sample of higher-pde ma1 was 
found 2a contain about 48 percent of fixed carbon and 35 percent of 
volatile matter. The run-of-mine sample is evidently a lignite, but 
the picked sample is really a subbituminous ma1 of average grade, 
comparable with some of the aubbituminous coals of the Roclq 
Mountain States. 

Another occurrence of coal in this region is found aIong the 
Yukon River at the mouth of the Nation River. This coal differs 
both in age and in character from the Tertiary coals above de- 
scribed. It occurs in the rocks of the Nation River formation, of 
Pennsylvanian ( 8 )  age, but the coal-bearing rockg at this locality 
lie alang a fault zone, so that their position in the Nation River 
sequanoe cannot be ascertained. In general the rocks are vertical, 
m d  the c o d  occurs in pockets and kidnegs as large aa 8 feet thick 
and W feet long. An analysis of this mal, given by Collier,T8 shorn 
about 66 percent of h e d  carbon md about 40 percent of volatile 
matter. This is a bituminous coking coal. About 9,000 tons of 
this Nation River coal w m  mined ih 1897 and was u d  on the 
Yukon River steamboats, but the difficulties of mining and the 
cheapness of wood rendered its further exploitation unprofitable. 

Another p b n t i a l  nonm&dliferous rasource dong the Yukon 
Kiver is oil shale, This material occurs in the Upper Triassic 
roch opposite tha mouth of the Nation Rivsr and on Trout Creek, 
farther up the Y'ulron. A sample of the material from Trout Creek 
was distilled in the chemical laboratory of the United States Geo- 
logical Survey by E. T. Erickson and was found ta yield 28 gallons 
of shile oil to the ton. The compleh report on this material is as 
foIlowa : 

Tlle m p l e  as m l v e d  a m a m 3  to have lmm e x p W  to weathering, 
which is IIWy to ioflneuce the character as well the yield of tbe oil. 
Fur farther chemical the shale dewi t  &odd be resampled at a pwitian 
unalk4M by weathsrhg. 

A dlstlllation test was plade according ta the oil-&rile dhtlllation metbd  
used by the Bureau of Yinfs for determining the yield of crude shale oU. 
The total m e  required for the dltillatim was 1% hoara; rate of 011 dhtll- 
lation, 0.5 cnbfc mntlmeter a minute. 

Upon camparison with otber crude oil# tbat were obtained from fzypical oll 
mldm the Burean of Mines fibtillation apparatus, nsing a W l a r  difM1la- 
Hen rate, the m d e  OiE obtafned from the sample of &ale from Trout Orek 
may be deacribed as high In gta~Ity and low in setting poiot. In thw 
it fs mora nearly like tbe crnde oll obtained from the 3Centuw oil shale. 

'Comet, A J., op. m.. pp. 35-3&. 



Tbe cbemical eompdttan d oil shales has not yet been wfl9clently h i d -  
mted to rompare them with typical petroleums, such a6 pa--barn petw 
learn, which is low in spedfle gravib and high fa content of param aeries 
hydrorarbons; or a naphthrn~btse ptrolenm, which ia largely composed of 
naphthene &es and other cyclic ~dromrboner; or a tnlxd-base petrolenm, 
which is intermediate i ~ !  ~ ~ a v k y  rind comwltfon between parnfh-base and 
naphtheme-base ~ t r o l c n r ~ s .  Tho h l ~ h  gravity of the crude oil obtabed from 
the shnlc of Trout Creek favors its commercInl nae for the production of 
lnbdcntlng oila. The low mtting point indicates the absence of commercial 
quantities of paraflin. 

'This oil. shala from Trout Creek wm also examined microscop- 
ically by Miss Taisia Stadnichenko, of the United States Gteological 
Survey, and the sourcs of tho shale oil was found to be myriads of 
apoms in t.he rock. These deposits of oil shale are not of cormhercia1 
significance at  present but may sometime be utilized, 

The mineral waters from several hot springs in the Yukon-Tanma 
region con~titute a resource of considerable potential value for the 
future, for these hot waters h ~ v e  an nnqn~tionad medicinal value; 
and where such sprinp are located at  sites favorable for outdoor 
sport# they may be developed into popular watering places. Some of 
the better-known springs are already being dewloped in this way. 
The composition of most of the hot and cold mineral springs,of the 
Yilkon-Tanana region is given in a report by Waring.?@ 

WPECTINC)  IFP TEE 'StOKOXP-TmdHA REMOH 

Under pment conditions of high cosf of transportation and com- 
modities of all Ends, most praspctors in Alaska who make their 
living by mining on s small =ale will continue to search for gold 
placers and for high-grade l d e  deposits af gold and other metallif- 
erous ores. Another type of prospecting, however, is now hiug 
developed in Mash, which will doubtless in time to come be of 
major importance. This is the organized large-&@ prqecthg, 
by groups of qualified men, who will examine the country more sys- 
tematically and more intensively, with the idea of discovering an 
kinds of mineral deposits, large and small, that may be c~rnmercidly 
developed, either at the present or nt some later time when changing 

* W ~ E ,  0. k, Mineral mrlam ol A h o h :  0. 8. Qeol Sum@ Water-Sapplp P t r m  
418. fBl7. 



economic conditions w s m t  their de~elopment. Such largemale 
prpapcting will reqnife much cnpitd and wil l  necmswily be financed 
either by large mining wmpaniw or by the Federal Go~erflznent. 

Regardlass of the magnitude of suck activities, prwpecking should 
be done in and around bodies of granitic rocks, more particularly 
near the srnallcr bodies as now exposed. Valuable ore deposits h a ~ e  
seldom been found in inbrior Alaska in aasoci~tion with granitic 
mas= larger than 8 or 4 miles in diameter, and most of those known 
are msociated with smaller intrusive mllssea or with dikes and silIs. 
About 80 such bodim of granitic rocks are shown on the accompany- 
ing geologic map, but many others, particularly smaller ma=, are 
also prewnt, which either have not been seen in reconnai~sance map- 
ping or are too small to be shown on a map of this scale. As a 
rule, however, grsnit,ic mclrs are fairly resistant to erosion and are 
therefare likely to stand out conspicuously among other rocks of 
the region. But exceptions to this rule are known,,as, for example, 
in the T~kotna district of southwestern Alaska, where a body of 
Tertiary quartz monzonite lies in the valley of Candle Creek and 
the surrounding ridges and spurs are composed mainly of basaltic 
racks, The rich plncers of Candle Creek, derived from this body 
of qr~arta monzonite, should sene as a warning against placing too 
p a t  dependence upon topo~r~phic form. 

Grnnitfc dikes and sills are also important ta h d ,  for they may 
also be the soum of valuabIe orcs, or they may indicate the p*s- 
ence of nearby granitic rocks thnt may be ra source of valuable lodes. 
Qua& veins must he varefnIly examined, when found, for after all 
most of the lwles are found in nssociation with vein quartz. Qugrtz 
veha, moreaver, may be found in areas where underlying m a w s  
of granitic mch have not been b n d  by erosion, and in mich placw 
the relation of valuable ldes  or placers to p n i t i c  rocks map be 
neither evident nor demonstrable. After bodies of granitic mks, 
or granitic dikes and sills, or quartz veins Ere loeated, however, it 
still remains to determine whether such intrusives or veins have given 
rise to any metallifer~us depmits Not all intrusive bod& nor 
even dl small intrusive .bodies of granitic: rocks have effected mM- 
lieation, hut, on the other hand, no valuable ore deposit have been 
found in interior Aleska that were not connected in some way with 
such rocks. They afford, therefore, the most favobla sites for 
prospecting, but they are by no means certain to yield ores. 
, All that has been said of lode prospecting applies equally well to 
placer plmpecting, for the lode antedates the placer. It is a great 
waste of time and effort to prospect blindly from year to  year, HS 

some prospectors do, without having any good reasan for believing 
beforehand that a gold placer msy exist where they undertaka to  



prospect. Some rich placers hsve been found in this way, but it 
is equally true that an understallding of geologic cdnditions has 
often resulhd in discoveries that otherwise might nat have teen 
made for a long time. The discovery of the high-bench ancient 
beach placers at Nome is a case. in point, for it was predicted by 
Federal geologists,a" and other examples might a1.w be cited ill 

inhrior Alaska, where men who h a w  hen guided by geologic 
knowledge have been able to precede; the t~ninitiatd in making im- 
portant discoveries. 
In marching for plswrs the prospector should utilize to the 

greatest possible degree tho ~ccompsaping geologic map (pl. 13, as 
the more conspicuous bodiw of granit i~  ~ocks are t.here shorn; 
But he should dm keep in mind that unmapped Mias of granitic 
mks, which either have not been seen or are tm small to be shorn 
on a map, are also present in the mgion. The next sbp is to  dis- 
cover whether mch granitic rocks have produced metaliization, 
either dong their peripheries or in the adjoining country mk. 
After mch metallization has been observed, the prospector should 
examine the stmarns draining from such areas. One difference, 
however, must be cited, between prospecting for placers and pros- 
pecting for lodes. In placer proswing it is not necessary to find 
first a high d p  of metallization nor to discover a rich lode, for 
mineralized rock of low grade may by longsontinued erusion and 
stream concentration yield a rich placer. The placers of the IClon- 
dike mgion are sn example of this condition. In fact, if the pros- 
pector fmds a smdI aren of pmitir: rocks or an area, cut by many 
quartz veins or p i t i c  dikes, he would do well to prospect the 
streams! dmhing such an srea, even if evidence of metallization has 
not k n  discovered f n the b d m k  If a commercial gold pImr is 
present in the vicinity, some inkling of the fa& is rather likely to 
be obtained by panning on the bars and riffles of some of the stwarns 
nearby. 

Another paint that deserves stress is the desirability of = d i n g  
in particular for bench deposits. The conditions th& make for the 
development of continuous commercial pay streaks a m  long-con- 
tinued and deep midual weathering, moderate stream gradients, 
and a nics adjustment h e e n  the factors t.hat regulate the erosion 
md transportation of rock debris. It is blieved bh.hat favomble 
conditions of this sort prevailed mom generally in interior APaska 
during the ~feomorphic cycle preceding the, p m n t  one than they 
do now. For this reason where h'bench" a d  gtream placers 'both 

~!,MBT, F. C., and B ~ b k  k El., PdlmlYl8~ WgO*t On ths #om@ geld moll 
(0: 8. U#I. 8-y upedal publicatloa), pp. 22-23, 1800. B w k a ,  A. R., A reconaaliwance 
of the Cape Nome sad adjacent gold fleldn of Seward Penlnruln, Alnaka, in 1$0a (U. 8. 
Geol. Snrvej publication), pp. B S 0 1 ,  1901. 
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occur tbe former are likely to be the richer, but the prospector who 
i s . e i n g  for placers that may be worked on tb large scale will 
not n W l y  bs d~terred by this consideration. 

Some mmideration should be given to the topographic type of 
country in which workable placers are mmt likely to be developed. 
One of the anditions that is regarded iw favorable for the mumu- 
lation of mmmercial pImrs is a moderate stream gradient, and 
such gradients are prevalent in the lower parta of the region. To 
be sum, rndernb gradients may be found in the lower courses of 
larger strsams, even in a district of high relief, but the chanceg for 
the fornation of a workable placer ars in a wide valley drained 
by a large stmm thm in the sm11er tributary valleys. It does not 
necessarily follow that worhble plncera will not be found in the 
higher country, for a sufficiently rich mineralization may give rise 
to rich placers under conditions that in general a m  considered ad- 
lTerse. The &an- of discovering high-knor placers, however, are 
much bebetter in the regions of low relief if the conditions for bed- 
rock metallization appear b be equdly favorable. 

The question is ofhn a~ked by prospectors and mining men 
whether deposih that would justify new mining camps are likely 
to  be d i m ~ e m d  in Alaska, particularly in the Yukon-Tanana 
region. This qudion is raised mere in regard to new goZd placer 
fields than in regard to I d e  deposits, for placer gold offem the best 
opportunity for quick and rich returns. A great deal of placer pros- 
pecting has been done in the Yukon-Tanana region in the lad 40 
years, but when the amount of such work is considered in relation 
to the grerst area of the region, it c w  to be so signScant. It is 
probably true that no new placer-mining amas as larm as the Fair- 
banks district are likely to be discovered in this region, because 
even the mount of prmpecting so far done has probably sufficed 
to locate these major areas of mineralization. But the wrlter is 
firmly convinced thak ~lrnaller mining meas, where tha gold plwers 
are locslieed mainly in one valley, are likely to  be b v e d  from 
tima to time as prospecting continues. The Tolovam placer amp,  
for example, lies but % short distance north of Fairbamks and is 
directly in the line of summer ridge travel between Fairbanks and 
Rampart, yet these valu&Ie placers of Livengood C m k  remained 
undiscovered for more than 10 years a b r  the discovep9 of gold 
in the Fair- district, and even then they were finally dhmvered 
during an unwarranted stampede into this area, to stake creek 
placers that never mountad to much. Once the gold hunters were 
on the ground bench claims were staked in firstt, second, and third 
tier% the l a w  comers staking farthest from the creek. Then some 

649-7-18 
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- holes were sunk to bedrock on. the bench claims, and the real by 
streak was discoverd. 

The lesson to be learned from the Liv-d stampede ia that the 
major importance of ancient placers has not yet been properly 
realized. Panning and shallow prospecting in the present stream 
gravel are of mum the h t  step in prospecting for gold placers, 
but aa soon as colors are found in a crselrt at-bntion should at once 
be directed to the lower vdey  floors on both 'sidea of the creek, 
whether welI-d&ned benches are present or not, for ancient pJmrs 
may be present which will be of higher value than any modern 
dream placers that may be located. 

Mew  placer^ will not be found, however, without intensive pros- 
pect&? and at the present time little prospecting is baing done, as 
compared with such activity 20 or 30 yeam qp. This is due in rsome 
measure to the smaller white population now living in this region, 
and also to the lack of h d s  for financing proqecting. Years ago, 
when the larger camps were homing, men had ampls opportunity, in 
a few months' work, to mumulate d c i e n t  funds to finance their 
prospscting operations, perhaps for a year. Also, with prosperity 
evqwhwe,  it was not difficult to obtain a gmbshke from some mer- 
chant for a year's prospecting trip, if the prospectar was a man of 
known integrity, and his project looked like a favorable one. Them 
conditions are now chanpd, and at the p-nt time it is difficult for 
a pmspedar either to earn or to borrow t h ~  funds necessary to finance 
a wodh-while project. Still another obstacle exists, however, to a 
renewal. of prospecting, Tha men who came to  Alaska in the day8 
of the early gold rushes and actually prospected were aocustnmed to 
a much less luxurious &and& of living t h n  now prevails in the 
United States and accordingly were lass appalled by the prospcb 
of hardship than a similar class of men of the present, day would be ; 
and though at the start many of this earlier generation knew little 
or nothing of prospecting and mining, they persisted in the fam of 
discouragement and hardship and eventually succeeded in their new 
work. Many of these proved prospectors lsre now dead; most of the 
sumivors m e  h old for this kind of work; m d  many of the newer 
arrival8 in A ~ & P  are unwilling ta make the &ort and sacrifices that 
am n m a r y  to take the placss of their predec,emcm, 
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