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PREFACE, 

By ALFRED E, B~OOKEJ. 

Sptamatic geologic ~urveya  and investigations of the mineral 
msources of tbo Yukon-Taaana region were begun in 1803 and were 
carried on in each ~umeding year until 191 1. For the first five 
years the work mnsisted of geologic exploration without base maps 
and afforded little oppaptunity for areal mapping. Meanwhile, 
however, topographic s m e p  of the ragion were being made, and 
during the last four yeam the geologist has usudy had a base map 
on which to outline his stratigraphic unita and bas been able to 
make his inveetigations more detailed. For the most part, however, 
the work hm been of a reconnaissance character except near Fah- 
b&, w h m  a detailed geologic map covering about 436 squm 
miles was made; elsewhere the r ~ u l t a  have warranted the prepara- 
tion of very genara geologic m a p  only. Whilo these invmtigatione 
were going on many reports covering the subject of mingrd resourm 
at some length and presenting geologic data were being published 
(see pp. 1&11), and it seemed best to defer the publication of the 
geologic mopnsissmce maps until a large part of the field had been 
covered, thu~ permitting the correlation of tlre result9 obtained in 
the different districts. 

The unit of publication for these m a p  H a quadrangle including 
4' of langieude and 2" of latitude. The quadrangla mapped, named 
from east ta werst, are the Fortymile," Circle, Fairbanks, and Ram- 
part, dl of which have, for the moat part, bwn both geolagicdy and 
t ~ p o g r a p h d y  sumeyed. A topographio b w  map for oach qud-  
r q l e  has been lasued, and an account of the geology and mineral 
resourcm of the Fortfie quadrangle a has bean published. 

The- geologic reconn&ltnee mapping of the Fairbmka quadrangle 
was completed in 1910, and the resulta are now in course of publi- 
eation.-n 191 1 tbe reconnaissance of both the Circle and Rmpart ' 

I The Pmtpmoe quadrmgk, whkh Is dment ta the t h e b w a d s r g ,  imludps only 1. c4 ~ t n d e  and 1.01 
InbUude. 
9 The Fwtymae q-, Y a k m m  r&m, Alaska, by L. M. Prhdle! Ball. W. 8. GepL Hnmep 

No. 375,IW. 
a m e ,  L. M., Ctmlo@o remnnukum 01 the Falhnks quadnmde: Bun. U. 8. Ged. 8urw-y No. 

kS, 1g13. 
~ E a g i n , R . Y . , Q ~ r e a r ~ o l ~ p s r t o I t h e R m ~ g ~ ~ ~ :  Bdl.Q.8. C i d .  

m e p  No. &Is, 1A8. 
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quadranglm waa completed. None of the quadrangh were mtirsl J 

wvsred by geologic mapping, but as the blank mas oouEd be filled 
in only at the expense of much time and money it seemed bmt to 
k u e  the m a p  in incomplete form. - 

No one not familiar with the Yukon-Tmma &on can re&e 
the d360ulties that are encountered in its geologic mapping. Though 
tbe region ia now w d  known, much of it is so inaccessible that it can 
be inwtigated g~mologicslly ody by a wd-uipped expedition 
organized t o  work a hundred d m  or more from a basl~ of suppLies. 
Znaccmibility, however, is the lewt of the tWEculties. The com- 
plexity of the gmlogy and the absence over large areas of bpdrock 
exposum have ma& ths geologic wotk extremely arduous. Most 
of the eurveys have h n  made by expeditions moving rapidly and 
having little opportunity for exhaustive atudy of any pmticuIar 
l d i t y .  The geologist has been forced ~KI mek hia fmta dong mutea 
of travel determined by physical obstmIea, slrort~~eas of field meason, 
eta, inshad of being able to follow up special problem that might 
help to unravel the complexities of stratigraphy. W o r h  under 
them aonditians Mr. %die and his aasistmt~ ham in 1- than B 

decade outlined the larger stratigraphin units in an area of more than 
40,000 equm mil- and have thus paved the way for the deta2ed 
invwtigatians which must b~ undertaken before a full knowledge 
of the mquence rand structure of the rwka can be gained. The 
resulte are of vdua not only to the science of geology but also to the 
prospeetor md h e r ,  to whom they supply 8 howledge of the 
distribution and arraociatian of the mineral deposits. With the 
publication of this series* of reports on the Yukon-Tanana e o n  
the h t  epoch of the geologic sumey of the region will he doaed. 
The completion of the wwk wilE be followed, M asoon as cimumstancea 
will permit, by mom detailed examinations of eapecidy selected 
8reBB. 



A GZEOZIWTC RECOFM.ISSANCE OF THE: CIRCLE 
QUADRANGLE, ALASKA. 

The Yukon-Tsaana region camprhea an area of about 50,000 s q m  
m k  lying betwsen Yukon and Tanana rivem weat of the international 
boundary. For p q m m  of mapping and description this area, has 
;been divided into the Fortymila, Circle, Fairbanks, and Rampart 
qu&mgEas. 

The Circle quadrangla (%. 1) cmtain~ about 17,000 square mil= 
and inchdm several dishrich that have been productive of placer 

gold. 'Sbe most important of these, the Birch CI.eek district, was the 
site of some of the embt  prospecting in the interior of hh; and 
tha abundant d t a  of tha discoveries of gold in it in 1893 led to the 
explomtion of djacent  areas mbccerssible from &a Yukon and of small 
valleys tribtltaq to the Yukon above Circle, iacludig Woodchopper, 
Coal, and W d m g h n  creek In the esstern part of the quadrangle 
same p h m  pound was discovered in the upper ~ d e y  of the Seventy- 
mile and on the North Fork of Fortymile. The establishment of s 

n 



Government telegraph line and stations and the conatmction of a 
trail from Eagle by way of North Fork of Fartgmile and Goodpsshr 
rivers to the Tmma rendered the eastern and soutb~rn portions more 
accessible. The discoveries of gold in the Fairbanb district in 1902 
sad the a u b q m t  rapid deveiopment of that region dorded new 
b m  of supply for prospectors and made large &reas in the we~hrn 
part of the quadrangle comparatively easy of access. 
The rapidly growing importance of tbe gold-plrroer &trick in 

Almka led to topographic and geologic work by the Government. 
Spurr ' visited the Birch Creek district in 1895. Bmob a explored 
Tmana River, which sweep the southwest m m r  of the qudrmgle, 
in 1898. Collier a studied the geulogy of the northeastern portion of 
the quadrangle adjacent to Yukon River in 1902. frindle spent a 
portion of the field seasons of 1903, 1904, and 1905 and the whole of 
the field sewon of 1911 in the area of the C X ~ B  qdr&rWle. Stone ' 
traversed the northw~~tsrn portion of the q ~ d r & ~ l e  in 1905. B m h  
and Kindle ' studied the geology of tbe northeast portion adjacent to 
the Yulronin 1906. ' 

The geologic work in 1903,1904, and I905 was done without a map. 
Rough foot traversss were made upon which the geologic d t a  warn 
w e d d e d .  Tha topographic map of the Circle quadrangle, the d t  
of surveys made in 1903, 1904, 1905, and 1908, was available for the 
geologic, work of 1911, and upon thia map have been wembled for 
&s Aport the 8 v d a b i ~  geobgic data, both pubbhed and unpub- 
Imhed. The fact must be emphasized that in comparison with the 
size of the a m  the amount of work done is s d  and that the results 
are in very large degree only preliminary. %me of these d t a  h ~ v e  
aIraady bsen publishd, and kt this report free use has been made of 
them *,nd of ail S m q  work in this area. In the reconnaissanm work 
of 1904 the writer was assisbd by Frank L. Rms, in 1905 by Adolph 
Enopf, and in 1911 by J. B. Mertie, jr. 

'She fouowhg bt of publications of the Gsological S m e y  conkah 
not only the nmea of &ports bearing upon the area immediateIy under 
discussion but dm of those on the adj&ent areas in the Yukon baain. 
T h e  ad -of the Yukon, dleeka, by A. J. Collier. Bulletin 218,1903,71 pp. 
*The gold placera of tkre Fortwe, Birch Creek, and Jbirbk~ rqionn, by I;. M. 

PrindZe, BuUetin %l,l905,89 pp. 
Yukon placer fieIda, by L. Y. Rindle. In &11etin 284,1008, pp. 1WlS1. 
Reconnakce  fmm Gircle to Fort Rnmfin, by R. W. 8twe. In Bulletin 284,1906, 

pp. 128-151. 

* m y  ~tmk exham; xmj IM from tbe w k m d m t  01 =kr, Wmhbgtcm. 
D. C,wmnyb?seetlatm&publbUbmiea 

1 s w ,  J. E., ~eotogp or tha YWU wid m EB A= aept. u. B. am!. w, pt. 3, 
I=, pp. s r a a .  

* B r m b , A . l L , I ~ i ~ T R h i t e a a d ~  rhU &,Aw, 
h . R a p t . U . 8 . O m L W u s e g , p t 7 , l m , p p . ~  

t & ~ i i u , ~ . ~ . , m ~ & m ~ b f m ~ ~ ~ , ~ l &  r n ~ ~ . u . a ~ l . ~ ~ e . ~ ~ ~ .  
4 B m , R .  W.,Bull. U. 8. hi. Survey No. a, 18u&,pp. I-lOI. 
r ~ m ~ l s ,  A. H., a d  ~tndle, E. Y., m i .  w. em. m , v o i .  19, m , p p .  ws-81~ 
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npec$l map; acah, 1:4,500; by T. Q. Qerdhesnd R, B, &gat.,- Fw 
mleat20een~ampyor$t l fo t~ .  
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QEOQftAPsP OF =ON-TANANA REGION. 

The portion of the oentral plateau province of Aleeka induded 
between Yukon and Tananir rivers is ~imilar in ita major featurea to 
the related portions north and ~outh of those stream. It is an 
upland aharactorized by a general level above which rise many ridges 
and isolated domes and below which a minutely ~rrmifying drainage 
syetem bas deeply intrenched itself. In the eastern portion the gen- 
eral suldace attains its greatest elevation, ria- Go about 4,000 feet 
above sea level. The northern edge of the upland overlooking the 
YukonValley rka  to about 3,000 feet and the southern edgeoverlook- 
ing t h  T m a  Valley to about 2,000 feet. The elevation of the 
Yukon Valley is about 800 feet in inhe extreme sastern portion of the 
region and abov t 400 feet at the mau th of the Tanma, in the extreme 
western portion. !The highest domes that rise above the general level 
att& dtitudae of fibout 5,000 feet and several mountnin groups and 
ridgas stand from 5,000 feet to  over 6,500 feet above sea level. 
Among these are the Glacier Mmta ina  in the vicinity of Eagle, the 
mountainous couetrg of the Charley Itiver and Goodpsste~ regions, 
the Whits 3Iountaim in the Beaver Creek region, snd the p u p  of 
bills of steep relief near Remp~rt.  Most of these areas of high d i e f  are 
due to the fact that the rocb composing them are mainly igneous and 
are more remtmt to weathering than the mke of adjasent regions. 
The drainage of the region helongs entirely to Yukon and Tanantr 

rivem. The v d e y  of the Yukon thb &on is made up of an upper 
narrow emyon-like portion, a wide flat lowlend known as the Yukoa 
Flats, snd a lower canyon-like portion extending from the lower end 
of the fiats to the month of the Tanma. T~nana River h close 
agaimt the southern. edge of the upland, and the Tanma Flats, 
similar to the Yukon Flab, separate the Yukon-Tanans upland from 
the s i d w  aplmd f ldmg the nodern base of the Masks Range. 
The t r i b n t w i ~  of the two rivers in the Yukon-Ttmans region are not 
separated by my wddmfmed divide but are most int.imataly inter- 
twined. In generd, the mtemtrem ar n p h d  .are= predominate over 
the dream or lodrmd areas. The valleys are compateti~ely narrow 
and canyon-like, a d  the Iowlmds m not extenrrivaly developed except 
near Yukon and Tmana rivers and egpmidy near their coduence, 
In general, then, the Yukon-Tanma region is a oompacc body of 
uplaad deeply dissected by oomparati~eIy narmw stream system. 
- - .  .- 

r atook mag b from tha anpe*kmdsnt of Doaamemta, W'maboq 
D.C, ,ormy b a m m i ~ t r n r m P p a b h ~  
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-GEQCXRAPHY OF & CIRCLE QDADWGI;E. 

- UHXBrmaaarPD EXTENT. 

The Circle quadrmgh Xea between meridians 142" and 148' west 
longituds and pardels 64" and 66O north latitude. It is about 140 
d m  long from north to south, about 120 miles wide, and has an 
area of about 17,000 square miles. The northeast corner of the 
qudrmgle, including about 3,000 square milea lying north of Yukon 
River, ia unmapped, hm not been traversed by Survey parties, snd ia 
not included in tb discu~ussion. 

IC3CLTEB. 

'She surface of the Circle quadrangla is tho mmt d i v d e d  in the 
Yukon-Tanam region. It is aeparabbb into two main topographia 
subdivisiom-the Tmms lowland and the upland, which in borndad 
on the north by the Yukon Flab. 

The upper end of the Tanana lowland, which comprises rs corn- 
praratively smdl area in the southwwt corner of the Circle quad- 
rangle, has an elevetion above sea level at the mouth of Ddta River 
of 940 feet. Ddta and Tanma rivm, whose fiats constitute most 
of -$4e lowland, are dbGributed in many interking channels in which 
the &tar flom swiftly between qavel bars. The valleys of the 
tributmios of the Tanana from t h ~  north widen sharply as they 
approacb tho main atream and h d y  merge with the Tanana low- 
land Long ridgw from the upland terrninllte abruptly at Tarrans 
River. 

The Circle quadrangle contains a greater proportion of upland than 
any other quadrangle in the Yukon-Tmana region. It aha ~ontains 
tha highaet points in the *on, among theee being two pealar in a 
high ridge nesr the head of Charley River (6,284 and 6,340 feet above 
sea level) and a peak at bhs head of Healy River (8,515 feet, the 
hiihest elmation in the ragion). 

The upland htw an extreme b a t i o n  of about 4,000 feet in the 
central part of the quadrangle near the headwatem of Fort~~miZo, 
Charley, and Gwdpaster rivers. This genwd level is strdmg1y 
rnhtained in the long flabtopped spurs that a h d  both north 
md south from the  divide separating Goodpaster md Fortymile 
waters, m d  it is traceable to the ~L4&,y of both Yukon and Tanana 
rivers, where its elevation is abwt 3 , W  feet above sea level. me 
uniformity of level is skiown in Plate ILX, A. For comp&n the 
aame feature is shown in Plate II& B, from a point more than 100 
ides farther e a t .  

- In the vicinity of tbe Yukon in the northeaatsrn part of the quad- 
rangle- s belt f O to 25 mil- wide, lying 2,500 to 2,000 feet above sea 
level, cantrash with the hgher, rougher country to the south and ia 
dxmachsized by more uniform and more e~m-topped ridges that 
oontinue to the Yukon. 



The ridgeu rising a b e  the general level are most ~ i o u w &  
Tbe hi&eat, so far aa o k e d ,  are composed of + m a  meka and 
owe theh pronounced relief to their resistance fo weathering. Ae 
igneous roch farm onethird ar more of the tots1 m a  of the quad- 
rangle, ridgee dua fo their iduence predominate. 

Tbe ridges h m  no general trend. They am bulky forms, many 
of which are surmount4 by narrow, aaw-tooth ridge erects culmi- 
nating h precipitous peaks. The shep ridge slopes are atremi with 
maearn of granitic blocks, which in many plsces aseume a more or 
I m  lobelike arrangement. On s m e  ridgea the granite haa weathered 
into grohque forms, whhh at a distance rssemble manumenta and 
hui1ding-a. Isolatgd domea are mmon, rising from a few hundred 
to  1,000 feet or mom 8hve the general level. Like fbe ridgea, they 
owe their e&tencs to the resistance to weathering of the rocka com- 
gosing them. 

D W A O E .  

The vslleya ape oery uniform. Similar e t m  head at about the 
same level, are intrennhed tm a b u t  the mame depth, heye appioxi- 
ma* the ~ a m e  grade, and carry a h t  the same mount  of wsbr. 
Thme facts have an important bearing an hydraulic de~dapmmt, 
limiting the use of the fit- for power. Most of the mlley~ am 
nkrmw, and the tab1 $mount of open valley land is small arid ia 
m&d to the immediate vicinity of Yukon md Tanma ri~ers. 
The m& important tribuhria of the Yukon am Birch Creek 

Charley River, and Fortymile River. Theea &reams are all formed 
of mmy large and widely divergent tributariesl which drain widely 
aeparatd arw,  and the main t m k  s t m m s  which they &ally form 
by their union are comparatively short. Their upper ~ d e p  are 
for #e most part open and are c h a m t a d  by flats of comider- 
able extent, which are mpcislly well devePoped in the upper valley 
of Charley IEiPer. The valleys of the main tru* before the 
leave the upland and mter the vdey of the Yukon are narrow and 
canyon-like. (%PI.M,A.) 

The most imporbnt tnlbetarim of the Tltnanlr am Ghana, Salcha, 
and Goodprrater *em. Thme streams flow in more or law p a d d  
courses and differ fmm the tributariw of the Yukon in mmbting 
each of a long main a t ream with subordinate branch= entering from 
either &aide. Their valleys are companrtiaely namw except in the 
immediate vicinity of Tame River, ~ n d  most of them become 
narrower headward, m& into the deeply intrenched, canyon-Ute 
valleys of the headwaters. The h d  of Salcha River is an exaep- 
tion; owing ta the slow pmsas of cutting across the grttnite a m  at 
Weat Point its upper valley hm become open. 
In following the v q  hqular  and i l ldehed drain* parting 

between Yukon and Tanma riPers the conk& between tbe opan 
v d q s  of the bead of the Yukon drainage and the canyoke  
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lxgimhga of the Tanam drabgo is found to be very general and 
very strikmg. (sea Pl. IV.) 

Very many of the smaller valleys are uneymmetrical in crom 
tion, having an one side a mmp~mtively steep dope with the stream 
flowing close to its base and on the other side a long gentle slope 
rising pdue l ly  for I ,000 feet or more and merging with a gentle 
ridge slope, Thii feature is in most plwss independent of the 
geologic structurs m d  is m t  common on t h ~  west side of the 
valley, where the eun has more iduence than on the opposite side. 
The westom dope is the firat to get the influen* of the morning aun 
and has consepuently undergone mare rapid weathering. 

Bench- are conspiouous in soma of the valleys, notably in that 
of Seventymile River, along which a v q  prominent bench about a 
mila wide lies about 500 feet above the s h s m  level (PI. V, B).  
Other benohas occur at lower levels, and the stream is now flowing 
in a bed limited by a f harp rock-cut bench whose h~ight averagas 
about 15 feet above tho atram. Above the level of thess.bnches, 
all of whioh are defmitely related to the prsent stream +em, are 
other benohlike fiats, which lie on the slopes of the ridgea to s height 
of about 4,000 feet or more abme sea level. (See PI. V, A*) 

I n c i d  meanders am common on mme of the streams. A notable 
occurrence is on North Fork af Fortymile River near the emtern edge 
of the quadrmgle, st a plma d e d  the Kink. North Fork meanders 
in a n m w  rock-cut canyon about 600 feet below the benches which 
formed the old vdey of the Fortymile. The meander forming the 
Kink is 2) milea long, but the distance acroaa the neck, which is 
f o m d  by a ridge of schist about 100 feet high, is only 100 feet. 
The aarrownass of the barrier made it possible to  blaat a cut through 
it and ~ A Y  draw off the stream, draining the river bed for the whole 
2+ d m  and facilitating prospecting. The entire stream now flows 
through the cut over a fall and rapids sbou t 17 feet high P1. VI, B).  

&me of the conditions affecting the dovelopmant of the streams 
in the Circle qnadrmgIe are unIike those prevailing in moro trim- 
p r ~ t e  regions. N m a l J y  the ice of lakm and the larger  rive^ may 
fmem 51 winter to a thickness of 5 or 6 feet, but in spit& of the ex- 
treme cold much water remains in Girculation in tho streams, and 
the t h i c h m ~  of the ice is ofkn increas~d a t  the top by the bredring 
out of the water at mmo point higher upstream a d  the consequent 
flooding of the ice already formed. Repetitione of this process may 
result in a considorabb thickening of the ice. Area of im, acres in 
extent and f O k t  or mom in thickness, formed in this manner Iinges 
in the vallep of some of the strems throughout most of the summer. 
P I .  VXI, A.) The ice exercises s determining influence in the d& 
tribution of the water as spring be@. Erosion starts fifst along the 
margins of the m m  and the water Iwne~th the ice becomes rather 
evenly diatribuhd over a more or less flat body of %ravel, which in 
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some p l ~  is p ~ ~ k e d  nedy 'as smwth as a pavement. (See P1. 
YE, B.) Lateral erosion 2 aocelerated and %ata ~leveril hundred 
feat wide a d  a mile or more in length may be formed. Tlh pmcm 
h u  been ubsemed to be effecti~e in many vellap and haundoubtedly 
been mtiva in the production of the f lab so charmferiatic of many 
@tertraems. 

Another irduence that h a  basmod5ed the normal-valley develop 
ment h a  been tha local glaciation dmibed  in more detail on paged 
34-35. Cirqua and Uahaped vallep have been formed and morainal 
material h a  been deposited and has to  some extent modiiied the 
drainage. 

u m m .  

The climate af the Yukon-Tananzr region, though in!Inend in 
pnrt by distance from the cottst and altitude above sea level, is 
determined mainly by the latitude. Long, cold winters, short sum- 
mers, and permanently frown ground are among the main char- 
teristics, Tsmperatws of 80" F. below zero and 90' or more above 
zero have been reported. The alluvial doposits are for the mmt 
part pemmentIy fromn to great depths, some ha- h n  reported 
frozen for more than 300 feet b low the surface. Ice freeze~~ on deep, 
quiet water to  a thickness of 5 t o  6 feet. 

The Yukon at Circle closes to navigation about the middle of 
October and opem again about the middle of May. At ths level of 
the Yukon killing froste seldom occur during Jme and Jdy, bet 
during the Inhr  half of May and early June and the Iahr half of 
August they may be frequent. 

The summers vary greatly in chmwter. In come of them long 
periods of h a  weather w u r  in June and July, and but little rsin . 
falla throughout tho mason. h others thunderstorms and rainy 
p 6 r i d ~  are frequent, and the tohl rainfall b cumpmtiv8ly hemy. 
In general, however, the area is semiarid and the total pracipitation 
during the summer is less then 1 foot. 
The f ollowjng data on precipitstion sre abetmted from the report 

of Ellsworth and Parker-I 
Precipitation recoda for 1910 show that the rainfall at Fahbmks 

wae about I5 per cent below the average h m  1906 to 1910; at Fort. 
Gibbon i t  waa sbout 8 per cant below the average from 2904 to  1910; b 8  

md at Fort Egbert it wse abut 2 per cent above the average from 
1903 to 1910. At Rampart a precipitation of only 5.32 inchea was 
reeordd, which h lower than that of any other year since the begin- 
ning of r e c o d  at that station, in lW5, and only a b u t  on+half the 
average for the leat six years, 

1 E l m ,  C. E., .nd m k e ,  Q. L, Wuta supply of t b  Y n h m  w, I91k BuU, V. 8. 
WI. -, NO. m, wrt, pp. 1~1'19. 
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GEOGRAFET OF THE mLS: QUADBARCtUZ. 1-7 

A comparison of the records of 1910 with thme of 1909 ehom B 
a m d  deereaae at Fairbanks and Fort Gibbon and 8 considerable 
hcmiW8 st Fort Egbert. At Rampart the decmm wm nemly 50 
per cent from the precipitation of 1909. 

Although there is s wide difference from month to month md from 
year to year in the rainfall st the eevaraI stations in the Yukon- 
Tanana region, the mean yearly precipitation at each station for the 
period covered by the records is uniformly close to  the average of the 
m e w  of all the statiom. In other worde, the record8 show no uni- 
f o m  d 8 ~ ~ 1 l c e  in precipitation throughout this area. 
The following table givea the monthly precipitsition at all peinh in 

the Yukon-Tanane region where records have been kept subsequent 
ta 1903. Such scattered recorde as were kept previous to 1903 have 
been campiled by Abbe.' 

M d y  p d e h n ,  in inda, al atDdiOM in yb- @on, 19W1910. 
paWaflor meltad ~ r m ~  b r1m In th ilnt h r ;  moddl h t h e m  h 8 . J  
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Precipitation m r d a  for June to September, hc\uaive, at smeral 
points jn the Yukon-Tanana region may bm wmmrarized as f~llows: 



Uniformity of precipitation throughout the Yukon-Tanma region 
i~ also noticeable, though less apparent, in the summer months. In 
the ahvs table Fort Egbert has the bighmt avergga peeipitatian 
from June to September and is 12 per cent above the mem for all 
the statiom ; Rampart has the lowast average pmipittbtion stnd is 11 
per cent below the mean for all the stations. 
The tnble dm ahow8 hat  u total precipitation ss high as f 0.01 

lnches md ss low m 2.74 inches hm occurred during the mining 
seawn, and it l e d  to the eanclusion that the general scarcity of water 
for mining u m  during 1910 throughout the Yukon-Tanan& region 
(with the exception of the Rampart district) wm not due to an unusu- 
d y  small amount of reinfall in the aggregate but rather to its d b  
tribu tion with respect to time and wort. -4 skudy of the run-off from 
djohing drainage baa& during the four years from 1907 to 1910 
indicates that a wide difference in strewn flow may be eorpected even 
though geologic and topographic conditions are apparently very 
similar. In order to nrrh at any definite conclueions regarding the 
m a l  dhtribution of the raidall by a c o m p d n  af siaultanmus 
records, it would be nececeseary to have a greater number of rain gees 
mom aystematicdy located. Such comparisons as can be made with 
tha misting dab, however, mnkn the gener~l opinion that the 
precipitation is distributed rather unevenly. This condition is ofbn 
noticeabla in the summer, when local showers visit one portion of the 
drainage basin and do not remh another portion. 

The distributian of vegetation i &own on the map (fig. 2). 
Timber line is about 2,500 feet above sea level. Them is s minimum 
of mgetation on the high ridw and their mk-8trew-n slopes, md a 
msximum in some of the larger v d e p  of tributarim to Tanma 
River. The upper zone of regetation is chrugctarhd by mare or 
leas gmm, lichens, rnoas, low bushes, and pdcularly by dwarf birch 
tand alder. On many ridgee of intarmediate height the growth of 
dwarf birch is wry dense. hIost of the lower ridges and spurs near 
the main drainage lines are mpered with a dense growth of small 
spruce. h the larger valleys timber is more or less abuudant, 
especially on the sunward-facing slopes of the valleys near the main 
dra inw lines and over portions of the valley floors. Comidmable 
timber is mom thm a foot in diameter; spruce predominates, but 
poplar and birch Ere etbundant in placrrs, -@ally in the vicinity 
of the Tanana, where tamarack also is common. The most s t d i n g  
f eaturn of the distribution is the contrast between the upper valleys 
of tributaries, of the Yukon and thoae of the Tmane. Moat of those 



90 GEOLOGIC1 BECONHMSSAIPOE OF THE CIBCLE QUADIUHQLW. 

of the Yukon are cornpamtivdy bare or are dotted only with scat* 
ing groups of s p c e ,  and those of the Tmmn rrre thickly kirdxmd 
from their he&. Willow and ddm grow pmfumly dong the smaller 
stream be& tbrwghout the m a .  Grms for home feed is abundant 
in mmy of the vleys, p&culmly near Ynkon and Tanma rivm. 

H). 0 10 PO XI 4U W MIW 
-" --I 

h i  2 M a p  s h ~ h g  d h - h t d o n  01 ttmber h th. Chlr 
- 

B h e b d m  are abundmt throughout n large p& of tbe mm 
Curranfs and red rrrspbim p w  in tbs vicinity of both the Yulron 
and the Tanma. A11 the, h d y  vegetables are grown in abundance 
in fine gardens in the Circle district. 
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M& of the k d w t a  liVg in the northem park of the qnadmngld, 
in the h 1 a  district and an tributaries of the Yukon above Circle. 
A few prospectors are at work in the eagtem, western, and ~011th- 
we&m portions of the a m ,  and a few Inchiane spend part of the 
year at Kecechumstuk and the month of the Goodpaster. The totd 
permanent population dots not e x d  a few hundred. 
In the Birch Creek district most of the population dwells on Mam- 

moth, Mastodon, Mdler, Eagle, and Deadwood crmks, 40 to BO mil= 
from Circle. 

TBAXBPORTA~OIT~ 

The town of Circle, near the upper limit of the Yukon Flata, - 
ia the general mpply point for the district and i connected 
with the crselrs by a, & v e m t  wagon road. Most of the hemy 
freighting is done in the iffinter at  a coat of 3 to  6 centa s pound, but 
the conhtruction of the wagon road has made it possible to obtain 
many kinds of supplies during the summer at only a slight dvence 
oper the winter raw, instead of, as formerly, only by pack traim at a 
wt of 20 to 25 cents a poond. Good road hwsea are located at 
intern& of about 12 miles along the wagon road from Circle to the 
crmh and othem have been built upon the creeks. The t r d  from 
Circle to FairbtEllka is traveled more or less wery  mmmer, The in- 
Wation  of a Government wireless station at Circle, connecting with 
other s ta t im  at Eagle, Fbbsnks, and Rampart, has been of great 
advantw to the district. 

The route for transport~tion from P a a c  coast poi& to Circle ia 
by way of either Dawaon or St. Michael. The firrrtrclars~l pamnger 
mta from Seattle to Circle by Dawaon and the upper riwr in. 1911 
WM $85. Freight rates have a great range, depending on the freight 
c W c a t i o n ;  on general merchandise the rate b about $60 a ton. 

T h e  Yukon-Tanma region compriaeer many formatiom and has h e n  
affected by extensive metnmorphism, p a t  jgneoue activity, and 
closa fohhg with two dominant trends-aoutheastnorthwwt and 
northeaatceouthwest. 

One of the most m h a i v e  g m p s  of mcka ki made up of urptalline 
whish which are m d l y  of dimentarg origin and are regarded as 
pdrdoGcian. The p m c e  of f&doPici&n, Silurian, Devonian, 
Carbderolls,  Cretaceous, and Tertiary rocks has been est~bblished. 



A few small aresrs of glacial material show that some glacistion bm 
m d .  !The &mid materials include ~ i l t ,  smd, and gavel de- 
+ted either on bmcha or in the valleys of the pra~lent atrearns. 

I g n m  m b  s e  abundant. Basaltic and diabasic m a t e d ,  in part 
~ I c a u i c  and in part i e tdve ,  js plentihd, particularly in the Palm 
mic sedhenter. Granitic and related rocks occur in many p l m  and 
become increasingly abundant towad the e e ~ t .  They are ia part 
metsmorphoaed to granitic g n b  but are mostly 2mmetamorphmed, 
and they are aU, so far as obmed, in intruai~e dation to  the mks 
with which thefr ere in contact. The period of their maximum in- 
trusion wm the Mesozoic. The ePidence ava38ble points to the 
igneous mcb aa the c a w  of the wideapred minerahation. 

The present surface is mainly the p d u c t  of fluviatile action and 
aubmrbl erosion acting on a surface that hag changed in elevation 
with reference to the sea level. 

The mapping of the geology of the Circle- quahugle by mems of a 
few rapid travem has necassady b m  incomplete, It hhas been 
impoesible to  covet the entire &ma, m d  those tbreaa about which no 
informetion ~ a ~ l  a ~ d a b l e  have been left blank. The formational 
boundaim indiated have not besn traversed in detail and, except at 
s few points, mwt be regnded as only approximate. It is believed, 
however, that practically all the Merent formations have been 
obsemd t~nd that the map indieatm mmewhat eccurn.tely their 
distribution. 

Practically all the formations in the Fairbanks quadrangle occur 
in the Ctcle qudmngls. Some of them enter it from the wmtern 
d g s  md extend B C ~  it into the Fortpile quadrangle. The main 
geologic feature in which the Circle qudrangle differs from the others 
is in cant ~tiaing large areas of ignsoua rocks, which occupy about one- 
third of the quadrangle and which, by dieturbmce or by contact 
metamorphism, have o h m u d  the pre&ting contacts bet- the 
other f ormatiom, They have intensified the metamorphism already 
prasemt in the wh&s and have in places renderd mhistose Borne of 
the Pslsozoic sediments. 
T h e  fallowing table ahows the stratigraphic suwetwion: 
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G U q i c  t h a W . 4 ~  of the most widapread fornutiom in 
the quadrmgle is the Birch Creclk schist, which includes quadzite 
schist, quartz-mjca schist, garnet ifemus, and stamlitic whist, car- 
bonaceous schist, hornblende   chi st, and cryatdine bastone. Ih 
most common type is rs rather blocky quartzite schist in beds which 
have a maxjmum tkicknas of several feet and which alternate with 
thin-bedded micscebus schist that is locally garnetjfemw. (See 
P1. VIII, 8.) Mica, both muacovits and biotite, is the most w-ldely 
distributed metamorphic mineral and by its abundance distieguishea 
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the Bimh Creek schist from the Pateozoi~ fom&ions, in whi& mios 
h a  been developed but m l y ,  except in close contact with ignebus 
r m  Garnets are genemlly found throughout tho arela where the 
schisfa form the Mmck,  and near some of the granitic contacts they 
are especiaUy abundant. In some places, notably about the heads 
of Coal and Woodchopper creeks, the garnets are accompanied by 
stawlits, which is abundant in cr~rstals half an inch or less in 
length. The crptalline limdtones interbedded with the ~chists are 
a h  ~hietoee in part, containing considerable mica and in some 
places much gsmet. The distribution of metamorphism b not 
uniform. In Borne local i t i~  the mob are comparatively maasive 
quartzite, with but a amall amount of mica and but slight schis- 
. tosity, and there are dl graclatiom between such mcka and -qut~rtz- 
mica schists that show little evidence of their origin. At many 
localities in the vicinity of granitic intrusivs the schists are feld- 
apsthic and, close to the contmt, are maentially augen grleksaes. 

The formation 8pprsrently becoma incr~aaingly gnekoid with 
depth, and the oberved fwh fndicrste that at the base it is c1mIy 
welded ta ancient granitic intrusivea that have bmn metamorphOBgd 
to  gneissea by the asme proceas that metamorphwed &he quartzitm 
and interbedded &tea to sehish. The gnekm are in part more or 
1- even and medium grained and in part coarse augm gneiss= with 
feldspars 2 inches or more in &meter. (See PI. WI, 3.) Most of 
them occur i~ bmh from a few inch= to wmml hundred feet in 
tbicknm, lying parallel to the structure of the schhta. 

The contact-metamorphic action on the w&h has 8pptmatly 
hcreaued the schbtosity, developed ' garnet, ataumlih, feldspar, 
additionel mica, especially biotite, and in soma places andalusite. 
Tha prevailing contact metamorphism in the f aleowic rocks, on the 
other hand, consisted in the production of hod& with more or lesa 
andduaik or cordlerita. 

?Che original Bucmasion Of the a c b t ~  in OM by the complex 
structure resulting from wved  perioda at foldmg. The sucmssion 
fmm bottom to top is appamntly hc&ined qu~rteitic and quarts 
mica BC:&~B; garnetiferous quarbmica and hornblende schist with 
thin intarbedded qu ertzitic M a ;  quartz-mica whist, very m i m x m e ;  
and aarbonaeeoue whish. 

Limestone m u m  sparingly at different portimm of the section and 
apparently b m e a  more abundant toweld the tap. It appears not 
to be pershtent, but to occur in more or 1- Ientidm form. The 
fact that it is particularly abundant in the Forty5.de quwhng1e 
a u d  Spurn to name it the Fortymile scrim. In the other quad- 
rangles, however, it i t e m  to be but a su bodinate nonpmietent phass 
of the formation. 

B ~ , f . E , ~ d C b r Y ~ p l d d W k & ~  EighWM1Cnn.Rept.U.8. ( f e o t . m s  
pt. 8,- pp. 1Urlss. 





Tbe upper hi t  of the formstion is not e v v h e r e  distincdy 
separated from the a u d g  unconformable Pdmzoic: mb. In 
rnoef pl-, hmmmf the  coarse^ detritd materid of the loweat 
Paleozoic and its prevaiLngly lmer degree of mstaraorphm seme 
to differentiate it. Xn different areae, too, merent members of the 
Paleomic reet upon the gchht, and in some localities there is a distinct, 
lithoIogic change fmm the &ta to 'the overlying rockscJ. 

Si.mdwe,-The whish have a v e v  complex structure. They have 
bean c l d y  folded, and most of the folds have been closely app& 
and overfolded ti, a nearly horizuntaI position. The planes of 
d t o s i t y  thus cornpond to  a cad& extent with t he  planes of the 
axm of the minor folds and the structure sirnulatea the horizontal. 

llbt*.-TP1e fact that most of the wcurrenca of gold in the 
Yukon-Tanma @oh, including those of the Fairbanks and C k l e  
diatricb, are witbin areas of Birch Creek &t renders the distrIbu- 
tion of these rocks a matter of economic bportmw. The main 
body of schist that includes the h i e  district b wntinuous to  the 
southwest with that of tbe Fairbank district, and ia flanked on both 
the northwest and the southeast by belts of Paleozoic mks. It 
m a d e  eaatwsrd, round the beads of Woodchopper and Coal creeks, 
f l d g  the large masa of granite on Charley Riv~x, and terminatm 
in t1m Seventymile region. bother  belt extends northwest rtnd 
southeast just north of the Tmana. A part of it forms apparently 
but a n m w  strip of whist Amlnng the large area of @ta that ,ties 
sou them t of the Circle quadrangle, and another part extends more or 
less uninhrmptedly ta the area in the Fortymile region between 
Middle Fork of Fortp i ie  River m d  Mosquito Fork. 

Age.-Tbe age of the Birch Creek ~ l h i s t  is not dehitdy ]mown. 
The oldest fossils that have been found in the Pdeomic rocks of the 
Yukon-Tanana @on are Ordovician. Th-, however, occur at a 
~onsiderabla distance above the base of the Pdeozoic, and in the 
absence of more dehite  information. and in view of the powibility 
that wme of the wists may be of Camb;rian age it ~ B S  seemed desirable 
to call them pdrdovician. 

Paleozoic mire occur arrtemsively in the weatern portion of the 
Yukon-Tmma @on and in the Yukon Valley between t h e  mouth 
of the Tsnans and the international bomdarg. The Paleozoio mcks 
in the Circle quadrangle are extensions of tbme in the Fakhanla 
qusdrrrngEe. Tbe same ZithoIogic t n w  are present m d  detailed 
work would probably reveal the same formatio~~. From recomais- 
sanw work, however, the fact s e a m  fsirIy well estabbhed that except 
in the area along the Yukon, the Paleozoic swtion in the h l e  



quadrangle h thinner than tbat in the Fairbanla quadrangle and that 
the strata composing it are I- persistent, lese individualized, and 
m-nt the peripherril ratber than the main purtiom of the forma- 
tions. For example, the conspimous limestan- so char~terbtic 
of the Fairbanks quadrangle are represented in the Circle quadrangle 
'by mom or less lenticular bgds not much exceeding 100 feet in thick- 
naas. Tbe same is true of the greenstones, whkb form a coasidermble 
proportion of the Pd80zoic mlrs and in some !malitha attain top* 
g~aphic prominence but which, in genersl, are leas a'bundan t and Eesa 
conspicuous than in the western portion of the Yukon-Taaana region. 
Therefore, d though the available facts indicate the atratigraphio 
equivdence of the PaIeoeoic of the Cifcle quadrangle with that of 
areas farther west, they further indicate that it is less differentiated 
into formations. 

-10 0EAxuc';pEB. 

T h e  principal Paleozoic rocks of the Circle quadrmgle are coarse 
quartz-feldspar aandstonas, metmorpbmed and more or lesa schist- 
me, quartzite, shalo, alate, phyllite, chert, chert conglomerate, 
greenstone, and limestone. The dominant lithologic typee have been 
derived from sandy and argillaceous sediments. 

The quartz-feldspar sandstone is like that whick £ o m  so large a 
part of the Tatalina group in the Fairbmb quadrangle and is regarded 
tls being of the Ramo age. The most common type is composed of 
about q u d  proportions of rather coarse q u h  and. feldspar @a 
in a h e l y  granular matrix of the same m a t e d  admixed with eon- 
sidmsblo a@aceous matter. In the coareest v&ties the g m h  
are hdf an inch or more in diameter. The rocks are in general 
considerably metnmorphd. The quartz; and feldspar grains are 
d u c e d  more or 1m tO augen, and considerable stxicite mica has 
been dwelopec2. Ttme rocks are interbedded in wma places with 
he-grained qusrtzitic bd3, purple, drab, or green ahaly slates, and 
limesltonw. In somo arsas the fine-grained beds have became typical 
pbyitea. Where these rocks have h o m e  schistose some of bhem 
rwrnble the Bimh Craek echist, but in general they may bs distin- 
guished from the Birch Creek by their composition. 

The mmt common colors of the shale are gray, p n ,  and b h k .  
Black carbonaceous sha1m am abundant and in aome are- are inter- 
bedded with cheru. Grmn @halea alao am widely dhtributed and 
occur in  erg many places in close aaaociation with the greenstones. 
The greenstones are mostly altered diabasic and basaltic, flows and 

tufla, but they inclurla also some reddish-weatbering serpentine 
derived h m  more basic rocks. The m e n t i n e  is dwribed in more 
detafl in connection with the igneous rocks (p. 42 1. The greenstones 
are eharactetietic of the Paleozoic section in the Yukon-Tanma 
region, and wherever they appear they accentuate tbe relief, fonning 
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steep, pointed, jagged ridges, or baing cut by streams into steep 
walled n m w  canyow. Their distribution, so far as known, is 
shown on the map (HZ. 111, but the fact muat be ompbsaized that 
only some of them are ~lhown and that they may be found in any of 
the P ~ z o i c  area. 

Owing to the fact that the Paleozoi* limeatones occur chiefly as 
interbedded membefs of Zittle thickness, it has not b m  practicabb 
to ahow them on the map. They are previlingly gray or bluish; 
are mom or l e a  rnmive, and have been ao closely folded that in 
mmt pleces their primary structures have been practically obliter- 
a@. A t  one locality on the Yukon weet of Coal Crmk a white Time- 
sbne of Cmhnif erous ago outcrops. 

Tbe clme folding @'l. IX) bim rendered the succession dil%auZt to  
interpret. The lower part of tho section seems ta be compmed 
mainly of coarse and fine s d b e n b ,  largely feldapathic, ~ucceeded 
by shales, chert, and chert conglomerates. The top seema to be 
mainly grmnstane and limeatone, the limestone being thicker and 

-more masnive than that in the bwer partion. At some loaaZities 
penstontrs were obsemed ta underlie the limsstone and at others to 
overlie it. 

Aex. 

Apart ifom the Devonian localities and the locality of Carbon- 
iferous limeatone, the relation of which to the mks above described 
is not known, the only locality w h m  pdeontologic evidence of the 
age of the Paleozoic rockg hae been obtained ia near the eastern edge 
of the quadrangle, west of North Fork of the Fortpule, where s few 
poorly pr~semed fwil corals were found. These foaeils, however, 
am too indefinite to be of value in correlation. 
In the Iauk of definite evidence in the rest of tho quadrangle it seem9 

very probable, on litholagic gromd~ alone, that the mma periods are 
represanted aa in the western p ~ r t  of the Yukon-Tanans region and 
that the Ordovician, Silurian, and Devonian and possibly other are= 
of Carbonilarous are all p m n t .  

PEW- BPBTEM. 

The Paleozoic rock dong the Yekon within the Circle quadrangle 
have been studied by Brooks and Kindle,' who found them to be 
mainly h~onian.  The following fossils obtained by them were 
m f e d  by Kindle to the Middle Dmonian: 
F& m fowd at s number of localitiw in the bestones. kt some expuree 

o p p i t s  &a mouth of Wdchopper C m k  and about I mile fsrtber up the Yukon 
the fauna following cecum in limeamnee interbedded with tdh. 

I ~mb, A. H . , U  Kindle, E. Y., Ild. Geol. M. A - b ,  wl. 19, I-, pp. 277-1. 
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C Y S ~ O ~ P ~ ~  v* 
G r i n d  stems. 
Btroph~donta cf. calvhi Miller. 
Gamrotoxhia, small q. 
A t ~ y p a  reticuhrb Linn. 
A t q p  cf. flabehta Goldf. 
f icbphoria strisFals {Schrotheim). 
kmbocmlia cf. umbonats (Conrad). 

Thia ia the mme ham and horiwn aa tbat occurring at tbe mouth of 15alf onhut 
River on the Pmupine. Atrypo cf. Ja&Elato i a  one of the mmt abundant mpeciw in 
both hum. The very pecuhr gastropod here referred doubtfully t~ ~iga&tue md 
i S ~ o n t o  cf , mlmni are also common to both. 

About 2 milea below W d c h q q e r  Creek the igamwm beds, whEeh nrethm the pre- 
domhat mka, me intemphd by-a cliff of blubh-y Devonian limestone rising 200 
feet above the river. F&Ia are very wawe bere. The followiq upecie4 were ob- 
tained : 

The amtian in this area hae been a n m m a M  by Bmoh and Kindle 

Crinoid stems. 
Atrypa mticukb. 

as follows : 

;5tropheodonta sp. 
Conacsrdium sp. 

If one were to vmtnre on B mbdiaiaioa Of thia great d m  on the f d  in band, it 
would ba to recognize t h  $wed p a p .  The low& p u p  would comprise ths 
bmvp cherty bluieh-white limeetones and a b t e d  a w h ,  quadzitan, and thin- 

Camamhhia ep. 

bedded limeatonw mrrirq below Wdchopper W k ,  wbich may be Bilurian and 
ere chsackrked by s whtively m a l l  amount of igneous material. T h o  cberb, 
qusrteites, md  haatonea of the Waahiagton Creek area are pmvimomlly included 

- with the formation. The low& member of the Devonian or upper Silurian deecribed 
by Prindle in t h e  Rampart @on, and probably 8180 the mks of the S m  River, 
-4 to the Dmvonian by Keele, can be pmvisimlly correlated with this genersl 
horizon. 

A semnd group would iacluda limeat~ne~ and the e t e d  @ ~ U E  mch, qillitea, 
and cherta. Theignmue rocka of th in  group would appear tn be identical with 51purssa 
Ramp& &ea; but it mu& be remembered that i t  ie only for the h w t a n a  member 
of thin p u p  that the aga baa been determined and that the igneous mck~ may be 
wmewhat yoaqer. In iB typiral occurrence this ignmuo group is undonbMly the 
bed defined of: the stratigraphic subdivjmons hem propod for the Devonian. An a 
carbgmphic unit, however, it is not wmiceable, because including, M it doea, m e  
intmeives, t h w  are likely to be fond tw dikea croescutting varioua older formatrom. 
Momver, the  equinIent of this igneoun complex in adjacent areaa may be found 
among the purely eedimenimyrocka. The stratigraphic relatiom of Middle Devonian 
horizon to the older rocks here w e d  to the De~onian is not h o r n ,  but may very 
like1 y be one of unconformity . 

The third group includea the Witw and mbordhte mnduhm and ailiceom 
rhtes,nhich ornuhamediately rmdernrnth and mnfonnable to Midppian  t e r r a .  
'l"hew rocb me but sparingly f W e m q  and may be found to be in part of synchm 
wus age with the igneous complex of the m n d  group, If the argillite group ia dis- 
a c t  h m  tba igneous p u p ,  them may be an tmconfocmity between the two, 8nd the 
apparent absence of the latter in many localities may be due ia enxion, which remo~ed 
the ignm m k a  before the mdhenta were laid down. 

Little can be mid of the thicknem of the Devonian in this Prohcs. The havy 
h & n m  and h t e d  mcka of the lowest group may m m  s e v d  thownd feet. 
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It is pmbb3y sate Q estimate that the expotnves dong the upper Y u h  of Eddie 
Dmmkn Zimmbnee- and amcbted greamtonnae ipdicats a thickna of h m  5,000 to 
8,Wi feet, mnch the Iarger p r t  of which is made up of ignmu~ mb. Tbe upper 
9lgillit.m and &Eed mndstonm are roughly mtimated to have a tbichems of about 
~,&wI feet. 

C b B B O m B O U B  IPBTEI. 

The Carboniferous limestone on the Yukon near Coal C m k  has 
been daacribed by Brooks and Kindle ae follows: 

The upper Carbodemua limastons is typically e x p d  in anna lsrge open folde, 
ac&ed by mom or lem hulting, along the north aide of the Yukon for Borne 3 or 3 
mifee above Nation Rimr. The rrame horiwn wae identified about 30 miles below, on 
the south Bide of the river and jugt wegt of the month of Coal Greek. Here it b exposed 
in a amall area cloeely d a t e d  with mme pyrochtic mrmteriel gimilsr in every wny 
to &st occurrl~ with the Devonian rock. W m  not the pleontologic evidence in 
regard to thi~ occurrence conclueive, tbb lim-e wwid have been plscd with the 
De~onisn. The occumce, however, goes to p m e  that there wm mma ignwua 
activity during Iate Cwbonifmn8 time. It a h  mgpata the poseibility that mme of 
the ipeoua mcka which have been mapped ae Delronian may eventually prove to 
belong to the Carbonifemus. 

Tho fauna c h m t a r i z i n g  this higheat Csrboni feroue limeatone i~ ahown in the IoIlow- 
iag liat of f d I s  determined by Dr. Girty: 

Chonetee aff. rnmabenmb Waagen. I Bquamularia afl. perplexa McChemey. 
ptwluctus afl. horridas -by. Spiriferella arctica Houchton. 

aphrentin sp. 
Stenopom 0p. I 

gtreptorhpn&~~a 811, 8. pelargonaha 
Wbt. 

Aulmtegm ap. 
Marginifera aff. splendena Normod and 

Fratten. 
Bpirifer aff. marami W-. 

h t  15: Fa&+* linwlane 1 )  m h  eoulhaaer of motla of Nation Aiw. 

hoductua aE. &i Toula. 
Prodnctu~ a%. P. pomectu8 Kut.? 
Productua aff. mnmmntua Rep. 
Productuw aff. Wnae Ku t. 
Pductue  aff. koninckianaa W m .  
Arductulg 8p. 

streptompcaus BE. s. 
SchIotheim. 

Roductua aff. Tonla, 
Pductus aff. koninckhua Tern. 

~leiothymdina n. ap. " 

Rhynchopore rff. nikitini %&m. 
Schizodue sp. 
Avicullpecten ap. 
Omphalotmchus sp. 

An- w. 
w e n  T aff. upiendem N o d  and 

Prath. 
Spiderella d m  Eougbtan. 

Potypor~ sp. 
Rhombopwa sp. 
Streptorhyncbw aff. p&q-omtwS&lot- 
hsim. 

Psoductus aff. t rsmwdu Tderny. 
Productus nff. aagwdi Toula. 
Productus aff. konhclrianua Vern. 
haduetun sff. pomectua Rut. 'l 
M q h i f e r a ?  efI. splmdene Narmaod and 

h t t e n .  

8piriter afE. mmerab Tschmy. non 
Mortoa 

Gpiriferelh sff. d m &  Stnckmberg. 
Spiriterella arctics Eoughtah. 
Squamulatia aff. perplexa M a e s a e y .  
Cmmophoria margarilavi T d e m .  
A v i d p e c t s n  2 .Yp. 

F a  htb. 

, El. x, op. d m  m- =m. 



"This hum ia unlike anything known in cenhl and esatern North A d ,  a d  
appem to be mthw cloeely nIlied to that of tbe G s c b e W e  of the Uml Mauntsina. 
ProhabIy the fauna of the Hueco, W e b ,  and Aubmy formatim of wantorn United 
Statea dl be found more m l e ~ r a  h 1 y  dated. In Alsaks it has been collected 
a h  in Pybm Bay and on Ruiu Imhnd." 
hts I4 and 15 mpreaent the limemne in iEa typical development, wbiIe the lime- 

ntona which f d e d  lot 22 ia  W t e d  with beds of @BOW migin. The limestwe, 
which ia of upper Carboderrma age, termiaatea ths Falmwic sectkin in the upper 
Yukon rqion. 'She wcFBeding etmta in the mtim we. not o k a d  in direct 
mperpaeition, but a aerim of argillibe, with ane or mote limestone b d a ,  ia b e l i e d  
to hold this -tion. A collection of f d l s  was made in this d e n  half a mile above 
the ~mth of Nafiw River, from r limmtone about 35 feet in tbicknem. A species 
of Hdobia ia the moet abundant £mil in thio collection. Dr. T. 'HI. Stsnton refem 
the fauna provkhdy to the Riaasir. If this m o d  dekmhation ie correct, 
the upper Carbonifmum limestone of the Yukon section is Mited sbove by m b of 
w c  age. 

Tbe Catbmifmm rocb a h  d d M  ahow pmcticdlly no metamorphism, llnd 
ate in stmng contraat i n  tbh mpxt to all the older rocks of the Yukon except the 
uppermost member uf the Devonian. It i s  dm noteworthy that, with the e l e  
exception of the pymclastim found with the upper Carboderrma Z i m w  at Glenn 
Creek, there ia no evidence of igneous activity during the d e e t i o n  of the Carbon- 
iferoam dimenta  of the uppet Yukon. 

Near the mouth of Michigan Creek, on the wuth side of the Y&m, 
nearly opposite the mouth of Nation River and e a t  of the Circle 
qusdrangl~, Mr. Mertio obtained in 191 1 additionid paleontologic 
rnst&al, on which Mr. Girty made the following report: 

The epeciea which these co~eetiono contain are an IoU01R8: 

Btenopora? sp. 
Streptorhynchua? ap, 
I;honetee aR. m o r a h d  Wasgen. 
Productm aff. horridus Sewarby, 
Productus all. w d i  Toula 

Pmductue aff.  walhdanne Derby. 
Dielarrma n. sp. afF. ebngaturn 8chlot 

heim. 
Rhynchqma rafF.nikltinS Tachemyechew. 
Gquamularia a£f. perp1exa M&mey= 

The fauna of the two Iota is -tidy tlbs w e  snd clearly c m q m d a  to that 
obtained by Bmks a d  Kindle on the Yukon near the month of Fation River. [See 
p. 29.1 Fmm its rcu3mbIance to the bnnsof tbe R n m b  Gachtlstufe, as described 
by T&emysehew, I take the geolcgk age to be 4kpper" Carbaniferoua rather than 
Permian. T h e  faciea is, of counre, widely &Berent h m  either the Pennaylvanhn 
or the P&n of the MEagiaaippi Valley and Appalachian Mona 

3Serb~a7 sp. 
M u c t u e  aff. horridurn M y .  
Pmductun afl. mammahe- Kep~1 ing .  
Productus aff. i q d i  Toula. 

hadnctos afF. mlIaciaaw Derby. 
Rhpebopra zd.nikitini Tschemyachew. 
Spirirm aff . marcoui TJ~sgen. 
SpirifemlIa d c a  Haughton. 



The only m d a  of hown Mesozoic age ie the Circle quadrangle are 
the Lower (=retsceous rocb on the muth aide of the Yukop. These 
rmh were studied in 1906 by Brmb and Hindla,' from whose report 
the following statanent b quoted r 
The hwer  ataceone of the upper Yukon ~wrpriaes a series oi clmly folded m b  

c h s m c ~  by a large smount of pilica. They includ& primarily siliceous dates, 
&ty mdstmm, and quartdtaa, with which me h t e d  mme a$litea and pyto- 
claatic~. One h a v y  h d  ( W 7 5  feet thick) of d v e  tufaceofls conglomemW was 
obsarved witbin ~e Memmic area about 5 milea below n'ashjngtm Creek, hilt may 
be an infolded older or younger ternme. The pebbles of this conglomerste, wbich 
are chiefly limeatone, are well rounded, and m e  are 2 feet in diameter. The domi- 
mhg rock trpe of tbe h e r  Cretaceous is a Biliceouu date or quattzite,mmetimw 
interbedded with a clay 6Eat.e. Them mk~ sre umlly  pyritifmus and ironstain4 
whsn weathered. Three milea below Washington Creek them i~ a ~ e r i e a  of beautifully 
banded slatea and q w r t z i ~ .  Here the brittSe quartzite ia broken by a miem of 
k t =  at tight snglw to bedding, while the -me movement haa in large rn-re 
h e n  taken up in the c 1 - w  of the slate. A quartz filling, wmetimen carrying 
pyrite, is not unmmmon along them fsacturee. In at least one instance i t  appam tn 
k d j i u l ~ e d  that quarts  vein^ cutting these b t a c ~ ~ l u s  mks  are surlfemu~. T h  
conclodon ia notwitbout importance in ib bewing on Ibe age of the mineralidon 
which pr odud  the aurifem~ts depoeih of the Yukon. 

Thew mka in a geneml way strilic q h r l  y and nmthss4terly, but there am many 
1-1 variations, Thwy me ~iauall y closol y folded, and no determination of thicknea, 
wbich pmhbly  doe^ not exceed s. few thouend feet, cwld hs made. On I P m ~ o o n  
Creek they appear ta reet unconformabl y on the Devonian and in turn are unconform- 
ably overhid by the Tertiary boda, Near Cask Chek the A u c e l l a ~  bda seem 
ta underlie tbe upper Carbonifems limedona, which h apparently been thruet 
wer them. 

FosgiIe were collected from b e  l o c a l i h  in thia formation, which were repwted 
upon by Dr. T. W. 8tanton ae followe: 
" Lot 18. Bouth bank of Yukon River, 400 yardn below Glenn Creek. This lotkncludee 

mnny frsgmeniary q d m e a ~  and i m w o n e  of an Inoc~mrnua, with a few imperfect 
specimeaa of Peeten, Pinne, two #mall ~pecimen~ doubtfully referred to Auoelh, 
and a few qther small undetermined bivalve &hells, Logsther with very imperfect 
h!Agm~Tlt#I of an ammonite pnmibly bIonginR to the genus Periqhiaecka, or mrnH 
other genus with a Bimilar ~culptwe. The horizon of this lot is evidentIy either 
Jude or ]tower Cretawun, but the nature of the material doea not permit a dia- 
mimination between thew two periods. I judge h t  them f d  csme fmm the 
same series ~s the Xueella mentimed below. 

" ht 19. North bank of Yukon fiver, 8 d e a  abave Charlie 14%. Thie col- 
lection conbins nnmemue specimen8 of A w h  d.  -siOnllde K e p m l h ~ .  This k 
pr~viRional1 referrad to the h w e r  Cmtaceaus, although the pdbility &at it may 
be Juraa$c should not k forgotten. 

" h t 2 1 .  S o u t h W o f  theYukmRIw,lJmileehlmSamsCreek. T b i s d l  
lot contains two imperfect apecimem of Aucellma and a few amall hgmemtary imprints 
of Xnmemmus. Tbe horizon h probably the m e  as that of lot 10. 

3 B m b ,  A. =.,and Khdle, En M ,  op. dpit,pp. l@&xO. 



"The demnce of &em three lots of f d h  govieionally te the Emrr;ar 
% m s d e w i t h t h e ~ u n e ~ t j : w h t b a s m o f t s n ~ ~ ~ B i m i l a r  
m1tectlona contahbg Auceile md d y  a im @t& farma have b submitted 
iiom thin and other anma in Alaakn--tbst ia, while the Aucslla itaelf iaindicatiw 
of pr~bable Cretamw age, c b d  y related apeciea am bown in the J-C, and it 
may be tbst all of the AuelIe beda of Alaska are J u b c . "  

m m ~  m ~ o a w r r  (rj ~rrazsa 

A faw mas of conglomerate and arkomc gatlhtonm were found in 
1911 near the main divide between the drainage areas of Charley 
R i m ,  Goodpastar River, and Sdcha River. The mew, so far aa 
o b m e d ,  are comparatively nsmall and occur in different valley8 at 
elevations between 3,000 and 4,000 feet above sea lavel. 

The material variea greatly in inoarseneas. The coarsest varieties 
contain a Parge proportion of granitic bowldere, eoma of them nearly 
6 feet h diameter, locally embedded jn h e  sandy beds. The next 
mmmanest type is made up of h d a  of cobbles not exceeding 6 inches 
in diameter alternating with shaly beds that in places carry poorly 
pfasemed plant remains. A common type is a medium-grained 
even-bedded arkosic sandstone that splits readily along the planes 
of sedimentation into slab, mtmy of whose eurfacea srs momi or lane 
colored with carbonaceous matter derived from plants. These mcks 
are composed of about equal quantities of quartz and feldspar gains, 
with some d o e .  They are gray ia wlar, well consolidated, and 
gritty. The material has apparently trsveled but a short distance 
from fhs granitic rucks from which it has been derived and it ia 
apparently aoareeat where closeat to j ta  source. The rocks where 
o b d  w e  but alight iy tilted and their thickne~ probably does not 
exceed 1,000 feet. 

No &gar rocks havs been o b d  in other a m  of the Yukon- 
Tmma e o n .  ConglomsrateEt and gritty carbonaceous aandetonea, 
found by the writer in ths Rampart region," contain Upper Cretawntrs 
fmile m d  have st their baw s conglomerate that in degree of c o a m  
ness m m b l e s  the medium coarse type of tham under dkusgion. 
The Upper Crettrceous rock8 of the Rampart region have been 

intruded by granitic bodiee, and the fact that the eimitar rocke of the 
Charley River country are composed largely of granitic material 
&om that they were deposited subeequent to  m e  grmitic intru- 
sions, and in the lack of defhite evidence they ara s e f d  p ~ o ~ i o n -  
ally to the Upper Cre fwus .  



! l % E m P  S m W .  . .  . Dwhh&ma.-R~~:kn of Tertiary age occupy an srea of considerable 
extent in the + c a y  of Yukon River. They enter tJ~tbe arm from 
tha Fortymile quadrangle and extend in a probably coatimoua belt, 
with n maximum width of about 10 miles, to Woodchopper Creek 
and bqond toward Circle. It is probable that Tertkq rocb omur 
also in the upper Charley River valley, as lignite has been reported 
from that locality, but if they do they probably form an isolated 
occurrence in the large mass of granitic intrusive rock. 

c7raTQetsr.-The Tertiary rocks include dayr mndstone, 
shale, lignite, and oonglomarato of very Werent degrees of conso& 
dation, some of the sandstone and conglomerate being but l~~aely  
oemsnted, gome of the clays having become shales, and mme of the 
maglorneratm having been thoroughly cemented. Clay and sand- 
stone and interbedded Ignite apparently constitute the b a d  for- 
mation. 

The most mnspifiuous portion of the Tertiq is the conglommate 
wbi& forma the upper part of the section. 'This mck makes rugged 
topography. Most of the v a U q  cut into it by the main streams 
are narrow wyona with mmawhat wider upper portions bordered 
by spurs that are in general precipitona or compmtiv~ly steep 
sided. 

The oonghmmte is composed mostly of fragment@ of blwk, p y ,  
green, and red chert, qnartzits, and vein q u d  but includee numemua 
fragments of B h h  C-reek w h t  and a few pebbles of granite, found 
rnoetly near the gouthem edge of the formation. The pebblas of the 
condamerate a m  we& worn and commonly mge from about 1 to 3 
inches in &ze, though the m k u m  is about 5 inchm. Bowlders 2 
feet or more in diameter occur sparingly. The oongkirnerate m e w  
into s cotme whithh sandstone resembling mortar. Fermginom 
material is s m m o n  cement not only of the mnglomemte but also 
of the bmmish T e e  sandstana. On the ridgm the conglomerate 
h for the most part wathered t o  heaps of save1 raembling ordinary 
stream gravels. 

The thkknem of the Tertiary ia perhaps 3,000 feet, abut qmally 
divided between the argillaceous, aandy, rurd hgmtic lower portion 
and the mnglomerstio upper portion. The rocb have been in places 
closely foldod, and at many l d t i e 8  along Seventpde k r  are 
nearly vertical. 

Depdim.-The origin oi the Tertiwy deposits haa beem a snbjeot 
of much dimmion among the &em. The c-onglorneaates m 
!ygmded by them ordinarily n~ old c h ~ n t ~ d  gravels of river origin. 

W7378'.-BdL 6 3 8 - W  



The undml& k e  m t e r i k b g s ,  gan&tones, and &pitee- 
confain the same f d  ae the oonglamemtee. The lowar depoefta 
am the pmdact of conditions under which predominantly h e  materid 
was deposited. The conglomertrtm, on the other hand, a r e  the 
p&ct of conditions under which predominantly u o m  but wd- 
worn material was deposited. It wodd appear that the h e r  
matertag wae deposited in a lowland area where the atreams were 
sluggish, whem lakes conld form, and whew in swampy a r w  material 
for l i t s  bede could accumulate. The conglomerate, on the other 
hand, wae probably deposited where more active erosion was in 
pro- and is pmbably in l q e r  part the product of fluviatile 
action. I t  mnst be borne in mind, however, that the Tertiary 
deposib could not have b n  laid down by any r i ~ e r  system that 
was not much older than the present valleya ; that they are in no wise 
relatad to  the Whit-e Channel gra~ef of the Klondike or to any other 
high gmvels that are referable to  the present drainage ~ystema; that 
since their deposition they have undergone not only uonaolidstion 
but folding, until many of their beds are vertical; and that th& 
bietary, therefore, ia entirely disoontinuous with that of the preaent 
drainage syNtems. 

Age.-By m e w  of the fosaiI plants, wEoh are in plasea very 
common, the age of the m h  has been dehrmined 20 be Eaoene 
(Kenai). A few miles east of the quadrangle, in the Seventymrle 
Vdley, f o d  leaves omxu in fwmginous nodulea in the lowor shalea, 
in sandetonas interbedded with the shales, and in ghslee intorbedded 
with the conglomsrates." 

Qh&x?irnatad q ~ & ~ . - - E d m c a  was obtained during 1911 
that glaciation formerly occurred to s minor extent in gome of the 
Kihmt porthis of the q w h n g l e  ma that the normal &ahage 
had been aomewhat stmoded thereby. Only the h d  of valleys 
and the valleps of minor tributaries were s8Fect.d. Crrgues, W-shfiped 
vdkys, m d  morainal d ~ p i t a  were observed. %me of the cirques 
are h l y  developed 0 3  X, A) a d  form hanging valleys, the pras- 
ent drainage having cut only n m w  V-shapad p h e a  in their mouths. 
Some of tha U-shaped v d e p  (I't X, B) are h & d y  shown. 
They are flat floord and are practidly bare of depoaita except at 
their wry heads. The morainal material be@m near their o p m h  
on the larger v d e p  and extends into these v d e ~  more or lass 
imgdarly. &e Pl. XI, A and B,) 

The distribution of the glacial deposih as far as kuown is shown 
on the map PL 11) , bn t more detailed inv~~tigations wodd undoubtr 
d l y  reveal their presence in many other localities. Their occmenm 
is governed largely by the intrusive mlm and their immdiata can- 
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tach, W t h e  are the only areas that attained suE&nt altitude 
to furnish conditions famrable for the development of glaciers. 
They are most common on the heactw~hm of Charley River. 

One of the most conspicuous glacisJ. depi t s  in the quadrangle is 
a moraine about d e s  long md half a mile wide occurring in. a 
small ~ U e y  trending N, W. from a peak 6,284 feet high. (See 
Pt XZL.) The valley b U+haped and has a floor about 500 feet 
wide. The morainal material begins near the mouth, where it haa a 
thicknem of about 400 feet. At the lower end d the moraine, 1) 
miles distant in the main valley of Charley River, the thicknem is 
abut  100 feat. The materid is arranged in three more or 1- con- 
centric ridges, the outermost being the largest. The innermmt ridge 
ia mniined to the immediate vicinity of the mouth of the valley. 

Thase depsita constitute an unconformable feature among the 
normal alluvial depits .  Nothing very definite is known regarding 
their age. They have been somewhat reworked by the prment 
streams but are younger than tha main valleys. It is probable that 
t h y  were more or less contamporraneow with the benches of inter- 
+k height (p. 15). The conditions favoring their development 
may have prevailed from late Pleistocene to comparatively recent 
time in only a s m d  area whero the altitude was favorable, but later 
these conditions shifted northward and at prsaent prevail in the 
mountains north of the Yukon, tts shown by small existing glaciers. 

A&& da:po&.--T%e alluvial deposits include gravd, sand, and 
d t  that have hea deposited either on benchas at various levels or 
on the %md plains of the present stfeamg. The kigh bench gravels 
so common in the Fortp.de and Rampart quadranglw, where they 
omur at various levels not axceeding 500 feet above the present 
stream, have been obsemed at but a few localities in the Circle 
quadrangle. High benchw are well developed in placee, notably in 
the vsby of the Soventpile el. V, 3, p. 14), where a. bench 500 
feet above the stream seems so closely relatad to the present valley of 
the Seventpile that it is pmbably a part of the old  alley in which 
the river has cut ih preeent myon-like valley. No pawls, how- 
ever, were observed on this bench, though they occur on the lower 
rock-cut benches, wpeciazly on a sharply d h e d  bench about 20 feet 
abve the present stream. 

The gravels have been derived from the bedrock of the v&p in 
which they wan, and with the exceptian. of the s m d  aggregatiuns 
of morainal material. above described are of fluviatile origin. They 
are described in more detail in connection with the gold placers. 

The silts are characterbtir: deposits along Yukon and Tanana rivers 
and o m  h places in the lower valleys of their tributwk. They 
have bwn deposited at various lev& at and above that of the prssen t 
s t r m .  



36 Cr?N)UH31(3 BECONNAXBSAXCE OF THE CIRCLE QUADR;BNCfU. 

RotlghIy, probably one-third of the Circle quadrangle is ompied 
by eruptive pocks and the p a t o r  part of the remainder by crgstaUine 
whiats and @ekes. Many of the gneheg and some of the schista 
are closely commted in origin with the e ~ u p t i ~ e  rocks, and igneous . activity haa therefore played a very important part in the history of 
the region. 

For p u q w  of discurnion the igneous mka mriy be; divided into 
plutonic mch, B U C ~  as granites and diorites, and volcmic mh, 
such m rhyofitea a d  Gasalh, although these dm-, strictly speak- 
ing, are not mutually exclusive. 'In the c l w  of plutonic rocks are 
included all the intrusi~e mh that cystctllized at considerable 
depths beneath the mrfm or under maditions similar ta those that 
&st at condemble depths. All an& mks appear wholly crptal- 
h e  ta the naked eye. In the dam of volcanic racks rn included all 
the mka that crystabed at the surface or d e r  cewditione aimulb 
ting those at de rnrface, as, for instance, in many dikes and volcanic 
plugs. The volcanic rockg thus include a11 the atmsive and some 
of the intm~ive rocks. Such mka me either m i c m r g s t a ~ e  or 
P ~ Y  g1-V. 

PLmmc BOC%B, 

The plutonic mks, both geographically and geoZOg;cally, are the 
most importent igneotrs mcks of the h l e  quadrangle. They occur 
as dike8 and i q u l n r  intrugive bodiw and tho areas covered by them 
vary greatJy in aize. Ja the esstrcentral part of the Circle quadrmgle 
there an area of granitodioritic rock approximately 70 milm long 
end 50 miles wide, which connacts on the e a t  with the intrusive mass 
that f o m  Glacier Mountain in the Fortymile qhadrangle. As pros- 
pwtom have reported coal from the center of this mass it is probable 
that it contains a smaII baain of younger unalterad s e d i m m t q  rocks. 
Neverkheleas, its extent givea some idea of the ltbrge mde on which 

. the intrusive action has occurred. 
It is probable that dl the plutonic m k a  were not intmded aimulfe- 

neoudy, for in ~ e ~ e r a l  locditia acidic granitss cu% baain granitw and 
dioritm. A awglomerata which is regded 8s Cretmms in sge baa 
bem found to contain bowldom of bmic granite and diorite, and for 
this mason it is likely that some of the mom bmi* granodioritic mlrs 
wefa intruded previous ta a part at least of the C r e t m s .  The  
intrusions probably took place at aeveral perids during the Meaoxoic 
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" In the R q a r t  +an, farth~r west, Upper ~taceous mh 
ham b a n  intruded. 

m a  regional strike of the c r y ~ t d h e  schists k- northwmt snd mth- 
emt, and many of the intrusive bodiea lio in conformity with this 
major structural direction. For instance, the l~rge intrusive mass 
50 miIm wide, previously mentioned, nmom toward the 8011 then& to 
12 d e s  and tow& the northwest, dong the ridge at  the h e d a  of 
Cod, Woodchopper, Webber, and Thanksgiving creelus, to but 2 or 3 
d m .  

W T L T O B P m .  

In general, the plutonic rmks have not a n f l e d  mtensive region4 
m e ~ o r p h i i m .  The Eoceno conglomerate, howevm, which is 
ganger than the plutonic rock8 of the region, has h e n  dasely folded, 
the atrata, at some localiticss boing vertical. This Tertiary movement 
should have had somo efiwt on thc plutonic rocks, and pmibIy the 
gnsiasm that occur on thn prriphe!rg of the large granite and diorite 
mnasea were largely due to  it. The latw metamorphism was probably 
insufficient to leave tracm in the interior of the large intrusive bodies, 
but wars rmble to affect them dong t beit contacts, where the movement 
wna I d l y  intemiiiod. On t he  othw hand, some of the gneissoid 
structure seem ta be primrrv. 

Granitic m%s are Che maert common igneoue roch in the Circle 
quadrangle, orxnrring in many varieties depending on the chsmter 
and amount of the femir: minerah. The common femia miner& 
o k e d  were muamvite, biotite, hornblende, tourmahe, and epi- 
dote, and the roch have been 80 n a d  as to indicate the dominant 
one of these minerals pment. 

M U t e  grunite and &k2ed-In the hand ~pecimenm the mu- 
vite @to md elmkite range from fine to coarse p i n e d  vlrrietierr 
and are invariably hght in color. In composition they range from 
the mumvita granite proper, jn which mumvita is abundant, to 
deskite, which consiste mentidy of quartz and feldspar, with mu* 
covita w biotite developed only in subordinate amount. Aa a- 
gory m i n d  gtunet, apatite, &can, and oxidea of iron mmmonIy , 

w u r .  The feldspam are chiefly orthoclase and microcline, with 
isuhrdinate amounts of plagioclme, r a q h g  in composition from , 

to  bmic olqdsse.  In some epecimem the orthdaee ma 
m k m c b a  are graphhally intergrown with the qu-, giving rise to 
n graphic granite. 

The mumvita gnrnita snd alaekite m r  in small amount ram- 
pared with the biotite and hornblonde granite, 1Lnd it ie e ~ d e n t  that 



they we rehtimly animportant. Good-sized bodies of muscodte 
granite are pment in a few lmslities, aa for instance along the divide 
at the head of Cod Creek, but far the mmt part it occurs as dikes 
cutting the other granitic rock and the metamorphosed ~edhnentary 
rocb. 

M w w v i b W  pmb.-Maacovite-biotite @tm or granites 
which carry mumvite and biotite in approximately equal mounts 
m p m t  the true granite type, or , r i t e  aa the term i~ used in the 
narrow mnse. They do not differ greatly in apparance or in general 
chmwhr from the musmvite granite and alttskite p u p .  In the 
field aome of them appear slightly dmker by reason of their content 
of biotite, but in others the biotite has bmn leached and can be told 
f m  musoovite only by the aid of the microscope. In the specimens 
s&ed the pota~h feldspar ig chiefly orthoelme md the plagioclam 
is aligmlass. The accessory constituents are apatite, &on, md 
garnet In p l m ~  epidote is developed as a smndarg product. 

. In mode of mUTence and relative importance the true granites 
do not differ materidy from the muaeovite granite and dmkite. 
They mrrr both in dikes md in l q r  hdiw and are probably more 
clesely related in age to the acidic granites than to the basic type. h 
general they appear to grade into muscovite granite and alsskib on 
one hand and into biotite granite on the other. 

Biotite pni+te.-43iotite granite seems to be the dominant m k i n  
the WB quadrangle. It is cumposed largely of quartz, feldspar, 
and biotite, all thrke of which are as a rule visible irr hand spimena. 
Orthoclase and microcline am both developed, although the former is 
the more w m o n .  The p h p c h w  varies in compmition asd in 
many specimens shows mnal growth with acidic rims. One seetion. 
of r mnd growth cut parallel to 010 gave extinctions of + 6" t o  - 23" 
measured against the 001 cleavage, indicating a variation from o l i p  
dam to acidic labradorite. In general, however, the variation in not 
quita MI great m this. 

Biotib is evenly distdbuted throughout the rock, but much of it ie 
&red, chiefly to chIorita, though in some degree also to epidote and 
muscovite. A specinen taken dong Goodpmter Ri~er,  just above 
the mouth of Indian Creek, illuatrata well the formation of mwm- 
Pite from biotite. The common scmworg miner& m apatite, 
zircon, titmite, garnet, magnetite, and other oxides of iTOp. S8c- 
o n d q  producte in addition to &lorite, epidote, and micite are 
calcite, pyrite, and hematite. 

Any large masa of granitic or dioritic m t r h l  in &Is ares com- 
monly contains a bioltih granite facies. Biotih gnrnita is found 
along the ridge batween Caal Creek and Charley Rivw, on the ridge 
between Birch Creek and North Fork of B h h  Greek, on the ridge at 
the head of Bwkrskin b k ,  an Hutchon  Creek, on a atream e n h ~  
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hg gal& River from the south just blow The- Splits, md at many 
other localiti~. Much of the grsnib along Goodpaster Rivor is sho 
of this kind. Biotito granite mum likewise in some of f i e  larger 
dikes- of the district. 

Amphibole gnmite. -bugh a d s c m e  in the amount of biotite 
md an incmase h the amount of homb1ende, the biotite granita 
grades imprceptibly into hornblende granite. Hence many speci- 
mena show both biotita and hornblende. The biotihhornblende 
granites are darker thm the; pure biotik varietim, mainly becnuee 
thoy contain a lnrgsr proportion of femic minerals. Als a rule it  is not 
possible in the field to ~cparate them from quartz diorih. h 
granularity they do not d8er  greatly from the other granitm do- 
~cribed, although t h m  in which hornblende is the chief femic mineral 
may be B littlo eoarsor. As in the biotib pIziM, the faldspar ia 
seen under the microscope to be largely orthoclase, with aubordinab 
pIagioclaae having sn avorago cornpition of basic oligoclase. 
Where hornbleado is pmen t ti tanite appcars to be the most important 
accessory constituent. The other accessory minerals are apetita, 
magnetite, and z h n ,  and the secondary rninert~la epidate, ealcib, 
and eericite. A epecimen from a point 23 miles wsat of the junction of 
Manila Creok with Middle Fork of Fortymile River shows evidenm of 
considorable me t,rrmorphism, which has maulkid in the davelopment 
of undulatory oxtinction in the quartz crystals and in tho formation 
of myrmekite or secondary quartz and feIdspar within the feldspars. 
Another specimen of particular intern$, collected from the north 
side of Slab Craok whern it joins tho Fortpile, is a basic differentiate 
of the granitic magma, consisting largely of hornblende and biotita 
with subordinate quartz, orthoclsa~, and albite that ahow strain 
phenomans, The hornblendo is zonally grown, being brown in the 
center and grading outward into the ordinary green variety. 

Rornblende granite forma much of Vets 3Montain and is found aho 
on the spur between Ole and Indepnd~noe creeh, on the spur 
between Pitbburg and Po* croaks, and at numerous other lwsli- 
ti=, It is not nearly so plentiful, however, as biotite grsnite. 

One specimen-the only onc found in the qquadrang1e-d a granite 
carryring pyroxene wan obtained on the spur between Ole and Inde- 
pendence creeks- about haU a mile north and 24 milea east of the 
junction of the two eweks. This specimen, however, is not a true 
pyroxene granite, for the d iopide which it contained was su bordinste 
in mount to the hornblendo and biotite. It is bet& described aa 
a pyroxenebearing hornblende granite. 

Towdine  grtmnite.-At several Iocalitim in the m a  tourmaline- 
bearing granite hae, been noted. It dom not differ in general appear- 
ance from the hornblende granito, but in thin section it b seen to con- 



sist of quartz, arthmlaee, ~ I i g m b a ,  aed totzraaline, aceampanied in 
mimy specimens by mumvite, apatite, garnet, and &on. 
F,pidolc gmn&.-AG one or two localities, notably w the apur 

northwest of the moutba of Com~t and Champion crmb, g r a n i h  
containing considmblo amount;s of epidote have hen found. !!&B 

epidote ia fresh looking, but tho prmence of calcite and chloritized 
biotite indicates thnt it, is of secondary origin. Microcline and albite 
me tba feldspars commonly developed. 

A monzoaitic type of granihdioritjc rock occum on the ridge be- 
tween Moaqulto Fork and Buclrskin Cmek, close to the s& odge of 
the quadrangle. At thin point rocks that conht of huartz, orth* 
clam, pl@ocIase, hornhlenrla, biotite, titsnik, apatite, and mrrgne- 
tite were found. Tho plagiodasn vnrim from m d ~ s b ~  to acidic labra- 
dorite, and is prosent in about thn s m n  proportion tul tho orthoclam, 
fn the Fortpile qudangln,  just a c r w  tho border, another specimen 
of the same type  wad^ found. Theso rocks are of intamst chiefly on 
mount  of the fine examplea of m p k i t e  which they dord. 

Qm&?ki.&.-In asmxiation &h the @tie and dioritia intm- 
i v m  granodiorih has been found. Ijko the monzonite, however, it 
has bmn noted a% only a few E o d t i e ~  nnd in relatively unimportant. 
It contains letrs orthoclase than the monzonite and more than the 
quartz diorite, and t h ,  with the monzonite, it conutitutes a tm- 
mtion from the +tea to the q&x diorites. The plagiaolaee 
rangee from oZigoclase to  acidic labradorite. In other mpects the 
granodiorite doea not differ materiany from many of the hornblende 
and biotite granites. 

@artz diode.-In mogt hand specimens the qutartz diorite and 
related m k a  am darker t b  the @ti0 and momonitic rocks, 
thia being due to the larger ammta of fee minerals which tha 
diorites aa et rule pcrssess. Several varieties of quartz diorito, depend- 
ing on the Ghmter of the dominant fcmia minemls, ham been noted, 
among them quartz-mica diorite, qua&-mica-hornblende diorite, 
and quartz-hornblmdet rliorite. Quartz diorite porphyry has also 
been found. The primary minemls are quartz, -plagiocIas~, ortho- 
druee, biotite, hornbbnda, apatite, angite, titanite, magnetite, h e n -  
i t p ,  and zircon, and the secondary m i n e d  sericite, epidote, zoiaite, 
chlorite, calcite, pgrite, and quartz. Quartz and feldspar are the 
most plentiful, although biotite and hornblende commonly form an 
imporbant part of the rocks. In general the fabric of these rocb is 
hypidiomorphia gmnular, but in Borne occurrenoes the feldspar rrnd 
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lwdy both the feldspm and the quartz have dmeloped in part ae 
phmmrpts, giving riae to a porphyritic fabric. Augite is an ace- 
aoxy femic mineral and does not occur in qnmtitim snffioient to 
form q-augite diorita. The plagiwlase is chwmterizd by 
well4eveIopd zond p w t h s ,  m a t  of which have bade centers and 
acidic rims. Extinction anglaa on 01 0 sections m e a d  against the 
001 davage gave from + 5" to - 25 ", indicating compositions v q -  
ing from oligoclase to labradorite. Where alteration has taken 
plm,  the zonal growths we usually more changed than the outer 
rims. The .ohlorite a d  aeriFite are dorived lmgely from the biotite, 
and the epidota and eohite rue formed for the m o ~ t  part a8 alteration 
products of hornblende. 

Quartz diorite w c t m  at many Iomlities in tho Cirela quadmgle, 
b t h  in agsocintion with more acidic htrusivcs and in large massea 
mpmted from the granitic mke .  Wit11 tho more midin intrumvr,r, 
it i s  fonnd along Goodpastor River, on the ridgo at the bead of 
Miller Creek, on the ridge at the head of Con1 Creek, on the ridgo oa4t 

of Granite Creek, at the head of Shaw Creok, and elsewhere. Nora 
extenrxive ooourrences are at Twin Mountain and Weet Point. 

Diode.-Two main type3 of diorite me developed in the region. 
Tho more plentifuE is hornblende diorite, which consiets ~ ~ w n t i d y  
of Iold~par and hornblende with a few crystals of apetito and pyrite. 
The foldspar is Iwgely plagioclase with an averago composition of 
andesirre, although the zonal growth that chwactmke the rocks 
vary in camposition from oligoelase to labdorite. Orthoclam is 
rnbti~el y unimportant. 

The other type is the angite diorite, which difhre from hornblende 
diorite in having augits and biotite in place of hornblmdo. Ortho- 
clgeo is commonly present, although subordinate in amount to  the 
phgmche. The sccwwry conatituenta are apatite, magnetite, and 
titimite, with small amounts of ~econdary epidote. 

No large M i c s  of trua diorite have been found, but the oeourroncw 
n o d  are iwmciatsd with larger bodies of dioritic and gmnitia rock. 
In the Circle quadrangle hornblende and augite diorites, Like the 
monzonitea and granodioritea, are doubtlaw to be regaztded as facies 
of the graaodioritic magma rather than as characteristic m k  types. 

Aa a rook type gpbbro is of little importance in the arm under 
wnsideration. Tt is found in two or thmo places only, a d  is probably 
a Werentiated facim of a more acidic magma. S p a h e n a  have been 
oo2lected on the ridge at the heid of Fhher Creek md at the junction 
of Shaw Creek with North Fork of Rirch Creok. The epecimens 
m i n e d  consist largely of feldspar nnd augite, e t h  accworp mag- 
netite and apatite. The feldspar is exclusively plagioclase, varying 



aomewhat in mmposition but averaging about the ~)mpoaitian of 
labradorite. Chlorite ia commonly present and ia probably d e r i d  
from biotite. h the specimen from Shaw Creek quartz waa aleo 
found to b present, go that the rock from this locality is redly s 
q u d  gsbbro. The gabbma differ from the augite diorifee W y  
in t h e  total lmk of orthoolaae. 

Along.the ridge at the head of Fisher Creek them is a body of peri- 
dotite of considerable aim. The rock is a dunih and wnsista entirely 
of olivine, much of which is altered in part or wholly to mrpentim. 

Pgroxenites hem h n  noted a t  seven1 localities. At the junction 
of the two large streams which make up South Fork of Salchtr River 
i aa dted pyrommite that consists entirely of pymxene, pmberblp 
augite, which hrrs been altered subsequently to hmolite and tremo- 
lib 8 ~ b t o s .  
&I J-ph creek, about a h ~ e  Jr~seph a*, ~&Jlk8218 

of pyroxenite were mL1ected which in thin mtion lue seen to consist 
largely of augita, with e m d  amounte of hornblende, apatite, basic 
labradorite, and oxide of jmn, probably magnetite. Some of the 
hornblende ia probably of m n d s r y  origin, and calcits also m u m  tm 
a seeondq  product. Oine specimen W&8 oonsider~My mineralized 
by pyrite, which occurs along cmks, replacing augite. In this speci- 
men the apatite wtw very noticeably bbxhi. 

Mong the divide between Salcha River and Shaw CIW~, about 10 
milee eouth md 2+ miles east of The Splite, s didagita was MI- 
lwbd, which cambia assentidy of didage, with smdl 8mounfa of 
olivine, mmolite, feldspar altered to cldorita, and magnetite. 

PeridotiW and pyroxe&3s have dso been found at eeverd lmali- 
tiee in this ragion outaide of the Circle quadrangle. About 20 miles 
aouthemt of the quadrmgle, in the valley of Denniaon Fork of Forty- 
mile Kiver, Ibemolite and webeterita occur as inclu~iom in the basal- 
tic hva of a small extinct voloano near the east branoh of hnnison 
Fork. 

IIITIYORFmo#zn PL-0 ROUIPI. 

Otmfch gwim.-Aong the periphery of eome of the larger*ganite 
masses granite gneiss is found. The ,-iswid chartachr crtn not well 
be attributed to regiond me tamorphiam, for the mein h t m s i v o  masa 
shows no evidenm of such dhratioa. It is themfo~e probab,bly the 
mult  of Imal metamorphiism al6ng the oontacte. A few of the 
p e h ,  however, show no sign8 of a k a i n  phenomena in thin s m  
tion and sre pss&ly of p r h q  origin. 
In cornpsition the granite gneiasea do not differ r n a e d y  from 

the granite. Quartz, o&mlaae and microcline, acidic plagioclase, 
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biotite, end hornblende form the essential constituenb. Augita also 
m u m  in some spimeris. AH accessory constituents garnet, ape, 
tih, toupmaline, magnetite, zirooa, and titmikt are developed. The 
w n d q  products are sericite, dorite, epidoh, and d c i h .  In 
general &e quartz and feldspar show mdulatary extinction caused 
by the s h i n  which the m b  have suffered. The banded character 
of t$e g n e d  is very apparent in all hand spscimens and in many . 
thia section#. 
In addition to the granite gmkm along t h ~  d g a s  of the large 

intrusive rn- &ill older gneinses have been found. Augen gnek 
occum in mnsiderable amounts at certain localities in the Birch h k  
&t. It is granitic in &ars*br but differs from the gneiases previ- 
awly mentioned in the amount of metamorphism it has su%ered. 
The feldspars, as a rule, me dr~wn out in elongded ''augen" and are 
more mmmonly microcline than orthoclase. In many munrences 
the pismid bandig dosely appramhes whistmity. These rocla 
are doubtleas &e metmorphosad mpmntativea of earliar plutonia 
rocks. 

Qwm% ti&& qwim (mtdW).-The dioritic mb, l i b  the 
granites, h ~ v e  uhdergone metamorphism in many p l w  along the 
mnhcts of the large intrusive bodits. Different varieties occur 
among the gnekaid reprernnhtiv~~l es they do among the quartz dio- 
rites proper. In gi311m~l~ the gneiesas Mer from the quartz dioritea 
chXy in the strain phenomena exhibited by the quartz and feldspar 
and in the banded charm& of the m k .  In addition, some of their 
plagbclaee shorn an inclination t o w d  the combination of dbita 
and pericliine twinning. Some of the quartz diorite gr&w show 
evidences of primary gueissoid chaxwhr. 

VOWANIO BoI1IKB. 

The ~olcBnio rocb of the region, as here grouped, include all the 
lava rocks resulting from vobmic or h u r e  eruptions, together with 
the apbanitk intrusive rocks of related o w .  Like the plutonic 
mb, these he-grained mka show acidic, basic, and intermediate 
varieties, but the acidic m d  basio rocks are more ~harply mparated 
and are of about the same relative importance. 

Geographically, the unmetarnorphosed voIcanic mla me of 1- 
importance than the plutonic rmb and show less variation in compo- 
sition. Sdace lava m u m  in many localiti~ts in the region and it is 
pwible that a p a t  deal mare of it was poured out and later removed 
by erosion. The Iarge number of aeidic and bmia dikes in the quad- 
rangle tend ta comborate thk view. In at least one place around the 
b a d  of O h l e y  River it can be a h o m  that the rhyolite porphyry 



flows wem connected with one or mme undedying &im. On the 
other hand, at the baseltic Denniaon -Fork volcano, outside of the 
quadrangle, the eruption was of the central type. It is &emfore 
probabb that both kinds of eruptive action were imporbant in the 
volcanic histmy of the region. 

The general st&e of many of thk dikm is north-south to northeagtr 
southwest, and at the head of Charley River the a u d m  flaws also 
conform to this d b c  tion. This trend js almost at righksngks to that 
assumed by the crystalline schists- and plutonic rocb. 

The volcanic rocks, as might be inferred fmm what heas been said, 
differ in age from the plutonic rocks. In general, the dike rocks arid 
surface flows are to be regarded w Terthq or later, dtl~ongh, like the 
deepeeahd rocks, they are not to  be ~cr ibed  altogethex 4x1 one h e .  
They oomprise both acidic and bmic rooks, and it is pmbable that the 
two types are of different age. The basic rocks are so fresh and 
umlhred that it has seemed ~W to regard them as younger than 
the acidic rmh, which, further, appm in one or two places to have 
beon out by basic dikes, although thia relation haa not h e n  definitely 
established. Both acidic and basic dikes, howe~er, cut conglomerate 
regardad as of Gmtmxous aga, d it soem safe, therefore, to pegad 
most of the v o l d c  rocks as suhquent tO B portion of the &eta- 
emus at Ieast md aa probably belonging +XI tho Tertiary period. 

The rhyolitio rocks are light colored and oommonly porphyritic, . 
with phenuarysb of quartz and leldspar. In hmd spe~imens the- 
groundmaas is gemmlly aphanitic, although it is often possible to tell 

, the character of the dominant femic mineral. Many ro0B-s of rhyo- 
litic mmpmition occur t h g h o u t  the region. 

The rhyolita and rhyolite porphyry of the region camkt essentially 
of quartz, orthoeTtwa, and acidin plagiwlw, together with some dom- 
inant f e d  mineral and accessory miner&. The plagimlase varies 
in oompoaition from albite to andwino, but has an average camp&- 
tion cornpending approxkatdy to basic oligoclase, Some micro- 
cline occurs along with the orthoclase. The t h e  essential constit- 
uenwuartz ,  orihoclase, md phgioclme--occur bath aa phenmrysh 
and arr components of the groundmaaa, although not uncommonly the 
plagiocbe owurn only in t he  groundmass. Many of the phenocvts 
are corroded, s h o e  tho effectg of magmatic resorption, 

Biotite and muecovite are the commonest mk-forming femic min- 
e*, occurring singly in some rhyolites but generefly in combination. 
Two specimemshow an altered pyroxene as the chief femie cons bitueqt, 
but alteration has proweded too hr to permit t h e  original charwtsr 
of the pyroxene ta bo determined. -4s mcessory constituenh, apatite, 
zircon, garnet, magnetite, ilmenite, md titanite are developed. 



Chlorite, aerici te, epidoh, ealcik, m d  pyrite we tho common socond- 
my minerals. 
The fabric of tho rhyolitic rocks is ~omewhat variable, depending 

chiefly on t h e  content of glws. A compbto r q e  of fsbrim from bolo- 
. crgstallin8rporphyritic to ~itrophyric has been found, but the per- 
crp tallbe porphyritic type is thn m& mmmon. Where much g1w 
is pment many "Sphaemryshllen " (circular mas ~howhq aggm- 
gate polerimtion) accur in tho glasay base. One or two of the more 
cqwtalline spochnens show the development of typicsl flow struo- 
turn.  
As a rule the Ayozitic m c h  are very little me tmnorphmed, although 

in many places they am much albred by general aerial and aqueous 
apncim. Only one specimon among thoso examined showed any 
cokderable amount of metamorphism. In this rock, mllmted along 
ithe telegraph Iina about 6 d e s  was t of the modh of &xum Slough, 
tha phenocrysts of orthoclase have been much &rained and drawn 
out, al tbugh they st i l l  retain the outlines of their crystal form. In 
addition, a decided sbistose fabric has been developed. The phs- 
nomna of dynamic metamorphism in them rhyobs, however, are 
of pmly I d  mgdcanco. 

The rhyolib wcur RS flows, dikea, and t&s. The ~heets mund 
tho head of Charley and Gmdpwter rivers are the best examples of 

- the flows. The dikes occur in m y  localities throughout the field, 
but mmtly in the vicinity of larger -tic bdh. One or two 
occurrenim of o f t h l e  rhyolita t d s  have bean found in the q d a n g l e J  
but except for their tuffaceow fabric and Jhred character they d8er 
in-no way from the other rhyolites. 

Dacitss snd anddtaa mmtitnte the -ained mks of inter- 
mediah composition. Zike the rhyolite, they are commonly found 
in h t i o n  with d e e p a h d  rocks of the grmodioritic magma, 
and h y  may well be reprdad ae the &me equivdents of tha 
qua& &rites and &rib. In genera! the dacitee and andesites are 
W y  ta be darker than t he  rhplitic rocks, but in many o c c m n m  
they. can not be discriminated except by micr04~0pio axmination. 

D&.-Rocks of the dacite type consist essentidy of plagiwlase, 
orthoclase, quartz, and Borne dominant femic mineral, together with 
accessory miner&. Orthoclase; is not always present in the mode, 
but many of the rocks are aomewhat glway, so thab it can not dwaya 
be said that po Wh is low when it does not appear in ona of the m k -  
forming miner&. Dwite ig generdly porphyritic, most of tho pheno- 
crysts bekg p l q i o c l ~ e ,  orthoclase (if present.), and quartz. These 
miner& also m u r  in the groundmass. 



The plqioelrrse varlea d d e r a b l y  in composition, as in the qumb 
diorites. Sectiws p d e I  to 010 show extinctions vargiry: in char- 
ncter from pwdel to - 1 8 O  on the 001 clesv8ge, indicating a mmp* 
sition from bait oLigoclase to acid& labradorite. Most of the mnaUy 
grown feldspsrs which exhibit them variatiom have acidic rkm and 
basic aenters, m d  the rims mmmonly withatand alteration bethr 
than the centere. The chief femio mineral is biotib, though horn- 
blende may be mom conspicu~)~~ in the mode. Whero it is, o~hoclaae 
ia not likely to be present and the p l a g i h  is likely ta be more 
baaie. Apatite, a+&, magnetite, k n ,  and g m e t  occnr as 
sorg minerah. Serllcita, cbiorib, epidote, and cdcite a m  the chief 
secondary miner&. The sericita is derived h t ;h  from lelhpam md 
from biotite. Chlorite, howevar, mum for the mwt part afi an 
altaration product of biotite. Epidote results from the decompi- 
tion of both biotite and hornblende, but in one or two speche118 it is 
mmpanied by calcite ati~ the alteration product of garnet. 
The fabria of the dacitie mka ie rather diveme, d e p d i n g  on tbe, 

phyaicnl muditions under which tbe m k  eolid%d. Almost aU them 
rocke are porphyritic, but they vary from hdocrpbine .to vitm 
phyrio. A npecimen of hornblende daciM showed under the 
soope a poildlitie fabrio, with hornblende as the o ikocrp t~ .  Flow 
structures m a y  dm be smn here and there. 

Dacitic rocb rnrmr chidy as dikm, which are distributed though- 
out the region, dthough thoy me not so plentiful as either the rhyolitic 
or the basaltie rocks. Theg aeem to be more closely related to the 
rhyolih than to the basalts and diabeses. 

Ad&&.--In general character and mode of Iwwtlfi9llcle the mde- 
&a do not differ m~rial1y from the dacitee m p t  in containing no 
quartz. They are reither warm and do not merit any further man tion. 

B d . - T h e  baadta ma dark p y  to b h k  htf-grsined to apha- 
nitic mb. Some of them are megaporphyritic, though muah lasa so 
tbm the mom d c  volcanic mh. Through exteneive alteration 
they have been altered in some plaicrerp to dark-grmn rock that con- 
stituta a part of the mal2ed greenstonas. 

Under tha microscope the basalb are geen to m d t  amentidy of 
plagioclase and augite. Other miner&, such aa olivine, quartz, 
hypersthene, biotite, md bwsaltie hornblende, appear here and there 
in considerable amounts, giP;ng rke ta d8erent varieties of the rock 
Magnetite and apatite are the acmwury wnstituente. Jn addiltion, 
considerable amoun t a  of glass are common. The chief varieties of the 
m k  are feldspar lbta~lalt (the mmmon variety), olivine halt, and 
quarts basalt. 



The phgid& nmgm from andmine fo bybwnite. Zonal growths 
measured on 016 sections have extinction, a n g h  of - 7' to -34" on 
the 001 daa~age. It occurs veudy ia subhedm1 lathehaped indi- 
viduals. The augite occum ia angular grains between the feldspar, 
Not unoommonly weakly pleochroic crystals of hypefethene take the 
p l m  of the rrugite, either in part or altogether. Biotite and basaltic 
hornblends w u s  1- commonly. @adz is sbundant ae d e d r ~ l  
gains in the grovndmase or aa phenmrgsts showing mrption. 
Where resorption has taken p l w ,  the quartz is genemug surrounded 
by a rim of g lw ,  which is in turn a u m u n d d  by a rim of radiating 
monochic pyroxene n d e s .  Where quartz has been obsemed, 
olivine is usually lacking. Considerable glass is generally pment, 
and "Sphaerocryatallen" occur in the glassy b w .  

Thg fabric of the basaltic mks varies considmbly, depending 
largely on the amount of glami. One or two spechem nm holo~rgs- 
ttrlline and ghow B true doleritic fabric. Others am dominantly 
glassy, with resulting vitrophyri t ic fabrics. Between these extremea 
inhrsertal and hypocryetalline porphyritic fabrics occur. Where 
the 4 is porphysitic, olivioa, augits, and feldspar may occur as 
phocrgats* 

The basalt ocmm both m % o m  and na kitmaim bodies. The Den- 
nison Fork valcano is the bast axsmple of extmaive lava. The 
intrusi~e clikea and plugs occur at many locditias throughout the 
quadrangle. 

Didme.-Dhbase omum in part aa en intrusive rook of Paleozoic 
age and in part m aa intruaiva rock of probable Tertiary age, asao- 
ciated with the basalts. The older diabases omur mosbly as asill sad 
larger intmsive Wies, which by mehmorphic proceasea have been 
altered largely to greenatonae and serpentine. Rocks of thii type 
outcrop at numerous locelitias on both aides of the Yukon above 
Circle. A diabase butte rises at the hsadwatem of Salcha Xiver. 
The younger diabase rocks m r  for the most part aa dikes and do 

not d 8 8 ~  m a h d y  h m  the bm&s in minerd constituents. True 
diabaae, quarts diabme, and olivine dkbwe m u r ,  but as a rule the 
rocks am holoaystalline or very nearly so. In many d k  the plagice 
dase and augh are pikiliticdly intergmwn, giving rise to the ophitic 
fsbric. In otbem, howev~r, the augib is lms plentiful md a little 
g1m murs, csusing. the inhrsertd fabric. Like the baadte, the 
younger diabase r o c h  are fresh and but little altared. They have 
been found on Sheep Creek, Hutchinson h k ,  Granite Creek, North 
Fork of F o r t e e  River, and elmwhere. 

B-r. 
' 
In the Circle quadrangle a mmiderable vafiety 02 ignmue rock 

types b v e  bean found. They vary on the one hand from granitee and 
g u m  rnonzonitm through granodioritm and dioritea ta gabbm, 



psridotitw, md ppxmitea; and, on the other hand, from r b p h s  
aad dacites to mde~itea rwld b d t s .  In. none of them m&xt bow- 
ever, have my minerah rioh in W i e a  been found, other thm the 
ordinq feldspm. The mch of the region then am predomhumtb 
deri~atives of a ~ i ~ o r i t i e  v. 
The uniform p m n o e  of qua& is mrhhy of mention. In almost 

dl the rocks examined quartz enters aa o m  of the componmta of the 
made, m d  m k  types lwkhg in quartz ore very sparsely mpmated. 
Momnites md sysnites have nowhere been found and diorites and 
ande9iMs are vary subordinate. Even many of the b d t a ,  which 
in other regions ordinarily have no qua&, in the hie quadrangle 
contain considamble amounts of it. Thh & b u n d m  d quartz fib 
in naturally with the absence of &di miner&. 

Another st- feature is the ~baenca of the bash dikw that are 
so mnmon. in mgiom of similar inhsive mb. DBerentbtion 
resalting In the production of such rocks doe8 not seem to  have taken 
place. The proportion of femic minerals in the pIuhnh rocks Wem 
in difEwent lorrdities, resulting locally iu the production of a roc$ 
wherein one af the femic miner& is the dominant rock-forming mm- 
ponent. Some of the hornblende-rich granites and dioites iflmtpate 
this condition, but the relation ~f these rocks to the granitodioritio 
magma ia plain, some one mineral being merely aocentuatod without 
any marked mdificatwn in fabrio or mode of mrrenm. On the 
other hand, diflemutiated midk rocks, such EM pegmatite and apllb, 
are Cumm011. 

R-rded a,s, a whole, the ignmu~ rocks of the C ~ B  .qu&mgle am 
of imporwoe c M y  on acsount of their wide dhtribfition. Although 
many varietigs m u r ,  yet no.spcializred rock t y p  have hum notad. 
The rocks in && gene& charaoter mmmble the igneous mcka in 
soatbeastarn Alaska and in the A l d a  R-. 

The i n w i v e  mh have c o m p ~ c d d  the sfnrctum of the irzkudd 
wkat, have indmtad them, and bve d d o p e d  new minerals in 
them. The zone of influenee, however, except mmd the deep 
lying intrwiom, has been eomparativ~ly narrow and hae probably 
nowhere much e x d e d  1,000 to 2,000 feat. 

Where the deeper rocb have been intruded, aew &ends, princi- 
pally quartz, feuspar, pmt, st~uroEih, and biotite, have been 
devebpd, and gmerdly a cunsidm~bIe m t  of pegmatitic 
material has been formed in the ebpe of maay smdt apophgaes 
crosscutting the schists and lying praUe1 to their structure. Through 
this process the schistg lose their identity and become granitized. 
Where the limmbnm have h n  m e t ~ m o ' p h d  they have become 



in p l w  gemtifemm. At one locality a large amwnt of diopside 
and some mpolita w m  developed. 
Where the Paleueoic carbonammu3 mks have been intruded 

mddwita is the mmt common contact mineral. The p n a h n a  
and limeebnrs sppear to have undergone but little alteration, though 
the limmhnas in some placee contain considerable colorless amphibole. 
The pegmatitic intrusions are apparently rare in the Prileazuic rocks. 
Numerous dikm, however, sre typical of the contwtq and many of 
them are parslleI to the structtire of the intruded mks. Jn corn- 
pasition they resemble the main intrusive mass or form a somewhat' 
more basic rock r e l a d  to it. About the only effecta noticed in their 
vicinity am fracturing and induration. In comparison with tho large 
areas of intrusive rocb the nrneunt of contact metamorphism observed 
io relatively small. 

-TION. 

In soma placea comiderabln pyrib mmm in the mckn adjacent tn 
the igneous meseae, m d  in the Circle district both crrsaiteria and 
woHraMite have bcm obtained in the Birch C m k  schist close to the - 
biotite granite. 

It seems highly p m W e  that the gold alrso in the Circb district k 
more or lesa closely misted in ita origin to the intmive rocb.  On 
Homestake Creek, just beyond the western edge of the quadrangle, 
gold hag been found in hqMy miners1ized schist next to the contact 
with a dike of panits porphm. On Mosquito Fork, in the south- 
emtarn part of the quadrangle near tha boundary, gold and consider- 
able iron p y r i h  ocmr in rr &emlid zone, with mmy small quartz 
stfingsrs in quartz diorite. Fine flour gold is readily penned from 
tho weathered msterit~l. The w m c e  is apparently a silicified 
shear zone in the igneous rock. Amaye of two specimens gave for 
one 0.68 ounce gold and 0.1 ounce silver and for the other 0.36 ounm 
gold and 0.1 ounce saver to the ton. At another locdty on Mosquito . 
Fork, near lthe mouth of GoEd Crsek, gold h~ been found in P A ~ ~ R  in 
cloae amxiation .with igneous rock. Adjacent to both emtern and 
weskim boundaries of the quadrangle, then, goM has been found in 
~ l m e  mociatian with igneow rocks, and it seems highly probable 
that thase rocks wem active agents in the minernliz~tion and that 
the mntacte of the intrusive rocks and the adjacent portions of the 
intruded rocks are the most favorable localities for prospecting. 

That the granitic h t m i ~ e  rocks caused the formation of many of 
the quartz veins in the scbish and later rocka ia shown by the fact 
t b t  good expmuree around htrusivs masses (as on canyon walls) 
show the main intmaiva body to  be fringed with apophyses of more 
or I= related mmposi tion which farther sway give place ta abundant 

%378'-Brtll. 
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quartz veins, whieh in turn, stIU farther away, h m e  I- abundesnt 
and finally disappear, indicating that they bear a definite relation to 
the intrusive m m .  For hlf a mile or more around many if not 
mmt of the intmive bdiee abundant quartz is present, and the facts 
seam to indicate clearly that it bas d t e d  fmm the intrusio~. The 
fact that intrusive massas occur within all the placer-mining digtrictg 
and that auriferous q w d z  veins have been found mast commonly in 
the vicinity of these ma- suggests that the gold as wall as the 
quarts had its origin in the process and products of intrusion. 

The mrnp1ex s t r u c t t k  characteristic of the sedimentary f o m -  
tiom of the quadrangle have been rendered more complax by the 
extensivs intrusions. Tbe ro& bave the two great pm&g 
structural trends so characteristic of much of Alaska-tha southeagtr 
northwest trend and the aouthwmGnortheast trend. In the Circle 
quadrangle the southeast-northwest bend is the more apparent, but 
in plms, especidly toward the w e s b  margin of the quadrangle, 
the other trend, whioh ia ahanwteridic of the Fdcb& quadrawle, 
begins to aassrt itself. 
In some p l ~ m  tho sedimentmy m h  have adapted themelves to 

the onthes of the igneous bodies and hava bent round more or less 
in conformity to them. In other p l m  hey have been cnmplod 
uposthemaelves or cut acmm by the igneous bodies. 
Tbe charmte+tic stmcturr! of the Birch Creek seht is one d 

clmely a p p r d  mumbent fo1hv the planes of whose axes are nam1y 
horizontal. The mks are much jointed and contain much lenticular 
quartz. The Pdmzoic mh also have been d0881y folded and in 
some p I m  posssss stntctures practically tu complicated aa those 
of the Birch Creek schist, though their original structw~s have not 
everywhere been so thoroughly obliterated. Cleavofge is a rather 
charach~tic ~ltmcture. 
The Mesomic and in p h s  the Tertiary mcka dong the Yukon have 

dm been closely folded. T h e  Tortiarg depoeite, hwever, have not 
boea m uniformly a%ected and in plme are nearly baicontat. 

A line connecting the Fairbanks and C h l e  &tr ick apparently 
minoidea with the & of a large snticlinal area of the Birch Creek 
achist, flanked on both the northwest and southemt by Paleozoic 
roch. The mdm flanl$ng the northwest mde bend round toward 
the southaast in the C r q  Mountains and: extend a c m  thehorthern 
edge of the qusdrmgla. Tho rocks flanking the southeast side 
pardlel to some extent the belt on the northwest but are more mm- 
plicated by the presence of inkwive m m s .  Thb second belt of 
Palmmic rocks ia bounded on the south by another m a  of mhist that 
contiauw toward the southeast, .Baaking the large m-a of ignaous 



d that mur in that direction, This belt ol s b t  mmmvs- to 
abut 6 milee betwoan tho igneous rock and T m a  River a few 
milea southeast of the quadrangle. 

In general, then, tho two Paleozoic synclinal areas, s e p m t d  by 
an snticljnd area of whist, bend round from the northeest trend to 
take on the northwast trond. Thig deflection, which is one af the 
most striking facts in tbe geology of Alaska, is shown abo in the 
Alaska Range, in tho southern coast line of Alaska, and in the mume 
of Yukon River. 

Q E O W I G  mBTORY. 

IPernS TO TEE UHME OF TEE r n T L 4 R Y .  

The matarin1 available for constructing a ;geologic his* of the 
region is scanty and it is only pmib1.e to sumrn&e what appear to  
ba the mmt important geologic events. 
The evidence indicatm that the m a  is one of dimentary rocb, 

thousands of f e t  in thickness perhaps but thin in comparison with 
thme of tha Yukon-Tanma @on as a whale, overlying batholithic 
rmrww of grmitic m k s  that form sn intrvsive foundation. 
The lithologic chmaeter of the oldest rocks, the Birch Creek schist, 

indicatw uniformity of conditions over wide nr8as. Tho inter- 
bedding of arenacgous, ~ a c e o u s ,  md some calcsrreous material 
j, c m o n  wherever these schists occur. The formation becomes 
apparently more calaarmus tawnd the top, where both limeatone 
and qwbonaceous schiBt.9 ~ T B  likely to bo found. The apparent 
thickness of these deposits indicatm a long eoatinuanm of con- 
ditiona favorable for their deposition. The presence of gneissoid 
granita in intrusive relation to thme schhta indicates that the con- 
didation and folding were mornpnnied by the intrueion of granitic 
materid which later underwent metamorphimu along with the in- 
truded mts. The rocks become gneissoid with increasing depth, 
toward the intrusive contact. Tho top of the ~chista ia regarded aa 
unconformable ta the Paleozoic on account of their prevailing greater 
metamorphism and their greater complexity of folding. The rela- 
tions of the two, howovor, are nowhere clearly shown, bekg appar- 
ently obacud by welding ancl by metmno'pbiam in the lower portion 
of the Paleozoic. 

The Paleozoic was an era of great variation in conditions witbin 
gomewbat n s m w  limits. Quartz feldspar and other siliueoua aedi- 
menh form an important part of the geologic section, but the pre  
vailhg sedimentary rocks am arS;11aceous, with abundant limestone 
snd greenatone. The dominmt characteristic of the Paleozoic is ita 
abvndant volcanic material. hi some areas volcanic action com- 
rnsnced apparently near lthe beginning of Pdeozoic time and con- 
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t h u d  at inkmale until it reached a maximum, perhapa in the Middle 
Devonian. Diablusic and basaltic flows, tuffs, and breeciaa in close 
aaeociation with limestones of the Devonian are particularly abundant 
and indicate widmpmad volcanic activity during that part of the 
Fdeazoic era. Tho Paleozoic areas in the Fairbank quadrangle 
indicate that although the variation in sd inen~t ion  waa p a t  there 
was no appreciable stratigraphic discontinuity between the Ordo- 
vician, Silurian, and Devonian. OmoPicim low& occur in con- 
glommtss underlying limestone and in the limestone iMf near the 
baae; farther up in the same b d y  of hestone S i l k  f& occur; 
and dill! higher up f o d s  that have been d e k m i n d  as Devonian 
are found. 

The Carbonifmus ia charectmized by a large mciunt of limeetone. 
9a far ge known only the upper Cmboniferous appsars within the 
%lo quarlrangle, but further wmk may re~eal  the extension into 
it of other Carbonjferous formations that lie just b o n d  its enatem 
limit. Deepma conditions prevailed d u h g  the depmition of the 
upper carbon if emu^ and fmih are sbundanlt in ite lhatonee. 

The h w e r  Cretaceous was an epoch of shde and sand deposition, 
which ~ 8 8  closed by e x b i v e  mountain making and 8bundant in- 
trusion of granitic rocks that mntinued till the end of the Jieaozoic. 
Tn the Rampart country the Upper Cretaceous has at its base a 
wng1omerats composed of fragments of the underlying m b  which 
me regarded aa in part Pdeozoic and in part Lower Cretweoua. 
The Upper Chtmxaus, therefore, ia in part at lewt unconformable 
to the undmlykg mh. Shore conditions are indicated in the 
Charley Rive  region by the coam ooaglom.eratio rocks regded  as 
Upper Cretaceous, and also in the Rampart muntry, where, diooty- 
Idonow lea~as and ammonitm occur in dme &&tion in the 
Uppm crehmua. 

The Tertiary mb include cZay, sand, and lignites with abundant 
plant-bearing beds and indicate that Tertiary deposition began in an 
area of low relief where sluggish streams, lakes, and Bwamps pmailed. 
The tater conglomeratic deposits, which are probably in the main of 
fluviatile origin, indicate a change of conditions that rssulhd finally 
in the rather close folding of many m of Tertiafy rocks. 

The main events to the close of the Tertiary may be summarhad 
aa f o l h :  Deposition of 8r8m%Of2OUB, q i h m o u s ,  and some cal- 
=us beds over wide arm; consolidation, elevation, folding, in- 
tm~ion of p m i t i c  rocks; met&morp&m; erosion; Ordovician, Silu- 
hian, Devonian, and Carboniferous depwition during which much 
bmio material b e e m  i n h r b d d d  with the d iments  through the 
W e n q  of the volcanic phenomena ao charmterietis of the f aleozoic; 
Lower Cretaceous deposition; abundmt granitic mtruaion throughout 



a large part of the Mwozok mntinuing tiJl the c l w  of tbe Upper 
Cretmeoua; voIcank phenomena producing rhyozitic, dhtic, and 
some basdiltic mks, pmbably awompmied by the intrusion of 
granitic mb and lmting into the Tertiary and later; depwition, 
ezevation, and folding of fresh-water Tertiary deposib. 

!Eb pluhm-The development of the pmemt surlwa during 
Pleistmme and Recent time haa been complex and is very probably 
due to several p m e a .  The lithologic cbarachr of the older for- 
matww indicates that during periods of emion the surface became 
more or less reduced to s I o w b d  of faint relief, and pohbly  this 
has been the history of the potion of the prment surface b w n  as 
the Yukon Phtaau. T b  plateau was described on pagw 13-14 as 
the uniform level above which extended numerous ridge and domes 
and below which the valley systems had been out. Its elevation is 
about 4,000 feet near the heads of h d p a s t e r  and Charley rivers 
and about 3,W feet in the vicinity of the Yukon and Tanana. It 
is om of the most conspicuous fmtwres of the relief in the intarior 
of the Yukon-Tasana region. After its formation it was uplifted 
to its present altitude, so that rejuvenation of the stream tribuhry 
ta the Yukon is general, and narrow canyom of the lower valleys, 
like those of Birch Cheek, Charley River, and Fortpile River, are 
characteristic, m are also the open flat valleys that form the upper 
ptbns 01 the v d e p  of the same streams. As the present valleyL 
of the Yukon has bean intrenched in an older vdey floor, hso the 
pmmt canyons of these streams have been cat in older valley 
flmm w h m  mmanta appear as weUd~veJoped bench= along their 
s i d ~ .  

On the bwer bench- gravels are still pment, but on the higher 
bmchw, like that of the SeventpiEe, 500 feet above the prwsnt 
stmian, no p v &  w m  o b a e d .  Them seem little doubt, how- 
ever, that this bench belongs very definitely to the history of the 
Seventymile Valley. 'it seem most reasonable to regard the stiEl 
lugher general level of the plahau as having been davelapd under 
former drainage. conditions and as having later been elevated and- 
subjected ta great dkection, just as the benchea of pment stream 
me cut by minor tributaries into Inany fragments. 

The larger kgdmit ies  of the a u r f m  above 4,000 feet are due 
predominautly to the presence of the more resistant igneous mIcs 
that have withstood erosion. Among the minor detaila of form are 
the cirques, U-shaped valleys, and morainal deposits that have 
already hen d&bd as products of local l , t ion.  {(See p. 34.) 
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Sleml hiD.--A fenture Chat is very common in portions of the 
area was briefly discribd as follows by the writer in the description 
of the Seventymile drainage area in 1905: 

The Wle rise to a hewt of 2,500 feet or more above the river and exhibit beau- 
tifully prwrervd m k u t  benches to their summita, which ma flat tapped, several 
acrea in extent, and often comupon& in level to the truncated topa of neigh- 
hille. T h e  bemhea, except where obscured by gulchea, can be traced around the 
hillrc; they sre eqeid ly  prominent on ihe epunr and mcur at corrwmponding levels. 
The deal diatance betwmn tho ateplike bench- variw fmm a few feet ta about 

k t ,  the riae from ono to the other oftcn ahoaiq an outctop of the bwlrock. The 
roch compriRin~ tJ$ mrm are highly contorted metamorphic mbiata and granular 
inmuives. K'hirtever tho b h k  or ita attitudo, the m e  forms have bem devol- 
oped snd axe moat striking featurn of the landwape. Similar forma were otwrerved 
in other localities on t h o  northern side of the Yukon-Tanana country but nowhere 
exhibited such development a~ in the wtley of the Seventymile. 

Siam 11905 similar .rkp+?ut hilh have been observed in different 
parts of the Fairbanks region, where they are most prominently 
developed rrt 4,000 to 5 000 feet above gets level. The truncated 
domes, the many benches at apparently concordant elevations on 
the s p m  of the ridges, and the flat pasees through ridges form 
perhaps the moat striking topgraphio detail in the quadrangle. 

Under present conditions there seama to be no adequate a w e  
that could produce snch uniform rmults at approximnteIy concord- 
ant levels over widely separlrted areas on s p m  extending h dif- 
f m n t  dimtiom, 

The efficacy of ion in developing flab in portions of river valle$ 
has berm noted, and it is very probable that Inow banks havq to 
a considerable degree, the same kind of efficiency in protecting the 
surfwe beneath and in loaaIizing erosion to the area in contact 
with the edge of tho snow bank. The anow muM thua protect 
from erosion forma already present and might even accentuate ~ u c h  
forms. The snow banks lingering in the angles between different 
slopm wouM It-~alim tho erosion ~t the inner d g m  of the benchm 
and maintain the sharpness of angle already existing. It ~mms 
reasonsb2eY therefore, to concludt, tlla t tho forms under consideration 
were produced by former drainego conditions end have been pro- 
tected and even kept in repair by anow banks. 

The Yukon-Tanma region haa been known chiefly  OF ita p d u &  
tion of placer gold, which up to the present time has timounted to  
approximately $75,000,000. Mmt of this has come from the Fair- 

1 Prfnd'h, L. M., l'hn gold pl- d t b  FmQ'mh, B M  - d Fairhuh e, &ah: BUM. 
V. 8. Suwny Na %I, I=, p. 2D. 
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bankg dktrict, the other chief producing areas being the Fortymile, 
Circle, and Rampart districts. 

Most of the gold of the Forbpila district and all that of the Circle 
and F R i r b d  districts hm been derived from mas in which the 
Birch Creek schist forma tho bedrcek. Most of the gold of the 
Rampart district haa h e n  derived from areas where PaIeozoic mka 
form the bedrock. Some of the gold found on streams t r i b u t q  to 
the 'Yukon, above k 1 e  has appsrcntly been derived from quartz 
veins in b w o r  Cretwoua slates. A t  other localities in tllis r~gion 
the gold has been derived from areas of Tertiary a d e r o u a  con- 
glomerabs. 
In the Fortpile district gold has b m  found at one locality in 

p l m  in quartz diorite and at another locality in Fdeozoic mcb 
close to the contact with qua* diorih. S e ~ e r d  sedhenterp ant! 
igneous formations art? known to have beon sources of phtcer gold. 

Tha origin of the gold is indicated by the fact that in all the most 
productive areas igneous intrusive rocks am present and the find- 
ing of gold in hirock near them indicates that they a m  ita chief 
m. 

Plmr gold is found in bench gravels at elevations not exceeding 
500 feet above the present streams and also in the stream gravels, 
where it is almost invariably cIme to bedrock. 

UQLD X# BED- 

B i d  h k  dd.-The axmuck  of gold in the Birch Creek schist 
has bmm studied in the Fairbanks district, where tho auriferous 
quartz veins range from small stringers to v e h  15 feet or more in 
thicknm. ! h e  richest portion of the veins tbat have been prm- 
pcted, however, is aa a mla not moro than a foot thick. The veins 
strike in general northeast and southwest, about pmlld with the 
strike of the muntry rock. They aro generally &oat vertical, in 
p l m s  paranel with and in p l m  cutting the structure of the schist. 
The suriferous quartz is g~nerally white and opaque; the harron 
quartz ia gray a d  glassy. Mmt of the gold is mocistod with 
m n o p f i t o  and stibnite. Other aasociatos are iron pyrites, limo- 
nib ,  galona, and sphalerite. Minerela in the ~tream gravak that 
have appmatly been derived from similarqveins we cmsiterita, 
wolframite, and bismuth. 
In the Birch Craek district, on Doadwood Creek, &terite abd 

mlframita havo been found associated with.gold in the placers. On 
Eagle Creek there is a thin vein of gold in mica achist d t e d  +th 
some quarte. 



The gold found in quartz veins i~ described by Bmks  as foflom: 
A wed aide dihibution of vein quer t~  i n  attested 'both by the bedraclc e x p  

surea and by the chr&m of the fluvisl depita. Thia quartz ia very frequently 
found to be iron mined, snd one natnrally t u m s  to it to aeek a murre of the placer 
@Id. Them i a  but little direct- evidence on thia point. The pmnmce of pyrite- 
bearhg vein quartz in tbe auriferou alluvium i a  a dmmckriatic fa twe  of thwe de- 
poeita. On Eagle Creek a Pfmt gold-bearing q-2 vein ia  said to have bean encoun- 
tared in the drift mining, but the miter did not ma the ex-, aa the &it hahad 
a v e d  in. A #*men of the qusrtz .showed it to ba imn stained and broken by 
thin of gold. The gold of the adjacent p h  wae angular and mrried much 
quarts. A minamliml fracture zone about 8 i n c h  in width haa h e n  found on the 
upper put of D d d  Greek. Within thia m e  the eehigt is permeakd by &ringer 
wing pyrite and galma, and it ia reported to carry valuee of 88 in gold and 
# in silver. 

Spurr m p k I  t-he Wing of gold-bearing quartr on Hanilran Creek. He d d b a  
the occ~rrence as follows: 
"Tho beat example of gold-haring q- found in the gravel ia r rhombidal 

block of quartz whist, abut 44 by 5 by 2 inchee, found on claim 91, on North Fork, 
about threequartem of a mile a b m  tho forb. On one of the larger aurfacw of this 
block ia a quarta vein wbich i s  richly ~poW with hkea and ~pecke of gold, ranging 
from thweixtesnth of an inch in diameter to mere spech, which lanally become 
i n d b l e  to tho naked eye.'' 
Thaw h t s  indicate tbat the placer gold i s  derived from aonw of m h d t i a a  in 

the mchiAt mrie~. The wide distribution of tho placer gold ia  not B favorable indim 
tion that the values am mfflciently lmlieed in the bedmck to afford commerciaE om 
bodim. It mwt ha mid, however, t h t  them is little evidence an thin point, ~ o d  
workable lo& may yet ke found when a s-tic eeafih ia  mde. 

P* rockam-Placer gdd in Paleom& irreae haa been found 
mainly in the Ramp& district, where it ha9 apparently been derived 
from q u b e  veins in carbonaceous ~ l ~ t s s .  Cassiterite is commonly 
associated with the p l d  in the placers. 
In the Chicken Creek valley, in the Fortpde district, gold hm 

been found in am& calcite veins in rocks regarded as Paleoeoic c h e  
to m igneous contact. 

On cmka tributary to the Yukon above Circle, Brooks obsmed a 
clase relation between the alluvi J gold and Lower Cretmom ahtea, 
dmcribiog it aa Zollom: ' 

The mlta erpaeed along the Yukon between Eagle and Circle do not m+m 
include sny of the older schbte, such are nasPciated with the Birch Creek p h m .  
In fact, over much of this belt the formatione m aIightly altered lim-nes, &lee, 
&tea, and mmgIomeratee, which do not bear evidence of minersbtion and will not 
rtizact the p k e r  miner. k a U y ,  however, mme of theee m h  are mineralized and 
c o n e  more or less gold. Thus on Nugget Gulch, a tributary of Wdhqton Creek, 
alarm of Cmtaceow age are found which are penn~atd with quart% Geina, m e  of 

yield gold, ss the ase~chted  alluvium is auriferom. The writer waa not 
able to ~tudy thk l d w ,  but it ap- that the gold WCUXE in d pzEhes 
- .- 

I Brook& A. E., Bun. U. B. Qsd m~ No. all ,  SW, pp. I S I W .  
m Bpurr, J. E, b 1 ~  d t b  Y U h  @d dmle t ,  At.La: E W m t h  dmr. mt. V.8. am, 

pt. a, ms, m. -54. 
r B m o l r , A . E . , o p . c K , ~ ~ ~  
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( ~ i  the b h k .  Thia oocnrrence, though probnbly of mnnll commercial imprt, bae a 
iaMaaching aignifiumce, as it indicetea that h o w  hsa been an i n h i o n  of m i n d e d  
v e b  since thm ywnger m b  were depited , Tbe writer in, howevm, of the opinion 
that thie minerahation is not genersl enough to enmurage $s ~sarch for places where 
theee Cretaceous &tes form the countq mk. 

T& y Pock8.-In the area just demcribed are gold-baring stream 
v a b p  that lie entimly in arew of Tertia-ry conglomerate, indicating 
that tbe gold was p e n t  either in the conglomerate or in some 
alhviJ deposit that may hnvs overldn the conglomerate and may 
have been for tho most part removed. The bowlders mentioned on 
page 33 include vitmus maasive quuartste and hard Paleozoic con- 
glomerate. neir position in tha.Tertiary conglomerate is not defi- 
nitely known. Mining baa shown that they are rather common in 
the gramla of the present atre-. They have not been, oberved by 
the writer except near the s u h t a  of the ridges where the Tertiary 
conglomerate occurs-that is, near what is apparently the hrghest 
portion of the conglomerate-and in these positions they occm only 
as 1-8 bowldm emong weathered materiel, so that it ww impassible 
to determine whether they formed B constituent of the conglomerate 
or of a deposit of high p v e l s  comer then the conglomerate. How- 
ever, in view of all the f mta available, it seems probable th& these 
bow1dei.a formed a part of the conglom~~8te, pmbably aboutita Whest 
part, m d  that the placer gold in the creeks was depi2ad with the 
gravels of the oonglomerate mther thm derived from a bed of alluvial 
d a p i t e  that fomerly may have veneed the ama in which the 
p l m  ocxur. Nevertheless, in considering the origin of the p l m  
gold the possibility of ib derivation from bigh-Iping gavels that have 
in pnrt lbean removsd and in p a t  merged with the w e a t b e d  con- 
glomemte can not be left out of consideration. As mom detailed 
work is done further f ach bearing on the problm may be dimovered. 

The material of the canglomerab has bean derived from the older 
m&, which have in p l m  been auriferous. It would be perfectly 
nnturnl, therefore, for placer gold to be pmemt in the wmglomerate, 
+ap  irregularly distributed and nodere conmntmted or perhaps 
confined to some particular horjurn. However, even if w&n-ed to a 
particular horizon it was probably not sufficiently concentrated to 
form deposita of m n o m i c  importance. 

Igneozra to&#.-The occurrence of gold in the quartz veins and 
silicified a r m  in the quartz diorites of Mosquito Fork baa &dy 
been dmdbed. (See pp. 49-50.} 

Hmry smrm of goEd i m  bed&.--Igneous mBa she prment in 
all the chief ph-min ing  districts of the region and m gsnerdy 
cldse to loedities where gold has been found in bsdrock. They have 
been activa sgenta in opening the rocka to the influence of pmlating 
~olutions and have  upp plied heat to maintain fox a long period the 



mob%@ of matmiah by keeping them in solution, The 'hot spring 
which are common c h  to granitic masses in different p&s of the 
Yukon-Tanana %ion indicate the long continuance of the heat d+ 
rived from ignmus mlcs. The point might be raisod that important 
placers ham been faund only in the vicinity of small mew of igneous 
mka and not w u n d  large a m  Lilre those presmt in the C k b  
quadrangle, and it is pmible that the oonditions for deposition aro 
more favorable around the a m a h  rnmseB. The same fmt hm 
bean observed in California.' The most important mineralization 
apparently took place in the later part of the nlieozoic or&. 

Pher  gold mmm in bench graveh md in the graveh of the present 
stmmw. The bench graveb occur at elevations not exceding 500 
feet above the level of the present streams, and but few of them haye 
hen found rich in placer gold. Most of the @gold is found in the 
d e p s i t ~  of the present etrstum. Theee deposits vary greatly in 
thicbeae. Most of t . h e  of the Fortymile m d  Circle ditrich, sad 
a part of the Rnmpwt district, ere comparatively shallow, and most 
of those of the F a i r b d  dietrict we deep, some of them memuring 
more than 300 feet. The great& part of the alluvial deposits are 
more or Easa permanentb frozen, in p l m  to depths of more than 
300 feet, but the distribution of fmmn ground is irregular, dependimg 
on * a g e  mnclitions. In the B r e r  Valley, in the Fairbanks 
district, for example, a h &  100 feet senna to be the limit of the 
frost; below that level a large amount of live water is present in the 
gravela. 

The ~tream d e p ~ i b  are genmdy separable into an upper layer 
of h e  & y q  snd rraudy materid h o r n  as ' "muck," an in termerlists 
bed of barron gravel, and s lower bed of aurifemus gravel, ranging 
from B few inches to (I feet or mom in thickness. The product.ive 
gravels are ahwt invariabIy n a t  to W m k .  Most of the gold 
is found close to Gdmk,  or, where thia is bkckg.; in crwb and 
crevim t~ adepthof sfmtoreven3feotormoxe. THeTRidtho~~r 
which the gold is found in sufficient pant  ity to pay for working under 
present conditions rang- f m  a few feet in the n m w  vaUeys ta 
several hundred feet in some parts of the wider vdlep. The avomgo 
width for the Pairbanla district irr about 150 feet. h exceptional 
vallep, like thnt of C l q  Cneek in the FairbanIcs country, the 
productive gravela h&ve bean found to be mntinuaus throughout 
the length of the valle~. 



aow, m THE CrnCLE QUADRANGrn. 

Tha b t ~ k  of the gold fmm the Circle quadmngIe has bsen obtained 
in the Birch Creek district. A amall amount is obtked annually 
from creeks tributary to the Yukon above Circle and a little ha9 
been obtained from the Seventymila, Fortymile, Saleha, and Chena 
drainwe areas. 

Bmm GaEEx DImBIrn. 

S h  ib diaoovery in I894 the Birch Creek ditrict hrsa been a 
continuous producer of plgcer gold. It h~ held ita own in epite 
of b v e r i e a  msde in other regions, and with the introduction of 
n m  methods of mining it is still meinteining its production. The 
following table whom it9 annual gold p~oduct~inn from 1894 to 1911, 
inclusive, and the amount of silver mntaind in the p l d .  

The weeks of mnomic impt.tance in the BkK Creek district 
flow from the ridge between the vdlep of Crooked Creak and North 
Pork of Birch Creek and indude tribvtariea of 'both The principal 
gold-pdwing creeks tributary to Crooked Creek are Daadwood, 
m o t h ,  h t o d o n ,  Independence, and Miller; those tributary 
bo B h h  Cmk are Eagle (with i ts  tributary, Maatudon Fork) and 
Ebrrieon. Several other creeh have produced smaU momta of 
gold. 

Thses areas have been viaitad frequenfly by prtim from the 
asalogioal S w a y  and have been deecribed in report8 named in the 
kt of publications. (See pp. 10-1 1.) ! lksa reporb have been freely 
drawn upon in the preparation of the iollawing description: 

Mask of the v&p are ~imaar in development, having abut the 
m e  length, wiath, and grade and carrging bout the same amounts 
of water. Deadwood, Mmtodon, and Mdle # ~aUeys are all limited 
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on the eaet by a stwp slope (PI. XIII, A), dm to whose b w  the 
streams flow over a flat having s maximum width of a few hun- 
dred feet. West of ltha fht is a ~~~y rising dopa more or lem 
benched, a few hnndred feet to  a quarter of a mile in width, which 
merges with the gradually doping ridges that form the weet aides 
of the valleys. This ua~pmatrical type of valley is vs y common. 
On m e  creete where the stream gravel8 have been worked out 
mining has been attempted on the benched slopes, and some pro- 
ductive gmnnd has h n  found. 

All the plscer ground is w i t h  smaa where the Birch Crmk whkt 
f o m  the bedrock. Some locat intrusions of porphyritic biotite 
granite and a few bseic d i h  are present. 

The gmvsla, which are mmpmed ent idy  of the &~BB of bed- 
rock outcopping in the valleys, coneist moetly of eubangular and 
angular fragments of qnartzite whist and quart~mica achiat and 
considerable vein quartz. Most of the pi- are s d ,  not e x d i n g  
a foot in diameter, and ara mixed witb h e r  matRrLal of the aame 
nature, The proportion of bowldem is small. The t h i c k n ~ ~ ~  d the 
deposit ranges from a few feet to 30 feet, but where moet of the 
mbmg has been done generally d m  not exceed 8 feet. 

The gold k found mostly clme to  bedrock, and the ground baa 
been mined to a width of over 200 feet. Most of the gold is rather 
h e ,  the co%raeet nuggeta found weighrng only 3 to 4 ounoea. h- ' 
sidemble araag b v e  yielded about 25 cents to the square foot of 
'Ibedmck. Other areas, however, have yielded much larger amouats, 
and in 1903 some of the ground was reported to aversge $1 to  $2 
to the ~quara foot. The aversge value of the gold has been reported 
by mine173 to be $17.73 an ounm. That from Eagle Creek hae n 
somewh8t higher d u e .  

F L A a R 8 .  

Dlk*DWaoD ePlLgr 

M w d  k k ,  wbih is abut 20 d m  long, he&! in a ridge 
over 3,000 f& high and entern Crooked Creek af an elevation of 
1- t h  1,000 feet, Ita v&y ia divided into two portions--an 
upper narrow portion abmt 12 milea long, and n lower portion 
about 8 milea long, where the wZIey me- in that of h k e d  
Creek The stream flst, which in placee is m~eral hundred feet 
wide, L close e t  the s h p  gast aide of the v811~y. A mom or less 
weU4ehed bench with a rwxham width of B B V ~  h m W  feet 
rises gradually on the wmt from a level &out 20 - k t  abow the 
dream. Switch h k ,  the mmt importat tributary> k- abut 3 
mile8 long and entern e wood Creek through a mrmw V d p d  
valley about 3 miles above the point where the main st- leavm 
the hilIs. 
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The bed& in m& of the d l e y  is rather msssiae, blmky quartzite 
mhbt and quartzmica whist. T h e  rocb show minor folding and 
contain numemm s m d  quartz &ringers. Intrusive granite is very 
m q i a o u s  in the region farther east, especially on Ketchurn 
flock, only a few miles east of Deadwood Creek, where weathering 
haa cawed it into some wry ~triking pinnacled forms. On Ded-  
w d  Creek it Is not so conspicuous, but forms the bedrock for about 
R mile.  Near the mouth of the vdsy a diabaeric dike waa o h w e d .  

The p v &  are composed of the varietiw of rock mentioned. 
They consist of subanguhfragments, mostlyunder afoot in diameter, 
mom or l~ Lrregularly arranged in much h d y  broken m a t e d  of 
the same nature. The depth to bedmck in the creek ran@ fmm 3 
.to 12 feet and on the bench to the weat, so far as h a m ,  from 6 to 
20 feet. The gravels in the creek ham a maximum thickness of 
about 8 feet and lie beneath a gemerally thin overburden. Some 
gold is fmnd through the whole thichess of gravel, but moat of it 
Iies clum to bedrock or in bedrock to tl, depth of 2 fewt or mom. 
Where the bedrook i msssive and ie divided into bloch through 
join-, gold may have penetrated to a depth of 4 feet along the 
joint plan-. The width of the pay ~ a n p  f ~ o m  a b u t  25 to 
300 feet, the average being 175 feet. The merage tenor of the 
p n d  for the entire creek h mid to have been about 25 centa to the 
square foot of bedrock, but gome ground haa avernpd much more, 
SO ems to more t h  $1 per quam foot havjng been obtained. 
Zittl~ is hown of the extent or tenor of the gmv& of the bench. 
In a few places, however, gold haa bean found, and at one loceL@ 
it wee reportad to averqp more than $1 to the cubic yard of dirt 
moved. TWO nuggets worth $8 and $10 W- fwnd. The gold on 
the cmk is generally Hatbned and at the entrance of the vdey is 
rather fl*; the largeat piece rscorded wss valued! at $122. Tht 
found on the bench is rougher and thicker, 

More. than a hundred 500-foot c h  have been steked on &ad- 
A o d  Creek and more or less work has bean done on a b u t  70 of 
thleae. Gold has been found in commercial qnmtitiea from a point 
about a mile sbove the mouth throughout the length of. the creek. 
Switch Creek a h  carries pay gravel. PJe~rly all the mining on 
Deadwood Creek has been done by s&Il operators using simple 
methods. In the Iower mile of its coum, where its d e y  broadens 
snd gradually merges with that of Crooked Creek, th~ gold is more 
&eminatad and is not auacaptible to profitable exploitation by crude 
band methods. This part of the field is worthy of mreful asmine 
tion by those loolung for dredging ground. A t  a point Idf a mile 
above the month of the valley the depth to Gedrock is only 10 feet, 
It doas not seem probable that the bedrock floor slopes more than 



25 feet ta the mile, and tbdm it in not ki be expected that the 
depth to bedrock be*- this point md the month of the valley 
will be found to be more than 35 fwt. 

Among the mined3 m i s t e d  Wi& fhe gald am wolhmite and 
e k t e .  The occurrsnce of these m i n d  in the placer deposits 
of Deadwood Creek ww etudied in 1909 by Johnson,' who mys: 

No expomves of the wolfnmite or d M b  in place were m. A amall wollfRm- 
it+bmhg win wm reported to h v e  been found in a pwepect h&, Bunlt while 
m n g  the high-bench grew& for Ipld, on the high bench weat of D e a d d  
Creek, near the junction of Dead- Creek and X3isroverg Gulch. At the time of 
the writer'a viait thfs pmqwt hole had csved in and was filled with water. No 
wolframite could be found on the dump. - 

Wohmite  and mar mmt abundantly in the p h  grad8 of Deed. 
wood Csek a ahoP.t diswce below the mouth of Diecoveay Gulch. Concen- 
collected from the sluice boxee bere are composed principally of Beae two m i n d .  
Placer wolfrsmite i~ dso reported b m  Diemvery Gulch. Et is  not known to mcur 
in the gmvela of Dmdwocd h k  above the mouth of this gulch, nor haa any 
been detected in the exdmtiona of the conmtmtae cdleded abwe t h  point. 
1 t ia  not hown whether t h w  miner& me pweent in the high-bench -vela. The 
placer mkfremite ia found on dl the treek claim on Dendwood Greek for at 1mt 4 
miles below Dimvery Gulch, but it is not m plentiful on the lower claims an above 
rhe mouth of Gwitch Creek. The ccmmt and mmt abundant w o k i t e  and d t  
e r i t ~  are found on the weet dde of D e a d a d  Creek, a abort distance below Dimvorg 
chim. The w o h i h c m n u e  in water-worn cleavage i ~ m t a ,  with d i ~ h t l y  roundd 
c d p .  The color and e t r d  are both dark brown. The k ~ t  piwe scen m w w d  
1.7 by 0.8 by 0,s inches, but pi- h timm as M e  as thu are reported to have 
been h d .  The Wt piece d &terita obaervsd in the concentrsh r n d  
1 by the-Po- by one-half irk&. Mmt of the crmcentrah mllmted, however, 
p d  through an 8 - m d  8ieve. 
Concentmtw from ~ y e r a 1  c ' h  on M w d  and Bwitch c r d w  wew examined. 

Asrwlciakd with the gold In the concenfrsta were found w M h ,  caaniwte, nq-  
netite, ilmenite, amnopyrite, pgri&, gal-, limonite, garnet, tourmalina, and 
q h .  Wolhuuik WWI not detected in the Spit& Creek conmntmtes. Cseaiterite 
m a  found in all the mncentmh examined, but mmt abmht ly  in those from Dead- 
w d  C d  bet- Discovery Gulch and Switch C m k .  Mqnetite wns very 
nbundant iu the Skdwod Creek concentrstes, but nearly abaent fmm thm coUedd 
on Switch Creek. The a n l p h i d ~ ~ p p i t e ,  pyrite, and gale-were foud 
principally on Switch Greek. 

Born= y 
Flacar gold hse bean found on G d o m  Creek, a small tributary of 

Boulder Crwk. The ground k shallow, but lack of water has 
prevented mining. 

XamXnTEt- 

M-oth Crees has 8 broad f l d  p l h  100 yards d o .  
Tbe bedrock is chiefly whist but ie cut by a continuation of the @an, 
ite of Hechum and D d w d  cmh. The granite f o m  bowlders 
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4 or 5 feet in maximum diameter. The slope of the bedrock is low. 
The alluvium is from 10 to 15 fmt deep, most of it being about 10 
feet. The upper 2 to 3 feet is ovmburdem. The gold is rather h e  
and is reported to be r~ther uniformly distributd. 

Comiderable gold hw been taken out of Independence Creek. The 
vdlegr floor is about 100 yards wide at its mouth, but n m w s  sbarp19 
upstream. The distribution of productive ground appears to be 
irrcgdm and to swing fmm one side of the creek to the other. The 
gravels are from 3 to  9 feet deep. Some welldehed bench- are 
prmnt. 

XWSTODOU ClaEgE 

The headwaters of Mastodon Creek am gathered from an amphi- 
theatral area on the northern slop= of Mastodon Dome, 4,400 feet 
high, about 7 mile southwest from the point where tbe creek en- 
Mammoth Creak, The valley is bounded by even-topped spurs, 
which dope grsdually in a direction parallel to the weak a.t an altitude 
of about one-fourth mile above it. The valley is unsymmetrical in 
crow sgction, the stream in its Iower portion flowing near the steep 
ridge on tho east and being bounded on the wast by a bench that 
rism with a steep grade to the base of the spur. The  allay floor is 
about 400 yards wide at its mouth, and gradually marows ta about 
200 ymd~ 2 milea above. 

Quartzite m b t  md mica schist containing m y  small quark 
veins are the moat common v m i e t i ~  of bedrock. S m d  granitic 
8ikmalstromur. The etrikeof the schiatmity is usually a c r w  the 
s t r e m  and the dip is to the south. 

The gravels include subanguIttr fmgmanb of the beihxk, - h a  
material of the aaame nature, and some sand and clay. MU& of the 
gravd is but little worn and itn arrangement is gen~raUy more or l a  
imeguh. ' I l e  average depth to W m k  is 10 or 12 feat, the maxi- 
mum about 20 feet. In some places muck, which attains a thicknew 
of abut  4 feet, lies on tap of the graveh. The maximum of over- 
burden ia about 7 feet. h some pl- the gold is scattered through 
the gmvd and in others it liw dose to bedrock or a few feet wihhin it. 
It ja genady rather fine, the e a m t  piece found thus far weighing 
ody 3 or 4 ounces. It ia reported to assay from $17.35 to $1 7.3& per 
ounce. Some of the g r o d  averages $2 to $3 a cubic yard and some 
of it is considerably richer. The low& 2 milea of the vdey in the 
richest portion ~ n d  conbins the largest body of productive gravels, 
which aattah in places a width of 200 fmt. 



The vdey of Miller Crwk is eimilar in ita ewntisl featurn ta h t  
of Mstodon Creek. The unaymmetricd charncter is particularly 
well devdoped, the steep east side of the vdey ao ovmhadowing the 
upper portion of the creek that the ice lingere there till late in the 
seaaon and preventa mining  operation^, 
The bedrock consiata of quartzite and quartzite schiet veined with 

quartz. Granitic dikee occur on the divide between Miller and Eagle 
crwlcs. The gravels are similar in charwter and gfianganent to 
those on Magtodm Creek. The depth to hedmck vluie~ from 8 to 16 
feot,ofwhich4to8feetisovwburden. In8fewpl-aclay,whkh 
hae been found to be as much as 3 feet in thicknass, i n b e n e s  
between the gravels and b&wk and mntains moat of the gold, 

The gold is about the same na that of Mastodon Creek. Pi- 
weighing an ounce have been found, but mmt of it is rather h e .  That 
new the head of the creek ia rough. The gold ia m t t e r d  t b u g h  
several feet of gravel over a maximum width of abut  50 feet. Some 
of the ground has averaged about $1 '20 to the eubio pd. Tha creek 
hrrs never been a large producer but has been warkd mom or 1- 
continuously h e  1895. 

Two s m d  streams, Mashdon ttnd Miller fork, unite to form Eggle 
nwk, a tributary of Birch Creek. Mmtodon Fork heada on the 
northwest dope of Mmtodon Dome rand flom through a narrow 
V-shaped valley about 3 milea long to Miller Fork. The bedmk and 
p v &  are ~imilar to  those of the other meoh dwribed. As on 
Miller Creek, day is in many placm found next to the bedrock of 
quartzite schist. The depth to b d m k  ranges from 8 to 10 feet or 
more, there being in mme plwee 3 to 4 feet of overburden and 4 to 5 
faet of productive gravals. Where clay occurs dong with the gfavels, 
much of the gdd is found in seama in the day a few inches above 
bedrock. It is also found in the bedrock to a depth of 3 feet. 
The gold is said ta occur hwguldy on the meek. Some gmund 
has been v q  good and has yielded from $2 to. U a cubic yard. 
Much of the gold is coarse. A flat nugget found during the eewma 
of 1903 was 2 by 1) inchm in size and weighed 2 3 ouncee; aome quartz 
Wf&S ~ t t ~ h e d ,  and the nugget eppesred to haye b9?l d & d  fmm 8 

seam in the behck. 
Eagle Creek ie about 4 mil s  long. The vdey widens sharply 

below tho junction of the forb to an+fourth mile or more. Work 
hae, been done for about 2 milea below the junctioa. The depth 
b b k  rangers from 14 to 18 feet. The bedmck and gravds lrre 
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d d a r  fa ASm 011 other creeks. There is about 6 feet of overburden, 
and gold, Fanging from 50 cents to  over $2 8, square foot of b h k ,  
b n  been found in sbout 6 feat of gravel over a width of 30 to 80 feet. 
Some of the gold is coarse, one piece worth $74 he* been found. 
The grade of the gold of Eagle Creek and Mastodon Fork is the hiiheet 
found in the Birch Creek district. 

Brooks d d h  lkrison h k  substantially as followa : 
Gold wag found on Sqmaw GPlch, a tributary of H d o n  Creek, as 

early as 1894, and considerable work wea done on the main stream 
up to 1896. As no high rohea were found, H h o n  Crek was neg- 
lecM for richer placem, and i t  h only witbin the last few yeam that 
the problem of wor- its ~elatively low-grade dsposita h a  been 
seriously considered. I 

The creek has two forks, North and South, on both of which gold 
has been found, but only the former is now W g  de~eloped. One of 
the &st discovexim of gold in the basin was at P i t h  Bar, st the 
janction of the forb. 

Only the upper part of North Fork was visited. The %at valley 
h r  is 200 to 300 yarda wide. There i a steep slope on the south 
side, but on the north the dopa risea more gentdy and is deeply covered . 
with talus. There are no a~cavations in this slope, and no topo- 
graphic evidence of benches was noted, but it seems possible that 
benches may &t beneath the slide material. Farther downetream 
the valley gradually contracts and it ia said ta become a B keepwalled 
canyon before it joins South Pork, whose valley in ~omewhst broader 
and appam to be more symmetrical. From the junction the valley 
conhum to broaden, until it merges with the Birch Creek vdey 12 
mil- below. 

The bedrock on North Fork is probably chiefly quartz-mica m&t, 
but the occurrence of soma pebbles of granite in the alFuvium in&- 
cabs the presence of that m k  within the btusin. Few bedrock axpo- 
sures were wen, but the character of the alluvium indicab that the 
schists am cut by numerous quartz veins, many of which are shined 
with iron,.iadieating mineralization. A slah of wschist cut by a gold- 
'Ibeasjarg w z  vein was found near the forb.* 
Just M e  the canyon the depth to bedrock is &d ta be 20 feet, 

Six or 88- k l e a  above, new Dbcoverg c b ,  the depth Ts 8 to 9 
feet on the amth side of the valley new the center and only 3 or 4 feet 
near the mu& wall. A mile or more atill farther upstream the depth 

' Blllt. W. 8. W. Sumey NO. 311,1907, pp. 105-187. 
%, J. E., <fsow of iha Yntm gold dhtrbt, E@t&mth Am. Bept. U. 8. CEsd. hmy, 
s*,-= 
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ia 8 to 12 feet. In this part of the valley the grade of the stream and 
of the bedrock floor is probably about 75 to roo feet to the mile. 
Mthongh no acamh date are a~ailabls, the reconnakmee mags 
indicate that about the same grade continues thz?oughout the basin. 

Wd-munded gravels c h t e z i m  the dluvial doposits so far as 
men. Bowlders more than 2 feet in dibmeto~ are uncommon, though 
some measuring 3 feet were observed. Much the greater part of the 
material is schist, with some quartz and a little granite. The gravela 
ara well stratified, are loose, and so far as known are not frozen. 
Their condition baa prevented the creek from being thoroughly 
prospected, because the water flows in the gravel throughout the 
year. 

Little turf or muck reab on the g&eb, and fhe whole aection ie 
in most pkea made up largely of  and and gravel. Most of the bed- 
rock is weathered and is broken by seams of chy, a secondary prod- 
uct, but 80 far as seen by the writer there is no well-defined stratum 
on the bedrock at the base of the gravels. 

The gravels of both forkg are h o r n  to be more or leas suritmus. 
At a number of locditim some gold bas been mined by pick and 
ehovel but the tenor of the gravel, so far as determined, is too low 
to pay for worlang hy this method, It is reported that as high as $5 
a day bas been d e  on this creek. The gold appears to be rather ; 
evenly diatrjbuted both horizontally and vertically. There is, how- 
ever, a marked concentration in the lower 3 to 5 feet of the graveh, 
and much of the weathered schist cnrries gold to a depth of 1 to 2 feet. 
The gold is fine, flaky, and bright-colord. The largest nugget 
repmkl, wtth a value of $4, was found on the upper part of the 
creek. !Fhm has not been suficient prospscting to determine the 
value of any considerable body of p v e l  ; 5,  10, and 30 cent pans am 
reported from bedrock, but these of course can not be considered an 
average. Near the Discovery clttim 13 pans taken from gravel near 
b h k  are said ta have yielded about $1 worth of gold. Consider- 
able garnet and pyrite occur with the concentrates. 

Mining in the Birch Creek district, on mount of the eompart~tive 
shdlownew of the ahvial depkta, haa been carried on almmt 
entirely by o p n  cuts and shoveling into sluice boxes. Modificatione 
of t b  method have from time to time been introduced. Automatic 
dams, for example, im used on some of the creab. The use of bot- 
tomless scrapen for removing the overburden and bringing the gravel 
to the boxes has been employed with success, notably on Mastodon 
Creek, Summer work can IM carried on ordinarily from about the 
middle of May to the middle of September. A amall amount of 
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ground is deep enough for drifting, and this method b employed to 
a d extent during the winter. 
In 1903 the f k t  power w m  u d ,  and latar, with the con- 

&meticin of ditches, the hydraulic method was introduced. (he 
PL XIII, B, p. 60.) This method has been fonnd successful and, 
with rnodiiimtiws made necessary by the low g r d e  of the crmb, is 
b e i i  rapidly extended wherever the conditions will permit. The 
process employed on Mammoth Creek h described by Ellsworth aa 
fo110wa : 

Mmmo& m k  hae a very low &e, and in order to overcome tbi~ difkntty a 
plant wm ktaalled which is novel in Alsslrm but ia identica-1 in principle to the one 
M e d  on Eagle Creek in 1W. The gencml plan of operation ia as follows: Fir&, 
s bedrock drain is exavated to diapoee of the water in the cut and to carry sway the 
overlying muck, which is hydraulicked off from the gravele fa be bandled by the &at 
aetnp.  A channel ia then groundaluid back of and above the cut and ~ppmite the 
h7baXi.c giants. In this channel ~ubstantiaUy ~ m t m c t e d  sluice hxea (with black 
am), ~ m i l a r  in d e e n  ta thme ordinarily uecd in hydraulicbng, are ~ e t  up with a 
graile depending on the chamtet of the gtaveh ta be washed. A Bheet-iron back Btop 
about 10 feet high is then erected back of and a@mt ate bores. The aurifeimne 
gravelem driven directly by the water from tho nozzles of the gbnta againet the back 
&p, frwn which they drop i n t~  the sluice boxee. A gravel inciine k iormed in front 
of the boxea by the of water rn Boon aa operatiom are begun, and for thb Teason 
the force of the moving gmvd itl not cxpendcd @et the aid- of the h x m .  The 
water for t r s n s p o m  and d i n g  the gravel, after it Ls dropped into the boxe~, i 
d i v d  from the creek about I mila abuvc and camid in a ditch to the had of the 
sluice and after pawing through i g  carried away in the bedrock drain. The tailings 
which accumulats a t  the end of the sluice are "piped " back out of the wsy by a =pa- 
rate giant a& up at any convenient place. It ia not ordjnarily neceaaary ia operate 
thie g h t  contiauously. The frequency with which the tailing have to be moved 
depende on the dumping room at the end ofthe boxee and the rate at which thegravel 
is being moved. This p-dm, however, require aquantity of water which &odd 
be taken into wunt in comidcm the rmpply necessary for euch a -em, 

This method is q m i a I l y  adapt4 ta w o r m  creek depmita with medium depth 
of p v e l ,  when! the slope of the h d m c k  is iosufticicnt to p e d t  the r e m o d  of the 
mugs by gravity. I t  han neveral advantagm aver elevatore. The initial expense 
i4 lmandthe water r e q u i d  is Ice. Nosuch heavy parharerequired, whichisan 
imprtant item, mpech1ly in the more remoze dbkkta ,  where transportation is alwaye 
expcdve and often uncertain. The cmt of s e t u p  ia not ae great and the chances of 
delay incident ta mqmim and replscement of parts sre no greater than in ordinary 
hyamulic&np. 



By C. E. W w o a ~ ~  and a. L E'mr~s. 

Gq$g stations were maintained or discharge memmmmta made 
in 1910 in the Circle district at the following places: 

Ghging a t a t h a  and maunmmng pwpwnts b C i d  dWri&, 1910. 

Birch Creek dmbngc b&: 
Birch Creek below Glum Fork. 
Birch Creek at Fourteenmile How. 
Fsyingpan Creek belaw f o r k  
Grest Unknown Creek near month. 
Clum Fork st mouth. 
McLean C m k  at mouth. 
North Pork of Birch Cmek drainage baein: 

North Pbrk of Birch Creek above Twelvemile Creek. 
Ph-n Cmek at mouth. 
Golddust Creek 4+ miles iabwe mouth. 
Butb C m k  at mouth. 
Bear Creek at mouth. 
Twelvemile Creek at mouth. 
East Fork of Twelvemils Creek at mouth. 

Crooked Creek d r w e  basin: 
C m W  Check at CBotral Eouse. 
Porcupina Creek above ditch. 
Porcupine Creek below Ramma Creek. 
Bonanza Creek above ditch intake. 
Mammoth b e k  at Miller H o w .  
Mammoth Creek ditch at intake. 
Independence C m k  at mouth. 
Miller Creek at claim "No. 8 above. " 
Miller Creek at mouth. 
Boulder rrpek at trail d n ~ .  
Deadwood Creek above Saritrh Clwlk. 

*her Cmtk dmi* k i n :  
Preacher Cheek above Bachelor Creek. 
Bschelo~ Creek below CoatA ForBr. 
Bachelor Creek at month. 
Coeta Fork at mouth. 
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gitch b k  flow8 into Yukon River almost exactly on the &tic 
C h b  and about 25 milae dmt1y wsst of Fort Yukon. Its mouth 
is h t  5 miles west of the confluence of Chanddsr R i m  with the 
Yukon. 

The cum- almost entirely from the south and west 
through a mmplax *tern of watefcourses, and in outline the basin 
is extremely unsymmetrical. The hedwaters interlock with those 
of Little Chens and Chatanika riven and flow east for about 60 miles 
ta the junction of the South Fork, whero the stream makes an abrupt 
turn northward. About 12 milea beyond this point it leww the 
mountainous country and enters the lowlands of he Yukon, through 
which it sluggishly flows in a meandering channel far .over 100 miles, 
roughly paralleling the Yukon st a distance vTging from 1-0 to 20 
milea. 

The principal tributaries are Clums Fork and South Fork from the 
south and east md Nort,h Fork and Harrison, Cooked, and Premhm 
creob from the north and west. The headwaters of South Fork 
o m t e  those of Sdcha and CharIey riven. 

d i d @  &hwge of Birch h k  ab Fmtecnm-k Hotssc for 1W to 1910. 

Mtmth. 

1m3. 
lmw-m. ................................ 
J ., ................... .. ......... 
August.. .................................. 
geptsmbg 4-m.. .......................... 

Thegsrlod,86dr~n .................- 
3m. 

my IML ................................. 
June ....................................... 
,"I , ....................................... 
Augmc.. ......................... ....... .. 
Geptembar.. ...........--...-.............. 
Or~ubor 1-2 ................................ ------- 

Tbs wad. I41 a~-=. ................ 
19m. 

f i y  I3-31. ................................ 1. M 
June ....................................... 
July.. ....................... ..... ........ 1,431) . €46 .9T 
A U p U s t  ................................... 431 -442 -61 
Mptember ................................. .763 .84 
UC~OLW 14 ................. ., ............. 3 3.140 1,m 1,WjO . w7 . I1 

I-- ............... --- 
The ~ i d ,  147 clays.. q 020 ta? 2,010 -635 6.10 

Dkhnrge in w - i b s t .  
Ruwd 

W m n m .  -mom. 

am 
.61 . S8 
t a3 -- 
2.38 

1.74 
I. n 
1.18 
.8& 
.42 

mile. ---- 
. b30 . .MI 

em a:iw. 1.w 

792 7'12 .3m , WJ 

8,070 

9,ao 

3,RO 
98d 

5 

3,m 
l,&RO 

WLI 
974 
730 

1,423 

a m 
3:kfCJ 
2,21WE 
t , lWD 

i lhl  

1.48 --- 
9-76 
1.M) 
1.02 
. A51 
,372 



m T h s  dischat ol Bimh m k  below nnms Fork are b a d  on a wsll-dsflnsd ratla c u m  Wow 7MI 
- d k t .  ~Ee700-d-feat  t h e r u m  wasextanded b m- of the s- md vakitg mrvm,aod 
I t ~ s  bdellaved to repreamithe true rebtlw of ga e. hslghl ta d~wh=rm up t o  2 Onr)aenond-lest. 

b The d l ~ h s r ~ o t  Birch Creek st ~o~bnnecnrnfio ITo1:se8rc bamd on o mtln; r7urvs well rlo!lned bstweea 
WO sod 2 3MI &-and-leel 

c ~ h e d i s c h u r ~  osoi P j i n m  Cmsk em bB3W1 O ~ I  a m t 1 ~ 8 0 u m  well defined bmtwmn 2.6 md6.IIwnd- 
leet. 

YklEaMotLs r m a m m m t s  tn BM C r ~ k  hipaage  baain in 1910. 

Btream md l d l t y .  

........... Omt Dntwan C m k  nsar mouth.. .......... ........................ ............. Cluma Pork at rocr~lll~. 
lh ............. M c h r  C m k  at mouth. ..................... 15.4 3.0 



WATER EUPPLT OF CIRCLE D I S ~ T C T .  7 1  
mBTH PORK OF BfgEX C-E XIEhLaAOE BdBI1C. 

Eagle and Ptarmigan crveks, whose headwaters are opposite those 
of Crooked Creek, join to  form North Fork of Birch Creek. Below 
the junction North Fork flowa southw~stward for about 7 miles to  the 
month of Twelvemile Creek, whence it flown southward for about 8 
miles and unites with Harrington Fork to form 13irch Creek proper, 
which flows emt to  its confluence with South Fork, a distance of 
approximntdy 45 d e s .  

Kamed from the head, the main tribu tarics from the noroh are 
Fish, Bear, and TtveIvemile c m b .  From the south, in the same 
order, Golddust a d  Butte cre& ts the only important etreams. 

h k e d  Creek, which is fqrmed by tho junction. of Mnmmoth and 
Porcupine creeks, meandm through a rather broad valley for about 
30 milea and discharges its wnters into Birch Creek about 10 miles 
above F o u ~ n r n i l o  House. Not far below Central Rouse the valley 
1- its identity in the Ants of Birch Creek. 

Mastodon and Independence creeks unite t o  form Mammoth Creek, 
which receives Miller Creek from the west sbout 2 miles below this 
junction. The total length of the portion of the stream d e d  Ma- 
moth Creek is lcm than 4 miles. 

Deadwmd and Boulder creeks lrre tributaries from the smth, 
Below and above Central EIouse, mpectiwly. They f o h w  pardel 
wursm about 3 miles apttrt, with PL length of about 18 miles. 

Albert Creek, tho principal tributary from the north, d&m the 
couthem slope of the Crazy Mountains. 

Beeam snd loauty. 
D- 

n- Pyrnxy 
July X.. ..,....... 

Da ............. ........... Ydy fl.. 
~ u t p ~  ............ 

Do ............. 
July 13 ............. 
JQI y 29.. .............. 
Jun0 9 . .  ........... 
JIIIY 17 .................. 
Jalp m... .............. 

Nmtb Fork of Birch CItnk 8hm %kmila 
Craek. .................... P r a r m l @ ~ k e t m a ! t h  ......... GoMdurt C m k  41. mllw above mmth 

ThthCreek  st mo~ith ......................... 
BesrFmckatmouth ......................... 
Twelvernlle r,tnolt kt mouth ................... 

..do.. ...................................... 
Eaqt Fork ol TweIvemllO Crmk st mouth.. ... 

80 ........................................ 
.do. .  ..................................... 

Eq. mlkn. 
R i .  1 

19.0 
9.5 
e. a 

12.4 
44.5 
44 .5  
22.8 
?a. a 
22, .'3 

--- 
81f..)?. 

ffi 

15.0 
8.8 
aa 
fl. 7 
1x9 
14.8 
W. a 

7.4 
0.2 

"5.63 
-79 - 93 
24 

.54 
-42 
.33 

%. G 1  
.a3 
-40 





WATEB RQPPLY OF mI;E DISTFLICT. 

m, b W - f c c t ,  of MQ& madDcadrwodd fm 1910. 

m ! E s + ~ o [ Y I a m m o t h C w & b e l o w Y U a a 1 1 ~ n m o b p h s d b  s d d i u g t o t h n d l s c ~ d t b a  
meek the- amount of wster dmertRd by the Mibsmmoth Cmek mr- dftck. Thap are onl B rnxlrn~to 
IQ m&h geriodsdrrrhg Bow waW ern acmunr of ltlsumcwnt date reganling the flow of rL c#tbh. 

b T h e  W m  of D&wd Creek slmve Switch Vrmfr we h a s d  on 3 weII+deflned curvo thrc~ughmb, 

Ddy diwhmqc, in second-fd, of ~ o m n u r  kc& dilclb at in.!& fm 1910. 

A m  fn t b  re la th  orfl be* to disc- mw~rrad during t h  p r I d  JW e to July 16. Db 
tor W h&bl wore er ed by th h d w t  W h c d  Vw W t m g  -Is.. 



74 OEoLOGIC RECOlTNMSShNCE O F  ?PHE CIRCLE QUADRANGLE. 

Mdsecllamwx rnsaszsxGmGnlQ in Crooked &WE dPaB:&qe bin in 1910. 

GENERAL FEATGEES. 

Dats. 

........... m.. 
June 5.. ............... 
July14 ............. 
July ZJ 
M3y 29 

.................. ............. 
June 5 . .  ................ 
July IC ................. 

no.. ........... ................ July 23.. .......... July ZL.. 

The creaks tributary to the Yukon from the south above C M e  
within the Circle quadrangIe are Woodchopper, Coal, and Washing- 
ton. Fourth of July Creek heeds with& the quadrapgle, but most 
of its valley is east of the emtern boundary. Its d d p t i o n  is 
included, however, as it completes t h ~ t  of the area where work ii3 
in p r o m  along the Yukon. 

T$e belt of country drained by these crceh is 10 to 25 miles wide 
from erst to mt and is characterized by broad, undulating, mom 
or less even-topped ridgea rising about 2,000 feet above sea l e d .  
Tho vdlep of the s treama sre deepIy cut and comparatively narrow. 

The bedrock includes the B k h  Creek whist ; several s h d q  cher-t y 
h 8 ~ t o n m ,  and igneous volcanic rocb belonging in part st bast to 
the Dennian m d  Carboniferous; Lower Csetmmua slate and sand- 
stone; and Tertiary conglomerate, sandstone, and shale; them am 
overlain by Quaternary silt, sand, anti grad. Granitic intrusive 
rocks am p m n E  round the heads of Coal and Woodchopper creelns. 

The gold is believed to have been derived in part from Iower 
Cretaceous slates, in part from Tertiary conglornerah, and in part 
from the Birch Creek schist. 

-!hem d MIQ. 

............ lhmmdh MIr ditch gt htalre... 

................ 
Miller C ~ w k  at c h n  "Na. 6 above8' 

...................................... .......... 
do.. ...................................... 2 42 ...................................... do.. 3 .42 

MUW C& at mar-.. .. ._... ... ... .... 
do.. ...................................... 10.5 6 .67 ............... Boulder mb mil mesinp. 38.8 25 1 . G I  

Woodchopper Creek was visited in 1906 by Bmoks,l from whose 
demriptisn the following is quoted : . 

Widchopper W k ,  which L about 12 milea long, sntera the Yukon hm the 
w&, about 30 i d e a  above Gircle. Its flood plain L about half a milo in width, 
and the alluvium ia probably 8 to 15 feet deep. f ive milea fmm the Yukon, M i n e d  
Creek, tho wen9 of m e  p h r  mining, joins Woodchopper Creek b m  the south. - 

1 B m b ,  A. E., BuIL U. S. Geol. Butmy No. 314, iW7,pp. 



GOLD ON CaEEKS m U T A I R Y  TO TEE YUKON. 75 

The floor of the Mineral Creek valley is la0 to 150 [feet] wide, and the dopea are 
broken by henches. Woodchopper Creek bBB a gradient of about 100 feet to the mile. 
Remumta of bench- are to be seen along the creek, the highest of tbm bing 
marked by the ridge on the northwmt side, which i~ flat and slopee toward the 
Y h .  
In the lower mile of Woodchopper Creek ody d v e  greemtow were obsewed. 

Above thew. ia a belt of black date a d  limwtones about a mile wide that continnee 
newly to the month of Minerrrl Creek, where it is succeeded by h b l e  conglaersiW 
in a bdt mid to be eveml milea wide. mert and quartz pebblps dominate in the 
conglomerate, which ia only imperfectly mnmlidatd and o u k m p  in few places. 
This k t  often leads to its being mistaken for benrh p m l  by the prcmpwhr. 

So br aa h o w  the pld-bmrin~  alIuvium i a  confined to those c m h  that cut 
the conglomerate, which, themfow, a p p r n  to be the wurce of the gold. Mineral 
Creek and ita tributary, Alice Gulr~h, are tho only ~treama which have tbue far been 
found to be plwluctiw. Pmepccte arc reported from G r o w  and Iron creek. 

At the mouth of Mineral Croek the alluvial floor of the valley is about 75 yards 
wide but asrrom upkcam. A mile upstre9mj at tho mouth of Alice Gulch, it 
b d e n a o u t  a@ i n h a  bbasinabout.75 yade wide, On themuthmllof Mineral 
Gulch three well-defined bench- were obmrved, having aItitudea of abmt 20, 150, 
and 250 feet above the c m k .  

Muck ia encounted on tame claima to a depth of 30 feet; the giave1a undmmth 
yary in thichm from 2 to 5 feet and are made up chiefly of well-rounded quartz 
and &ert pebbles. The pay skmk lien in parallel cbanneln 12 to 14 feet wide, rm 
many es threa of thw channels having bwn found in a width of 80 feet. The pay 
B& under p-ntsyatama of mining ia from 11 to 4 feet in th ichas .  A vnrybg 
amount of bedrock ie taken up, dopending on its lomen-, Apparently gold occum 
in bedrock beyond tho depth to which it can be pmfitably eximcted. T h e  bedrack 
appam bo be chiefly conpllomorak, but in Borne places a plaatic clay, which may be 
a weathered &ale interbedded with the conglomerate, has been encounkred. Pras- 
pectore repott that the mluw are found in the conglomerate but appear to be abaent 
in the chy. The conglomerate bedrock i a  i n d b l y  iron nts ind,  whae fuund under 
h e  p b m .  Gold haR been found in the lower benchea of the creek, but the higher 
b e n c h  have not been proapeckd. 

The pld'in the c m k  bed ia m l l y  bright colored, but that of tbe benches ia dark. 
Mmt of the gold is come, the Wt nugget having a wlue of $30. The mlue of the 
gold M reportd by the minere is $29.09 to $19.30 per ounce, which wauld make it 
the h+mt of all found in the Yukon provinm. VsIuee of 5 Ito M) cente to the pan 
on bedrock are re@, but thmc are no data available for the average bmm ofthe 
pay streak. 

In 1911 gold had also been found in the valley of Woodchopper 
Creek, about a mile above the mouth of &era1 Creek. T h e  valley 
at this point has a flat hdf a mile or more wide on the west sido ol  the 
creek, and in this flat s e v e d  hundred feet fmm the s h a m  gold h d  
been discovered. The bedrock is conglomersto. The depth to 
bedrock is a b u t  22 feet and the thick& of nave1 about i l  fmt. 
A large proportion of the bo thm gravels consists of grmite bowlders 
from tho h o d  d the creek. Gold is reported to be present in the 
lowemost 6 feet of gravel over a width of about 70 fect. Good 



Mining was r e p o d  ta be a b u t  es active in the lower part of the 
Cod Creek vdey dwhg 191 1 as it was on Woodchopper b k .  

The most noteworthy dkb7rery of the year was at a point a b u t  15 
miles from the mouth of Gal Creek, where gold wae found in but near 
the southern h i t  of aa area of Paleozoic mb, The bedrock 
includes chert, dude, greenstone, and limmbne. me depth to  
bedrock at the place where work wm b e e  dono is aboult 7 feot and 
the productive gravels are reported to be 100 feet wide. T h o  pm- 
podion of garnets in the gravels is laxgo. Fmgments and bwldem 
of garnetifemus schist are also common and the fmta suggat that 
the placer gold has been d e i ~ e d  fmm the B h h  Creek nchist, which 
outcreps around the bead of Coal &s&. 

Bmka viaitad Washingtun Creek in 1906. Ha describm con- 
ditions as follows: 

G~Ed.-W&hgbm Creek flow thmuggh a northward-trending valley, whose floor 
in  from half a mile to a miIe in width. The bodruck for the lowsr 3 miloo of the creek 
in black slate or &&a of htecmaa age.= Fnrther upBtream the mmk cub s green- 
stone and chert formation, probably d Devonian age, and 30 milee from the Yukon It 
C- another belt of Cretaceous slate, which forms the bedmck in N u w t  Gulch, a 
small eoutherlg tributary. These mch am succeeded t o  the wuth hy a broad bolt 
made up of a Tertisry cong10merate, m h n e ,  and shale series, which cookine same 
lipitic caal saams. Tki~ belt of coal-bearjug mch hsa a width of at E a t  10 milea. 
Still higher up the &ley older m k a  am mid to occur win. 

Placer gold haa been found at two localitiee in the Wmhington Creek ---(I) in 
N u w t  Gulch, about 9 milea from the Yukon, and (2) on Surprim and EsgIe c r ~ h r ,  
&bout 10 miIas above. The placefa on Nugge t  Creek conaist of very much Iwl i zod  
accumulntions of ccunm gold on bmhxk, Valuee ant EXI imqplrrrly dietrihuled that 
it is  queetionable whether they am be mind at a pm6t. The gold appears to bnre 
ita murce in the Cretacmua elam, and it is worthy of collioideration st lmst whether 
the minedimtion of the b&k is not BuiIicimtly l d i z e d  to pay the cost of extrac- 
tion. T h e u p p e r l d t y  w a s u o ~ ~ ~ b ~ t h e ~ b r , b u t t m m t h e b e s t a c c o u n t s t b s  
gold here appexm to ba derived from a cmglomenrte. The value of the totd p d u c -  
tion of Washington h k  d m  not exceed a few thoumnd dollars. 

Chl.-WashingEon Creek hse been the acme of some ill-advid a m p &  et d 
mining. Though there i s  comidemble lignite In the b&n, much of t h e  money p u t  
in development has been wanbid on experiments in tramporbtion rsthor than in 
testing the as to extent and quality. The cosl opcninp me im 10 to 14 miles 
up the cmk, and as thc -s expmed appear to be of no better q d i t y  or p t c r  
thickncm than 0th- which lie much c l w r  to the Yukon, the outlook for profitable 
exploitation ia  not bopeful. The m examined by the writer, about 14 mile8 from 
tho river, occurs in friable mdsbne and ahale, &khg about ea& and west and d ip  
ping 30' N., and showed the following section. The egpoeure ia on the north oido of 
the valley, about 40 feet above the u t r m  level. 
-. 

1 Broob, A. H., Bun, 1:. B. Uml. 8urvey 314,1801, pp. -202 
uwk, A. I., C ~ I  m- or um Y-: BUU. U. S. owl. amwy NO. am, im, pp. z+s% 



Roai, mft blue-gray ahsle. ~ t .  h. 
# M y  lignittccoal. ............................................ 2 6 
Chy ................................................................ 2 
ably  Iipitic coal. ............................................ 2 
Rono prtbg ................................................... 2 
Good lignitic caal.. ............................................ 1 - 
Clay .......................................................... 5 
G m d l i g n i t a  .................................................... 1 
Clay &ale.. .................................................. 1 
Impare c d  (Iignite) .......................................... 3 
Clay shale ...................................................... 2 
C d  fipite). ......................*.......................... 1 4 
Clay &ale ...................................................... 2 
L+~ic c d  with m e  partingtl. ............................... 2 
Clay whale ...................................................... 3 
I m p m  lignitic d.. .......................................... 1 
G o d  cml (lignite) .............................................. 1 

...................................................... Clay ahale 4 
GoodIigniticcoalwithbmepwt@ ............................. 1 4 
4 h y  ahale with m e  bone pardingR. ............................. 4 

Cowred, but probably no cml. 
The d carrim conaiderabh sulphur. On b d g  it prodncee many clink-. 

The mh baa a reddish tinge. The following k an anal* of a eample taken from tbki 
~ a m e  district a little lower d w n  the creek: 

Alwrly& oJeoal jrmn W+m Cmk.1 
Water ......................................................... 13.48 
Volatile combudible matter.. .................................. 43-74 
Pixed cmboii.. ............................................... 30.68 
Iceh ........................................................... 3.10 - 

100.00 
Elulphur.. ..................................................... .24 

T$e r e w h b l y  low percentage of ash suggests that tbia sample was taken from me 
of the minor tmma d wsa not an avemge of the entire eection e m .  Such s N e  
of c d  could probably only be s e c d  by bind picking after mining. 

During 1905 and 1906 a company attempted to ast3bliah a wintm transpwtation 
mrn to the Yukon by the use of a 100-horsepower h t i m  engine, which wae 
expected to hanl five dede, each of 10 tona capacity. While mch s wheme might btr 
feasible Kith a good &bed, it proved entirely hpincticable without one. Thia 
plan involves tbe stprage of the coal hauled in winter for conmmption durinb the 
aummer m o n t h  doubtful experiment, becaw the lignite slacka readily &r 
baing expoged to the ak. 
In qite of the ad- mditions of mining and low gredo of coala in this field, it . 

ahares with othef fieIda af the Yukon a pmspective valnc. There can be no quehon 
that, with the p e n t  in- in the demand for fuel and the rapid desh-uction of tho 
foreata, the- time is not fat diatrrnt when tho Yukon lignitee will play an important part 
in the commercial development of the inland p l w r  districts. , 

F o h h  of July Creek rjges a b u t  12 milea fmm the Yukon and flow 
northeastward for the, greater part of its coum. Cmwley Creek, its 
lwgest tributary, enters it from tba east about 6 miles below its head. 



Four miles farther downatram Fo&h of July Creek  IMP^ its d e y ,  
~msses the flat of She Yukon in a northwesterly mum, and a b u t  
2 milea beyond ia repom to euhr a slough on the Yvkon about 2 
miles below Xation, which is situated on then south bank of the 
Yukon about 4 d e s  below the mouth of Netion River. =cbigan 
Creek, a neighboring stream on the east, leaves its valley at about 
the same dktanm from the Yukon as Fourth of July and ia reported 
to enter the same dough about a quarter of s mile farther up the 
riper. 

The main part of the vdey of Fourth of July Creek is about 2,000 
feet M o w  the level of the ridgea and has R comperatively narrow 
~tream flat from 200 to 400 feet in width. Above the mouth of 
Crowley C'reek the vdoy has a stmp emtarn dopa, dme to vhich 
the stream flom, and a gentle benchlike western slope about 1,000 
feat wide that merges with the base of the ridgo. Relow tho mouth 
of Crowley Creek it is mostly n m w e r ,  till it nears the vdoy of tho 
Yukon, where ita floor widens m d  merges with that of the river. A t  
thk point it has a benchlike dopa on the eaet half a mila or more in 
width. The grade of the creek is about 100 feet to the mile, The 
drainage area being wmparativrJy ~ m d l  and the precipitation for 
tho gencrd area being low, averaging hardly more than 10 inches a 
yotrr, the quantity of water is generally insufficient far mining. The 
timber resourcee are limited to a comparati~ely light growth of small 
spruce and little bhch and poplar. Some larger apruce timber i~ 
available in the valley of the Yukon. 

The bedrock of Fourth of July Valley from the mouth to Crowley 
Creek is predominantiy limmtone, wbich at the point where tho creek 
enters the Yukon Valley forms pi~tumqucly weathered cliffs tower- 
ing above the stream on its west side. Uppor Carboniferous fossils 
are abundmt in similar limestone near the mouth of Michigan Creek, 
and the limmtones at both thee localitim am considered to be of the 
asme age and are correlated with the upper C~arbodemus limestonrs 
on the north side of the Yukon above Nation River, d d b e d  by 
Bmolas.' The limes ton^ occur ss rnmsive b& that h ~ v e  been go 
folded as to be vertical at some localities; where cut by Yukon Rivor 
they me moonspicnous as open folds. 

The bedrock from Crowley Creek to the bead of Fourth of July 
Creek snd around dl the beadwatcm, se far as ohmed, is conglom- 
erate continuous with the conglomerab of the Seventpde district, 
the age of wbich haa been determined es Ted-. Along Seventy- 
mile River these rocks have been closely folded and in many places 
are nearly vertical. Their structurt! on the ridgm is for the most 
part obscured by the gravel h t O  wbich they have weathered. It 

L B e ,  A. H., snd E.tndle, E. M., ?shmie ~ n d  -tad ropls of tbn a p w  Yulron, Ban. 
Gd. ear. Am- ~ o l .  an, 1908, pp. M. 



hse been rhther dehitely determined that the gold of the placem . 
htts been derived from this conglomerate, for the only portions of the 
Fourth of July Valley and its tributmies where gold has been mined 
are those mas whew the conglomerate is the bedrock and where the 
stmama have had no accew to any other bedrock. 

Fourth of July Creek is reported to  haw produced dtogether about 
550,000. himt of tho work on the main creek has been c o h e d  to 
about six elaime. Tho depth to bedrock w e r a p  about 9 feet and 
the thichess of gravel mined 5 to 6 feet. Most of the gravel is com- 
paratively fine, with pebbles reaching about 6 inches as a maximum, 
but a few bowlders of quwtzite and h d  Pdeozoic wnglomerate 
3 feet or more in diameter warn o b m d .  All the pebbles amd 
bowlders ohrved  wero wcll worn, and there is little doubt that d 
ham bein derived Gom tho Eocene conglomerate. 

The gold is mostly close to bedrock, the greatest propodion of it 
being found in the loweat foot of gravrI. The width over whkh it 
is found had not been detemined. Most of it is flat and in rather 
thick fl&ea, m-much as onc-fourth inch in diameter. It is reported 
to range in assay value from $18.89 t o  818.92 per ounce. Rstum 
r-g from 88 ta 875 a box length (144 squm feet), with an ever- 
age of a b u t  $25,. are reported. 

The most noteworthy feature of m i n i  operations during 19lf 
we9 the intmduction of mechanical meam for working the gavela 
on a iarger sc&. A steam scraper, with 86 bmnpower avafablo, 
waa put into operation during the h t  woek in September, 191 1, and 
w a  intended ta be used extensively during the summor of 691 2. It 
was tr~&9ported during the summer fmm the Yukon under it,. own 
power for a distance of about 10 miles over the brushy valley at an 
average speed of about half a mile a day. The method w d  waa to 
dig holes at regular h t m d s  in the frozen ground, insert a large hook 
for a deadman and then pull the wraper forward on its foundation 
of lo@ by cables attached to the drum. 

Open-cut work was being done in 1912 on Ruby Creek, which 
enters Fourth of July Creek about 3 milea abovo the p i n t  whttm 
the scraper was in use. The only bedrock in this valley, so fs-r as 
  he mod, is the conglomerate. The depth to bedrock at plaes 
where mining was in p r o w  b 12 to 15 feet. The gravel is rnada 
up of rn&torid dorived from the congIomerate, tbnd the gold js found 
in the lower 20 inch=. Returns are reported ranging from $SO to 
$75 ta the box length of 144 square feet. 

PI-r mining in the upper Seventymulo region has been in p r o m  
on Flume Creek near the mouth and on Alder Cmk. The ground 
on both these creeks is shallow. Several nuggets ranging from $1 
to 829 in value have been reported from Alder Cheek. 
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Gold Run, a tri'buttbry of Slate Creek, about 76 milee southwest 
of Eagle, has been mined more or 1- for s e ~ e r d  yearn. The bed- 
m k  is a rather coarse scbistose sandy quart&te regarded as Pal+ 
OZO~C. The m a  is close to tho large granitic mass to the north 
and mt and the gravels contain abundant quartz. The gra~0h 
are shallow and sm worked by open cut and automatic d m .  They 
were being mined in 1904 and two man were working on them 
h~ 1911. 

A small amount of mining has been done on Rutchinson &+eek 
ztnd its tributarim, CoTdfoot and Montana creeb, for a w e d  years ; 
five men were reported to be working there in 1010. There hsa 
been s small production from this area. 

Same work has been done on the quartz pro~pmts cn Mosquito 
Fork. ( S o p .  49.) 

sA%C=& ggenra. 

The first mining in the Sdcha region wm done in 1905, Butte 
and Cmibou being among the creeb then pmpec-bed. The bed- 
rock of tho region is moatly B k h  Creek schist. Tbe thickness of 
deposits that were at that tims being worked ranged from about 
20 ta 36 feet. The gravers consisted principdy of schist, with some 
granih, vein quartz, and greenstone. The main difkulty en- 
~ountered was thawd p u n d .  

Work IMS continued in the region and in 1910 p o d  m l t s  were 
reportd from No Grub and Cmibou creeka, where about 20 men 
were employed on about five claim. 

Chma River 4 tributaries have been under invwtigation by 
prospeetors since 1905. Gold hm been found on a few creeks, but 
no results of importance have been reported. 

The chief importance of thase nx i~~ceUsnm o ~ ~ c m  just 
deecrihd liss in the fmct that they illustrste the widespac l  distri- 
htim of minerahation. It s e e m  probable that d e n  conditiaofl 
fof the trablsportat.ion aE mpplim to m o t a  portions of  the q u d -  

I 
mngla b m e  mom favorabb rmummtive m t t s  will be pomible 
in some of them areas. Such widespted  distribution of minaraliza- 
tion, furthermore, is an incentive to fuzther work in prospecting, 
particularly in the wbistose rocks in the vicinity of the granitic 
intrusives. 
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