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FOREWORD 

To help the mbhg industry of Alaska and to d t  in the develop- 
ment of the mineral resourn of the Territory have been ths prime 
motives of the Geological S m y  'a investigations in Altuska during 

P the past 35 ye-, in which nwly  one half of the Territory has h n  
covered by ib mnngismce md explonttary surveys. It was 
n a t d ,  themfore, that the AImb Railroad, when it undertook Inten- 
sive consideration of the problem of finding tomage that would 
increase its revenues, &odd look to the Qeologicd Survey ta supply 
technical informstion as ta the h o r n  m i n e d  deposits slow ih 
route and to indim@ what might be done to stimulate a larger 
production of minemls and induce further mining developments and 
pmspecting t b t  would I I  tilize ih semice. Rdzation of the need for 
this infomation had long been iel t by the officials mponaible for the 
operation of the Alaska Raidfoad, and t he  need had been partly 
supplied by tbe Geological S m s y ,  but funds to carry through an 
extensive inquiry of this sort h d  not been available until 1930, 

' 

when a special committee of the Senats, corn& of Senstors Howell, 
Rendrick, m d  Thornfa, %4dt&d Alaska, studied Borne of the ndmad'a 
problems, and ~uweasfdly urged C o v  to grant it $250,000 for 
investigations of this kind. 
. On the invitation of the A I d a  Railmad the Gteulogical S m e y  
prepared various plans and eatimatea for the inv&igatic>ns that 

A. appeared to be most likely to confiibub tha desired information as to 
the mineral resoms. Selection of the pmb1ems ta be attacked 

1, proved difiicult, bemu88 the choice n-ady wm hedged rtbout with 
many practical mtrictiona. Fat ins-@, each project mommended 

3 . must give promise of didwing valuable dep&+a requirement 
that waa impossible to eatisfy fully in advance, as it involved prophecy 
rrs to the m h o w n  and undeveloped ~~. Then, too, it wag 
d k b l e  that the march should be directed mainly toward disclosing 
d e w &  which if found would attract, priPata enterprises to under- 
taka their development in the near future. h d l y ,  some of the 
de&ts that might be worked profitably did not appeas likely to 
afford much tonnege to be hauled by the railroad. Under these 
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Mtntiom it ahodd be evidms that the prujecta that could be m r n -  
mended arr worth u n d e g  with the funds a d b l e  by no mwm 
exhausted the m i n e d  investigations that othe* would be we11 
justssd. In a hjp sense, all of Alaska may properly Be regarded as 
indirectly contributory to the wsIfm of the mihod, but even in 
that part of Almke cuntiguoua to its there are h g e  stretches 
of country that are entirely uneqIorad md large - that have had 
only the most cmv examination. Although a m a ~  of thia sert 
might we31 repay investigation, they ware excluded . b m  the list of 
projwte m o m m d e d  bwuae they m m  not Imown to contain 
mineral depoaits of value, arrd it therefom seemed bettar to make the 
selection from other mna that had been proved to hold promise. 
Furthemore, several areas witbin the milroad zone were excluded 
k a u s e  their vdua was believsd to lie mostly in their pmspecti~e 
placers, which would not yield much outgoing to-; others becausa 
their lodes carried mhdy base metdq for which development and 
the m v e r y  of their m e W c  c o n h t  in a readily &able condition 
were relatively expensi~e; and atiU others becauw their m u r c e e  
consisked mainly of granite, building stme, or some other product 
for which rat present there is only a small lo& demand. 

After careful oodderation ten projecte w m  dected, and the 
funds required for undertaking them wem made a~aihble. The 
pmjecte that w m  mlectd involved the examination of two areae 
principally valusble for their cod {Anthracita Ridge and Moose 
Creek), five areas Iikely to be principally vduabb for gold ('Fair- - b&, Willow Cnd,  Girdwood, M m  Pass, and Valdez Craek), 
and three areas w h m  lodes comkted mainly of mixed sulphidss (the 
Eureka m m  in the h t i a h n s  district, Mount Eielson, formerly 
known as Copper Mountain, and the haad of Wmf Fork of Chditsa 
R i m) .  The general position of them d X m t  areas is h&~tlted on 
thb wmmptmying &gram (fg. 1). A ganersl study of the non- 
rnetdifatous rmureaa of the entire e o n  t r a v d  by the railroad 
was included in the pro jecte to be unde-, but tbe mdte obtained 
were not such ~8 tO permit adeqtmta detambation of their extant at 
this h e .  

-tiam were made in the fidd in each of &a dected mas, 
all the h o r n  p t a  md mina being cr i t idy  examined and 

. aampledmfartmtime andothermnditiompermitted. T h e m r d s  
thus obtained, together w i t h  all. other information ba ing  on the 
problems, were then s u b j ~ k d  ta further atudy in the laboratory and 
office, in the c o r n  of which other Geological Stwey ~pecialista whose 
howledge and expmimca cuuld be of aasietmce wem freely oomulte$. 
The outcome of all these lhea ob malpia bee bmn the reports which 
make up this volume. Although m h  chapter ia p m @ d  ae embody- 
ing the latest and moet authoritative information available regarding 
the districts and properties d d b e d  up ta the time Edd work in them 
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was W e d ,  the kuthora make no clsjm that d the resulk they hsvo 
presenM me ta be regarded aa final nor as sol* all the problems 
that b a d  a r k u  Actually none of the mhea have been developed 
Ito such an extent aa to furPish all of the evidence ddeshd to sohe the 
problem involved. At none of the propertiee is m y  considerable 
quantity of ore achdy ''bloclred out" in the engineering sense of 
thet krm, so that imhd of specific m e m m m a n ~  as to the quantity 
and grade of ore the different camp dl yield, the S w a y  geologisb 
md enginem have necessarily had to make numeroue assumptions 
and be content with .es t h a t m  and generalizstiona aa Ito the potential 
re sou^^^. ldxwnorn, the work was planned BO m not to invade 
the proper field of the privah mining engineer in the vduabion of 
individual properties, but rsther to occupy the open field of eonaidering 
the districts es s whole. 
In two of the disbicta, Anthracite Ridge and M a e  M k ,  whaw 

value I B ~  in their prospective cod resources, the examinations that 
muld be made bg ordinarg gmSogic m n m  were not adequate to arrive 
at a h d  judgment of the reaouf*cw of the m a  but pointed to the 
d&rability of fuxther tesb by drilling. AB a comequence dditiond 
exploration of these di~tr icta by means of diamond drilling wsa 
suthorized, md this work wss undertaken in the seaeon of 1932. The 
mults of these testa were not evsileble st the time the m a s l d p t m  
of the other reports were completed, end rather than delay their 
publication until the Iater reports could be finished and hco~porated 
in the volume these reporte have been .omitted here and will be 
published l a w  elsewhere. 
Tbh is not the plplace to s u m m h  the detailed find* of the 

~ ~ t s  BS tO the,merita of the Merent districts, 15% those hdings 
are explained In d e t d  and summ- in the respective chaptam. 
Su£Ece it to say here that on the whole the principal. pqmm of the 
invmtigation~ waa carried tbrough sstidmtady and that wMe the 
studies in soma of the districts indicate that they bold lit& promise 
of extensive mineral development in the near future, others appeilr to 4 
encouraga development under existing conditions, and stiU others 
seem to be worth development when some of the e & h g  factors such J 

BS tmmprtation or price of base met& ere impmved. That condi- 
tions which are now bmpormily retarding the development of some. 
of the depodta will become more favorable cannot be doubted. The 
.antire region ie becoming more accessible each year, and as a r e d t  
mta are being low& and experience is being gained aa to the habit 
of the various t y p  of deposite, sa th&t the conclusions e x p d  in 
this volume as to the mme~ of the dXmnt  districts &odd be 
rwimed from time h time in the light of the than current conditions. 
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ABSTEUCT 

% QMwoml dllrtrl? has hen known for abwt 35 gears to conmln placer 
mid, h t  the soa~ce of the gold In veins was not dipcovered until &bout 1909. 
Whm the Alaska Railroad was completed through Girdwood it w m  hoped that 
the improved transportation fadlitlee would enable the M e  mines to operate 
at 4 proift and also to furnish tonnage to the railroad. PmductIan from the 
quart% velne, however, been negligble, although one placer mine ha@ been 
operat- weadfly for geveral ~lears, 
The predominant sedimentary roek of the regton b a &a of tM4 banded 

milltte and prapwacke, contahing mme conglomerate, Impure UraeBtone, and 
pnrtly Indurated mudstone. On the basis of fossils, obtained at dx dlflecent 
lmlitlm within the dhtrict, the rocge are conslderd of Upper Cretaceous age. 
The t.&w of the argllIite and graywacke Is mknown but mmt be 4 or 5 
milea W Upper Cretaceous rocks apgarefltly were depmlted unconfurmably 
above an lindlfferentlated rnehmorphosed aer ie  of lam, tuff, agglomerate, 
b d v e  rocke, and dimentary  rocks of undetermined age. The metamorphic 
m k q  w b m  tbiclmm L u n k m ,  are fonnd ia the weatern putt of the 
dl8trIet. 

Oremtone tafl m v e d  thonrrand feat thick probably of Upper Cmtacmw age, 
anconformably overuee the argillite-gmywadte serie8. 
The mcka intruded bto the arglllite-graywacke mri- a m  cl- as qua* 

dforlte, daclfe, and dacitic aplite. The Ignmus tacks are in the dorm of dikes, 
M a ,  and erce#dngly erratlc p i m  that are compased esrentlally of a network 
of thtn medinm-grained dlgea Some of the  indiddual illkea are only an inch 
or evm 1 ~ 8  in tblches~, but they are granitoid in textare, and several have 
been traced on the surface for 100 fwt or more. The district Is  peCuliar in that 
the details of the intrusions are apparently independent of any obmrred strut?. 
torn1 contml. 

The e o n  haa beem the dte of cwdderable w l d m d  stmcturnl deioma- 
tion, and tbe bedm are highly tilted, folded, and faulted The main AX- of 
ddormatim follow the general trend of the Chugach Mountaim, 10' to 20' 
east of adtb. Botb noranal and meme faults accnr. and their strlkea am 
tend to W e  themselves with the main axea of folding. A mloor mtem of tenf 
fanltlng ia developed in a geneml e W - m a  t direction. Much but not aU oi the 
iadtlng was ear?ier than zhe fntrnsfons, and in placen dlkes tend to %Elow the 
fanlt planes ~ Q F  ~ h o r t  diBtanw. 
The rocks of the region are not greatly alteml, d t b w h  eome m l l b  

zatlon due to p r w e m ~  d rock deformation has begun. FYne brown toumUne 
needtea and mall reddish-bmwn garnet8 have been ohemed in argllllta 
bordering an irregular lntrnslve p b .  Near the dike cantacts IdIIclflcatlon hae 
taken place, but the introduction of silica is much more intenma d t h l n  nn inch 
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or two of me intmdve - than farther away. SUcill@atlon b in- in the 
vlcinitj of the pigellke Introsim~ and extends 20 feet or more from the conta~t  ; 
chlorite, muscovit~ ~ r f d t e ,  and wme epldoh are alao nsnally developed. 
The ore demits are amall armopyrite-go1dqw1rtp; veins and tbe placer 

deposlh derived from these v e b .  The most prominent veln depasits a m  
mnped  in a small area near the headwatem of Crow Creek. The velna a m  
thin and irregolar but la places contain small pocketa of rich gold ore wItb 
minor quantities of snlphldes-ehalcopyrlte, galena, ~phalerite, pyrrhotlte, and 
rnalybdenlte. Most of the depoafts lie approdmately parallel t o  the bedding 
plan= or w m  them at low anglm, There hm been eonsidemble postmineral 
movement along mmy of the veins, and the quarts and mlphidea in placw 
form a b w i a  in gwge and sheared wall rock. It b W g h t  that the velns 
wIU continue in depth w i ~  -tially the same m i n e d  cornpeeition 

c he veins are grasped &round the irregalar p i d e  inmive and 
owing to the hydrothemally altered cadition of these rocks and the noticeable 
coatact action, aa we11 as the cwnstant assDdaUan of these intmdva m h  with 
the vain$ it i s  thought that the two have a c l m  rehted hhtorg. The he- 
grained d l k a  and aflls ar@ apparently not clmely ammiatel with the or- 

L m A T I O W  A m  =TENT OF Aww 
The Girdwood district is situated near the bead of Cook Inlet, on 

the north shore of Turnagain Am. (See 1.) The mm mspped 
includes the drainage basins of Crow end R a m  h k s ,  parh of 
the basins of Glacier Creek, Wjnner Creek, California Creek? North 
Fork of Ship Creek, and the headwatiers of the Eagle River. lta 
sppmximata limits are latitude 6U065'-6l01(Y and Iongitude 149"- 
I49"20', and its is slightly mom than 125 square des .  

PBEVIOU8 8 W B m  

The fmt g d o g i c  information concerning this @on pu'blisbed by 
the Qsological Survey was gathemd by MendenhallL in 1898, Moffit ' 
vhited the district in 1904 while making a study of the gold deposib 
of the Turnagain Arm region. Johnson, in rp report on the geologg 
of Kenai Peninsule,' presents s study of the general featnras of the 
district with detailed descriptions of the, individual proagecb. 
Cappa  in 1916 gave comprehensive inform~tion concerntog the aree 
in a general mprt on the Turnagain-Knik region. C a p '  work 
hft~ hen freely drawn upon, and many of his &atemen@ with which 
the writer conam, hsve been embodied in this re*. Other repoh  
of the United Stew Cteologiml Survey that contain notea and infor- 

aMemdmall, W. C., A ~ c c o m m  from Bemrttctlon Bay t o  the Tnnana mrar. 
dlrska, In 1IIBB: U.B. OsaL l a n r  Tuentleth Ann. BQt,  pt. 7, pp. 28HH), 1800. 

'Moat ,  F. H., &Id lclQlr of the Ttlrnmgaln Arm refion: U.B. Qsol. 8arrey Bull. 277. 
RP. 7'42.1908. 

.Msrt& G .  C*. J o b -  8. L, md Qmnt, U. 8, -logy and mheral remoarcw of 
IheE P e h a  Ah*: 0.8. Gml, B m y .  Elall. E87, pp. 178-118, 18&lg8,19f6. 

~ C A P P ~ ,  8. R, The lkmaplin-8alk e m ,  A W a :  U.8. Oeol. Rurv t~  BU1. 049, pp 
Ill-194. plk 6-8, 1916. 



mation a h t  the Qirdwond district and adjacent amas are Zigted 
below : 

Pafw, SStdney, and Knopi, Ad~lgh, Reconnamenee in the Mrttanu&n and 
Telkeetna Bas- dlasklra, with noterr on the placere of the adjacent d o n a :  
U.8. Ged, Survey Bull. 514, p. 107, 1007. 
. Grant, tr. 8.. and EIIggln#, DD. F., Je., Notea on geology and mineral prcwxb 
b tns v i d m l t g  of Sewnrrl, Kenal Peninauk: U.S. Geol. Survey Eull. 370, 
pp. -103, l a .  

&wood, W. W., MlneraI remurm ot southwestern Alaska: U.S. GeoL 
Survey Rnll. 379, pp. IlQ-Ill. Iso& 

Ilr Martin, 0. C., nnd Katz, F. J, Geology and c o d  adds of the lower Matanuakrr 
VaHey, Alaska: U.8. GmL S n m g  13~11. 500, pp. 1&17, l9l2 

MartEn G. C, The MesorGoie rJtsatfgraphy OF Alaska: U.S. G a l .  Survey DulL 
778, pp. 3OMrl5, 482.483, 1920. 

Cappe, S. R., Urnlorn ma h e &  rfmurw of the region m~eraed by the 
Alunka Railrimd: U.B. Geol. Same7 Bull. Ti5, pp. 89-91, 116417, 118, 1924. 

Mlneml r e m n m  of Alaska, report on prmgra~ ot Inamtigations. Bulletine, 
pnbllshed annealllg, containing note8 wceminp carrent devlogmenta in the 
various Alaskan mining districts. 

. The detailed study of the Girdwood district was undertaken dur- 
ing the field mamn Juue ? to September 18, 1931, as part of an 
inomtigation of the mineral resources in the area tribut~ry to  the 
Alaska Railroad. S. R. Capps was in general charge of the investi- 
gation, and many of the writer's conclusions have been dimssed 
with him. D. F. Hewett spent several days in the field and offered 
valuable suggestions rand criticism. P. S. Smith offered .mnstruc- 
tiva criticism in the preparation of the report. The writer wishes 
also to express his gratitude to the property omem id the district 
for -hir wbIe-h~~rted  ~1upporb. 

The field rnapphg was done in cooperation mith a topographic 
pady in charge of W. G .  Carson, and membm of this party helpd 
to faditate th0 investigation in many ways. Beginning at Gird- 

A wood, the survey wrts carried up Glacier and Crow Creeks, across 
the divide to Raven Creek, down fiven Creak to the Eagle River, 

I& from the Eagle River up Magpie Creek to the divide into the North 

F 
Fork of Ship Greek, thence down Ship Crmk to the head of Bird 
Creek. The field work has hen confined as nearly as possible to 
the perk thought to be most favorable for the development of 
pinerd mourcas. 

QEOQRAPEY 

The atreams in the Girdmod W c t  flow either mdhward inEo 
Turnagain Arm or northwehwrard into Knik Arm. These two 
drainage dopes am mparatd by high, rugged mountains, which 
contain many small glaciers and cirques. 
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Nearly slJ the &ram encounted b a d  in or receive part of 
their weters from melting ice. Stmm flow is variable; on w m  
bp even the small c d  may h o m e  m c d t l y  passable t o m b ,  
bnt on cool days and at night the flow is greatly diminished. The 
water in many of the cmeks is turbid, and during times of flood 
larga quantitim of roek flour and silt, with mme mamar rock hag- 
menb, are dmhped into Turnagain and Rnik Arms. Some of the 
dreams, notabIy Winner Creek, Cdifornia Cmk, and &fagpi8 
Creak, contain water that  is clam or only dightly milkg. They 
probably owe their h k  of tnrbiditiy to the fact that they head in 

k. 
well-protected mess of mow, where the melting and rn11-0B t& 
place gradually. 

The Eagle River, with ita tributariw Raven and ~ q p i ;  C d ,  
is h e  lmg& -am in the area. Tb. drainage is empW into 
Knik A m ,  into which Ship Ore& also flows. Tha Eagle Riv* 
heads in EagIe Glacier, the largest b d y  of ise and snow in the 
region. The country near the head of the glacier is so i n a d b b  
that almost nathing is h o w n  of it. pthtring ground Par the 
mow #at f o m  Eagle Glacier appears to  be separated from the main 
ice field of the little-known Chugttch Range by barran ridges. This 
nglfind is in striking contrast with the lowland dong the Eagle 
River. The broad flat valley of the Ehgle River contains many 
shifting channels dong the brsided stream mum. The nnmerou 
isrands and the r n d  stream banks m covered with e tangled mass 
of intergrown trses and brush. 

The d q a  of the northern branch of Ship M k  and of h v e n  
h k  am somewhat alike: ewh hna a broad, gently rounded form, 
due to  formar ice erosion, The valleya are swampy in p h  and 
!n their lower mums contain msW @h of 6mb 
The mppr parts of the baj3inrr are mvered du* the sunrmer with 
thick grass, in mnny glms waist-high. 

The &reams of the district that %ow inh Turnagain Arm include 
Glwier Creek and its tributaries California Creek, Crow 4hdc ,  and 
Winner Creek, also Virgin Creek and Bird C d  

Glacier h k  is a good example of s glacier-fed shewn. Itar 
headw&hm are steep and abmpt, but the v d e y  floor itslelf 2i wide 
and flat, in plram swampy, and m d y  covmd with luxuriant 
vegetatioq. 

Little is h o r n  about W h e r  C d ,  sLnd ita hwdwaters have n& 
lmn mapped. The divide between its basin and that of the Twentg- . 
mile River is said tO ba )Bow. !L'he s h a m  is about 10 miles long. 
h ite uppep 0 or 7miIBS it trends abut  S, 6 0 O  W., then m h  a sharp 
bend and flows appmximate1.y N. 45" W. into Glacier GreeB. The 
v 8 U q  has a, low, B V B ~  gradient for &bout 7 mila from Ghier  k k ,  
but farther upshem the ascent becomas steapsr. 



The other stream valleys of the region all ahow many of 
f omer glaciation. The d e y s  are broadly U-shaped and c o m n l y  
contain wide longitudinal grooves high on the valley sides, Tha 
gfooves and valley floors are in many places swampg, but in g m -  
eral the higher lands are well drained. 

Stream piracy and unadjusted drainage are common in recently 
glaciated regions. One interesting and peculiar example may be 
scan in the extmme western part of the G i r d w d  district, near tbe 
head of Bird Cmk.  (See pl. 88.) The small stream that forms 
the head of Bird Creek makes a sharp U-shaped bend. An old open .* s h a m  &-el comects the bass of this U with Ship Creek, and the 
slope of the channel shows that what is now the headwater stream 
of Ship Creek formerly flowed into Bird b k .  

iy During gltacia1 time the main ice stream floved down Ship Creek. 
Valley. This ice stream, high on the south side, had a branch outlet 
down Bird Creek. The ice grduaUy mtratd, and Ship Greek 
Valley was filled with gravel and debris to a thicknm that is un- 
known but surely several hnndred feet. The level of this gravel floor 
must have been nearly even with the Bird Creek outlet. Most of the 
drainage from the ice went down Bird Creek. The upper part of 
Bird Creak flom across hard layers of graywacka and srgillite, 
matariala that effectively mist stream wear, but the valley of Ship 
Creek, on the contrary, was filled with. unconsolidated gravel. Glacial 
streams may carry very krge qutbntities of water md transport 
considerable loads during times of flood. If, during one of these 
floods, the Bird Creek channel was unable. to carry all the water, the 
ex- may have broken away down Ship Creek, and once mtabIished 
in the gravel channeI, the stream continued to flow down Ship C m k  
sfbr the flood had subsided. 

capture by Ship Creek of the atream formerly tribntaq fo 
Bird Ceek is considered to be postglacial, as the ab~ndoned stream 
channel is still open. The capture may have been aided by the 

A formation of aufeis or some similar obstruction. Other abandoned 
stream channels parallel to Ship Creek may be interpreted as eevi- 

t dence of this prmess of freezing, overflow, and channel cutting. 
9 RELIEF 

The country mapped is exceedingly rugged, and the relief is con- 
siderable; the topography is typical of that developed in rnounhbm 
regions by shng alpine glaciation. The main ridges are bare m d  
ragged, many with slopes descending precipitously ns much as 
seveml thousand feet to  small cirques or sheltered ndv6 fields. M a r  
the bases of thw  ridges countIess rock slides have formed prominent 
talus cones. 
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Northeast of the district mapped is the main range of the Chug&ch 
Moan- a r m  almost inac-ible and unexplored. This area 
is a gred gathering ground for mow abnd ice. For mil-, as ffar as 
the eye can. see, imgularly spaced bare, jagged peaks and ridges 
project upward through an otherwise smooth, wind-ewept expawe 
of whit& 

The mountains near the shore of Turnagain Arm rise tn &vatiom 
between 4,000 and 5,000 feet. These coastd mountains have been 
glaciated up Q about 3,400 feeta and their valleys are broadly 
rounded. Most of the valley sides contain wide longitudinal grooves 
and prominent rock-cut benches and otherwise show the eflecte of 
glaciation 

The maximum relief is along the Eagle River j n ~ t  south of the 
junction with Raven Qeek. Tho river here flowdl at an elevation of 
about 700 feet, and the peab on each side rise abruptly to  crags 
over 7,000 feet high.- Few of the  mom^ have slopes of less thm 
30°, and in many p l m  the avemge inclination of the surface for 
several thousand feet is 50" to 60°. Many of these mountains are 
entirely inaccessible, but some can be ascended from one side, usually 
the north. 

crtr#mm 
Girdwood lies just within the coastal rain belt. The m d  pre- 

cipitation, shown by scanty and incompleh records kept by the 
Mash Railroad at GMwood, is probably about 50 inches. Hea~g 
fags and light @ h n t  rains are very common during the Bummer. 
The surfam is sa h& that maw may be expected on the peaks at 
m y  time. Considembh snow M~B during the winter, and much of it 
remains throughout the summer in sheltered or protected spots. The 
peaks and high ridges usuaEly conceal amall n6v8 fields and p&ts 
of ie. 
In the higher p& strong winds are common. These winds am 

pmsishnt during much of the winter and at times assume the pro- 
portions of Misear&. It is reported that the old mail-route trail 
through fie Crow Creek-Raven Omk divide was abandoned on ac- 
count of  the^ winds During the summer the winds mod17 subside, 
and the climate in these higher parts is cool and pleasant. 

The lowlands along Glacier Creek ars thickly wooded and furnish 
some of the h w t  timber in this mction of the Territory. Spruce 
and hemlock trees attain a diameter of 4 feet, and groves of cotton- 
wood and small birch trees are plentiful in many of tha mlleys. 

~ C S W ,  8. a., Ths m g e i n - m k  t%glou, Alatlga: U.8. GaoL Burrey Bull. .812, p. 
1138, 1916. 



pmber line ranges from 1,000 ta 2,500 feet but averages about 1,600 
'feet. Alder and willow thicgets d n d  to an alevation of 2,000 feet, 
or in mrna places above 2$00 feet. Mwt of the larger valleys are filled 
with a tangled mass of fallen tmea and underbrush, which includes 
buck brush, mountain d a r ,  devilsdlnb, blueberries, cranberries, cur- 
rants, ~aspberries, and many other small plants. Multitudes of wild 
flowem laat throughout the summer. The otherwbe bare slopes and 
ridges are spotted with many different knds of moms and grasses. 
Redtop and bunch grass are abundant and in many places waist-high. 
They furnish ample food for stock during the summer. 

Mountdn goats and sheep and black b ~ r  trm found in the 
*r 

remote regions, A few m m ,  brown bear, and fur-baring animals 
are present, and wolvea and coyote are masionally seen. Btarmi- 
gan and grouse, the only game birh seen, were nowhim sbundsnt. 
M& of the strmm are glacier-fed and, owing to the turbid condition 
.of the waters, contain no fish. Trout are found in s few clear 
dlwm. 

z+ommoa 
The only people in the didrict am t h m  near O i r d w d  and Crow 

k k  and a few prospectors who roam the hi& during the summer. 
California Creek, near its junction with Glacier Creak, fnrnishw 
power for a sawmill, and some timber cutters and prospedors live 
in the Glacier C m k  Valley. Girdwood cantains a &me-h&l, a 
f cmst ranger's =bin, n post offim, and a dozen or so other buildings. 
The permanent population of the entire dbtrict pmbtsbly aver- 
%tween 95 and 50 people. No signs were m n  that would indicate 
that my native tribes frequent this district. 

mmEa OF- mTEL 

The Girdwad dktrict h served by the AIeska Railroad from the 
A station of Girdwood, on Turnagain Arm, From the railroad a 

L mrfa6ed mad extends for a b u t  6 miles along the we& side of 
Glacier Creek to Crow Creek md abont 2% milm up Crow C m k  

a Valley. This road was built and is maintained by the United States 
Bureau of Public Roads. A tractor mad connects the end of the 
surfaced road with the mumnit of the divide between Crow and 
Raven Creeks, from which a trail follows down Raven Creek to 
the Eagle River. The old frail into the inferior of Almka by way 
of OId Hnik extended down the Eagle River b Knik Arm. This 
trail has b n  washed out and overgrown, so tbet it is i n a ~ i b l e  
.to mmmsr t&c. 



A fookbfidge cmsm Ghier  C d  jmd Mow fsre junction'witb 
Cmw Om& and cunnects the g ~ s v e l  road with a trail up Winner 
Cmelr and also with the Virgin Creek trail down the east bank of 
Gladby Creek. The well-built trail np Winner Cmk wae cun- 
strutted by A d  h b l a d .  Late in the sammer of 1931 the For& 
Service andertook to extend this trail mss the low divide to the 
TwenQ~de  River. 

GENJU%AL QEOMBP 
JPBWCIPU mmBEB 

The ddeat r o c b  in the Qirdwmd district (sm pL 33) are a hydm 
thermally metamorphomd series of clttstic mdimenta, lava flows, and 
i n f i v e  rocks. This wries forms a belt 10 to  12 miles wide elowthe 
weetern border of %he mountains, 

Unmdormrtbly overlying the metamorphd m b  is the ,m& 
w i d e s p d  mrie~  of the region, s monotonom summim of a r g U h  
snd graywacke, These r& extend dong Tmmggin Arm from 
Indian Creak to Portage Glacier ltnd'northward to E k  Arm6 
h the extreme northwestern part of the ares is n aeries of green- 

stone tuffs, younger than the argillih-gravacke series. The g m -  
stone i d  has been studied only dong the high, h o d  inmessible 
crags south of the E&gle River. 

The youngest sedimentmy materials ma mconsalidated- ar partly 
3nduruted Q u a b a r g  depasite of glacial and dream origin and 
rewt unmmolidaBd deposits bf similar types. No Te- beds 
have begn m g ~ G z s d  in this district, though dimentary roeh of 
Tertiary age occur in a wide; belt along the coast near Anchomp, 
and be& of m p h d  Eocme age are found in the Chickdoon 
region d south of Turnagain krm near Point ~ d o n .  

C~WW&W d dhtPibdh-The hgndmthem2ly metamorphhaared 
rock comprise a wide variety of materials. They include altered 
igneous m d m  of acidic cornpsition, altered andesite, and, especially, 
water-laid tuff and agglornemte. They also inclnde altered afgiIfite, 
graymadie, and chert of sedimentary origin. This whole mries haa 
been cut by both basic and acidic  dike^. 

The study of these rocks has been limited to a d o f l  dong the 
A l a h  Raiiroad from Potter to Girdwood and one small area near 
the h a d  of the North Fork of Ship Crsek. The study ~ I W  yielded 
little in addition to that already publkhed by C~pps.~ 

Stmatwe a d  thkha.--Owing tO the deformed and m b m -  
p h o d  character of this eperies of rock only a vague ides of tb& 

*Cappup 8. R.. op. elt,, p. l6B.  
l Idem, pp, IS4-16& 
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t#incture han been obtained. They are di5cullt to stndy in the h l d  
became they am gaerally so greatly altered and weatbed that de- 
terminable specimens are not easily obtained. 

Along the shore of Turnagain Arm west of Indian C d  the contact 
betwean this group of rocks and the mgillite and graywacke to the 
B8Bt hltir been the sib of intensa deformation, with shearing grid 
b k a t i o n .  Bunches of argdhte and graywltclre are apparently 
squeezed and infolded into the metamorphic rocks, and the linear 
amgement  of these included materids is roughIy psmllel to the 
line of contact, The ax@ of the main f o l b  aIine themselvm sp- 

a proximately with the axial trend of the mountains and also roughly 
paraIla1 to the lins of contact with the argillite-graywaeke series. 
This d i d i o n  is N. 10"-20° E. Tbs folds plunge north at rela- 
tively flat angles. Nwnerous f d t s  of both normal and reverse 
types and with gmac diffemnces in amount of offset are pment. 
Mod of thea fadB are parallel b the axes of folding, although a 
transverse esst-west fanlt system is developed. 
No infomation concerning thh thickness of them mkrr was ob- 

tained. Capp considers them to be at lead mveral thousand feet 
thick, and this &a& appears: to be m close as can at present be 
made. 

Ag& d cvmddm.-The age of this gronp of mcks is probably 
.pre-Clsetsceous, although where Ebe mntact with the aqpbte-gray- 
wacke sari= haa been seen deformation, infolding, snd alhration 
have been so eevm that dehite relations rn d S d t  to cstabhh. It 
is impossible from the information obtained to that either 
rmk aeries definitely overliw the other, but the metamorphic rocks 
are much more intensely deformed and intmdd than the argillite- ' 

group and are theref om consided older. This is in ac- 
cord with Cstpps' conclusionP 

ABCt-OBhPWAm SEEIE8 

O b m c t e  and di&%WioPe.-Nasrly the whole of fha area ie un- 
d~lflain by argillite and graywacke. The argillite and p y w a c k e  are 
I l l y  coverad by Pleistocene or Recent deposita or, in places, in- 
truded by igneous masses of mall areal extent. %or quantities. 
of conglomerate, Limeone, and partly indurated sandstone rrre 
interbedded with the rrgifite and grepacke, forming many mdl 
but distinct lenticular beds.* 
Thin-banded argillih and graywacke are by far the mod common 

rock typcs. The bands range in thicheas from a fraction of an inch 
to more than 100 feet, although &a average is between 2 and 8 inchea. 

CapPu, 8. a, op. dt, g. 156. 
'Idem, p. 168 
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U d t i o d  bed** ww-Bedding, and in few p h  ripple m w b  
&tie to the shallow-water origin of the depwita. Tt has not been 
feasible to attempt to differentiate between argillih and graywacke 
on the map. 

&ap&8.-The graywacke gradea on the one ~ i d e  into argillita 
and on the other into sandstone and conglomerate. It con$& 
maid7 of ~harply angulw bib of rock and frsgmenta of qursrtx, 
feldspar, and otbm minerals. Coarse muscovite and eome biotite 
am common constituents, and some hornblende is present. Frag- . 
mmts of coaraa epidote, clinozoisita, and a few broken tourmaline 
grains have bmn men. Small crytala of @pakite are mnunon. Most a 
of the feldspar p m t  is either basic ohgoclase or acidic andmine, 
although orthoclase and other members of the plagimlnm series 
may be premnt. 

The ground- is a fine-grained aggregate of chlorite, mrioite, 
graphita, and, in p b ,  much calcium carbonate, both in &;rains and 
in stringem. A lime epidote md limonite are wideapmad, a mineral 
of the kmlinite gonp is common, and leucoxme may be present.. 
Many specimens of the somewhat i j c lhbse rock are partly recrystal- 
lized and have a groundmass composed chiefly of very h e  grained 
feldspar needles, probably near oligoclw in cornpotxition. The rock 
fragments are usually bits of h e - g r h d  graywacke or ~rgiUite. 
In some weas the kgments measure more than an inch acmm, 
although asually mueh hsg. - Macroscopic argillih fragmenh may 
be e v d y  and dosaly distributed through beds as much w 100 feet 
thick or even more. Some p h ~  of the rock strongly suggast a 
tuff, and such is with diaculb distinguished from the liahr 

- gremEtonetuff seriaa 
The graywacke in many plsw h harrslized, and the-&did  

rock has s dull reddish-brown color. 
Arg.illi#a.-The argillite locally grades into schist and alate, but 

usually the w k  desvage is undulating ~ n d  irregular. The color 
of the fresh rock is dark gray, and under the micrwwpe much s 
grmphitio mahial is wn. 

The m k  con- of very fum particles of quuarta, with iwnae+feld- d 

spar. T h e  plarticles am subangular, probably somewhat water w o n  
The groundmass is exceedingly fine and consists of chlorih, mricite, 
a member of the h l i n i t e  group, and gxaphika. The tqillite shows 
ahnod no recrystallization, but in the mare mhistose p h m  of the 
m k  mrphUized minerds are slightly developed. 

Many specimens of the argillite resemble fine water-laid tuff, and 
it is entimly h b l e  that considerable volcanic material is included 
in the seriw. 
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Qwcg-, numiktm, a d  lidm.--Cong1omerate, aand- 
&ne, and limestone form mttemd lenticular k b  in the much more 
~bundant argillite and graywacke. 

The conglomerate grades from indurated grit to m k  containing 
boulders as much as 10 feet in diameter, although the average diam- 
eter is probably less than 1 inch. The pebbles ~ a r y  greatly in com- 
pi t ian;  fragments of argillite and graywacke are the most common, 
but igneous and other sedirnenta.ry rocks are p-nt. The pebbles 
of igneoms rock are usually granitoid in texture and have the mm- 
position of a diorita. The matrix of the conglomerates is usndly 

P argillite or, more commonly, fine-grained gaywacke. This matrix 
is in places slightly mineralized, and one spot of free gold wns seen 
in a conglomerate lens found in the most recent gorge of lower Crow 

r* 
Creek. As mentioned by Capp lo and &o by Martin, Johnson, and 
Qmt,lf the conglomerate does not form sharp, distinct b d s  hut 
grades in all directions into the h e r  sedimentarg rocks. Most of 
the conglomerak are intraf ornational and do not mark any signifi- 
cant break in deposition. Many am sheared and deformed; the 
pebbles tend to flatten parallel to the cleavage. 

Sandstone is nowhere very common, and it grades lcmlZy into 
qnarhite, although the mineral grains are' rarely well cemenkd 
The fresh sgndstone is usually feldspathic and grayish. It merges 
gradual1 y into graywacke. 

Several small lenses of impnm llimeptone have been o b m d .  
Them are especially common near the s a d  of the pam between 
Crow and Raven Cree$s. The limesbna has a fine grandar texture 
and a dark bluish-gray coilor. 

S h t u ~ e  a d  thWk88.-The a@te and graywde have bean- 
considerably deformed and tilbd. The strike of the beds comaponds 
approximately with the general trend of the monntsiw. The dip 
is urnally steep and in the district studied is m&Iy fa the west, 
although it may be in any direction. - The cEiffcultp in interpreting structure in this region is due pd- 
marily to the lack of any persistent or chlsracteridic bd that would 

1, serve as B key or reference bed. The beds have been considerably 
disturbed; they are lenticular in character and preaent a monotonous * sameness in appearance throughout the series. On the east side of 
Raven Creek there are several massive mame graywacke layers scat- 
tered stratigraphically through about 1,000 feet of the formatioa 

. These beds are individually 100 feet or even more in th ickt~~s  and 
am separated by beds of argillite. This massive grapwacke mne has 

'CAW, B. R., op. clt., p. 160. 
=Mmttla, 0. C., Johnson, B. L., and G r a n t  U. B., op. dt.. p. 117. 



-bed by fsr the best marker bed in the MC< but &;-attempt 
to follow it g i v ~  a p d  idea of khe variable chartlchr of the beds, 
Tho character of the rock changes along the strike until within 2 

W. + E. 
miles the identity is 
completely- l o s t, In 
most placsar it i not 
pos;sible to  foH& an in- 
dividual bed mom t h e  
100 to 200 feet vith 
any degree of rtmmnce 
that it b the wme bed. 

Folding and- f adting 
am both common but 
difficult to trace for 
any distance. No at- 

I 4 

$!en& 48.--Goat Yomtnln thtmt holt. tempt has been d e  
on the map to show the 

many minor crenulations and amall faults. The same sgmboI is used 
on the map for both faults and prominent shear zones. 

There mw two main system of faulting, one striking a few de- 
.grees east of north, patallel to the axial trendaf the mountains, and 
the other, a secondary system, at 
nearly right angles to this. The 
fanlta of the dast-west system have 
the appearance of minrkr bar faults 
or dam between major nori:h+onth 
lines of defamation. 

The north-south qdem of faults 
is prominent in places, bat the indi- 
vidual b& are very d X d t  to 
follow. (See fig. -48.) Compres- 
sion f adta of ths normal and reverse 
ltgpas are p m n t  (see fig. 47) and 
at many places change d o n g  the 
strike into obscum folds. It has 
been found impossible, except in a 
very few placers, even to estimate 
the amount of offset along the 

5 
J S 

0 5 Fest 
faulb. Small breaks with a, throw 
from a few inches to e few feet FIQUM 47.-Normal fault mooed ltrt 

comgsesslve stre- 
are common, 
The difference in m p e h c y  of the W is well & o m  ia-phmx: 

argillih yields primariIp by rock flowage, but graywecke, under 
the same or ~ m i l a r  aonditions, w i l l  mom readily fractum. Where 
the c m a l  disturbance has been p t  this difference in mmpete~cy 



is especially noticesble. Huge blocks of graywacke have been broken 
and infolded or dragged into the argillih until thy are completely 
imlated in the more plastic mirhrials. 

Capp" states, in d i d n g  the rock cleavage: 
Zlhe local dmelopmmt of slaty change in Mclrs within thirr r@on c a n  fn 

rnoot p h w  be attributed to the potsition of tbe slatg bed Ln relation t o  fold% 
Io gene~81, the fhwrtabed mndatwes have receive8 a m n d a r y  clmvage 
more resdilg than the m a w  graywacke8, and a welldeoeloped bed ~YI slab  
nag be bordew, both above and below, by m d v e  -a&e beas that  how 
no wcb cleamge. Within small a m ,  however, ell the rocks bave become 
somewbat wblatoe~, and a wcandary cleavage IEI p-t in the al*& m y -  
weclres, and ConglamefateS. 

The pitch of tbis c l m ~ m  i ~ ,  in gened, 10°-300 N, 5'-10' E, 
A few obmz~tions taken give the direction of pitch west of north. 
The major jainb strike in general h m  N. 65' W. to west slnd usually 
dip more than 6!i0 N. me angle between the bedding and the rmk 
cleavsge is oommdy m a l l ,  not more than 1 0°, and tha bedding, as 
a result, may be much obsrmred or even totally destroyed. The two 
f ~ u l t  syshms in general correspond with the direction of pitch of 
the cleavage and the strib of the joint planes. 

The thicknm of this mries of argillite and graywacka is not 
h w n .  C a p p ~ ~ '  says that the original thickness must have been 
werd tsomaad feet. T h e  cross sections in plate 33 indicate that, 
although considerable repetition by folding and faulting has proba- 
bly occurred, the thickness of this series of rocks in tha Girdwood 
area may be between 4 and $ miles, 

Age and cm7&ion.-Tha recent study has yielded fregmmb and 
imprints of I ~ ~ c e r m  sp. from six different Iucalities scattered 
thmughont the, region. In reporting on thwe P k l s ,  3. B. Reaside, 
Jr., serys: 

In thek stnte of ppeemntion it i~s not posdble to tell whether more than 
one apedm In ~xwmt or to reier them wJth amnmnEe ta a named ma. 

+ Neverthelm It  seema who* improbable tbat one would find in an$ mcb 
older than Cretaceous as many sgedmens of as are contained Ln 
these m1Iectlws and no other fossila It Is my opinion that them fossils me 
Cretams, and mom lflrelg U m r  tban Imwer. 

This detmmination in general with the emliar report of 
T. W. Stanton:' who examined some I w w m  of undetarmined 
spciea found by G. C. Martin and B. L. Johnson at the head of 
Crow Crwk. Stgnton says: 

con&& entirely of fmprint~ of a muall Imc#mmw, wh1Ch U plsdm 
1BemtIc.l with the Fakutat fmfl dcscrjbd by Ulrich as I m w m Y a  a-t-. 
There Ia also a d b e l y  related form in &fawn's [UpperJ Cretaceous collectiogs 

-cam 8. a, op, tit., m. 16&1m. 
Idem, p. 180. 
Adam, Q. G. Jobmaon, 8. L, and Gmnt, U. 8, op. dt, p. 118. 



from the Matttnuska r e g f a  * * There b no ewmtial dlil!erencs In gen- 
eral tJrge M e e n  the Jnrasslc epeeiem of J m r a m u a  and some of those h the 
C r e t a m e ,  hence it in imposdble to m a h  H t t v e  dfscrPmfnatiians on the 
evidence of I n o m ~ s  alone unless species of known stratLgmpbic mwe can 
be positively bdentifled. 

From the paleontologic e~dence  these I d s  me m m i d d  to IM 
of Upper Cret~ceom~sge. There must, however, have b n .  s con- 
iderabb time intemd Mwaen the deposition of this Uppes Cre- 
taceous mries and the Eocene coal-bearing beds of the ChicksrIoon 
region. Northwest of the area mapped the argiuite-grayw acket series 
is covered by creveml thousand feet of greenstone tuff. These two 
formations are separated by a distinct angular .unwnformity. In 
tbe Chickdoon region the lower Tertiary ( E r n e )  coal beds are de- 
scribed lU as unmnfombly omr1ying the argilhte-grywacke series. 
No dim& evidence has been obtained concerning the relationship 
between the ytargil l ite greenstone and the Eocena coal beds.' From 
the Lithologic dissimilarity of these rocks, especially the indurated 
condition of the greanstone tuff, it may be logically reasoned that 
the tuff is pre-Tertiary arid was consolidated and partly eroded 
before the depasition of the lowest Tertiary beds. 

If  the above ressoning is c o m f  the condusion msg be &awn that 
the arflite-gragwde wries cannot b the youngest TJpper Cre- 
taceous formation, bcanm it h separated fmrn the basal Tertiary 
beds by mveral Qonsand feet, of clastic rmks and by two dehite, 
w i d e q m d  unconformities. 
As the srea described in this report Is so s m d ,  it is entirely 

possible that other parts of the argi11it.e-grspcke wries are alder 
than Upper Cretaceous. 

V 0 M : ~ C  TUFF 

Cham& mnd d & h 0 6 d b - T h e  volcanic ( - m e )  tuff is 
found northwest of the argillih-graywacke sefiek mapped and COT- 

era an exkmive area BS far north IM Eklutna Lake. Owing to the . 
E 

in-bility of the %ion where the tuff was seen ita study 
been necessrsrily limited. Y 

Thin layers of argillite are commonly interbedded with the tuE. 
Capps r e p o h  rhyolite tuff in mall amounts .and probably also some i. 

flow rocks. These were not obwwed in the region stndied by the 
writer. 

Small fragments of black argillite are mttered, thmugh mod of 
tho m k  In small q m h e n a ,  thesa black fragments lure of sppmzi- 

tb same size, and are distributed ~ O S I I O ~ X J . ~ O U $ ~ ,  but in thick 

Im Cappl. IJ. a, ~ c D I W  of tbr upper H k h n d a  ValIw, A l a 8 b  : U.B. e o 1 .  B u m  Bull 
185 pp. 4142, 1m. 



beds they varg more both in sim and in distribution. The mi- 
form it^ in ~ i z e  and the homogeneou~ distribution of thm i r & p e n t s  
through& a great thickness of the tuff and over large are= are 
diffimlt ta expIain. 
. 'She tuff is urmdly greenish, owing to the p m n c e  of quantities 
09 & d a r k - p n  chlorite. Many of the small fragments are qua* 
aatt plsgidwe feldspar. Capps reporb in addition some micro- 
scopic hornblende and pyroxene. The wndstry minerals include 
quartz, carbonate, chlorite, and zeolites,. Veins and stringers more 

3 than a fcmt in width we common. Them veins contain only calcite 
and some prehnite. 

The matrix of the tuff is commonly composed of carbonates and 
mrpentinons material, although in plwes it may be g h q .  

S h c t w e  & drA&has.-Conmrning the structure of thesa &la 
Capps says : 

The d of tbe tuft geriea hare been somewhat folded and ianlte8, but as 
a whole they are lw deformed than the underlginR fonnatlwe. Tbe beds 
are generally mamive; interbedded claatlc mdlments am preseot only in mall 
amounts; and In most places the jointing Is more conpplcuous than the beadhg. 
From a atudy of the contact relsUons wlkb the Underlyfm mcb  Rnd of such 
wdimenta as are present in the series, however, it a p w r s  that the large area 
of tnfh that occnplea the central part of this reglan 1s in the form oil a rather 
rl*b mynclinal M, in which the pfevaillng strfke is parallel to the outer 
border of the tuff area nnd the MB 13Ip from the r n a ~ g h  towal'8 the centef 
of the bmie 

These statements are in agrwment with the evidenm obtained in 
the prewnt investigation. The greenstune tnd is =parated from the 
aIder argillite-grsyw~ke e r i s  by is distinct angular un~onformit~, 
well ahom north of upper Ship Ch8k. Fmm its m n t  this un- 
m n f d b  is thought to repreent a considerable time inhmal. 

The most that can 68 said conoeming the; thickness of this mries 
of tuffs is that it is cornpod of probably mverel thousand feet of 
volcanic mahrial. 

Age aPrd c o r r e l a t i - N o  f d h  have hem fonnd in the volcanic 
tuffs. Thsae tuffs am younger than the argillite-grsjfspacke series, 
which is considered of Upper Cretacwus age. The volcanic mate- 
rials am mom indumted and are different in chamtar from any 
of the h o w n  Tertiary beds. h n e  be& wxur in several nearby 
localities but ire usually coal-bearing and contain mBny fossils. On 
lithologic pounds done, the greenshe tuffs are tentatiwly connid- 
ered Upper Cretaceous. They have not been ddnitely correlatd 
with any other formations. 

lo Cnpw B. B., The Turnmgain-KniL region, dlanka: D.8. W L  k i m y  BnlI. BIZ, pp. 
165-111, 1016. 



~ ~ a d c K s  
0- dht*diwa.-~bo int~vsiw rocb de not offer s 

wide vtrrietg of t p ,  Under the micramp the m i n d  conskit- 
umta am seen to lm w e l l - m d  hldspsrs, medium nsdeerine.fo baaic 
oligmlm in camposition, quarta, both as an original and m an 
introduced constituent; and some ruxsessory apatite, r n a p t i b ,  titan- 
ite, and a faw z ~ r i s .  Hornblende waa observed in only me specit 
men ; biotite b somewhat more common but not plentiful. 

Altaration has been common and in plmea intema Arwa of 
chlorite contain scntterbd spots of leucoxane and are thoyght to rep- P- 
m n t  former biotite grab In the cosrser rocks welbfo& books 

' 

of muscovite a m  p-t; mridte is found in dl i n t d m  A. 
Epidota, chlorite, and carbanittea are mmmon comtitnenb, and tour- 
m h a  hss beem eked. Small amounte of rutil+beariog quartz 
are present, and the long rutile crystals in mme places (~1nh11w 
through weveral p i m i  of quartz. In a few p l m  albite hm bgan 
introduced, but slbitkntioa is not d n s i v e .  Small amounte of sul- 
phideg sspecidy pyrite and pyrrhotite, are present in most of these 
inhsim mb. 

Micrmpicallp most of the intrnsive rocka are highly altered 
p a a h  diarih and the &~-graineiE equident, d d b .  There sre * 
few h e g r a i n d  white dikm that ccratain almost no fersomqgn&m 
minerals except a few rrpots of epidote and magnetite. The sock is 
s he-grained ~ggreg~te of quartz and andesina fddspw, highly 
aer i c iW and with aome carbomh~ devalopd. This white rmk 
is tatarmed a dacitic aplite. 

The zoning of the feldgpar ia sommhat pecdiar, in that tdmhg 
bands are not very prominent. The feldspsra g f a d d y  fade from 
medium andesine at the mnter to a basic oligdam at tbe mt&b 
of the grains. 

All the aedimmtsrp and me'kmorphic formations &died have 
ken intruded in mmy p l m  by dikm, a, and irregular p i p  or 
p l w .  No time ww available to d d y  the basic intrusivw in the 
metamorphicrr&, aad most of the work ha9 been c o h e d  to the 
intrusive mlm in the peighborhod of the ore deposits. As the area 
was mapped early in the season, when part of it was covered with 
snow, it is certain that rnany dikes and dls were overlooked, e s p  
cidly in the high country south and sad of N g e d  Top Mounhin. 

Ejfecta of mtact m t ~ k - T h e  effects of contact me&- 
morphism mound m& of the in tdve  mks are negligible. A few 
v e q  irregular ~haped c m u t t i n g  bodies of quartz th& m- 
fain cryatah of muscovite as much as hdf an inch mrow hare hsd 

.some influence on the adjacent argillib-gra~acke rock%, aa &own 
by the development of rsericite, mall  grains of tourmabe, and a few 



&dish-brown garnets. SiliSmtiou is inhm new the mntacts, 
but tha effe* are in few plam notictable more than 16 to N feet 
from the intrusive plnga. 

The he-grained dikes and dh &ow slmast no pyfometaaomfitic 
. action; the contacts are in many places of hife-edge sharpnew and 

are well dehed. Some silicification has usually takan place within 
a faor inchas of the contact. 

8hwih~e.-The most striging things to the c w a l  a-pr in thia 
district are the prominence nnd erratic didribution of the d i h  and 

3 
sills. Owing to the sale of the map it has not been possible to 
&ow the many Irregnlsrities of the intrusive materials, and the mall 
mas shown as intrusive roch may contain as much a91 60 percent 
of a@Uite or graywacke. The argillite and graywadre may be 

a badly shafhmd and cut in all directions by coarse-pined int&ve 
6 from a fraction of an inch to  over 100 feet in thichem. Them 
is no d e h i b  pattern nor determined structrzl.al mntro1 for the small 
offshoots of my intrnsive body. From the map there appears to be 
a general ahinemeat of the dikos in a north-muth direction, 

The impression obtained in the field is that these racks were 
intruded fairly clom to the surface, althmgh there is no direct evi- 
denae in prwf of this. It is dificult to conceive of the factam con- 
trolling such fmtskically distributed intrusions. At depth and 
nnder great pressare moltan materials wanld possibly tend to follow 
the well-d&ed braah and structure, aIthough near the d a c e ,  
*hem fracturing was more comsnan and the m k s  mare &Iy broken, 
the -ding magma might traverse a more erratic path. The im- 
pemiousness of the mck intruded may have b n  an important 
factor zbffectbg i n t d o n .  

Mmy of the dikes follow preexisting faults for p a t  of tMr 
etrilre and iiip. In a few places faulting has offset the dikes, as 
shown in mme of the mall intrusive bodiw at  the head of Califor- 
nia Creek and alsb on Crow Creek, Rut most of the dikm and siUs 

a are undistorted and mmG of the folding is c d d e r e d  earlier than 

ct 
the intrasion. Many of the dikea conform with the bedding for a 
Snort &anm and in thorn pats  of their courses may be considered 

2 sills. The veins are usually later than the dikes. 
Age.-Mast of the htruaive rocks in this region m younger than 

the argillite and grrsywacke, and the writer therefore considem that 
they are probably younger than Upper Cretaceous. Martin, John- 
BOP, and Grantn consider them probably pre-Tertiary, although 
&4PitB parphyry intrusives ire known ta  cut the Tertiary coal. forma- 
tions in the Matmuska regionmaa 

nY~rtta, G. C., Johnscm, 8. L, and Qrant, U. B., op. clt., p. 120. 
NMaIartln, a. C, *ad Knb, I?. J.. Geolom and coal aeI& of the lower Maba.tnaaakS 

Ttlley: U.B. -1. $ u w  Bull. 600, pp. 6W1, 3912 



The metamorphic mries of & in the mounhiw west of the ares 
mapped appear from a cnrsory examination to contain many more 
infawive bodies than the a r g i l l i t e - g r a m  gronp %me of them 
intmsive mcb collected as dost on lower Ship Cke& are basic 
t m b b r o s  and &rated Memntiates. Rona of thwa bnsic 
i n t d o m  have besn found in the mgilhte-pywacke rmh nnd it 
seems pmbable that  &a basic mTns are older than the a@&grey- 
wacka series. The f& that many of the intrusions seen appear 
def o r d  helps ito &+en this coaclwio~~ 

QUATEBWARY DERWFFS 
OLaOraTION AMD GLbCtbE m m e m  

The pmglacid and glacial conditions of this @err have bean 
thoroughly d i d  in the papers drady cited, @ally that by 
Cappa"g T h e  la& p t  period of glmiatiem (Wmnsin stage)" in 
the Tnrnagah-Ihik region destroyed praetidly a11 the preexisting 
topographic features. 

Part of this region may be considered as dl in the glacial stage, 
and mwt of the ares map@ as occupied by mcomlidatea ma- 
terish is covered by d e p k h  formed d i d j  by ice or by gkid 
ptreazns. h the mapping no attempt has beea made tu diff -tiate 
these materials. 

The d o n  of Capps' report that d& with the geologic hist~ry 
of Crow creek will be quoted bere in prf, as it illustsate the corn- 
plexiiq of p r m  active during the ghhl  epoch. PLn under- 
standmg of this history is q+cislly necessary in any study of the 
placer deposits of the region. 
. The phmfogrnphic &tory of Grow Cmek in highly eomp8er, but Jtortmrstdy 
the d m  excavamonm made darlng the pmgma of mlnhg have yielded much 
valuable information concerning it. * 

For about half a mile above i t m  month Crow Creeg: flm through a very 
narrow, steep-walled mnyon cut into bedrock. The mttlng of this canyon 
Irr, however, a very secent went in the erosional hietory of the valley, for 
the cangron is conspMmus1y younger than the valley above it The m k  canyon 
is bordered on the northeast by hfgh benchee of unconsolidated mated&, sxrd 
for wer  a mile above the head of the ctlnyon the stream flewa over gravel b r s  
and between bigh gravel bencbea. Prospecting above t h e  canyon baa shown 
that the stream bed throughout this dhtance U ~ B  60 feet or mom alme the 
roelr dcwr .oi the ydlw. 

Daring the season ef 1904 minlng d e v e ~ m e ~ t s  near the middle ot the 
rock canyon &owed tbe lower end of a distlnm gravel-fillg8 channel aast 
of the p w n t  channel and joining I t  from above. Thfa old channel hae h w a  
plniced out to obtain a water grade tn the.bedmk valley floor nhve the 
canyon. Thia cnt re- the removal of materials havlng $ m a x h n m  thick- 

IrCnpps, 8. R., dt. (Bnll. 8191, gp. 1%&181. 
m ~ n p p $  ET. R, A* estimate o i  the aga at  the w mt gblaelanon in a k a :  ~ a a b -  

Amd. Sd Jar., mL &, pp. lO&lla, MIS. 



new of over 230 feet and forming a mrnplIcated d o n  m m p d  of assorted 
bed8 of coarse and t h e  grave18 and glacial U1L Some d the gravel beds are 
horizontally Mded, some are cr-Mde& and others are contorted. (See 
fig. 4.8.) The excavaltioaa also &ow that thh buried rack channel iW41 is 
joined by other old channels in (Bee tfp. 49 and 30.) Minhg in one 
of the4e ~ B S  erposed a d o n  (fig. 51) whIch dmem maiderably  from thet 
aBown In mni 4.8 but which also show deposits of ghcial ortgln interbedded 

P . n . . n  50 qaF& 
R a m  a -m erpored tn placer workings oi lower Crolr CreaL, rbmlug Interkdded 

atram gravel and gladal tlll m l r l a g  steeply tilted n d l l t e  *ad m f k a  

with wate~laid ~anda and gravels. The etadona1 blatory at thh plaoe iil 
Important, as I t  has been largely influentIa1 in determloing tL Iomtlon m d  
richness of gold placer dewsita. 

Apperently tbe old channel tbrotqh the big cot " ia tbe deepest rtxk chan- 
1#I dr- the Crow Creek Valley. * * It ha8 not get h n  Betermlad 
whether this old channel was the prep;lwial conrae of the stream or whether 
it was carved in the interval htween two glacial advances. Its atem sldea 
and high gradient, bowever, indicate tbat I t  wa8 f o m e d  after thc Glacier 
Creek Valley had been deep- 
ened by  glacial s c a r  rind $5 
that it was mt by Crow 
C m k  In  it^ endeavor to re- 
dace lta valley to gmde with 
Blacler Creek This mggmb 
at least the malbllltg that 
there may baae been two dls- 
tinct pdods of gIaciatlon, 
&parated by a~ interglacial ,, roofsrt 
mod long enough for the L L . I I  1 

Flnum 10.-Crw mct!on of a mrt at lewm Crow 
mttlng dwt 'la Crwh Valley, lrhowlag u h  and porrltion of prment 
channel . + canyon, the deepest buried canyon (now ex- 

~~f~~~ mrli& of the cavuted), find another nmaller hurted caulon. 
Thla aectlon I8 at rlght anglen t o  that shown Metst-e glacial adranceri in 61. 

had taken @a@ the ordinary 
pwesaes of stream emJon had carved deeg valleye fnto the mountolna. 
These valleys lag in much the same pltlons flu tboee now acmpied by Gllacier 
a d  Crow Oreeka and their trlbutarlee, bat imtead of belng d d e ,  atmight 
U-~hapml troughs, aoch as we naw see, each was a narrower V-shaped valley 
with a normal stream gadlent and followed a romewhat sinuous course between 
the apnm that projected lnto I t  from either rrlda It seems certain that dnrlng this 
long peri@d of preplacla1 ~t ream erosion stream placer deposltrr were formed con- 
talnlng the gold that had been present In the mtks which the stream bad removerl. 



In Pkldmeme tlme ghclmn f o m d  in W YW heada and SraWly a* 
tended dolrmstremn, uniting to fow an ice tongue that fllled the Blac4er Creek 
VUeg -6 reached Turnagain A m ,  mere to join the great ice stream moving 
m a r d  to Cook Inlet. It ie probable that the upper Caok Inlet 

region has been gtadated twtr or mom 
times, but this has not been ~one1twiveb 
proved, for the Iaat glad- by aelr 
i3evere erohlh removed the conepienous 
evidences of me work af  any glacier8 
that mag have preceded them. * 

The first: gladem b~ their eroaiou 
profoundly altemd the &ape of the kt- 
ains thmngh which they move& They 
widened and skalghtened the valley 
floors aml steepened the side slops, 
giving the valleys a bmadly Y 4 h W  
cross section. They alw had a twd- 
ency to erode mare mpidly at the ba- 

EXPLANATION sin hetlda than below, thus developing 

121 cirque@, and left the gradient flattened 
below the drqpw Dnrtng the glacial 

Old Wehannd,  kkno~m erosion and mbaging of tbe valleys 
the nnmmlidated stream gravels were 

them the contained placer $oW, which 

1-1 was m t t e ~  am- all tbe glacier- 
borne debris. It ia p r a m &  that auch 
alteratiom were made in the Glacier 
and C m  c3wk Valleys befornth p m -  
ent rock m y e n  of lower Crow Creek 
was cut and aIso before the cutting of 
the old bedrock channela now ex- 
by the phmr w o r U  

With the &at of theae earller 
gladem tlae valley flm were again 
exposed b stream e d o n  Apparently 
the f loo~ of the Glacier Clreek Basin 
had been deepened by glacial Bcour at 
the month of the Orow Oreek Valley, 
and Crow Ore& thus had an over- 
steepened gradient In ib lower mum 
and begm to intrench Itsell in that 
portion of I t s  valley and mt.a dew 

W??, , 8 , , 8 , ,? fest cmmn into m3md~ mat canyon 
now a m  tw the ol& channel 

figma 5 0 ; - - 8 ~ t ~  of claims of urnwered by the placercmw opera- Horn-M&mn mina Adapted from 
aketcb by F r m k  H. hwy. tiom. It aLppears to h betoo steep- 

walled and to have too narrow a floor 
to be the bottom o f  the m a d a l  outlet from ~e .Brow are8R B&B. The 
summtiw ig t h d o m  made that it wns eroded In the lntergladal $B- 

tween the last gmmt fee advance a a  anotbm that preceded it. Hlvldently, 
h m m r ,  tbe cutting of the d d  canyon was not accomplished without inter- 
rnptim, for asmciated with it are o4%er burled channeb, slmflar to the deepest 



one, but not EO wdI  developed or rn owtlnom. They repmen.t episdes in 
the devdopment of tbe main old ebmml but indicate thst during I@ d o h  
ft was at t h e e  .Bnmmd mmewhem klow,  probably by the w i P 1 ~ t l n ~  edge of 
the Glacier Crw& glader. When dmtructed the bedrd canyon was filled bg 
stream grawk When the w e t i o n  WM removed the stream spin h- 
trenched I*ll amg tbe same general courae, fEmt atting through the gravel 
a and then into tbe bedrock Throogbont mmt of Ita con= each succegsive 
-on mindded h alinement with the origlml ow, and w h  bedrock was 
reached the deepening of the old -on mntinnd. hmlly, however, loopa of 
Zho later canyons departed m e w b a t  from the course of the main channel. and 
tn this way a network of buried canyam was d e v e I w .  ( See BK. 60. pl Wltbin 
these rock eanyona an8 along the stream bed a b v e  and below them the placer 
gold from-the &ed glacial till and the wtwaslb gravel was again concentrated, 
though probably in deposits mnch leas rich than t h m  of preglaclal time. 

I W , ,  , o  3qOF-t 

P m  5i-Eiectl0~1 on wttbad m e  af the "big a t  I:. Toms Crow Cre%k, obowlng the 
relatlona of the gbcial tin and grare10 to bsdmek. 

After the deqm%t old channel wae emdd to its pn3f!nt dImeEl8ionn this -011 
was a w n  subjected to htense glaciation, in wblch the ice further mdlfled the 
land forms, in m e  placerr wldenlng and deepening the valleys and in others 
dEspasing quantltim ot glacial debrie either as morainal material or aa stream- 
borne outwagh gravel. Under the hllnence of the adv;nclng Crow Creek 
#lm%er and Lmpedd by a dam formed by the ia? toqgne in Glacler Creek Valley, 
the r e  cangdllg on lower Crow Creek were filled with stream navels and 
later cwtpleteb overridden by the gm~t adem that filled thE8 whole baain. 
The final mtrmt of the glaclers to &I-& present poeition~ was not B single 

contlnuons promm but consisted of a long aerie8 of oRcfElatiaaa M e h M  and 
forward, the wm total of the recegsiona beiug greater than that of the adPanw. 
T4e crfdcal Wage during thb retreat. so far as the nncomlidnted depndtn of 
lower Grow C m k  are cuncemml, was the time during which the'Qlacler Creek 
and Crow Cseek glaciers had separated but were still not far apart. At  thla 
time an advance of only moderate extent by the ice in Blader C w k  m a  8n&l- 
cleot to Impede the drainage from Crow Gmek and gImilarIy a moderate r m s -  
sion of that I@ tongue allowed t h e m  eeeape 0.2 the Crow Creek waters That 
snch oselllatioom actually occurred is plainly shown by the mxtlon exposed on 
lower Crow Creek. (See fig. 48.) There the depoeIte of gIaclat tilI can mean 
anlp thnt the ice advanced Over thIe area at least tbree the8 and that in the 
lnterrale between the advances &ream gravela were laid down. Furthermore, 
it is belleved that the noconsolidated rnaterlal there represent onIg the deposits 
m d e  daring the last great glaciation, and mmt of them were dwbtlese laid 
down daring the flnal stages of retreat of the glacim, the successive till depo~lts 
reprentlng minor mclllations of the ice tongues. * * , 



Upon the -I withdrawal of the gladem Cmw Creek f l d  ove* a broad 
valley %mr gravels and glad1 materials that completely Wed the W r w k  
channel of that stream burled the rock canyons near tts mouth. %ese 
nncomlidated mnterlaln lacalE7 bad a thickness of over 2W feet. As the 
former obbstrnctlon to C m  Greet caurml by the ice I11 Ghcier Creek bad beea 
permanently removed. lower C m  Creek had a very steep gradient to jtite junc- 
tion wltb Olucier Creek and d w m d e d  In a aeries of rapids and falls. Erosion 
by the swl t t  ebeam was mad, the chanuel waa soon cut to bed- and the 
excavation oi the preewt bedrock canyon began. * In rednclng its valley 
eKain. under the t % h n l ~ ~  of a Iowererl and untmpeaN mtl* it qnlcldy cleared 
away the mmllciaE demitr neat Ita month, but in the hard rmk of its anyon 
it made @lower pmgm& and that canyon at Its upper end &Ill Ism a h t  80 
feet of being cut down to the level of the adjoidng buried rwk channeL Above 
tbe canyon the s h a m  gravels could be removedl only as Paat a@ the canyon bed 
W ~ B  lowered, and the prwnce of a heavy flH of gravel in the vtlllep httom 
extwdlng ltrom the head of the canyon, up to the mouth of Crow Gulch, is the 
malt of the protection from emalon %Fen to it  by the reislstant rocks of the 
canyon. 

P O m T Q T d c u L  DEFOm'rB 

After the last retreat of the main ice stream high jagged p k s  and 
ridges wers lef3 between the former ice lobes. Belaw these peaks and 
ridms high talus cones have collected. This talus in many places 
merges gradually into the glacier and stream depositn. 

not -~p+ng d e w . - A  d area of travertine that appmm tr;o 

have been deposited by thermal springs bas h n  found on the hill* 
~ i d e  southwest from the junction of Raven Creak and the Eagle 
River. This tnrvartina is massive and alm'ost unaltered. Although 
no water is flowing f r m  these former springs at the p m n t  time, 
the deposits am probably not very old. 

V o h i c  mh.-The lowknds new the junction of Raven Creek and 
the Eagle River are rwvered on the surf& Pirith a, thin,Iapr &'highly 
alterad siliceous volcnnic ash, The thickness of this a& amreges 
about a quarter of an inch. The sourm of the a$h is nndetermined, 
as there are no known volanic centers in the vicinity. 

The W r y  of mining in thfs region has been & m w d  in an- 
siderable detail by Moffit, Johnson, Capp, and Smith, in the raparts 
already cited. Plrrcer gold was dimvend on California Creek in 
1895 and on Crow Creek in 1896, although there was no production 
until 1898,. There are few new devtrIopments in plaoer mining, land 
no new b v e r i e s  hsve been made since 1915. Work on lower 
Crow Creek hm been the most active in the district, m d  hydraulic 
mining aaa being done during the summer of 1931. 



The vein deposih on upper Crow Creek w e ~ e  loeatad in 1909 
by Conrad Hmm1 and development waa begun in 1910. Work has 
been very s p o d c  sinm thst time, aad in 1931 only a b u t  9 men 
were employd doing underpund deaelopment. 

PBOIIPC'XIOH 

Thn only mineral of economic value t&m from this district is 
gold, end almost the entire amount produd 'hiss come from the 
placer mines, The total production of ore from the veins in the 
5 years preceding 1931 is about 10 tons. No.@pres FeIstive to tbg 
value of the minerals recovered are avdlable, and the tonnage 
mined in the early days is unknown but not large. 

Crow Creek is the only stream of economic imprtanm in the 
district, a9 ita dcainee bwin contains m a t  of the placer ground 
as well as the most- promising lade prospects. Minor ~muunts of 
gdd have been taken from placer workingsl on lower Winner Creek 
and lower California Cmk.  

PLdCEIC DEPOSIT8 
OE-L FEAT-& 

The Girdwood district, in spite of the fa& that the region has been 
~ e r e I ~ .  glaciate at least three times, oontains commercially* work- 

- abie placer dep&ts formed during preglacial or interglacial ~ t a g a .  
The pmewstion of mch deposits depends upon whether their loca- 
tion was such that they were not exposed to direct glacial m u r .  
The known economically valuable deposits are in abandoned and 
filled stream cbnnels. The time elapsed since the. I& glacial a g e  
has apparently not been d e i e u t  to allow large placer deposits to 
form, 

Crow Creek has Geen p d d y  the only productive stream in 
the district This creek is fed by seven small glaciers, and the 
divides and peaks of ib upper basin are exmdingly rugged. Tbe 
creek is precipitous throughout its upper course, and the several 
f a  rbnd rapids are not favorable for the formation af large corn- 
me&d placer deposits. At an elevation of about 1,500 feet the 
creek mbrs a, gravel-floored valley, bordered by benches of allu- 
vium. The stream has hen diverted from its channel about a mile 
above ih mouth and now flows through an old gorge that was cut 
during interglacial time and was later filled with gravel and c a v e d  
with glacial debris and till. Most of the p l d  has been obfsind from 
this and similar old buried dream channels. The histov of Crow 
Creek hlta been given in some detail on pages 998402, and &ions 
through the placer deposits along its lower course are given in 
fipres 48-61. 



Ths bybnl ic  wo- of the HoImgmn-Eric- property, on 
Crow Creek a h  the junction of Crow and Glacier (helm, we= 
the only on- in operation during the -on of 1981. One 6-ineh 
node was 4 he=, and 4 men were employed on two shifts of 12 
hours each The deepest old b d e d  channel mentioned by Capps 
hrps bwm cleaned out, and Crow h k  now drains through this ahan- 
nel. Mining effom at the prwmnt time am being profitably concew 
trated on one of the ~haUower branch channels. 

The gold is medium to  coam, although Capps s t a b  that d y s 
small propartion of nuggets have a value over 50 cents. l, @I8 % 
bright and amays about $15 an ounce, or approximately the game as 
the gold obtained from the lode depogib of upper Crow Crsek. 

A. S. Erichon, ona of the present operators, mporta that the 
average run of till and gravel, exclusive of pay streaks, c a d s  about 
m eighth of a cent of gold to the cubic yard. This spane concen- 
tration of gold in the glacial debris is thought to preclude the possi- 
biLity that the gold of the cornmemial d e p i t  hsd ita origin in thls 
debris. The phy stresks are assmiated with rock of many types, but 
in all those sem the gravel. And boulders are quartz diorite, id-ve 
rock 01 the same type as that found near the lodes st the h d o f  the 
creek. Seams of yellow or blue day commonly accompany the go= 
No quartz diorite h u  been found in the basin of Glacier Creek 

above Crow Creek, either in place or aa float. The quartz diorite in 
the p l w m  membfm that on upper Crow Creek, and the constant 
m i a t i o n  of this quirtz diarite with the pay gravel, as well as the 
physical similerity of the gold from the two areas, leaves little doubt 
that the mum of the placer gold was in the l o d ~  of upper Crow 
Cmk. The economic deposlta am formed in stream cht~nneb which 
were filled with debris during several later osciUations of the ice 
front. 

The valley of C m  Creek for more than a mile above the Crow 
Creek &Id Mining Co.'s holding8 is known as the Girdwood prop- 
erty. This pmperQ ia patented, but no work has been d h 0  on it 
for  wvaral yaars. The ground is reporbed to have been sdequately 
sampled and to be rich enough to mina Mining was shpped as 
the w u l t  of B lawsuit brought by a company downdres-m from the 
Girdwood pmperty in order to prevent dumping of tailinp. Work 
has never k i n  m e d ,  although at the present t h e  it appears that 
mining could be carried on with little damsge fo the lower 
properfia 

nCapps. 8. R, q. dt. (ml. 6421, p. 171. 
=Idem, p. 184. 



> 86me p m q d h g  and wmk have been done an upper Crow Creek 
~ra far as the summit of the divide into the W e n  Creek Basin. 
Colors may be obtained in many places, but no stratified pawl de- 
posifs of any have baen found, and no work is now being daa~r. 
&lorg may be panned on the hillsides below most of the pmspeeta. 

kfl am& of gold was taken from lower Winner Creek gome 
years ego. This gold is reported t o  be not so coarse as tbt  on Cmw 
Cmk but of approximately the same composition. Quartz Gorite 

& is also p m n t  in the gravel, but its relation to the gold is not horn. 
Similar quartz diorite, occurs in several plaw on upper Crow Creek 
and on Winner Creek a s k  of the area mapped. 

A Glacier Creek has undoubtedly had s complex E m - a n  idea of 
how complex may be obtained from a study of the placer cuts in 

.- lower Crow Creek. The rack ixpures on Glacier Creek above 
Winner Creek are very poor except in the gorge of the premnt 
stream. A thick mat of underbrush further coneah the rock out- 
crops. Traverses have h e n  made on boEh b m h  of the stream, and 
in the past this valley has been subjected to considerable prospecting. 
At one t h e  ar trail was cut through the brush, and systematic pros- 
pPscEing mag continued during one summer. It is reported that a 
:sitiple mall color wns found. Glacier Creek does not appear to 
contain the source of the gold on Jower Winner creek, Ibecanm Glacier 
Creek eppears to be gold-poor and b u m  quartz diorite, which has 
not been found on upper Gt acier Creek, is present in the gravel along 
lower Winner Creek. The s h i l a ~ t y  in fineness of the gold on Win- 
ner Creek to that .on Crow Creek auggeBts that the two depmits -- , .;zpy b v e  $he mme m m ,  but no evidence was mwn that Crow C m k  
ever extended east of the present Glacier Creek Canyon. Some 
claim have been held for yeem on Glacier Creek below Crow Creek, 

*but practical1 y no mining nor p-ting has been done on any of 
them. 

8 W h r  Cmk, 1% the other dmam$ has a complex histog, The 
& p m t  creek flows far a long distance aver a graveldood d I e y  

similar to the Powlands of Craw Creek The stream hag not alwaya 
.f 
. , followed the same course, and even now rock slides form the channel 

from one side of the valley to the other. Winner Greek has a IOW, 
uniform gradient for a t  least 6 miles above t h e  rock canyon in its 
lower valley. It is a elear-water stream, fed by small glaciers and 
sheItewd snow fields. Small rock knobs or mmdd ho2ls projeet 
thwugh the gravel in places, and the impreasion gained is that theae 
knobs have been at Ieast in part cawed by the stream, although Ule 
water now may flow entimly on one side of them. Bimilar condi- 
tiona exist tu fax BS the stresm waa tmvemd, a d W  of about 7 



miles fnrm ib month. In p- Winner C k k  it shod& be 
borne in mind that the present channel is of rdativgly m n t  origin ' 
and has had hardly enough time to  form p h m  of economic value, 
even if gold is present. It is thought that if prospecting b con- 
centrated on old Btrernm channels er gravel bars the results me likely 
to b more him. One man hm been systematicaIly prospecting 
Winner Creek h m  its month toward ita source, on the ammption 
that the gold came from some point near it9 sourm The prospecting 
should be greatly Pacilihted by the extamion of the trail up Winner 
Creek, as under present conditions, owing to the matted growths of 
lafdem and other brush, the creek ia very difticult to  traverse. 

F 

aAmmnmI4 a m  
For sewral yearn a crew of men has' b n  employed drilling and 

Binking b e t  pits near the month of California ( 3 r d  Small wen- 
tities of @Id have%en found al&g the streem, but haxuxrencee 
are so erratio m to increase mining costa above feasible economical 
limits. Late in the s u m *  of 1931 the operators decided to abandon 
the project, and the drill rig was removed to a I d i t y  near Hope, 
on tha ~outh ahore of "rumagain Arm. 

B*w a=zE 
A few prospget pita have been d . o n  Raven h k l  &d -mime 

colors were rcpocted to have been obtained. Eight claims were 
stakd in 1029, but the owner was U e d  in an mident, and no work 
has been done ~ h c a  then. 

V&m DBPOhaTEI 
%mr-FEbxuRxka 

The country rmk of most of the vein prospedshdsiM of :- 
h e l y  banded h l l i f a  and p p k e .  At the Eagle River 'prospect 
and also Ill; the Brenner pmprty the banded argillite .and p y -  
wacke give wag to a coam, massive gmywacke. The strike and 
dip of the roch are extremely variable, although in general the f', 
drike panrllet the axial direction of the mountains, abut  R. 15O E. 
ma dips are gtep east or we& 
The nature of the country rock is a vary important f&r in the 

consideration of the formation of ore deposits. Shale, especially the C 

tough, pliable type.s, yields by bending in preference to fmcturing. 
Any fractures that are developed in i t  are usually of mall dimen- 
&om and slight extent. W e r  pressure the rock hnda to fill in aJl 
open spaces, much 88 putty would do under aimikr conditions. The 
mdt is obstruction to the flow of mineral-bearing mlutions. Never- 
thalem, where these mlutions have penetrated the country rock and 
have, found mnditim favorable for tha depo&ion of their loads, 
exceptionally rich pockeh m y  ba f onoed. 



.&.h the Girdwoad didrict m a  of the d i h  am slightly minerd- 
'bed, buS in 1931 no work was being done on any of them. The 
mineralization was mually weak and erratic. It is questionable 
wbther, ander pmnt  economic conditions, any of the dikes m 
-mill have a commercial value. 
-- reine are all mall and irrewr, alwg b&h the strike and 
&w dip, OBshoota and bmching veinl* are oommon. In some 
places the veins follow the dip and strike of ltha enclolsing formation, 
bet mom commonly they cut the. bedding, many of them at low 
q l e 8 .  

men- by Jtihmmn:. there sre in genersl two ~gstsms of 
one -ding 9lightIy ea& qf nwth and the other a few de- 

greee north of w& The northward-trending system follows the 
g e n d  axial tnmd of folding and also the direction of pitch of the 
phishi ty .  m e  westward-hding mrn ~OUOWBI in general the 
&&ion of sb&e of the major joint planes, md in some pIacea the 
veins ~ n d  joints may whcide. The w&rIy set of veins also corre- 
sponds with the dimtion of flaw or minor tear faulting. Both setrr 
of veins are minemked, although most of the prospecting and 
development hga hen done on the east-west set, 

Fractaring Is* than the minemkatiorr is evident on both =hi 
)crf #jns,''Mhemlized quartz and country d am  hatted and - 
r&menhd by a m n d  generation of quartz, usually barren. Frag- 
ments of country rock are largely rephid, but recognizable rem- 

' nants are commonly present The l a w  movement has been along 
tho east-west veins, and in places where the I d a s  moss, the north- 

-sonth veins may be offset. As them has been m i d e r a b b  post- 
mipml rnp~went, the relative ages of tbe two systems of veins is - 
und-ed: they may h a w  formed at  nearly the same he, or 
the east-west mt may have formed slightly later, as Indimted at 
several cm&ngs. These conditions am best illustrated on the sur- 
face above the Bruno Agostino mine. 

Vags are commonly developed in the v e s  but m nsualy mall. 
~Ifie%alar comb structure is p m m h  and the inbdees among the 
quartz gmhs me filled with carbon&m or the metallic mheml~  
MolyMenite and chalcopyrite m r e  especially wsU developed in partly 
filled vwgs, 

T h e  sulphides gnd quark in many p h  form a crude banding 
which is brolrea and nossed by veinlets mtainiq l~ter b m  
pa-* 

-Y 

~ m ~ . ~ ~ i i r b p i a r ~ r n & r o m m r m ~ ~ m i a e d h t h s  
om. At least two m d  m I b l g  more generaam of thfa mLneraZ are p m m t  

MUH& 0. C, 30hnW& 8. L, B M  Grant, 0. 8, oh dL, p. 188. 
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C3aIdte in small qt~aotltl.~$ h a wldesgmad mm&kuent. Thla &to in 
UI Wt y~~ brown and contains wekl percent of icon and magndnm; 
ft gradfa toward aagedte. Aragonite oontaInLng mall qnantities of barium 
and &mntlnm ia p-t h a mlI vefn on Ship Creek. PmbiC h a common. 
conntituent o f  the mall veins in the p e e d o n a  

Bedcite irr developed in hth  the veins and tha neurby wall rodlcs, dl- 
aerldte 18 mmmmly widmpmd it U abundant only in a few Ooam 
muscovite ia P m d  in many placee but b wpx4dly cornman in ths gmuttoid 
igneotm roe%a 
The wakl m3r of the veins- Ia d g  chIorltbd, and h many plaoee 

chlorite imparts- a gmatiirh tint to the veln quark Small iragmenb of the 
wall reek fnclnded h quartz and almost entirely regbud by can be 
l d e n M d  by concentrntwns of chlorfte. Small quant3ties of epidoi% are 
mread. espedal4 In tbe wall rock& 

Ore mhera l s  ma parrage&.-Them minerah identifled incT118e 'amenopg- 
r lk pyrite, man?a&te, spbalerite, galena, chalcopyrite, molybdenite, and free 
gold contnlnfng 25 percent by might of aflwr. Small graIna of milgPetIte a, 

accompeng the gold and may be& be 13een in the concsaWtes obtahd  Bg 
p m h g  some of the ore. Native d v e r  bas not hen men br the mbr+ but 
Johnson reports a nagget of thh mineral found on Crow Creek. 

he nopyr i t e  L qnantitatively tbe most abundant metallic mineral in ths 
ore. It Is a h  one of the earliea vein mfneraIs Formed and has been ~hattered 
and vetned by mmt af the other eoxrstihenta. Small corroded mmaaB of 
areenopyrIte are found e n t i e  stvronnded by lnlater dphidea 

m h o t f t e ,  although plentkfnl in the d m &  is  eddom imrrad wtth other 
sulphidea. Borne wximena oi madvo pyrrhotlts have beap ob-$mu the 
Wfoot I m l  of the B m e r  prmpect, where It OECWET in vefnleb thragh 
amenopyrite and ia cansidered to have been d r n l t e d  allghtly later than the 
ammornrite. &me well-formed rbomMc cry&aIa of amnopyrite are Imhted 
in the pgrrhotlte, mu3 galena m m  alwg a few minvte fractures throng& 
bothnithsothermbemls. 
Tbe pgribe usually ocsrrrm fn mwlatlon with arsenopyrlte, h v&leta and 

around grains of awenopyrite, and In vnga The relative am of pmWIte 
gnd &re determined, but both are ear4 m b m b .  Pfrft% iB ahatbmi 
md C Q ~  by vefnl- fWM wit& w and h W  *afghiderr. - rp .  -' 

Sphalerlta ia next youngest mineral after pyrfte. Tba slIle stlIpMde 
m w  in velnlets thwgh amenopyrfte and pyrite and h exapHOtlallg d c b  
in blebs ab but31 g&an and chaleopydte. Aa both galena and chalcoqyrfta 
Indicate fn everal ways that tbey are later than nphalerfte and replace It, 
tam bleba are thought to be due to a replacement of the sgbalecite by the 
later m i n d a  M d  d to an of the conSertuena Small, kc- 
map& fmgmmts of rmempjrfte were a h  okmveU tn W ~ W # a .  

The galenn ie thought to be yaQnger than the whIerite in mwt 
althongh the gerioda oil deposition of these two minerd8 may overlap. Galena 
i~ found in fractnrea throngh menopyrite, write, and qhler i te .  It aho 
m r s  in blebs in aphalerlte and Bmnnd tbe perlpherles of d&r mfnera1 mink 
When gaJens fs poli- and the surface dlgbtly etched w1tb nftrfc d d ,  mall 
 spot^ and needlea of a Btlvec mineral, probabky hypogene argentb, may be 
men aIong: the dea,vsm The prewee of smU malne of armnth 
ahow8 why galena commonly hns a Ugh Nver @ontent. Although me d y e r  
mWml Is assocfated wlth qleoa, it (does not follow that all of the galena 
mays hlgh i n  sflmr; the silver diatFlbutlon is  sporadic 

r f i r t l n ,  G. C., Johnmu, B. L, md Qrant, D: El., on. cit, g. 184. * 



?me ChaImpyrIte la mrlnlder@d to be slight* goim€w than ang of ma 
dphldes so far cod- althongh bere again the of depaaitioll, 
especially of galena and spbdeH@ may overlap. ChaX~pyrlte ofcurs with 
both galena mwl -mite in mall velnleta through ahatbred arsenomt& 
Chalmpyrlte Is alm found in peinleta through nphalerite and galma, although 
its re1atIona wltb galena are not entirely clear. Some chalmpst.rte In ammda- 
ti- with mrcadte m a y  represent a lakt generation, the depsltlon of wblch 
is pbseribly related to the present wand-water level, 

Molybdenite ie e common constitwent ln meml veim but bse not been 
identlfled In any polisbed erections, hence the time of Ita mh Fa relation 
to the other m i u d s  is nnknown. Molybdedte m u m  In partly fllld vngs Jn 
quar& but. although common I t  la too sparse to be of immediate sconomlc 
vmlna 

mld is tbe valuable mineral mought h thts M e t .  The metal in both 
tbe r e b  and the placer deposits mntalaa a h t  25 percent by weight of sliver 
and Is of a very Itght yellow color. The gold ia  thought to be the 
met8IlIc mineral to be depmited by asmindleg solutions. It cwlrors sporadtcaliy 
through the veins, fn m e  p l ~ c e s  unsociated with galena, in ~ o m e  p h c a  With  
chalcopyrite, and in other placea ln veinletm through mnopyrlte. In some 
W m e n s  the gold fs found En strlngsm through qua& and is independent oE 
the at~lphfdes. There i s  no evidence tbat the mld Is in am way related t o  
the wrfaee, and 4ta Intimate mfxhre with the suIphide mInerala of undoubted 
bypgene orlgln Indicates tbat it was d e p a i t d  hy aeaemlb~ ~olotlwfi, The 
mineral Bbwld m t l n o e  In depth, but there I s  no mason to believe thnt the 
hwta -1 be rlcber In depth. 

bas Lmm Identided in well-defined vdleta through aome of the 
w v e  pmbotlte from the Brenner pm- The mamarite occnpien only 

, 

the sides of them velnlets, wlth quarts and chalcopyrite in the center. Owing 
to the fact that mnmsite bae been idenued jast below the water table and 
not above, It 1s thought that tbe marcaalte is pmbablg domed by near-snrface 
prams= As the cllalcopyrite Is in veldeta wlth marcnaite and in a few places 
c ~ t a  amom the marcnslte, tbla chalcopyrite is also mnsldered aupergene. 

CDvellite forma near the 8udace and has been dbmmed M n h g  and 
mttadlng gmhm d chalcopyrite, galena, and sphalerite. 

Cletualk, malachite, and emradlte ere found in the imn&lned ofltrrops d 
the velna Native mpwr hm been reported from the Brenner 

axn,xzm aom 
None of the mines are very deep, but three of the tnnnels on the 

Bmo Agostin0 property are between 100 and 200 feet blow the 
surfaca. The Jewel tunnel at ita face b about 100 feet verticnlly 
b low the vein autcrop. The vein.rnat;erials are partly oxidized in 
a11 them placw, and limonite is abundant, especially dong the vein 
walls and in the b&as. Thin fiIms of scorodita arm aswcisted 
at many plam with the arsanopyrite, and soma cemsite md 
malachite may be found near the surfam. 

Owing to the recently glaciated condition of the region, it is 
somewhat unexpected to find the veins oxidized ta s depth of mom 
than 200 feet. Most of the veins studied are on steep hill~ides, 

mlta, P. a, m n a l  fommnnlcutlw. 
. - 

,'; . . 
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which in this .region &re almost entirely bare of vegetation and iih 
. well drained me oxidation may be due in .part to the steady rains ' 

and the melting snows, which eawe a continuous and vigornus down- 
ward cku la t i~n  of water during the ~ummer. Aa the argdlitas are 
not readily permeable, the fractures and open  joint^ receive 
exmptiomlly large quantity of water, and the circulation is corre- 
~pondingly greater. 

The Bramer property, in the bottom of Crow Greek Valley, far-. 
nishes the only infopmation available concerning the character of 
the veins Idow the watar table. The amount of wort dona on this 
prqec* is so little that generalizations for the district cagaod. .be 
drawn from it with safety. 'She ground is oxidized more in the 
W few feat blow the surfam khan farther down. The deepest 
oxidation men is about 30 feet vertically below the collaf-of the. 
shaft; below this are found quartz and a few fresh sulphSdehs, with 
some supergene marcmite md chalcopyrite. 

The oxid~tion evergwhere is exceedingly erratic, and it is not at 
all nnoommon to h d  entirely fresh sphalerite, pyrrhotite, or other 
Aphides crapping oat at the surface. Unaltered pyrrhotite was 
observed in the outcrop of one of the imgdar ma- of quartz 
diorite. It is thought that the time intern1 from the Jast prid of 
glaciation b the present i~ ample to account for the m&nk of 
oxidation. If the oxidation on tha Brenner property is a safe 
criterion, it is indicative that the weathering is largely above the 
present water table. 

Tha veins are commonly 1- &stant to erosion than the muntrg 
rock, and as a result their position is marked by slight dapmsions 
These depressions tend to retain mwhanicslly - part of the gd& 
that was originally in the rock removed from the p m n t  d a c e .  
The exceptionaUy high assays obtained from many surface ~amples 
may be due partly to this mechanical and negative enrichment, 
!lke enriched zone probably averages less khan 15 or 20 feet below 
the mrface. Below this level the goId is in approximately ih 
origbal pogition and the mrichment is negligible. Several avail- 
able wts of n m y s  serve to  illustrate the dectiveness of mechical  
enrichment. 

'Shere is no evidence pointing tnward chemical enri*hment of gold 
in this district, 

GmKwZB OF m o m s  
The qgillite-grapacka d m ,  especially in the vicinity of the 

mineralized veins, haa been intruded by numerous dikes, sills, and 
hegdar-shapd p i p  or  chimney^ of quartz diorite. 

Definite age relations btween the d s  and diike~ and the veins 
are difficult to  w t a M ,  as t h e  were probably several perioda of' 



~i&bwion and p i b l y  more than one period of vein formation. In 
come glam veinsr cut dikes end sills; in other pram definite oflet 
of the veins along dikes is seen. Many dikes and sille, especially the 
her-grained ones, are free of mineralization, although in some 
places they show later minerdinxi quartz stringers, The contacb 
df these d i b  and sills and the wall rocks B ~ O W  very few effwt5 of 
contact metamorphism; the muntry mck right at the contact may 
be entirely unaltered or at most slightly siLicified. 
Petrographically hmilar dikes and s i b  are common on Raven 

Creek and Ship Creek in areas that contain only very poorly min- 
eralized vein prospects. Field conditions there appear st brrst as 
favorable as on Crow Creek, yet; mineralized quartz is nearly absent. 
From this ePidence it is thought that although many if not most of 
the dikm and s i b  probably originated from the slsme magma aa 
the minamkd veina, nevertheless their genetic relationshipa are 
mmewhat'diffemnt. 
The irregular, coarse-grained quartz diorih plugs and a few of 

their associated dikes illustrate somewhat diflerent conditions. The 
c~untry m k  around these p i p  is usually mineralized and shorn 
pyrite, with later limonite, and some evidence of silicification and 
toumaliRization, The ignedus m k  is hydrotharmalIy altered, d 
muscovite slld sericite are developed. Some of the mineralized veins 
cut thwe intrusive masses, although rareJy, if anywhere, are the 
veins confined entirely to the igneous rwh. The prospects being 
worked at present are all in close proximity fo the quartz diorih 
P ~ W .  

The impression obtained is tha t  although all the dihs, the irregu- 
&:plugs, d the veins may hsve a common origin, the relation 
betkeen the plug and the veim is much closer than t h ~ t  between 
the dikes und the wine. If these deductions are correct, the ground 
in the vicinity of the medium-grained qu& diorite pluga is more 
favorable for prospecting than that containing only the finer dikes 
md silk. There is no knomn reason why the quartz diorita plug 
should be found only in the Crow Creek Valley. Adjoining areas 
shauld a h  be prqected, especially along the general axial trend 
of the mountains, north to N. 20° E. 

FACTORS AFFXIeSWQ X)mVX3LO- 

Z ' m p m W h - M o d  of the pmapects are in the Crow Creek 
drainage basin, 9 to 11 miles from. the milroad station. The road 
for 794 miles is p d e d  and g u r f a d ,  but the remainder ia narrow- 
gage or tractar road. The surfaced road is open to traffic for about 
5 or 8 months of the gear. The tractor road to the summit is under 
snow in ib higher parts for about 10 months, but this time could 



be r e d n d  by abut  9 months, as much of the mow that &" 
in hollows a d  pocket% could be h o s t  entirely nvoidd by mmuting 
the road up the valley floor, with a few mitchbaclw below Crow 
P- 

The ground is wet during the summer, and rock creep b m m e g  

considerable. Slidea are of common awumam. A dide in, dmh 
has given much trouble, a~ at intemaIs it cwsrs and dedmp a, 
section of the tradot road. This particular alide is at present held 
back by a poorly adapted retaining wall. Some well-placed charges 
of powder should bring down enough rock to remove the hazard for a 
long tima 
W of the high4 is brought to Girdwood horn Anchmsg, $8 

miles by rail, unlem Aipped directly from Seattle. The distance 
from Semrd to  Gisdwood is 75 miles. The approximate freight 
mks in 1931 are given below. . B a h  from Girdwood to t ~ s . p r ~ ~  
V I L ~  with the location of the prospects, bnt average $8 tr, $I2 a ton, 
Trucks and tractore m y  be h i d  in Girdwood. 

m h t & M M - D o C r k r & s c l o o d  -for - 
mi-& 

Clam l. Autamowles, carta ( m m r  vebicle~), wams~~-- W,Q8 
a .  - * - -  .83 
~ l a s a 3 ,  aa801inee-----,-,-----eeeeeeeeee-eee-------m--- .% 
Cnasst Mlning machinery,m Ume, waL ,,,,,,,,,,--; ,,,,, .69 
mas8 6. Grocewn, cannd goons -,,--,,,,,,,,,,,-,,,-, . 4 9  

~ o s l v e e ,  two ti- claw 1 (lots over 12,000 pounds one and a half timse 
claaa 1, loss ovw m,m m d B  mme as darn 1). 

Tbrough steamer and rail rateg from Seattle to Girdwood range 
fmn an ave- of abut $2.89 per I00 porn& of c h  1 to $1.44 
per 100 pounds of c lw  5. Cheapw mte9 may be dDtained on 1-r 
shipments. 

Favorable mtss on ore shipmantis are given by the Alaska Bailmad 
and the d w i m  s-hip mpa,nias, !L%EI rates from Girdwood 
to the smelter in Tacoma me $9 a ton for less than 10-ton lots, $730 
a ton for 10 to 20 ton lots, and $6 a ton for lots of more than 20 tom. 
A $10 sample fee is ch~rged at the smelter on small tonnages in addi- 
tion to the regular smelter charges. It is pmsible to keep the mtim 
ahipciing mid mel t ing  chsrges &low $25 a ton on erhipments of 1- 
than 10 tons. 

Ldm w037~.-A11 work at the vein prospects du~ing 1951 
was dona by owners or men whoS have a share in the omemhip. A 
small supply of labor may 'Zw obthed from the tom along the 
m i l d ,  especially from Anchomge, at $4 tr day and up, plus hard 
and lodging. If a large numbex* of &led labarem is needed, they 
must be broqht in from the States. 

*Mom than W.000 ponnbs rated M clam E. 
H a o f  wme kin& s higher rate fa ehargcd. 
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-:TB~.-The part of the Girdwoad Wct war the mhm ie 
included in the Ch-h National FOR&, and permission to cnt 
'timber mnst be obtained from the For& Service. The cost of h d -  
ing to the mi- ia the m& expnsire itam in the cost of timber. 
Sprnse and hemloclr poles suitable for lagging are abundant in the 
warby valleys and may be had for the cutting or a a U  additional 
rDOgt. Wed milmad ties are often obtainable at the railmad, and 
%hem hynish good mine timbers st mall  cost. If longer or heavier 
timbers are needed, spmca and hemlock a n  be obtained from the 

n sawmill on California Creek. The trees have tt maximum diamehr 
of abed 4 feet and a maximum height of '15 to 100 f&, so that 

- b b e r  hrge enough for most purposes is obtainable. 
Watm--Them are many ~maU streams, md water is abundant. 

a& The glacier streams, tha melting snow, and the frequent d m  furnish 
plenty of water for ordinary mi+ and milling nee& during the 
wmmer. A few springs do not freeze over entirely during the wlnter 
except for 2 or 3 months, and water for doinwtic uae may be obtained 
from them. There is abundant snowfall, and if other soam fail 
snow water may be used. In one of the prospcta a bulkheaded 
cmsat is wed as an auxiliary mrvoir. 

2aeom.-M& of the stre~m, especially the larger onm, h a d  in 
glaciers or small ice pmkets. Thm stmama are d y  precipitons 
near their mums and during the summer fnrnish water power, 
which is m d  at the vein prospects. Storage sites for the develop- 
ment of water pomr are scarce, and at most of them t h  &rage 
capacity would be mall. During p a t  of the win* nost of the 
e a r a s  freeze entirely or their flaws are so @1y diminished that 
*ay are d e s a  for power development. It is n-ary b use gae 
w oi2 engines while the stream are thus frcnen. Gasoline, in drums, 
mda abut  40 cents a gallon purchased in Anchorage and delivered 
at the rninea. 

MFfdfiLmOP 

U? Very little ~tudy has been made of the metallurgy of these ores. 

C T h e  Bruno Agostino Mining Co. has had a mi11 test made of IS ore, ' 

and s satisfactory milling process is thought to have been developed. 
3 Much of the gold is free and &odd arnalgamste with little diffi- 

culty. The high percentage of silver present in the gold may be 
somewhat detrimental, as alloys high in silver do not respond to 
rrmelgarnation as readily as pure gold. 

Part of the gold is intimately mixed with m?pEdes, mainly -0- 

pyrite, galena, and sphalerite, with small amounts of chalmpgrik. 
I n  order to free this gold fine grinding with the formation of s 
minimum of slimes is dasirabla The sulphides, with most of the 
gold they contain, might be concentrated on tables and the con- 
centrates then cyanided or shipped directly to  the ~me3tar. Owing 
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to the complex ns- of the ore selective flotation, which huI& 
n-.if flotation were btdld, probably m o t  be nsed nnlw 
un-tedly large tomagas of ore are devdaped. 

The solution to the milling problems of the &ski& to lie 
in the erection of a -11 mill, avdable to all the p r ~ p c b .  This 
would have a number of advantap. The prcqmb are m d ,  and 
dthough the veins may I d y  be rich, it appears from the .evideaeg 
obtnined that the mEna will remain in, Many of the veins can- 
not support an adequate, mill alone, whereas far a p u p  a mill might 
be economically profitable. Under the pmmt p d a  the operator 
mhes a BmaU tonnage, then constructs some sort of p b t  and 
attempts to mill the ore. The d t  of this. maUy is that n i d i  
t h e  and labor are mnt, often with little or no return. With a mLld 
serving all, this unnecessary q n d i t u r e  would be avoided and the 
operatow could devote their entire time to mining. The cost of a 
mill, probably of 5 or 10 ton capacity, equipped with crusher, 4- 
garnation plates, md'tables, need not be very greah and with the 
coopration of the p-t owners it might be profitable. 

Approximately 6,000 tons of mifig ore ip rrwilsbla in the m d  
prospects. This tonnage conld probably be mbstantidly 
if mow development work wm done. Fifteen gamplee tstkRn at 
random from the veina gave m a y  values from s few cents te over 
$50 a tan, and mmplm collected from the region by other engineem 
and by owners are reported to assay as much as sward hundred 
dollars. The gold ia ao sporadic thmgh the v e h  th& it ie pa- 
tionrtble if e fnir &hmte of the d u e  of the quartz in general can be 
mwhed by ordinn'ry band sampling. A minimum miU grade of ore 
muld p k b l y  be maintained by $and picking of w d ,  if n c m e a q .  . - 

BfxxtXa P%o=Tm13 
m o  AQmTmo - a k  

The propety of the Bruno Agmtino Mining Ca., controlled and 
operated by four men in phership ,  is situated near the head of 
Crow Creek. Four mining claims, which have been sumeyed for 
patent, are M i  held. A mill sib adjoins the mining dabs ,  rand 
the company is a h  holding land far water-power development. 

This p u p  of claims was originally h o w n  ~bs the Barnes prop- 
erty md has changed owners several times since. Contml was ob- 
tained several years ago by the Monarch Mining Co. This company 
was taken over by the Crow Creek Mining Co., Inc,, which has given 
a lease and option to the Bruno Agostino Mining Co. The last group 
pushed development vigorously during 193Z 

The development of the property is planned to open two pardel 
veina, called by the owners the North md South veins. There is one 
sdit 2&0 feet long on the Ndth vein and one 287 feet long an the 



-th vein, In addition to this there am two crmutting adits, one 
containing 295 feet of workings and the other 60 feet. (& fig. 62, $ 
A lbwer adit, planned to cross& the workin@ in depth, has been 
driven 190 f& A winze on the South win is open for 40 f& and is 
mprted to be 10 feet deeper but flied with debria There is also 
s 10-foot w h m  on the South vein. The total length of underground 
workings is 1,079 feet d the winze length more than 50 feet. 

Most of the summer of 1931 was spent by the owners on the snr- 
face building and installing qniprnent so that mining could be 
darted during the winter. Wahr power will be used as far as 
p d b b ,  and a pipe line for that puurpose wes being installed. A 

F m m m  62.-8ket& map of tlw mpp?r mLIngs, Bruno IgDstEno due. 
.- . 

&ilding for a grid? mill and a amp-r, s blachmitb shap, d 
comfortsb1e living qnarters ham been mnstructed It is planned to 
install a small trt~mway from the mine to the mill, s distance of about 
1,200 feet. 

4'2 -The country ro& is the thin-bedded argillibgraywdre eeriea 
I nearly west and dipping 40' N. near the mine. Many dika 

and m a l l ,  very irregular shaped i n t d v e  bodies of medium-grained 
3 holocrystalline qua- diorite m r  near the prospect. The country 

rock hss bean badly shattered in the vicinity of the veins, and part 
of the deformation is postmineral, resulting in brecciatsd vein ma- 

. teriak, which in some places have been recemented and again fracr 
tnred. The impmion obtained is that there has been some continu- 
ous movement, possibly up to the present time, Both the North and 
the Sonth veins are traceable wveral hundred feet along the strike, 

The South vein mges in width from 6 inches to about 4 feet, with 
an averse of 9 inches in the tunnel. The strike is from east to 8, 8Q0 

-,  . i 



E., d th6 dip is 651"-W0 N. The m e  is either maasivt or rn& 
¶u* h some p l w  the vein splits into aaveral nearly parallel 

W P ~ ~ M  b' gangue or by sheared and partly oxidized 
wall mk. The quartz is commonly h i n e d  with limonib, and in 
plscea *&red p t a  of alphides are visible. Mmy frrs-nb of 
country rock are isolated in the quartz. 

The North vein strike9 about N. 80" E, and dips a- 70° N. 
Where expoeed in the tunnel m d  in several surfam cuts it is from 10 
inchas to 8 feat wide, with an average of 1 faof, The North vein 
a p p w  ta be somewhat better defined than the Sodh vein md may 
be traced farther on the surfam. 

There m sevenrl mall mssrmtting veins 6 inchea wide thst striks 
a few d q p e s  w& of north and dip either gast or west. Them croslr 
cutting veins appear la be faulted, and in the lower adit of tho old 
workings t h e  drike swings-from due north to N. Go E. Tbe gmali 
veins strjking north appear t6 be slightly older than the main HoFth 
vein, as they are off& along unbroken quartz in the North vein. The 
junctima of the crmutting veins with the South vein have not 
been seen, aa they am obscured by a d slide. 'She c r ~ ~ ? u t t i n g  
veins of the north-south system are very persident for this darict, 
and or15 mineralized veinlet 8 to 8 inches wide wss followed far more 
thm 600 feet. 

Tha st r ike  of the clesrvsge in the argillite near tbe mhe ie in gem 
era1 slightly east of north; the &rike of the bedding is about west, 
and the dip 40" N. Fmm this it  is aeen that the North and South 
veins both m the d i d r e  of the bedding at very low mgIes, about 
lo0. Them is apparently no edargement or change in the veins 
w h e n  they crogs the somewhat obscured bedding planee. The veins 
am possibly formed along tear fractures developed betwem~ ~ W Q  main 
Iirrea of streas and rst an angle of about 90° ta them d m  ~ B S .  

TBe minerds include at leeslt two generations of quarts, small 
runounh of calcite, galena, arsenopytih, sphalerite, chalcopyrib, 
p~rrrbotite, mdpbdenlte, pyrite, and gold and silver, Bs not& on 
page 408, the silver, where not with the gold, seem to follow the 
gal- Considerable magnetita is found in the m c e n b t e s  o b  
tained by panning. 

Late in the summer it wlrsl planned by the owners to h d o n  tem- 
porarily f i e  tunnel that was being driven to cub below d the upper 
worlrings. The tong& cmegcuf tunnel was to be contintled fo inter- 
& both &e North and South veins. A raise wm planned to connect 
with the on the ;South vein. If  this development is mpleted 
it should furnish s very g o d  mewurn of the potential oren 

Them jg an old l a p  d on the p~0-m This dl a 
oparahd before the present ownem ob- c ~ n t d  ma wm 4 to 



gold from mall I d a  of high-&e ore, S h e  exceptionally 
good return were r e p d .  This high-grade ow came from the 
surface of a &mall ah& on the sonth vain, and m e  mry high 
map hpve been obtainad from athe crmhsd qua& in this shoot. 

Not enough work has been durn in the district to obtain much 
evidence concerning the atructnra2 control of the m shoots. The 
-Il but rich shoot 011 the South vein appears to be locdized where 
tham is a roll and flattening of the vein. With inareasing depth the 
angle of dip changes from 55" to 70". The vain in the lowest part of , 

the workinm, near the shoot, is complic&cl by the junction of one 
or p k b l y  more smaller veins These branch veinlets may be at 
1-t a contributing factor in the Iocalization of the ore. 

Seaera1 veins contain mo1yHepite, especially one vein in the bot- 
tom of Crow C m k  and one; of the so-called "cr-utting veins." * 

A random w p l e  on this cmmutting win gave 0.26 percent 
molybdenm . - 
The Bahrenberg prospect, at the bead of Crow Creek, cornprism 

the Hottentot, which was originally staked in f 910 by James PetchqU 
aa the Tmmm Box claimPe and one other claim. ~ l d  location 
. w . d o w e d  fa lapse, and the claims remained vacant until restaked 
ia 1W by Hmry Bahreabrg. The property is now owned by two 
men in partnership, and one of them s p d e  his entire time st the 
P W ~  

The country rmk is mainly argiSlite (&rike N. 25" W. and dip 
45" E,) , but dong part of the win one waU is qnaxtz diorite. The 
omumnce of this quartz diorite is peculiar, as it is found in ap- 
pa&tIy detnchd blodm or Eansas of merant dsm from 0 feet in 
diameter up. Them is evidence of some movement, but many of the 
waUs sre tight, and the impremion gained is that the igneous rocks 
were, in gened,  infrudd in their prmnt psitions. 

The main vein Btrikea N. SO0 W. and dips 80" N. The average 
width ie abont 8 inches, but the vein hm nnof been prospected to a 
dqth ~f turn thm s few feet, There is a &allow adit a h t  Blf 
feet long and one m a l l  garface cut. It is pessible ta trace this vein 
only eboat 75 feet along the outcrop, as a branch of Reven Glacier 
eovera tbe & end, and the m Z ; r p  to the west is so precipituus that 
it ie entimly i n s d b l e .  

The property contains mmraE rrther d veins, which have bsen 
mpeficially proqmcted. Them veins strih nearly west and dip 
?OO N. 

The gangue m i n e d  of all the veins are quartz and calcite. The 
om minerals include amnopyrite, pyrite, galena, and sphalerite, 

*Ma-. Q. C., Johnmu, B. L, rtnd Qrnnt, V. 8., op. e l t ,  pp. 11G117. 



with s few @spats of visible gold. The gold appears to $@%he 
quartz; tb calcih is barren. In one of the veins the gold is wssb . 
dated-with amnopyrib and the gdena ki poor; in another vein 
the reverne is true-the galena is rich and the ~riehapyrite value- 
bm. Sphderite is commonly a m c i a t d  with the galena, 

From this propem 7 torts of ore h w  been ~ h i p p d  to the' d t e r  
at Tacoma, and at the time of visit there was 8 tons sacked and 
at the bum of tha mountah Amding  to the operator one 8-Eon 
lat brought a total of $125 and one lot of 1,500 pounds brought $I45 
ahve  melter and shipping cash. 
An amstre wm mnstructacE and put into operation during the 

Iabr part of the snmmer of 1931: It was pltrnned to mve the con- 
centrates and ship then to the smelter at Tacoma or &or0 them for 
later extraction of #e gold. Considerable difficulty was experiend 
in awing the gold in the h e l y  divided mlphides, asr the alphides 
formed a scum and floatem off with the waste weter. A d n g  to 
the latest report this problem has been sakisf actorily m1ved. 

Owing to the location of the prospect transportation is a problem. 
Ths mine is about 1,000 feet above the tractor road and is mparatsd 
from the rod  by twa steep cliffs. .Freight is taken over the lower 
of them 60 cliffs by means of .tl4wind1w, but o m  the upper 600 
feet it is back packed or carried by a dog. The l d i g c E $ t b  01% 

ig simple and cheap; the rock is t id  in burlap om bags, which- am 
turned loose on the snow, then cullectd at the brm of the hill. 

The plans of the premnt owners call for an adit driven from the 
brim of the upper cliff. Thk would probably require sweral hun- 
dred fmt of underground working. 

. . 
-+ , - *  + .  

- . + -  

The Jewel prospect of four unp8-W3 ~ & h a  is ow~& .by. John 
Holmgren, of Girdwood, The prospeck was orighally located by a 
Mi, mkney but has &nm changed owners several times. The 
properti has gone .through a period of overinflation and stack p m  
motion &th the u8ual resdk The p m t  owner bought the prop- 
erty st auction. The pmpecf b located near t b e , h d s f  ,Crow J 
Creek and at one time- had a complete miU outfit, .-r wheels and 
power equipment, mmpressar, assay &c8, bunkhoum, and a tram- I: 

way from the tunael to the mill. Snom1ides hawe removed much 
of this equipment, but the bunkhouse and tramway are mable, as 
well as parts of the compmmr and miLl mnchinery. 

The country rock is b d e d  argillite md g m ~ s c k e  with-ntrike 
ancE dip the same $B the vein, S. 8 0 O  E. and dip @I0 E. * Them 
are numerous intrnsions of both medium and h e  pined qumh 

- -  - 



&I - GIBDWODD DIBTRIOT 419 
- 

in the vicinity of #is prospec& especially on the ridge east 
The vein developed ranges in width from 2 inches to 1 foot 

snd cons* of quartz conbining massive suIphidea: One tunnel 
7' .is d r i m  abmt 145 feet along the vain. Late in the summer of lfsl 

. .a contract was given for 50 feet of drifting. ZnshU~btion of a corn- 

s 
p m r  and considerable development were planned for the next 
awnmm. The owner reports that the vein widens in the f m to 
s h u t  1 f d .  The shika of this vein is S. 30" E. and the dip is 

!2 '4%" E Several other mall veins am present on the property, but 
ri 

no work has been done on any of them. 
- Th minerals seen are quartz, amnopyrita, chalcopyrite, pyrite, 
-.- + pphotite, molybdenite, galena, and free gold. Limonite, cemsita, 

- -  _ and rscorodite form the oxidation products. 
%a So far ss h o r n  very little ore has been produced from this prm- 
* 
C +at the most ody s few tom. 

C .. BmNIPm 

The Brenner prospect, owned and operated by Clyde Brennsr, is 
situated in tbe bottom of Crow Creek and exp- a 4 vein 
which &&es N. 45" E. and dips 65" N. Two unpahnted claimsl 
h v e  been d m h d  along the strike of this vein. 
;"m country rmk near the vein is massive graywrtcke. On the 
wed side of C F ~ W  Creek the win is opened by a drift 175 feet long, 
At the dart of the driit-the vein averages 6 inches in width, but it 
gradually pinchas down ta a thin slip in the face. A 64foot in- 
dined shaft is sunk on the vein on the esst aside of 'Crow Creek, and 
two  levels from this ~haTt &end along the strike of the vein. The 
upper level is about 30 feet in length and the lower level about 60 

%* -A d- vein, which ddres S. 3 5 O  E. and a m r a p  about 6 
inch- hi width shows up in the shaft. The smnd vein is separated 
3 ~ o m  the main vein by abut 10 feat of graywacke. At the time the 
property was Kisited the lower -1evel from t h  shaft was King driven 
t o  try ta cut the interntion of these two veins. The m&in vein ah 
places is rn much as I f cot wide in khe two levels, 

The gmgae ir3 quartz with a maU amount of calcite. A few 
dphides-gdew sphalerite, pyrite, pphotite, rrmopfih, mofyb-, 
denits (I) ,  and mar&te--am p m n t .  There are some green stains 
of copper carbonate in the tunnel. 

-i -. mum BIfW 

'. The &gle Xver property, originally h o r n  aa the " Miflower 
a M e n ,  i~l  located on the south bank of the Eagle River just Mow 

the terminus of the glacier. The prqec t  hm recently been restaked, 



bot appmmldy little work hss bean dona &ce Johnson z7 visit& N ,%, 

in 1911, -4 

, The mutry rock is 6na-grained massive gxaywacke with s3e~erat 
large interbedded conglomerate lenses and minor qnsntith of ar- 
gillite. The mineralization occnrred dong a sheeted zone that e t b .  . 
north to  K. 5" W. and stands nearly vertical or dips about 6S0 W. 
There am, in .the vicinity, seveml pnmlle2 sheeted mea, sepsmhd 
by thin beda of graywacke. Two of them zones near the prospect 
8m eqeeialIy cmspicuo~s, owing to the prominent iron-stained md 
silicified outcrops, from which a l l  vegetation and debris have been 
m o v e d  by scouring of the ice. The most conspicuous am? is'about 
50 f eot wide and msy be traced for about 400 feet on the south h d c  

" of the river, The probable continuation of the same zone has been 
located on the hilI north of the river. 

hlinedized quartz stringers occur through the sheetad ma, 
North of the river the country rock is of the same type and is bt 
seen in one of the. numerous small gullies. The stringers wrrJr 
gmttly in width but ell seen are 1- than 1 foot,, and the usual width 
is 1 to 3 inches. 

The m j , e ~ ~ t i o a  produced ~ulphidea in quark with a few vein- 
lets and spots of bamn cslcite, The metallio.minemls, p o d p  
almost entirsly nnaltered st the surface, are galena, pp-ite, sphal- 
erite, ammopyrite ( P) , and clrdcopyrite. Johnson' reports a little 
malaehib, but thh was not men during the present study. Mala- 
chite wwld be expected, as copper alphide is present. 

'She silver content of the stringers, especially in association with 
the galena, may in places be considerable. Johnson gives an w a y  
of gold 0.05 ounce and siher 24.80 om- to theq-- More r c p &  . 
ways of eamples collected by prospectors ar i  reported h g i ~ e  re- 
turns of gimilar proportions, with silver content ranging f ~ o m  10. 
to 25 ounces to the ton. Little work has been done in tho prospect, 
as the gold contant is dimursbging, and in thje region gold has been 
the metal most nought. . I. 

Thmughout the district but wpeoially near the hedwateh 
P 

Crow Creek them are. many mall veins, in pl- minerdid,  
Many of them have been or are staked and h ~ v e  bwn worked a 
little. The veins are of &a same type aa those already described 
and am without exception irregular along both the strike and dip. : 

It is reported that one m a l l  vein was worked late in the summer- . 
of 1981. This =in ia on the east side of Summit Monntlrin, w&. - 
of #e Bahrsnberg p n q e k  Some rich float was repoad to have 

*Mabartin, a. C, Jobem. B. KA, amd &aaf U. L, op. dt, p 178, 



found just below the oeterop, and some digging had been done 
?. .> on the surface in prer-ions years. The country rack is bahded 
t: ' argillite and ppwacke ,  badly distorted and intruded near the vein . 
.> 

r 
by an zrregaIar mass of medium-grained quartz diorite. The strike 

P 
-of the vein is N. 30" W. and the dip is 80" W. 

Some work has been dons on a vein in Crow Creek jud southwest 
.from the end of the surfaced road. Tho oountry rock is banded 

I 

argillite and graywacke. The vein, where exposed in an open cut, 
+ ... averages abut 7 inches in width but rangeg from 1 inch to about 

2 feet. e l m a ,  pyrite, and limonite sre present in a quartz gangue. 
4 The vein strikw S. 50' E. and dips 40° W. The quartz is badly 
b 
me , shatted, apparently by postmineral movement, A sample taken 
;$. from a 2-foot cut assayed gald 0.01 ounce to the ton, silaer 1.4 
4 ounces to the ton, lead 1.12 percent. Numerous mlaH mineralized 

stringrs were men on the steep monnhiin side muth of thiB property. - 
3 ,  A liktle prospecting has been done on the northeast s l o p  of 

4 Ragged Top Mountain, near an irregmhr-shaped intrusive plug, 
I, Sereral amall but well-mineralized quartz veins are exposed. These 

+, veins cut both the intrusive m k  and the banded argillite and gray- 
?. , 

w&. 
IJ-P arm -Amom 

The Oirdwod mining district mnEains many m a l l  quartz veins 
in argillite and graywacke and the placer depositg rsm1ting from 
the breaking down of these veins. The. economically valuable min- 
eral is im gold, but alphides are commonly present. Tha gold 
usually occurs in small bmcbes or pockets. The -ins are irregular, 

+ - +*\>&: < r 

dong both the f i e  and the dip. They appear to be genetically 
F mhted to irregnlrr plugs or pipes of quartz diorite. 

In &mating the +bilities of the veins of this Wct several 
factam must be considered. The p n q m b  are 1ocaM in a region 

L+ of mvem wintem, but the cliiliculties due h climate are by no m e w  
17 

insurmountable, and it is entimly feasible to work throughout the 
winter. The favarabla and unfavorable featurea mcerning devel- i 

- + 
opment of the district are summarized b low.  

19 Favomble features: -- 
r( 

grade of the ore poEBets. 
Probable mntinnntlon of the gold in depth. - Abundance of gmu~toid siliceous Igneous rmk& erq~mIaHy igmall pfgee. 

.-,. 
+ ._ , .  Cheap timber; vein walls require but IfttIe support. 

Few pumping problems. 
Abundant water supply fnrnIsh1ng cheap WWeF fm amall opratiw. 

Unfavorable features : 
4 .' 
e. ; H E K ~  cost d deveIgment and dnlng owing to the tme of deparft and 

t h  mttg character of the gold in the vein& 
+-. 17988&83---1 



.-e 

Unhvorable &a-nttnued . . -3 
Untavomb1e geidoglc tham* d tbe naW rock for tlU -t '"'h ' 

M I-, pershtent ~ d n a  or b-. 
We& mlneralhtloa, as ahown bg the small meta- 

morphism. 
Absence of any wldwread intensive altemiion o t  the -try rock (d- 

citl%aUon, chlorltigation, silfclflcatlnn, a). 
Wghtueas of the wall r o c k  
Le~t!cnlar cllam-r ,of thd veins and twdencg to auger out hta mhap 

emall, wldelg scathed strhgera 
Elrcepticmallg strong, p e a t e n t  wlnb and frequent morr and rock slitlea, 

which mag cause kdditlonal e-e. 

There geem to be very little if any hope for the development of 
n 

db -- 
'a mine of I a q p  tonnage, There srg  however, s9vem.l mall prop- T 
~rtiw which, if carefilly m & n ~ g d ,  s h d d  be developed st a profiE, * 
Ths best method of haadling these m i d l  #Ins ap- to be ta day 

- - - 

clcm to the ore. . I. 
Nw~oIYB 0th~ W b  in the d-& W'B ~4 &€dbd, bWk 

fhey are amdl and ifiegdar and in some places nearly inaccessible. 
Them is a chance that some of them may be developed in the futura. 
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