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PREFACE. 

Reconnaimanco ~m0yf3 of Prince William Sound, begun in 1898 
and continued from timo to  time, wore completed in 1908. These 
invwtig ations h a v ~  indicatad tha general distribution of the mineral 
rwurces and somathing of tho larger geologic features. M e m w l e  
the advancement of both gold and copper mining made evident t.he 
need of more dctailod information, and for this reason the s m e y  of 
the Ellamar district here sot forth wag made. Studies of the other 
important mining localities Itra planned, but to carry out such a plan 
it is necessary to makc dctailod topographic bme map. The topa- 
graphic map of Port Vddcz district wf1.9 complobd in 1912 and the 
geologic survey m d  study of mineral resource9 WBS begun in 1814. 
The study of the Prince Willinm Sound rogion indic8t.w that its 

geology is so complex that it can he mastered only by a detailed 
survey. This report is the first result of a wries of such surveys 
p l m e d .  The rmults presented show a decided advance on those of 
the reconnaissance sumeys, but it must be mombered that the sur- 
vey of one mall area, mpecidly in the tihence of m y  paleontolngic 
evidence, may not yield n definite cluc to the stratigraphic sequence. 
The survey of thc EUamnr district confirm the previous larger 
gmuping of the formations inta the Vddcz tlnd Orca groups. As was 
expected, it also indicates that both these groups may he divided 
into smaller stratigraphic units. In this report the Orca group has 
been so subdivided. These formations are not named in this report 
hecause they ars not yet sufficiently well dofined to givo assurmco 
that thy will have a permanent plwe in geologic literatura. 
Mr. Johnson, who is in large measure responsible for the account of 

the ore depwits in this volume, has arrived at somewhat different 
condusions in regard to their origin from those reachod by previous 
investigators. The occurrence of the orea in zones of fracturo and 
whoaring dong fault planas is established, md M i .  Johnson  ha^ proved 
that the ore bodies, in part n t  lcast, are roplacomont~ of the crushed 
rock. Many of the facts presented indicate that tho oreg are in largo 

3k-? part due to such replacement. E~dence  is also adduwd to show 
1 



8 PREFACE. 

that the greenstone is not the source of the copper, as haa been sug- 
gested by other investigators. Mr. Johnson has made the deduction 
from the facts in hand that both the copper ind the gold minerd- 
iztbtion of the Prince William Sound region belong to the same gonerd 
epoch and are connected with the grtbnitic intrusives. This conclu- 
sion seem to be in accord with what ia known of other parts af the 
coastal mining belts of Alaska, notably those of the southeastern part 
of the Territory. It must be noted, however, that the evidence of 
any d h t  genetic relation between the mineralization of the Prince 
William Sound region and the granitic intrusions is far from being 
completa, so that this theory ahodd for the present be regarded 
as ody tentative. 

It is belie~ed that this detailed sMdy of the geology and o m  
of the Ellamar district wdl contribute to a better howledge of 
the occurrence of mineral deposits in the Prince W a r n  Sound 
rogion, which are receiving further study. This region B now one 
of the Iargc copper producen of Alaska and promises to continue 
to hold this position. Its strong relief and its accemibility to tide- 
water make for cheap mining, When the mlnng coals of the Bering 
Rivor or Matanus ka field are made available a local smelting industry 
would meem to be assured. 



THE ELLAMBR DISTRICT, 

By S, R. CAPPS and B, L. JOHNBON. 

INTRODUCTION. 

LOCATION. 

The mining district in the vicinity of Ellamar EM at  tho northeast 
border of Prince Wdliam Sound and i~cludes a part of the mainland, 
about half of Bhgh Island, and a number of smaller islands. Prince 
William Sound is a large emkaymant in the north-central part of the 
Gulf of Mrwka, which is that part of tbe north Pacific Oman that is 
inclomd hy the great m e n t  of const line between Kodiak bland 
and Sitka. The area covered by this report lies bet.ween latitude 
60' 52' and 60" 58' N. m d  longitude 146" 29' and 146" 51' IT., and 
hdndes about 65 aquero milea of land. Z t a  position with dation to 
Princa Wittiam Sound as a whole i 3  ~ h o m  in figure I. 

Tha area shown in the topographic map (Pl. I, in pocket) is here 
called t h ~  EUmar district, Ellamar being the oldest and largest white 
settlement within it and the Ellamar mine one of the oldest and most 

. productive minw on the sound m d  the most effective agency in 
bringing this diatrict into pmntinence. The district as hore mapped 
includes the shores of Lmdlocked, Boulder, Virgin, and Galena bays 
and Tatitlek Narrum, and tha northeastern BnU of Rligh Island. 
Earlier maps of this area, showing the shore h o  and something of the 
topography, have already been published, but they have been on 
a relativdy s m d  scale, and were drawn primarily for use in navigs, 
tion. The topographc map that accompanies thia rport (PI. I) ,  on 
a d e  of 1 to 62,500, ia by fnr the most m u r a t e  and complete map 
yst pubbhed of tha ares which it covers m d  shows not only the 
relmtive position of the land and water but the shape of tho land 
surface. It, haa been uaed as the base for the geologic map (Pl. 11). 

PREVZOOR WORK. 

The shore of Plince William Sound waa one of the first parts of the 
main body of Alaska to be charted. Many nwigators visited this 
region in the lsst part of the eighteenth century, and since the 

9 



trander of Alaska to tho United Ststas in 1867 tho U~itad S t a h  
Coast and Goodetic Surtroy has been comtnntly earned in mapping 
tho coastal region. It was not until 1891, however, thrrt tha first 

goologist cntorod this field. In that yoyoar C. W. Anyes,', after having 
finisher! m exploratory trip into the interior, spont n, few days on 
Prince William Sound and recorded some ohaew~ticlns on the rocks ' + 

1 An oxpAaltlan thrrnrm theYukon dlptrirt: N R ~ .  Om~.Mw., rol. 4,p. 142, tm. 



of that region. In 1898 IfendenbU,' in a trip from Port Wells to 
Turnagain A m  and thence up Matanuska River, crosaed the Chugach 
Range and seporCod OD the geology tilong his route, In the same 
year ,chmder made a geologic study of parts of the shore between . 
Orcs and Vddea, in tho c o w  of which ba subdivided the rooks into 
two main p u p .  In 1899 the geologists of the Harriman Alwka 
expedition visitad a number of points on the shores of Prince William 
Sound and gave their condusions in the reports of that expediti~n.~ 
Xn 1900 Schrader and Spencer spent skveral weeks between Orca 
md Rocky Point, adding to the preoioua knowledge of the geology 
of this area. Griint "pent portions of the summers of 1905, 1908, 
and 1909 in rwconnaissanco goologic work in Prince William Sound 
and oach yoar published a brief account of the mulh of his inveati- 
grstions. A much' mom complete report by Grant and Riggins: 
embodying the r d t s  of fidd work done dllrjng the s u m e m  of 
1905, 1908, and 1009 hes bnen pubfishad. Thw investigahm spent . 
considerable time in tho copper-boaring district near EUarnax, and 
thoir report upon tho development of that district was cornpIete up 
to 1909. n o i r  ficld, howevw, was hrol~d, covering 2,000 d m  of 
coast line on the mainland and idnnds of tho sound, and their pnb- 
lished coaclusiona, in regard to tho relatiom 'of the afferent rock 
groups wore generdized to fit thn conditions found throughout the 
whole region in which thoy worked. Their notebookg cont.ain much 
information concerning details of structure and relations which found 
no place in the roeomajwanm report published. Moffit gathered 
some notes on the developrncnta in tho sound rcgian in 1907, without 
himself visiting tho field. In 1911 Brooks spent a short time in 
examining the gold quartz and in studying the gttology of Port 
Valdez. The field of his study, howcvor, so far as known, all Irrv 
within the rocks of t.he Valdoz group. 
In a d r l i k b  ~ A J  tho reports publi3hod hy the URited States Gm- 

~ogicd Survey there havn appcartld from time to time in technical 
magazines short reports by sever,ral gm1ogists and cngineem on mining 
conditions and the character of tho oro deposits, but thcso have heon 

I YeWenhd, W.C.,A-- Imm R e n ~ m r h  Buy to tbo Pansnn Rlmr, Alnskn, fn 15%: 11. 8. 
Oeot. Fmvey Twentkth Am. Rcpt., pb. 7, pp. sr,CIt0, IW. 

z Sdmder, F. C., A - L ~ 4 a w c  or* pnrt of P r ~ n c ~  WillInm M n d  and thn Copper RIvm d i c t ,  
~las~ra, a irern ram, pp. Mi-la. 

Tlarrimsn luarkn Expl i f  ion, vd. I ,  IW. 
4 m ~ r ,  F. C., and F p m ,  A. G., T i ~ r  R W I ~  and milvlrrrl mamw otrrpmklm ~l thn W w  Rlver 

dtma, A h b :  U. 9. Cml. S u m ?  pub., 1Wl. 
5 Gmut, U. 8.. U. S.  Grol. S m y  Bull. =I, pp. 7FS7, ImXT. C m t ,  U. R., and llfmlnq, D. F., 0. W .  

Oeol. Survey Ball.a79, pp. gi-C, I!XW. Cmnt, U. I., 0. S. CtRol. Rurv~y Dull. 816, p. 87, ImrJ, Grnnt, 
0. S., awl Bl&m. D. F., U. S. Ocol. Q i ~ m y  T3iilI. 44% pp. ~Trl-lFb, l91R 

4 Giant, U. E., md ITiflplns, D. F., Reconnnlmnm of the geolom 8nd mlnmal m w a m  ol Prinrn 
Witlnrn h n d ,  Alastx U. S. Qd. 8uwry null. 41'1,1810. 
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12 THE ELLAMAR DIBTRICT, ALASKA. 

dbmsions of particular phasee of the subject, without atkmpt to 
correlate tha fmts over any m~miderable area. 

PEEBENT REPORT. 

With the exoeption of BrwJds work new Vddee in 1911, the 
efforts of all the emlier geologisb who have been in this field have 
been dirmted to the -mapping of large areas and to the separation 
of the rocks of the Prince William Sound region into their larger 
stratigraphic divisions. The size of the areas which they surveyed 
within the limits of the field seasons made it necessary for them to 
neglect details at many interesting localitim for the sake of deter- 
mining the ared extent of the larger stratigraphic nib. More or 
less active prospgcting on the sound during the last 16 yeaxa has 
shown that although copper-bearing minerds are widely distributed 
through the rock of the Oma group, commercial bodies of ore have 
been found only within rather small areas. One of the most prom- 
ising of thme areas lies on the mainland within a few miles of the 
village of Ellamar. The steady production for a number of years 
from one min0 at Ellamar and the recent plwing of two other mines 
at Landlocked Bay on a productive basis have given this district 
some prominence as a copper producer. It therefore seemed desir* 
ble to obtain more detded information about the geology and ore 
daposite of this area, to  examine the more recent mining develop 
ments, a d  to map as far as possible the several rock formations in 
the hope of clearing up same of the problems concerning the origin 
and relations of the ore deposits and the stratigraphic sucwmion 
of the rocks in the Prince William Sound region. With this end in 
view a topogrqhic party in charge of R. H. Sargent, wsisted by 
C. E. G f i ,  was det~iled to map an area including the territory 
adjacent to Landlocked, Boulder, T i ,  and Gdena bays and 
Tatitlek Narrows. To the writers waa assigned the task of mapping 
the areal geology m d  studying the ore deposits of the same area. 
Owing to the late datt! at which the appropriation for this work wasl 

made by Gongma the field work was not begun until August 25, 
1912, and bad weather forced it to  an end on October 17. In this 
short season a topographio map of about 65 square mile WEIS com- 
pleted, dl the important mines and prospects were visited and 
studied, and the surface distribution of the principal rock formations 
was determined ss far as the time and field cond~ans would permit. 
The combination of extremely bad weather, dense vegetation, and 
complicated geologic structure rendered it impossible to trace out 
d the contacts with the degree of accuracy that would have been 
maintained undm more favorable conditions, but it is believed that, 
ao far as it cavern areas where good exposurw were obtsinable, the 



map is not farr in m r .  In the p l @ a  field work the writers spent 
some time in, both areal mapping and in study of the ore deposih. 
Mr. Johnson spent most of his timo in the field in studying the rn 
deposits, and his officn work included tho dmcription of mints and 
prospects, the discusion of the prohlemcl of economic geology, and 
the description of the mineral resour-. Mr. Capp prepared the 
other parts of. this report and tho geologic map. h the field he 
devoted the p a t e +  portion of his attontion to the areal mapping 
and to the study of tho goologic atructuro. A short summary of the 
results of tZlls investigation has already been published."n 1913 
B. L. Johnson spent sovcrd month in goologic work in the Prince 
William Sound region, during which time he mvisitnd rt number of 
localities in the Ellamar district, Soma of the mining developments 
which took place during the winter of 1912-13 aro therefor0 described 
in this report, aa are alsb some mining propertim on Port Fidalgo 
which had not been previously visibd. 

In the years prior to 1897 scant attention was fiven to the search 
for valuable minerah in bhe Prince William Sound ~agion, and so far 
as can be learned, no claims had been strtfted. Xndicatima of copper 
ore, it is said, were h t  discovered in 1897, when h u i s  Jacohon, 
while hhing in Landlocked Bay, saw copper steins on the rocks 
near the shore and found copper float near by. A claim, afterward 
acquired by the Alaska Commercial Co,, waa staked early that spring. 
Soon afterward M. 0. Gladhaugh and C. Pedmon were led hy the 
natives t o  the ore eroppings in Virgin Bay and located tho Gladhaugh 
ore body, which afterward hecame the Ellamar mino. In July, f 807, 
Gladhaugh and & K. Beatson, with several msociates, were shown 
tho Bonanza ore body on Latonche Island, and staked claims there. 
These were the first bodies of copper ore to be located by whi to men 
on the sound, although it is reported a that the Bonanza ore body bad 
been worked by the nativm for native copper and for paint materids 
long before the advent of the whte man. Large numbers of atone 
hammers thab were found deeply buried in the soil near this place 
hscE evidently been used by the Indians to pound the native copper 
from the rock. 
In 1897 repoh of the fabulous richness of the discoveries in the 

Klondike were widely circulated by the press throughout the world, 
and in the fd of that year began the great stampede which reached 
its height in 1898. The Vddex Glacier was known to offer s possible 

1 caw, B. R., snd Johmm, B. L, Mineral dqmb or the Ellsmar dlatrlct: U. B. Qd. B m a g  BuL 
Ma, pp. a b l a d ,  1~13. 

9 Lkoln ,  F. c., The Blg Boamm mppeu mine, Latomhe Island, A N a :  E m .  OmW, 701. 4 ,  ppd- 
m1-an. im. 



14 THE RL-LAMAR DISTRICT, ALASKA. 

route through the constaI mountains, and tho pruss waa chosen hy 
seperd th~usand gold seeken wZ~oaa dostinration w m  .anywhcre in 

the inhrior," hyontl the Chugwh Mountains. 1n t.bo fd of 1897 
md the spring of 1898 the town of Vddos cnme into cxiatmce, and 
although most of tho prospwtors spsnt their energies in crossing the 
glacier, a few took the opportunity to pmapoct dong the coast. 
Since that time prospecting hrts hecn carried on more or lm vigor- 
ously on $ho sound ow11 yoar. The fmt copper are h be shipped 
for smelting cnme from the I30n1anzn mine in 1899, md tho Ellamar 
mins rnatfo itR fimt shipment in 1900 and h~ shipped om regularly 
every year since. Interask in tho soarch for copper mines incrertsed 
from ycar to year and culrninatetZ in 1906 and 1907, when gmnt num- 
bera of claims were staked and active plms for development wcro 
made. The financial stringency in tho fdl of 1907 caused most of 
these plttris t o  be ahandonod, and in more tncent gears dovelopmont 
has been attempted on only a few of tho more promising discoveries. 
Tho Threeman Mining Co. claims, in Lnndlockod Bny, worn stakod in 
1003. In  1004 and 1906 small sample shipments of ora were mhde, 
but it was not until tha f d l  of 191 1 that regular shipments were mado 
from the mhc. In 1912 tho Landlock B F L ~  CJoppor Mining Ca. mado a 
s m d  shiprnant of orc, and two or throe othnr cornpanics on the sound 
givo promise of producing oro in cornmorcid quantities in the aoar 
future . 

QEOQRIIPI3Y. 

Tho district in the vicinity of Ellnmar, as wsll as all tho Prince 
William Sound ragion, lies along tho southern border of tho Chugach 
Mountain Ilang. The area is one of hgh reliof, ns in most placm 
the mountains rise staoply from the shoros. Coppcr Mountain, the 
highest poak near Ellamar, has an dovntioa of 3,880 feet, although 
its top is only four-iifttls of a mile from the boach. (Sm PI. 111.) 
Eight mile9 northeast of Coppor Mountain but outside the nrea with 
which this report is concerned is Mount Denson, locally h o w n  as the 
''Rooster Comb," which roachos a height of 5,886 feat. E h n a r  
Mountain, the most prominent pank botween Gdena Bay and 
Tatitlok Narrows, is 3,050 foct high. Farther north, toward tho r n h  
axis of the Chugach Range, the poaks are progrcmively lugher, many 
of them rising above 7,000 feet. I3etween Port Valdex and Port 
Wells thoro may be seen, in clcar woatllcr, a high snow-co~orod 
mountain am, which is unsuwoyed but which probnbly does not 
fall short of 10,000 foot in altlvation md may be ovon highor, Aa 
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COPPER MOUNTAIN FROM 1 H E  h'S,HTH. LOOKING ACROSS THE HCAD OF VESVVIUS VALLEY 



BOULDER BAY FROM THE I ; l U T H  

Coppnr Maunbln on the right nnd rhs Iow ~ o p  between Boulder and Galona bays near tRu center. 



points at Copper and Ellamsr mountains being composed of it. On . 
the other band, tho ~ latrs  havo auflered most fro111 erosion, espe- 
cially where tho proportion of interbedded gr~ywacke i3 small. 
Tatitlek Narrows hns in lnrge part hoen eroded from a band of black 
slates and ioUom the directinn of thcir strike and ~chistasity. !Tho 
shoro line between Graveyard Point and Fish Bay also lies parallel 
to ltha strikn of the slntn rind grra~ncke bech there. The head of 
Galena Ray and Clouclman ant1 1Eusby bays on Bligh Island lie along 
khe strike of slate and g r ~ y w ~ c k o  beds, but Landlocked and Boulder 
hays and the lower and of Galona Bay cut directly across the strike 
of the rocks. The northenstorn part of Bligh Island lim cornpar* 
tively low, yet it is composed of grccnstone that in general hw 
strongly misted erosion. In thoso places othcr factors were more 
effective than the structure and charactar of tho rocks in determining 
the direction of erosion limes. 

STREAXB. 

As a rmult of the deep indentation of tho coast nnd the high relief 
of the land in this district, the stream gradients we evar.whete 
steep, and the valleys are short, most of tlwm being of the simplest 
type snd having few tributnrie~. Hero find thcrc n group of mod- 
e r a t ~ i z s d  stream with distinct vallays have joined to form tb l q e  
stream, hut most of the drainaga  ha^ found short, direct courses- fa 
the sea. The valleys are notnl~lg l~ck ing  in strcnm-dcvelopod fea- 
tures. The large, distinct vnlleys owe their prwent forms almost 
entirely to modeling by glminl ico, the evidencm of stream erosion 
and deposition being meager. A few of tho present streams hsva 
cut canyons in the bedrock, but these a m  a m d  as eomparecl with 
the size of the vaUeys in which they lie. 

The largest st.reams in the district are the two that enter the hsnd 
of Gdena Bay. One of these, Duck River, emptim into the lagoon 
at t.he nort.heast end of the bay. Most of its bbnvin lies outsitEs of the 
area studied, but it is said to drain a valley several miles long that 
contains a large lake fed by an active glacier. A second largo altre~m, 
hown as Bottle Creek, comes into the bay from the southomt. 
Within this area it drains a basin on tbe north side of Copper Moun- 
tain, which comprises about 9 square d m ,  and contains two rather 
large lakes. During the summer the flow of this creek varies greatly 
in volume, for the slopes of the  alley walls are steep and the run-oft 
is rapid after each rain; but it is said to maintain a fairly large flow, 
and a dam and hydroelectric plant were erected on it to supply 
power for mining in the upper part of the basin. At the time of tho 
writers' visit the plant w~ not in operation. 

Two other stre8m of considerabIe volume enter Gdana Brry. 
One, which enters from the south, drains the low valley-like p m  

gBsE!"-B~ll. @35--1+2 
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between Boulder and G d e n ~  hays, and the other, which enters from 
the north and is called Indian Creek, drains a baain lying south of 
the divide between Jack and Galena hays. 

Two creeks of moderate she enter tho head of Landlocked Bay. 
Lagoun Creek, the laxger of these, heads ta the northeast, toward 
the ewt wide of Mount Denson, and in at lsast two places near  it^ 
lower end has cut short, sharp canyons into tho sl~tes and graywackes 
aver which it flows. In the upper canyon there is a waterfall in a 
narrow deft in the rock. The stream heads outaide the mapped 
area, and the exact location of its hcadwaterw is not h o r n .  
Reynolds Creek, the semnd largest tributary of Landlocked Bay, 
enters the bay from the northw-t and drains a small area northeast 
of Copper Mountain. It has a canyon near ih mouth. A water 
right has been staked on it for the purpma of developing power fw 
the mine at Landlock. 
In addition to the streams already mentioned a large number of 

smaller streams reach the c m t ,  some of them permanent, though 
many flow intermittently. Some of them stream occupy well-defined 
though ~hort vaUep; others flow in shallow notches down tho steep 
mountain sidm or emerge at the sea from indefinite channels on tho 
borders of the swampy lowlands. During a heavy nrinstorm in Land- 
locked Ray 32 stream could be seen on She sovth aide of Capper 
Mountain, where ordinarily only two or three rn risible. 

The Ellamar district is favomd with unuaudy good transportation 
fmilities as cumpa~d with most parts of &aka. As it lies on deep 
water it can be reached directly By ocean ressels, and it is on the 
regular route of the two steamship lines that ply between Seattle 
and ports on the Gulf of Alaska. During the Bummer about onn boat 
s week, on the avemge, brings passengers, maif, and freight from 
Seattle to Fnamsr, which fs 6 regular port of can. Occasionally the 
b a t s  stop both on their way wsst and on their return trip, but more 
off.en only once on each m n d  trip. The charnel lending to the. 
Ellamar pier is namw and somewhat difficult to navigate, so that 
pmengers, mail, and light freight are usudy discbarged by small 
boat, the steamhip remaining in deep water out in Tatitlek Rar- 
rom. In winter the shamships run aomewhat lew frequently, but 
even then a satisfactory semice is maintained. In addition to tho 
passenger boats several boats thgt c m y  freight exclusively are kept 
in aervice, their schedules depending to  some extent on tho quantity 
of are avaiIabIe for shipment. Them boats load ore at the piem 
at Ellamar and Laadlock. The regular fare for passengers from 
Seattle to  Prince William Sound porh is $45, Freight ratee depend 



on the c lw and the amount of freighh. Contracts by large shippers 
of om from the mins~s to the smelter at Tacome, have been made 
at rates as low as $3 a ton. 

Siam conditions for travel by ho8t are so fa~orable in this district, 
wherew travel on Iand is difficult on account of the steep dopes and 
heavy vegetation, very little effort has been made to improve trails 
or roads between the mining camps. All the large mines are near the 
shore and roads to them are unnecessary. Nearly every prospect hm 
some sort of a trd badbg to the nearest point on the beach. A good 
road about 4 miles long h s  been built from the head of Galena Bay to 
some prmpecta on the north aide of Copper Mountain, and another 
road rum from the head of Landlocked Bay for about a m i l e  to the 
northwest. With these exceptions nothing has been done to facilitate 
travel by land. Practidy all communication between the mining 
camps is by water. 

The chat0 of thia district is not so mild rts that of southeastern 
Alaska nor is it aubjoct to the gcat ranges of tompmture of interior 
Alaska. Owing to the modifying effects of the Japm current, the 
winter temporatwe seldom falls below zero, and the summers are mild. 
In the Prince William Sound region the weathcr at points only a few 
miles apart may differ greatly, dcpendmg on thcir situation with r e l e  
tion to the mountains and valleys of the mainland, their exposure to  
tho winds from diflorant directions, and their nearness to the coast. 
For thew reasons a study of the weather records taken at one place 
may fail to give an adequate idea of the conditions at another place 
near by. In tho district under discussion no weather records are avail- 
able, the nearest points f o ~  which a wrios of obsemations could be 
obtainod being at Orca, Cordova, and Fort Liscum. Orca and Cor- 
dova lie about 40 miles southoash of Ekmsr ,  but it k believed that 
the climate at those three places is much the same and that the tem- 
perature and precipitation at Orca and Cordova, givon in the tablo 
below, represent rather clomly thme at Ellamar. Orca and Cordova 
are only 3 miles apart, m d  the table for Orca, covering the period 
between June, 1899, and March, 1908, is supplemented by the table 
for Cordova, extendug through December, 1912. 
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Mmihly tena@we m d  p ~ & p h t h  at lkCa fm Jaw, 1899, to March I ,  fm. 

- .  
c t p j b  
tion 

(iaehes). 

11.W 
8.n 
7.84 

11.64 
l a m  
5.U 
4.37 

I b M  
lB.35 
W.zS 
13.m 
I3.4O 

......... 
142.72 

..................................... Janwy,Rymra 
Fel'euary,Sym .................................... 
March 7 years.. ..................................... 
. k p r i l , > y w  ........................................ 
Mny,2ycm ......................................... 
Jt~ne,Z,yeas ......................................... 
3ulySyeum ........................................ : ...................................... ~r l~ :~<t ,4u-  ................................... S e ~ ~ l , e r n l ~ , 4 ~  
Octoher,Ryew?i ...................................... 

.................................. h-ovemlmr, 8 ymrs. ................................. I ) m r n I ~ r ,  9 yews.. 

............................. Fortarmolrocord 
A\er~gcforvmt 
'POW for 

Tempmatom ("P.). 

zrny&Y. ~verage by m o n k .  

M- 
mum. 

46 
47 
81 
7U 
72 
80 
XB 
HI 
A 4  
&4 
50 
49 

Bs ............................................................... .......................................................................... 

Mmi- 
mum 

40.1 
421 
51.7 
64.0 
W.0 
7R6 
3 0  
76.2 
74.7 
8 
46.A 
45.8 

Mlnt 
mum. 

2 
5 
2 
Z2 
28 
5 
33 
40 
81 
28 
11 
7 

2 

Mini- 
mum. ------ 

10.3 
14.5 
11.3 
25.6 
29.0 
36.0 
40.7 
40.7 
32.0 
'29.5 
13.8 
13.7 ------ 

27.8 
29.2 
8L. 2 
39.2 
44.8 
52.2 
65.6 
*%Q 

' 4 % R  
40.6 ... 
a .0  

................................. 
40.9 
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Y d I y  lemperatweand precipitation at fvrdmaf~om ,!fay, 1909, O h?#nh?r, 1912-40n. 

July. .kngust. Beptarnlm. 

Prs  

Oetoller. Novem7mr. Deoem1)er. 

Max Mh 
mum. mum. 
-- 

1808.. .. - . .. . . . . . . . 28 89.1 
1910.. . . . . . . . . . . . . . 30 41.3 19.70 
1511.-. .-.. ...... . . $3 83 44.0 15.W 
1512. ...... . ..... . 53 3 40.1 24.89 --- --- 

Average m m l  pmdplt9th for parbd oi reoord, 140.54 fwhm. -1tntfon In 1912,191.64 Incbw. 

Fort Liscum is only 18 miIes northeast of EIlamtw, but it lies 
near tha head of Port Valdaz, a nmow arm of the sound extending 
well into the heart of tbe Chugach Rnnge. The climate at Fort 
Liscum is that of the comtaI mountains, somewhat modzed by 
the presence of a body of sal t  water. The mean annual temperature 
is 35.z0, as wmpmod with 40.3O nt CoMlovn, mil the precipitation is 
just about hdf as great as at Chrdova. 
H d y  teonperd?lre and ~&p?aiioa at Fmt LisEl~m from Jcnamry, 1901, to Demmber, 

1 9 1 .  
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Awn. m y .  gum. 

T a m p t u r e  Tmpmt" 
( F.1. Pre- c F.1. Pre 

1901 ............... 
1802 ............... 

............... ii0 20 35.9 298 
I%# ............... 4B 18 K1.4 4.241 
1w7 ............... 
1w ............... 
IPUJ ............... 
1910 ............... ............. 191 1.. 
1812.. .-........... 

A- ..... 

July. Augmt. 6eptmlmr. 

1901 ............... 78 lrn... .........-.. 
1803 ............... 
JW ............... 
Im5. .............. 
lrn ............... 
1w7 .............. 
Ivos... ............ 
Inn ............... 
IY1D  ............... 
2911 ............... 
1812 ............... 

Average ..... 

NmmbPr. Deoember. 

Isal 

..... 
1 
190g ..... 

..... 

..... 
IW ..... 
1911) ..... ..... ..... 
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Tbe weather near Warnar during 1912 is believed ta have been 
much tho same as that at Cordova. The precipitation was unusudy 
heavy for the whole year, and during the period spent In fieId work, 
i~~cluding pwt of riugst ,  d of September, and part of October, the 
rainfall was enonnous. During thee three months the records at 
Cordova show a rainfall of over 97 inches, of which nearly 50 inches 
fell in Sephmber. At Ellernar, during the same months, the rain- 
fdZ ww probably equally heavy, and late in Sepkrnber, during one 
atom lmting t h e  clays, it is &hated that 24 inches of water fell 
at the head of Gdona Bay. The precipitation in 1912 was about 50 
inchm greater tl~an tha nrerage. 

VEGETATION, 

As n rmult of the heavy rainfall and mild climate in this region 
the ~ege t~ t ion  i~ Iuxuria~lt. 'rimher grows to elevations of 1,800 to 
2,000 feet, except on the ateepeat mountain dopes and in some of the 
marshes. (Seo fig. 2, p. 24.) The FAamar district lies within the 
limit,# of tha Ckugnch National Forest and the cutting of timber is 
suhjcct to the rrgul~tions of tho For& Service. The largest and 
most important t r o c ~  am upruce nnd hedock, there being at lenst 
two varieties of each. Trocs 4 fect or more in diameter at tho bapc 
are common and grow tall and frea from kuotcl, making good clear 
lumber. Hornlock ia moro abundnn t than ~pruco, hut the spruce is 
mom desirabta, as it makw hottcr lumber than the hemlock and is 
&o hcttcr for iirewood. 111 the vicinity of the lnrgcr settlements 
most of the spruco noar tho beach hm heen cut. Tho natives cut 
most of the firewood anti prefer trew which may bo made to f d l  dose 
to  the wator, cvcn though i t  is nrcwsnr?; to tow them a long distance 
to the points at which they sro to be usod. The total amount of 
timher which ~ R S  been cut is, however, i~~significant as wrnpnred 
with that which remains. 

Below timher line tho ground Is generally covared with sphagnum 
moss, which acts as a spot~go and rctains law quantitiw of miter, m 
that it is nearly everyhero wet undertoo t. The untimbered mmhy 
meadows are ful l  of smd1 ponds, and tho ground is saturated with 
water. In the forests alder, willow, and other bushy plants gmw 
thiokly between the trees and tho spiny dnpiljs sll~h, familiar thmugh- 
out the rainy belt of the mast country, i s  prrmnt, in abundance. 711e 
thick brush, fallen tseos, and tho prevailing steep slop- of tho moun- 
tains make travel through most of the timberecl arem slow and diffi- 
cult, and the mossy covorlng of tho surfnco renders it dimcult for the 
prospector or geologist to tram tho contacts of the different rock 
formations, or even to dotarmino the surface formations over con- 
siderable'arem. Abuvs an elovation of about 2,000 feet, however, 
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there is little timbw or other vegetation, and the b m  rock is com- 
monly exposed. 

areas 
Heuv~ly t~wbemd Amofscattered Timberkss 

tirnbw ereas 
FIGIJEE 2.-Rhtrh map shmvhg dfstxibutionof t [ m W  in Ellamar dlstrht. 

A n u d e r  of wliMo borriea grow in this region, including two varie- 
ties of blueberry, stalmon berries, a so-called b l ~ k  currant, some 
raspberries, and n few ~mll  cranberriss. 

The district discussed in this report has a total population of 
about 300, of wKich about 100 are whites and the remainder nati~es, 
many of whom, however, are of mixed white and native blood. The 
largest village is the native settlement of the Tatitlek, whose popula- 
tion is about 150. EUamar village is next in a h .  More than half 
of its population of about 100 are nativos or people of mixed ram. 



The settlement of ZtsndIack ~ 0 n t ~ k  about 30 whites, and about fi 
dozen other white men RTO mining or prospecting on Lm~llocked Bny, 
One family livm on Bodder Ray, anotlier on Gdenn, Ray, nnd one on 
Bligh Islrand, which contains a fox ranch that has pmduced a lttrgo 
number of foxes duxing the  lnst 12 yeam. Practically nll tho w h i h  
are directly or indirecdy engved in mining or prospecting, and the 
nxt i~es support themselvm by fishing, hunting, and hy cutt-ing cord- 
wood or doing other work for the whit~s. 

There~mfewlnrgeg~meanimn~~inthisdiatrict. Blneknndhmwn 
henm nre sseldom soen, hut mountain goats nro somo tirnns sarn nom 
Mount Dmson, though they rrt?lj- coma fnrthnr southwnat. Spruco 
grouse ACR &undnnt in tho timber, and ptrrmig~n are aftnn found 
above timher line. Water fowl nrn very nhundan t. Many varieties 
of edible salt-water dur.ks romnin throughout tho yrar. During tho 
spring md frill flock nf gmse nnd hmnt, find rnnllnrrl, teal, Muohill, 
and other varietim of d n c h  am men nvrqwbnm nnd am cornpara- 
t i d y  easy to appmach. During thr; spring and summer salmon 
nacend the larger stmama in t hausanrls. Cot!, halibut, rod snapper, 
and bass are among tho most vn111 abln atilt-water fish, and dams live 
on the beach in many places. 

T h e  rocks of tho Prince Wiinm Sound men were fimt d i ~ h e d  into 
two main gmups by S~hrndcr ,~  in 18116, and dthough a number of 
gndogistR havn aincc worked in different pnr i~  of t.his field, Schrader'a 
major ~ ~ i h ~ l i ~ i s i o n  m till ~tnndo .  Grant and Higgins l ~ k r  made a 
much morn ~xhnustivn sbudy of the m c b  of Princtl Wi l l im Sound, 
cxtonding the known arrn of thma two p u p s .  In a general way 
they dividnd the younger group into two units, one dominan21p 
ignaous and tho othcr dominantly s~diment~tl'y. The completion of 
n, topopapl~io map of the EUamnr district on a scde of I :62,5# 
and the opportunity to ~ t u d y  this area in tho field in the Sight of tho 
pl-evious investigations, with the mcumdated published data and 
unpublished notes, have mnde i t  pos~sihlc to subdivide the younger of 
tho two group with grenter accuracy than hm heretofore been pos- 
sible and to work out details of structure which were beyond the 
- --- 

1 Bahrsder, F. C., A rswmna&mce or n p a  of P r h  1Tillia.m 8a11nd and the C o p ~  River dbtrict, 
hlwkn, In 16WcrR: U. R. Ceal. Rurrey Twenttlclh Ann. Rep$., pt. 7, pp. 2W40, lW. 

1 arnnt, U. A., nnrl nl~@~.u, D. F., Rpro~lnalssancn of the gwlcgy and mlneral rewurocs or Prince 
Willlam sound, Alwka: 1). 8. Geol. Survey null. 443, 1910. 
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scope of the earlier reconnaisstfnce surveys. The'accompanying gm- 
logic map (Pl. IT, in pocket), though by no means find in its delinea- 
tion of the geologio boundark, is bmed on much more detailed 
information than any preceding map. Along the shore line and in 
places whore the rocks are well expoaod the mapping is believed to  be 
accurate. In many of the arem that are covered with timber and 
vegetation, where exposures were unsatisfactory or lacking, the 
boundaries were drawn from inference and may be somewhat changed 
when mora complcte information becomes available. No determi- 
nable fomils have hrcn found in the Ellamar district, and the names 
and tentative determinations of the age of the two rock p u p s  pub- 
lished by Grant and Higgim have been accepted. In certain places, 
too, it has baen impossible to de terming dehitely to which of the two 
great p u p s  mrtain rocks belong. In those places the map by Grant 
md Biggins  has been followed unless the evidence found points 
strongly to a different conclusion. Tf evidence equally strong seemed 
to indicate that the rocks may he dassed with either group, no chmge 
was msdn. Aq fossils were not available for locating the position of 
any rock lormation in the geologic column, the geologic sequence has 
necwarily bwn determined solely by the structural relations of the 
rock unita. Some uncertaintim therefore exist, for the relations arc 
in mmt p l a c ~  complicated by folding and faulting, and critical areas 
are commonly concealed hy vegetation. 

Tho accompanying columnar section (fig. 3) is a graphic summary 
of the stratigraphy of the district. The oldwt rocks in the district, 
m well m in the whole Prince 'CVilliam Somd region, have been called 
tho Valdwx group, from their typical development around Port 
Vnldsz. This group consists primarily of a great t h i c h a -  of slrrlte 
and graywacke beds, which in some plscw alternate in thin beds and 
in about equal amounts, but in other places one or the other phase 
predominates. When deposited they consisted of muds and feId- 
spathie iands, which were subsequently consolidated into shales and 
fddspathic sandstones and later subjected to vigorous earth move- 
ments during which the be& were folded, faulted, m d  uplifted, the 
sbdw altered to slates and the sandstones to dense, hard graywacka. 
In places the metamorphism was wen more complete, and mica was 
developed in the rocks, which took on a schistose charactor and were 
distorted by folding in two or more directions. The rocks of this 
group, after they had undergone at least a part of. their met amor- 
phiism, were uplifted above sea level and became a land maw on 
which the agencies of erosion were active for an unknown period of 
time. Rocks of this age are believed to form the greater part of the 
Chngach Range north a d  northeast of Prince William Sound and 



mast of the Kenai Mountains to the west.' 1 t is h w n ,  however, that 
within, the area of rocks on Rentti Peninsula, formerly believed to be 
the equivalent in age of the Vddez, p u p ,  fossilifemus rocks of later 
age occur, and with more complete information i t  may be fomd that 
the extent of the Val- 
dea M C ~ R  k less than 
has hitherto been 
thought. No conclu- S I P t e s d g m ~ ,  

sive evidence of the 
age of the Valdsz  
group has been found, 
but for rewarn which 
wiU be given later 
it is pmvisiondy as- 
gigned to the Pdaw 
zoic. 

After the Valdez 
rocka had been con- 
solidated, somewhat 
deformed, and at 
bast a part. of them 
elevated above sea 
level and eroded,  
there was a subsi- 
dence of unknown 
area, and some of the 
Valdez mks were 
again brought below 
the surface of the sea 
and received a corer 
of younger sedi-  
ments, also composed 
in large part of muds 
and Eeldapathic: 
sands. The aoum 
of the mtterids from 
which these sedi- looo o 5,mO roam Feet 
mentswere derived is . I I I I I 

not but they h o u n ~  3 . 4 m e r a I M  columnar section nal the twk8 d RIl- 
dklrlat. 

probably came in part - 
from the erosion of those portions of the Valdez group which remained 
out of water. The sedimentation continued for a long period, and con- 
ditions differed somewhat from time to time and in Uerent  parts of 
the basin. Zn the region here studied the lowest racks were deposited 
BS black mu&, with little sandy material. Later on feldspathic snnds 



dternatad with the layem i f  mud. After the series had reached a 
thickness of several thousand f ee't the hitherto continuous deposition 
was interrupted by great volcanic activity. From one or more vents, 
the location of which is uncertain, great quantities of - baaaltic lava 
were poured out on the ocean bottom, covering the sands and muds 
which had alreaiiy trccumulatsd there. Tha lava flows waro inter- 
mittent, following o m  another at irregular intervsls. Sometimes 
one lava flow was poured out immediately on the top of a previou~ 
flow without inhmning dimenik. Afbr other flows a Iayer of eand 
or mud was deposited on the l~vbvrr ~ d a c e ,  to be covered by the next 
lava Bow, the thickness of the sedimentnry beds depending on the 
length of the interval between the volcanic outhmts. In this 
manner a thick serias; of lava beds, inhmtratifie{i with sedimentary 
beds, was gradually built up, until portions of the basin wcro prob- 
ably filled to sea l e d  or nearly so. ib the volcanic activity died out 
and the lava Rods became less f roquent, tho aetlirnen tary beds hecamc 
pmportionetely thicker, until the igneous activity cc~ssed altagether. 
f erhaps ns a rasult of the shading of tho water by the Gent accumu- 

lation of sediments and lava, or from other reasons, such RS the 
elevations of portions of the land, coarser sediments were carried 
into tlw sea in parts of the area, bnd coarse sends and bowlders 
accumulated locally to a p a t  thickness whib at ooter plam the 
gands and muds were being laid down. 

The next event in the pologic higto ry is not very claar. There map 
havo been local folding am! rnctamorphism hefore any later deposits 
were made. At any rnte., tho tE~pmiti011 of muds wnd sands con- 
tinuod nfter the lavn flows had rxmed and after the bowlder beds 
were laid down. This deposition was continued for an unknown 
period of timo, and tho beds have since been consolidated into shales, 
praywackm, and conglomeraks, and hnvo been gently foldod md 
faulted. In Rome pbccs a distinct slaty cleavage has been i m p d d  
to tbe datea. These hcds me the young& rocks exposed in the 
Ellamar diatrict, though in other park of the sound them tbro prohabIy 
somowl~at younger hcds. While the sediment- he& were being 
chnnpd from muds and feldspathic aands to slates and graywackw the 
lavtl flows were altered by chemicrtl and mechanical c h q m  and are 
now commonlyspokenoof as grcensMnm, varyingfmmrw~kablelava 
flows to sorpentines and even to talcose materials. The whole series 
of rocks hns been subjected to  folding, and-great faults bave broken 
the beds and c o n f u d  their normal relations. It is k n m  th t  this 
district has been afleckd by two periods of metamorphism. During 
the earlier period, before the Orca beds were Idd down, the VJdez 
sediments were altered and convertad into hmd shh and grrtywackes. 
The second period involved both the Valdez and Orca rocks. 'Be 
lava flows of the Orea p u p  were locally altered into serpentines and 



OEYERAL GEOLOGY. 29 

smphibolita schists and the slates and graywackes were intricately 
m h r h d .  This metamorphism w~ practically completed, however, 
before the deposition of the ore bodies, which show no evidence of 
sevem metamorphism rind which were introduced by hydrothermal 
agencim into ~lrenr zones t h ~ C  wore formed fit an earlier period. The 
rocks of tho district are therefore believer1 to have been metamor- 
phosed nearly tcr their present condition More the ore bodies were 
introducecl. Tlre wholo nsacmblqe of rocks from the top of the 
Vttldez group to tho Intest slatrs ant! gaywackes, including the lava 
flows and conglomeratw, hrwo hesn assigned to the Orcn group, 
probably af Mesozoic age 

Several chapters, mvoring tho long pwiod of time between the 
deposition of the Oms roch and tho gluein1 epoch, nre missing from 
the record in Princn Willinn1 Sound. During that period 
neighboring parts of Alaska, including Cook Inlet and the Susitna 
Basin, wcre doprmod anti rccoiveci a great thickness of sediments, 
including Crotuceous, Eocclna, and later Tcrtiary beds, which are 
not known ta he rcrpre~onted about Princo William Sound, so that 
much of tho tomitory around that sou~ld probably then sbod  above 
sea level. Tho mountain-building procwses thrtt formed the Chugach 
Range havo piobably heen moro or lms continuous for a very long 
period. The region waa ~ubjccted to compre~qclion before tho Orca 
rocks wore laid dawn, snd tha earth rnovrm~nts have contizlzlcd since, 
deforming the &CR beds. 'mc g r o ~ t ~ h  of tho mountains rnBy h ~ v e  
bagun early in Mesozoic timo and Elavo continued inkmittont.1~ ever 
since. 

After the Orca sodimenh hnd hwn conuo2idtittd and metamor- 
phwd, in somo d c p o  st Icaqt, grnnt intmaivo mnsses were injected 
into the mountains of tho Chu~ach Range. Thcso masses were 
dioritic or p n i t i c  in texturn nnd probably accompanied tho wid* 

, ~pread intrusion of similar rocks in many parts of Alaska and of 
wcshrn North Americs.. Kono of thmo granitic bodies w e  knom 
in the Ellamar district, hut thcre nrt! many of them around t.he shores 
of Prince William Sound. Tho granitic intrusions were nccornpaniod 
by extensive falding md faulting ~ n t l  tho rnlations between the van- 
itio mwes  aad the rnetalltfcrnus voins in tho strmunding rocks in 
many pllscas seem to indicnto thn't tho Goppor deposits of the Ellamar 
district may 'be R rmdt of them intrusions. Tha origin of the copper 
deposits is discussed En another part of this report. 

With She beginning of the glacial epoch tho mountains had reached 
a considerable height, perhaps not far different from their present 
elevation, and well-developecl ~ a l b y s  hat! beon arodod in thorn by 
streams. During the glacial cpoeh ico tongues movod down tho 
valleys, joining at the Snorder of tho mountains to fafm a great ice 
~ h w t  in the basin now occupied by Prince William Sound. On the 
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retreat of the ice the sea gadurally Wed thom pa* of the g lder  
basin which lay below sea lovel. Many glaciers, mpeci$Uy those in 
tho northwestern part of the sound, are still active and discharge 
into the sea. Others have retreated soma distance abava sea level 
but occupy the upper ends. of the vallep. Since the glaciers have 
retread, erosion by streams hm been resumed on the bared land 
areas, attacking both the deposits left by the ice and the rock sur- 
faces. In the lvgher mountains glacid erosion is still active. 

Vk19'EZ GROUP. 

The Valdez @up was n~med and described in 1898 by Schtader,l 
who st,udicd the exposura around Port Vsldez and traced the mks 
of this group eastwmd rto Copper River. 'They have later been 
studied by a numb~r of geologists, and the best description of their 
ch&ra~t ,~r  snd wed oxtent ia that by Grant and Hjggins.a The rocks 
of this gmup bava a wide areal extent. Thhr eastern limit, so far 
as now known,' is near the head of Bremner River, s tributary. of 
Capper River from the esst. West of Copper River the Valdez 
rocks, togother ~ t h  those of the Qrca group, comprise the greater 
part of the mwa of the Chugach Mountains, though some older beds 
occur on the north flank of tjhe range. In the m a  mund Turnagain 
Arm rocks that appear to  be the westward exteasion of the Valdez 
group hava boen described by Mendenhall as the Sunrise p u p ,  and 
the areal distribution of this group has been shown by the work of 
M ~ f l l t , ~  M e n d d d ,  Paige and Knopt,' and Martin ' to include most 
of tho mountainous portion of Kenai Peninsula. The rocks of the 
Valdex group, though in ganeral somawhat more metamorphosed 
than those of the Sunrise group, are lithologically similar to them 
md have been krtraced along the shores of Piince William Sound and 
across to  the type locality for the Sunrise goup, on Turnagain Arm, 
without any appsrent break. It therefore seems certain that, in 
p ~ r t  at 10wt, the Valdez and Sunrise groups b e  the same, though it 

a W r d e r ,  F. C., A mwmnbsmm of s pwt of Princa Wmlmn Bound and the Coppw Rhrer dkkkt, 
Waalrs, h IN% U. 8. Q d .  B m e y  Twentieth Ann. Rept., pt. 7, pp. 4W10, fW. 

* C l m L ,  U. H., aad Iflggina. D. F., -m of the geology and &emI of Prlnc~ 
WWmm Bound, A l e  U. 8. G e d  B w e y  Bull. 443, pp. a%-~,lslO. 

* ~ofrlt, P. H., Geology of the BsDagftaJ3remntrtreglon, Alaska: U. Gwd Survey Bull. 876, pp. 22-B, 
1814. 

I Mendemhall, W. G., A rmmmhmm mrn Rsnuwctlrm Bay to the Tmaaa Rim, AL%sb,  In 1898: 
U. 8. Owl. Burvay Twentieth Ann. Rept., pt. 7, pp. -, lw. 

r Mofnt, F. H., Gold flelds of the Tumagaln Arrn region: U. 8. CieaI. Bmwq BnU, 277, pp. 17-la, 180a 
Pfdge, AldnBy, and Knopl, Adotph, Geologic r e ~ o n r n b ~ ~ ~ c e  h the Matmwkn md Talkeetna h l n a ,  

Almlta: U. 6. GmL o L a y  BltIL. 327, pp. 1246, 1907. 
7 %&in, G. C., Qmml t~atums of K d  P w  fJ. 6. Ged 8urP%y Bull. 5s7, pp. W, 1916. 
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is now known tbat certain beds omw within the m a  hitherb mappd 
as Sunrise which from their fossils are believed to be more closely 
related to the younger Orca group. In 1913 8. L J o h n  mflected 
at  mvmd localities in tha Port Wells district fossils that are posibly 
of Mesozoic age, though the mc,ks in which they were found had 
previously been mapped with the Vddez group. The Sunrise p u p  
theredore must wnsist of nadifferentiated roch, probably equivdent 
in age to both the Valdez and Orcs groups, though Grant and -gins 
mapped i t  as the equivahnt of tho Valdez. 

To summarize, the Vtbldez rocks axtend wostw~brd from the head of 
Btemer River and west of Capper River form the pmtor part of the 
Chugach Range. mey are hordered on the south by the younger 
Orca group and on the north, in part at lemt, by older Paleozoio 
rocks. Between Port Wen,. and Matanuska River and over mast of 
Emai hninsula some of the rocks of tho Sunrise group are c o r n  
lated with the Valdea p u p .  
In the Ellamar district the southern edge of the Vddez p u p  

appears, and southeast of these rocka lies tho Orca p u p  (PI. 11, in 
pocket). The contact between the two groups cuts the ahore about 
a mile northemt of the mouth of Galena Bay and runs southwestward 
to the edgo of the area mapped, cmssing tho hoads of G d e m  and 
Landlocked bays. The position of the contact in the region east of 
the area shown on Plate 11 is not h o r n .  The Vddea rocks seem to 
hn continuous northeast of this wntrcct through the higher parts of 
the Chugach R q ,  though little datded work has bee; dons m 
that area. 

o-emm 

Litho10gicd-y the Valdez mcks are remarkably uniform thughou t 
the a m  in which they occur. They mnaist in ltbcge part of slates and 
gra-~ackw, commonly in a1hrnat.i-g beds (Pl. V, A, p. 38). The 
average thickness of t.he i n d i d u d  beds d8em from place to place, 
rsnging from a few inches to 50 feet or nor@. The proportion of the 
slates to t.he g r a p k e s  also r-s within wide limits and one or the 
other phase may ~ocrilly be greatly predominant. In t,he FUamar 
dfstriot the beds average perhaps a foot or two in thicknem and tho 
datm seRm to be somewhat more abundant than tho graywfickes, 
though over considerable are= they are ne~rly equd in amount. Aa 
deposited the rocks conilisted of gray to black mu& and hghter 
colorad feldapathic sands. These were later cemented and com- 
pressed into shales rtnd graywackes, and the whole series was sub- 
sequently metamorphosed by foldmg and faulting intu the existing 
slahs and graywackm. The slates vary hi appertrsnce, their color 
rttrlging from black t o  bluish or gray. The black rocks are carbone 
cmue. In aoms of these rocks slaty cleao~ge ia little de~eloped, bnt 

, in others it is very conspicuou~, though it rmly approaches the per- 



32 TEE ELLAMAR DIBTRICT, ALASKA. 

fection necessary to form r o o k  slates. In places where the cleavage 
is best developed the rocks have heen partly rmystdlized and sec- 
ondary miner& have been formed, the most abundant being mus- 
covite. In those places it is dificult to distinguish the original 
bedding plmas of the slates, for the schistosity may cut across the 
blsldduig at any mgIe nud obscure it. Grant observed that slates 
near granitic intrusives have in many places been altered to n o d d ~ r  
whish, or " knotenschief!far," containing abundant biotito. No grm- 
itic rocks occur in the Ellamar district, but phases of the dates which 
approach " hotmschiefer" in composition and appearance ware seen 
near tho hoad of Lmdlocked Ray, and they may he due to the pros- 
mce  of an intrusive mass of granitic rock which did not reach the 
surfwe and which is not exposed. 

The slates and gaywackea were originally brought down as detrital 
mnterid from a land mass on whic:h mechanical erosion was active, 
for the materials of which they are composud differ from those derived 
from nn old land snrfnce on which stroam cutting was slow and cfierni- 
cal action was tho chief diqintegrating force. On such rin old lnnd 
surface rnurly of tho minerals of the rocka break down simple com- 
pounds m d  tho soluble portions are remowd, leaving thertwidual days 
and tho rmistant quartz. The Valdez rooks, however, am largely tho 
products of mechanical disintegration, for they contain particlm of 
many minerals which undor other contfitions would have decayed. 
Tho slates are gentrrdy of too htl grain to permit their constituent 
partidas io ba distinguished, ovnn under rt micmacopo of high powor. 
77x1 gcaywt~ckm, however, am of cotbmr texture, and wntttin, in 
addition t o  quartz, particles of fddspar and ferrom&gnmian minorah. 
Many of the grains are angular and are cemented by a matrix of clayey 
materid or semndwy quartz, mica, a d  chlolitic mahid. Ths 
rock is commonly g a y  or blue-gray, is finely quartxitic to coarsely 
granular in taxture, m d  is generdy mamivo and very hard. L%me 
of its phasm may easily be mistaken in the field for n, fme-gsainod 
diko rock. It has withstnod the stresses to which it has been sub- 
jected much better than tho sftitea with which it is associatad, for in 
plam those show a highly developed cleavage, whereas the adjacent 
paywwke is still massive. Some of the payweeke beds ara dia- 
continuous and are really broad, flat lenses, thinning out at the edges. 
None of those eeon hud s~lmcient individuality to make them identi- 
fiable for any considerable .distance. In placss the grrsywacke has 
bemme somewhat schistose, and where it is msociated with sheared 
greenstone may easily be confused with it. 

No igneous rocks of Vdden ago were seen. The slatss and gray- 
wackes haw in places been cut by dikes, but these are plainly of 
much later age than the rocks into which they have been intruded. 

- . -  

1 Grant, U. B., and EIggh, D. F., op. dt., p. 22. 
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The Vddez mks are reported by Grant ' to be generally closely 
folded, the closanes of the folds and tho metamorphism of the rocks 
incrertsing from south to north, toward the axis of the range. In the 
Ellamar district tl~cir prevailing strib is northwestward, paraUd to 
tl~eir contact *ith tho Orca group, and is rather uniform, qarying only 
11 f OW degrew throughout largo are=. The dip is less uniform, ranging 
in general from 38" N. to  wrtical, but c o m w l y  SO0-70" N. There 
is evidence, howcvor, that the bcds do not form a mntinuous series 
dipping northward in thoir original ~tratigaphic succession, for many 
close, sharp folds wore soen, so closoly cornprowed that there was little 
arching at the crest of tho iolrls, R I I ~  tho limbs lay parallel to one 
another. Grant interprets tho structure in Port Vddez as consisting 
of closely folded synt:linos and anticIin~ overturned to the south, 
giving monoclinal d i p  to the north. This anems to be the condition 
in tho Ellamar district also. On this major f nlding one or even two 
sets of minor folds have locally been superposed, complicating the 
structure. 

At many places folded Vddoz rocks havo been cut hy faults, which; 
are therefore later than the folding. Mnny of these faults cut rocks 
of marked lithologic uniformit-y, so thnt tho amount of displacement 
cannot be determined, and for this reason &o many fnulta of consid- 
erable magnitude mtxy hhave mcaped detcsction altogother. Ons p a t  
fault, however, hna h d  a marked effect on tha distribution and rela- 
tion of the Valdez and Orca groups. This is an ovcrthruat fault dong 
which the older Vddcz mckr, haye been thrust up over tho peon- 
stones of the Oma grotlp and which forms the contact of these groups 
for several mmil. For the purpose of description it is hero calIcd tho 
Landock fault. It c.romes t l~e  head of Landlor,kcd Bay and runs 
northwestward into the basin of Bottle Creek. Its con tinuation narth- 
west of Bottle Creek could not be closely traced, but it must cross the 
head of Galena Bay and probably continurn northwostwaril to Vddez 
h. The dttnlt is inc~nspicuous, for it runs parallel to tho heiding 
of the slates and gmywsckes of tha Valdcr: group ant1 also li& pardlcl 
to the surface of the penstone of the Orca p u p  in TJandlockod nsy, 
giving the rocks a deceptive appearance of stratimaphic conformity. 
hound the head cd Gderln Bay the situation is even more confusing, 
for the rocks on both sides of the fault arc similar slam and gray- 
wackes. There can be little question that the fad t  exiata in that 
localityl bowe~er, for some of the slates lie with true conformity bolow 
the peenstones and others aro with little doubt of much groator age. 
The movement dong this fault zone did not take place aa a ~inglo  
sharp break but was distributed through a considorable thickness - 

lGmt,W.8.,andFl~,D.F.,q.op.dL,p.Zt. 

86873'-Bt11I, W&-%S 
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of beds, and the rocks for a width of severd hundred yards show 
evidence of p a l ;   hearing, The fault lino w m~ppccl is thoreform 
not the trace of a single plane of movoment but has bccn so plsccd 
on the geologic map (PI. 11, in pocket) as to show approximately tho 
contact between the overriding and o~arriddcn rocks. In intcrpretr 
ing the map; it must be remembered that tho movement was dis- 
tributed through the rocks for several huntbeti feet on either aide of 
this line. Though the total displacement wns p a t ,  tho shifting 
between adjacent beds was not necessarily p e a t  but is bdicved to 
have been taken up in some such way as may be illustrated hy sliding 
a pack of cards between the hands. Tho movement between the top 
and bottom ~aroZs may be mnsidembIe, but that between any two 
successi~e c a d s  may be small. 

None of the fadB seen are marked by recognizable fault scarp, 
for most of the faulting occurred before the present topography was 
formed, and my fault scarps that may have existed have been oblit. 
mated by eroslion by streams and glacial im. 

Little definih infomation is available concerning tbe tbcknesa 
of the rocks tbst form the VaIdez group. Rocbyhat are believed ta 
be of this age extend from Galena Bsy northwd to Klutina Lake, 
a distance of over 50 miles across the strike of h e  beds, and through.. 
out much of this distance the beds are tilted at hgh angles. It is at 
present impossibIe, however, to compute the actual thichess of sedi- 
men&, for the beds are closely folded and intricebtdy faulted and may 
hsvo boen reduplicated many times in, any section across the range. 
It can only be stahd that the Valdez group is certainly many thousand 
feet thick. 

AGE dlrn G o ~ T I O a .  

The ago of the Vddez r o c 4  has not yet been definitely determined. 
The only fossils yidded by beds of this p u p  are some plant remains 
which wore so badly altered that thoir age cduld not be determined. 
Geologists who have attempted to fix their age by their stratigraphic 
relations have provisionally wignod these rocks to horbuns ranging 
from the Silurian to the Tsrtiwy. In the light of later investiga- 
tions, however, the position of the group can be fixed more definitely. 
Moffit ' haa found the Valdez racks o a t  of Copper River to lio, with 
apparent unconformity, on limcshne of P Jcomic, and probably 
Carboniferous ago. Qrllnt says that tho Valdcs group lies uncon- 
formably below the Orctr p u p ,  in which fossils of possible Jurrlsaic 
ago have been fumd. If, therefore, lthe rocks raofrred to by Mo6t 

1 M a t ,  F. R, ofthe H-bBrsmaer re- dlsaka: U. 8. Owl. 8umw Bull. 878, pp 17- 
XB, lS14. 
' Grsnt, U. 8, d E m ,  D. F., dedogy a d *  v or IWnce W m  lourrd, A-: 
n . a oeo~ m y  BUU. 4r3, p. W ,  101a 
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and Grant as belonging to the Valdez p u p  are of the same agc, 
they must be late PnPeozoic or early Mwomic, and they ace probably, 
in part at least, late Paleozoic. In 1813 B. L. Johnson found in the 
Port W e b  district a number of locdties within rocks which had 
formerly been mapped with the Valdez p u p ,  at which ho collected 
fossils that may be of Mesozoic tge. Diagnostic I m i l s  aro rare 
within the area of s w d e d  Valdee rocks, hut wherewr found tllcy 
serve to cast doubt on t.he Pnleozoic age of this group. It m m s  
probable that, future investigations may restrict oven further the 
m a s  of t h m  rocks that may be referred ta the Paleozoic. 

ORCA GROUP. 

DBT-OH. 

The h a  group was first studied and narncd by Schrador in 1898 
and has aincc h e n  discussed by Schader and SpencerP and more 
mcmtly by Grant and 15ggins.s In generd the rocks of this group 
lie south of the VaEdez rocks, though some isolated areas of Orclt 
beds surrounded by those of thu Vddez g o u p  havo been rnrtpp~d.~ 
In the w e s h  part of tho Prince JVillianl Svnnd region the OTCR 
rocks form a group of islands which are separated from the main- 
land of Kcnai Peninsula by Bainbridge and Knight Island passages. 
More or less isolated areas havo been outlined at Itesurrection llay 
and at Unakwik Inlet, but east of Columbia Glacicr tho Orcn  rock^ 
form a large part of tho rnairllnnd and the width of thc bolt in- 
cremes toward tho east. In thc area east of Larldlocked Bay the 
northern border of hhe Orca rocks i not well known, but tlmy oxtond 
onatward to  Copper River arid constitute a largo clcment of tho coastal 
mountains. In Kmai Penhuln and north of Turnagain llrm tho 
Sunrise group contains some bods of Me~ozoic ago which perhaps 
should bo corrolatcd with t h e  Orca group, but their nroa is not known. 

In thc Ellamar district all thn rock9 lying S O U ~ ~ W O R ~  of the Va1~10z 
p u p  placod in the O ~ C R  ~ F O I I ~  (1'1.11, in pocket). This includm 
the rocks on both sides of tho mouth of Gdcnri Bay mci those that 
bordei tho ahorm of Tatitlok Narrows, Virgin and Boulder bays, 
all of Landlocked Bay but it# head, and dl of Uliglt and h s b y  
bhnds. Beyond the lirniks of tho EUmnr district &Y mapped the 
Oma rocks are probably continuous to thn west with tha aroa shown 
by Gra11.t4 between Valdna Nmows nnd Point fiocmnntlo and to tho 
eust with the Orca rock in Ports li'iddgo and Gravina, Sheep Bay, 

, 

1 %WRT, F. G., A semnnskmce ol a part o! Prfnw Wllllnm Round and tho Copw njver &kt&, 
A h ,  In 1E#R U. 8. G a d  8 w s ~  Twmtleth h kept., pt. 7, pp. 404-4@, 1W 

r khrader, F. C., and Elpemr, A. C., The geology and rnlnerd motlrces of n portion of the wper River 
dd&t, A l ~ k s :  0. 6. Cml. 81mey ~ p d o l  pub., pp. 37-41,lWl. 

0 ~ m t ,  U. s,, md R ~ K K ~ ,  U. F., necnnnnimance ol ths geology and mlnarat muma of Prinos 
William B o d ,  Ahka:  ti. 8.0~01. S~rvoy DaU. 443,1910, pg. 25-h3, 

4 Orent, U. El., and Hlg%ns, D. F., op. cit., pl. 2. 
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and the t p  locality in OpGa Bay. They probably underlie most of 
Prinm William Sound and am thus continuous with the Orca expos- 
on Knight, Monhgue, and &chinbrook islands. 

The h a  group, considered as a whnln, diRm widely from the 
Valdez in that it consists of an aasemblqa of mcb of diverse lith* 
logic character. Tbese roclcs aro blwk slates, interbedded slaw and 
grayw~kes,  some limestenm, p e n s  tones ranging from rather come 
diabasic iatrusives to ellipsoidal lava Aoww (including volcanic 
a g g h r a t e s ) ,  ,and conglo~neratea and grits of several a g ~  and types. 
This asaembhge. characterizes the group throughout its exteat, but 
the preponderance of tho difforont rock types differs greatly from 
place to plaice. Over considorable- arew one type may be present to 
the exclusion of the othfrrs. At other places any two or aU of the 
different kinds of rock may ho intimntely sssociatsd. 
In the Eflamar district all the abova typos are reprmented. The 

determination d the stratigraphic order in which the rocks were 
deposited presents many dificultim, for the original order has been 
complicated by folding and faulting, The rocks in many amas 
where two t y p  an? associated me conceded by vegetation, and 
the contacts in many other localitj~s are below the surface rrf the 
sea, so that the relaths hotween the islands and the mainland or 
between the two wirlm of a bay can not be directly observed. Soma 
mrs may tbereforo hme crept into the interpretation of the strati- 
graphic sequence as givm in the columnar section (fig. 3, p. 271, but 
so far as could be wccrtained the order is tbs shown in the section. I t  
is doubtful whethcr the succession w m  everywhere the same within 
the borders of tho bmin in which the Orca beds were deposited. I t  
seem moro probnblo that while the slabmgking sediments were 
being laid down nt ono place, beds that were afterward changed to 
dates and paywackcs wem laid down at some distant point. The 
lava flom that made the greenstonw eertojnly coverod circumscribed 
mas; they wem pourecl out in some places while sedimentwy 
derposition elsewhere was u n i n k p t e d .  The conglomoratee also 
wore problsbly of rather local development and at many plaices w e  
Irrcking. It themfore seems c e r t h  that a section work4 out for 
one Iocdity will difTer to some extent from mother section, soma 
milea distant, and the failure of two such sections to cornpond dom 
not necmnrily mcan that either- interpretation is incorrect. %me 
of the larger f catures, however, such as the position of tho %reemton- 
with rclntion to the over]* and und;erlying beds prpbably slgrm in 
different parts of the field, 
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UlWER BLACK B U T E M .  

The oldat mch of the Orca group in tho area bere considered con- 
sis t of a thick serim of black slates, which reaches its greatest dc~elop- 
merit on Bidarka Point and on the north side of Tatitlek Narrows 
near the village of Tatitlek. This slate series is characterized by its 
freedom from interbedded graywake beds, those seen being thin and 
forming only a ~ e r y  small proportion of the whole thickness. The 
slaw are predominantly black and have a welldeveIoped cleavage 
which strikes northwestward and at mast placm dips steeply to the 
north, The bedding is inconspicuous but in plmm can be dbtin- 
pished m a banding, t h e  adjacent bmds having slightly Tierent 
colors on weathered surfaces. The bedding is less regular in strike 
m d  dip than the cleavage but commonFy strikes parallel to it, and 
d i p  at a pentor or 1ws angle to the northeast. The strike and dip 
of the cleavage is conspicuously rcgdar and may easily hs mistaken 
for the bodding, whic.h is inconspicuous. 

The thickness of these U I R ~  is diffjcult to determine, for the 
axposuros are nowhere contindous from t,he top to the bottom and 
bhn strwtura is complex. The widest  ex^^  cross the strike 
of the beds am on Bidarka Point, where for 3 miles the beds dip 
eteep1y to the northeest at  anglw of 45" Zo 85". This inclin~tion 
would indicate e thicknew of mom than 10,000 feet, which may be 
far in excess of the tmr! figure, for folding and faulting may have 
mpertbd t8hc beds. 

~ W E R  SIATER AWD aBkP7RACKEB. 

* On the nosthenat side of Tntitlek Narrows the black dates ore over- 
lain by a series of slntm and pnywackes which am best exposed dong 
the bed of Gladhaugh h k .  The Orca group in the Ensmar district 
contains two series of interbedded s l u h  m d  pywackes, one below 
and the other strntigraphicaIly abovo the peenstone. Tho upp~.r 
swim is discussed elsmhera (pp. 4344).  The heds of the loww 
series pmvailinglv thin, rrt most plrrccs ody R, few inches nnd 
nowhere more than a few feet thick. The pywackes and slate9 are 
approximately equal jn quantity, though loc J ly  one or the other may 
predominata. Thiq aerios is exposed in tbe EU~mrrr mine, where some 
black limestones am interbedded with tho other sediments. On 
Bid& Point the typical slates md gmywnckes are missing between 
the black slatm and the p m t a n e .  The groemtano overlias the 
slates and bas about the sme strike md dip, but the exposurw are 
not good, and the slates m d  grsyraackm may have bean cut out by 
faulting. Near the base of Ithe p n 4 t o n e s  there are some massive 
cherty-looking beds, same af which appear under the micrdscopo to 
be hqraineci Jtared graywmkes and aoma of which may be green- 
stone tuffs. These may be the dtered equivalent of s prart of the 
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alaWraywrroke =ties, hut the greater part of this series seem there 
to be lacking. 

On the enst ~ i d a  al the mouth of Landlocked Bay, and eastward to  
the edge of t.he m a  shown on the map (P1.11, in pocket), rocks which 
are believed to be of this earno series outcrop. They consist eswn- 
tially of d a t a  md grqwackes; hnt at two loodtiea conglomerates are 
inkrbedded. Tbe powible significance of these conglomerates is not 
ham. They ware fotlnd only in small exposures on the beach and 
could not be trmed inland on nccount of the heavy cover of vegetation 
nnd glacial deposib. They may repmeat important uncoafonnities 
within the aeries, but it seem more probable that they merely rep- 
sent episodes in the deposition of t,he ~er ies  of slate9 md p;r~ywsckas, 
which sre themselves essentially shallow-wakr dcposih. 

The slate-grmrywacke aeries as ts wholc has rr, romarkdAy dm 
re~ornblanw ta the rocks of the Valdez group. In upper Gladh~ugh 
Cssek the mch dip to northwesrtward beneath thc pngtones  of 
Ellamar Mountah, and they ontcrop on the south aido of upper 
Gt~ len~  h y  with the same relation to the penstone.  yet  in n cam 
fuE ~tlrdy of the rocks around the hesd of Gdons  Ray tho writers wore 
un~ble tJo detect the transition from those Oma rocks to tho Valdez 
rocks which form tho north side of the bay. The relation between 
the two goups is brm one of faulting and folding, but the fault, which 
phces two similar rock groups together, conkd be mapped ody 
approKirnnh1 y. 

This slate-gmywacke series may he S B T B P ~ ~  khou~usond feet thick, 
but tha asme diffrctdties are mat in estimating ihs t#hicknes~ as in 
estimating the thickness of tho black slabs and of the Valilez group. 
Folding has occurrerl find faulting is h o r n  to have been extensive, 
so that any mction mc~sured may be gmater or loss than the origind 
thicknt394 of the beds. 

This slate-paywacko aeries bas haen fadten ~ n d  folded about RS 

much ss the black ~ 1 ~ t e s  hut moro than tho civerISing harder peen- 
stone. In my stresses which were set up withn tho whole Owe 
group, the rigid grnon~tnneg ~ B V O  imposed much of their sham of 
foldmg or faulting nn tho lass resistant beds of the group, and the 
slate ancl the lower ~ I a t q a y w a c k e  wries have. suffered accordingly. 
Between Graveyard Point and Fish Bay the beds hnve heen intensely 
defamed. Excellent expo sum^ along the beach show that the inter- 
bedded slates and p y w a c k e s  stand on edge and are closely and 
intricately folded. In other ptmq, aa on uppor Gladhaugh h k ,  
they rtre not so gmatly deformed, arid the strike and dip may change 
little over considerable areas. 

The idat.j.ioas of the lower d a t m p a c k e  series to the under- 
lying Heck slate am not well known, for no oaposurm of the contact 
btwmn them w m  wen. In gnneral tho n t r i k ~  end dipa of the 
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characrter of the rook which voriw from finwpined basalt, seen in 
the eIFipeoidd flows, to rather mawive diabase of coarser crystdine 
textum. The ellipsoidal beds me best developd north of tho entrance 
to Galena Bay and along both shores of the lower half of the bay, in 
Tatitlek N a m m  for 2 miles nort,h of Black Point, and on the north- 
em t shorn of Bligh Island, at localities w h ~ m  the rocks h a ~ e  not been 
p a t 1  y rnmhruorphmd and where their original appearance has been 
preaemed. On the east side of the head of Boulder Bay and near the 
rnoutb of Galena Bay (PI. WIT, B) tho greenstonea include, besides 
ellipsoidal Bows, thick beds of volcanic agglomerate, consisting of 
irregular angular fragments of lava inciowd in a matrix of the same 
mt~risl. The frwen?nt$ rango from microscopic bits to blockg 
~ o v s d  feet in dimoter and are generally of a Merent color from 
the matrix, BO that the mck presents a pronounced mosaio appsr- 
arlce. 

Farkher southemt, at Coppor Mountsin and east of Lancllocked Bay, 
tho ponstones have been doformod and gecsdy shewed, so that their 
ellipmidal character in many places been obscured or effaced. 
At Copper Mountin many beds of the greenatone me dense and 
massive md clomly msemble che~.ts, from which they can be d i s h -  
pished only by the aid of the mimscope. Tha cherty-looking bods 
rmgo in c010r from green to gay, and in some beds both colors are 
intimately inkrbanded. A study of thin sections show that some 
of tho beds nro ~ltered p a - p ~ ~ c k m  and that others are he-grained 
tufls. In rnm y plrrces the ~ ~ T A S  h v o  been rnstamoqhosed to serpen- 
tinoa, especially on the south side of Copper MountAn and in the 
neighborhood of the great fault that limits the p n s t o n e  on the 
northeast. 

North of Copper Mountain, between the basin of Mallard Creek 
and a Iino extending northward from the head of Boulder Bay, there 
is n compIex of sheared and metamorphosed ~oclrs which w e  believed 
to belong to the greenstones of the Orca group but which differ from 
thoso secn in other parts of the district. The rocks consist of ser- 
pentinous peenatones and of sedimentary beds which havo been so 
nltmd that their origmd character is Imt. They are now siliceous 
quartzitic mch, which h v e  been minutely fractured and tho frac- 
tures filled with quartz. A great thiclmess of greenstones and sedi- 
ments has been sh~nred and folded together. The outlines of this 
complex am not well known, for i t  is bordered on the east, north, and 
wat  by timbemcl stretches jn which outerops ase poor or laicking. 
The aaa is probably 1 imited on the north by the fault, which has been 
t rmd ta tha southeast. 

Just north of Black Point, in Tatitlek N m m ,  is an exceptiody 
thick series of slates, wjtlr a few thin Aom of greenstone interbdded. 
Along the k h  the slates outcrop for about 1,000 feet across the 



strike of the bedding, and the material is mostly alste with s very 
small proportion of graywacke and m e  &foot bed of hard conglom- 
erate with shts pebhh in a gritty matrix. In attempting to tram 
the eastward extension of this slate &es expmm could bo found 
only along the cmek bed, but i t  appeam that the slates are continuous 
for o d y  ahout a mile dong the strike and eonsbt of a wdgeahap(i 
mm inhrhedded with the lava flows. It is barely pcmible that thia 
slate bdt extends a c m  the ridge into the bmin of Gladhaugh k k ,  
but the heavy cover of vegetation m k m  the tracing of the contact 
diftic~tlt, nnd from tho observations made the dates m m  not seen to 
extend oukqido tho bwin of Black Creek. 

Tho pcenstonw of the h a  group are associated st a number of 
placcs with massive basic rocks, which, though of about the B R ~ Q  

chnmicd and min~ralogic composition as tba ellipsoidal greenatones, 
m e  much more coarsely crystdin0 and probably cooled slowly below 
tho surface and were not extruded as lavas. The most important 
owurrclnco of this kind is on the long island in Tatitlek Narrows 
southwmt of Tatitlck villago. The diabwe mass cuts the Mack 
sl~tRs und was pri~bahly contcmpormcous with the lava flows, peg- 
aihly reproacnting ono of 'the venta from which they emerged. The 
intruaivu rocks aro doscribed on pagm 48-49. 

Bi.drihzltion.-As the top of the penstones is approached, near 
the n m o w  low gap 13 milrs southeast of Rocky Point, tho slate bods 
dbrnnting with tho penstone flows becomo more numerous, s m d  
qnnntitics of limestone occur, and thin coqlomcrate beds appear 
betweon tho thin lava beds. Above the last greclnstone flew a very 
thick conglomerato occupies dl the end of t.ho penhula between 
Galenn BAY and Tat.itIek Narrows. It lies conformably on the 
underlying. grecmtonm, and although the conditions of sedimentation 
were great 1y changed, coarser materids being carried into the sea and 
volcanic nctivity htrving ccascd, i t  is believed that no time elapsed 
between tho deposition of the penstones and that of the conglom- 
erate, but thbt deposition was continuous. The m a  of land BW- 
face now occupied by this conglomerate is not I-, but its nctual 
cxknt may be many timm greater than that &own on the map. 
Islands both north and south of tho mouth of Galena Bay ars com- 
posed of this conglomerate, and i t  may have a considerable wed 
axtcat beneath tho watem of Vnldez Arm. Excellent expoawes 
occur on tho east ahore of the small bay just north of Garena Bay, 
but the conglomerate at that place bas probably hen faulted into 
ib present position. 

G%ar&et..--On tho map (Pl. 11) tho conglomerate of the Orca 
group iR shown 11 y a aingle color, but tho rocks differ greatly in appear- 
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mce at  different exposures. In general they me firmly cementod, 
and a fractured surface uf a fresh specimen may show the included 
pebblm to have broken with the ma&. Where weathered tha 
matrix is 1- firm, and the rock breaks around the surface of the 
pahbles. The texture of the rocks varies from gritty beds, which 
~ppmach coarse snndstone in appearmce, to coarse massive con- 
glomerates containing bowlders and blocks of rock several feet in 
dinmeter (Pl. IX, B).  Between the pebbly beds in plams occurs tl 

little slato and graywacke. The pebbles in the congIomarate are 
compmd mainly of graywncke or slate, though some crystalline 
pehMm .sf granitic taxture were aeen snd also a few pebbles or bowl- 
ders which might h w e  been derived from the greenstones of the 
Orca goup. Tlic matrix is commonly tb black rtrgillaceous material, 
and mocr t of thn eonglommnte was probably derived by erosion from 
tho slntes and gra~~uckos  of the Yddez group. T h e  bedding of the 
finer gritty b ~ l s  of the conglomerate can in general be easily deter- 

. mined, but tho caamr conglnmeratm are massiva ~ n d  at rnmy pZaws 
show no distinpishablo Iwdding planes. Indeed, ie these large 
bowldam tmd angular fmfimmts, many of which are several feet in 
diamster, and in their intmrningled come and fine material, which 
in many places shorn no mortmcn t through a considerable t hiclmeas 
of beds, thn conglomoratm rm~mhle strikingly ~n indurated glacial 
till or tillitcr. No striated rocks were found in the deposits, ~ n d  the 
large amount of finer, wdl-nssorted heds associated with the con- 
glomerates c& for caution in &wiping to  thwe beds a glacial origin. 
In the Yrskutat Bay region, Blach,dderl has dewxibed angulrtr' 
bowldem, intemp~rsed through shnlcs and slam, which he believes 
to have been dropped by dncinl ice, hut there is now no proof that the 
conglomerates of the Ellnmnr district arc of gincis1 origin. 

That part of Bfigh Island that lie* southwmt of Busby m d  Cloud- 
man bays is composed of slntes and gmywackos. Lithologicdly the 
rocks are much like those of tho l'aldez p u p  and the lower dahm 
and graywackas of the Orca group. Structurdy these beds nra 
different from those nlredy described, for instoad of being generally 
uptilted at steep anglm they lio is a scrics of 10w folds and look 
yo-r than any of the othar sIatm and graywnckm of the district 
(P1. IX, A}. Tho only rocks that outcrop in contact with them are 
the greenstones on the northeast sida of Bligh Island, and this con- 
tact, though nowhero exposed, is b~leved to mark s fault. Thpm 
is therefore no direct structural evidence of tho age of this series of 
datm and graywackes, but LIS it is less metamorphosed than tho con- 

- 
1 Dlwkwelder, EHot, Jour. aedogy, vol. S5, pp. 11-14,1937. 
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glomerates it is provkiondy placed above them and i thought ta 
comprise the young& rocks of the Orca group q o s e d  within the 
Ellamar district. 

STEDCT-. 

In &cussing the structure of this group it may be w d  t o  review 
h m  briefly the evidence on which the group was originally separated 
from the Vddez group. The criteria first used by Schrader and 
later by Grant and Tliggim for the separation of the Orca Gocks 
from .the Vddez are (1) the lesser amount of metmorphism OF the 
Orca, f.2) the presence in it of ax tensive greenstones and conglomeittes, 
and (39 the geographic position of the Orea to  the southward a'F"the 
Valdez rocka, appmentJy above them stratigr~phicnlly. Those dh- 
tinctions no doubt hold for the Prince William Sound region as a 
whole, but in individud districts, as in that with which this report is 
concerned, extensive ' fault% acmmpanied by local metamorphism 
hm taken place, and certain areas of dates and graywackw which are 
probably of O r c ~  age have been more intensely metamorphosed than 
other neighboring aroas of the older Valdw racks. For these reasons 
the placing of some areas of the slates and graywackm in one group 
or the other is open to question, and more detailed work wiU be 
necessary before they can finally be =signed to a place in the geologic 
column. 

Grant a h ~ 9  statedmdefinitely that the Orca p u p  lies unoonformabl~ 
on the Vddes, though he dosa not cite the loc&tias at which t h i ~  
relationship could be observed. In many places in this district, tho 
contract between tha Orca and Vddm is now known to be a fault 
contsbct and not one of deposition. However, though the uncon- 
formability of the two p u p s  is accepted, there are in Galena Bay 
mrt,ain slates and pywackes which Grmt has mapped with the 
Vddea group and which Mainly lie conformably below the green- 
stones of the Orcs p u p .  Tbjs has necessitated changing the 
aouthern boundary of the Valdez as mapped by Grant and throwing 
a part of his Valdez group into the lower pmt of the &cam Certain 
other slates and graywackes in the Picinity of Graveyard Point, the 
relations of which rn not dear, might by reason of their great meta- 
morphism be considered aa belonging in the Valdez group, but in the 
absence of definite evidence of their age and because of their intimate 
asmciation with the greenstones they have been tentatively left in the 
&ca group, where they were p l a d  by Grmt, No hesitancy was 
felt in includmg the greenstanes in the Orca p u p ,  and their can- 
formable superposition on the lower sarias of slates and graywackm 
is believed to have been sstablished. The conglomerate alao lies 

1 &Ewer, F. C., op. Eft. p. &I@. 
I Qrant, U. s., alld Hlppi119, D. F., op. dt., g. 8. 
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., conformably upon tho greenstones. After noting the positions of the 
, conglomerate north of Galena Bay and its situation near the contact 

with the Valdez, Grant decided that it is the basal part of the Oma 
group, and that it is anccoeded &bow by the penstones, which were 
followed by the other divisions. The writew, however, found what 
they believe to be cor~clusive evidonce that the greenstones lie upon 
s l ~ t e s  and graywackes and were followed abave by tha conglomerate. 
This wnclusion was based on the relations of the greenstones to the 

. interpolated slate beds and on the difference in appearance of the 
I top from the bottom of the lava flows. If this interpretation is cor- 

rect it necmsitaiw reversing the successifin ras detamninod by Grant, 
and plming his so-called basal conglomerate many thousand feet up 

, in the O~CR group. 
The.thickness of the Orca p u p  is unknown, and probably difEers 

greatly in diflment localities. The greenstones are saverd thouemd 
feet thick nem Ellamar, but at other places mo not prment at all. 
The conglomerate at Rocky Point dso appears to be at least 3,000 
feet thick but is believed ta be more extensively [leveloped here than 
in many other parts of Prince William Sound. Meaauroments of 
the lmer date and tho dlcte-grqwacke swim w s  of doubtful vduo, 
for they may be repaatad by undetected fiiubults, All the divisions of 
the Orca p u p ,  tw ~ ~ 1 1  as tho older Vddex rocks, haw been exten- 
sivdy faulted, and the displacement of many of t h ~  faults can not 
be measurd. 

AUE. 

No dingnostsic fosils have been obtdnedk the Orca rocks of the 
Ellamar district, and n positive statemtlnt ns to tho age of the group 
can not now be made. A ptlrt of the confwion which exists with 
mgard to the distribution nnd ago of the group arises from the fact 
that the slab and gaywttckes of the Qrca and Vddea groups are 
so similar in npportranco and have boon so much involvcd with one 
another by deformation and faulting that it is impossibh to sopa- 
rate them except by detailed and painstnkmg work, and dettded 
work has not yet been done throughout, moat of thc woa in whch 
thiie rocks occur. In the surnmor of 191 3 13. L. Johnson collected, 
at several localities in t,he Port Wells district, fossils that are probe ' 

bly Mwxoic, though the rocks in which they were found had pr* 
viously been mapped with the TJaldez group. These fossiliferous 
rocks may perhaps be correlated. with the Orca group, which is 
believed to be of early Mesozoic age. The only identifiabla fossil. 
so far collected from the Ellamar district is a worm t u b  (Tw~beaina 
pbchd Ulrich) obtained by Grant and Hml at a point just 
north of the entrance to Galena Ray, and it has littlo value in dster- 

1 amt, U. 8., and Ei-, D. F., Reconnalssatrce or the geology end m i n d  remums of PrIace Wllltam 
Bnmd,rlldux V. 8. OBd B a r ~ e y  BulL 443, p. 52,lPlO. 
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mining thhe age of the rocks in which it ocoum. Until definitely 
identifiable fossils are collected from unqucstionsd Orca rocks, some 
uncertainty ns t,o their age must exist, 

QUATERNARY DEPOSITS. 

After the deposition of tho Orcs m c h  there was n long period of 
time during which the sedimonta wers conso1idated and thcn folded 
and faultett. The stress- that brought about the metamorphism 
were probably mountain-building forces operated continuou3ly until 
the mountains had reached their present height. Tho slow process 
of mountain making rnAy even now be in pro,orow. Whether the 
OFCR rocks of this district were ever covered by lntcr sediments that 
have since been rernovcd WB do not h o w ,  but on othkr parts of the 
P a d c  coast rogiun later beds laid down during Eocene time 
and still reinnin. 

The Snst important geologic event in this region wrls the advance 
of the great icc sheet, which has had a fnr-reaching efl'ect in shaping 
the surftaco to its present form. Changes in climate favored a rapid 
accumulation of ice in the mount,ains, and glaciers were formed, at 
fint nnly on the hgh mountains, but as they gradually inmtlsed in 
she, they pushed their way down the many valleys to the sea. With 
continued growth they coalescod in tho area now occupied by Prince 
William Sound and formeci 8 p e a t  glacier, which pushed far t o  tho 
south of the Ellamar district. The outer limits reached by this 
glacier are not known, but it certainly reached Montague and &ch- 
inbrook islands and probaMy extended around and beyond them 
some dL4tance out to  sen. Thus the basin of t,he sound was deeply 
med with ice. Near Ellmar the surface of tho glacier w ~ s  about 
3,000 feet above sea lcvcl, for Ellmar Mountain ~ h o m  glrtcial smnr- 
ing asd grooving noarly to its top. The ,goovt?s were not made by 
s local glwier, for Ellumar Mountain never supported a glacier of its 
own, but by fin ico stream which came from the north, h o s t  if not 
completely submerging it. Copper Mountain also shows glacid ero- 
sion to a height of nt l e ~ t  3,000 feet. Erosion by this ice sheet wwas 
suficicntly strong to shape the mountains up to t8he highest l e d  to 
which the ice reached, md its effects on thc lowlands were profound. 
Fragments of rock embedded in thc bottom of the glncier and prassed 
down by the weight of several thousand fact of moving ice ground 
away the glacial bed and removed many ol~tacles in the path of the 
glncier and carved out broad troughlike valleys, many of which were 
excavated fur below sea level. Indeed, most of the bays and chhan- 
nels of the Prince William Sound region are probably due largely to 
glacid wow. 
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W e n  the ice r~achcd its p a h t  extent, and lobcs of it  wero pushed 
into tho sea, the amount of deepening of the ico bed by glaci J erosion 
wns more or lpss ind~pentlent of the level of the sea hcyond tho edgo 
of the ice, so thnt with thn gadnd sefircah of tho glaeiom tho encmach- 
ing. sea flooded those parts of tho glacier bod wliich hed bow orodod 
brlow sers level and forrned tlie many irrcgult~r bays and channds 
of tho pment mast Tie .  Other portions of tho rock floor rcmained 
at diffcrcnt clevstions a h ~ o  tho sea. The broad, low pass botwoon 
Boulder and Galpne baya is an oxample of n glacid trough which was ' 

emured down almost but not quite to sea lev(-1. If ico crosion thcro 
h d  hem somowhak longer continued this trwgh would hnvn been cut 
hrlaw scn IsvrI, nnd the peninsula between Galona Bay and Tatitlck 
N m w a  would hnve been nn island. The low divide between Cloud- 
m m  and Wmt h a p  on Bligh Island and the lowland at the cast 
entrwccl of Landlocked Bny arc portions of the glacicr bed that wero 
deepened nunrly to sen, le~c4. Lirndlocked, Boulder, Galena, and 
West h a p  find TntitIck Nfimws were cxcavntd by the ice below 
sea lev01 and wore flooded by tha sea when t h  ice withdrew. 

It is difficult to r~,construc t in mind thc drrsinagc system of this 
mgion as it was beforts the pmiod of glrwintion, for the ice has done 
much to dmtmy tho continuity I.€ tllc former stream valleys. It is 
believed, hawover, that th.c principal vall~ys, bays, and channels of 
W a y  wcro the vaIl~_w nf the prcglminl streams, m d  thrst the 
glwi~rs, dthongh t h ~ y  pmfnundy changed thc shape of their basins 
nnd in many p l ~ m  formed nrw rollcys, htrvc in the muin only widoncd 
m d  deepened tho vdeys  of preexisting stmams. 

Although thcrc are now no glacim in the EIlamar district a very 
sZlght chnW in the dimnh might w i n  cnlrse glttci~zs to form them. 
An act-ive glacier is said to exist at the! hrarl of tlm strnam which flows 
into Gdrnn Bay from the aorthmst, and a fcw d c s  northwest of the 
district Cnlnmbio ant1 Shoup g lac i~s  cxt~ncl to tidcwater and dls- 
charge into tho sea. Tho higher ppnrb of tho Ch~~gnrh R a q a  &re 
therefom still in the glacial epoch, which has there continued down 
to the present timr. 

U~UOZP80LIDATED DEWrnTI. 

T h c  nnconsoJidated deposits of t l lu  F,llunm district congist of the 
glacial mntrrial left by the ice, tho postglacinl tdus, and the depmits 
of the present streams. Whcn one consitlc~s thnt thc whole dist~ict 
was heavily glaciated at a timo which, considarcd gc~logrcally, was 
not long ago, the quantity of morainal rnnkrinl lrft by the ice is 
surprisingly small, and on the accompanying geologic map (Pl. 11, 
in pock&) the unconsolidated deposits have not been mapped. This 
chtrict was asentially an area of glacial erosion, end most of the 
matorials removed by the icc were deposited by it farther south, in 
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The mineral resouccm of t he  Prince W h  Sound mgion corn- 
priso dcposits of copper, gold, silver, k c ,  iron, and antimony. 
Crlppor, gold, and dver  are the only metals now recovered from the 
oms of this region. The silver is obbinod from both gold and copperL 
arcs. A part of the gold produced is obtained from the copper ores, 
but most of it comes from gold quartz mines. 

IIEQGBAPICXO DXS'PRIBUTXON OF THE DEPOBITB. 

Tho ontiro Prince Wlllim Sound region may bc subdivided into 
moro or lorn iaolahd  district^ characterized by the preponderrtnco h 
a givon nmn ns a wholo of either gold or copper deposits. A group 
ing of thmo districts into two bmad conc~~ntric belts, ona of the goId 
districts rind tho othm of the copper districts, is quite noticeable. 
In gnnerd, tho gold  district,^ lie in a broad belt, concave to the south, 
1)mlming tho aound, and lying to the landward of and partly mr- 
munding tho copper bdt. 'I?lase gold d i~ t i c t s  are, reckoning west 
to  east, tho castorn R ~ O F Q  of Kenai Peninsula, Port W&, VaEdez, 
Tiekcl and Tasnuna, McHEnloy h k 5 ,  and Bmmner River. me 
f h t  t h o  of t h m  distri~t~s border the sawid from Cape Sunken to 
Vnakwik Inlct and from Columbia Glacier to Valdez. The gdd- 
bearing belt thon continues eastward drum the Vsldez district toward 
!lJeke,,l, Tnsnuna, md B m e r  River districts. The McKinley Lake 
di~tr ic t  lics s o u t h w t  of the copper didrict around Cardova. 

The copper districts lio muth of tho gold deposits, in a belt found-. 
ing tho innm shorn of tho sound and co~lcava aouthwd. This 
curved bclt as now doveloped aonsists of a number of detached mpper 
districts mpambd by atretches in which copper cl~posits are not 
known to exist. At tho southwest cnd of this belt mo the copper 
deposits of hattouche, Kniiht, Rainhridgo, and Ehktgtun islands; 
at tho cmt are thme of Glacier Island and the mnirhnd to the 
nortIlwmt, including Unakwik Met,  W&, and h n g  bays; and 
along the eastern 8rm of tlw bdt am tho coppor doposita of the 
Vddez district, the E b a r  district, and Ports Rdalgo and Gmvina, 
Sheep and Orca bays, and Orca InIet. 

v 
RELATION OF E W k R  DIBTRlUT M PRINCE WILLIAM 80- MINERAL 

BELTR. 

The PWmmr district, as dafmed in this r~port, ia a, s m ~ U  are& in 
the northemt part of Prince William Sound, within tho coppm bolt 
outlined above. Descriptions of t h o u  propertim on Port Fidalgo 
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are included under the detded descriptions of mines and pmpacts . 

(pp. 11>122), No geologic work him been dono in that section, but 
it was thought best to publish these descriptions and to include them 
in this report. They are not cansidered in the genoral discussion 
of tho mineral resouma of the Ellamar diatrict , which is troahd in this 
m p r t  as a distinct unlt. The district iis well lmown as rr copper 
district-an integral pmt of the Frince William Sound capper klt, 
T ~ B  matd production is derived entirely from copper lodm and con- 
si~ts principally of copper, although considerabb gold and sjlver are 
atso obtained from the .ores. A few gold quartz veim hsve been 
located, but thy  have never became producem. 

Tho area mnaidomd in this report lim entirely within the V d d ~ x  
. recording district of l;he third judicid divisiqn af the Temtory of 

Ahsku, Tho mcording office of the district is at Valdee. 

DIBTRIBUTION OF MINERAL DEP08fTB W l T H I X  TEE ELCBMAE DIBTRICr. 

The rninornlizod portion of the Ellamar district h a  a northwest 
trend, paralleling tlio dnminnn t structural fat= of - the district, 
The copper deposits thus f nr found d lio w i t h  the area bounded by 
Port Fidalgo, Tatj;tlek Namm, Gdena Bay, and a h e  connecting 
the heads of Gslena and h d l o c k e d  bays. W i t h  this area there 
is a marked grouping d tho coppcr deposite on the flanks of Copper 
Mountain and along tho ridgo botwmn Vcsuvius Valley and the gap 
between Galena and Bouldrr bays. Tho FJamr mine, on Virgin 
Bay, m p i a  an isolated position, apart from tho other known copper 
deposits. Depi ts  of gold-bdng quartz havo bnen found on Bamer 
and GJsdhaugh creeks and on the east side of Bhgh Island. me 
gold quafte prospects me actltt~rpd and nm of little value except 
t ~ g  they show a greater extent of the moa subjected to miner&- 
zat.ion than would be indicated by the distribution of the copper 
depmita. 

Tho h o r n  m i c a 1  range of the minerdimtion is opor 3,000 feet, 
&n&g from nearly 600 fcet bdow sea bvol at the Ehrnnr mine 
to an eleration of about 2,500 feet above sen levcl on Copper 
Mountain. 

Coppor deposih are distributed throughout the verticd mnp of 
mhora2izatition. Deposits of gold-bearing quartz have only been 
mportud at elevations of less than 1,000 feet, Quartz veins, more 
or lm mineralized, are found, however, at much greater elevations. 

T ~ G  produotivo mines of the  district are copper mines md nro aU 
locatod at or noar solt level on V .  and hndocked hap. The pro- 
ducing mincs in 19 12 were the Ellamar mine, at -, on Virgin 
Bay, und tho mints of the Theman Mining Co. and the Landlock Bay 
Copper h h i n g  Co., on Landlocked Bay. (See PI, I, in pocket.) 
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The minerd production of the 7Zlhmtrr district is not given in 
this mporb, as it is not tho policy of thr: Survey to publish ths pro- 
duction of rr district where the figurea would make public the pm- 
duction of i nd iv idd  properties, The annual and total production 
of the E I ~ T  district is and h~ always baen principally that of the 
F h a r  mine, although other proporties have at diflemn* times made 
aingle shipments m d  in 1912 tho Throomtur Mining Co. dipped 
regularly o-Fer a p&od of sovexd rnont11~. IFFistorical data regard- 
ing the shipments from the various properths aro given on page 14. 

Nume~us references to the Aince WiUiam Sound ore depita a p  
pear in geologio and mining liternture, hs but few actual investiga- 
tions have been made of these depoaite, mmt of tho~o references are 
based on the published results of earlier invtietigatom in the Prince 
WiZliam Sound ragion. R m n t  work, more detailed than that of the 
previous in~wtigatom, hm multed in conclusions regnrdimg the 
occurrence and gen~sis of these depmita diff~ring in many respects 
from the views formerly held. These condwions are given in detail 
elsewhere in this report, and me fullowod by dotailed dmcriptiana of 
characteristic deposits. To render emy 8 compnrison of the tiews 
of the earlier invwtig~tom m d  thow resulting from the work done in 
1912 and 1913, abstracts nrs given here of tho published articles which 
contain original referenma to ths Prince William, Sound copper de- 
posits or to those of the EUllznar district. Tho artides aro arranged 
chmnologically. 
lW9. ScMer, F. G., Report on mce William Sound rrnd the Copper River d o n ,  . 

in " Mapa mcI de&ptksnm of mu- of ~xpltomtion in Alaska in 1898, with en- 
, 

em1 information concsming the bmibory" : U. S. Geol. Survey special pub- 
lication, p. 59. 

Contaiaa B wry brief dewription d the Alaskn C m e r c i a l  &.'a prOgpBet 
on h d l &  Ray and the Glsdbaugb Bay mine, now known aa tho E l b  
mar mine, on \;'+ Bay. States that the ore ut the Alaaka C o m m c b l  Co., 
"M observed by Mr. J. E. Spurr, occupiee a  hear zone in the p m  amphiho- 
lite whist and cm&s principally of copper pyrites and bomito." The 
Ellamar ore b d y  is r e f e d  to as "a vein or d w t  rn&et)y of iron a d  (wp 
per p m "  and the @on made that "the contact of an ignmue rock 
(diabam) with the country locg here -ma to have eomething to do with the 
ore deImpit." 

1 W .  Schder, F. G., A reconnstkmce of part of Prince William Sound and tba 
Copper M d&ct, Almka, in 1898: U. S. Geol. Purvey Twentieth Ann. 
Rept., pt. 7, pp. 417-423, 

Brief deaaiptiwna are given of the Alaaka Commerdal CO.'s w e c t  w 
Landlmked Bay, the Ripk in  ledge on Boulder Bay, and the GMhau~h Day 
mine (El~amar mine). At the Alaaka Commercial &.'a p w  the ore i s  . 
ratid to mmbt "principa11y of copper  pyrite^ and bornite." The cropping 
were "~td by Mr. 8purr in October, who found the d@t to ~ p y  a, 
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ahcat mne in the C q p m  Mountain RePJlRtone or amphibolite WW. * * 
The me, whirh i~ mrnetim~rr hrwciated with country m k ,  co&s of chal- 
mpyrite, some bornitr, marmite ,  yellrhw imn pfites, with mme quartz and 
aome apecularita." 

Tho Ripahin ledge " a h  occuts in the p e n  amphibo1ite whist, which 
foma the fmtwa3I on thc muth, while tho hanging wall on the north wems to 
be a greeni~h quuartxite, pro1)ahly sn altcrsd p h w  of the schiet." The ledge 
"conskb ior the mmt part of noft lighbgrayiflh pyritiferoua coppep ore, usually 
fmw pined, gnd which seems t o  rontain murh marmmite. mere i a  a h  
pmmnt a connidmablo amount o[ purple copper om, with a considemhle 
addxtum of quartz." 

The paeential  feature^ of tho Ellmar mine are given m follows: The me 
M y  in "a kein or depowit * * * ronRiding meetly of iron and copper 
pyrjh. * * * Tha contwt of an ipcoua dikc of olitina diabam with 
the country rock hem m m a  to havc gomethine t o  do with mineralization of 
the ore depei t .  T h e  country m k  in which it wcum i~ a p y  arkme of 
mediumpin.  Thaoredep i tor~Ein  Irmdswith Iho mrk, orncarly& 
m d  wed, and aaemsta dip deeply to tho north. + + The om + + 

conai& I q l y  of rhalcopyrite and gray m ~ v r  ow, with Rome bmite, pm- 
ducing the peacock variety; mmc ~pidotr i~ prrmnt. Thm ia alm p m t  
an apparently large amount, of whitP iron pgritea ar marcmite." 

1901. Schrader, F. C:., and Spencer, A .  C., The p l q y  and mined  m u m  of a 
portion of t h e  Copper R i v ~ r  dktricf, Alnakka: U. S. Gml, Survey w i a l  
publipation, pp. R.V39. 

"In Prince William Solmd the W r  occllm in two ways: Fimt, in h u m  
&; wcmd, in mineralized zonea, which aeem to be nearly or quite psralle? 
to tho bedding oi the hetemgeneoue strata cornping thc Orca formation. 
The depmita of Copper Mountain, in Landlock4 Day, arc of tho frsfntr~-~,rin 
type + * * and other instanma of fim vcine w m  o h w e d  * * * 
mth of OrCB in $,he vicinity of Neminl: Spit. In both of t h m  Toralitics 
the country m k  ie p u s k i n e  diabaae or b d t ,  apparrmtlly orcurring in 
l a w  rn-. All of the other ocmmncps, m far anthey am at p m n t ,  k n m ,  
rn imprepations d of mwe or Prwr m h c d  rotintry mck by sulphidm 
of copper and imn. In mod indmms tho om w u m  in tbo intwbccldwl 
Aowm oi pmmtme,  + * * but it i f f  dm found in the arkope aandslant.a 
ond in the ehalea. * The -iation of t h ~  ore8 with dht) g-rwn- 
Rtone in r ew  v n d ,  for m-en when they lie in dimentrrry m r h  the ipmum 
m k  b n w t  very far d-t. Tt may he auwdd that the origin of the 
-per is ta be mu+€ in tbo f low w intnwiona of h w l t  or dinbam, fmm 
rh&h it h w  h m  ronrentrated by means of cirrulating waters." 
The mtid featurea o l  the GIadhaugh (Ellamar) mine are given aa fol- 

Iowa: 
"The Gladhan~h vein is a practical1 y d i d  maw of iron and mppm pyritm. 

It  hm a Ridth of more thm 125 feet where e x p o d ,  mil extend8 along Iho 
' R t r i k ~ f o r a h o w n d ~ r ~ n f m o r e t h a n 3 W f e e t .  Thenorthwalloftbevein, 

where it comes in contact n-ith the  bale, has a c o r n  N. 45O v', and the dip 
i u  30' toward the nath; hut po~~ihly the general t3ip i~ conmdersbly.deqwr, 
 inr re the footwall i~ knoum to have a much greater pitch. 

"lmcally them arc Romc malt inrlu~ione of country mck within the win, 
and mapional lenws of calcite STC found, with a mall amount of bornite." 

1904. E m e m ,  R. K., Genera1 gpology : Ahka,  vol. 4, pp. 2425,  Harriman A h k a  
Expedition. 
In a briof dowriptim of the AIaaka Commercial pm~pect on Land- 

l ~ k d  Hay the writer hatee: " The deposit of q p e r  we i s  a mw of quartz, 
with cbalqyrite, pyrrhotite, and d l  mounts of &em and Bphderite, 
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occupying a  hear zone in a m k  of serpntinona c h m .  Thin sactiona of 
thia m k  shmcd a maw of fibmua mrpentins in which are embedded what- 
imd cryat& of MectIy fresh labradorita and abundant angite raveled out 
on tho dgaa to colorlem bornblendo and wrpentine. There me lrtiU traces 
of ophitic dructure, and the mck ia evidently a &eared and partly -tin- 
i d  diabm." 

The Ellamar mine ia r e f e d  to w ~ O ~ O W S :  

"At V i q h  nay we found th mb at the &om for a grest thicheee 
impregnatad wiQ pyrlta and v b a l c q ~ p i t e ,  forming in Rome placaa d i d  
compacbt ore, w i a t o d  with a dark qumzita a d  with beds of finPgrstinerf 
micncmua eamdntono and a ~ a ~ e ~ i n n  Eimmtone. I w t  wed of the mine the 
~ndstona irr cut by a thick diabam dike." 

19W. Palmhe, Chnrlea,  note^ on tho minerala collect& AMh,  ml. 4, pp. 9446,  
Harriman MBBks Expedition. 

Notea tbe occumnra of chdcopYr;te, galem, pyrite, p~whotite, and qhnl- 
erite in hid lockad  Ray, m d  chalcopyrite, pyrita, and ~phalerite in V i q b  
Bay. 

1BW. Ihwer ,  W. Y., Some o b m t i m a  relative to the m m c a  d d w t e  of 
copper ore on Vancwwr Island m d  other prtionaol the Pacific mwt: 6- 
dian Min. Inat. Jwr., vol. R, pp. 44-45. 
The E l .  mine ht placed in n rim in which chalcqyrh me occuw at 

the contact of cry&dIinn Iimmtme, or mhiat, rtnd hnmc i p m a  mb. 
1WG. Grant, U. S., Copper and other minml m ~ r r e s  of Princc William hund: 

IT. 8. GeoE. 8 w e y  Bull. 284, pp. 7W7. 
Thia h~ a mmtrcb .mom eomplcto rt imdon of tho m i n d  rarwnucea of the 

Prince W i h  Sound d o n ,  including tho Ellamar d k t i c t ,  thm thut con- 
tained in any of the preceding references. 
"The chief om of tho d b k i c t  ifl chalcopyrita * * *. TI-& fa very 

~ e d y  h t e d  with pyrrho~S * * * and to a 1- extent with 
pyritc * * and marcmite; them iron mlphidoe probably carry  mull 
amounts d capper. Chalcoci~ t ~ n ~  noted in one alms, near 0rca. Srtconcl- 
ary m b t e  of c o p p ~  occum as s green m k e  ntain; thia is usually mala- 
CUB and m l y  murite. The alteration of the orih.ind copper mlphidofl to 
form thetra carbonates is a mflrinl  ~hheomcnm, and they mcur at or very 
near the aurfrce or dmg cnwks within a few feet of the alrfwo. Ocraclionnlly 
mudl dakea of native copper are found in tho Upper parts of the veinn; thk i s  
~vidmrtly alee a ~e~onr lwy mineral. Oxidation of the iron sl~lpl~idw hna 
given rise to tho U E R I ~  n~sty-brown capping (imn hat) to tho veinsr, but thin 
oxidationt a c q t  along cmh, extends commonly only a few inchea fmm 
rhc m~rtace. 

"The c o p p  v&e now being prqectd are mainly along &em smea. 
Thaw urnrally occur in the green-- or in their immedhb vicinity. Not 
t~ncommonly 8 &oar zone agma c lwly with the contect between green- 
Rtono and a layer of shto or graywscke. Thin m i a t i o n  of ow depdB with 
tho gematonce L ao pronm~ncod that them ignms r m k ~  can be an 
the original sourcee of the copper. The ~ h m  m e n  vary in width fmm a few . inchom to ~oveml f e e t i n  one c m  a width d 8 feet being reported. While In 
n row c ~ s ~ e  them evidently were dong tho shear zones open c a v i b  whirb 
have been d l l d  with metallic mlphidea and quarta, the general conditione 
indicata thst tho ore minerala havo rcplacd the ctmntry rwb, rather than 
that they were dopdted in mch cavitim. 

"Monk of the pm~rpocta &ow ahear zonw mule np of two rather distinct 
layem. One is n layer of nearly d i d  mlphidm (chdcopy-rite, pyrthotib, 
and p@te), or of theee mtphidm mixed w-i th mme quartz and country mck; 
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the other lqer c o n w  of ~h~%rsd m k ,  Bornotimoe silicified, with diaaemi- 
nated ore m i n d a .  The gulphido layer may be on nno wal! of the bear 
%one, m it may be near the center of the zone with a layer of diawminatd ore 
on either aide. Thiir mlphida layor variee conaidcrably in composition in the 
different prmpects, baing in Rome almoet d i d  pyrrhatite md in othem 
chalcopwte with little pyrrhotite; tho Yariation in compoeition in any 
individual mlphide layer ia not w markoti. Jn thicknem thew mlphide 
Tayem vary from an inch to, in me cam, R fcot; nnd any given layer wies  in 
width along both the Rtrike and the dip. Rome of the mlphide layers pinch 
out entirely along the 8t,rike and then mppcar; thus bdiea of ore of Ienb 
ahaped c r w  d o n  occur w h m  length im mvarnl times their great& tbicknem. 
Thw l e m  may alm pitrh alorq thc dimtion of the atrike. Indiddud 
veina b v e  w e d  continuounly lor hdE a mile or more, and further 
ptqwtinp: will ~indm~btcillg *how that m e  of them can be followed fur 
several milea. * ' The &kea 01 tho veins vary conGdembly, but 
bequentIy agree rather rlowly with that of the country rock. The dips of 
t h e  veins are commonly high, urnally between 60' and 90'. 
" Jn addition to the  hear zanm thcre am mme uhatply defined v e h  of mall 

b, and on Knight Taland pm~pccting hna been done in a mther d v e  
greendona which contRin~ Rimmimated rhalcopyrite and pyrrhotik. The 
two pducinr rninea of tho district are i n  dcpmits which differ m e w h a t  
fmrn the h p l c  ~ h c w  zoncn above described. 
"The we d r p i t s  now known m l r ,  with very few exceptiooa, in the rucks 

of tha Orca perics.'" 
Doariptions m given of the following propertie! within the Elbar  

disbict: the GInrlhaugh (Ellamar) mine, and proapecta on Wens, Boulder, 
and T~ndlockcd hap.  

Regarding orcumonce and -&a of ore nt the Gladhaugh mine, he my: 
" Thc direction of the long ax& {of the we M y )  is approximately N. Z5O W. 

Tho dip of the w d l u  rarim hnrn ma ta 90° NE. and there ie a pitch of tho ore 
body of nbout 35" E. The ore body con& of chalcopfite, pyrite, p>-rrhw 
tits, and country m k .  Frequently the rock ig l a c h g  and than tho ore 
body ie pmtically d i d  mlphidee, with chaIcopyrite in marked mmmt.  
T h e  be& orc, i, e., that in which the proportion of chalcopY.;ta ie highem, L 
in peral  confined to a p r l y  defined ore shmt which frrrma the middle of 
tho fnotwlrll half of the ore body. The counb-y rock is mfl blnck mlatc, d t , h  
a few hnnas of py-wwke and black limastona. Tho atrike ot the mka L in 
general parallel to that of the ore M y .  * * The black slaa i~ murh 
fimred and crushed rmd the hgmenta ace commonly slickenstdod. Tho 
om ie in the main madve  and not h t u r e d ,  although there are mme -11 
cmcke which have been filled with calcite." 
In Gdma Bay mention is made of shear mes carrying " l a p  nI d- 

phidw" in Vet~lwi~ie Vdley. Reference i n  made ta the long tunnel which 
 run^ along a clay wlvage, which is from an inch to a Emt in thicknaw, 
Pyrite, pyrrhotite, and chalcopyrite in Btringem occur in and near thh wlvqo, 
md d l  amomta of thw gulphidm are diRaeminated in the wall rock. Tho 
tunnel iR mainly in greenatone, but a narrow band of black elate i a  common1 y 
m n  along the fmtwall of the vein." + * Thie tunnel ia being driven 
ta m h  a "&ear zone, which ia 40 fwt wide and containa konidernble 
u m h d  rock: and Iocally carriea bands and matted grnina of wllphidas." 

'"everal v e h  of the umal type have been dimwered on both tho cast and 
west ~ h o m "  of Boulder Bay. 
On the e h m  of Landlwked Bay "and running up on the muth and 

Banlw of Copper Mountain are a number of rstber well oxpoaed ahear ma, 
mainly in the pedmiem. Many of theee carry copper and iron stdphiden." 
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Tho A l d a  Commercial Co.'a p-t "b &ear m e  4 fest m thickoem. 
The ntrike f N. t{RO E, otld the dip 7 5 O  ta SOe N. In this zone im a Iayer of 
mlphide~ (pymhotita and chalcopyrite) 2 tp 8 inches in thkknem." 
O n  the ptqmrty of the ThreRman Mining Co. "thrae tunneIs * 

have beon run in along a ahear zone containing a l ~ j e r  of fairly solid mlpbfde~. 
Thh layer varies from an inch to 2 feet in thicheee and hae on its haning- 
wall Bide m e  chalcopyrite diemminated in the ~heared country mk." 
Other prwpecta in the immediate vicinity me noted "which ahow layern d 
d i d  rnrlphidea (chalcopyrite and pyrrhotite) up to 3 feet in thickneee." 

Tbme quartz veins, "which were mported to Bhow conhdwmble valuee in 
gold were examined-e on the north flank of Copper Mountain, one in the 
ea&m part of Glncier Island, and one on tha point between Landlocked Bay 
and Port Rddp. Amya have been made from two of them veine; on0 m y  
wm from the docompoeed upper part and the other from the did vein ahout 
15 feet below the mrfwe- The m y  regom &ow only tmae of gold and a 
&tion of am ounce of dm per ton,'W~hesa -p how the quartz wins 
of the Ell- dhrkt to be st leaat gold lmr*mg. 
"In the cupper v e h ,  gold and &.er are almoat i n d b l y  p m t  in mall 

mounts, and commdp gold is fwmd in the copper ores * in 
arnounfa running frmn $1 to =-per ton. The dm content of them cappor 
veina ia commonly lm tban 52 per ton. * * 

"T7RO nines on Prince William Sound have dmon8traM h t  copper 
ore of pxd w e  occurs in thii Met and that it can be pduced at a 
profit. * * * 

'"0 conaidmbIe m d a r y  concentration of oree ah. The o m  d . . 
poReibIs cornmedal importance have all the c-cs of p r i m  
depsits and are a phm~ of a gwera.1 mlphide depmition nlonff embin chan- 
nela or zonm. In general there is no m m n  ta cxpoct that s t r k 6 m  of me on 
the mrface will develup in depth te payable veins or that veins of conmdernbla 
width at the m r k e  will continue with u n ~ ~ ~ d i m & o n n  and richnm to 
p t  depth. On the contrary, i t b known that ore b d m  pinch out in 
individual m, and, on the whole, irregularity of Tom i e  ta be expected. 
Dewlopmmte of p q e c t a  should be coniinml to the following of ore. Run- 
ning long c-ub to catch &gets or vuinfl in depth is bad practice, &ce 
experience haa shown that the continuation of the dopoedte is by no m m s  
=red." 

1997. Brwka, X. H.,' The mining industry in 1900: U, 8. Geol, 'Sumey Bull. 314, 
PP. =, 27- 
"In Prince Wflliam Swnd the copper dupoeite ara intimately d t e d  

with grronatoaes and greenme w h h ,  probably oE Memimic age, which we 
relatively little altered. Gr~nitic intruhona are preeent in this province, 
but the ore Wea rue not h o r n  to hnvo my miation to them." 

"AH Grsnt has nhown, the oro bodiea, chiefly chalcopyrite, occur aa a rule 
almg &ear mea in the ~ r r t o n ~ . ' '  

1907. Grant, U. S., Copper prqwte  of Prince William Sound, Alaaka: Eng. and 
hiin. am., p ~ t .  83, p. 229. 

The data given are taken bum DnIted States Gmlologicd Survey Bulletin 
2% 

1W7. Graton, L. C., Copper: U. S. W I .  Smmep Mined h m ,  1906, p. 385. 
Jkgarding the l'rlnce KrillEiam Sound e o n  the Btatement ia made that the 

me i~ " rMmpyrif4 m m  or  lea^ di.wmbIsd through metamorphosed aedi- 
men* mcka. * * * It carrim a little dm, moderate d i m ,  m d  rather 
low iron and alumina." 
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1W. Weed, W. H., me copper minm of thn wmld, pp. 257-258, Hill h~hliahing Co., 
N e x  Ymk and London. 
The data preeentd are In@y taken Irom United h t e a  Geolo$cal Survey 
m. The Rinc-e \\'illiam Sound m 3  are der&t)wI "mlphides, chiefly 
chlropyrite, 6th aaRDcirtctl pysrhotito and pyrite in a pangua of quarte and 
country rock. Thew oren orrur in lenticular ore bodies in &ear xenm w h w  
direction cofncidecl with that of tlta rontmt helmcen greenhne and layera 
of slate or pywacka,  or to the foliation of Wle rocks." 

The Ellamar ore hody "ia a 3ene. * * * The ore varie~ fmn mlid 
mlphid~  to impwgnated country mrk. It iR i n c l o d  in a rru~hed and 
soft bhck date with m e  layera of graywacke snd black limeRtone.'" 

me Coppw Mountain d e p i b  are "in &ear son- in greenstone snd 
~Iates." 

I9M. nrmka, A. H., The distribution of miners1 m 1 i r c c A  in hlaslca: U. 8. awl. 
fiirrvey Bull. 345, p. 27. 

" In the Prince n'illiam Bound region * * ' * tho m p I r i r  dietribu- 
t ion and the genetic relation of tho are badieu are All obwure. " 

IWR. Mofit, F. H., Noteson ropper pmspctaof Prince William Sound: Z'. R. Geol. 
S w e y  Bull. 345, pp. 176178.  
The dewription of the ore depmite % apparently nn nbertrart nl Grant*# 

vim~ na dven in United S t a b  Geolom4pl Survey UulEctin 2M. 
"Tho ropper orem nre chiefly rhalropyrite, ~ : ~ n ~ r a l l ? *  asmiah1  with 

pyrrhotite nnd Im commonly with pyrite am1 ma&tr. It orcl i rrs in many 
p l m ~  in &.ear zones in pustone,  md t l ~ k  mriation of copper ore with 
pxn&ne In so pronounced that the copper i a  believed b be derived Irom 
tho greenmtones," 

1DOfi. Grant, U. S., and Hi@, D. F., jr., Copper minin~ and Pmapekting on I'sinrt! 
llrilliarn Mund: U. S. Cml. Surc-ey DulI. 379, pp. t)X-95. 

Inrludea dmriptions of ~everal proper tic^ in Ell-t rlirrtrirt. 
The Reynolds hlmka DeveIopn~nt Ca.'s workings on BouIdnr Bay me 

"driven t h r h  interbedded penstones, dates, and pywackee. * * * 
A Few veim of chalmprritc were encountered. * * * Greenhne hav- 
ing locally msll quantitirs of dimeninatEd rhalroppitn'' WB found in an 
uppr  tunnel. "Veins 2 in R int.hm wide also m u r ,  and on the f ~ c o  a foot of 
ore m pre~y!nt." 

'Illc Fi~ldet  & E ~ m p ~ e  pm~pert unm~erd ' ' n w h m  shdnga  of chalm- 

The carlicr ~hiprnenb nl the Ellamar mino "wore derived from a rather 
poorly defined ora ahmt in whirh the chalcopyrite was more abundant than 
the pyrite and pyrrhotitcl and tho lator shipments evidently cnmo, in part 
at I&, t m  outRide t l j ~  otc uhoot. * * * The ore body is a Ien~shapcd 
ms~le of thee coppcr and iron s~lphidaa." 

At the Standanl Coppr Minos Co, tlaree ore mnw are mentioned. "Thw 
m e a  are nhiakm arcaa in the fireen~toac of Copper Mountain ind they amy  
lenmhapd Mia of ore." 
The Threeman llininp &.'a vcinrr on Landlock-4 Bay 'b in gmmdme, 

graywrrcke, and alato, and m n h t  of athistom &ear zonea carrgins: c h l w  
pyrite and pyrrhotite. Them sl~lpliidw wrer to Boma extent in solid, more 
or loes lemshaped bodieg within tllo avhi~tntla rock. The sulphide Wig 
which are in placbes compwd very l q c l y  of chalropy&e, v& from a few 
inches to r few foot in thickncm." 

At the Hemple prwrpect on Landlocked Bay me tunnel h a  been drivm 
"the first 40 feet of which ia in broken pcnetonc with numeroue small 
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v&e of chalcopyrite. A m d  tunnel * * * cmmuta thw ore- 
bearing z m .  * * * Extendhg l,ZW feet we& from this upper tunnel 
h a of 15 to 20 4 strippimy and pits on w ~~ zone in green- 
r n n ~ . ' ~  

1909. Gbvena, Blramey, Prince WiZTiam Sound; im gmlogy and mineraIogy: North- 
w& Min. Jour., vol. S, pp. =. 

Notes that t h e  Isrger minee are not in the gmwmtone but in the &tee and 
m d h m  in the vicinity of tho g r e m n m .  

S t a b  that the greenhne b cornposed of m c d v e  la,- flows at the m- 
face. Diksa of diabase are to be fomd in the mclm underlying the green- * 
h n e  and also in the greenstone itaelf in a few msw. S d l e r  minea are 
mid to be chiefly in the greenstone, wh- the larger onea are found in the 
mcb between the diabase dikes wid the p n a t o n e  flma. h c l n d w  t h t  
both mka have come from the same magma; h t  the smaller de+k hat-e 
been formed from the greemtone after w l d c  agenciea had bmght it to 
the mrfam; md that the larger deposjta have been formed from zqueous 
so1utions forced out from the more confined m a p  in the dikes. "The deep- 
seated depdta * * * = l a p  lenses and aonea occurring in the dates 
and arkow mks. * * * They were evidently formed by replacement, 
the orighaZ htification of the mch being often reproduced in the matrix. 
* * * The m i n d u  dep&ted am principally pyrite0 and chalcopyrite; 
there i a  m e  pyrrhotite but it forme a very d l  prcentryp of the total 
minera.1~. * * The de@W are found quite distant from the dikee 
from which they are suppeed to be derived." The orclw oi de@tion i9 
given as (I) chalcopyrite, (2) pyrrhotite, (3) pyrite. N o h  a -mndary  
chalcopyrite enrichment rt Ellamar, "not due to any recent action." "The 
d e p d b  in the greendone are typicalIg difEerent from the deep-wted on=, 
the main distinction being in the ah& total absence of chalcopyrite." 
*'In and around Copper Mountain the mineral OCCUCE in namw v e h  

which are usually very mlced. Chalcopyrite seema be the first depodted 
mineral and forrna the nucleus of a ah& rn0re.m lees m u n d e d  by pyrrhw 
tite, which extende until the vein pinches out to nothing. The chlcopy- 
rite is often very free from pyrrhotite." 

ILThe ore of the peenatone mmd the by in the vicinity of Landlock m 
mea formed near the surface horn volcanic rock." 

Notes a reported incraw in abundance of pyrite and a deerewe in mho- 
tit8 depth of Or6 foFrnati0n kc-. 

"There b practically no mrEace decomposition and no d a c e  enrichment. 
The ore may in every m be expectad to be of the mme character in depth 
aa on the very h c e  of the p u n d  ." 

1910. Grant, a. S., Copper d e t a  of Prince William hund, A l w k  Min. and 8ci. 
ma, vol. 100, pp. 63-04. 

Most of the om deposits am n t a t d  to occur in or clm to greenatones of O m  
age, '"rid whem them roch occur pmpects are commcm. * * * Gmn- 
it-, i n t d v e  into both the Vwldez and Orca mcb, occur but bm no relation 
to the ore bodim.'' The ore m i n e r a l a  are ~ t a t d  to be chalcopyrite, pymhotite, 
pyrite, chalmite, native copper, malachite, and ~ u r i & .  

"The capper deposits occur in r.onee along which there haa been Eracturing 
d d l y  sharing crf the country rock." The "shear zonea occar mainly 
in the gmenstonea and in some placea follow clwely the contact d the green- 
sbm with the adjoining d i m e n t s .  * * * ChaImpYr;te ia by all meana 
the moat important copper-bea~ng m i n d  on Prince William Sound. " * 
The rhdwpyrite is usual1y intermixed with pyrrhotite, which in iteeH car- 
riea probably a little coppar alphide as sn impurity, * * * Pyrite, a h  
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probably carrying a littlo copper, occura in  some PI-, and chdcocito has 
been found in at ileast one prospect, and original native copper ham been 
reported from another. Secondary copper min& am of emall impor- 
bm, ae weathering haa extendel only a Bhort disbca below the d a c e ,  
but malachite, a~urite, covellib, and native copper occur in d amounts. 
The other metallic minerah in the om depkh are plena, qhalerik, and 
magnetite, but thw are unimportant, The amciated nonmetallic minerals 

' quartz, calcite, epidote, and chl~rlte.~' 
The EUmxr h e  is r e f d  ta arr a "lendmpd b d y  of om (chalcopyrite 

snd pyrrhotite in varying proportions)." 
, "Poeitive oonclusione aa to the migh of the ore depoRite are not m n t e d  

by tho informstion at hand. The clwe d t i o n  of the depoeita with tho 
m ~ ~ ~ t o n e a  pointa to thw mh aa a pmhble mume of tb0 ore minerals. 
The d@ts am, howew, clearly of later data thm the solidification of 
thetre rocks., and the shes mnm in which the o m  occur are as lato or hter 
than the folding of the c m t r g  rocks. If them aro other baak rocks latcr 
than, or contempo- with the folding and fracturing, they aro not always 
clearly recogniaabl; yet in a few m w  basic d i k  mro known wluch do not 
m to haw heen affectd by the folding of the dishict. That the o m  
originated from kit igneow M C ~  mum elm, but whether from magmatic 
watm derived fmm rock later than the greenstan=, or from ground watm 
arting on thmo gmmtone~~ not ao clear. The deem in thicknw~ of the 
om rleposib in depth, nt Iaaat as fax rn p m n  t idormation d d  1 4  one to 
mnclude, poi& to the hct that the depdts are in tho mnjn in tho nature 
of secondary enrichmcnb. Such edchmenta by downward-moving wakm 
probably took place before the district glaciated, During glaciation the 
upper leached parts of the d+ta, as well ae m e  of the enriched portiom, 
were moved." 

IDIO. Grant, IT. S., and I Z g g h ,  T). F., R e c a n n d c e  of the g d o g y  and mineral 
~a90mcw of prince William h d ,  Almka: U. S. Geol. Survey null. 443, 
pp. 52-62. 

This report 5a the fmal comploto statcm~mt of tho v i m  of Grant md Rig- 
gine ss to the relations, c h t e r ,  and genesis ol the copper doporniw of Prince 
William Sound. 

Ma'waEo~3r of ihe m.-ChScopyrib ia given am the mmt important copper 
mined.  Pyrrhotite, pyrite, @ern, sphalerite, and magnotito me mwciated 
with d d c x i ~ t e .  Gangue mined are quartz, &cite, epi~loto, chlorite, 
and other alteration m i n d .  L%ndaq minerals are not of groat impor- 
h e .  Mdachite, uurito, covellita, native copper, m e h n i t e ,  h i t o ,  
chalcocito, and cuprite am mentioned, The " minerals have not M y  berm 
depkted in open cavitiee but occur arr impregnations and aa replacementa of 
the country rock." 

Pmupesk- of tFte ~ r s  minerals.-The oder of depwitton of the vsriou~ 
mineda h dmcumd brietly: " C h a l c o ~ t e ,  pyrrhoeite, and pyrite usually 

' appear to he simultaneous in origin. GaIena and mphderito orcm with these 
three, but am in placee apmnt ly  earlier in date. Much of the quastn in 
intimately k t e d  with the miner& just mentiowl, and much of it ia 
W e t l y  later thae thm minarala. Cdcite is d l y  Law than the others. 
* * * A few s m d  veina of chalcopyrib and of pyrrhotite m * * * 
latex than the & d q d t s .  * * * In one place a small q&z vein 
had its center filled with pyrrhotite, the quartz projecting inta this m i n e d  
in a y t a l  form, anrl one m a l l  veio of d c i h  was noted whore pyrrhotite 
brmed the center." 
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-lZEP of th more depmh.-The om dqmib  commonFy occur in 
shear-mnes. In theae "MUM the country m k  is d y  schiatose. Along 
the zonea them hae bom minerali7ation of the rock, chalcopyrite, pyrrhotih, 
and pyrite having been deposited as impvnatiom and atr ~ephcements of 
tlia country nxk. 'fie country rock of these mnea is mainly pxnetone, 
although mme date and pywacke am preeent, and in some places the ah= 
mna  follow clmely tho conwt of thm sediments with the permtone. At 
the deposits on Latouche Tsland and on the muth dde of Fiddga Bay, the 
country rock ie slab and graymacke. 
In a few Jocalitim them are sather Rharply defined wrinb Elled wifh quartz, 

pymhotite, pyrite, and chalcopflte. In such localitim them wwa apparently 
an open cav~ty, which wna later filld wi th  thme minerals. There is no d b  
tinct landing to the veim, and the m i n d  are of one general ,date. " It 
ia improbable that there ware ever my large cavities in the ~hwlr zonw. The 

, ow minerals were depolrit~l in part along the ahwing planes, hut q d y  
in the n h d  rock, bod1 by Impregmhn and replacement." 

Tho Ellamar ~ n d  Bonltnaa ore bdim m mmewhat diffemnt h m  the 
shear-mno d q d t s .  The Ellamar om bed y is a lenwhaped m m ,  pmhldy 
"'of the tame p n ~ a l  nature RR the mlid dphide layem eo common in the 
ll~ual #hem zonep." The Tionanr~ mine h on a sbear zcme, but tho movemcnt 
Baa remltad in frncturing rather than Rhearing; the country m k  iR largely a 
very fine p h m 1  hard flinty ruck. 

Depmib near Orra are of mwkdly diffemnt type. Here tho munw 
mrk i~ a much c r u ~ h d  reildiih amygddoidal bmalt, wit11 irregular 8trinp-m 
of epirlotid mck. With the epidota is quartz. "Tho ore, which ie native 
copper, cbaIoopyite, hornite, and chalcocite, occnrs misted with and in 
tho epirlotqwrtz ~tringm, although in placm i t  k m c i s t e d  with the non- 
epidotizcd country ruck. " 

Gew i y  01 the  or^ d~po:it~.-The copper depaxh am found either in or in 
clmo mnnection with baRic i g n m  mh. Tho 'hem owur in wnw along 
which there hae been fracturing or sheaxkg or both. The ore  m i n d s  are 
of more m n t  data than m o ~ t  of thb fracturing and sharing, which hm 
taken place during or after the Imt folding of tho mckA of the Or# mup. 
Tho ore depoaite, conaeguently, am of conddernhIy hter origin than mwt 
of the bwic igneoua rocka of the district, which m contmporaneolur with 
the Orca sediments d which were involved in the almve-mentioned dy- 
namic dbturbanre. SmaH intruGom of dkhase not sffwtetl hy dynamic 
rnetarnqbism are cibd. Theso are given an evidcnro of intnl~ion of 11hr 
ignoouq mka at a anah later than the formation and folding of tho m c k ~  in 
which the ore depmita lie. It ia stated, however, that tho relatiom of thm 
later igoeoue mrh to the ~hmring and frafturing and tn the o m  deposit.. 
themaelve is not definitely known. 

I t  k concluded that the ore d+h "wem pmbably farmed under so- 
what deepaeaterl conditiom and pml~ably in connection with the intruion 
of &e ipeolM rocks." 
"Am alternati~.~ h ypotheeia for the wigin of at I& mme of them m d+ 

p d t a  would m m t  a primary origin, m e w h e t  pimilar to that outlined 
above, followed by m n d q  eurivhment of the upper pmh of the vcinq by 
downwarrl-percolatim wufaco waters MOW the laet ~lwiation of the di~trict. 
During glaciation the vppcr leached parts of the ~ e i m  were remm1, and 
there ma thus left M a y  the lower parts of tho enri&od porfiorwr, which 
grade d o m d  into the lanes nonemiched primary depxtih." Thk ex- 
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planation i a  applied to some of the d+ta near Orca, w h m  mndary  
minerals we mom abundant khan in olher prb of the Prince William Sound 
=ion and to the Bonanza mine on Zatouclle P n I d .  

The copper plloapects are all in a recently glaciated redon, Pmt~llarial 
wmthering hm extended to only ashortdis~mce, only a few Feet or even n, fow 
inrltm, Iwlow the p11rfm. "Them hm thw been very Iittle nurface dhm 
tion uf tlttt on! W i m  and mmwq~~ently little recent mnrlary onriclimont." 

.1fiw: and pmyr.t:.-T)mriptium are included of several of the mitm and 
pm~pecta of tho Eltarnnr di&rit-t. 

The Threeman Mining Co.'a veim on Landlocked Bay "am in WnRtone, 
graywacke, and slatc, and c o d t  of whistme &ear zones mIrI+n~ rhnIc+ 
pyrite nnd pymltotitc." 

The om depordt~ of the Stnndnrrl Copper K i n g  Co. are r e f e d  to aa 
acbktme  area^ in tho grmmtoc of Copper Mountain carrying l-haped 
Wiea of ore. 

A t  the Reynolds Ala~ka l7evelopment &.'s p r q m t  on Boulder Bay the 
ore M y  iR in i n t e r b l d d  ~ n n t o n w ,  n h h ,  and graywwkee-a few veins 
of chlcopyrita. T~lcally dimerninrttd rhalcopyrite snd a few v& of the 
=me mineral are found in tile pemtane. 

Ellamar mime.-Ore I d  y in lensahuped. It " d s t e  of chalqflte,  
pyrite, pyrrhotita, and countq m,k.  Cummonly the rock i a  laddng and the 
ore body h practically d i d  ~ulphiden. * * The country mck is d t  
blmk elate, with a few banrlm of e-kn and black limeatone. * * * 
The ore is in the main mawive and not f m c t u d ,  aIthough there are some 
-11 mka which have lwen filled by calcik tend quartx.'" 

Nll. Brooks, A. H., Gmlogic: featurea o l  Ala~knn rnetallitmua Idea: U. 8. GmI. 
Purvey Bnll. 480, pp. W82.  

"The fourth grol~p of copper d e t e  cornprim t h w  which we misted 
with gm?naQnes (alted volcanic mka) and nedimenta of variouu wee. 
T h m  d+w, m far aa known, have no direct relation to ignmus intruRive 
mb, but it is W b l e  that in the depmitp, d tho Prince 'Ilrilliam Sound 
type belonging to this group there may baa connection botween the gene& 
of the o m  and c m i n  basic intru&e r o c k  * * * M i l o  definite proof 
i a  larkinh., i t  seema probable that the copper of * * * the Prince n'iltiam 
Sound + * deposits was deriYod from copper minemlls dbeminatd 
in thn w i a t e d  ancient volcanic rocks.'' An nhstract i s  aFm givvn of the 
report o l  Gmnt and HigRim (U. S. Geol. Survey Bull. 443). A h  dates 
thnt 'Lwhile thsse dep&ta have not been W e d  to the mineralixin~ influence 
of i ~ m m  rocks, yet Grant and Higgina have pointed wt that ccrtaui bapic 
intrusivm are later than the shear aonea and that the o m  may bear a m e t i c  
relation to t ,hw m k a "  

1911. Butla, B. &., Copper: U. 8. Geol. Bumey Mined Rep,-, 1810, pC. 1, p. 
160. 

Plmee tho formation of the copper depoeita of Alaska h the Mosmoic 
era. 

1912. Butler, B. S., Copper: U. S. Beol. Survey Mineral h w c e ~ ,  1911, pt. 1, p. 
W9. 

P I r m  copper dcpoaition in Alaska in the Memmic era. 
1913. Gappa, S. R,, and Johnmn, n. J,., Minerat dep4 t s  of t.he Ellamar dihrict: 

U. S. h l .  Survey IEuII. 5-42, pp. 86-124. 
Prehinar~r report. Conclueions are dimwed in grester detd  in thia 
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GENERAL FEATUl3EE.. 

The prment geogmphic distribution of the mineral deposits of the 
Ellamar district is the result of a combination of geologic colrditions, 
partry structurttl and partly geochemical. A close examination of 
the distribution of tho minerd deposits shows that without exoep 
tion they are d d y  connected with faults and it is evident that the 
main channels necessary for the passage of the minemlhing solutions 
were furnished by the numerous faults wbich traverse the area. 
The deposition of the contents of these solutions was favored in 
phccs by the crushed fdq of s h w  zones in greenstone, by certain 
sheared and brecciatod zones in sedimentary rocks of the Orca grdup, 
and in a few localities by open fissures in either greenstones or sea- 
mentary rock. 

6TRVGT;UBAL RELATIONB. 

Dk+ibu&wi of ,fitwring and fau?dng.-The area is complexly 
faulted, and the distribution and relationships of the formations 
shown on the geologic map el- 11) are largely the result of faulting. 
The major fault of the area is the Lasdlock overthrust, the trace 
of which within the area mapped extends from the divide between 
Landlocked B&y and Fish Bay acres tho heads of Landlocked and 
Galena b a p  to Valdez h. By this fault the date and grlapacke 
of tho Valdez group have been overthrust from the northeast on the 
interbedded alate, q i l l i t e ,  graywacke, peastone, and conglomerate 
of the Orca group. The structurd features of them two formations 
have already been discussed (pp. 33-34 and 44-45). 

The rocks underlying and bordering the h d l o c k  overthst fault 
were extensively shewed and faulted. ' I l i a  shearing and shattering 
of the sediments of the Orca group is obsarvable over a, wide area 
bordering the tmx of the h d l o c k  overthrust on the east slope of 
Copper Mountain and on the ridge between Vesu~us  Valley and the 
gap botween Boulder and Galena bays. 

Fhulting is common in other park of the area. One large shmr 
zone is present on the southemt shore of Landlocked Bay near the 
lower end of the bay and another underlie the E h m r  ore body on 
Virgin Bay. Numerous shear zones visible on the slorth and south 
flanks of Copper Mountain am traceable over considamble distances 
as &allow trough or gulLes where erosion has removed sorne of the 
soft sheaxed material. Topographic and geologic evidence suggesta 
the presence of many faults whose contacts can not be dehitely 
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Iwated became of the extensiw cover of Qmternarg deposits or 
vegetation. As an example may be cited the probable fad t be twoen 
West and CIwdman bay% on BLigh Island, which separates the peon- 
stone of tha oasbm peninsula from the gently folded date  and gray- 
wake of tho main pwt of the island. 

Rekcha rrffimring and fauECing to &rwfure.-Tha location of the 
fi~~m has been determined by h m  of weahem in the rock groups 
involvd in the deformation of the distzict. S h h  a m  intorbeddod 
in the ponshne and in many p h  tho position of the shear zone 
has been dotermind by these interbedded rnssses of slab. The 
 tunes RPO very d v e ,  and it is to be expected that tho move- 
ments would bo along the ZES resistant slate bedsEs. TEra contacts of 
tho gt%onstone and date wodd also bo natural linm of wealam and 
would giva way under strain and pmnit shearing or overthrusting, 

With the exception of tho EIZamar ore body tho irnport.w~lt lodos 
do not pardel the bedding of the surrounding country rock. It is 
natural that both the lode and the 'borlrling of tho country rock 
should bo parallel in those places whero tho  Ioda is an impfignation 
and rrpIacement of a closely  omp pressed serios of thm-beddod verticnl 
sediments sheared dong tho strike of tho bedding, tw nt ElIaznar. 
Whem the shearing has taken phco dong tho sodimonh a pnrall~lism 
of the lode and bedding is noticeable, but whoro the lodes am due, 
aa in most places, to the cornontat ion an ti raplacomen t of shear zones 
or the -P of h u r e s  which G ~ O F I ~ C U ~  tho bedding, no pnrallezi~ 
between bedding of  count^ r'mk and lodm exists. 

Type of fau&ng.-Afmt of tlte faults of the disfrict are shear 
zones, and it appears probable tb t  most of the faulting is of the 
reverse or overthrust tj-pc. This is of c o m e  evident in faults like 
that of the h d l o c k  o~crthrust,  hem tho Valdez rock have been 
overthrust from tho nor thwt  towwrl Prince WlViam Somd, over- 
riding beds of &a age. Thaw ovcrtlmt faults indicate a Iatmd 
compression of the bods hived. No crm OF t r m m ~ e  fnulta 
(tension type) are Enown. 

Age of fadling and J;8mrh4-~t3 data of the last great defoma- 
tion of the roch of this district is not definitely known, but it is 
presumed to bo a1)out that of the intrusion of the granites of the 
sound. It is lattlr than any of the roch prmnt in tho Ellamar 
wgion, since all of thcse roch nam involved in the deformation. Most 
of the faulting appears also t o  ham occurred before the deposition 
of the oro, although the presence of slickensides on some of tho 
sulphide ore Ienscs, as at Ellastar, is indicative of postmineral move- 
ment along tho fault planes. Jointing is also evident in tho r n ~ s i m  
pyrito lcns of tho Ellamar om body. These later movements, how- 
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Mineral deposits may be classified in many ways. Those most 
commonly employed are based on usea, economically important 
metal, mineral composition, character of country rock, f o m ,  and 
genesis. 

The only mineral deposits of the Ellamar district at prosent com- 
mercially imporhnt are metallic o m .  Tho principal valuable metal 
i4 copper, but the ores generally carry gold and savor. 'me om, 
minerds are chiefly sulphides, chalcapyrite, pyrrhotita, and p y r i ~  
predominating, wi t'h smaller amounts of sph&l.lerite, galena, ammo- 
pyrite, and an undotarmined minerd, prosumably a copper-iron 
sulphide, Nonmetallic minerals introduced contemporaneously with 
the sulphides f o m  but a shght percentage of the ores. The deposits 
are most abundant in the greenstones but are also found in t,ho sedi- 
mentary rocks. The deposits are .believed to be primery impreg- 
nations by sulphide minerab of the crushed fiIIing of shear zonea in 
greenstonea of the Olrcs group and of certain shearsd snd shatter& 
zones (presumably calmreous) in the Orca sediments. The copper 
deposits are shear-zone deposits, both in the greembnea and aedi- 
mentary rocks. The ore minerals cement many small f r a e t m  of 
the shattered rock and raplace other portions of the rock. Qua&- 
filled fissure veins carrying similar mineral associations o a r  but are 
not numerous. The evidence thus far obtained indimtes tbst the 
mineralization was perfumed under moderately deep seated condi- 
tions by hot alkaline mined-bearing solutions of magmatic origin, 

J cir~ulat~ing shortly afhr the intrusion of the Maozoic granitic rocks 
of tho Prince William Sound region and probably genetically related 
t o  them. The evidence on which this view of the genesis is based is 
given on pages 82-54. 
As noted above most of the ore deposita of the F h s r  district 

appew to be the result of prim- impregnation by sulphide minerals 
of shear zonem in peastone or, as at Ellamar, in sedimentary beds. 
Only a few sharply dehed qu&sfUed firnure ~ e i n s  have been 
found md one of these changes along its strike to a mineralized she= 
zone that carrim principdy a u l p b d ~  and hut Little quartz. Large 
mmes  of low-grade ore are found on the north and east dopss of 
Copper Mountah, where the Orca rocks, now lying west of the 
trace of the Landlock overtbust fault, were minutely shattered by 
the faulting. In the argilhte and graywackes the £mcturas were 
cemented by tiny reticulating mineralized quartz veim. Within 
similarly shattered greenstonm a certain amount of mineralization 
of tho wall rock occurred together with tbe cementation of the f rac- 
turcs by the quartz veinlets. Considerable are= were thus slightly 
mineralized. 



The greenstone shear-zone type of copper deposit is the most 
nwaerow, and mat  of the prospects in this district have been Iocsted 
on depkts of this charac&r. The width of the greenstone shear 
zones ranges from ti few inch= to several feet, but the exact width is 
in many places hmd to determine because of cover, lack of sharp 
boundariw between shewed and unshesred rock, or the inclusion of 
horsea of unsheared rock within the shem zone. Mmy of the shear 
zones are of considerable length, aome on Landlocked Bay having 
been traced 900 to 1,500 feet. 
The metdiaation within these greenstono g hem zones changes 

vertically, le terdy across the shear zone, and dong the strike of the 
som. Masses of nearly solid aulphides, lenticular both in plan and 
section, are irregularly distributed within the sheared material. 
Severd ore lens& thus occur within a single shear eons. Some of 
these may not be yet uncovered by erosion. Others we but partJy 
exposed, as at the property of the Threeman Mining Co. on Lmd- 
locked Bay, where the tip of a steeply dipping sdphide lens in a . 
ahear zbne striking at right angles to the hillside barely cuts the 
surface of the more gently sloping hillside. At Ellamar a con- 
siderable part of the upper portion of the lode has apparently been 
eroded. 

Development work on the shew zonm has not yet outlined many 
large sulphide lenses. The thickness of the hown lenses ranges from 
mere films t o  several feet, but at most of the prospects thicknmses 
of more than 5 feet are not common. The maximum thickness re- 
ported is 94 feet, on an ore body, largely sulphides, whose maximum 
stope length, as developed, is about 70 feet and whose pitch length, 
as now exposed, is over 200 feet. This ore body, however, is not 
one solid lens but a compact combination of smaller lenses of different 
sizes. The smder lenses are much more common. Outsids of 
these solid or nearly solid sulphide lenses the other portions of the 
shear zones tlro less highly r n a t d h d .  

Because of the nearly vertical position of the shear zones it natu- 
rally follows that the lodes of the greenstone shear-zone type of 
deposit are also nearly vertical. The strikes &o correspond with 
those of the containing shear zones. Many of the ore lenaes, though 
correspondmg in strike and dip with the containing shear zones, 
pitch steeply within the plane of the shear zone. 

The deposits of sulph..de ores in sedimentary rocks are represented 
in the Ellamar district by but one example, the ore body of the 
Ellamar mine. This is the largest body of massive aulphide ore yet 
found in this district. Erosion has removed the upper part of this 
ore body, but the greatest horizontd dimension of the ore lens 
appears to have been about 90 by 240 feet. The ore body at preaent 
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known pinches out between 800 md 600 feet below sea level. No 
dehite conclusions can be drawn regarding the sizw of ore bodia 
of this type, as no others hive thus far been found within thie district. 
A detailed description of this particular ore body is given on pwes 
90-92. 

. The intenas glacial scouring to which all this district has been 
subjected bas exposed the primary om bodiw at the surface. Any 
preglacial enriohed zones or weathered parts of the lodes which may 
once have existed were removed by the glaciation, the r m c y  of 
which has, moreover, afforded little opportunity for surface dtm* 
tion of the ore deposits. Recent weathering bw extended a few 
inchas below the eurfaca and in most placw the alteration is only 
partly complete. There is t h s  no considerable leached zone in the 
upper portions of the Zodm and consequently no poetglacial enriched 
zones. Though chemical agents have altered the deposits but little, 
physical prwessea have been more active. The soft %g of tho 

, shear zones is readily removed by degmdation and the ballow 
troughs formed me tramable in many localities over considerable 
dist ancm. 

ORE m E B L 8 .  

QENEBAL FEATURES. 

The mineralogy of the ore dopmitE3 of the Ellamar district is ex- 
tremely simple. The economicdy important minerals are chiefly 
sulphides. Gold is prwent, probably native. lt has not been recog- 
nized in any of the specimens examined, but its presenm js proved 
by tbe assay returns. Silver is also reported in s m d  quantities in 
the o m ,  probably in part aaoyod with the gold. Sacondary min- 
erals are rara and of no economic importmm. 

'She minerah reported by diflerent wribm to occur in the ore 
deposits of the EUmm district are hers tabulated. The reports 
cited show that many of these m i n e d  occur in the Priuce William 
Sound region, but do not atate that they owur in the Ellamar dis- 
trict. IIowever, so f a  as the present writers me aware, any mineral 
found in the larger region may be found within the arbitrary limits 
c h m  in this report for the Ellamar district, so that dl the miner& 
mentioned in these earlier repom are here included. Those miaemIs 
which me definitely stated as found within the limits of the Eb- 
mar district as d&ed in this report have been assigned a distinct 
spbol,  (a). 
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The earlier reports contain references to the presence of marcasite, 
bornite, specularite, and gray copper ore in the ore deposits of the 
EUamar district, minerals which have not been detected in tho 
present investigation. Bornite has not been noticed by the present 
writers and i t  appears probable, since pyrrhotite is not mentioned as 
a characteristic ore mineral by the earIy writers, that this mineral was 
mistaken for bornite. Marcasite is hardly to be expected in primary 
sulphide ore deposits, such as are found in this region. I ts  presence 

Ore minerals mentioned in reports that refer to the Ellamar district. 
-- 

Native metals: 

FOB$' ................... 
Silver .................. 

Oxides: 
Cupritc 
Hematite.. 
Limonite.. 
Mapet@ Me aconltx 
Quartz ....................... 
Specularite ................... 

Sulphides: 
Amnopyrite 
Bornite.. .............. 
Chalcocite 

...... . 

0 
0 

Chalcopyrite.. -. 
C0velllte.. 
Unknown sulphide 
Galma.. 
Gray copper ore.. 
Marcasite .................... 

....................... pgrik 
Pyrrhotite 
S halerite 
st? ~bnite 
Iron and copperpyrit~s. 
Iron and copper sul- 

phides ............... 
Purple copper ore.. 

Carbonates: 
Anlrite 
Calcite ............................. 
Malachito 

Silicates: 
Asbes.ta 
Chlor~te.. 
Epidotc ...................... 

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

@ 

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

1 2 a 4 5 G 7 8 9 1 0 1 1 1 2  ------------ 
0 
0 

0 

0 

NOTE.-Minerals reported to occur in the ore deposits of the Ellamar district indicated by a. . Minerals 
mentioned,% found m tho Prince William Sound region but not dofinitely statxd as wcurrrng in the 
Ellamar drstrict indicated hv 0 

1. Schrader F. C. Report'on Prince William Sound and the Copper River region, in "Maps and descri 
tions of rout& of ex' loration in Alaska in 1898, with gencnl information concerning the territory," U. EI 
G ~ I .  ~urvcy  ia?pub. pp. 51-63 1 w .  

2. & h * b r T ~ .  A rkconnaissah of part of P r i m  William Sound and the Copper River district, 
. Alaska m 1ds:  U. d. Geol. Survey Twrntlcth Ann. Rn t , pt 7, pp. 347-123,1'J00. 

3. fdmder, F. C., and R ncer, A. C., ?he geology and'iincial rcw-3 of a portion of the copper ~ i v e r  
district 4lsska: U. S. ~co!?~urvey spcral pub. 1901. 

4. ~ & i m n  B K. General geology: Alwka kaol. 4 IIarriman Alaska Expedition p 11-56 1904. 
5. Palache, hhh;irlc& Notes on the minerals cbllecteh: Alaska, vol. 4, Harnmsn ALE ~x&dilion, pp. 

9146 1 W .  
6. Orant, U. S. Copper and other mineral resources of Prince William Sound: U. S. Geol. Survey Bull. 

78-87 I&. '? %ant, d. S. and Higgins, D. F., jr., Copper mbing and prospecting on Prince William Sound: U. S. 
Geol. Survey ~ u i l .  379, pp. 87-90 1909 

8. Stevem Blarney, Prince ~ h l i a k  Sound, its geology and mineralogy: Northwest Min. Jour., vol. $ 
pp. 3-(; 1 m I  

9. I?. S., Copper deposits of Prince William Sound, Alaska: Min. and Sci. Press, vol. 100, pp. W 
Cl 1910. 

10. Grant, U. 8. and FIiggins, D. F., Reconnaiwncc of the gcology and mineral resources of Prince 
William Sound A k a :  U. 8. Geol. Surv~y  Bull. 417 1910. 

11 Cap s.k. and Johnson, B. L., Mineral de&its of the Elkmar district: U. 8. Gcol. Survey Bull. 
542,p9. &?24,19i3. 

12. Capps, S. R., and Johnson, B. L., this report. 
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e m  not ho considernd ns proved. No mineral recopizable as ~ u c h  
was seen during recent examinations. Specularite nnd gay  copper 
ore have not heen observed. 
The mcompmying table gives, in alphab~.tic order, the minerah 

recognized in the ores of the Ellamar region by t,he preaent writmen. 
Ody those miner& are listed which constitute or accompany thc ore 
deposits. The original constituents of the w d  rocks whch havo not 
been affected by the mineralizing solutions are not included. 

M i m b  ocmmW%ng in tlae ore d e p d b  of the E l k  diah'ct, 

It i4 possible &o to m ~ k e  a g~net io  clas~jfic~tion of Ithe minerals 
that occur in the doposits of tho EUamar district. Certain minerah ' 

existed originally in the sedimontnry rocks of the region. Others 
were introduced or developed by metamorphism during the extru- 
sion of tho hasic lavag, Other minerah wero contnined in thme 
lavas. Cartain minmnls wnro de~rsloped during the subsequent 
intome deformation of both sodirnentary and ignoous rocks. The 
ore-bearing solutions introduced or formed dill othera, and recent 
weathering (oxid &ti on) has resulted in the slight de~elopment of 
minorals characteristic of that condition. Tabulated, this distinc- 
tion can he shorn thus: 

M-. 

kmmqyrb.. ....... 
A d b  .............. 
cacita.. ............. 
Chslrnp~~Ite. .  ...... 
Chlorite .............. 
bppr. ........... ... 
Rpl o t a  .....-,...... 
Qakna... ............ 
Oold.. ............... 
Ijimonit& ......... ... 
Malwhtte ............ 
Pyr l t~  ............. ... 
Tyrrhotite.. ......... 
Yriaru. .............. ............... Silver. 
8 halerit& ........... ... ~ ~ n k n o w n ~ d e  

&re minersls: 
1. OrigiRal in  the eedimentary rock. 
2. De\,elopod by metamorphism by lama. 
3. ConntituentA of Iavm and later sediments. 
4. Minerals dcvelopotl during deformation of region. 

Ore minemb and later: 
5. Minerals introrluced by ombesuing ~olutioris. 
I. Oxidation p d u c h  ( m d a r y  from ore minerals). 

oocumm. 

FeAsR.. .............. 
a G O & C a ( O m  ..... 
NO&... ........*.... 
Cur& ............. .. 
ComplrxhydrwssIU- 

mre of le, Yg, and 
,<I. 

CU .................... 
Complcx hpdtova eflI- 

cam of Ca, A], and 
Fe. 

PbR ................. .. 
Au .................... 
2Fe&SKtO ...... .... 
CnCq.Cn(OHk.  ...... 
Fe% ............... ... 
FeS(s)r ............... 
SlOn ................... .................... b p  ............ Zn(FelR.. 
Proha ly an isomor- 

phous mixture of 
cowllitaandpyrrhp 
t lb .  (BBO p p . W . )  

hlncipnl copper-hcnrinp ~nlneral of the ores. 
Altention prwiuct of ~n.lncrnlq olwull rock of ore b d h  

Oxldatitm prdaet ot coppor mb?&of am. 
A gmgue mttiernl in aonlo of tbn orw. 

One of the miphidm ot the o m .  Not varg mmmtm. 
M o t  in most o? thc I l s ~ t l o n s h ~ p u ~ m w ~  
OzIdntion prvlllrl of iron minemls 
Uulflmf loo p r o l ~ r r t o t  the r o p p r  atllpWclm. 
A l r ~ ~ ~ l ~ l n n t  ore 111hltm1 RE .wrr~c ~ta~wts. 
Alr~inrlnr~t oro mIrwrnl nt most [~ro*p~cL?. 
tionmls 11 i incd  01 rlbr orrr;. 
I'rr\%onm In 0rr.9 hhown I+ map. 
A ro~!ulion om rr1lnrr.11. 
In'l~r,!rr~ly wsrnhI.bt~-! with ~halco mlin at Thrssman 

. V I J T J I I ~ ~  (b ' S  TIIIIIP  DB h n d l ~ ~ k ~ l  %by. 
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Only the last two subdivisions are consided in this on tho 
m i n e d  m u r c e s  of the Ellamar district, The minerals introdnccrl 
by the ore-bearing solutions or deve.l.loped by the interaction of these 
mIu tions with the country rock are refemed to thmugbotlt this rsport 

the primary ore miner&. They &re : 
Native metals: 

Gold, mlver. 
Oxide: 
ad. 

Elulphidea: 
dmenopfite, chaIcapytite. galena, 

pyrite, pyrrhotite, sphaleriC, nn 
undetermined mlphide. 

Carbonate: 
calcite. 

Bilicates: 
Ghlorik, opidote. 

A series ai polished specimens of tho copper or& of the Ellamar 
district wereexamined by reflected light with a rnotdlographic rnicro- 
scope. The following primary sulphide rnfnortllq were recognized: 
IThaZmpyrite, p_arhotite, pprit., sphnterito, and an uadctennined pale 
brass-yellow mlphide, which from qunli tativo chemic~l Mts is appar- 
ently a copper-iron slrlphid~ with a low rapper content. Specks of 
a bright reRecting mineral (poesibly gnlsna) nppear in some of the 
sections. 

The order of deposition of the various alphides is well brought out 
by this metallogr~~hic, study, Pyrite, whero present, wns invariably 
the first mineral to be d e p i k d .  This was true in dl sections in 
which pyrite was pisible. It was followed later by the deposition of 
the other ~ulphides, which in mmt places appear to hwve been de 
posited contemporaneously. At the Ellamtlr f i e ,  however, tiny 
veinlets of chalcopyrite with rt littlo sph~lorite cut emlier sphderite, 
In the ore from the mine of tho Thr~emnn Mining Co. on Landlocked 
Bay a shghtly difleront order of deposition occuw, contemporaneous 
chalcopyrite, gnlrna, and an unknown stilphide, which are definitely 
later than the pyml~otitc in the ore. T h o  chnlcopyrita ttnd the 
unknown sulphidc occur intirnntclj* Entergrown. In polished speci- 
mena from the old Alagkn Comrncrcinl Co.'s property a Gtde arsens 
pyrite is prosent and sppcnrs to have bepn the first sulphide to form. 
No pyrite wra4 seen in llla specimen or this ore which was examined. 

Naturally most interoat attnclies in an investigation of this sort, t o  
the occmence of the economically important metals, which are 

The secondary minerals, or those dev~lopad hy surficid oxidation 
of the primmy ora minerah are: 
Native metah: 

&PF- 
Oxide: 

Lmonik. 

Sulphide: 
Chalcdcit~?. 

Carbonate#: 
Mnlachite, ai~ri te. 
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Q#EBIW OF THE OREB. 

VALUE AND SOOPE OF THE DTSCUShION. 

The question of the genesis of the ores of any district ia of much 
pmctid importance in any careful estimate of the f u t m  of that 
district, in the determination of the most economic mining and 
metallwgic treatment of the oras, and in ascertaining those parts 
of the district in which prospecting would most likdy yidd favorable 
d h .  For theso r w n s  certain generalizatiom na to the genesia 
of the ores of the Ellamar district, in accord with the presont knowl- 
edge of the scianco of ore deposition, are here drawn from tho obser- 
vations recorded in the preceding pages regarding the character and 
occumenca of tho metallic ares of this &trick. 

It should bo pointed out fmt that the Ellamar district is but a 
small part of a much larger area (the Prince William Sonnd rcgicm) 
in wbich similar moonditiana of mineralization exist. Any broad gen- 
eral lam applicable to the entire area should bo based on principles 
of wicla application, and the p-es tslsiq plam in accordance with 
these general Pam ahodd yield results of common occurrence. The 
b m ~ d  reletions shown by general l a m  ahould serve, rts Umpleby 
hm ~ q g e s t e d ,  as primary contml in the interpretation of l o d  detailed 
obsem.~stionn. Gonverscly, the facts g~thered regarding the minerd d e  
~ i h  of one pwt of R large rninedzed area should fit in a broad gen- 
erd pnetic d ~ ~ i f i r ~ t i o n  of the mineral deposits of the wholo +on. 

The v i e m  of previous wrikrs regarcling the genesia of these ores 
are given elsewharo in this rcprt .  Basic igneous rocks have here& 
fore been prmumed to have something to do with the formation of 
the ore deposits. Ths pmmt writem, in a m n t  publication of the 
Unifxd States h l o g i c d  Sum-rroy,a suggested a possible genetic origin 
for the o m  of the EUnmar diskfict considerably at varjancb with 
t h m  of earlier invecrtigators. The conclusions there presented are 
here discumd in soma detail and it L bclieved that they present 
the most logical explanation of the distribution and occurrence of 
the orea of the Ellamar district yet prmentecl. It further appoam 
that the mndnaions aro applicable not only tr, tho Ellamar district 
but to most, if not all, of tho mineral d o p i t a  of the entire Prince 
William Sound region. 

]PERIODS OF m L I Z A T I O N  1N PRINOE WILLIAM BOUND REGION. 

Many of the ore depmita of tho P h o e  William Sound and adjacent 
regions have bean examined in more or lem detail. The association 
of primary minerals in the ores of the various districb included in 
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formstion of the ore body. Though no other gradational examples 
are yet known, it appeam reasonable to  pmumtl, in the ahence. of 
contdctorg evidence, that many if not all of the gold quarhz and 
Goppcr l o d e  of the region with similar rninord assodationa were 
deposited from similar solutions at approximately tho same time, 
and bhat therefore but one distinct period of primary mineraliza- 
tion existed in tho Prince William Sound region. 

UEPOBITION OF THE ORES. 

It bas been pointed out that there is apparently but onn g~naral 
period of minernlizrttion. It  ha^ also heen stated that tho solphides 
occur mest trbundantly in shear zones with but 1itt.la quartz, whewaa 
the quartz veins fill open h u r e s  and carry but few sulphidcs. 
Gradations exist from on0 tape to the other. The shear zonm occur 
in both sedimm~ntary and hmic ign~ous wh, but the sulphide ore 
bodies are by far the most common in shear zones in the greenstones, 
The quartz  vein^, 80 far ria observed, show no preference for any 
particular t ype  of rock. Tho data at hand seem ta indicate that at 
the time of metallization thr: dcan+ut fractures in- all types of rocks 
were Med with quartz nnd minor mounts of sulphides, and that 
the shear zones in gwsnstonrs find in certain types of sedimentary 
rocb (Emeatones at Ellrrmnr) wrre impregnated with and replaced 
by an abundance of sulphidm and little quartz. The character of 
the camtry rock appears to have hnd considerable effect on t h ~  
deposition of the ore minernls in thn ~lhaar zontts. 
The cmsm which mnlted in these peculiarities of distribution of 

the ores appear to have been pnrtly physical and partly che.mica1. 
As will be shown Eater, the mineralization was modw~ttely deep 
seat-ed and it is known to have had n rangr of at least 3,000 feet. No 
marked diflerencea in characbriatics duo to nlevaf,ion have bepn 
obsemed in daposits situated in different portions of this rmtnge. 
Presumably there was little vmiation in temporatme and p r a m  
throughout the present known vehcal extent of mjnaraIization dur- 
ing tho deposition of the ores. 
The principal physical factor involved appears to have been the 

degree of comminution of the materinl of the shear zonm previous to 
the metallization. All gradations from finely crushed to ,mnssive 
rock occur. Other things being equal, the not too finely pulverized 
material appears to have been the most favorable for the sulphido 
deposition, the crushed and s h a t k d  rocks exposing far greatrr sur- 
faces, in proportion to t,heir mass, ta the chemical attack of the 
metdizing solutions than was afforded by the l a  shattered, more 
w s i v o  mck. Cdnsoquentl y , when other conditions were f avnrablo 
theso shattered portions were replaced by the ore minerals with much 
greater roadinm than the more massive mek. 
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ks to the depth below the surface at which the deposition of tbe 
ore minerals took place, there is no positive direct evidence available 
on account of lack of data rts to the extent of erosion of the overlying 
rock masses subsequent to the ore deposition. There is, however, 
the evidence furnirj;hed by the mineral ansociation, which is that 
characteristic of ore bod& of d e e p a m  origin depdted under 
conditions of moderately high temperature and p m u m  and st a 
depth below the surface of several thousand feet &s a minimusu.1 

The minard association in the different types of ore is practically 
the ssme, but a marked dBeirenee exists in the relative proportion of 
the minerals p m t .  The principal gangue minerd of the veins is 
quartz, whereas in the shear+one deposits quartz is not at all abun- 
dant. This mineral is usually assumed to exist in natural waters in 
the w o i d d  state, m d  it is possible that the h a l y  crushed materid 
of the shear zonm acted as a semipermeable mmbmna and did not 
admiit the colloidal silica but permitted the passage of the ~dphides 
in solution through the cmhed material, where they were deposited w 
a replacement of the cmhed mck and a cement to tiny fractures. 
In open h u m  this condition did not exist and tbtl silica was depos- 
ited th9 quartz. It is &1SO p e b l s  that mme of the quwz  now N h g  
the h u r e s  is silica set free during the alteration of the materid of the 
shear ZOU8 by the metdhhg solutions and carried out and deposited 
in the fractur~. 

The quartz lodesl are undoubtedly the of open frmtum by 
deposition of the gangue and ore minerals from aqueous solutions. 
The field evidence and that furnished by thin sections of the ores 
prow that ore; deposita of the shear-zone type (sdphide ore bodies) 
were formed partly by the replacement of xonm of sheetad md crushed 
rocks and partly by the ming of many tiny fractures in &nutely 
shattered rock. 
The field evidence of replacement consists of- 
1. The absence of comb structure or vugs in any of the shear-zone 

deposits. 
2. Inclosed homes of country rock-unreplwed  remnant^ of the 

o r i g d  country rock-within the lodes. These are not fragment64 of 
rocka broken off and inclmed in the ore as it was deposited. 

3. Gmdud transitions h slightly minerti l id country rack to 
rnwm of d i d  aulphidw. 

4. ~etsntion' of tr- of original structure, such ns banding or 
shearing, of the shear zones, in the ore. 

5. ParaUelism of the ore banding in places to the ahear-zone walls. 
6. Numerous u n r e p l d  s m d  mwes of the m h e d  rock of the 

 hear zone in masses of newly solid sulphide ore, giving rise to a 

ILhldgm, Wld-, The datlon we depositIm ta pbysld cmtdithm E m  Qeolosy, rol. 2, 
pp. 1[L5-121,1807. 
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spotted ore seen in many of the greenstone shaar-zona ore deposite. 
Pmnce  of partly replaced, undigested frqments of country rock. 

7. The he-grained chmthcter of the sulphides. 
8: Abence of c r p t d s  of any of the sulphides except pyritn, which 

in a few specimens shows crystallized form. 
9. Difficulty of open spaces of the size of the massive pyrite lens of 

tho Ellamar mine forming or keeping open long anongh for the ores 
te havc been deposited under the deep-seated conditions existing at 
the t h o  of their deposition. 
In many of tho deposib in rocks auch ns graywackes, which were 

compar~tively unattackable by the meWzing solutions, the numer- 
ous fractures and joints iormed in the rocks during the development 
of the shear zone are ccrnented together by deposition of solid sul- 
phides with no replacornc~~t of the wall mc.k. Numerous tiny open- 
ings in the shewed mnhrial wem probably also 6Ued by depi t ion  
of tho sulphidos in ~ r n d  ope11 spacw, but the main features of tho 
deposita appuar to bo duo chiofly to a mplaccment of the sheared 
rocks, whero these comiet of greenston- or limestones. 

Microscopic oxamhation mrrohoratm the iidd cvidmco that most 
of the sulphide o m  havo originated through replacement. Under 
the microscope the replttcemcnt of the dark limestone of the Ellamar 
mine by pynte is clcmly ahown and also n partial rocrystdlizntion of 
tho he-grained limestone to & coarser-pinod nggregato of dark cd-  
cib .  Strain strj&tions show on much of this dnrk-colored calcite, 
which, together with tho shattered pyrita, is cut by small seams of 
later white calcite carrying tho other !rsulphidm. The lahr ~ulphides e 

also replace portions of the country rock left  unrcplwed by tho pyrito, 
as well as s portion of tho pyrite. The dark ant1 light cdcito  how 
in mang. spimem from the massive pyrite lens as well t t ~ l  from other 
parts of this ore body. Most of the original fme-grainod dark limo- 
stone, however, Psppeara So have been completely replacad or recry* 
t d i z e d .  Tho replacement by pyrite of certain thin parallol beds in 
dwk-banded @tic r~cks, the major portion of which is unfavor- 
able to replacement, is also seen in some specimens from the ElImar 
ore body. R.eplacemanrts of calcite (apparently recrystallized Iima- 
sbnss) by aulphides are found in other depmita of the district, includ- 
ing eome in grwns&ne shear zonw, and it is probabIe that mme of the 
dimenta interbedded with the greenstones and involvd with them 
in the fo Idq  md s h e w  were calcsseous, Simjlar interbedded 
limcstonca and greenstunes occur in tha less deformed and ammineral- 
ized portion of the district. 
The greenstones alter under deepwated conditioas with grmtar 

w e  than do the datsa and gaywackea of either the Valdez or Orca 
groups, which is well illustrated by the comps~ativdy fresh condi- 
tion of tho conatituontg of tho sedimentary rocks, wher;eas much of 
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the greenstone hss undergone an appreciable amount of alteratmion, 
especially in the vicinity of the ora deposits. This is ospacially 
evident on miomcopic examination of thin sectiom of the socks, 
ha6 i t  is also indicated in the field by the greater inton~ity of $ha 
green color in the more highly altered rocks, owing to the dewlop- 
ment of chlorite during the procesa of alteration. Tkis ~ o d i l y  a1 torn- 
bla state is indicative of the existence in these basic igneow rocks of 
minerah that are unstable in the presence of metallizing solutions. 
SliRw of sheared and mineralized greenstones shower1 the introduc- 
tion of apidote, quartz, and sulphidoa after the development of the 
schistmity. In some places veinleta of these minerals crosscut t.he 
schistme structure, but in generd, however, the metalWi solu- 
tions appear to have followed along the schistosity, which probably 
yielded easy pwago for them. Chlorite and ta little wlcite are the 
chiof secondary mjnarah in the altered rock. Comparatively littIe 
aericite Ea soen. Tho relationship of the mlcite indicata that it is a 
reorystdization of an orignal b w b n e .  Limestones interbsdded 
with greenstones and which wore later involved in the shearing have 
been observed in other places, and some if not much of the mIphide 
deposition in these p c n s h n e  shew zonm is probably due to the 
calcareous natm of these included sediments. 

The chemical character of tke ore-bearing solutions ia indicated 
by the mineral composition of the oras doposihd and the alter* 
t iom of the rack that wore effected by tho metallizing solutions. 
The association of primary minerals in the oroa of the Ellamar dis- 
tricbnsmely, chalcoppte, pyrrha tite, pyri to, sphalerite, arsenopy- 
rik, galena, gold, silver, an mdotmnined mineral that is apparently a 
copper-iron sulphide, quartz, calcite, and epidote-is that character- 
istic of primary ore bodies of doepaeatad origin1 doposited hy alka- 
h e  solutionsa under conditions of moderately high temporm~ture and 
preswe. Such hot alkalime solutiona am usually a~conding watem. 
The rock alterations are correspondingly charm toristic. 

C O U E ~ E  OF THE OaE BOLUTfONB. 

Channels were necessary for the passage of tho minoratzing solu- 
tions. The deformation of the arm, already roferrod to (pp. 62-64), 
resulted in numerous faults and shear zones. Open 6 ~ u r e . s  were 
rarely formed, probably because the reverse typo of faulting (corn- 

4 L h d m ,  Wddwner, The rihtlon of om depoaith to pby#M aondltiow: F m  Wlogy, ooF.2, pp. 
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pression 'faulting), of which the bmt axample is the hndlmk over- 
thrust, is predominant in tho area. The shear zones and faults fur- 
nished chlannels for thc circulating mineral-bearing solutions, which 
appmr to hnvo circulated in them and to h n ~ e  penetrated but slightly 
into the rnwsi~fi rocks, !lhe layer faults were naturally the main 
pnwageways for thmo WR~QIX, wh~ch appear to h s e  risen principally 
along tho I~nrllock overLhru~t and the large faults associated with 
it and circulat,d through the shattered rocks bordering the thrust 
plano of this great fault. Since many of these faults and shear zones 
cut ~dimentnry rocks a~ well as the greenston= tho solutions pnssed 
through crushed and shatt,ernd rocks of both types. They also cir- 
d a t e d  in a few open fissures ~s well as fltered through the crushed 
rnnferial of numomus shenr zones. 

ROURCE OF TILE METALLIZING SOLUTIONS. 

It h a  been shown that there was but one gansral period of metal- 
lization and it d bo ahown ltbter that this one period of metalha- 
tion oC the Prince William Sound region took place subs8q~ont to the 
gsanitio intrusion in that region. 1Zs noted previously, the minerah- 
ing a g e n ~  woro probably heated aqueous solutiom of an alkaline 
~hmactm carrying di~solvod motals and gases. The ore-boaring 
solution waa possibly oithcr meteoric water heated by the granitic 
intrusions, magmatic water gonotically rclatcd to the granites, or a 
rnixturo of both. Tho view is cornmonlp acrxpted, howevcr, that 
int,ru~ive rocks aro oausativdy rdntcd to the deposition of or=, 
oapocially of oms of tho precious metals. The similarity of the 
minerd association ovar broad aroas in this part of Mmka points to 
an exhneivo common gourco of the 0 r ~ 9  ~ n d  oro-bearing solutions, 
one capable of generating ~olutions with grcat similarity of compo- 
si tion over a 1nrg.o ares. Tt should ho noted that the Prince WiIliam 
Sound region lice within tho prohrthle linear oxtension of tho late 
Jinsozroir, petrographic and motnllognnotic provjncw of the Pacific 
coast of North America, bhnt the ore rloposits of the Prince William 
Sound mgion aro simil~r to thosc of that province, and that the 
geologis history of the region is very sirnil~r to thrrt of southanstem 
rtZaskn and California during l a b  llesozoic time. This ~ b 9  st.atcd by 
Spencer,' in 8 discussion of t.he possible mrrgmat.ia origin of the 
min-forming waten of southeastcm Nmka, vaq a4 f o l l o ~ ~ :  

(1) I n h m  folding and metamorphiam followed the depition of dmta which 
pleohtaniata are either r~ppcrmomt Ju-c or Fowcut Cmtaceoua (3Iaripmn bede 
of California); (2) intmRion of granitic rocks (mainIg pnadiorite and dioritc) WCOIIL- 

panid the later BtryFes of foldinp. nr rIwl>. followd the pliration and metamorphiam; 
(3) nfter the intrudtd mks had mlidifid, both they and the inching formations were 
--AT-- 

1 -, A. C.. T l t u m ~ ~ l l f .  or lgh af ve in-ming  -tars in w t h m  A b b  Am. -. Mm. 
Eq. Trens., wl. 38, pp. 3o+3u, 1%. 



stone by &emicd activity during the shewing, d d d  by a moderate 
supply of rock moisture, it would naturally follow that tho ot'hor 
metals wem derived from the penstone also during this met* 
marphism. Shemed grcenstonw occur in the Prince William Sound 
region, howev~r, without ~wociated copper or other minerd deposits. . 
Moreover, the dovdopmcnt of the schistosity in the ores is shown 
under the microscopa to be definitely earlier than the metallization. 
This later introduction of tho ore minernls was presumebbly, as hm 
been shown, by heatad dkdinn solutions. 
The possibility exists thrrt ttheso heated nlkaline solutions leached 

the metallic mineral conbnt from Ihe grecnshnm and concentrated 
it in the p r e n t  ore bodiea. ' n o  ndoquncy of this leaching prows to 
perform this operation under dcop-rsowted conditions, granting a SUE- 
cient metdic content in tho rock, is questioned by the writers. 
Serious doubts have been cast upon its efficacy in general by recent 
writers, principally Kemp. It is believer1 that undue importance: is 
attwhed to the possibility of thc  formation of om bodics of the types . 

undor consideration by this proccsa of leaching. Kith weII-defined 
channch open for the paS8ago of thc metallizing solutions, it dow 
not appear that they would penetrate tho rnwsive country rock in 
sufficient quantities to abstract any 1 q e  portion of its metdic con- 
hnt. The leaching process, moreover, faih to account for tllose ore 
dnpmih that are in no way associated with the penstones, snd some 
of which are thousands of feet away. No original copper-bearing 
minerals have been obcrved in the undtored gecnst,ones of the area , 

or in tha much dtemd greenstan- away from tho ore doposita. This 
is tmo of othw regions also. Chemical analysis shows a s m d  copper 
content in most bwic igneous rocks, but as petrographic soarch fails 
ta show it the usual presumption is that the minerd is prcsent as a 
copper silicate. Microscopic evidenca in all ore &nd greenstone s e e  
tion9 examined in t,he Ellamar district indicates an introduction of 
tho om minerds into thc M C ~  mass, and not a transference from one 
placa ta another within tho m k  mass. 

T h e  marked association of most of the sulphide ore deposits with 
the greenstone appoars best explained by the more ready replaee- 
ability of the crushad filling of tho greonst,ons shear zones, and in some 
places the involved interhoddrtl limmbncs, than that of most of the 
~odimentary beds. Irnpuro lirnasbno strata occur in the h a  group 
but are comparatively scarcc, and at only a few places have they 
baen favorably aituated for mineralization, whereas tba matar 
abundance of greanstone offered relatively g~eater opportunity far 
deformation and subsequent rninernlizat.ion. 

The assumption hns been made that tho orebearing solutions were 
magmatic wahm which dorivod their motafic content from igaeow 

P8873'-Bnll. w - 1 5 a  
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copper, silver, mil gold. Ono of the results of this invsstigation haa 
been to show that the copper omum apparently as d&te mineral, 
chiefly chdm-ppite, and not chemicdy cornbindwith pyrite. This 
agrem with the conclusions of S i m p n  on the copper ores of Butte, 
Mont ., and with Finlsyson ' on the pyritic dnpmi ts of Huclva, Spain. 

The pyrite, under the metallographic micnmcops, is shown defi- 
nitely to be of a slightly e d e r  generation, cut and replacad by the 
lakc chdrflpyrik. The massive p-vrite lens of the Efiamar mine 
shows very litt.10 copper content in assays. Metallographic examl-. 
nntions nf this pyritic ore invariably show the copper contant to be 
contain4 in tho later chalcopyrite. Qualitative tasts on rr, pale 
brass-ycllow sulphide intimately associated with the chalcopyrite at 
tho rnino of the Threeman Mining Co., on Landrocked bay,  show that 
this mineral has apparently a low copper content. A careful dew- 
mination of this mineral is being made. (See pp. 95-96,) No other 
primary copper-bearing minerals me found in the oras and no evi- 
dances of any copper silicatea were wen in any of the o m  or m c h  
examined in the Fllam~r diakrict. 

Gold has not been obsemed in any of the specimens examined, Its 
presence in both copper and gold ores of the district, however, is 
amply proved by the results of aseap. The 33lltmnar mine, formerly 
chieff y a copper producer, hlta in recent years produced large qurrn- 
tities of gold. ' This matd is slso found in the Threeman ore. Though 
it is not definikly known that the gold mmm native, no tduridos or 
other gold minerals fire known to occur in this district, m d  by analagy 
i t  is pmumed, until further ovidence is produced, that here, as in 
other parts of the Pacific mast region where similax ganetic relation- 
ships exist, the gold occurs native. 
, Assay returns ahow the prssence of silver in the gold and copper ores 
of the Ellamar district, but the metal has not been seen in any speci- 
men examined. Inasmuch as dl lode gold rmxtajns some alloyed 
silver, a part at least of tho silvor in tha orw of the Ellamar district is 
presumed to occur suoyad with the gold of the lodes. No silver 
minerals ham been found in this district. 

Secondary copper minerals me of little importance in this district. 
Gmsn malachite stains are visible at  mmy pmpects, and here and 
there murite, the blue mpper carbonah, is seen. Small flakes of 
nativo copper have been found in .the weatherad outcrop of the cop- 
par l o d ~  on the property of the Threeman Mining Co. and on the 
pros pact,^ of L. P. M. Fdck, on Landlocked Ray, 
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m@ng from pnim to dioriw ill composition. Rmka of tho &me varietiee and of 
appmximnteIy tho same ago of intn~sion are found in the htbolithe of tbe Tdkeetna 
Mountains, north of Cook Inlet. 

It appkars altogcthor probable that t h ~  granitic intrusives of 
Prince William Sound and vicinity are s d e r  s t o c M ~ h ~ t s  of 
this same great Mwzoic hatl~ohth. 

It will be shorn b l o w  that the mehlbzation followed t h e  in- 
trusions. F h e r ,  none of tho known Tertiary roch of thia part 
of Alaska show the char~cteriatic type of minerdkation exhibited 
by the rocks of Prlnce Wfiinm Sound. This would seem to roatrictt 
the mineraking period to that portion of the Mesozoic era between 
the intrusion of the granlh and tho beginning of Tert.iary tima, and 
since a closo relationship exists in general between intmivea and oro 
deposits it is prob~ble that the mineralization closely followed the 

intrusions. 

RELATION OF THE ORE DEPOBITS TO INTRUSIVE IZOOK8. 

The field work of 1912 suggeted that the minerdzing solutions 
wore of magmatic origin and probably circulated shortly after the 
intrusion of the granitic rocks of tho Princa William Sound region. 
The writam were unable to substantiate this sugwtion that season 
on acmunt, of the small portion of tho Prince William Sound region 
examined and tho lack of granitic intrusivcs closely associated with 
the om deposits of tho E11amnr district. In 1913 B. L. J o b o n ,  
during monaaimtanca work in other parts of tho Prince William 
Sound region, obtnined definite proof that tho metallization is lator 
thm the granite intrusions. 

It should be emphnsizcd llcsa that the Ellamar district is but a 
small portion of the much larger Prince Wfiam Sound mineral belt 
and that, so far m present investigations have been canied on, the 
gcnotic relations of the ore depnsits were practically identical through- 
out this whole belt. Ganerd conclusiorrs drawn from the study of 
the district a/s a whole should thcrcforo, if correct, be applicable ta 
any of tho smaller districts, in any ono of which certain necessary 
steps in t l~e genetic history of the oro doposits may appear to be 
l ~ ~ .  . 

Nvrnerous s m d  bodies of granitic material, conveniently referred 
ta as subordinate or "cupola" stacks of sn underlying granitic 
batholith, dot tho inncr or landward shorn of Prince Wdiam Sound. 
Tho character and mode of occurrence of these igneous masses have 
been described by Grant and Higins.' Ono luge granitic mass 
form9 tha e w t n n ~  shorn of Wc~Tls Bay in the northam part of Prince 
William Sound. On Ccdar Bag, an nrm uf WaUa Bay extending up -- - -- 

1 G m t ,  U. 8., and nlgdnr. D. F., Recnnnai.rrsncs of thm gaol& nnd mineral m o m o a  of Prlnce William 
Bound, Ahshx U. 8. Owl. B w e y  nulI.443,pp.93-jr), lQl0. 
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into this gr~nitic area, an extensive sheeted zone in tho gr~nih hm 
suffered later hydrothermal dterat,ion accompanied by the doposition 
of abundant pyrite, sphalerite, and chalcopyrite, 

Numcrous acidic dikes are associated with t.he granitic stocks of 
the Princa William Sound region. Certain of thme dikw in the 
Port Wcll3 and Seward-Sunrise dirsfzicta have ham fractured and 
mineralized subsequent to their intrusion. Similar conditions prob- 
ably exist in other parts of the m c e  William Sound. A granitic 
stock cut by gold-be- quartz veins is reported in one of the 
nunataks of tho Columbia Glacier. 

It has already been sugg&ed that tho gold and copper deposits 
of the Prince William Sound region prmumably had a .common 
origin and that w i t . b  this region but one general period of mineral- 
ization hns been recognized. It has just been ahown that in several 
parts of the Prince William Somd region this minnralization took 
place subsequent to tho granitic intrusion. Pmum&bly these con- 
ditions held aver tho entire region and the wm of the Ellarnar dig- 
t r i c t  are therefore considcred to  havo b ~ e n  deposited fit the same 
time as those in other portions of tho sound, and Iike them subs* 
quent to the intrusion of the granite ~tocks of Princo William Sound. 

EELAlTOPF OF TEE MINERAL DEPOSITB OF THE ELLAMAR DlBTrtIUl' TO 

METALLOUENETIC EPOCIIB AND PROVJNUEB. 

The recurrence of metdogenetic epmhs at different poriods in the 
geologic history of tho North American continent has been pointed 
out by Lindgren,' who has subdivided the complex metallogenetic 
his tory of the Cordilleran region of North America inta seven epochs, 
namely, (1) pdambrian,  (2) carly Mmozoic, (3) lsts Mesozoic, 
(4) early Tertiary, ( 5 )  late Tcrtisrp, (6) post-Plioecno, a.nd (7) Cre- 
taceous or Jater epochs of copper concentration in sedimentary rocks. 

The two Mesozoic epochs aro described as follows: 
X?M m f y  Mesozdc e p ~ . - S o m e t i m e  during the Triaesic an q m h  OF in- i g n e w a  

activity bogan and continued throu~h tllc J u d c c .  RaRic lavw, mainly of the t?rpes 

of diahws and andemks, wem enpted, largely as volranic flows, from Califwnia to 
Ah&. A distinct cpoch of rnetallizatiot~, principally yielding copper d e e t a ,  
accompanied or follewecl them cniplio~~a. Wa ehall not err greatly in amribing some 
copper dcpdtaof California and Uritinh Columhia to this the sccond motallogenctic 
spacb. definitely rccclq~lizctl on the Piwific coaet. 

The late M e a h  epoch,--Tha third and most important epmh followed tba intru- 
eiona of the peat bathvliths of tho P~ciilc cowt to which an early Cmtaceoua iR 
gen-lly amigned. Thesc intrusions of intermediate quartz moneonitic w granodio. 
ritic character took p l w ~  E L ~ O ~  a wale difficult to grasp in i~imnaekty. T h e  present 
expoeuree show two main granitic UWSW, p k b l y  connected beneath the Tertiary 

I Lmgrm, Wdd-, M M l m  mpabs: E m  Geology, vd. 4, pp. 4os-11XI, 1DaB; C d l a a  Mh. 
J~V.,VOI.W, p p . m ~ ,  I ~ I ;  ~ln.  w d ,  ~ d .  m, pp. ~ u l - 1 1 %  1~09; mh MIU. IML JW.,YOI. la, 
pp. 1C&lD, fB10. 
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I Lmgrm, Wdd-, M M l m  mpabs: E m  Geology, vd. 4, pp. 4os-11XI, 1DaB; C d l a a  Mh. 
J~V.,VOI.W, p p . m ~ ,  I ~ I ;  ~ln.  w d ,  ~ d .  m, pp. ~ u l - 1 1 %  1~09; mh MIU. IML JW.,YOI. la, 
pp. 1C&lD, fB10. 
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lam. The amthem batholith extends through Califnrnia, the nwthem bnthdith 
dmtche~ fmm W d i n g b n  up though BBritieh Columbin to Alaeks. Another 8maller 

now occupim the central part of Idaho. Jnnumerabla intnieiws of 1- volume 
broke tbm& the crmt in mnthern Califon&, muthrm Atizonn, wesfem Nevada, 
m n ,  and elsewhere, T h e  age of the batholith of wosism Montana is mmewhat in 
doubt, it may belong to a later epoch. But tbro~~~hout. this rcvoltition and the birth 
of the mountain ranges on the COQR~, the (:mhcaous wm being quietly deposited at 
ma level all over the ea&m Cordillemn reglion, 
An epmh ot intense m e h l ~ a t i o r ~  followed them intmniom within the mas indi- 

cated. The great interior maRses of the batholiths am urnally fme from depkte, as 
&awn in the high Sierra, in the Cleatwntrr M a n ,  and in Brit,iah Columbia. But 
along their m M n a  mineral r l e p i ~ q  tormeti i r i  abundance, EM along the gold belt of 
California, and along the two rnntncts nf the b~tbolith of the Canadian and hlaakan 
coa~t  *om. The l a m  researrhea hy tho Almkan divbion of the United Sbtes 
Geol@cnl Survey indicate that the p n t  placer fipldn nf A h k s  aerived their gold 
from d e e m  of thia epwh. Gold ptimaril y and copper wondarily nra the character- 
istic metala. Along the Pacific cmt., where there is little limestono in the intruded 
wdiments, lead in practically absent, l)r~t in tho interior, as in Nevada and Idaho, 
w h m  the intnwinns rnme in contact with Pdcozuic lim-e, this metal, with zinc, 
begins to appenr. Silver i s  everywhere p w n  t, but warrely ever important, except 
where I e d  appem. Amnic and antimony me not abundmt. Mercury ie nowhem 
premnt in carnrncrrial qn8ntitim. 

The broader relationships of the Alaskan mctallifmus deposits 
have boon discus~ed by Brook9 and mom recently briefly mforrecl 
to by Butler.' 

B m h  haa shorn t h ~ t  many of tho metalliferow deposib of 
Alaska rrro of Mmosoic, we. Ha also says: " 

The time of mogt intense and widcqmnd metallization can probably be still Mher 
Zimited t o  the Jude or Crotacco~i~ and was thue synchrono~im with the minemtizec 
tion which pmduced the vnluahlc depwita of California and oi,her park of the wmfem 
Cordillera. Therelore mnat of ALaRkil's metallic d e p ~ b  belong to tho m e  metallo- 
genetic province rrs thoao of the wwtem United Btatm. 

He further stake: ' 
Tha gnld and copper depitp, of southemkn Alaska and 01 the lliamna e o n ,  the 

gold dcpoeita of tho Nizina, Yukon-Tanma, Chi~tochit~a, Yentna, Willow Creek, 
Kayuk~~k-Chandatar, Innok+lditad, and p k b l y  t h m  of Prinra William 8011nd 
and KenRi Penhsu!s, dl appear tu be fieneticnlly minted to the Mwzr~ic intnr~ve 
mkn. 

The m i a t i o n  of the cupdmus deposita of Princo William 
Saund with greemtonm and sdirnfints of the Orca group iE1 noted, 
but the statement is made in rwad to these occurrences as well aa 
certain others that "none of th&o deposih mbro h o r n  to have such 
marked association with intrusive rocks ns has been noted in the 

1 Bra&, A E., G d &  at Ah- n?&Jlllemtu !dm: It. R Cml. 8- Bun. M, pp. 48- 
93,1911. 

~ B U ~ I W ,  n. a, m: 0. B. h~. ~ m g  ~ h e d  k-, 1911, pt. I ,  p p  m, m, IOIZ idam, 
1012, pt. 1, pp. m, B1,1@18. 

1 Brwks, A. II., op. cit., p 5& 
rldem, p 
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Campwatively littlo devdopment work has been done in the 
1Ellsmrir district, excopt at tho minos now producing, since the 
region was visited by Grant and Higgins in 1909.' 

The writ.ers are indebted to  Mr. G. 1;. Midddkamp, Mr. W. A. 
Dickey, and Mr. W. A. Rystrom for inform~tion furnished and for 
permission t~ examino the workings of the mines of the EZZemar 
Mining Co., Theernan Mining Co., snd JJanrllock Bay Copper >lining 
Co., respectively. The writam' thanks arc! nlao due to 3 f ~ ~ ~ m .  
Peter Steinmetz, Guy Banta, W. I3. Hancock, nnd Georgo Wnlen- 
tine, who acted = guides and furnjshrd consideral>la informnt,ion 
regarding tho prospecb, and to Mr. Chnrles Sirn~nstRd, who supplied 
much information regarding tho Qdentl nay prospmte. The m i n a  
of the distric.t are chiefly copper prodncew, although gold and silver 
are prmcnt in the orw, and in rocent years the Ellamar mino hw 
been ehipping ore with a considcrahle gold content. Mmt of the 
prospects were located for copper, but a few aro on gold quartz 
lodm. The absence of anyone l d i a x  with the underground devd- 
oprnent at many of thl: prospects prevented as complete a study of 
the deposita as might otl~cmisn have been possible. The producing 
minm are arrang~d in order of their p~esent importance ns produemom. 
Tho proapecta nre described rrs nearly in geographic order from 
north to  ROUE^ ~9 is pomihlo. The length of descriptions boars no 
relation whetever to the rclntive values of the dinerent prospects, 

Most of tho oeonon~lc studirs w r o  mada in 1912, hut somo addi- 
tiond notes on tho larger operations in tho distr ict  woro obtained jn 
the following yew. Themfore the mining dcvelopmonh hero m- 
corded lor tho most part r~rclsent tho sbatus of affairs in the district 
at tho closo of 19P3.3 

ClOPPER M I N E B .  
. 

ELLAMAR MINE>. 

hdicm.-Tha Ellamar mino is situatnod nt the town of EDamar, 
on the east shore of Virgin Ray (sro 1'1. 1, in pocket), about 20 miles 
southwest of Vddez. The orn body outcrops on the beach between 
high and low tide marka. The workings nre on tho Copper King 
and Gladhaugh clabt~~, and the ori~nd discovery was on the end 
line between these two claimw, which wem staked along the lead. 
(See P1. X, A.) 

IZbtoy and a&-.-The Gladhaugh and Copper King dRim 
wcre located early in I897 by M. 0. Gladhaugh and C. Pchmon. 
The first shipment of ore, b l & ~  from the  out^&^ of tho oro body, 

1 Ormt,U. S., snd TIIggb ,  D. F.. RmnaIs-oi  the polwand dnedMaDurcesdPrtnee Witllarn 
Bnund, Ahka:  XI. 8. Owl. Survey Dull 41l. lern. 

9 Tha developrn~nta In the d~stnct me. mmrded la tAe r e ~ t s  imed amllslly on the lnveatlptlm or 
the mlned mums d Alsska. 
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was made late in the fall of 1900 on the stmmer R&. Two bun- 
dred and forty-eight tons of t h i ~  ~hipment was smelted at Tacoma, 
Wash. The sinking of the shaft was started in the Bummer of that 
year, about 150 feet landward from the outcrop of the ore body. 
The foUowhg year the Ellamar Mining Co. was formed. In 1902 a 
c m m t  was driven from tha shaft and the ore body was struck on the 
lO(rfoot level. In 1905 the shaft had reached a depth of 500 feet 
and the 500-foot level b d  been opened, but the ore body had not 
been struck on that level. In tho two following years development 
work was in progress on the 500 and 600 foot levels and ore was 
found on the 500-boot levd. As the ore body was not found on the 
600-foot level a raise em startcd and m intmcdiata level driven 
at 530 feet. In September, 1907, the lower end of the ore body 
was found on this intermediate level, The cofferdam was 8t-d 
In 1909 to exduda the tides from the outcrop of the ore body, so 
that the portion of the ore body between the 100-foot level and the 
surface could be removed. In 1910 the coflerdam was mmpletd, 
and between 1910 and 1913 mining was confined to that portion 
of the ore body between tho ZOO-foot level and the emface. In 1912 
the lower levels wcro flooded and the water  bod several feet deep 
on the station at the 400-foot level. In 1913 the 400-foot level was 
unwetered. Development in that year was confined to the 200, 
300, and 400 foot Icvcla and the s t o p  between these levels. The 
earlier development wm confmed to the removal of a rich capper 
shoot. In rccent years other portione of the deposit have been 
found to yield pay oro, containing gold as well as copper, and at 
prwont the entire suIphida deposit, of which the rich Gopper shoot 
formed rt s m d  part, is being mined as ore. 

The underground workings at present comprise a large glory 
hole, a 600-foot three-compartment vertical shaft, about 4,000 
feet of drift9 and c m c u t s  on cight lev&, and s t o p  between 
seveml of tho levels. The mine has been a regular producer since 
1900. 
Fpipmeat.-One 200-horsepower Geary water-tube boiler, firnd 

with crude oil, handlm all the work at the mine at preaent, but two 
70-horscpawer Brownwell tubular boilem are being installed. These 
will also be tired with oil. The plant when completed win heve 
svailablo about double the necmtarg horsepower. A 1,20&foot 
two-st,agc c~111pm~I Nordberg air compressor, operating condensing, 
installed in the spring of 1913, furnishes air for all underground 
work--rldliing machines, mine pumps, and diamond M. Uno 8 
by 24 by 121 inch Nordberg aham air wmpressor inatallod in the 
fall oi 1912 furnishes air for operating the air lift, which pump the 
seepage w ~ f o r  from the cofferdam sump. A sham heist is used for 
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hoisting ore and men from t.ha rninpl and for lowering the men to 
work. 

The plant is electric lighted, a &kilowatt g~nerator brlted to the 
~mdP compressor furnishing the lqhting current. A 400-foot Rand 
wkarn-driven compressor is held for emergency use. A small ~ t e t m  
engine furnishes auxiliary service in the machine  hop, blacksmith 
shop, etc. The mine buildings include superintendent's house, 
assayer" home, atore, office building, assay laboratory, mas  housa, 
bunk houses, machine shop, blacksmith shop,  haft house, corn- 
presssr house, ore hunkers of 2,200 tons capacity, and oil tanks. A 
28-room bunk house, capable of housing 56 men, wm eercctad in 1913. 
A small wireless plant w w  also installed in that year. A Imgo u7h~rf 

- ,A 
0 m m m -  S m m  '>,, 
I . . . . '  \>, w 

extends from the ore bunkers acmq the dory  hole and out into the 
bay. In 1913 an inclined akipwny w m  ~rected at the end of the 
wharf and ore losded direct to stramera, doing away with the old 
method of pushing crtrs from tho lorn hunkera ta the ships. An average 
of 40 men were employed about tho propnrty in 1913. 

M&d of mining a d  ore treatment.-Tho first stoping method 
used was that of shrinkage with amplo pillars at the levels. After 
these stopos were finishcrl atid the arr pul l~d,  considerable ore was 
found here and there on the sirtcw of thrsr: old u h p ~ s  and it. was taken 
out h whatsoever way or manner presented it3elf h the man in 
charge. In the summer of 1913 t,Iw mmet.hod of mining the ore was 
changed and the filling system was started. All the ore from the 
date hanging wall to the slate footwall is mined, and mucked into 
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chutes. The chubs and manways ase run up to within working 
distance of the ore and the stapes filled with slate secured by running 
waste r&m into both foot and hanging walls. The ore is trammed 
by man power to the shaft, raised by steam hoist, partly hand sorted? 
stored in the ore bunkers, and finally shipped to the Tacoma smelter. 

Geology of om My.-The ore body of the Ellamar mine lies within 
the lower series of slate and graywackes of the Orca p a p  (see P1. 
X, B),  the lithologic characteristics of which are dmcribed on page 
88. Bedrock outcrops a m  wame near the ore body. To the north, 
south, and east lie tilI-covered flats and to the west Virgin Bay. 
Along the shore at low tide a few outcrops are exposed between the 
mine and the mouth of Gladhaugh Creek. These outmops consist, 
at the northern end, of interbedded slates and graywackes-thin- 
bedded black slatea with a few thin intercalated graywacke beda up 
to 2 inches thick, from I inch to 8 inches apart. One graywacke bed has 
a thickn~ss of about 18 inches. The strike of .the bedding here was 
N. 60" W. and the dip was 50" E. At a point about halfway between 
the above outcrop and the coflerdam the thin-bedded graywmkea 
predominate and the slates are sandy. Here tho strike is N. 50" W. 
and the dip 75" E. Similar isolated outcrops occur to a point within 
400 feet of tha cofferdam. All other known outcrop in the vicinity 
of the mine are inclosed within the coflerdam, except at extreme 
low tide, when small additional exposures are visible just outside 
the cofferdam dong the strike of the are body. ' The country rock 
inclosed within the cofferdam, and consequently in the immediate 
vicinity of the ore deposit, consists of interbedded soft black alate, 
black limestone, dark-colored qdhtes, and a few beds of he 
gr~ined graywacke. The nearest known igneous rocb are. the green- 
stone lgva flows north of Gladhaugh Creek, nearly half a mile away. 
No d i  or igneous rocks, such as are mentioned in the earlier reporta 
(see "Literature," pp. 52-81) 'as occurring in the immediate vicinity 
of the mine, were observed by the writers or are known ta the present 
management of the mine. 

The strike of the sedimentary beda at the mine is northwefrterly, 
and the dip is about 80' NE. The rocks were much crushed and 
sheared by faulting previous to the formation of the ore body. 'She 
strike and dip of the shewing are appmxirnately prtr~llel to those of 
the bedding. A large fault which strikes &out S. 60° E. and d ip  
65' NE. has been found below the ore body on the 400 and 500 foot 
levels. The plane of this fault crosm the plane of the ore body 
between the 500 and 600 foot levels md is cut again on the 600-foot 
level. The upper levels of the mine were not extended westward, 
far enough to intersect the probable upward extension of this fault. 
Considerable movement htas talren place dong the sheared mne 
inclosing the EUamar ore My subsequent to the ore deposition, 
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but apparently has resulted in only slight d i ~ ~ l s r ~ m o n t s ,  dicken- 
sidmg the ore, and developing: joinb in the largo pyrite bm. 

Ore &$.-The ore deposit is a large lenticular mass of sd- 
phides. The major horizontal mis strikes shout N. 35' W. The 
ore lens d i p  80" EJE. and pitches steeply toward the southeast. 
T h e  strike and dip of the ore body appear to 6e the same as thoso of 
the bedding of the country rock. The maximum horizontal dimen- 
sions of the ore body are on the 200-foot level, where the major aXi.9 
of the dipticaE cross section is about 240 feet and the minor axis 
about 90 feet in length. The more highly mineralized portion of the 
outcrop of the ore body measured 80 hy 130 feet and ia nowinclmod 
by the cufirdam. Less mineralized portions extend outaids of the 
cofferdq along the strike of the ore body. The ore lens is rcporhd 
to have pinched out between the 500 and 600 foot levels, at 5:IO fmt 
below sea level. 

The ore body consists of two distinct parts-(I) a large l e n ~  of 
solid pyrite, forming the hanging wall for (2) smnller, clmaly packed 
pardel lenses, consisting largely of other sulphides. Thmo two parts 
are separated from each other by a thin but continuous band of blnck 
slate, which ttveragea about 2 feet in bhiekn~sa. Dsvcloprnent hfis 
not completely outlined the hanging-wall pyrite lens. It outcrop 
on tha surface and is known to extend at least to the 300-foot level. 
The maximum thickness of tlus lens, 35 feet, occum on the 100-foot 
level. Its greatest stope length Rppears t o  be about 250 feet. 

The diatribution of the sulphide~-chalcop~yrite, pyrrhotits, ~phal- 
erite, and pyrib-within the second part of the ore body is irregular, 
and considerable country rock is included in the ore. This portion 
of the ore body contained the rich chalcopyrite shoot from which hna 
come most of the copper ore mined in the pnst. In this second part 
of the ore body southeast of the copper shoot there is a gradnd but 
mnrked incre~tse in the amount of sphalerite present in tho om, a ' 

decrease in the copper content, and an io c r e w  in the gold and silver 
to  such an extent that this pwt of the ore body i~ referred to as rr, 

gold ore shoat. Most of the om mind in 1912 came from t h i ~  uhoot. 
A portion of the hanging-wdl pyrite lens was rrlso removed. 

Tha m.-The rnet~llic minerals in the ore include chalcopyrite, 
pyrrhotite, pyrite, and sphalerite. S d  amounts of galena are 
probably also present, as lead has been reported in some of the asap. 
Chalcopyrite is the only copper-bearing mineral in the ore. A close 
association of sphalerite and gold is shown in the gold ore shoot, 

.specimens of solid he-grained sphalerite from which llave assayed 
$22, $45, and 390 in gold to the ton. The rich copper ore and tho 
hanging-wall pyrite hare a very low gold mnt~nt. 

The gangue minerals of the ore body include the country rock, 
quartz, brownish-black calcik, and white calcite. The black cdcite 

C 
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is usu* mmked by fine st.riations, which are not s& on the later 
white cdsite. a% 

'She d e r  of deposition of the metallic minerals, aa determined~l 
un'der a metonographic microscope, was (I)  pyrite, (2) pyr~hotite;~ 
chalcopyrite, and sphderite, nll Inter than the pyrite. In most o P  
the polished surf- of the ore examined these later sulphides appear ' 
to have been deposited wntampormeo~ly with one another, One 
specimen, however, showed tiny veinleh of chalcopyrite with a small 
amount of sphalerih cutting sphalerik. The black calcite and the 
pyrite are apparently earlier than the white; calcite ~ ~ n d  the other sul- 
phides. All the aulphide ore minerals were introduced subsequent to 
the shearing and shattering of the country rock. 

Ore g d . - T h e  Ellamar ore body is the only one o[ ibs kind 
h o w n  within the Ellamar district. It has appmntIy resulted from 
the sulphide impregnation and replacement of shattored sedimentary 
strata (some of whch were dark-colored Emastone) by. mherd- 
bearing solutions which probably obtained access to these bods dong 
a faulted zone and deposited the sulphidos, impregnating and 
metasomrttically replacing portions of the ~trata. The pyrite wns 
deposited first, replacing the black cdcite, which appeara to  repre- 
eent recrystallized limy portions of the original sodimonts (mascant 
limestones). The pyrite and black calcite were then ahatterod. 
Further replacement of the rocks next took place by minerdking 
solutions of shghtly different character from those depositing the 
pyrite. Chalcopyrite, pyrrhotite, and sphderite mre deposited, 
partly at the expense of the pyrite. White calcite carrying these 
later sulphides recemented the fractures in the strained bIack calcite. 
The hanging-mall pyrite lens maintained itn individuality, bpi* but 
little affected by these later changea in the m i n e d i n g  promas, 
although some of the later sulphide-bearing solution penctrat~d it 

* 
and deposited its metallic oontent throughout the interstices of the 
pyritic mass, partly completing the impregnation and r~plticernen t 
of tho origind country rock started by the pyrite, and replacing 
some of the p ~ t e .  

Low&. of p p d y Y - T h e  Threeman Mining Co. hRs a number of 
chima, lady known as the Dickey claims, about the head of Land- 
locked Bay. Most of the development work bas been on the north 
side of the bay, and according to Mr. WW A. Dickey all tho present 
p r l u c t k e  worlnngs are on the Keydune claim. 

H i d m y  a d  devehp~pat.-The Keystone claim wes 8t1bked about 
1903. The only development on the pmperty t a t  that Sima wa,s an 
open cat close to  the edge of the bay. Mtcr finding proapeeta them 
work was s t b e d  on w b t  is nolv d i t  No. I and om was found 
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within a few feet of the surface. A shipment of 12h tons of oro, 
assaying n lit,tle aver 12 per cent copper, fmm this adit wm made 
in the fall of 1904. The dwelepments in July, 190.5, consisted of 
two 50-foot adits with some short drifts, one 20-foot tunuol, d d  
a fcw opcn cuts. Forty-five tons of ore, assaying a littIe loss than 
13 por crnt copper, are reported to have been shippcd in 1906: Con- 
sidcrablc development work was done in the following year$; and a 

SRW irreg~~lar ahipmenh of ore were made. In 1912 tho mine wtbs, 

tw reml~r ~ h i p p ~ r .  The underground workings in that year com- 
prised 2,000 feot of adits, drifts, and crosscuts on five l e~e l s ,  at e1m.a- 

n 
I I 

R G ~ E  7.-PIm of wndqmmd working4 on Keystone olalm, Thrmman Mlning Co., Lnndlock, Alaska 

tions of 282, 235, 168, 12'2, and 57 feet abovc sea lovel. ConsideraMo 
stoping was done in a large sulphido oro body opnuod on levels 3, 4, 
and 5,  and most of the ore shuppcd in 1912 c m o  from this Inns. , 

h little development work was also in pmgrow on the second and 
fifth bvels. No ore shipments warn mnde in 1913, but some under- 
ground development work was dono. 

The extent of the underground devolopmont work early in 1912 
is shown on the accompanying plan (fig. 7). 

Qwipment and ore treatment.-No hoisting machinery has been 
necessary in the underground workings aa the proprrty b developed 
by adit tunnels. Hand drilling only is used in tho rxplorntion and 
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exploitation of the ore bodies (191 3). There are several buildings on 
the property, including the manager's house, miners' eatin,@ and sleep- 
ing quarters, m bunkers, and ore sorting shed. A long wh~d was 

*&mpletod in 1911. A ahort aerial almm extends from the mouth of 
No. 3 adit to the om bunkers. The om after hand sorting is stored 
in the bunkem until shipped. Shipments in 191 2 ware to the Tacoma 
smeltm. 

h e  dej&t.-Tha country rocks of the ore bodiea are the green- 
'stones, pywackes, and slates of the Qrca group. The geology is 
complex on account of the axteasivo faulting. T h e  trace of the 
Landlack overthrust fault crossea the head of Landlocked Bay just 
east of the mine workin*, and the rocla west of tho fault plane npd 
consequently bdow it have been intensely shattered, sheared, and 
faulted, A few of the shear zones are of considerable extent; many 
are ahort and narrow. Their strikes differ greatly, but most of them 
lio within the west-northwest sflern of fissuring. The dips are 
steep, 45" to 90°, and arc principa1Iy to the north. 

Much of tho &oared matcrial is mineralized. The orc bodies of 
workable size and shipping grade, however, arc lenticular masses of 
nkarlY solid sulphides witbin the larger shear zones. Recent under- 
ground work haa been confined to the oxplnitation of two ore bodies 
found in two of the larger shear zones. The two upper adita, Nos. 
1 and 2, have exposed an ore body in the more northerly zono, and 
tunnoh Nos. 3, 4, nnd 5 cut one in the southerly zone. Thesa two 
show zonm are but 20 feet apart on the level of ndit No. 2. The 
northern zone s t d m  N. 60" W. and dips 35" N.; tho southem zone 
~trikesN.75~W.anddips65"N. Thenortl~smshearzonoisthought 
to haw been cut in 1912 in adit No. 5,  60 foet north of the other 
zone. 

The dirnonsions of t h s e  ore bodies are not fully h o r n .  The 
width of tho northern shear aona is 18 feet at the love1 of adit No. 1. 
The thicknm of the ore body ranges from 1 t o  6 feet of solid sulphidas. 
The stope length has not been determined, and but 50 feet of the pitch 
length, that podion between tho fmt and second levels, is known. 
The continuation of this ore shoot is thought to h m  been found 
in the end of tunnel No. 2, 140 feet northwest of the present stopea. 
Stoping bas been conhod on this shoot between the second and b t  
levels, and only a small amount of ore has been removed. 

The ore body in the southern of these two shew zones rang& from 
2 ta 9+ feet in thickness and has been cut on tho second, third, fourth, 
md fifth levels. The present atopes indicate a maximum dope length 
of about 80 feet. The pitch of the or0 body is eastwsrd at an mglo 
slightly greater than the slope of the hiu. On the Bth level at an 
elevation of 57 feet the ore body is 140 feet from the surface; on the 
third level. only 20 feet ; and above tho third level erosion hm removed 
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a portion of the eastern edge of the ore body, which extends still 
farther up the slope. Considerable stoping has been done on this 
ore body between the fifth level and the surface cropping, and a 
stope has been started on the second level. A considerable portion 
of these ore bodies is composed of solid sulphide ore. 

The ores are partly replacements by sulphide minerals of the 
crushed material of the shear zones and partly the cementation of 
small fractures in the shattered rocks by solid sulphides. Specks of 
native copper are found in the weathered surface croppings of the 
lodes. The gangue minerals are quartz, calcite, and the sheared and 
altered country rocks. 

The sulphides in the ore are chalcopyrite, pyrrhotite, sphalerite, 
and pyrite. A soft pale brass-yellow metallic mineral is intergrown 
with the chalcopyrite. This mineral has not been determined, but 
an analysis was made of a selected sample by R. C. Wells in the 
chemical laboratory of the United States Geological Survey. The 
ore from which the sample was obtained consists of a medium- 
grained intermixture of pyrrhotite, chalcopyrite, sphalerite, galena, 
and this unknown sulphide. No large pure specimens of any of 
these sulphides are obtainable. As pure material as could be selected 
under a high-power microscope was used for this analysis, but on 
account of the very intimate association of this sulphide with chal- 
copyrite a very small quantity of chalcopyrite is known to have been 
included in the sample. The zinc content shown by the analysis is 
probably due to the presence of a little sphalerite, and the lead con- 
tent is probably derived from galena, which is known to occur in 
minute specks in the ores of the district. 

Mr. Wells has furnished the following notes on an analysis of this 
mineral: 

The mineral under consideration does not a t  first sight seem to have a simple formula. 
It may represent a product of alteration. On the other hand, i t  appears to be homo- 
geneous, and moreover i t  is not attacked by dilute hydrochloric acid as is pyrrhotite. 
If the percentages are converted into atomic values, i t  appears possible to interpret 
the mineral as an isomorphous mixture of pyrrhotite and covellite, thus (Fe,Cu)S. 

Sulphide from property of Threeman Mining Co., Landlocked Bay. 

The question naturally arises whether pyrrhotite and covellite are capable of 
isomorphous replacement. W. T. Schaller has made a careful examination of the 
data on this point and concludes that CuS and FeS are capable of existing in  isomor- 
phous mixture. His statement is as follows: 

Sulphur (S). ................................................................ 
.............-.-. 1" 5 7 0 .  "1 
................ 1.30 

Iron (Fe). ................................................................... 
Zinc (Zn). .................................................................. .38 .006 

Per cent. 
36. G7 1.115 
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BlCNTA & CEAMERQN PROSPEm. 

The Mogd group, the property of Guy Banttk and h d  Cameron, 
is situated on the east side of the gap hetwcrm Boulder and 
GaIena bays, about 1% miles from the hcnd of Gnlenn Bay at an 
elovation of 1,600 feet above sea level. The dovaIopment work in 
September, 1913, consisted of a shaft 10 foot deep and several open 
cuts. The ore o m r s  in shattered and shearrd groenstono in irregular 
masam. Considerable quarts shows as a fino imoplar notwork on 
weathered surfaces. The ore minerals includo chnlcopyritn, pyrite, 
pyrrhotite, and sphalerite. 

The Fielder & 3Eemple prospect is situated at tho northeast adiant 
of Bouldor Bay, a short distance northeast of the Boulder Bt~y prop 
erty of the Reynolds Alaska Development Co. The lower and longer 
tunnel is at an elevation of 350 feet above sea l e~e l .  

The development work consists of two adi9 and aomo surface 
stripping. The lower tunnel, which has 260 feet of drifts and a %-foot 
raise, WRP, driven to intersect a shearmnowhichoutcrops about 100 feet 
above tho tunnel mouth. Tho upper tunnel, 20 feet long, a t  an elcva- 
tion approximating 450 feet above sea level, is driven along tho shear* 
sono. 

The countq rock at the lower adit is greenatono with some hard 
black date, fracturrs in which a m  Bled with qua&. No well-clefmed 
shear zone or ore M y  was seen in this tunneI. At the dt tunnel the 
country rock tippears to Isa all greenstone. The ore deposit coneists 
of s poorly mineralized shear zono lying sk the foot of an qverhanging 
ellipsoidal greenstone blufl. This shear zone strikes N. 45" E., dips 
65' N., and is from 25 to 30 feet wide. The shearing is poorly devel- 
oped. Tho ore occurs in small masses, of which the largest seon 
xvas 10 inches thick, end consists of much fins-grained pyrite with only 
a little chalcopprito, p-yrrhotitc, and quartz. 

PROAPECTB OF 6ALENA BAY MINING CO. 

bcaEim.-Tho prospects of the Qdma Bay Mining Co. are situated 
on the north dope of Coppor Mountain naar tha head of Vesuvius 
Valley. They are about 3 miles in an air line'south of the headof 
Galena Bay. 

Hbhry and dmsE0pent.-The swly his tory  of this property is sum- 
marized by Mr. Cha~. Simenatad,' one of ths original locators: 

The original diamvwy nf the mund which now mnatihtee the pmperty of the 
Galena Bay Mining Co, wan made in thc month of O & h ,  1899, by A. AT. Hendrieand 
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mFK, during which year on1 y one location wan made, name1 y, the Minnehsha Yo. 2. 
The folloming year three more locai!om rn m d o  and during the months of Septern- 
ber and October, 1901, the balance of 21 Icmtiot~s wcm made, a11 by the Pame locatom. 
A-ent w&wm the o d y  work attempted up tn May, 1903, whenwegaveanoption 
to p u r c b  to the Prime Killiam Sound Mining Co., whom headquartma were Eoe 
AnqeIw, Cal. 

IDizring the summem of 1903 and 19W this company rnmtn~ctd a pack trail h m  the 
hwd of Galena Ehy to the pmpdea, with a atowhoum and barn at the bay and m k -  

FIUWRE 9.-Claim msp of property of G Jem nay Co. fn V& Valley. 

house and workhouse at the prvpertiee. T*wo cabille at the pruperty hnd prcvklusly 
been mnstmctPd hy Hendrie and myelf.  

Thia compatly a h  dmve about 300 feet of tunnel on the Stnrvation claim, tho ore 
zone on the Vmuviua claim being the objective point, sunk a stlrft O foet in depth en 
the Copper b w n  ore M y ,  and drove a %Imt tunnel on the firinnowrvlka claim. 

Rince Willism Somd Mining Co. forfeited their option and during the year of 1906 
lIcndrin and mysplf, owneff, did the aawmment work. 
In the month of Novemhr, 1 9 5 ,  we gave an optinn to purchme to the Galena Buy 

Mining Pa., a Nvaahingbn corporation, to which company the title ta the claim na 
shown on the map was transferred in 1909, and which company i n  the preeent owner. 

Tho long adit, started on the Starvation claim, has since btsen 
extended to a length of about 2,200 feet. Several shortar adits h ~ v o  
becn driven on the various claims. Four hundred fcst of adit, a shaft 
47 foot in depth, and numerous open cuts constitute'the development 
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work on the Sunnyside claim. Same stripping and open-cut 'work 
have also been done on the Sheep Run and Capper Cmm claims. 
Considerable diamond drilling has been done. by the Galena Bay 
Mining Co. In 1912 and 1913 only assessment work was done. 
Epipwmt.-Considerable money has been expended in the devel- 

opment of this property. Several buildings, including four dwellings, 
a bunkhouse, and a storehouse, have been erected on the shore at the 
head of Galena Bay. Bottle Greek has been dammed three-fourths 
of a mile from its mouth and gives a 62-foot head of watsr. A turbine 
and generator installed here at the dam furnished electric current, 
which was trltnsmitted to the mine where it operated motor-driven 
Idrill and 2driU air compressors and lighted the c m p .  Other 

l equipment includes a large fan for ventilating purposes, two g m h e  
-%i@im, one electricdriven SulIi~an diamond drill, mechine drills, 

steel mining tools, and. machine and blacksmith shops. Seven buiid- 
ings have been erected at the mine camp. Material for an aerial tram- 
way 3 miles in length, from the mine to the head of Galena Bay, is on 
the ground, but the tramway has not been erected. A road connects 
the ore camp with the power house and mine, and a telephone system 
is in operation between these three places. 

Ore depot&,-The claims of the Galena Bay Min'hg Co, lie 
within the s h e d  and ahatbred zoni, here composed principally of 
greenstone, which borders to the w ~ t w m d  the trme of the Land- 
lock overthrust fault. The principal ore bodies are on the Vesuvius, 
Sunnpids, Copper Crown, and Sheep Run claims. The country 
rock is predominantly greenstone, with some grapacke and date. 
The greenstone is ellipsoidal in places. 
The 2,200-foot m a c u t  tunnel waa started on the Starvation claim, 

north of and beneath the shear zone on the Vwu~ius claim, which it 
was intended to intersect and which outcrops on the east aide of the 
vdey. The adit was started on s small iron-stnined shear zone 
carrying a f rn small stringers of chdcopyrite, pyrrhotite, pyrite, and 
quartz. About 1,700 feat from the mouth the tunnel forb. The right 
br~nch was driven forward until rt wet strip (poaaibly t he  Vesuvius 
shear zone} was reached. The left branch was swung a little to the 
north and was then continued for 500 feet. At the end it ~eparates 
into three branch=, each about 50 feet in length. The main  hear 
zone was not recognized in the adit. 
On the surface the Vesuvius shear zone pwtw between the mouth 

of the crosscut tunnel and the steep rock bluff a short distmoe to the 
south. To the west it heads for the low saddle on the Sunn~side , 

claim, To the east it extends up the steep east wall of the valley 
toward the h d l o c k  overthrust fault. At an elevation of 1,060 
feet a 15-foot adit has been driven on a poorly developed shear 
zone which strikes N. 75' W., dips 60° N., and containa a few lenses 
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of chdcopyritc, pymhotita, quartz, and calcite, 4 to 5 feet in length 
and up to 14 inches in wid th. At 1,180 fwt  a 20-foot tunnel hns a 
long, n m w  cpidotebonring quartz vein in the fnce but contains 
no ore. At 1,400 feet a IS-fwb adit is  driven on the Vesuviua 
shear zont! and tho ore which has thus far been found on this claim is 
said to  havo beon found in this adit end above it. The shear zone 
is aboult 20 feet wido, strikes N. 50' W., and dips steeply to the 
south. Somo orn is found in this ndit hut no solid masses of sul- 
phidos, At an cIovnlion of 1,450 feet the shear zone splits. The 
south fork strikw N. 30" W. nnd dips vertically. The north fork 
strikes N. 50" W. and dips 70' S. The shear zone has a width of 12 
fcct at 1,500 fmt elevation and is heavily iron atained. Quartz, cal- 
cib, pyrrhotita, and chalcopyritl! occur in narrow imcgulw R ~ ~ ~ ~ O : C P S  

in the shcarod and ahntterorl geomtonea and slam. The principal 
sulphida is pyrrhotite. 

Thu lead an the Copp~r Crown claim is located at an elevation of 
2,250 feet on tho enat wnll of tho cirque nt the b e d  of the valley. 
Whcra tho had  i s  brst tlevolopcd, 4 fcct of solid sulphide ore is con- 
taincd in a shear zone that slrikm N. 75" E. and dips 80' S. The 
country rock is rnaqsiva unsheared greensbna. Tho width of the 
shear zone rnngs from 3 i r l c h ~ ~  to over 4 feet. The mineral content 
aJso varies and in plncos thcro are only a few nerrow stringers of sd- 
phidos. Tho shenr zone is trnceahlu to the northenst about 250 feet 
find thon appears to pinch out. In this portion the l e d  chmgcs to a 
fairly well cicfined quartz voin cnrryingamall amounts of sulphides and 
reported ta wrsny from $3 to $4 n ton in golrl. The quartz is fsozrn 
to the walls. An oprn cut has also been mado on the shcar zono 
200 fwt ~outhweat of the Cfoot sulphida opm cut refcrred to ahova. 
Hcre tho l e d  strikes N, 65" W. and dips 75' N. The width ranges 
from 2 to Fr feet and mme good orr is exposed. The walls arc aheared 
cl4ipsoidd grccnstone. Averwe avsnys of 12 per cent coppor are 
roported on orn from this uhnur zone, but BO far tho only develop- 
ment work has consisted of n few open cuts. 

The oxpmure of tho ore on tho Shecp Run claim is at an clov~itioa. 
of about 2,480 fctet on tho cnst side nf the vttllc,y. About 30 feet of 
the outcrnp is axposcd dong the strike of tho l e d .  Thc maximum 
width of tho lead is about R fcct. The county rock is greenstone, 
which in tho blnff cmt and above the ore body sham wcU-doveloped 
ollipsoidd atructtrrr. Tho shcur zone strikcs N. 60' E. and dips 5.5" 
SE. Tho hanging wdl  is clhnrply defined, but the t v o t ~ d  is indefinite. 
Cansirlorable quartz is associnted with the om. T h e  only develop 
ment is a litdo open-cut work. 

The Sum,pide daim is located on the ridge west of the cabins. 
Tho corrntry rock is principally penstone, much shattered, c e m ~ n t d  
by s dine network of quartz. vainleta, and extemively mineralized 
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Numerous s m d  shear zones haw different strikes, but most of them 
lie within the east-west system of fissuring. No large continuous 
shattr zones hava been found. The distribution of the minerdhation 
is irregular and bunchy. A 28-foot adit h~ been driven at an 
elev%tion of 1,550 feet on a shear zone that strikes S. 70' E. The ore 
is principdy pyrrhcrtite with s m d  amounts of chdcopyrite in the 
sheared and shattered gmenstanes. The upper and longer adit, 
which has about 400 feet of W ~ B  md two winzes, is at an elevation 
of 1,700 feet. Two ore bodiw, containing ore said to  average as high 
as 12 to 14 per cent copper, were struck in this dit. A ~ h d I o . 1 ~  
shaft on the c m t  of the ridge, which is sunk on a Sfoot shear zone 
that strikes N. 10" W. and dipa 85' E., c o n b h ~ ~  a 20-foot lens, 8 
inches wide in p l m ,  of solid ~ulphidm. 
The ores, with the exception of a portion of the Clopper Crown lead, 

are believed to be partly replwemenb of the shewed and shattered 
greenston= md partly the filling of tiny fractures in the shatbred 
rocks by solid aulphidea, comprising chalcopyrite, p p h o  tite, pyrite, 
and sphalerite. The gangue miner& are quartz, calcite, and the 
sheared and altered country rock. A portion of tho Copper Crown 
l e d  is plainly the fdq of an open h8we by e, siliceous sulphid- 
bearing solution. The sdphides deposited in this portion of the lead 
are the samo as those in the replaced portions. 

PRWPrnTB OF rnYN0rnB ALASKA DEVELOPMENT CO. 

The Landlocked Bay property of the Reynolds Alaska Develop- 
ment &. ia situated near the head of a s m d  northern tributary about 
a mile from the head of Landlocked Bay. 

The h t  discovery on tho property is reported to have been made 
by Joseph Puta and Peter Steinmetz about 1899. Other claims wore 
located later. The Reynolds Alaska Development Co. was formed in 
1903 and is reported to have obtained control of the Landlocked Bay 
claims in 1904 or 1905. There is about 900 feet of underground 
development work on the property at the present time, including two 
long adita, measuring 600 and 220 feat, resgeotively, several short 
dita, open cub, m d  a shallow shaft. The surface impmvementa 
include a trail from tidewater to the mines, a small warehouse at the 
bay shore, and a few build~ngs near the upper workings. 

The ore bodim comprise severd small shear zones lying dose to hut 
a little to the west of the Landlock overthrust fault. The country 
rock is intarbedded greenstone, graywacke, and blue-black slate. At 
the lower adit, 800 feet above sea level, a shear zone 5 feet in width 
was cut 60 feet from the portal and a drift wm carried 110 feet 
N. 35" W. along the shear, which dips 55' N. The ore of thia &ear 
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s h e  is reported to average 5 per cent copper, though same highcr- 
grade are is said to have been obtained in a &foot winza sunk on the 
lead where tho   hear zone was b t  struck in the adit. This shear 
zone is asid to be traceable on the surface for a con~idorable distance. 
A shaft 16 feet deep was sunk near tho uppor cabhs in an iron-stained 
outcrop of much jointad greemtone that contains small patches of 
chalcopyrite-pyrrhotite oro, 2 inches in maximum thicknms, and con- 
siderable diweminateil sulphidm in the more highly ~h ~ t t ~ r ~ d  pnr- 
tiom. A sample taknn wrow 20 feet of this outcrop ia said to have 
averaged 1 pnr cont of copper. 

At an elevation of 845 feet a GOO-foot adit has been driven 
toward Copper Mountain on an iron-stained shear zona, 3 to 4 f ~ c t  
wide, which has been traced up the slope by opcn cub for a ~hort  dis- 
tance. Sixty feet abovo the ndit mouth tho shem zone contains 
4 feet of solid sulphide ore. No well-defined continuous lead or zono 
was observed in tho ~ d i t ,  although numerous wall-defined joints 
exist. Very little oro wa4 sacn. Sulphido stringem, having a maxi- 
mum thickness of 3 inches and showing more pyrrhotite than chalco- . 
pyrite, aro found in places, and the sulphidca dso occur disseminated 
in the greenstone. 

At an elevation of approximately 11,OO feet two ~hort adits, 30 
and 35 feet in length, have been driven on parallel leads in peon- 
stone 100 feet apart that strike N. 60" E. and dip 60' N. Considor- 
ahlo ore, some of which is reported to average 8 per cent copper, is 
exposod in the workings. Some of the sulphide lenses are 8 to 10 
inches wide. 
The o m  are believed to be replacements and impregnatione of 

~heared gretmstrmes by tho sulphides, chalcopyrite and pyrrhotite. 
Pyrrhotita is the more abundant. The percentage of chdcopyrite 
present is indicated by the fact that the bcst m a y  reported, on 
picked specimens, showed between O and 10 per cent cupper. "The 
average copper content of thr! ere is much Iw.  Tho gangue material 
comprises quartz, cdcito, ~ n d  sheared greenstone. h e p l a c e d  frag- 
menb of the dark sheared peenstone are s c a t t e d  through the 
messes of solid sulphides. 
No development work has been dons on the pmpsrty of tb com- 

pany on Boulder Bay since Grant and Higgins visited it.' 

The! claims belonging ta L. P. M. Falck are aituated on the east 
slope of Copper Mountain a short distance west of the Landlocked 
Bay property of the Reynolds Alaska. Development Co, The claims, 
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reported ta be 6 in number, were locatt3d a b u t  1 ROO. Only aas& 
ment work has been done on them. The developments indude s 
25-foot adit at an elevation of about 1,100 feet and numerous open 
cuts. Several leads are mportod an tbn property. Tba highest 
showing is said to be at an elevation of about 1,MO feet above sea 
level. 
The country rock of the ore bodies is principdy greenstone, but 

considerable black date and a little graywacko are associated 
with the ore depsita. The 25-foot tunnel ;l driven in gemstone 
with associated 1)lttclt slato, on a shear zono which strikss N. 70" E. 
and dips 8Z0S. Tho width of the shenr mne expoacd at the d i t  mouth 
is about 20 feet. This shear mna is reported ta extend for a consid- 
erable distance both ~ b o v e  and below this adit. T ~ B  shear zones ex- 
posed in open cuh at the points on t#he clairna showed strikes ranging 
from N. 40" E. to N. 6.8' E., with dips from 70" N. to vertical. The 
Rid th of tl~c shearing exposed ranged from 1 to 7 feet. The primary 
ore minerals inrludc rhnlco pyrite, p yrrhotite, sphalerite, quartz, and 

, calcite. ~ in f i lmso fnat i rocopper  (secondary) arodoundinthe 
surface showings. 

STANDARD COPPER X I N E B  CO. 

T h o  l ~ n d e ~ u n d  workings af the Standard Copper Mines Co. rare 
on the shop uouth ~ R C C  of Copper Mountain, between 1,400 and 2,100 
feet abovo Landockorl Bag. Ths present company was organizd 
in 1933  and most of the development work on the property has bccn 
done sinca that year. The trrn~els are connected by an aerial tram 
with 6600-ton ore bunkers, on n wharf on -Landlocked Bay. Other 
surface improvements indude the mrtnagor'a house, o&e, and a large 
bunkhor~sa, all in good condition, on the shore of Laadlocked Bay, 
find camp buildings near tho upper end of the tram line. A few tons 
of ore are rcportod to have been shipped between 3906 md 197 I. 
The property was idle in 1912 and 1913. 

Tho underground workiugp total about 1,300 feet in length and 
consist of fivo tunnels, about 660, 290, 175, 85, and 28 Ecet long, A 
50-foot winze has been sunk in the longest adit at 'a distaflm of 54 
feet from the mouth. 

Tha are bodies consist of lenticular massea of sulphides of diflorent 
Eengt !IR and widths, and of bunches of sdphidos at the intersection of 
sl~ertr zones. The country rock of the ahoar zonw is princip~lly 
penstone, but includes some graywacke md black datc. Tho 
goology is complex on account of much  hearing and fdt ing .  ?'ha 
ore bodies, bowever, td lie within the greeinatane division of the Orcn 
P U P .  

Adit No. I, driven at an elevation of 1,820 feet, is 175 feet long. 
Several lines of shearing intersect in the vicinity of thii adit, and 
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the following bearings have been recorded on these shear zones: 
Strike N. 90" E., dip 6Q0 N.; strike north, dip SO0 W.; strike N. 45' 
W., dip 65' NE. ; strike N. '70" E., dip 60' N. ; strike N. 75" E., dip 
3 5 O  N. ; strike N. 55" E., dip 50" N. Their width ranges from I to 20 
feet. The linear extent of most of the shear zones is not known. 
Tbe zone which crams ilks ndit 30 feet from the mouth and strikm 
N. 75" E. and dips 35' N. is tracoablo on the surface for awr 100 
foet. A 10-foot raise on this &ear zone shows conddamble chdmpy- 
rite in the face. In a gdch a short distance east of this adit about 
13 feet of solid sulphide ore is mportetl in a 5-foot shear zone which 
strikes N. 55" E. and d i p  ,WO N. Stringers of mixed chalcopyrite 
and pyrrhotite that are 1 inch in maximum t h i c h m  Nl cracks in tho 
overlying ellipsoidal greenstone. Thirty feet farther east this shear 
zone is much less rnincrdized. 

A shart adit, driven at an elevation of 1,800 feat, crosscuts a 
shear zone about 20 h o t  wido, possibly the same as lthe one mentioned 
above, and is then driven 8 feet dong tho shearing, This shear aona 
strikes approxirnataly N. 60' E. and dips 60' N. 

Adit No. 2, at nn devation of 2,070 feet, has 660 feet of under- 
ground development work. This adit was driven to  intermet three 
ore-bearing xonw outcropping on the mountain rtbov~. The low& 
zone, encountered 45 feet from the mouth of the sdit, atrikea N. 55" 
E. and dips 45" N. A winze 60 feet deep hag been sunk on thi8 leiid. 
Adit No. 4, driven dong t.hk m e  shear zone, r,mses adit No. 
2 st this point, Severnl hundred tons of ore, most of which has been 
shipped, is reported Go hnve been mined from this zone. Two 
hundred nnd thirty feet from the adit mouth a 33-foot drift has 
been drivon on a narrow I$-foot minerdbed shear zone. Three 
hundred and fifty feet from tho mouth a drift. hag heen driven 260 
feet S. 60' W. along n, narrow minerttlized shenr zone, 3 to 6 feet 
wide, which d i p  40" N. Numerous smnll qunrt7rcalcite stringers 
aro inclosed in the shear. The or0 is repertad to assay 4 to  5 per cent 
mppor. 

Adit No. 3, at an elevation of 1,450 feei, is 290 feat long. The 
penstone at this adit as a whole is rnkqsive and not badly sheared. 
The fm is in blmky black slate. A short distance inside of the 
tunnel a wide shear zone, which strikes N. 40' W. and dips 60" N., 
i~ m o d .  The sheared port.ions are 2 inches to 2 feet thick and are 
scpparakd by several feet of solid p n s t o n e .  Joints at  the mouth of 
the tldit strike N. 15" W. nnd dip 55' W, A shear zone 50 feet 
wwt of the adit strikes N. 10" IrV. nnd dips $0' W. Malachite 
ataining is abmdant a t  the mouth of the ndit. 

Forty-five feet from its mouth adi t No. 2 i$ GZrlSE3ed by ~ d i t  
No. 4, which is driven on n S ~ P R F  zone, 3 to 15 feet in width, thnt 
strikes N. 5 5 ' 4 0 "  W. and dips 60" N. Adit No. 4 was started in 
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a gully 30 feet east of adit No. 2, which it cross&, extanding be- 
yond it about 50 feet to the west. The shear zono is stoped to tho 
surface, except for at least 25 feet. h n m  of sulphidw and sheared 
greenstones lay within the shear zone. The average sulphide content 
of the entire zone is estimated to be aquivdent to a band of solid are 
20 inches thick. The relative proportions of tho sdphidm vary. 
The copper content of this ore is not known. 

The ores are probably replecemonta of the m ~ h e d  filling of the 
shear zones combined with the cementation of numeroua small frac- 
tures in the shattered rocks by ~1dphid0 minerda, comprising chal- 
copyrite, pyrrhotite, and sphalerito, Tho ganguo indudcs calcite, 
qua*, and the sheared and altoretl country rock. 

HEMPLE COWER CO. 

The property of the Hemple Copper Co. lies just north of the Three- 
man Mining &.'a ground near the head of Landlocked Bay. The 
company was organized in March, 1910, and its holdings are reported 
to consist of six claims, all patented, and 8 2-acre mill site. The 
areas included in the claim are t imbed.  S d a c e  improvements 
include camp buildingy near the lower adits and a godl trail to the 
property from Landlock. There is about 1,350 feet of undergroud 
development work, comprising Iowr dB,  800, 450, 65, and 18 
feet long, respectively; two shallow ~hafta, I0  to 15 feet deep; and 
numerous open cuts. At the lower adit, 450 feet above sea l e d ,  
a Fairbank+. Morse gasoline engine, belt-connected to a small fan, is 
used to ventilate tho workings. 'Sbe properhy was idle when visited 
in 1912. 

The country rack coasista of p n s t o n e ,  black bloclq slate, and 
paywacko, Only one copper lead is reported on the property, FL 

shear zone of irregular width that is said to aver* 24 feet. Measure- 
menta of 5 ,9 ,  10, 15, and 35 feet were made during the pment investi- 
gation at different points across the sheared zone, which hm been 
tracod by stripping, opm cute, shallow shafts, and adits for ever 
1,500 fect. The strike of the shear zone changea gradually from 
N. 65' W. near its eastern end to the east at its western end. The 
dip m a i n 9  constant at about 60' N. 

The distribution of the metal moontent of the shear zone as a whole 
is decidedly irregular. Within the more highly mineralized portions 
the mctallic ore minerals are irragularly distributed as stringem, 
I~n,nses, and bunches of soEd sulphicles, or are disseminated through 
the crushed rnatetid. Some of the calcih stringers and bunches in 
the sheared penstone also carry small amounts of ~ulphides, String- 
ers and lenses of pyrrhotib and chalcopyrite 2 to 18 inches thick lie 
p d e l  with the shearing, and a few large irregular r n w  of solid 
~ulphides s r ~  fonnd here and there. The entire width of the shear 
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zone is minodized in some placm, whereas in others hut little evidence 
' 

of rnetdixation is visible, for instance, at the west end of the l ed ,  
where above the 65-foot crosscut tunnd the iron-stained outcrop of the 
shear zone hm been exposed for over I00 feet. At' this locality tho 
ore 'body shows s maximum width of 10 feet at the center, narrowing 
at both ends, beyond which but lit.tJe nretdization is evident. The 
mineralized mass shows a lenticular c m  section ~ c T  contains long, 
narrow lenses and stringers of solid sulpbides 1 foot in greatest thick- . 

ness, irregularly distributed throughout t.he ore body, as well as 
considorable quantiticss of disseminated sdphidefi. 

Tbe ores are probably chiefly replacements bp sulphi da m i n d  of 
the crushed nnd altered materid of the shear zone and fillinp of 
numerous small fractures in the shattered rock by solid sulphides. 
Tho sulphide minerals include pyrrhotite, chdmpj?.ih, and ~pha1~ri te. 
Pyrrhotita is much more abundant than the other sulphirlrn. Tho 
gangue minerals are calcite, quartz, and the sheared ~ n d  dkred  
country rock. Average assays of the ninerdized portions of the 
shrar sone are reported to show from 3 to 6 per cent eoppw. One 
tmay of a sample taken previous to I905 across a formar face, of the 
lower adit ~howed 6 per cent copper, $11.20 in goId, n,nd 51.50 in 
silver. The copper content of the sobd sulphido lenses is reported to 
be about 6 per cent. 

PEOSPEGTa OF 1TFIREEMAN MTNIPI'O CO. 

Besidea the produciug mine at the head of L~ndlacked Bay the 
Threeman M h q  Co. has several prospects at which considerable 
work hllil been done. These prospects include the ground formerly 
owned by the Alaska Cornmereis1 Co, on Landlocked Bay, ths Bfonte- 
zuma daim on Copper Mountain, soroe claims on the south aide of 
Landlocked Bay, md others near the g u m i t  on tho Fiah Bay side 
of the divide between Landlvcked Bay and Fish Bay. T h ~ e  
rlaim will be described briefly. 

The worhgs  of the Alaska Chrnme~cial Co. are on the north side 
of Landlocked Bay naar its head ~ n d  only a short distance west of 
the Thrman mine. This prospect was locrtt~d in 1897 by Louis 
Jacobson and is reported ta havo heen the fimt discovery of copper 
ore bywhite men in this district. The underground development work 
includes a 412-foot &cut tunnel drivon in 1898-99 at an eIeva 
tion of 200 feet above aea level and two ~horter ad its driven later 
that are reported to  be 20 rand 100 feet in length and 250 feet 
above the lower adit. Sevord tons of high-gade ore are said to 
h m  been shipped from the upper adits. Since tho Threemas Min- 
ing Ga. has obtained control of the proporky a drift has been started 
in the cmscut tunnel about 210 feet from the mouth of the adit. 
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In 1912 and 1913 two men were employed extkndmg this drift 
sastward, 
T h e  country rock of the oro deposit is chiefly greenstone, more or 

less ellipsoidal, with some interbedded black and gray datas and light- 
colored fme-grained gaywackm. The strikes and dips of t.ho sedi- 
mcntarg beds vary. In the lower c ~ m c u t  tunnel a strike N. 30" W. 
and a dip 50' E. wras observed. Near the upper adiB the strike 
is N. 20" W. and the dip 70°-800 E. In a gulch emt of the upper 
Rdita, at an elevation of 400 feet, a grttywac.ke and black data 
band 40 feet or moro in thickness atrikea N. 5" E. and dips 70" E. 

The ore occurs in a shear zone about 30 feet wido that carries large 
lenq,s~s of mnssive unsheared greenstone mund which the sheared 
strips bend. The ore lia in the narrower and morn sheamd portions 
and in joint crack4 in the massive lenses and tho country rock. 
Some of the smaller sheared strips, 2 to 6 inches wide, aro slightly 
mineralized. The adita are driven in the moro highly mineral- 
ized part of the shear zone, which is a narrow band that rangss 
from 2 to 10 feet in width but prhably averages only about 4 feet. 
This band strikes N. 85" W., dips 60" N., and is traceable about 250 
feet along the strike. It exhnds about 75 feet west of the prssent 
adits but is not well developed. In a gulch at the east end of the 
h o r n  outcrop 2 feet of solid pyrrhotite haa been found. In the 
adit tunnels n few tenses end streaks of chalcopyrite and pyrrhotita, 
2 to 8 inches thick, nre praent. Tho largmt lens is said to have 
contained a mags of soIid cllalmpyrita find pyrrhotite 18 inches in 
thickness. 

The long crosscut was driven to intemect the large shear zone ou& 
cropping above, but no ore was found in the main adit. Devel- 
opment work in the winkr of 191 2-12 in the east drift in this adit 
expos4 a foot of d i d  pyrrhotite but no chdcopfite. 

Tho om is probably chiefly 8 replacement of the &eared men- 
done, with soma cemnntation of small fractures by soEd salphides. 
The sulphida minerals present are chalcopyrite, pyrrhotite, sphderits, 
galena, nrsclnopysito, and the undetermined stdphide also found at 
tho Thm~man mine. Gold and silver are reported in assays of the 
copper ore, The presence of galena and arsenopyrite in thb om i~ 
noteworthy. With the exception of pyrite, which was not ohsewed 
in the spwimens examined, the wsociation of metallic minerds is tho 
same as thtlt in the gold quartz veins of the Princo Wiliam h u n d  
ro@on. The gangrro minerals incluqe quartz, epidota, and the prod- 
uct* formed by the shearing and hydrothermal alteration of the 
gxoenstone. 

HOmTEmT4A - 
The Montozama daim is situated on the ahep south dope of Copper 

Mountsin, R little lower and a little to the east of the war king^ of 
the Standard Copper Mines Co. The developmente comprise a 
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straight crosscut tunnel 350 feet long at an elevation of 1,300 feet 
above sea level, one short crosscut tunnel about 10 feet long, an 
adit of about the same length, and considerable stripping, reported 
to be about 900 feet in length, along the lead which outcrops at an 
elevation of about 1,400 feet. 

The country rock of the lead is principally greenstone with a few 
beds of interlayered black slate which, as exposed, have a maximum 
thickness of 15 feet. The ore occurs in a mineralized shear zone 20 
feet wide which strikes due east and dips 65" N. Erosion of the 
outcrop of this shear zone has resulted in a well-defined shallow 
trough, which is traceable for a considerable distance eastward 
toward the head of Landlocked Bay. The mineralization of the 
shear zone is irregular. Copper ore is reported to have been found 
in all the pits along the 900 feet for which the lode has been traced 
by the owner. The ore was formed by the impregnation and replace- 
ment of the sheared material by chalcopyrite and pyrrhotite. Some 
quartz accompanies the sulphides. Lenses of solid chalcopyrite and 
pyrrhotite 1 to 4 inches thick have been found in some of the 
open cuts. These sulphides also occur disseminated in the sheared 
material. 

Actual development work on the ore body has thus far been con- 
fined to surface stripping and the two adits. The 350-foot adit was 
driven to crosscut this lode but has not yet reached the main shear 
zone. A small copper lead, however, is reported to have been crossed 
in this adit. 

CLAIMS ON SOUTH SIDE OF LANDLOCKED BAY. 

Four tunnels, 115, 65, 35, and 5 feet in length, have been driven on 
claims belonging to the Threeman Mining Co. on the south side of 
Landlocked Bay. These workings are located S. 45" E. of Copper 
Mountain and between elevations of 450 and 650 feet above sea level. 
A trail leads from Landlocked Bay to the adits, which have been 
driven at different elevations in slightly mineralized shear zones in 
interbedded black slates, graywackes, and greenstones. The recorded 
strikes and dips of the various shear zones examined are as foUows: 
Strike N. 75"W., dip 40"-50" N.; strike N. 65" E., dip vertical; strike 
N. 35" W., dip 35" N.; strike N. 85" W., dip 52" N. The stripped out- 
crops of the shear zones are iron stained in places, with exceptionally 
a little copper staining. Small lenses of quartz carrying chalcopyrite 
and pyrrhotite are visible in the lowermost open cut. Very little ore 
was found in any of the workings. Both greenstones and slates are 
slightly mineralized, chalcopyrite and pyrrhotite being the sulphide 
ore minerals. 

WORKINGS ON FISH BAY SIDE OF BILLY GOAT MOUNTAIN. 

The workings on the Fish Bay side of Biuy Goat Mountain consist 
of short adits at  elevations of approximately 1,150 and 1,750 feet 



above sea level. Tho country mck of the om bodies is massive green- 
stone. The lower adit 'is drivm 30 feet northeastward on a slightly 
sheared zono along R master joint which strikes N. 45' E. and dips 
45" E. at the bmo of a 50-foot bluff of massive greenstone. The 
thicknasa of the shoarod wne ranges from a fraction of an inch to 
6 inches. Slight copper and imn stains appear dong the shear zone, 
which atTim a few stringfirs of chalcopyrih and pyrrhotita and a 
little quartz. The greensbone beneath the adit ia much s h a t b d  
and contains quartzedcite veina, short and lenticular, the largeat 
ones 3 fcwt in width and 10 to 12 feet.in length. 
The upper workings are in rr vertic~l copper-stained bluff of green- 

stone. Tho adits arc- driven along small shear zones, which strike 
N. 70" W, and dip 3Q0400 N. The largeat b d y  of ore. fs reported to 
havo been not over 8 feet long and 1 foot wide, and to have contained 
about 6 per cent copper. The sulphides of the ore are chalcopyrha 
m d  pyrrhotite. The ores are sulphide impregnations and replace- 
mmta of the sheared penstone. 

ALABFLA, PIONEER, AKII BOUSDOGQE FEACIZQNB. 

The Alaska, Pioneer, and Sourdough frwtions am situated on a 
md point of land extending southward into LandIocked Bay 
botween the workings of the Old Alaska ~mmercial  Co. and h n d -  
lock. Thn Alaska Ioda was located by Joaeph Putz and Pster Stein- 
motz about 1900. In 1913 & three frwtiona wem said to bdong to  
?,tor Stoinmetz. Development work at that time masisted of a 4D- 
foot adit and a 28-hot shaft close to a h ,  and several open cute. 
Six tons of om that contained 6 per cent copper am said to  ham 
been shipped from thh ground. 

Several nearly parallel ore-baring shear zones are reported on 
thoso claims. The country rock includes greenstone, date, and gray- 
wacke. Tho best mineralized shear zone which croasw the tip of the 
point strikes N. 64" E. tbnd dips 65" NW. There is a well-dehud 
mawive hanging wd; the foo twd is indehite. The ore is raportad 
to have occurred in bunch- or lenses and to have ranged from 
2 inches to 4 feet in width. The adit and shaft rare on this ahnar 
zone. At an elovation of 120 feet a shear zone of indefmito width 
strikes approximately N. 70° E. and forms bluffs and gulchtls dung 
the hilhide. This shear is mpodd to be haceable from saa level t-o 
this elevation. The ore is irregularly distributed witbin the shear 
zone. The largest ore lens is reported to have had a length of 8 feet 
and a maximum width of 2 feet of ore. Chdcepyrite also occurs in 
jointa in the hmghg wall of the shear. h o t h e r  shear zone which 
strikes K. 6fi0W. and dips 55" N. crosxs the ridge at an edevntion of 
340 feet. It is tmmtabZe about 150 feet and f o m  B gulch aa do many 
of the other shears. As exposed in open cuts it appears ta be about 



6 feet wide. This shear zone is intemected at an elevation of 320 
feet by anothm shear zone which strikes N. 70' E., dips vertically, 
and i~ tracoaMe over 200 feet.. 

Chalcopyite and pphotits are the principal aulphide m i n e d  of 
the ores, and quartz and d d t e  are the gnngue minerds. 

The Roodm claim is situated on the south shore of Landlockad Bay, 
E short distance east of the ore bunkers of the Landlock Bay Coppor 
Mining Co. This claim was located January 1, 1904. Thomas B. 
Grova and the Threeman Mining Co. each have a half intorest in it, 
mcording to roport. The workings inchde considerable surface strip- 
piug and three adits, 180, 60, and 15 feet long, of which 106 end 45 
feet, mpectively, of the two longer adits were driven in slide rock. 
T h e  remainder of the sdits is in solid rock A 30-foot raiso haa 
heen driven to the surfwe in the long adit. The 60-foot rtdit wae 
driven in 1903. Two men were at work on the property in 1912. 

The country rock of the ore bodies is greenstone. The last 75 foet 
of the long adit is drivan S. 66" E. on a shear zone that dips 60' N. 
in the greenstone. The ore in said to have ranged from B thin f lm to 
2 feet jn thicloltw and to have averaged 4 to 5 per cent copper. A 
30-foot raise waa put in to the surface along the footwall of this lead 
where it was first struck in the adit in 1910. Surdace stripping at 
an elevation of 230 fmt above sea level has exposed for about 75 f ~ t  
a 3-foot band of mineralized s h e d  greenstone, which s t r ih  K. 4su 
W. and dips from 6D0 NE. to nearly vertical. A network of tiny 
quartz veinlets shows on the iron-stained outcrop of the lode. The 
15-foot adit, l5Q feet ahvc! tho cabin, is driven S. 60" E. on a lead 
reported to show 3 beet  af copper ore in the face of the adit. Ono 
hundred feet enst of the long adit and at the same Ievel stripping 
has exposed an lainch shear zone in greenstme. Thb lode strikes 
Tu', 30' TT., dips 55' NE., and carries a little copper. 
The sulphide minerals of the ore are chdcopyrite, pyrrhotite, and 

sphderite. Native copper is found in the iron-stained outcrops 
above the 15-foot adit. Tho oro carries only a small amount of 
copper, but w a y s  of $10 to $22 in gold are reported. Qu&z is. 
an abundant gangue mineral. 

CHIBNA CONSOLIDATED MTXEB W. 

The property of the Chima Consolidated Minm Co. is on the south 
~ i d e  of Lmdlackgd Bay near its haad, The company is reported to 
have been promoted in April, 1909. Tho development work to dab  
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consish of a 40-foo t inclined  haft and a few open cuh, Only ass- 
ment work has been done in recent yoars, A few buildmgs have hem 
erected. The property is located on the trace of the Lancllock over- 
thrust fault and tho oro body appears to be ti slightly minerdized 
achistost, greenstono. 

GOLD QUARTZ PROBPECW. 

A few gold quartz 'clairna have been 1ocahd in different pa* of the 
mamar district on stringers, lenses, and stockworks of gold-bearing 
quartz, hut no prospects of economic importance have m yet been 
found. Sevornl largo low-grado quartz rnm4es are reporhd on the 
seawmd sido of Bligh Islnnd. Noar tho entrance to Cloudman Bay 
them is e, stockwork of quartz wins in slat0 20 to  30 foet wide, con- 
taining about equal quantities of qufirtz and data. The striko is s 
IittIo e a ~ t  of south, and the dip is 66" N. A 4-inch gouge Heam f o m  
the south wall and two small faulta with gouge were seen at the left 
adg~.  Most of tho croppjng is below high tidn, but the loda ia stripped 
40 feet hack from tho beach. The quartz is drusy. The sulphides 

. include chalr~pyrita, pyrib, and sphalerita. Tho om is reported to 
average $2 to  $4.80 on samples taken acmm the entire 30 feet. 

At the northeast comer of High Island is an old proapect of the 
Alaska Cornmomid Go. on a m w  of gold quartz that is said to have 
assayed aq high QS $2,500 to  tho ton. The orn is reported to have been 
worked out. The shaft is now caved in and nothing can ba seen. 
In a bay at the north side of Graveyard Point Mr. L. E. Banzrr hea 

put down R wuple of shdte and done several hundred feet of strip 
ping, all now caved in and covered snd tho shafts full of water. The 
slate and the gaywacke in this vicinity are much contorted trnd 
crumpled, but the general strikc seems to he R littlo south of east and 
the dip steep to the northeast. Tho ~ l a h  have mmy stringers and 
bunches of quartz up to 6 inchcls thick. In the bottom of ano of the 
shafts a loact 2 feet wide is reported. Qn the dump is a good deal, of 
quartz that carries s u l p h d ~ .  Chalcopyrite, pyrrhotite, pyrite, 
sphalerito, and galena aro found in tho oro and a little calcita is 
included in the gsnpe. Assays ra4 high as $50 in gold to the ton 
are reported on this ore, but the samples aro not h o r n  to have been 
average specimens. 

MINEB AND PROBPECTS ON PORT FUIALQO. 

In 1913 B. L. Johnson m d e  a hmty reconnkance of the ore 
deposite of the region bordering Fidalgo Bay and the resub ara 
appended to this report. Acknowledgment3 are made to Messrs. 
A. H. Brooks, T. W. Dlakney, W. A. Dickey, W. B. Hmris, and G. .E. 
Scott for asistanca rend& in the examination of these deposits. 



MINE% AXD PROSPECTS O H  PORT FmALGO. 

h d m , - T b e  propem of the FidaIgo Mining 4%. is situatad on 
tho south side of Port Fiddgo, 15 d m  east of Porcupine Point, st 
the southern entrance to Port Fidalgo, and about 1 mile southwest 
of Whalen Ray. It can be reached only by hoat. It is about 50 
milcs by water from Vddez via Tatitlek Narrows, and about 20 
miles from Ellamar for boats that can pass through Tati tlek Narrows. 
Ellmar is the principal supply point. 

FIauRE lO.-Ske*rh map shming locations 01 propertira of Fldalp Mlnlng Co., FIdslgo Alnska 
G o p p  Co., and Dickey C o p v  Co. on Purt Fldalw. 

The property is reported to consist of a group of 24 claims. The 
principal underground workings are on the Wu~chestm and Elgin 
claims. A ItrsiI extends to the mino workings from a cabin on the 
shoro about 1,000 feet east of the wharf and ore bunkers. A poorer 
trail axtends from the lower bunkers to the mine workings. This 
trail parallels the tram line and joins the other trail at  tho bridga 
bclow tho upper camp at an elevation of about 530 feet. The entrnnce 
to the lower adit is about 2,500 feet from shore, and at an elevation 
of about 850 feet above sea level. Parts of the claims are wooded. 
IIbtvy a d  developw1d.-This property was disco~ered in 1905 

by T. W. Dlskn~y and 14. R. Herren. hlr. BIalmey bought out tho 
quarter intcrcst hcld by Mr. Herren in the fall iollowing the discovery. 

888i3°-8u11. w - l L t i  



The Fidalgo Mining Co. was incorporated under the laws of Wash- 
ington in the fdl of 1906 or ~pring of 1907, antZ no change in owner- 
ship of these claims has sinco takon place. Most of the development 
work was done in tho summer of 1907 and consisted principally of 
driving the present lower adit about 400 feet. Not much else was 
done until the fall of 1912 and the winter of 1912-13, The ssrial 
tram wm completed early in 1913. 

7 3 %  main developmenh at pment include the lawer adit 450 
feet long, at an elovation of about 850 feet; an upper adit 240 feet 
long, 100 feet above the lower adit; and s raise connecting these two 
sdita. A 65-foot raise connecting the upper adit with the surface is 
reported to have been completed late in 1913. Part of the ore body 
between the two leveb baa been stoped out. The mine wm operated 
continuously in 1913 with an averago crew of 8 men, working one 
~hi f t  only. Shipping started in February, 1913, and several ship- 
menh mere made in that year, A PO-foot adit has been driven 
on the Panama, claim and some stripping was done long sip on tho 
P ~ P ~ * Y .  

E q u i p &  and ore ihdmmf.--The surface improvements on the 
property, other than the trails already r e f e d  to, consiat of a wharf 
(reported to be 125 feet  in leneh); om bunkera at the landward end 
of the wharf; a 2,000-foot Zbucket aerial tram connecting these lower 
bunkers with the bunkers and sorting house at tha uppcr terminal 
of the tram; a 14-story log building at 825 feet el~vrrtion, used tls 

eating and sleeping qumters for tho miners; a log blacksmith shed 
and a log gasolineengine shed at the north mouth of the lower tunnel; 
and a log cabin and shake shed at ths lower end of t.he trail on the 
shore, 1,000 feet east of the wharf. A wrface tram ~xtends westr 
w d  from the mouth of the lower adit for about 900 feet to the 
upper termjnd of the aerial tram. T h e  upper ore bunkem are 
reported to hold about 50 tom, and the tram wiU handle, according 
to report, about 40 to 50 tom of oro a day. The lower bmkem are 
b d t  of logs and have a shake roof. Their capacity ia said to be 
about 500 tons of ore. 
T h e  om is trammed from the chutas in tbe lower adit to the 

sorting house and bunkem at the upper terminal of the aerial tram. 
It is then sent to the main bunkers at the wharf and shipped by 
boat to the Tacoma ~melter. 

O r e  &pod.-Tha geology of the c o u l q  on the south side of Port 
Fid- baa not yet been studied in detd ,  and the exact age of the 
rocb is not h o w n  nor have their relations ta one another been 
deciphered. Presumably the greenstones are of the same as 
those of the Ellamar district and at least a part of the sediments can 
probably be correlsted with thaw studied in t.ha Ellamar district. 
The country rock on tbe claims of the. Fiddgo Mining Co. includea 



both adhenfary roch snd basic igneous socks (greenstones). The 
igneous rock am dllpsoidal in places and are apparendy lava flows. 
Tha sedimen targ mcks consist of banded bluish-gray Binty ar@'1IItas, 
fino-grained light-gray graywmkes, blue-black slates, bluish b y -  
looking beds which weather deeply s light-brown color, and mica 
schist. At  an dovation of about 560 feet on the trail the bed- in 
banded graywackes strikes N. 80' E. and dips 65' N. The schists 
have apparantly been overthrust from the east inb their p m ~ t  
pmition. At an elevation of 1,100 feat dong the lode the bedding, 
or possibly tho schh tosi ty developed by this overthrusting, strikes 
about N. 53" E. and dips 70" NW. The individual beds are from 
4 to  8 incbw apart. These schists are hard blocky beds, ranging 

. from pale pink to reddish brown. Under the mimscope biotiM 
is seen to be the mmt conspicuou~ constituent, although in some 
specimens numerous small garnets, the largest 0.1 2 millimeter in 
di-ter, are found. In some of the schist specimens examined a 
second schistosity appears to be developing st an angle to the earlier 
~chistose structure. One schistosity wodd appear to have developed 
in the earlier overthrusting, and the other was f orme8 during the 
development of the ore-bearing shear sone which cuts across the 
overthrust beds. Close jointing pardel to the ore-bemhg ahear is 
visible in these overthrust schists. 

The ore deposit lies in a sheax sone which cuts wrim the eadier 
overthrust beds. This shear zone is reportad to have been actually 
traced for about 700 feet but to outcrop in phcw over a distance of - 
4,000 feat. The hanging wall of rthe shear zone appears to be prin- 
o i p s u ~  greenstone. ' h a  footwall is in most places the hard blocky 
mim schist. The strike of the ore-bearing shear mne rangm from 
N. 4" E. to N. 6' W., and the dip at different poinb on the lodo 
magas from 55" ta 75' E. Most of the recodod dips are between 63' 
and 75" E. Within this shear zone a cross shearing was obsemed, in 
v s k n e  in the ~ O W W  adit, which ~trikee us. 30° W. and dips 85" 
NE. This sbersring is said to be constant throughout the workings, 
does not interfere with the strike of the ore bodies, and is separated 
from thm by good wsb.  Them is little if any postmineral move- 
ment. 
The ombearing shear m e  form a pronounced gulch in the moun- 

tain side which contabs a stream that nrm in moat plaoes against the 
s c b t  footwall of tha sham zone. 
The width of the ~hsar mne is from 20 to 30 feet. The om mum 

within the shear in two mnes parallel to the shearjng. In p l m  in 
tho mine these two mnes practically come together, bat usually 
they am sepmb. On the upper level they are from 5 to 7 feet 
apart; on tho lomr level only 2 to 3 feet apart. The rock between 
the two zones, usually a sheared p n s M n e ,  is in some, plwa slightly 
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mineralized. The ore-bearing etreak on the foutwd is reportad ~KI 

be as strong and persistent m that on the hanging wall but t~ be lesa 
well mineralilz~d and mom isregular. The footwall o m  is said to have 
a maximum width of 3 feet and to m about 7 per mt copper at 
the most favorable place. The b a t  are yet minod on the property 
has came from the hanging-wRU om streak, on which a maximum 
width of 4b feet of 14 per cent copper ore is reported to occur in a 
atope on the lower lavol. 
The first 50 feet of the lower Rdit is rr cmsscut; the mt of the 

adit is drivnn along tho l o d .  Two stopes have boen startad on 
this levol nn two slloorts ~ ~ h o u t  40 foot apart. In one tho stope length 
of tho sl~oat WEM from 30 to 40 feet, the pitch length RS developed was 
ahout 90 h o t ,  and tho width ranged from 6 inch= to to fmt of solid 
oro. In the other shoot the atnpe length ww 30 feet, the pitch length 
ag partly devdoped was 30 feet, and the thickness of ore rangad from 
13 ta 5 loot, In July, 1913, 2& foet af ore was visibla in the top of 
this stopo. Tho diatribution of ore witbin this shoot is said to havo 
been rather implar  and bunchy. 
The uppnr sdit is clriven along the shear zone for most of its 

length hotweon the two ore ~ t r e ~ k a  previously mentioned. In July, 
191 3, tha upper d i t  was being advanced along the footwall streak 
of ore, which at that point, a b u t  150 feet from tho adit mouth, 
showed about 3 feet of good ore. The solid aulphide ore in the upper 
tunnd is roportsd to be of lower grade than that in the lower d i t ,  
pmhably bncause pyrita is mom abundant in the ore of the upper 
tunnsl. Ahout 160 feet above this adit, however, 3 feet of high- 
grade ore lies along the footwall of the shear zone. Chalcopyrite ore 
also occurs in the shear at an elevation of 1,300 feet. 
The metallic miner& iq the om include chalcopyrite, pyrite, and 

pyrrhotih. Chalcopyrite is the mmt rabundmt aulphide and is the 
s o m ~  of the copper obtainad fmm this om, Pyrite is abundant. 
The pyrrhotite is present in very small amounts and this scarcity of 
pyrrhotib appesrs to be ehamteristio of these Port Fidalgo ores. 
A low gold content of from 50 cents to 51 a ton is reported but no 
silver. Sphalerite, which o c c w  in the other Port Fidalgo properties 
visited, WRH not Reen in the specimens examined from this property 
but may bs present, The average copper content of trhe ore shipped 
in 19 13 is reported in a  scent article to have been a little owr 83 
per cent. V e v  little copper stain is seen on the ouhmp of the ore 
body, but iron staining is conspicuous. The gangue minerals of tho 
ore incIude the muntry rock and a little quartz. This countrg m k  
appears to be chiefly sheared greatone. Pp5b impregnates the 
schist to a alight extent, but the copper appears to be chiefly asmci- 
ated with the sheared greenstone. - 

1 B-, T. W., Fldalp Mine, F lddp Bey, A l b  Pacitlc Mh. 1 m., August, 19I3, p p  S 2 4 .  
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The sulphide mineral association at this deposit is that chmcter- 
istic of the primary ore deposits of this region. Very little secondary 
alteration has taken place and appears to have been confin~d to a little 
surftcial development of copper carbonates and limonite on the out- 
crop of the ore body. Tbs sulphide ore is chiefly n replacement by the 
sulphide minerals of the cr~lshecl r n n t e r i d  of the shear zone ~ n d  possi- 
bly partly the cementation of amall openings in t h s  sheared find shat- 
tered rocks by these s m e  aulphides. A dme: msoci&ion of the ores 
with the sheared grwmtmn is notrd. Mw t of the condusiona rearrhed 
regarding the genesis of thc ores of the EUarnttr district appear appli- 
cable to this ore deposit. 

FIflALIlGAIABKn COPPER CO. 

h t h . - T h e  property of the Fid dgo-Alaska Copper Co., better 
known in the Prince William Sound rcgion as the Schlosser property, 
is situated on the south side of Port Fidalp, about one-half mile east 
of Prkh Cove and about 10 miles east of Porcupine Point at the south- 
ern entrance to Port Fidalgo. This property is ordinarily reached by 
water. It is about 43 miles by water from Valdez by way of Tatitlek 
N m m  and a little farther bj- the route o u t d o  of Bhgh Island used 
by thestewem. The distance to EUamar for smdl boat8 that can 
pass through Tatitlek Narrows is about 15 miles. Cordova is 55 miles 
distant. 

The undergmund workings lie between elev%titions of 825 and 1,100 
feet above sea levd, on a northward-facing timbcrcd slope, and about 
2,500 feet from the hsach. A b r d  connects the mine workings with 
the wharf. The property is timbered. 

H&mj a d  d~vetopcnf.--This property is said to have bcen dis- 
covered in the later part of June, 1907, by Charles Sddosaer. The 
Fiddga-Alaska Copper Co., an Aleskan corporation, was thcn formed, 
Devdopment started in t,he fall of 1907 and considerable work htw 
since been done. The property mas idle during the summer of 181 3, 
but in the fd of that gesrwork wm again started and a unld ship- 
ment of ore to Tacoma is reported to have been made. Savertd bun- 
h d  tons of ore are report~d to h n ~ e  been prePiously shipped. The 
important u n d e q p ~ ~ ~ d  develapm~nts at the time of the writer's visit 
included the lower tunnel, a t  an elevation of 825 feet, which has about 
550 fwt of crosscuts and drifts, one largo and one small stope, m d  a 
raise of unknown height; one small stopo parallel to the main 
adit and 5 feet east of it; and an adit at an elevation of 950 feet 
that forks at the mouth. The west branch is 75 feet long; the east 
brmch hm about 500 feet of work with a mise of uukn~wn height. 
At an elevation of 1 , O S  feet a short tldit forh 45 feet from its 
mouth into two branches 10 and 15 feet long, respectively. Atan 
elevation of 1,050 f ~ c t  two shallow shafts ham been sunk, one of which 
extends down Ito the west branch of the adit at 1,005 feet elovation, 
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A 15-foot adit haa abo been driven at 1,030 feet .above sea level. 
A winze hm bwn started in this ttdit. 

At an elevation of 1,080 feet there h a. 5-foot shaft and a 40-fwt ' 
adit. Fifty feet below this to the west liss a short adit 6 to  8 
feet long. A large amount of stripping and open-cut work htba also 
been done on the property. 

Ep.uipmnt a d  we treatment.--The surface improvements on the 
property include the trail from the wharf ta the mine workings, a 
wharf, ore bunkers at the landward end of the wharf, a two-story frame 
building close to the ore bunkers, an aerial tram, reported to be a 
little over 2,800 feet long, from the wharf to  the mine, and several 
log buildings, includmg cook and bunk house, and a blacksmith shop 
at the mine workings. A portion of the wharf was washed away in 
tha summer of 1913. 
The ore is sent from the mine workmga, over the aerial tram, to the 

ore bunkers at the wharf for atorage awaiting shipment to the Tacoma 
smelter. 

h e  depot&-The country rock in the vicinity of the ore deprwit 
on the d h  of the Fidalgo-Alaska Copper Co., so far as could be 
seen when the property was visitad, cons~ists entirely of sedimen- 
tary rocks, nor are any igneous rocks reported. These sedimentary 
rocks consist chiefly of interbedded thin-bedded and he-banded 
light to dark gray siliceous rocks ranging from he-grained gray- 
wackes through mgdlites to cherty aphanitic, bluish to dark- 
gray siliceous rocks. Black slates occur and in one ore specimen 
chdcopyrite replaces dark-gray limestone. Little evidenca of bed- 
ding is seen new the ore deposit. At the whasf in an interbedded 
series of slates, argillites, and gragwackes the bedding, plainly seen, 
strikes N. 27' W. and dips 55' W. 

This sedimentary series has been closely folded and sheared. There 
appear to be two sets of ahearhg, the relative ages of which are as 
yet undetermined. One set ~ B S  bs northeast to due east strike, pttral- 
leling in a general way the trend of Part Fiddgo. Certain pardel 
gulches in the ridge east of the ore deposit probably mark fissures of 
this set, The other set has a northerly strike and a steep easterly or 
westerly dip. The mineralization appeam to be restricted to this 
set of fissuring. The lower tunnel is started on a sheeted xono in 
pywacke, the joints of which strike N. 10'-20" E. and dip 55'45" 
W. At 940 feet above sea level the strike of the shearing in closely- 
sheared slates is S. 86" E. and the dip 55" N. At an elevation of 
950 feet there are two sets of shearing; one of them strike8 N. 60' E. 
and dip 80" SE. and the other strikm east and dips 75' N. At ' 

1,030 feet elevation a shear that strikea N. 14' E. and dips vertically 
was obsemed and the eastward-stnkmg shear was &o noticeable. 
Agood joint wa31 tramable for 15 feet strikes N. 23" E. in the 45- 
foot adit at an elmation of 1,005 feet. At the mouth of this adit 
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mnster joinb in massive sheared black slato strike N. 21" E. and dip 
85' E. At an elevation of 1,050 feet two shafts have been sunk on 
a curving shear. The strike of tho shewing curves from N. 25' E. 
to N. 4' E. at the points whore it was measured. Tho dip wm 6.9' E. 
At an elevation of 1,080 feet ahesring in a 40-font adit on tho west 
side of the ridge strikes N. 40° E. and d i p  70' W. On the north sido 
of the ridge at the same elevation the shearing pa rdd  ta tho shore 
of Port Fidalgo ia noticeable. 

The ores occur within a broad crushed aana, apparently from 150 
ta 200 feet wide, of closely iolded, &eared, and shattered sedimon tmy 
rocks, This zone is traceable up the dope of the hiU from about 825 
feet to 1,100 feet above sea level. As notod above, two aeta of fimur- 
ing me visible, the northward-trending system dons appearing min- 
eralized. The ores aro partly the cementation of iracturm and joint 
cracks, partly impregnations of tho rocks of the ore zone, and partly 
replacements of some of the rocks. At the mouth of t h o  lower tunnel 
an irregular network of smaU quarh vcns cementa a shattered gray- 
wackc. In some places the sulphides fill the joint cracks; at othera 
they are disacmhatd through tlln rocks. In ono spwimen examined 
chalcopyrite f e p h c ~ s  a sheared dark-gray limmtone. A peculiar fca- 
ture of some of the orti on this property, as well ~4 on the Mnson & 
Gleason claims, is the filling by chalcopyrite, pyrite, and q ~ ~ ~ r t z  of 
irregular s m d  tubular wormlike chnnnels in the m-lirnentary rocks. 

Severat hundred tons of ore aro roportad to haoe been h hipped from 
the property, but the dirnmsions of the ore bodies from which this 
ore came or the copper contcnt a l  the ore me not known. The only 
stapes seen were t h w  in tho lowor ndit and the one hetween the 
tunnel, at 1,005 feet elevation and tbe aurface, where -excavations 
show the m a i n s  of an ore shoot, about 6 fwt wide trnd 10 to 15 fmt  
long, cxknding down about 40 feet to the adit lovel. Many of the, 
inhvidual ore-bearing sbosm seen wero not vclry axtenaivc. 

The metallic mincrnls in the ore comprise chalcopyrite, pyrite, 
pyrrhotite, and sphde.riite Chalcopyrib find pyrite are the pr+ 
dominmt sulphidm. Chalcopyrite appeam to be tho only copper- 
bearing mineral prmeat in the orc. Pyrrhatite is Rcnrce and sphal- 
eri'te was observed in htlt ane ~pecimen pickad 11p on the dump, but 
it  was abundant in this specimen. A scnr4t.y of pprrhotite end an 
abundance of pysitm appar l o  hn charactcristia of t . k e  h r t  Fidalgo 
copper. dqosisits. Pyrito usually mcura a3 tiny crystals. The gold 
and silver content of the ore is not known. The g a w e  minerah 
introdnced contemporaneously with tho sulphide rninrrds consist of 
a very small mount  of quartz and calcite. S o m ~  of this calcite 
may be a recrystallization of ~edimentary limestono by the ore- 
bearing solutions. A close awciation of the chakmpgrih ~ n d  quartz 
is noted in several places where both occur. Very little surfidal 



alteration of the prirnmy ores bas taken place, and consequently 
them is no appreciable amount of enrichment. 

The ~lulphide minerals at this deposit correspond to those of the 
other primary ore deposits of the Prince William Sound region. 
The ores are chiefly replacements of shattered a d  sheared sedi- 
mentary rocks and part1 y the cementation of small fractwm or joint 
cracks in these mcks by the same sulphide. Most of the conclusions 
reached regarding the genesis of the ores of the Ellamar district 
appear appliccbble to this ore deposit. 

DICKEY COPPER GO. 

Location.-The claims of the Dickey Copper Co., better known BS 

the Mason & Glemon claim, are situated on the south side of Port 
Fidalgo, a short distance east of Irish Cove and perhaps onehalf mile 
from the south shore of Port Fidalgo. The lmding point for the 
claim, on the east shore of Frish Cove near ita head, is about 14 miles 
from Ellmar by way of Tratitlek Narrows. T h e  mine workne  are 
reached in about 45 minutes by a trail approximately 2 miles long, 
which starts from a small sh&e warehouse at the shore, follows south- 
eastward along the base of a timbered ridge f br nearly a mile, swings 
eastward m u n d  the ridge, md then doubles back northward through 
the timber along the east slope of the ridge to the claims. The lower 
adit is at an elevation of a bout 470 feet above sea level. The 
claims are timbered, mcatly with hemlock but with some apruce. 
The property is reported to consist of nine claim. 

History and &veEopmt-This property is reported to have been 
discovered by George Mason and Mark Glemon in July, 1907. The 
Black Bear claim w~ locatad by them July 18 of that year. The 
da& of the discovery and location of the other clairn~ of this poup 
are not known to the writer. The property was bonded in the fall 
of 1910 to W. A. Dickey, who later bought it. The Dickey Copper Ca. 
is the present owner. About 50 feet of underground development 
work is reported to have been done prior to the bonding of the prop  
erty to Mr. Dickey. Some development work was done in 1911 and 
1912. In the spring of 1913, when four men were at work on the 
property, the trail wacs made, ore bunkey were built, 110 feet of 
tunnel and 70 feet of drift were driven, and about 600 tons of ore 
was mined. At the time the property was visited operations had 
been temporarily discontinued. No ore shipments had been made 

, to that date. 
The underground developments on the prope~ty in July, 1913, 

included the lower adit, at an elevation of about 470 f set, containing 
approximately 500 feet of drifts and mswuta and a raise; an upper 
adit 125 feet long, at an elemtion of 540 feet, with a raise of about 
25 feet, and a stope 30 by 8 feet exhnding from the d i t  up ta the 



MINES AND PROSPECTS Oh' PORT FIDAT.00. 121 

surface; an intermediate adit 35 feet long htwsen the upper and 
lower dits; a 30-foot winze with a slope of 412' connecting the 
upger and intermediate level?; and a short crosscut tunnel on the 
outcrop of the lead at an elevation of about 570 feet. 

' 

Epipmmt a d  ore treatmd.-The surface improvements on the 
property, besides the trail already mentioned, consist of a small &ke 
w d o u s a  on the shore of Irish Cove; a cabin below the mine work- 
ings at tan alevetion of about 340 feet; two log ore bunkers that have 
a total capacity of about 800 tons, just below the mouth of the lower 
adit; two shake sheds at the mouth of tbe lower adit; a log 
blachmith shop and a small log ore shed at the mouth of the upper 
adit; wnd a mine car and rails in the lower adit. The ore thus far 
mined, reported to be between 600 and 700 tam, is stored in the ore 
bunkers. 

&e &pod.--The country rock seen on this property was entirely 
of sedimentary origin. No igncous rocks wore seen and nono are 
reported in this neighborhood. The country rock of the ore deposit 
caasisB of an interbedded sories of thin-bedded siliceous rocks grad- 
ing from graywackes Go n.e;illites nnd slates. No limeatones were 
definitely recognized, dthough the charactor of some of tho orss 
suggmh that they may bo replacementa of limestones intcrhodded 
with the other mdiments, w in similar deposits examinad. Some 
blacky slate occurs in t h o  upper tunnel. The thichess of tho indi- 
vidud slate or graywncke hods is not readily detorminablo on mcount 
of tho shattering and shlcnring which the rockg in the immediate 
vicinity of the orca doposit have undergono. Graywacke bods w e  not 
very largo or abundant. West of the gulch which limits the main 
shear xona to the wnst t.hn interbedded graywacka beds ranged from 
onehalf inch to 4 inch& ill tllickness. Much of the sories consists of 
he-bandad layers of light to dark gray silicaous or tlrgilltlcoous 
material. Tho gen erd t,ont~ of the rocks i s  dark gray. 
This sodimentary serios has been closdy folded, sheared, and 

cmshod dong a zone whose wwtcrn limit appears to lie dong the 
gulch just w a t  of the ore body. The rocks on both sidm of this 
gulch seem to be of the same gonerd lithologic character but are much 
Jess disturbed on the west sido of the gulch than on tho enst side. This 
gulch fissure is reported to be trrtcctlble for a miln or more, but the 
extent of the orebearing zone hm been thus far actually traced by the 
underground devdoprnents for a distance of about 300 feet along the 
strike. The width of the ore-bearing zone is not definitely known. 
T h e  copper shoot in the uppw adit was 6 to 8 feet wide, but the max- 
imum width of the mineralized zone is probably much greater. This 
ora zone is reported by Mr. Dickey to strike N. 36" E. Individual 
shear zones are not usually traceable in the workings for any con- 
siderable distance. The strikw of a number d shear zones on the 
property rmged from N. 64" E. to N. 41' W. The greater number 
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lay between due north and N. 50' E., apparently paralleling in 
general the strike of the main shear zone. In the upper adit the 
shearing is mere or less continuous, but in many places branching 
and reunitidg farther along. Readings on the shearing in the rocks 
west of the ore body gave strikes of N. 9" E. and N, B0 E., with dips 
of 80" E. and 47" E., respectively. The strike of the bedding in 
these rocks appeared to be closely parallel to the she*. 

There htbs been a litde postmineral movement, which has developed 
~Iickensides on some of the sulpbide masses. 
The ore occm in the ~~d zone of sedimentary rocks referred to 

above. The distribution and character of the mineralization is 
irregular. A large copper shoot was found in the upper adit and 
wss stoped to  the surfam. This shoot was alm reportad to have been 
cut on the intermediate l e d .  The ore in the face of the 'upper 
adit, in the outcrop tunnel, and some of the ore from the inteme- 
diate level e d e d  considerable gdd. The difference in the relative 
abundance of the ore minerals present. in different pmte of tho are 
body is marked. As at ElIamar, the gold and copper ores me more 
or less distinct. Chalcopyrite, the source of the copper, commonly 
occurs, nearly pure, in solid he-grained rn-. In some places it 
has impregnated and replaced certain of the narrow beds. The ores 
that contain the most gdd are those that carry abundant f i n q d n a d  
sphalerite or those in whicb cherty siliceous rocks have been minutely 
shattered and recemented by a h e  network of sulphide-bearing 
quartz veins accompanied by silicification of the inclosed rock and its 
impregnation with sulphidm. Chalcopyrite is not abundant in 
either of thmo types of ore. Certain of the o m  catry the sdphidea 
in irregular tubular wormlike forms similar to thoae seen in some of the 
are from the Schlower property. - The metallic ore minerals are chalcopyrite, pyrita, sphalerite, and 
pyrrhotite. Pyrite and chalcopyrite are abundant. Chalcop~ite 
was the only primary copper-bearing minerd observed in the ore, and 
is the source of the copper. Sphalerite is abundant in Borne pawrts of 
the ore body. It appears to be more Gommon at this property than at 
the other two properties examined on Port Eiddgo. It is usually very 
fine grained and appews most abundantly in association with pyrite. 
Pyrrhotite is not very common, a feature which appears to be char- 
acteristic of these Port Fidalgo ores. Considerable gold is reported 
from  part^ of the ore body. The gangue minerals include a small 
amount of quartz and cdcite, introduced into the rocks contempo- 
rmeonsly with the sulphides. 

The mineral essociation at this ore deposit is characteristie of the 
primary ore deposih of the Prince W i a m  Sound region, and moat 
of the conclusions reached regarding the genesis of the ores of the 
mamar district appear to be applicable here. 
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