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GEOLOGY OF THE PRINCE WILLIAM SOUND REGION, 
ALASKA 

ABSTRACT 

Tha  g ~ u l o ~ y  nP Prltlcbe 'ITtlljnnl Soullil n+nr fllr $i~b.i,jt-rt of scmltn of the pnrlie~t 
g ~ l l o g l ( ~  Invpntlgntntlt~~~ earl-Irtl rrn III  dlnxktl auld frotn the h~ginning bas 
]lrewnted ~~rot)lr%nir r + f  ripe nu11 %ttuvture tll:lt nre still only pnrllg ~ o l r ~ d .  The 
rock8 n rt! dqb~ninn~ltly ~ r r l l ~ n e ~ l t n ~ - y  ~ l t ~ ~ , r ~ s l t s  proll~hlg af late JIP.WZO~S ilge. 
'I'liry I n c l ~ ~ t l ~  n NIIIHII j)rol~o~'tir~~l ~rf ~ ( J I I I C L W ~ I ~ ~  tllterrd llsaxltic lnvu flows and 
Intr~~rrIse~ and m stlll R I I I I I ~ ~ ~ * ~  r :~~~~port i r~n  11fl light-colnred granitic intrusives, 
dominantly oi n c l l l c  t y ~ ~ ,  otc~u'r;ng 11s dikes, sills, find batholithic bndie'~. 
The rwllmtmntarp W s  nre ger~erally d~scrihed as slntps and gray\\-aclies. 

In R few plncrs tliry Inclltdr n r ~ i l l i t ~ ,  nrkr~slc. s:m~lstc~ne. conglnmrrntr, nnll a 
little H m ~ ~ t o n r .  The wrli tuentt l~~ bptlfi nnA interstratified greenstones are 
atrunfly foldet: nnd Irlranlly nrr ronultfrrnhly : ~ l t ~ r p ~ l ,  p-\-p11 schistn~c! rlenr irltr~lfjive 
hodir.r or Ptrona Canltn. TIle~e ranks were divided 1,s thr enrly g~niogists into 
two groups, tbr \'111tlt I 1111d t h ~  CII'CII. whlrh were b ~ l i p ~ w l  to show n slight 
rlIfPer~nc~ in ptnb1tlg.v t~nrl !tketnt~\r,rphE~~~~. The rwks of the olrler gruull, the 
Ynltlm, nrP ~ \ - l ) n ~ e d  vhi~tiy 011 the ~lrlrth nntl west sitl~s .((If the sound. The 
y o t u ~ g ~ r  or lenn nlterrd rnclis I I ~  tlw Orrn grllrql uinkc up nlwt of the islanrls 
~tntl the rnralnla~ltl of tile rcnntttpnstrrl~ ~r;~ri of  the ur~lulcl. T h ~ y  mere conc~irtd 
3~ rlvcrlying t h ~  Vnldrr rocks ur~~rrnforrnt~bly. 

The tmir Invn f l u w  nnrl intt 'uslr~s inrlurle LrasnIt nnd rliabase. They are 
~0mewhAt a l t ~ ~ ~ q 1  cli~tnienlly :tnd n i i n ~ r z ~ 1 n ~ ~ : ~ I l y  and hnve t n k ~ n  on a green 
mlor, llPCltURP clf u Elic'h they ftre com~btonly call.rc1 &.rPenstntrPs. d common 
chfir~eleM~tir of Htp flow6 Is tlkcir ell ipoidal nr pillow ~ f ruch re .  Ther are 
Ir~terstratlfletl with thin IwRs 01' wlnle wid gmyanclre and n w  bli~vpCE to be 
restrlct~(1 to the Orctt gmnp of ~efli~nelrtw rxrppt n-bere tEtrl; Elre fauIted Into 
rocks of the v i ~ l t l e z  group. 

TIIC wdi~n~ntnry  rwks n i  the F':~lrlrz itntl 01u.x gro~~ps  hhae yielded the 
fos*Il mar~inr of both plants: ant! nninlnla, whicll nrr arf some help in cerr~lntion. 
8ur1jr or t h ~  f ~ s l l s  rmwc n T,ntr C'rrtncetms ac.e for tit Imst pnst of the \'alrfez 
and Orrn gronps. 9 

Henry snnrra and nm~rn~llartonn of d:lrial i 4 . p  charnrt~rize t h ~  Prir~ce Killiam 
Snuntl r~ttrni I t  (%WAS rnnr.11 wf i ts  preswt 1*nru1 rind npperlrnne to ~roclon 
r a u ~ d  hs thp ic*. Its re~nainifi:: glnclers are nmong the best known glaciers 
t ~ f  Al~iskn. 

Tllp r11011e11 of OCCnrrenm of C U ~ W T  and gold, the pri~~cigal m ~ t a l l i f ~ o n n  
pmt11rcta of tho I'rlnc~ II'itlt!un Sou~ul  region, nre deecribed hriefly. 

2m 
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This palwr describrs the geology of the Prince William Sound re- 
, R ~ O I I .  tt part. of sot1tl1-cellIt.1nl hlnvkn (see fig. 41). It clenls wit11 the 
rWks of r~ srrtiozb of the Coast Itnnges that has been sttrclied by various 
geologists over rt periocl of rnnrry years and still offers htlsic problems 
f hat Rre unmlred. Prince 'l17illiam Sound is we11 h o r n  for its min- 
i n g  nctivitie~, but the intention here is to cl~scribe the areal and strati- 
grnphic gwlogy of the district rather than its mineral resources and 
to preei~t n stntement that will swve as n report of progress and a 
hnsili for more detailed field work. 

Pria~ce TYillinm Sou~~r l  is nn embq-ment in the most northerly bend 
uf the Pacific const of Alnska. It penetmtes far into the Const Range 
mo~mtains and is almost shut off from the wean by a s u m i o n  of 
islanrls that lie acms its sonth side and form n pcticaIly land- 
locked basin behind their dlelter. Its mainland showline is intricate, 
tiZTording mtinp protected harbors for large as well as m a l l  veswls. 
Numerous j slands are distribr~ted thro~rghout the sonlid, constituting 
dangem to aaviption, get proriding nriditional harbors for fishing 

PraDxe 41.-Index map of Alaska uhorving the lorntlon of Prfnw \VIIllnm Sonnll. 
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crnft and even for ships. 12lt,llo11gh i t,s r r a t p ~ ~ s  nre little affected by the 
heavy seas of tho Pacific: nnd nsunlly nre relatively quiet, they aro 
sllbjwt at  times to s l ~ d r l ~ t l  sqanlls n ~ c l  gales, csl~eciallg when fall 
winds swwp down from the motultnins ot~ the north or the winter 
storms blow in from tbc Gulf of Aklnsl<a. Jn favornble weatlier the 
shining wnt~r  nnd the gwrn SIOI)PR nrld s ~ ~ f l ~ v ~ o v e m d  taps of t&he sur- - 
muncling mountains combine to ~nrtkr n scene that slclights the aye of 
every obrert*er. 

1L 
EARLY ~ L Q R B T I O N  AND m m G  

Prince llrilliarn Somid was explored in 17-78 by Capt. dam= Cook 
of the British Royal Snr?;, w11a cnlled it Prince TVilliam's Sormd. 
Cook p n w  other nnmes that nrp still ill 11s-among them, Montage 
Island nncl C n p  Xlincl~i~tl~rook. Knglisll, Ru=ian, nnd Spanis11 nd- 
rcntllrers falTalr~1 Cook in roynpps of esplorntion, The Itussian 
Pohn Znikof ente~vd P r i n c ~  'ITillinrn Somld in R trading vessel in 
1783, ~ I l i ~ l l  is the first time Russian traders are definitely h o m n  to 
Imre reached the mninlnnd of .ollnskn. Capt. John 3lenl.es, in the 
trading vessel ~'l'oatX.a, winter~d in Prince TVllIinm Sooad in 178G 
1757. Cnpt, Snt l ta~~ieI  Portlock nntl Gnpt. George Dixon, in two 
v~swls, spent part of the summer of 1787 on the sound. In 1790, 
Lieut. Fidalgo (Sr. D. Salcarlor Ficlalp)  visited Port 'faldez and 
npplied the nnme Fuerto de T'ddes, wllirh is now used in the modified 
form, lTmlclez, for both the bay and the town. Capt. George Vnn- 
cnuvw, nn or~tstnnding inrestip~tor in corn~nnnd of the simp of war 
D i s c o r c ~ y ,  cnrsied oil extensive explorations in 1794 and named 
H:takins Jslnncl, I-linchinbrook IsIaa(1, Port. Fidnlgo, and %rt Wells. 
Other voynges of explortkt ioll anrl tracle Il-ere mnde, but the first efforts 

-* to OCCIIPY ns w-ell as to explore the sound \~el.e nltlde by the Russinns. 
Tl~eR~~ssinnshle~~-PPl'jliceI\'iIlja~n Sot~l~dasCChupchGulf. They 

estt~blislled ~ e t t l ~ n l e t ~ t s  anrl organized the f i ~ r  trade with the Masks 
natives. One of their enrliest -tal~cl best lrlio~rn settlea~ents was on 
Hinchinl~rouk Island at Sz~chrl;, in Port Etclles. Two Bussian settle- 
ments are reported to liave ~ P I I  in esistolce in 1819. The Russians 
dil-ected their activities in l'rinre ITilliam Sound chiefly to the fur 
trade nncl aITpc:lr to 1la1-e made no p e a t  .effort to fmd raluable min- 
eralq 2,o p ~ o ~ n o t e  mining or fislling, or otllesl\,ise to develop die 
numerous resources of the district. 

After the purchnse of Alaska from R.ussia by the United State in 
18G7, the activities of the Rus~ian fur traders were immediately taken 
up by American companies, which established widely scattered trad- 
j 11g posts t,I~rougl~out the .Alaska Territory. These companies were 
interested in developing other sources of income as well as t h e  fur 
trade, and in some measure they are to be credited wit11 encouraging 
the first venturesome prospectors to undertake the search for valuable 
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miaeraI deposits 011 l'rinue TTill i~~~n Sound and in other p ~ r t s  of 
Alaska. This interest in mineral deposits was greatly stimulated by 
the discovery of gold on the Illondike River in 1896. Not a11 of the 
h~mdreds of prospectors ~110, as a 1-eslllt of tlmt discovery, landed in 
Vnldez in 1897 ancl 1808, seeking a road to the interior, crossed the 
passes. Some of them remained to look for gold and copper in the 
mountains near the sound. Their number grew rapidly and probably 
reached its maximum about 1907. In consequence of their search, the 
copper deposits at Ellamar and Latoucl~e and the gold-bearing veins 
of the Cliff and Granite mines mere diseo~ered, and also many smaller, 
less valuable deposits of these metals. Mining claims were stnked at 
Ellmar and Latouche in 1897, and the pro~ert~ies at both pIaces were 
soon p~oducing copper ore cornmemially. The Cliff Mine was staked 
in 1006 and was in pmdllction in 1910. From 1897 to the breaking 
out of World W&r I1 fern years passed when production of gold or 
copper from Prince TVilliarn Sound was not recorded. Mining was 
entirely suspended during the second war and had not been resumed 
in 1952, probably because of the cost of equipment and lahor. 

HISTORY OF GEOLOQIC IWVESTIGATIOWS 

Study of the geolom of Prince lVilIixm Sound by the U. S. Geo- 
logical Survey began almost as soon as the search for mineral deposits. 
Two military expeditions were sent to Alaska by the War Depart- 
ment in 1898 to collect information concerning all features of the 
country but particulrtrly to  search for favorable routes of travel from 
the coast t o  the interior. One party, known as Expedition No. 2, 
under Capt. T IT .  R. Abercrombie, -\vw sent to Prii~ce William Sound 
snd landed in Port Valdez in the early spring. Mr. F. C. Schrder 
of the U. S. GeoIogical Survey wns detailed to t,his party with instmc- 
tions to collect information on the geoIogy ni~d the occurrence of 
valuable minerals in the areas to be visited by him-Prince WilIiam 
Sound and part of the Copper River valley. The investigation 
brougllt to light some of the outstanding features of the geologg and 
raised fundamental que;st,ions which have not yet been fulIy answered. 
The second pa,sty, Expedit.ion No. 3, under command of Capt. Edmin 
F. Glenn, was sent to Cook Inlet and established headquarters near 
Tyonek. To this party Mr. W. C. Mendenhall of the Geological 
Survey wns at,tached as ~qologist. Most of Rlendenhall's work re- 
lnted to a seconnaissnnce from Resurrection Bay to the Tanana River 
by may of the hfatanu~ka Valley and the copper River basin, but it 
b e p n  in Prince William Soand wit11 a \<sit to Portnge Bay [Passnge 
Canal]. 

Tha following year (1899) the Hawiman ,llaslra Expedition, a 
private enterprise, visited parts of the sound, paying particulm at- 
tention to glncinl pl~enomena. 
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Two years after Srhrtttlor'a first visit (1900), 'he and Mr. A. C.  
Spencer made g~ologicill invmtignt ions in Psii~ce I'l'illiam Sound 
connection with n 1 ~r.g~:el. projrct of studying the mineral deposits and 
geo lo~p  of the Chitinx Vnlley. 

The growing importnnre of the mining industry and the increased 
demand for infornlr~rio~l rlbont the clistributiotl and occurrence of the 

'Ic ore deposits on I'rince I'l'il1i:lm Somlrl led to a beginning of mere 
thomug11 nud sy;t.Ftell~:~tjc study by tlie W, S. Geologicnl Survey, which 
was ur~clertak~t~ 11.v I'rof. r. 5. Grant, nssist~rt by JIessrs. Sidney 

1. P n i p  in 1005 tultl D. F. Higgi~~s in l 9 O X  a i d  1000, Mr. 11. He. Brooks 
Legan R stl~tly of the rocks of Port Valclez in 1!)1O I ~ u t  wns prevented 
by tlla pres  of ndmiuistrnt ire work f rom continuing it nnothcr sertson. 
In 1012 illessrs. S. R. Cnpp5 rind 6. L. Johnson m d e  n study of the 
Ellamar mine nncl rjci~lit?- that ncld~cl 11lot-e to n tIct nilad lrnowledge 
of the geology of the sound than ; I I I ~  investip~tian pmviously under- 
tnlren. Johnson coi~tjnued in this ~ o r l i  in ot Eter pn1.t~ of t,lle sound, 
cspecinlly the north nncl west sides fm~n 1913 to I D I S  rind was able, 
with his fii~dii~gs at Ellt~mar ns tt  bjisis, to ndtl suhtnntially to nn 
understnndii~g of the stl-nt iprrtplly n11rI alr:tl geology. The writer 
spent the 1093 to ID25 field sellsons in sinii1;lr studies. Again ill 1943, 
ilr association wit11 Mr. 13. E. Fiallo\t.~, 11r visited, ileasly all the oId 
copper prospects of Prince II'iIlinm Somld wit11 the purpxe of learn- 
ing tlieir condition nnd poss ih l~  osefztlness ns n source of copper for 
meeting Tar ~ . q n i r ~ n ~ e n t : i .  'rliis i!l\-ol V P ~  some study of the areal 
geology. 

A s  n re,uuIt of these inrestigtttio~is, tlw C. S. Geological Survey bas 
prodwed n large numlwr of wports clenling not only wit11 the minerd 
deposits but slso w i h ~  the g~~rernl  g~olom, knowledge of which is 

w necesp.ILry fnr an nnd~rstnnding o f  the rlistribt~tion nncl nature of tlae 
ores. The publient ions t n rr11icI~ reference is rllnde in tllis  port, nra 
those most n e e t l ~ l  for a 11 1111r1rrsta11cEing of the n-ider pologic probl~ms 
and the der~lapment of vie\\-a m~lceiling tltem. 

GEOGRAPRY 

Prince WiIl i~m Sound (see fig. 41) is the Pnrgest enlhnyment in 
111s const of  Alaska between Cape Splicer nncl Cook Inlet ~ m d  gives 
RCCPSS from the coast, by higllway 01. rnilrond, to the Copper River atid 
Susita~ River valleys anrl to the Ynkon-Tanann regio~i beyond. It is 
r11~1ely tritlngulw in fom.  The west side extends north and south, 
and the other two sides: conforming to the so~~tlleast trend of the main- 
lnnd and the northeast trend of tlie Inrgt, islands  cross its soutll side, 
intersect at the enstern limit of t,lw sollnd. The triangular farm, 
however, is imperfect? for the shoreline is i~iclented with many deep 
bays and confused wit11 numerous islands. 
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driven through the mountains h t r r e ~ n  Pnssape Canal and Turnagahi 
Arm for n short branch rnilroacl, rompleted in 1943, wl~ich connects 
the Alaska Railroad at. Portage rind Rlor~ine wit11 the new town of 
Whittier, port of transfer fro111 ship t,o rail. Port Pu'ellie Juan is th~.  
site of a large cannery. 

Other white settlements xro at EFlnrnar, whero the old mine build- 
i n p  hhnve been adapted ko the nse of n cannery, anti tit Lntouche, 
wllere dwelling houses formerly occr~pied bp miners are llnm wcu- 
piecl hp fisher~rlen and their families. Canlieries are in opration at  
Crnb nnd SnwmiII Bays on E-rans Island, opposite Lntouche. 

xative villnps or schools are mninhined nt  Valrlez, Tatitlek$ 
Cordovn, nnd the  south end of Cllenega Island. 

GEOLOGY 

The geology nf t h ~  Prince William Sound region (we pl. 8) iw 
essentially like tho p l n g y  of f i  1nrg.e~ province that includ~s much 
of the constnl mountajns to the east and to the west. So far us is 
known the conaolidnterl sdirnentnry rocks probably do not repre- 
sent more than one ern of geologic t i m e t h e  IMesozoic. No Paleozoic 
dimcnts  have been identified and none of the Tertizry deposits so 
extensivelp exposed along tho const past of tho Copper Rirer is known 
to edend into the area of t h ~  sollnd. Tlie only recagnizad rppre- 
sentatives of the Cenozoic crs are ~ I I A  unconsolidatPd deposits of the 
benches and stream vnlleys nnd ~ I I R  glncial outwrtsh grareks and 
moraines. 

Marine sedimentary roch  of probable Mesozoic n p ,  are the pre- 
vailing rocks of Prince William Sounrl. Most of t h ~ m  may be 
dewril~d as slates and gmywnclces, with t,he understanding that these 
terms nre not always used in their strictest smse ailrl that. the m k s ,  
mptlcinIly those known ns g r q w a c k ~ ,  sliaw considernlde variation 
in compmition nrld texture. In places, by a c h n n p  in proportion 
or in size of the constituent prtrticl~s, the conmr deposits become 
nrkosic. sandstoncq quartzites, or even c o ~ ~ ~ ~ u m ~ r n t c a .  The mud socks 
may lnck c b a ~ n g e  nncl appear as rlense, hnrd argillites, In general 
the bedding i s  distinct. Everywhere these bedded rncka are folded 
and f anltecl and show varying clegre~s of metnmorpliisrn. Locnlly 
they am scllistose, haring underpne chemical and physicnl nlterntion 
that appears to be wore romlnon in the vicinit.~ of intrusive bodies that 
invaded the sedimentary beds. Briefly, the usunl types of rock are 
grnyrndce, slnte, ~rkofiic snndstone, and ~rgillite. Conglomerate oc- 
curs in many plnces but it is not onc! of tho prominent rocks. Lirnesbne 
is still less common nnd where jt occurs is nearIy ~ l m a g s  in dnrk- 
colored, inconspicuous tllirl beds. The sedimentary deposits of Prince 



William Sound are notably lacking in Iirny beds, It is evident from 
the manner a€ mcurrence of the sedimentary deposits and the condi- 
tion of their constituents that they were formed from material pro- 
dlrced by the rapid erosion of an exposed land mass and that the cycle 
of processes whic11 they indicate was repeated almost endlessly and 

U 
with comparatively little mrixtion tl~rougl~ a long interval of time. 
The beds in mnny plnces gir-e evidence of deposition in shnllow waters. 

Igneous rocks, although subordinate to the sedimentary cleposits, are 
widely distribntetl in the area nnd are of special economic importance 

Y because they are believed to have n genetic relationship to the minerd 
deposits. The principal ipnwus rocks are of tsvo general classes: 
somewhat altered basaltic rocks, vhicl~ occur as l a m  dows and tuf- 
faceous material, interbedded with certain of the sedimentary de- 
p d t s  or intruded into them : and granitic igneous rocks, which ap- 
pear as dikes, sills, and larger bodies of less r e ~ t I n r  and less easily 
recognized form. 

All the rocks af Prince Sonnd r e r e  deformed by the monn- 
tin-building forces that gave rise to the Const Ranges, of which they 
are a part. The folding was intense ~ n d  WRS ~ccompxnisd by altera- 
tion, especially hy rwrptallieiltion, which resulted Eocally in the de- 
velopment of cleavage or whistosity and the formation of secondary 
minerals. The rocks, however, are not regionally schistme as are the 
rocks of the nort.11 f l n ~ ~ l c  of the Chugach Mountains, although schis- 
tmity is well deveIoped in places. The sedimentary rocks havs 
yielded fossils, but the fossils nra few ia both number and species and 
for  the most part are poorly preserved. A few of them are snfficiently 
diagnostic to afford definite proof of Late Cretaceous age. The 
scarcity of fossils that might. be useful for making correlations and 

C the absence of e~s i Iy  I-ecognjzed, conspicuous beds t h n t  could serve as 
horizon rnarke1-s throughotrt the district m ~ k e  the sep~ration of dif- 
ferent formations and the detei-nliria tion of structure difficult. I n  
view of the wenkness of the paleontologic e~irlence nnik the lnck of 
easily recognizable formatio~s it, is readily seen thnt differences of 
interpretation might arise arnoilg clifferent observers and thnt only 
through much det~iled field work will it be possible to solve some of 
the problems of distribution, stmtipaphy, tu~d structure presented 
by the geology of the district. Yet, the sollltion of these problems is 
much to  be desired, for  it milI mark an important advanca in knowl- 
edge of the gedogy of the Coast Ranges of Alaska as we11 as of Prince 
William Sound. 

From the time of almost tlie earliest geologic investig~tions in tJ~e 
Prince William Sound region the sedimentttrg beds exposed there 
have been described as forming two groups, to which the names Valdez 



236 COVTRFRI'T~ONS TO ALASKAN GEOLOGY 

and Orm WPPF giv~n. 13otlk groups cansist largely of slate and gray- 
 mark^. The Orcn or gounpr group wns tho~ight to be somewhat less 
rnpLmnorphos~d than the Tatclez gro~tp ~ n c l  to be further distinguished 
fmm it by the ppP.vnce of basaltic lava flows nltd intrusives, and of 
somc thiclr beds of conglomernt~. Tile Valdez group wns thought to 
be cxprwct tyl-licnlly in the nlountains north and west of the s o ~ ~ n d :  
the Orca p o u p  was believed to mnke up the mountains on the east 
nnrl most of the islands. The slates and gmy~ncl ies  I-iorth rtnd west, 
of the ,sound nre thicker beddecl nnd in pnernE of nrore uniform com- 
position the11 those on the east and on tbe islands Furthermore, the 
wdirnentn~y hrls nsigned to the Orca nm more conspic.~~o~lslp bedded 
R I I ~  j l~clt~de 8 larger prroporfioll of light-coIorecl siliceolrs herls, as 
well as more beds of conglomemte. 

The distinctions just pointed out seem to imply thnt the Villdez 
tuld O ~ F X  groups are Inore certxinlp established as strntipaphic 
units than is probably true, for doubt still exists concerning the 
adequacy of the evidence ndvancecl in support of the use of the two 
terms. The geologists who hare str~did the wdimentary depmiL9 
of the Prince William Sound repioil in the fielcI hare accepted the 
rocks aroilnd Port TTxldez as typicnl of the pmup to which the nnnle 
T7nIdez should apply and hare agreed in assigning the bnsaltjt: flows 
rind intrusjves, or greenstones as the? are sollrmol~lp call~xl: nnd the 
massive coconglomerate beds of the Ellamnr district to the Orcn pronp. 
Aside from these points 11eld in common there is no pnerallp w- 
cppted definition of what, congtjtut~s the TTa1dex ~ n c l  Olrtt poupa, 
what are their limits, nnd What w s  t h ~  strntigrnphic nnd structurnl 
 elations of the beds incluclerl in them. Unfork~natelv, i t  dwa not 
seem possible with the evidence nt  hand to clcSie the Vnlder, anit 
Orca groups closely, n r  even to show lwyonrl do~lbt that the two nre 
distinct and of signiticnntly cljfl~rent a p s ,  n1t hough the gronps ia- 
clude formntionnl units thnt prohsbly ~ A I I  BR scl)nrntwl in  d~tailed 
~nnpping. 

A b r i ~ f  review and compnrison of t l ~  pnhlished opinions af RPO~Q- 

gists who hnve studied the rocks of the Prince 'I'l'illinm Souncl region 
will  be given in orrlor to show tile chnmct~r of the problems to be 
solver1 and hr i t~g  out the vnrioi~s conrlnsioas ~1.rivetl nt. The f,erms 
"Vnldes serirs" nnd "01.ca siwjos" mwr: prolposcrl by Schrrtd~r (1000, 
p. 404-410) to desigilnt,~ the sedimsntn~g rocks of exqterri Prine 
l\Tillinm So~lnd. IIe br~sed the mpnmtion of the two "series?? on tcn 
nppnrent slight rli ffercnce in lithology and metnmorphism. Although 
not f ullp convince(1 at the time of tha ca~*rectneas of this distinction, 
he wns inclineti to b~lievt: thnt i t  was valid and thnt hie beciss of the 
'Tdc?es s~rics'' m e  filrler than tllose of the ''Qrc~, sprjes" and lie 
benentll tlwm. FnlEo~cing his first emminntion of these rocks in 
1898, Srl~t-nrl~r rlescri b ~ d  t l ~ e  two "s~ried' t ~ s  follows : 
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The Orca is n 
mdhentnry series consisting of thick-betldctl, brown nnd urn y ~ n n d  ~ t n l l ~ .  
black Iim@tones, and nrkoses, f1iterlntbde0 wit11 nruiollp t l ~ l n  I n y e r ~  of dnrk 
shale and slate, and occn~lonnllg some congl'lornemte. 

The rocks of the "Valcies series" are 

more highly metamnr~?hcis~d and crmsist of bb13fib-grny nlld dnlk qiinrlsttrs. 
arkosw. tind rluxrte-schists, Intrrl~eddetl tvith generallp thin lerls c>P  dflrk-llltt~ 
or  black slate, shale anil lIli('~-whi5!t ( S O ~ P ~ ~ B I P W  slightly grnvhltic. 1, nodular 
mica-schist, and occnsinnnl l~~ s imp  ~ t r e t r h e d  cnng1:lumprnte. T h ~ x e  r ~ k ~  nlny 
be a dirwt continuation of thc Orcn rorlis, nlorr highly m~ta~ucrrphd>serl find 
altered ns they pnsa toward the axis cjf the mouutnln rtrnge; biit for the  preseni, 
cm account of their differmce from tho Orca rock!: in  litllologlc c h n m c t ~ r ,  they 
have heen given another name and are here called the Talrl~s wries. fmm t h e  
fnct t l ~ n t  they are best eslmsed nbout Port Taldes. 

Xn the same ( I M P )  3ienrIr~nl~nll esnminecT tlie 1-oc1cs in the 
vicinity of Pnssape Canal (Pol.tage Bay of JLenrlenhall) , Prince M'il- 
liam Sound, and fro111 Kesnrrevtitnl Bay to Tlrl-nzgain X r ~ n  on the 
K e ~ ~ n i  Peninsrrln. He r1c~c1.i bet1 the rtwks {Jlei~rl~n!~cll& 1000, p. 3.03) 
ns the ' ' S U ~ ~ ~ S P  series", i n  these terms: 

T h ~ w  rrol.lis, I V ~ P I ' P V P ~  ~ a n m i r ~ e r t ,  rr)nr;ist of interheddrr?, fine blue-b:ar*h slntecr 
nn~l rlnll-gmy nrkosex, nll h:~ri~rp bee11 subjected to rar~ing degrees of nltera- 
Iinn * * *. 

7 1 1 ~  slates nre p?nprnlly clean and fiile in grnin with here and tlbere more 
aanrlp I n g ~ i ~ s ,  nl~pr~larhin:: tbr arkttaw In votlrwuess. The Iatter nrp tine- 
grfilnrcl detritnl r w k ~  innde up chiefls of fsagn~ents nf quartz nnrf feldspar 
vr ,yatnI~ ,  wlth pomp hits of .shntc nnd a little clayey mntrix. The fpldSp.?rs are 
nlorp naunlly nrtl#rrchlnsr RIIII nrid plngiw3:1~~, ~encral ly  nnwlar, but soloetinles 
sllphtly rountlrrl. T11ry nre nll wtiinrknlrlr firr their fr~shnws,  ftn11 indicate n 
vprp c n m p l c t ~  nnrF rnpkd Irrmking ulb wit310~2 wmthering of the igneous racks 
Prnm whlclc they n-rr~ rlrrirrtl. 

The w e w r  Iwrlx ortpn rn l~t l i l r~  r1r1glllnr frnm~irrl ts  nnlI ~ o m ~ t i m e s  veil-rounded 
lwhlrlpu of the slutps. Irtdirr~t tlla r21l1lll Z ~ l t  h i ip l  E I I  t ~ r i ~ ~ l l t  ln l~s  111 the s~dirnenta- 
(ion whirb pmtlunad thrble~. 

The "Snlwi~e wries" is at least in pnrt t l r ~  \~-r-pstwnrci or south~~est -  
n-nrrl continuntiorl of rocks tspn~rtl :dong t lie north side of Prince 
ITilliam Sound, ns ~ I I S  lwlt wcogrl imil l y  I L  11 In t t ~  geologists 137110 linve 
studied it, a l ~ d  in some nntletertnined tliensure, it i s  tn be correlttteri 
zritll the 4hVnlil~s tserieq". 
In 1900 Sd~rnder nud SIIPIICP~ (1901, p. 34-40) mnrlc x. fnrtller 

brief study of the rocks of I+iare Wjl I inm Sounti. They rlrrfine,d t,he 
"tTsldes cries" nnd "Orcn series?' in greater t l ~ t ~ ~ i l  nnci alnplifie(1 t l ~ ~ i r  
description of the LLValcles series" ns fnllows : 

It is R serles wl~lch, on the ~vhnlr,  i R  of rather iiillrnrn~ chnmgnnition, In rvllicah 
there nre ncr lktl~ulogic differences ~nfficlcn t fnr nlrtlring nny ~perinl dirialnnq. 
In n large way it  is h o m o ~ ~ n ~ i ~ u * ,  m t h ~ r  thnn l~ot~~~oj i t -nr>nus ,  ~ i n w  t h r o ~ ~ f i h o ~ ~ t  
i t s  thickness there i s  n cnnutnnt repetitinn of nlternntln~ t l i l t~  l~nnlla ~bf n r k o w ~ ,  
~ n d s t n n e s ,  and shnles in myinus Mtng.?~ af ni~tnmorphlntn. T h r  wrrivs, ill Ar'll- 

255593-54-2 
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eral, may be charaoterlzed aa a schist, althnugh it does not show the extreme 
metamorphism of many rocks for whicb this term llns been used. 

Of the "Orcn series" they say (p. 37-38) 

The rocka of the Orca aeries conslst of nrkoue sanrlstoties, usually serg map, 
sive, interbedded wit$ occasionxl black lfmestonm and with R considerable amount 
uf bIark shale. Locally there are eonglomemtes and rather massive brown and 
gray #andatones. The conglomerates are commsed Tern largely of gray qoartx- 
ites, with quartz grains, whir11 are usllally w7e1l-rouuded. The pebbles some- 
tlmw reach a dlnmeter of 3 Inches. though they are seldom larger than 1 inch. 
The sandstones nre sornetirn.~~ siliceous nnrl frequently calcareans or ferrngi- 
nous, but by far the grenter part of t*e sandstones are feldspathie. On a 
fresh slurface they are uwnlls  dark Mue or gray in coIor, but when exposed to 
the weather they assume n pepper-and-salt appearance, giving a general grayish 
effect. 13ark-blue or black lltnestonea have been observed within the  series at 
Yellow Cedar Bay, on the north side of Wawkins Idand, in Znyer~ from 1 to 2 
feet in thickness. 

Occurring with the sediments of the Orca series, and to all appearance inter- 
bedded with them, there are sonw Immrtant muss@ of Nabase or basalt. I t  
seerna probable that the wriocl during which the Orca series was degostted wns 
one of volcanlr actiaty and thnt sedimentation went on alternately with thp 
extrusion af lavaa * * *. 

The rauks of the Orca series have been generally folded and sheared, bnt the 
metaruorphlstn which they have sufft-red is ~umetvhui lens than that whlvh h r ~ s  
o f fec t~d the Vnldrs series. 

A more comprehensive view of the rocks of Prince William Sound 
tvas pnined from the work of Grant and Paige in 1905 and of Grant 
and Riggins in 1908 and 1909. Qmnt and Higgins (1910, p. 11) 
srunrnarize their conclusians concerning the geology as follows : 

Tbr! sedlm~ntary mcks of PrInce Wlllfam Sound are separable into tmo divl- 
xions, knnwn ns the Valda  group and the Orca pronp. The Vnldez i s  the older. 
nnd outcrops nlong the north~rn part of the aonnd, especinllp nu the shores of 
Fort Valdez. This group is  composed of alates and grayw~cke~ which hnve 
been closely folded and metamorphosed to  some edpnt, so that they are now 
partly crystalliwd. No ~narkedlp crsatalline schists occur, except in the vicinity 
of granitic intru~ions. The O ~ C R  group lip9 nnronformnhlp u m n  tbe Fnlrlez and 
hns been much folded, though not as rlosely ns the Valdez. The Orcft mnup 
cnnsi~tx in the main of dark-colored slatps nnd grgmpvnckes, with locally much 
greenstone; congIomerut~ r~nd Inconsplcnous Hmestonm m r  io some places. 
l'he greenstones alp to n large extent sltprpd hnslc Enva flows, jnt~rstratifim1 
with sI~tes and grnywackex. The peculiar ellipsnidnl structure of  thpse peen-  
stones i s  a marked characteristic of parts of the Orca group. 

As understood by Grant and Rigfins (1810, p. 261, the Orca rocks 
comprise two divisions which they describe thus : 

The Orca rocks cnn be a~pnrated into two Afvklons. one of ~vh'leh Is eharacter- 
imd by the presence of much greenston~ with subordinate amonntu of ~lf~tes, 
usual1 y black in color, graywnckes, trnd cnng'lomerntes. The other division has 
little or no greenstone, aod consists of slates nnd ,mgwttckee. 
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mey sag of the bnse of the Orcn that it is Iwnlly n conglomerate of 
well-worn pebblm ~vl~iclh are in some Joc~lities gaymacke and slate 
set in x rnntrix of graymncke. Rands of grrtywacke and slate are asso- 
ciated with tlls conglornemk, 

The work of Cnpps n11d r Y ~ T ~ n ~ ~ n  (1912) in the Ellamar district 
was a. more detuilec! stacly of  Prince 'IVillinm Sound rocks t11an had - k n  undertak~n up to  that time nnd wns concerned wit11 an area that 
was fnvorable for study. Retaining the two groups, Valdez and Orcs, 
and tkfining tllc Vt~lclez group as co~~sist iug of slates aricl grayvtwkes, - tlrey ~~co#yrized six formations as rnnkinR up the Orca g~onp (Capps 
ant1 JO~IISOII, 1915, p_ 27, pl- 2). 'l'liew forn~ations, n w n d  in the 
order of their depsit~on, are : 

Rlnck, f inegrn  lnwI slatw. 
SIH~CW and grnpnekw. 
Grwnstonel: and Inclnd~tl sdimentn, more ns IWR metnniorpbosed. 
Grwr~atones, mnsisting ~ b f p t t r  ot slightly alterwl, ellipsoidal, and mnssiw 

dinl~nst! flows 119th some inlrnsir~ cljrrl~nre ant1 lnlerberIAtrl dnte and gm\*wncke. 
Cnnglomernte. 
Thc Mark ulatr of BligFr lalnnd. 

Capps and Jollnson tho11~11t that nncor~f ormities pmbabl y esist at. 
the top of the Valdez group and of the conglomcrate formntion. but 
they felt uncertainty as t o  the stratigraphic position of the blllck 
slate of BFigh IsIanrE, o~t-ing to its isolated position and its 1~1fition 
to the adjacent grweustone, fmnl \\+hich it is *parated by a probable 
fault. 

Johnson extended the detailed ~rorlc .lt~gnn in the Ellamar dist.rid 
tn Jack Hay and Por t  Vnltlel: ia 1913-15 and 1917 and carried on a 
similar study of L~touclle and Knight Islnnds and their vicinity in 
1916. In 1019 (p. 158-1633 and in an ~~mpublisl~srl report (Geolom - and minerrll resources of the Port VaIdcz nnd Jack R R ~  tlisfrict, 
Prinoo WiIIiam Sound, in the files of t h ~  U. S. Ge010giraI Sltla.w-ey) 
110 retnined ths terms Valdez and Orcn blit recl~finpd them in nrch 
a way as  to il-rclude in the Orca group of .Ta~lc Bay nlld Port, V ~ l d e z  
only  the greenstones, with their xssoriatcd sectimcnf nry beds, and tlla 
massive conglomerate. In the Valder, group he distinp~ished (1) rt 
bnsd formation of black slztt~s wit,h minor maunts  of graywrtcke 
and dmk, impure limestone; ( 9 )  an int~medinte formatioh of bFnck 
slates, powibly of the Iower division but nlsn possibly relsresentirlg 
thick beds of gmywacke; nnd (2) ail rlppor formation of interbetlded 
gmywncke and argillit~ with some slate. Johnson, in 1917 (p. 
197-200) and in another unpublished report (Geology and mineral 
deposits of Latouche nnd Knight Islarlds and vicinity. I'rinrc Willinm 
Sound, Alaska, in t.he files of the U. S. Geological Sr~rvcy) included 
only the greenstones in the Orch group o f  Lntouche and Knight 
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Islands and vicinity. All the seclimentxry roclcs were assigned to 
the V~ldez  group, which ineludecl, in the order of their depositiori : 

Dnrk grayish-blflck dates. 
E'lne-grained, thlnbedded gr~pwackes. 
AIternating slate, grapwncke, argilllte, chert, and linreptone. 
Conglomeratrs. 
Gray w aches. 
rrlack slates. 

The different inte~prektions and definitions of the Valdez and Orca 
groups that lixve just been given are shown more clearly in the 
table on tlie fol~owing page, 

From this table it is evident that severaI matters are controversial 
or in doubt, among thent, that (1) Schrttder's original uncertainty 
cone&r?ling the sepnmtion of the V:tldez xnd Orcn groups wns war- 
r~rlted ; ('2) the sequence of the sedimentary cieposits, especially in the 
formations of the Orclt group, is in question ; and (3) the correct group 
assignnlent of some formtttions remains to he, worked out. 

An analysis of the field studies so far made eelzcourages the belief: 
that tlivision of the sedimentary rucks of Prince William Soullcl into 
n number of fornmtions will ~ventnnlly he possible but suggests that a 
 ati is factory subdivision  rill spqt~ire more detailed surveys than have 
yet beell nnclerhken. 

In co~ltinuing the Belcl work of prerions geologists, the writer ex- 
amined most oi the wcessiblo o~ztcrops of bed~ocl; on the sl~ores of 
Prince IVillialn Sound, except the seaward side of t h o  larger islands, 
stretches of the north sl~ere between Valdex nnd Passage Canal, and 
some of the srnnller islands. I n  places the gcoEogic mapping was 
rxtmded inla~lrl, but a thorongl-1, rletailed investigation of the whole 
area was prevented by its extent and the lack of time. This study 
eerved to emphasize a number of matters that will be considered more 
fully in later pages. The slates -and graymack8s of the Prince William 
Sound region are ~ o t  easily classifiable into formational units. The 
evidelice now at hand seen13 to indicate that in the absence of diagnostic 
fossils the sparation of the Valdez rind Orca groups depends on dif- 
ferences in lithology more than on differences in m~tamorphism. 
Diff esence in degree n f  n~etan~orphisrn is not fully rereliable as n, crj terion 
for djsting-uisl~ing the gro~~ps, as it varies much in rocks of the same 
group, The fossils so far collected do not suggest a distinct difference 
in age of the beds assigiieil t o  the two groups; they suggest nearness 
or eqnivalence in age. However the evidence is not decisive. ' ' .  A farther statement may be reqmrerl to explain some lack of con- 
sistency that, wilill appear in the dewIopment of this report. Geologic 
investigations I-iave been carried on by various geologists in the Prince 
William Sound region over n period of netkrly 50 gears, The longer 
the work has g011e on the less certain appenrs to be the distinction be- 



r' 1 s c h d r r ,  Prince !Vlllinm Onplls lied !ohnzn. Elamnr Johnson, Port Vnldw untl 1 Johnson, Latouche ~ n l l  0 
Sound (189L). 1 tlf8L11cI ( IDi?) .  1 J ~ c k  l 3 ~  c , O ! i ) ,  , tipighl. kla11d6 (1916). n 

I 
1 4 ,  . . Or- group mlimienvary ariec011- Glutemd mywaekes wLch LOS w l( h 30mc Conplornrrdle. I 
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Sorns invrbaddcfl liabrsc 
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If ~~cor~lorn i i lg l  
blwkIii~~c~stonn, and :~rkaws. 1 lluwn nc;~r tlw hw-. 
inlrrtw~l~bc! with lhlli lcrgt-\y ( i n r i ~ r l i ~ ~ i c  n l ~ h  si1hn10i. CI~~~P~SI .CUII~I .  ~)nslst111e tsrinci- I (~Wkrl*Lolll' i l l t r~ ls iv~~s  :IIIO 
of da rk  rh;~lc ;ulc! slalc, &lid 1 1 i l 1 t  R ~ ~ O U I I L ~  01 41d1.. 11iil1y 01 l l~. lL:.mcc~m~~r~bl~owrl flnn's. 
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tween the Valdez and Orcn groups, in so far as difference in ttge m d  
~~nconformabIe stratigraphic and structural relations are concerned. 
The desirability of discontinuing use of the limes bas been considered ; 
they are retained in this report ns convenient terms for designating 
major groups of the uridjffe,renti~ted BIesoeoic beds, which probably 
r i l l  be further subdivided, if not partly renssig~led, when more 
detailed mapping is done. 

~ I E ' F E ~ T I B T E D  MESOZOIC BEDDED ROCKS 
TBE VALDEC GROUP 

CXAXAGTEE A N D  DZ3TRlBUTlDH 

By original definition (Schrsder, 1900, p. 408, pl. 21) the Valdez 
group is typified by the sedimentary rocks exposed about Port Vald~x 
(see pl. 8). These rocks are dominantly gmywxckq argillite, ~ n d  
slate, derived from muds nnd feldspathic sar~ds of somewhat vari- 
able composition expressed largely by the proportions of quartz and 
feldspar. Siliceous and cnrbonaceous slates and feldspathic quartz- 
ites are variants of the dominant dates and graymackes. Beds of 
conglomerate and of dark, impure limestone are interstratified with 
the slates and gr~ywrtckes jn pl,wes but nre re1 ~ t i ~ e l y  u n m m o n .  The 
argillite and slate represent the finest, of the original seclimentny 
materials deposited. !I'hey diiTer from each other in the superior 
hardness and less well developed cleavuge of the argillite, by rensoli 
of which i t  is more resistant to erosion than the slate. Strongly 
contrnsting color is not n feature of these beds. The color of the slate 
is blujsh-gray or black, that of the gcnym-ncke is more commonly 
p a y  or Muisll but is lighter on tl~s wenthered surface and may be 
brownish from the oxidation of pyrite, 

The thickness of individual beds ml-iges from m fraction of a font 
to scores of feet. The beds are clomly folded and sllon~ m~,tamorphism 
that is not uniform but is so f a r  advanced in places that the slate and 
graywacke are changed to pl-ryllite and schist. Their general tre~ld 
is artst, parallel with the long direction of Port Vddez. Faulting is 
extensive. Qua& veins are abundant nnd range from fine, closely 
spaced reinlets in a complicated network to sepxrnte, individual veins 
several feet thiclr (see figs. 46,471. 

Without doubt the 01-jgind muds a i d  wilds were derived from tt  

commol source; but the causes that brougllt about the deposition 
of alterneting fine nnd coxme inuterinl, differing so little in composi- 
tion, nre not apparent. The thickmess of rnxny beds of slate and 
gi-ywacke m s  too great to be R C C O U ~ ~ ~ ~  for xs a result of nlternathllg 
seamnal changes in erosion and deposition. Some beds are plainly 
lsnticulrtr, and all -rcould appew so if seen as a whole. Tbe condi- 
tions controlling deposition did not favor the formntiol~ of recogniz- 
able beds of wide extent. 
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spicuous rocks of the whole enstern side of the Kenai Penirlssulx from 
I'ort TVells to Caps Puget. They probnblg will be one of the stmti-  
firuphie units of future clnssiticntjons nncl nre already clescrihd by 
Glnnt (1915, p. 210) as tlle old& of t,lw divisions that Iie ~nakes of the 
rocks of eastern anci southern Ksnrti Peninsula. Their prominence is 
dne in part to the supprior re~istnnce of the grmywackes to wenthering 
bnt is also clue to their abundance. The graywackes in plntes are 
arkmic. !J3e;v are grny or blu iah gray but are lighter on t,hhe mcntllered 
surface than on the freshly broken surface. The sornewllrtt Eiphter 
gray of tile gm_vwnck~ ns cornpnreri with the gray of the slates sp- 
pears t o  be dne in part, to the presence of more nrlrl Ifu'ger particles 
of quartz in the pr~rwacke. Near some of the grnnite intrusives 
the graywxcka is s n t a ~ ~ ~ t e d  with the granite, and biotite is abundantly 
developed. Such rocks appear gneissic. 

The slates arc clark gray or blnish black nnci fine grnined. Cleav- 
nge is commonly well developed in them yet is almost sis well deveIoped 
in some of the praywacke. In plates thc clenvnp of the slates is 
crinkly or wnvy like that of some schist,s. Some of the mcks derived 
from rnud nre without cleavage nnd slloulrl br: called nrgillite rntl~er 
than slate. 

The slates and p w p a c k e s  of the Kenai Peninsula adjacent to  the 
meat, side of Prince William Sound are closely folded. The pnernl 
~trjke of the beds from Pod Ttrfells to Port Bninbridge is a little enst 
of north and is plainly reflectttrl in the trend of most of the hays and 
nrms of that side of the sound, ns we11 as in the trend of the interven- 
ing mountains. The folds nm on n l a r p  wale and are overturned 
to the east. This is shown in the section of beds (see fig. 50) that i s  
expo~c l  along the sliore of the ocean wa4  of P u p t  Bay n r d  wtw 
described by Grant ( 1915, p. 910). Such folds are lincommon in the 
lava flows nnci intplrhed drd ~ediments of Knigl~t a n d  Rainbriilge 
isla~lcls although they were seen on Lnt,oucl~e Island. There, however, 
the folding is not so close as on the mainland. 

Faulting a c c o r n l ~ n ~ ~ i ~ ( 1  the folding of the slates n13d g r ~ y  ~ ~ n c k e s  and 
is more common thnn appears from the field observations of a 
reconnaissrrw~ S Z I ~ V C ~ .  A stndy sf the map of tlro west side of 



Prince William Saund imm~dint~ly  slrgpests that faulting must have 
had an irnportnnt iiifltrei~ce in detcrminirq the lncntion and form 
of the many \rater\vays, for t!wy ~ I H V A  lln nrrtrngement; thnt ~ollld 
hardly Ilxre been dependent on folding nlrrnc, 

T h e  sedimentary beds of tlie T n l d ~ z  grclnp nro intruder1 by igneous 
rocks in the form of Earp, irregnlnrly sl~npocl bodips or', tnare com- 
monly, of dikes slid sills, l l ~ e  offshoots of the Inrpr bodies. Dikes 
ancl sills are widely distribnt,pcl wnrl apprnr wherever the Valdez 
rocks tire known but fire mo1.e I I I I I ~ ~ P I ~ O I I S  i l l  ~ I I P  vicinit,y of the 
batholiths, T~IPJ- include aciclic, nnc1 btlsic i1ht~'nsi ves b~ht nre domi- 
nantly light-eolorecl prfinit ic rocks, runging from diorit,e to nplite. 
Many of the dikes nrs persistent for long d i s b n c ~ s  nnd nrr readily 
recognixed against, the dark Isnck,rrl.ound of I he slrttea nntl graptrncltes. 
They and the batholiths \\-ill be drsc.ribetE H I O ~ ( !  f111ly in the sect ion 
11n igneous rocks. 

TRIG ORCA GROXTP 

INTRODUCTION 

The type locality of t l ~ e  O1.c:l g o n p  is the Orcn I3uy district o t  
m~xthenstern PI-ince IYilli:~in Sorultl. The Orca gro tip, like the Vnldea 
groul,, co~~s is ts  domint~u~tlg of s l r ~ t ~  and gt.tty\~arlre, )>at. it. inrl uden 
ttlt~red basic estrusire ant1 iillrasirt! jacks Ihnt am ~ I I O I Y I I  as preen- 
stones 111lt1 nrc e x t ~ ~ ~ s i ~ e l y  exposed in parts nf the aon11tL ,ilthougb 
w~lmrtlinate to the slate 2nd gragsvrrrke xnrZ son~ewhat. irrpgalnrl! 
distribntetl, thr g r e m s t n ~ ~ s  hare lnng been consiclrretl to he the most 
~ l ~ a ~ n c t ~ r i s t i c  1111it of the Owa group. 

h'ot\;.it~kstnntfil~ the simi1:iriti~s of the t\ro frro~ups, the Own, Wh~n 
c o a ~ p n ~ ~ r l  with the Valtlcz, slrows ~refiter rlirersity in the kirlcls of 
=ks composinp it. T:r ri:rt ion4 fi-o~n f l r ~  t~pic111 slatn nnd gr.ny~\,nckt! 
apppnr to IN gre:rtcr in tllc! O ~ r a  t l i n ~ i  in  the Vnlrlm por~p. 1'110 
~e(limi*ntarJ' h ~ ( l s  diow niare variety. Rlnch of t l i ~  oririunl mncld;? 
sediment IIOW RIF~P:II 'S  :IS :tr'piIlite m tller thtl11 slntc. J,ocnllp, t tlp. 

c o a r w  sntirls C O F I ~  8li11 R l l igl~ p1*~1~1~lrtiot1 of q ~ ~ ~ r t z ,  nilcl t,Ile ~ c H ' I ; ~  
d~rived fmrn t h ~ n t  nt-e m o l h e  esnctly clescribed as snil~lst~on~ niid 
qw~nlzi  te. TEIP 01.c.n grt~up ~ I I ~ I I I ~ I P S  O C ' C H S ~ O ~ I ~  1 ~PCIS of c011g10ni~rah 
t ~ n d  lim~stotit. i l l  nddit ion to the sedirnent:~ry roclrs menbionecl. Cnn- 
glornernt~ beds nro prominent, in sover~l widely sepnrated locnlities, 
but limestone b ~ c . 1 ~  ntcl uncommon nnd nota1)ly inconspicuous. 

Tha beds of the: Orcn p n l ,  itro closely folded and much faulted but 
in penern1 rwe not grm~ tly nlt~rrd. Lmn1I-y they aare rnetarnorpllcvs~tI 
in consequenca of ifineons ititrrrsioil or other local cause. A jadpne~rt 
of the relative (legre3 of rilteratinn of the rock9 of  the O ~ C B  and VnZ- 
dex gronp8 is difti(~lt. fo  f t ~ r ~ n ,  for folding and alterntion are not uni- 
fornl throi~gllout either groap. Tho Oxn socks in p l n w  ]lare ml 
appezrrcnce of rnl~ch disort l~~.  They were bt11 crushed and foIderl 
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nnd slto\\' confusion of strilzes and clips tllnt m n k ~  the interpretntion 
of structure uncertain. Possibly they were deformed ui~dsr n light,er 
lonrl of overlying sediments tlilan the beds of the V ~ l d e z  group. 

The generttl distribution of the rocks here described ns t,lm Orcn 
gr,rt.onp is represented on the geologic: map (pl. 8) in much the same way 
ns it x\-ns g i v m  by Grnnt and Higgins, although atltlj tions nnd cllnn~es 
Ilnve been made tliut m e  based an the later work of Capps, Johnsnn, 
rtnrl the writer. The Orca group, however, cannot yet be clearly dif- 
ferentinted from the Vnldez group. Grant and Higgills included in 
the Orcn group, as r~ppears from their geologic map (1910, pl. 2), 
n l  l the greenstones of Prince William Sollnd ; the sedimentary rocks 
east of ti line c1ra1r.n noi.t,llward from Post  Rninbrid~e tthronglh Rain- 
lwirlg~. Passthge rind Knight Island Passage to Long Bay; and most of 
the sedimrntary rocks so l~bl~  of an irregular line drawn so as to include 
Glnci~r Isln,nd, the west side of Vnldez Bmm, the Ellamar district and 
I'o1.l: Fiddgo. Tlwy c011ceived the Orcx a s  I E U V ~ I I ~  two clivisians and 
believarl tJhrit the gwenstones 11-itll their j~lterberlrlerl sedimentary anem- 
hers mnlte np the lower division and overlie tlie Vnldez group uncon- 
formnbly. The uppclr division consists of slate and p y m a c k e .  The 
only pl~lce ~11ere Grant rind Higgins show T'aldez and 0rca rocks in 
contact is ill f l ip  El1am:cr district, the adjacent Vsldez A m ,  and on 
Unnkrvilr Inlet. 

Capps and Jolluson (1915, p. 27-28) nrc~ptad the Orcn group as a 
stratigrnpltir u n i t  but fonnd thnt the greenstone unit of the group in 
llle Ellnmnr district is ~mtlcrlain by wrsri~l tlloklsand feet of fine black 
slate and interbcdrled sla~te nnil grnywncke t l ~ n t  they regard as belong- 
ing to the Orcn group (stp fig. 51). Tlie rocks wliic11 they assig~~eil to 
the Valdez group in t,ht~t wrrl nre brought i ~ t  to contact with the green- 
stone unit of t.lw Or~ai group by n pent  nverthmst fault, nut known to 
Grant nnrl Hipgins, nnd tlw norrnnl contnct of rocks of the tmo goups 
was nowhere recognizetl by t E~cm. 

Johnson's later work on Port Vn1dt.z and Jnck Bay was chiefly 
among rocks of  the Valdez group. 'Clw Vnldea group, liowever, was 
defined by Johnson so as to include certain rocks that formerly mere 
mapped as Orra (m p. 944). dollnmn also mndp clr~ngos in the as- 
~ig~unent of beds to the Vnld~a and Orcn phc~ups of the Knight Islnnd 
and Lntouclle Island districts, t rnnsferring f from tho O ~ C R  p ~ o q  to the 
Valdez group nll the sedin1ent~r.y beds in t h n t  pnrt, of Prince lVillinm 
Sound that formerly were regarded 11s O I T ~ .  13y these chnnges Jolut- 
son wolrld reduce the Orcx group so ns to ji~clucie only the greenstones 
thoughout the mund area ~ n d  the initssive conglolnerata riam Ell~rnar. 
The succession of formi~tions proposed by Johnson is shown in the 
tables on pnges 241 R H ~  270. The writer, after s p ~ ~ l d i ~ ~ g  considerable 
time in examining the rocks of the Knight Tsla~ld nnd Lnt;ouche Idancl 
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tion, of slates and graywmkes, is thought to rest urnformably on 
the conglomerate; but the stratigraphic position of this formation is 
not yet certninlg known. 
The Ellnmnx district offers the most favomble oppo&unity for the 

study of the strntigraphy of the Orm rocks that is known, and this 
section thorefore rnorits further consideration. It js not to be ex- 
p&d, however, that the rocks of the section will be constant ancl 
similarly expowd tf~roughout the area occnpied by the Orca group 
in Prince William Sound. The restrict,ed local occurrence of both 
the greenstone and conglomerate demonstrats that changes in the 
stratigraphic section take place oven in short dighnces. 

TIie blnck slate formntiorl, regarded by Capps and Johnson as the 
lowest and therefors tho oldest, of the divisions of the Orca group 
rlift~mntjntetl in the R1la1nnr (tistrict, inrlutles very Tittle pywnckt?.  
It is made up alrno* antirely of slate in which the bedding commonly 
is not plainly seen ; and in plmm it is made evident only by weathering 
and the resulting difl~xences of color. Z'he principal exposures of the 
slate are along the enst side of Tatitlek Srlrrows and in the peninsula 
between Boulder and LantIlmkd Bays. In much of this area the 
beds dip skeply towart1 the northenst and show no rwognised repe- 
tition. The ~lorthensterly dip of tho betls ~ n c l  the a r m  mupied by 
them appenr to inclicitte s great thicknw of the slate, probably 
amounting ta s0vernE tl~ozlsand feet, but faulting nnd possible repe- 
tition of folded beds mnko estimates of thickness  question^ ble. Un- 
certainty also arises concerning the stratigmphic relntion of t.he 
black slate to the slate-gmywxclie I d s  bordering them on the east. 
The contact of the two was not seen but the clip of the bods should 
carry thorn beneath the s I n h  and prtymnckes. 
T h e  formation overlying the black s l a k  is mnde up of thin beds of 

slah and p y w s c k e ,  none of mhicb cxwetls n, fow fcet in thickness. 
These beds dip undc~ the grecnstona in the vicinity of Ellamar and 
upper Galena Bay. They a m  abwnt on tho peninsula between 
Boulder Bay and Tmndlocked Bay, probably k i n g  fnvlterl out there, 
but appear n p i n  east of hncllocked Day. They inclnde locally a 
small amount of black limestons and conglomerate. The slate-gr~y- 
wwke formation and the underlyi~~g black slate were less resistant 
to pressure and distortion than the greenstone above them and 
more severeIy folded. The thickness of the stnte-graywacke beds may 
be as gmat as that of the black slate but here also folding and fault- 
ing make h a t e s  of thickness extremely unreliable. Although the 
structuml and fintigraphic relation of the slate-graywacke beds to  
lthe blwk slate is not convincingly indicated, the relation of the slate- 
grap\v~cke beds to the greenstone is not in doubt : Both the struc- 
tnw and the areal dist.ribution show tlmt the greenstone overlies the 
dates and graywackes. 
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The peenstones record an epiaode or episodw in the c o u m  of depo- 
sition of the *dimentary beds. They nre composed of sornewl~at 
altered basaltic Isvm that were poured ant 011 tho bottom of a shallow 
sea, thus acquiring their ch~rncteristic pillow struduse. The evidence 
of underwater extrusion is confirmed by the beds of slate and pay- 
macke thnt are interstratified with the flows. The greenstones are the 
principal rocks of an elong~ted nrea that extends from Port Fidnlgo 
to Valdez A I ~ ,  a distance of about 13 miles, but are not continuol~s 
across the valley that leads from Boulrler Bay to Galena Bay. Green- 
h n e  also occupies the northeast part of B1igh Island, d l  of Busby 
Island, and ti part of the west, shore of Valdez Arm. These separate 
areas are probably parts of ona origin:illy continuous nrea that was 
divided througll the i~lcide~lcea of faulting nr~d erosion. Other isolated 
greenstone areas nsur Ellamfir. are that of Glacier Island, a long 
narrow a4re-a on the north side of the valley of Jnclr Bny, and another 
near the head of that valley on upper Solomon Gulch. These. areas 
have no e ~ i d e n t  connection wit11 tho greenstone area of the Ellamar 
district. The gree~~stone areas in tho valley of Jack Bay find on Solo- 
mon Gulcl~ are surrounded hv rocks of the Vddez group and appear 
to be faulted illto their pmcnt paqition. If not infaulted blocks they 
are intrlrsions in rocks of t,he Valdez grollp or in rocks wrongly as- 
signed to the Valdcz groul). A smdl area of alter& igneous 
rocks asmciated with black s I ~ t e  and crystalIi11e limestone at tha head 
of Port Fiddgo appnrei~tly belongs t~ the greens$one group and indi- 
cates the extension of the O ~ C R  rocks into the mountains on the enst. 

Thc rnnxim-zrm thicknms of the seenstones and interbedded sedj- 
ments near EIlnmer is sevcml thous~nd feet,  which is u n ~ q ~ ~ a l ~ d  in 
any locality in Prillce TVjlliam Sound with the possible exception of 
Knight Is1 and. 

The massive conglomerate of the Ellnmnr district has  had n prom- 
inent ptme in all the discussion of the Orcs group for it is one of the 
two formations accepted bp all as belonging t o  the group. It wns 
described by Capps and Jolmson (1915, p. 4 2 4 )  as follo~vs : 
As the top of the greerlstone~ isl tlppl-onched, near the nnrrow low Rnp llh 

miles southenst of Rocky Point, the shale beds alternatins mlth the grrenstone 
flows hecome more numernus, small quantities of limestone occur, and thin con- 
glomerate beds agpear between the thin lava l e d s .  Ahow the last PPenstcrne 
Row a very thlck melomerat& ocmpiex all the end of the wnln.rmla between 
Galena Bay and Tatitlek Narrow. It lies conformably on the underlying green- 
stones * * *. The texture of the rorkg varies from gritty beds, which approxtch 
coarse sandstone in  appenrance, to  cmrse rnn~slvc! conglarnernh?~ containlag 
boulders and blocks 05 rock several feet in diameter. Between the pebbly beds 
In places occurs a little slate ant1 graywacke. The pebbles in the conglomerate 
nre composed mainly of gmymcke or slate, thoah some crystalline pe1)blefi of 
granltic texture were seen nnd also a few pebbles or boulrlers which might have 
been derived from the greenstones of the Orcn group. The matrix is cnrnrnonly 
n blnck argillaceous material, nnd most af the conglomerate wasr probably de- 
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that the conglomerate is y01111ger tlmn Orcn rocks rind is not to be 
included with them. W ~ i s  fi~sumptian rnisos tlla question of whether 
the conglomerate on the north aids of Galena Ray is correctly cor- 
related with that on the south side. Mnqcrt; of the geologists have not 
questioned this correlation. 

Estimates of the thickness of the bedded rocks of the Orca group 
in the Ellamar district show only the order of thickness. T h y  are 
not based on field measurements of sectiolis but rrtther on the relief of 
the surface and a general knowledge of the nttitude of t l ~ c  M s .  
They apply to nn w e n  where the greenstone is o f  exceptional thicknc!ss 
and the conglomerate mnj be unique, for  it llas not yet Iwen cor- 
rdtlted with any other conglon~erate of the sonnd. Cnpps and Johnson 
(1915, p. 146) state that the greenstones are seveml thw~sand feet 
thick at Ellnmar ~ n d  that the conglomerate at atmky Point ltppears 
to be at least 3,000 feet tl~ick. Since the other form~tions of the gro~~lp 
seem to b~ compnr~ble ~ i t h  the greenstone ant1 the congIome~mto tho 
t o h l  tl~ickness of the group probably is many thousands of feet, 

The dructure of the bedded rocks of the Orca p u p  in the EIlnlnnr 
district i s  not fully understood. Several assumed relationslrips are 
open to do~~ht .  The relatioll of the gmenstone to the congl on~erata that 
overlies i t  and tQ the slate-graylracke formation beneath it is fairly 
wcll ~stablisIted as stractt~ml conformity. The relation of the bl~lck 
slab to the slate-graytraclr~ fo~mation of Bligh ZslrtnrZ wit11 referents 
bo tlio 0 t h  iorrnntions is still less h o r n l  although because of their 
simpler stntcture the dates nnd gray~nckes rcre assumed to be younger 
than the massive conglornarnte, 

For tlte nlost part these forrnat.ions trend in a nortl~west direction 
and are Imrdemd on the northpast by rocks of the TTaldez group which 
are overtllrllst on the Wnstone  forrnntion in most of the area. The 
Imse of tlre 01en p n p  has not been recognized. The peenstone of 
Ellamar 3Ionntaitl np1wnl.s to  occupy n eentrnl place in a synclinal 
fold in the lo~rer slate-graywncke formation, and the greenstone of 
High nnil Busby Islands appears to be se-pncntecl from adjacent sedi- 
mentary beds on both tlw northenst and tlw southwest by north- 
westwad-trending f nu1 ts. 

The slate, argil ii t ~ ,  nnd gmyrvncke fragments in the eonglomemte 
af the Orcn group wcse t1i~rae1~t to be dcriv~d in part at least from 
m k ~  of the Traldez group, which s~lppmedly is lacking in greenstone, 
but frngment.9 of peenstone in n conglmernte of O ~ C R  age m ~ u l d  indi- 
cate the probnbls pwsence of grernstnne in the Valdez group or the 
exposure and erosion of elder Orcn ~oclrs. 

The conglomert~te bed 011 the sllorn norib of the entrance to GJenrr 
Bay appears to be made up in part of materjrtl from the greenstone on 
which it rests. This relaGons11i~ mny R T ~ P C  from either of the passi- 
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bilitim just suggested-that the unclerlying greemtone is older than 
the rocks of the Orca group, or that it is an older unit of the Orca 
group tha t  was exposed to erosion. 

The resemblance of the massive conglomerate to indurated till or 
tillite wrts noted by Capps and Johnson (1915, p. 431, although they 
were unable ta find evidence of the glacial origin of the conglomerate 
and suggssted such an origin orily as a possibility. 
The uppermost division of the Orca group in the Ellamar district 

consists of slates and gmywackes occupying the southwestern, larger 
part of 13ligh Island. These beds are similar to beds of the Vaidez 
group and to the lower s lam and graywackes of the Orca group. They 
differ from them in being much Iess closely folded and less altered. 
They occupy an isolated position and are p~obably separated fmrn $he 
greenstone flows of nortlleastern Bligh Island by a fault. Their strati- 
graphic position is therefore in doubt, but their simpler structure ttnd 
less altered state seemed to justify th8ir assignment to a place above 
the greenstone and conglomerate. 

Faulting took plaee on a notabIe scale during the deformation of 
t l ~ e  rocks of the Ellamar district. Several prominent faults have been 
mentioned. Other faults in the Jack Bay valley, between Galena Bay 
and Port Valdez (see pl. 81, were mapped by Johnson (1919, p. 158, 
pl. 111). Their arrangement and extent suggest that they may hava 
been imporhnt f adors in locating Jack Bay and point to some, un- 
usual stresses affecting that area. 

The mcks of the Orca group extend southwestward from Orca 
Bay and are exposed on Hawkins, Enchinbrook, and Mc*ntagus 
Islands, and on most of the larger islands between Montague Island 
and the mainland of Kenai Peninsula. The seaward coasts of Hinch- 
inbmk and Montwgue Islands are almost unknown, as they tire ex- 
posed to the full sweep of the ocean waves and have no ha~bors offer- 
ing shelter for boats. Landings on the beach are thus practiml only 
at times when the surf is favorable. The seaward beach of Mcntague 
Island, however, has long been known locally as a placa where lost 
boats or other valuable flotage may be stranded and sometimes yields 
articles thnt are worth the cost of salvage. Montague Island beach 
has been visited wcasionally by huntars of stranded property but 
rarely by prospectors or geologists. The north shore of the island 
is low and, compared with mast of the other islands, has fewer out- 
crops near the water. Spruce timber mvm the lowland back to the 
mountains and exkids up the lower slopes to an altitude of 500 to 
6QO feet. 

The rocks of these sheltering islands are dominantly slates, gray- 
wackes, argillites, ttnd arkosic sandstone. A few thin 'beds of dark, 



impure limestone crop out on Hhwkins Island. On the south shore 
of Hawkins 3sland beds of grit and conglomerate, with pebbles and 
cobbles of quartz as large as 6 inches in diameter and pebbles of fine- 
grained acidic igneous ~ o c k  and granite(?), are expomd at one 
locality. 

An Winch dike of dark basaltic rock cutting the sedimentary beds 
E rind a small area of greenstone that may be Orca greenstone are ex- 

posed on the east side of Canoe Passage, Hawkins Island, but no 
similar rocks were seen on Hinchinbrook and Montague Islands. - The western shore of Hinchinbrook Island from Johnson Point to 
Cape Rinchinbrook shows nearly continuous exposures of the Orca 
rocks, which consist almost entirely of thin-bedded graywacks, slate, 
and argillite, The betis, the thickest of which are only a few fwt 
thick, are closely compressed and stand vertically or nearly so. Muell 
deviation from this position is so uncommon as to attract attention. 
The rocks exposed on the s h o r ~  of Port Etcl~es include much black 
slate and argillite with many beds d~orving indistinct or fragmentary 
organic remains on the bedding surfaces. They am much crushed a4 
well as closely folded, and in places the crasl~ed rocks are healed 
with a network of white veinleis. The strikes of the berls m o  highly 
variable. Some of them conform to the trend of the island, but 
many wero measured that arc directly across it and trend from north 
Lo northwest. The dips are commonly high to the east. 

A section 3,100 feet long mas mcas~lrod by pacing along the north 
shore of Port &hes, beginning a t  the end of the mndbar connecting 
Nnchek "Islancl" with Hiilchir~brook Is1 and and extending to the west. 
Tho rocks of tl~s smtion make up nlternating stretrhcs of rnamive 
gray~vacko, mucl~ fractured m ~ d  seamed wit11 white veinlets and for 

+ the most pnrt showing indistinct structure, and highly con to^, thin- 
bedded argillito and gaywncke wit11 slitlly partings. The maasire 
gaywacke and t l~c  thin-bedded rocks are in tho proportion of about 
3 ta 2. The graymncke unit is not over 460 feet thick, and the sectioh 
of thin-bedded units is not over 228 feet tllick. S c a t t e d  through 
one mnssive 200-foot unit xre pebbles and cobbles, from 2 to 8 incl~es 
in diameter, of material likp the gyywacke itself. 

The shores of Zaikof null Roclzy Bays at the north end of Montague 
Island offer exposures favorable for examination. In these exposures 
the llaclrs do not differ in kind from the rocks of Hinchinbrook Island 
but are more thinly bedded, more regular in strike, and more openly 
folded. They show many carbonized remains of plants and the bor- 
ings and trails of marine nnimals. WeI1-preserved ripple mnrlrs in- 
dicate that the waters of the sea in this vicinity were shallow when the 
muds and sands were being deposited. 

The trend of the folded beds is commonly east-northeast. Most of 
the measured strikes fall into two groups that range from east to 





Pee t 
Graywacke, in beds up to $ feet thick ----------------------------- 2CI 
Argillite, thin-bedded ---------------------- 40 
Cfraywacke, in beds 1. to 12 feet thick ------------------------------ 40 
Argillite. thh-bedded - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  30 
Gmywzcke, In beds 6 inches to 20 feet thiclr ---------.2------------ 70 

Most of the inside sliore of Rlonbgue Island is made up of sandy 
beaches back of wllicll are lomla~ld areas that extend to tbe lower 
s l o p s  of the mountain. The projecting poillts with fey exceptions 
nre bedrock consisting of graywacke beds, bailded argillitas, and some 
nrkosic sandstono. At one locality or1 the south side of Stockdale 
Harbor the sandy beds include calcareous conc~~etions r ~ n g i n g  up to 
$2 feet in diameter. At Point Gilmore n bed of sandy shale contains 
scattered, well-rounded pebbles and cobbles from 2 to 3 inches, occa- 
sionally as lnrge as 5 inches, in diameter. These pebbles resemble 
some of the local bedrock. At the nest point of li~nd, 4 miles to the 
southwest of Point Gilmore, :L snndstone bed has scattered through it 
an abundance of smnll, well-rounded pebbles miiging np to 11b inches 
in diameter. Many of the pebbles nro qun~tz but some ara gray granite 
or. diorite of medium p i n .  Xem Point Woodcock, Mndeod Harbor, 
massive p y w n c k e  beds and thin-bedded gmywncke and argillite beds 
that strike N. 30" E. anti dip 90" arc csposed. This mom northerly 
strike conforms to the changed trend of thc folded beds on the mest 
side of Prince Willii~m S o n ~ d .  One thin bed of graywscke at this 
locality has about 5 inches of conglomerate on one side. Conglomer- 
n h  beds snch xs those thnt have been mentioned do not appear to 
indicnb important uncol~for~nities. The Orcx graup of sedimentary 
beds seems to be largely sl~nllaw-water deposits and probably derived 
much material from nearby, local sources. 

The backbone of blontngne Islunrl is a rugged rnotlntnin dlnin with- 
out low passes to the, sen%-ard s ick  of the island. It sI~ows l n n q  small 
cirque basins thnt were occupied by ice after the disappe~rance of 
the great ice mass that filled Prince William Sound. So far as is 
known this mountain ridge consists entirely of rocks such ns are ex- 
posed on the shores. 

GREEN =LAX0 

The rocks of Green Island are black, banded slnte and shale with 
occasional thick beds of graywacks or snndshe. The graywacke is 
more siliceous, softer, nncl more brownis11 011 a wenthered surface tl~ail 
most of the graywacke of Montngue Island. Evidences of former 
life are common and incltlde the carbonized fragments of plants and 
the borings and trails of worms or other animals, but none of the 
organic material found mas sufficjently welI preserved to be collected 
or to have diagnostic vnlua. 
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LATOUURE I B L W  

The ge;eolo,ay of Latouche Island hm particular economic interest 
because of the copper and iron sulfide deposits at Latouche, Horseshog 
Bay, and other lm abundantly mineralized lmnlities. The areal. 
geology and mineral doposits of tha island wero studied by Grant and 
Higins in 1910, by Johnson in 1918 (p. 103-220; unpublished report 
on Latouche and Knight Islands), nnd by the writer. h addition, 
the geology of the rnincs at Latouche was stuclied and described by 
geologists nssociated with the mining companies. The most compre- 
hensive descriptions of tho mines fit Latouche are by Lincoln and 

- 
Bateman (1924, p. 338-3681, who were chiefly concerned with the 
occurrence and strucklire of the ore deposits a t  that place, though their 
study involved some considerntion of tha generd areal and structural 
problems of the district. The geology of Latouche Island has thus 
bmn investigated more fully tlian that of the other islands of the 
sound. 

Zato~rchg. Island affords abundant exposures of the country rock, 
although it offers less f avarable opportunities for the study of strati- 
,graphic problerns than the Ellamar district, This is because the beds 
are more lncking in distinctirpe f e n t u r n  by which they may be recog- 
nized or differentiated and arc difficult to correlate from place to place. 
They consist almost exclusively of slate and graywwke, mllich, how- 
aver', show some variety, due tn slightly changing conditions of emion 
and deposition that took place wide the muds and snnds mere accu- 
muIating and thus gave a little variety to an otherwise monotonous 
successioli of nlkrnating beds. The original mud deposits became 
argillite in places. Some of t he  sands were more riclrly feldqmthic 
nnd yielded arkosic sandstones. A few more distinctive rocks were 
f orrned. Occnsional beds of conglomerate are intentratified with the 
slabs and ,mywackes. Limestons occurs in a few places. Igneous 
r& wem intruded as dikes cutting the sedimentary beds in several 
widely %parated localities and probably are more numerous than is 
now horn. 

The slates and argillites are black or dark gray and much of the 
slate has a well-developed deavagc. The color of the gaywncke differs 
little fmm that of the slate but h d s  to be somawhat lighter. Many 
beds of p y w a c k e  are almost as fine grrtined as tho slnte. From such 
texture the p y m n c k e s  range to snndstones of medium and coarse 
grain. In most of the area the slates and grg~rrywnckes are thin bedded 
ztnd show their bedding distinctly (see fig. 58) .  They differ in hard- 
ness and resistance to weathering, which has expression in the l ~ n d  
forms, for many prominent points of tho r i d g ~  and t h ~  stForeIine are 
due to the superior resishnca of the graywacke. 
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Be& of conglomerate crop out at hto~tourhe, and on Wilson Ray, 
Horseshoe Bay, and Pleasant Bay. This nlinernent of tlia outcrops 
suggests that the conglomerate is probably continua~ls through this 
distance although it may be lenticular or faulted out locnlly. It lies 
east of the black slate belt bnt is covered i n  most places and can not 
bu tmced on the surface. At Latouche the conglornerata appenrs to 
be not Iess than 75 feet thick. It includes pebbles and cobbles up ta  
1 foot in clinmeter, set in a rnntrix of coarse gruywncke contnining 
sandy lenses, The well-rouncled pebbles and cobbles are qnnz1,xosa 
mks of various kinds, slate, mil clrtrk, fine-grnin~cl purpliyri tic roclrs. 
Grant and Riggins (1910, p. 29) describes them ns "Vein quartz rind 
slate, black and p n y  in color nrld in places flinty, * " * fine-grained 
gray gmnites of at least four types : white ~ n d  gray quartzites, hnrd 
silicified quartz, poqhyries and tlnclly tes, nrld Inow basic, porphyritic 
rocks that are probably andesiks." 

This assemblage of pebbles and cobbles is not one that could be 
derir-ed from tlte rocks exposed in this district nt present. Thc con- 
glomerate resembles t.l~at of Ernns Islr~nd, which is t l~s~r ibpd on 
page 276. The show e y p u r p s  at La to~trlle sugpyat the probnbility of 
rLn fintjclinal structure in n conglomerate bed tlittt Ilna becn eroderl 
through the cmd and tllns WRS left ns tw l~arallel outcrops of the 
same M. 

Olrly one bet1 of conglomerate is in view rlt Pleasant Bay. This bed 
ranges from 12 t o  15 feet in thicltiless ~lnd lies between thick h d s  of 
~TXVII+>IU~P, into  whirl^ it g ~ ~ c l e s  abcwc nn{l brlow. TElc beds dip r .  

GO0 W. 
hlotller brd of C O I I ~ ~ O I ~ I P ~ R ~ P ,  (E f ~ r t  thick nntl inbet-sbrnti ficd wit11 

graywncke, crops out on $1 s1111r of the mountain r j d p  one rnile south- 
southeast of Rfount Bentsoi~ .  It npperlrs to bo of lenticulnr fonn 
and has no evident coaaectio~~ wit l l  t ltc co~lglamerntc nt Lnto~lchr. 

Cleavage, more or less pel-Fcct, dovelopcil in most of tho rocks but 
is best in the slates. The strike of the clenvngo corresponcls generally 
with that of thc bedding, nlthough tIlc clip is grenh; $0"-80" IV., 
:tnd is notnblg cot~stntlt. 111 cnnmluenco c>f t h ~  tliirrrence in clips of 
cleavage and bedding, the  two stl-ncturcs carnmonly intersect. 

The strl~rtl~re nf t l ~  bccls is cornplicnted by faults, whicll undoubt- 
edly are more nltmerous t11:ul :I [lpenIas f I'CIIII t h ~  outcrops or the geologic 
map. Many fnults F ~ ~ v P  tlie sntrle strike ns tl ie heddi ng and cleavage 
and approximately the snnle dip. The Jo~~gsst  of the known faults 
is one on whidr the largest of the known nlirleml deposits is situated. 
This fault or fntllt zone ea t~nds  SOII th  from Lalouc!ie to Pleasant Bay 
(see pl. 8), clipping steepFy to the wmt. It is not a simple fault but 
includes minor frnctares tlrnt nlny differ in both strike and dip from 
the trend and clip of tlw f ~ u l  t ZOIIP, l'lle amount of displmement has 
 tot been determined. Onc of the me~nhrs  of this fault zone was 



known nt Ltltouche as the Bonanza Fault and had an important in- 
fluence on ore deposition and mining operations. At Plens~nt Brcy 
a strong fault striking N. 40" E. and dipping 60" ?V. is pnmllel to t11e 
bedding and sepalnates grxywncke on the west from shcnretl slate on 
the east. The fault lies from 60 to 80 feet strntigraphicnlIy below 
01- an the en& side of the conglomerate that is interbedded with the 
gmywacke. This fault has not been traced nortllmarti so as ta prove 
its relationship to the faults at Latouche, but it is believed to belong 
to the mme fault system. 

Tho tl~ickness of the slate and gcaywacke of LRtouche Island is not 
known but is doubtless of the order of thousands of feet. Until more 
is learned of the stratigraphy and structure it wilI be impossible to  
make even an approximate estimttk. The appnrent monoclinal dip 
to the west would indicate nn enormous thickness if the beds are not 
duplicated through folding and the mensurements are not seriously 
nffeded by faulting, 

Johnson (1917, p. 10?, 198) divided the sedimentary rocks of 
Latouche and Knight Islands jt~to li formations, ~t least one of which 
he regarded ,as subject to possible f ~ ~ r t h e r  sttbdirision. Arranged in 
their natural order with tho oldest nt  tho bottom, the formations are: 

Slate, black. 
Graparke ,  u m r .  
Cooglomern te. 
Slatcs, argilllt~& and daywnrkes, wlth a Httle chert and limestone on 

Latouche I~tland. 
Oragmncke, with a little date. 
Slo tes, dark, arayf~h-hlnck. 

Theso formations, exwpt the oIdest, the dark, grrtyisll-bInck ~lntes, 
were believed to be exposed on Latouche Island, dipping nFest nnd 
following one another in their natural order with the Iower gray- 
wwka occupying the enst ~icle of the island. Tho lower grnywacke 
formation and tho overlying slate, argillite, and p y w n c k e  formati011 
nre in belts extending the full lengtl~ of the island. The conglomerate, 
upper grny~ncko, and black slate occur only south of Latouche, nnd 
the upper grgraywncke. would appenr to be cither locnlly absent or to be 
pwtly cut out by f d t i n g .  Johnson, however, referred all t h w  
rocks to the Valdez group, not tho Chca, and stated that he considered 
the p n s t o n e  to be the only represen tntive of the Orca grolrp in this 
district. He wns not able, with the infomntion he had, to extend 
the subdivisions to the islnnds west of Latoucl~a Island. 

'I'll@ writer examined (see p. 248) tho north pwt of Latouche Island 
and the south end of Knight Islnnd, seeking to verify Jolmson's strati- 
graphic section, and reacllect the conclusion that the section should 
be regarded as tentative nntil mom detailed field investigfition estab- 
lishes its correctness and dloms that it hns general application. The 
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problems connrrblrtl x i t h  it inrolrr clistinciioi~s II~\VPPII intr11r;icr ~ n t l  
c s t n i ~ i r ~  ~ r ~ c n s t o r i c s  nnrl t l l r !  dc teminn t inn  nf rrlntion~hips between 
g r ~ ~ n ~ t t s n ~ s  anrl srrl i rn~ i i  t:iry hpds f l l n  t lint ?-rt f1111?- undcrstootl. 
Soltitinn nf t h r s r  p ~ ~ r ~ l ~ l r t i i ~  is p a ~ ~ n t i n l  t n  n rtlr1-rrt interpretation of 

KNIGHT ISLAND 

;\To~t of R n i ~ h l  I<1:111rl. r\rvpt n =mall nr.r:i :i1 (Ilr sn~~l , l l  r v ~ l  thz t  
r s t r n ( 1 ~  from S n u c  l I : ~ i . l ~ o ~ +  t o  I \~ i i i t  I-J~len. is in :~ t l r  111) OF gr ' r~ndtone 
I l i t  is 1 1  I : ,  i t  r : I  i I i t  t i .  '1 '11~ ~ i ~ r ~ ~ ~ i ~ ~ t  oiir, how- 
PI - I ,~ ,  i i i < - l i z d ~ ~  a XIII:~ l l [tro11rvi-! i t  171 [) [ int ~ r b ~ c l t l r ~ l   slat^ find rrfiy~rri(-kc! 
wljirli i q  LO ~ I I ~ C I I I C ~ > ~ ~ * I Z ~ I I I -  i l l  111;1{~1~s :I< to IIP  ~ : i s i l y  o ~ ~ r l o o l < ~ r l .  

JTurIi I I I V  g.taxtrkl. jl;~rt ( ~ r  z l ~ r  g i b ~ m s t n i i ~  of T'c'ni~.Iit. I<l :~n( l  ~llnn-s 
~ ~ l l i l ) ~ i ~ i < l : i i  (11- ~ ~ i l l n ~ ~ +  PI I 111.t I I ~ P  ( ~ I ~ I X  I\?&. Cl. G 2 )  ant1 i h  t I I P T - P ~ O ~ P  \WI~PI-P(I 
ti, 1 ) ~  r ~ c ~ n ~ t ~ : ~ l r r l  I : ~ r a  t11:1 t \! :\r 1,41111'(.11 nliS 011 t hr fen hot tnni. Pillow 
+ I  I - I I ~ ~ I  ! 1 1 7 ~  :~yqjrnrs to  h~ t l i i s  1 1 1 o k t  i .vl i : iI~l~ :111il wic1eI~- ~I - : I~ I : I I J !P  ~ - ~ * i t ~ r i o ~ i  
f w  f i ~ ~ l ( l  n ~ r l  it1 t l i . - t i ~ ~ g ~ i i - l ~ i ~ ~ ~  t l ~ ~  ~ X ~ I + I I L ~ Y P  froin the  ~ I I ~ Y I I ~ ~ V I -  I:LV:IF, 
f o ~  t 110 r r ~ i ~ !  :~vt ~ ~ l l ' [ l ~ ~ t c  I,[ i i ~ ~ i * ~ l ~ i ~ ~ i ~ -  :II.P 1v.q f ~ - ~ i l i i p ~ \ t I y  FPWI. 1)) fllr ;ill- 
s p r l r p  01' I,oll~ 11i1ln11- ~ t l - I I I - t m - r  :iibrl t - r i~ t f : i r . t  r f f~t*ts ,  the t ~ v o  C~>i-ms o f  

1:11+:1 11111y Irr clil'tir~~lt to tli-tir~rrui-l~ in t h r k  rri~(ci-np. It, spelil': I ~ ~ y c ~ i i c l  
q n ~ s t i o n  111:11 Illr r ~ x l r t ~ ~ i c r n  of I:rl-:I.: ill 111r scbn tlirl ilot intcrrlipt 1 1 1 ~  

rlelmsitio~r n i  -r~lilnrrit- r n c m  tli:~ii Ir*n~l~c~i*:irily, for f inr  ii~titl : I H ~ I  
r o a r w r n ~ ~ t r i - i : ~ l  lillcvl t l h ~  sp:~rt> l ~ l  W P P I I  l>illn~vq :iitd built 1x11 tlie lwcic 
nf d~n l r  : l ~ ( l  q f l l l r l  t l l :~ t  wl):~l.fltt' - o l l I r h  clf t 111' riic.r-t-+%i~p f l ow  nf l a r : ~ .  
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furnished by outcrops on the west side of Farm Bay where apophyses 
of the igneous rock extend into the s l~ te  and gmywacke, 

Black slat4 is the dominant type of sedimentary rock in tha north 
half of Evans Island but j s accompanied by gray mwke, conglomerate, 
and chert. Three small areas of r o c h  contrtining an exceptional pro- 
portion of graywacke wero regarded by Johnson as belonging Ito the 
upper graywacke formation of his section. They lie east of the en- 
trance to Farm Bay, d tho head of Shelter Bay, and east of Crab Bay. 

Conglomerate resembling that of Latouche Island is exposed near 
Bishop Rock in the extremo eastorn part of the isInnd and at intervals 
along the shore to the southwest. Similar beds crop out, north of the 
s l~mni t  of the mountain between Bishop F h k  and the head of Shelter 
Ray. 

The conglomerate consists of pebblw ranging upward to Il/i inches 
in dinmetar in a groundmass of gray sandstone, but it includes 4- to  
6-inch cobbles and even n. 1-fnot boulder. T h e  pebbles are largely 
igneous rocks-both conrse- nnd fine-pined-associated with much 
qnnrtz, q u ~ t z i t e ,  and some slate and chert. One of the sandstone 
h d s  includes fmpents of slate as much as I0 inches long. Near 
Observation Island a conglomerate bed crops out in a northerly- 
pitching anticline. A pamllel anticline near Bishop Rock gave the 
following section: 

Slate and gmywacke, interbedded, dipping 65* to 70" N. Feet 
Condom~rate and mnd Ms---,--+--,-,---------------------- 1001 
Plnte and gra~~acke-~---,--,---+----------------------- 2MC 
Conglorn~mte (3 bed8). intcmtratified with graywacke -------------, 35 
Slnte and graywack~--,,,-~,--,--------------------------~- 350 
AXIS of anticline. 

Conglomerate oecurs .st sever81 localities along the shore to  the 
sauthwast. At I& 50 fect of mnglomemte including some p n y -  
wacke and black slate c r o p  out on the south side of a little bay 2 
miles from Bishop Rock. The Ms strike N. 15' E., dip 4 5 O  W., and 
are overlain by andstone or hard graywwke, on which rests 10 feet 
more of conglomerate. Then follow smd1 beds of mnglomeratt~ 
i nterstmtified with slate and graywacke. 
The conglomerate on the mountain top 1Y2 miles mest-northmest of 

Bishop Rock is not so well exposed. It r~sernbles that at  the 'bewh 
and contains pebbles of quartz, dark banded quurtzose rocks, granita, 
and fine-grained light-colored igneous rocks. Cobbles as Fnrp as 
6 inches in diameter were seen. Tho bed strikes north and stands 
verticaIly. 

A bed of conglomeratm apprmim~ttely '15 feet thick is exposed on 
the shore of Elrington Island new the southmast end of Elrington 
Pass~ge. It strikes east ~ n d  dips from 85" to 60" N., forming a belt 
100 feet wide and one-half mile long. It wcrlios blwk slate and is 



overlain by slate and grnywacke. The conglomerate consists of 
rounded pebbles that merage less than 2 inchas in diameter but reach 
5 incl~es. They include a vnricty of igneous rdrs, quartz, q~lartzjte, 
and a little slate. At one plnce the grnywacke overlying the con- 
clomerate includes a bed of slab conglome~ate or breccia 10 to 15 
feet thick that contains nnguInr fragnicl~ts of slah up to 10 inches 
long., 

Sohnson (1917, p. 199) reported t>ho finding of greenstone pebbles 
in a conglomerate bed on Hogg Ray nntl inferred from them that the 
conglomerate and nssociateti sedimentary beds of the west side of 
Rainbridge Island art! younger thnn thc scdi~~lentary beda ~ n d  a m -  
ciated greenstones of the east side and overlie tliem. Ha did not, how- 
ever, consider the evidence as conclusive. 

These scattered conglonierate beds, riot including that of Hogg Bay, 
have points of resemblance that suggest mrrelations among tl~emselva 
and with the mnglomerate of Latoucl~e Island. Some units of the 
group may be stratigraphically equivalent, yet there is no evidence 
at hand by which to carrelah them mith certainty. Conglomerntes 
have interest beyond that of most of the sedimentary beds associated 
mith them because, in the absence of more distinctive and reliable 
horizon markers, they may aid in solving stractnral md related prob- 
lems and especially h a u s e  they supplied the principal reason for 
r~ssuming an uncunfomity betrveea the Vnldez and O m  groups. 
The early geologists looked on the conglon~ar~tes of Ellamar as basal 
units of the Orca p u p  which were deposited on the truncated beds 
of the Valdez group when they were submerged. 

Among the less common rocks of Evans Island ace ch&s, rhich 
have been found in only a few places but may be mom widely dis- 
tributed. The black slzte near the south\\-et corner of the 11e.lead of 
Shelter Bay includes a bcd of chert from 13 to 20 feet thick. The chert 
conforms mith the bedding of the slates, n-hich strike N. lFiO W. and 
dip 50" W,, and shaws nn indistinct bnnding pnrnllel to the bedding. 
It weathers white and btls R conchoidd fracture, which is more notice- 
nble in tho lower part of the bed. The contrrct with the underlying 
s lab is a fault contact that strikes N, 30" W. and dips 50" W. 

At two places on the shore of Shdter Ray northeast of the locality 
just dkwriibed and less than one-half mile from it, a bed of chert over- 
lies masses of p n s t o n e  included in black slab. The contact of 
tho chert and greenstone at  one outcrop strikes N. 30" W. and dips 
60° W. Other outcrops of chert appear in the  alley of the little 
creek coming down from the southenst. The ns.40ciation of chert with 
the greenstone suggests the possible silicification of slate beds by the 
intrusion of igneoils rocks. The underlying be&, however, were not 
wen to be ~ffected in this manner. 
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BAINBEIDGE ISLAND 

Bl~irlbridge Island is ndj aceerlt to the eastern sllore, of Icenai Penin- 
sula ancl slinres in the geologic character of the mainland on the west 
and the islands on the east. A line from Hogg Bay to t.he head of the 
long narrow bay of the north pnrt of the island divides the rocks 
into two groups. On the enst are slates, p-aywackes, and greenstones 
like those of Evans and Elrington Islmlds. On the west are t.hic1z 
beds of gritymxcke with iaterstratified slate in subordinate amount. 
The rocks of western Bairlbridge Island are tkssigntsd to the Vddez 
group, zlt11ougl:h a definite boundmy delimiting them has not been 
eshblidled, 

The long, club-shaped peninsula forming the north end of the island 
is rnade up of slate, some graywacke, and interbedded greenstone. 
These m k s  extend southwest nlong Prince of Wales Passage, and 
appear also on Flemming Jslnnd. The sedimentary beds arc? domi- 
nantly slate that locally cleaves into paper-thin leaves. Weathering 
empllasizes the prominel~ce of the grt~ywacke, for the beds commonly 
stand out in relief owing to their superior resistance. Pillow struc- 
ture is distinctly shown bg the greenstone at mmy localities but is 
i~b.bsent in others. Alternnting beds of date and greenstone from 10 
to 90 frret thick are e s p o ~ d  on the west side of nearby Flernming 
Island, The greenstone shows indistinct traces of piIlow structurr! 
too poor tn hP, identified with ccrtxinty, yet it appears to be extrusive 
rather than inkrnsjve. 

The trend of the folded sedimentary beds nnd tho interstratified 
greenstones of nort,hern Rainbridge Island is east,-northaast,, but many 
strikes to the north and north-nortl~~vcst mcre noted. Westerly dips 
RE prc~alent, for the bedded rocks are closely compressed and over- 
turned to the enst. The strike of the clenvnge, likewise, is variable, 
ranging from N. 40" W. to N. 10" E. at  localities where observations 
were made. Tho dip of the cleavage is less cllzngeable and commonly 
is about 60' W. Folding of the beds was accompanied hy faulting, 
which brought about mmly nbnormnl positions of the sedimentary 
rocks and the greenstone bodies. Faulting probably cor~trollsd the 
courses followed by the invading laws and mzs itself influenced by 
the intruded bodies and the surfnc,e flaws. 

Slate and graywaclre nre the dominant rocks of Chenega Islnnd. 
The slate is bluish-black or gray nnd in places is bnnded. The gray- 
wacke is notably more thick bedded than the graywwl~e of Latouche 
and Knight Islands. In some places the sl t i  te is itlnzost scl~istose, ancl 
the thinner beds of grnyll-aclre nre drawn out into lenticular bodies. 
In the eastern part of the isIand. tha slate ancl graywacke are inter- 
hedded with grwnstone and coarse tuff or breccia. The greenstone 



crops out on the east shore in flows that are separated by beds of 
slate, and also appenr less extensively on the sllores of the bny nt the 
north end. In soma of the greenstons the pillow stractur~ is indis- 
tinct or absent, but in many exposures i b  is well developed. At one 
of the localities visited, fragments of slate are included in the green- 
stone. 

The slate and gruymzcke are closely folded allci overturned to the 
east. Although the greenstone interbedded with the slats and gray- 
wacke is foldecl wit11 them and in plnces dips as ~nuch as GOo, no ex- 
posures were founct where the greenstone rind sedimentary beds hnd 
been compressecl into close parallel folds. 

Chenega Islanrl is adjacent to ail area of intrusive granitic roclrs 
and ~ 1 l a . r ~ ~  the effects of int~wsion in local metamorphic changes and 
in structure. Strilres mngi~ig fro111 nortl~east ta west were seen, but 
tlle prevailing sbrike ranges from north-northwest to north-northeast, 
and the dips :we coin~noiily hjgli to the west. This island, like B i n -  
bridge Islanrl, seems to consist of rocks of the Vdtlriez and Orca groups. 

AGE OF THE Sm)IMENTARY ROCK8 

The age  of the eedirnei~txry rocks of Prince William Sound-the 
V~ldez and Orcn groups-lins long been a subject of speculat.ion. Tho 
early geologists, in the absence of clingnostic fossils md in view of the 
clegre,c of rnet~irno~phism of certain of tha rocks, \+-ere inclined t o  
a s s i p  to them Paleozoic rather than Mesozoic age (Monndenh~ll, 
1900, p. 30'1), aIt11011gli Scbrnder (1900, p. 407, 409 ; Schrader and 
Spencer, 1901, p. 36, 30) first suggested that, the Orca group is T ~ t c !  
Cretaceous or early Tertiary. 

Gwnt and lliggitls (1010, 11. 24, 33) conclurlecl thnt t,lw evidence 
available to them jndicntecI Fal~ozojc ngc for LIre Vnldez group and 
Mesozoic age (probably Early Jilmssic) for at. lenst part of the Orca 
P O U P -  

Lnter investiptors with n fern more fossils and sornewlmt wider 
knowledge of the rocks to support their belief, look on bot,11 groups 
as younger than Paleozoic and assign to tlwm probable late Mesozoic 
age with x remote possibility that they include older rwli-s. 

Carbonized remains of plants wild other evidences of life, sudl ns 
worm boring, the trnils of sea animals, find a few imperfect shells 
have been found in widely sepnr.rated parts o f  tlze area uild encourage 
the hops that iull proof for the age of the rocks will eventz~ally trra 
discovered. A common and widely distribntd evidence of former 
animal life is the worm boring Imn~wn as ITereBeZZina palachei Ulrich. 
This worn tubs is not diagnostic of age but is believed to hnve vaIue 
for carrelating beds. The presence of  Il'erebeZlina in all pnrts of the 
sound-in rocks that hnve been tlssigned to the Orca group :w well 
as in rocks of the Valdez groupseems to indicate thnt the two ~ o u p  
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differ little in age. This suppvsition is also supported in some degree 
by the distribution of the plant remains, nlthough usna'lly t b se  are 
distorted and poorly preserved and rarely are worthy of coIIection 
and identification, 

me slates and gra-packes of the Valdez and O ~ C R  groups are 
similar in their general character to certain rocks of the Controller 
Bay and Yah~tat Bay districts east of Prince WiIIiam So~ilnd and of 
the Kenai and Kdliak districts to the southwest. Ulrich (1904, p. 
132) grouped together the rocks of ~ 1 1  these districts, in which he 
f ~ u n d  Tmbellim and a fern other fossils, naming them the "Ynkntnt 
series", and regarded them as probably of early Jumssic age. Reeside 
and ImIay in a communication concerning fossiIs collected by the 
author in Prince 'll'illism Sound in 1928, write of them : 

The fossils in the nine lo& contained in thla mflection are all, so far as they 
can be determined, identical with species desmihd by Ulrich from the Ynkatnt 
formation. TnrIcb regarded the a-~e as Unsxic. but the sperl~s depcriherl 1b.v 

Ulricb as Inocern~npm m r e ~ E r i m  is a Late Cretaeeooa t,m of Jnmrarnud chnr- 
arteriiwd by baring  radlaI marklnga. The mrrences ,  also, in the beds of a 
rather modernized type of crinoId (Johnson, 1917, g, EN) and an echlnoirl of lnte 
tgrpe (collected by R. 5. Tarr in IN%) sumested a similar age. 

Geologists who have studied the rocks of the Valdez group in the 
north part of Prince William Sound and the "Sunrise series'\f 
Portage Bay and Turnagain Arm agree that the two units are to be 
correlated, ~t least in part. Evidenm bearing on the age of the 
rocks of Turnagain Arm therefore may tllraw some light on the age 
of the Valdez rocks. 

In 1911, B. L. Johnson collected fossils from beds of the L'Sunrjse 
series'? near the head of Crow 2nd Raven Creclrs north of Turnagain 
Arm. They consisted entirely of imprints of a small I n o c t r a w  
which T. W. Stnnton suggested to be possibly identical with the Y a h -  
tat fossil described by Ulrich as Inoceramya cancenh'ca. Again in 
1915, Johnson collected an I m o c m u m  ~ p .  from float in a rnoraino on 
the east side of Valdez Glacier, whjcl~ ho belioved to hrtve come from 
the mountains of the rniddla and upper reaches of the glacior. Severnl 
years later, in 1931, Park (1933, p. 393-394) collwtad frnpents  nnd 
imprints of Inoceramw fmm the ''Sunrjse p u p "  in six localities 
scattered throughout the Qirdwood district, which includes the Crow 
Creek locality af Johnson. Them f osi l s  were reportal by beside nnd 
IrnIay to ba identical with species in the lower part of the Cody shale 
of the western interior region and to represent, therefore, the middle 
of the Late Cretnceous. 

Park's conclusion from the paleontologic md field evidence wns that 
the rocks are of Late Cretaceous ago, but their natl~re and stratigrnphic 
reletions indicate that they &re not the youngest of the Upper Cseta- 
emus sedimentary beds of the Girdwood district, 



Fossils were found at only 49 localities in the Prince William 
Sound area. This scarcity strongly suggess a poverty of invertebrate 
life. Mot only was the number comparatively small but the paucihy 
of species is even more notable. Most of the fossils collected consist 
of fragmentary remains of plants or of the tvormlike organism, Tere- 
heEJim. Similar remains were observed in many other localities 
where it is not possible to collect. None of the fossils is indicative of 
a Paleozoic age. 

The rocks of t h ~  Vnldez and Orcs groups were originally separated 
on the basis of degree of metamorphism (see p. 237) : the Valdez 
imks-more altered than those of the Orca groupwere held to be 
the older. This difference, nowbere strongly marked, is not clear in 
some exposures and is locally exceeded by differences within the Orca 
group itself. Yet the Orca group as a whole appears to be Iess meta- 
marphased than the Valdez group. Differences in corngasition and 
structure also exist between the groups (see p. 2@), and greenstones 
are held to be characteristic of tl1e Orca group. These conditions in 
the aggregate appeared to justify the separation of the two p O U p 8 .  

Other corlditio~ls suggest a different conclusion and s l~odd be 
eo~~sidercd. 

The fossil evidence regarding the agc af the sedimentary rocks of the 
Prince William Sound region, nlthough scanty and applied to an ex- 
tensive area, suggests correlation rather than separation of the groups 
and casts doubt on the adequacy of the rensons offered for suggesting 
that they are two distinct groups. Furthermore, it brings in question 
the assumd structural relation of the groups, for the Orca, was origi- 
nally thought to be not only younger than the Valdez p u p  but ta lie 
unconformably on it. 

The only defmite boundary lines that c m  be drawn between tha i d i -  
mentary rocks of tho two groups are fault contacts rather than sur- 
facas of deposition. Rxcept the fireanstone lava fiows and related 
intrusivm, and the conglomemtes of tho Ellnmar district, there is m 
agreement about the rocks included in the Orca group. It may be 
said that the stratigraphic order of hhe two groups and their dative 
age is questionable. The fossils, although inadequate to offer &st- 
anm in solving the stratigraphic problem, indicate with some certainb 
that part of the rocks assigned to the Valdez group, in the momhins 
north of Prince William Sound, are not; older than Late Cretaceous. 
Further, it may be said that if the fossil. Te~ebeZZh p a b c i  Ulrich 
has value for correlatioli, and if the original determination of the plant 
remains collected by Schrader (1900, p. 406) on Hawkins Island was 
correct, then many or all of the dimentary  rocks exposed in the 
islands and on t h e  mainland of the southeastern part of the Prince 
William Sound area, including the type locality of the &a gmup, 
are dso probably of Zats Cretaceous aga 
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CAaRACTER AND DISTRIBUTION 
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ehnrncteristic feature of the surfnce flows i s  t,heir ellipsoidal or "pil- 
low" stn~cture (see tip. GI, 62) ~v11ic.h nnpptwrs in nearly all locdities 
in tha Prince William Sound ragion whore tho peenstones are ex- 
posed, in many places clwploped to nn extraordinary degree. 

The lava Aows were poured out 011 the sen bottom, where depasition 
of sediments was in progress, A I I ~  n r ~  cammonl$ intemtmtifi~d wit11 
beds of shale, graymnckr?, and IQM often of conglomera~. Eruption 
of the Iavas was intermittent and must I~R\*F! gone 011 for an extended 
time as is shown by the interbeclded sediments, w l ~ i c l ~  are numerotis 
and in places include inclividunl beds tlmt rencl~ rt thjckn~ss of 300 
feet or more. Altl~ough tlle greenstone is sornetrl~at irregular and 
widely distributed, it makes up only a smll pmprtion of the m k s  
of Prince WiIliam Sound. 

The largest area of greenstone (see pF. 8) appears in n group of 
islands that includes Ihigl~t, Elringkon, Evnns, and Rninbridp. 
This aren, not exclltding its numerous bays and waterwngs, has a 
length of 52 miles be t~ t -~en  Point Elinor nnd Point Elrington, and 
n maximum midtll of 12 miles between htor~che Passam .end the 
I3ainbridg.e Passage. The islands nre not rnacle np excli~sirely of 
greenstone, for all, the southern islands in particnlnr, include a large 
p~portion of sedimentaqr deposits. 

The larg~st Itma of p n s t o n e ,  nest te that of the Knight Island 
rlistri~f~ i s  in the vicinity of Ellamar. It is smaller than the area of 
3inigI1t Island alone: bttt may Iw: continuous on the sea bottom with 
nn arm of peenstone on the xest side of Taldez Arm and thus be 
Inrpr than nppears on the ,?logic mnp. 

Othtr nwas of peenstone are Glacier Islnnd, an area in the valley 
of Jnck Ihy, onc a t  tlie Ilearl of Solomon Gulch, and an area neRr 
Con1ol.a. AH of t f~prn  are vconsicle~.nbly smaller than that of the 
Ellamnr district nncl swrn to hare no immediate connection with it. 

'I'llen consirlererl b~ t l ~ ~ m s e T v ~ s  f less different areas of gmnstone 
nppar to be intl~pendent of one another, but their arrangement as 
*;Pen on the pdopir: map suggests w~ nlinement of the Knight Island- 
Glncier Islantl-l-nldez Arm arens tha t  probably arises from some 
c t ruc t~~ra t  cause. 17'11nt part, the pe~,nnstone o f  Ellamar and Codova 
lnny h ~ v e  in this arrnngement i s  not apparent. Grant and Higgins 
thoz~glrt of the grcenston~s ns mcnrritig in the lower part of the Orca 
group and overlying the rocks nf the  Taldax group. Under this in- 
terpretation thqy IvI(1 t h n t  the grwnst,one.s roughly outline the area 
assigned to mkrr of t h ~  Orcn ponp. 

According to Gratlt 2tid I ljggilins (1010, p. 51) the coarser p e n -  
stones show plagioclase f~lclspnrw nnd trncm of ~ngite .  Commonly 
they have ophitic structnre nnd so are classed as dinbase although 
coarser types approach the gahbros. Some of the grcenstones are 
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finely porphyritic and some are arnygddoidal. A spherulitic stmc- 
turs mas noted at Mummy RRF on Knight Island. In the more altered 
farms the oriffinal augih is changed to hornblende, and in places 
chIorite has developed. Capps and Johnson (1915, p. 28) described 
serpentine3 and amphibole schist as resulting horn the alteration of 
the lava flows in the Ellamar district. At Ellamar and on Knight 
Island the greenstones are associated in a few placss with irregularly 
shaped bodies of chert. 

The penstones owe their coIor to chemical and mineralogical 
changes that probably took place when they were deeply buried and 
subjected to heat and pressure during the folding of the rocks of the 
Chugach Moun t~ins. A1 teration of the originaI flows and intrusives 
want so far in placw that they h a m e  schistme or mhschistose. 
By far the greater portion of the greenstones appears to be 

surface flnws lomlly interstratified with sedimentary beds that for 
the most part are slate but not uncommonly are gmywxcke or even 
coarser elastic mttterids, The earlier flows nnd the included sedi- 
ments are cut by dikes and sills of basalt and dinbaa, feeders for 
the surface Iavm and probably for intrusive masses also. In the aut- 
crop it iis locally difficult or impossible to distinguish between the flows 
and intrussives without seeing t h e  contacts ax identifying the pilIow 
structure. 

The pillow structure is commonly considered by geologists to indi- 
cate the extrusioh of surface lams into the sea. In many places the 
pillow structure is exc~ptionslly well developed and may be seen 
either on the uppw surfaces of the flows or in cross &ctioirnns of them 
(see figs. 61, 62). PiIlow structure is particularly well shown on 
beaches where the lnvrts are exposed b c t w ~ n  high and low tides, for 
in such placcs tlie soil and vqetxtion fire absant and the material be- 
tween the pillows is oroded out, le&ving tha pillows standing in 
strong relief. The eroded makrid was slate or graywwke form& 
from the mud xnd sand that were deposited on the surface of the 
lava during the interval of time between the eruptions of successive 
A o m .  

The pillows commonly have the form of large somewhat flattened 
rounded masses and rnngo in diameter from less than a foot to 10 feet. 
They also occur aa elongated or branching bodiw of irregular form 
(see fig. 61). Same of the pillows have a dense outer zone one inch 
or more thick which represents the qnickly cooled surface. Many of 
them also show a radial structure in the outer zones that is due to 
stretched gas c ~ v j  ties arranged perpendicularly t o  the outer crust. 
The pillow structure is so commonly present in the greenstones of 
Knight Island that there err  relatively few placm where it crtn not 
be seen, although it may be indistinct. In many places it is the most 
strihng feature of the lavas. 
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l'he thickness of the flows assigned to the peenstone nnd shown as 
a formation on the map varies from place t o  place and depends not 
only on the qunntity of lava that wns erupted or intruded but also 
on the number and thicknss of the interstrztified sedimentary bds, 
for the two have not been generally separated. Crtpps and Johnson 
(1915, p. 46) estjmnted the tllickness of the preenstone and interbedded 
sediments near ElIamar ns several thousand feet. It is safe to say 
tlmt the same estimate applies to the greenstones of Kniglit Island 
whero these rocks probably have their greatest thickness wj thin tltc: 
Prince William Sound area, 
The surface lavn flows, wl~ich are believed to include the p a t e r  

part of the greenslones, nre contemporaneons wit11 the intcbedded 
s~dimrnts and ther~forc (we p. 275) nre considered to be of Late 
Cretaceons age. A s  tho intrusire greenstonw are probably part of 
the snme lnagmn RR the snrfac~, flows they are 1mketi an as of corre- 
sponding age. 

ORANITIC Jh'TBUSf VE ROCKS 

IJlXARdCTER ABD DIliTRfBUROR 

The gnilitic iutrusivo rocks owur as bntIroliths or large, irregularly 
shaped bodios of coarsely panulnr light-colored p a n i b  (see fig. 651, 
and as dike3 and sills that are variants of the granite or are ellosely 
related to it. T h e  dikes and sills presumnblty nre apophyses of large 
deep-seated intrusive masses, some of which Ilnvo been exposed by ero- 
sion and some of mhicll are still buried. For the most part tha mnterial 
of the dikes and sills, like thnt of the bntlioliths, is light-colored and of 
medium- to coarse-grained texture, but in plnces it is bnsic and dark. 

The batholithic bodies Dccur in several isolated wens, all lnlt ono of 
which are in the western part of the sound. Thcy nrc distribrlted as 
follows: between Port Gravina and Sheep Bay, nt Cednr Bay9 Esther 
Islnnd, Passage Cnnal, Culmss Island, Port Nellie J u ~ n ,  nnrl Eshamy 
nay. 

The dikes and siIls are more common in the north md west parts of 
the mund than in the southern part and are especially notable in some 
areas of slate and pnywacke belonging to the VaIdcz group. Dikes 
cut the larger granitic intrusivt? bodiw as we11 as the sedimentary beds 
but in such places may represent only a late phase of the general 
intrusion. 

Grant nnd Higgins (1910, p. 33-52) described the petrographic 
character of the igneous rocks of Prince IVilliam Sound in consid- 
erable dotail. Thcir descriptions \rill not be repeated as the granitic 
rocks are not unusunl and for the most part may be suQficientIy identi- 
fied as biotite granite. Tho most common minerals of the granite are 
qu&, orthoclase feldspar, pl~gioclase feldspar, biotite, and variable 
but usually small amounts of hornblende. The ~rsuel accessory mh- 





ernls are magnetite, apatite, airron, nnd sphene. Some of the granite 
is slj.gI~tJy prphyritic, sllowing phenocrysts of feldspar. 

Although the biotite pnnite of the batholiths and the related rock 
of tho dikes nnd siUs a1.e l w l i e ~ ~ e d  lo  rsprewnt the same or similar 
ori~inal magmas they sllow diflere~rc~s of compcwitjon and appesmnce. 

-8 The grnnitr! of the batholitlrs cliflers in coarseness of grain but has a 
falir'ly rtnifom composition. The dikes ntid sills, however, shorn more 
rarin ti011 nnd rnnge fr'om nplite to djorite, probnbly in consequence of 
d~anping pmport ions of tlie coi~stituents of t11e pnrent magma ss the 

C intrusion prop*rssserl. Dikes of qnarlz porpl~yry nre known in two 
places one in Unnkwik It~let  ant1 orle in the nunntnk of Columbia 
Glacier. A few occurrences of still mow basic grnnitic-textured rocks 
nrs known. Grnnt nncl Higrins (1910, p. 20) noted gnbbro in two 
localities, one nt the north end of Latouche Island nnd one 011 Esther 
Island. A basic dikc, l:l~npl~rnphyce, ~ m s  rliscovcr~rl in the under- 
pound workings of the cnpprr mines at Lntonche (Uatemnn, 1'324, 
p. 346). Dwbtless ;sat-her Imic r i i k ~ s  Iinve escaped notice. 

The granite of Slie~p Bny is conrser than that of ather parts of the 
sound and plainly s1low.r: f~lrlspn~., quartz, and biotito to tlio unnided 
cye. Its intrusio~~ hnd n mn1~1ct.d cffect on the invaded sl~tes and gray- 
wackes, which am crusl~erl n n d  silici ficd. In plnces a multitude of fine, 
pnrdlel veinlets of quartz ~ r s s  in trotlnced, The host rocks here nrs in 
the type lwnlity of the origjilsll Orcrt group. 
In t 110 n-estcm part of the sotli~d tjwo typw of coarse-grained grnnitic 

rock nre common-n rlarlc-gny rock with much biotite mica, nnd n 
light-grny rock thflt wentllcls white rind s11o~s much quartz and little 
mica. The lighter rock, or aplite, cuts t l ~ a  (lark granite and there- 

t foiw is yonngrr, nltIioug11 tllr! d i f f ~ r ~ n c e  of nge is probably only the 
differonce in timc ht \~ -cen  pllnf3es of one pnernl intrusion. 

In the vicinity of Esllarny Bay and Grnnito Bay tho instrnsivea in- 

c vaded tho slntes nnd ~ T ~ I J ~ * H C ~ P S  T~TICI mingled with them in a most 
intricate wmp. The grnywxcke in places seems snturated mith the 

, granite rock and resrmbIes gneiss. Elsewhere block5 of the sedimen- 
iary beds were caught up nntl i n c l o d  in the grnnik. The contrasting 
colors or shades of t l l ~  mentlicreti roclcs plvduce an i n t e r ~ s t i n ~  nltd 

rornplicated pattern on exposer1 surftlces. 
In plaws, as at Slln~p 13ny, rbc bntholikllic intrusives had a notable 

cflect on the rocks they invnderl. This rffect appears as recrystalliza- 
tion of rnnterial of the host rock, crush in^, silicification, and veining 
with quartz. Schistasity is d e v ~ l o p d  in the ho* roclm near the in- 
~ P I I S ~ V A  botiies but is not confined to tl~ow plnces. It occurs ~ l w  wl~cw 
the iwdimentnry M s  hare been mucIl disturbed, as in the vicinity of 
strong faults. 
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AGE OF THE Q-0 IXTRV&IVE BOUKB 

Two groups of instrusive rocks have been describ~d, the grtren- 
stone basaltic and diab~sic i~ t t~us i~es  and the p~hnitic intrmivm. The 
basalt and diahase are betiesed to be products of the volcwcrlim that 
yielded the ellipsoidal lava floffs. The* I n n  flows nre interbedded 
with sedimentary slates and p n y ~ ~ a c k a s ,  the: nge of whidl is not dcfi- 5 
rlitely known but appenrs from the evidence nvnilable to h not older 
than Cretacenus, ns Jllrassic and older rocks hnve not been recognizml 
in the Prince TVillittm Solmd regio~~. a 

The batl~ofithic bodies and the dikes and sills of granitic m k  c t ~ t  
some beds belor~ging t o  the T'nlrl~x group nnrl af.htrs thnt are claswd 
with the Orca group. Altllough tllert! is n saggcstion t ha t  the p n i t j c  
rocks ore of two ages it seems equnlly possible tlint the different types of 
rock relate to separate stnges of one pr iod  of intrusion. Whether 
they are of one age 0s t , ~ o ,  the granitic intr~rrsive are yatmger t h n  
the sedimentmy host rocks. Thus, t,hr,y would rtppcar to be Cretaceous 
or Tertiary and younger than the ~ ~ e n s t a n e s .  

Locally tho granite of Eshamy l J n  y has nn i~nperfect cleuvngq which 
signifies that after its intrusion it wns arbd an by some of the same 
forces thnt, folded and ot,lierwiso nltercd tho sedimentary host rocks. 
It is not known exnctly %*hen tl~esc, c h a n p  took place bilk they were 
not sudden nnd doubtless required much timc. The imperfect cleavage 
of the grnnitfi is  widenc~  that t,he building of the Chngach Mountains 
was tb prom- which continued long after the gmita invaded thc 
s d  imen tary beds. 

The intrusion of the granitic rocks is believwl to have amrnprtnied 
the mrth distnrhnnccs that deformed and altered the bedded rocks of 
thc Chupcll 3fomntains and of the Coast Ranga generally. Igneous 

t 
~wks like the grnnites of Prince William Sound are deep-seated in 
origin nnci solidified far below the surface of the Innd. Their ex- 
posure to  view is due to the removal of t,he averlying rocks, which in 
this region probnblp was brought about by erosion in Tertiary time, I 

followed by glacinl nf~snsion ddnling the Pleistocene epoch, 
Events that m e  s~~ggestive and may fiive additional weigltt to the 

evidence for the n p  of tha p n i t j c  rocks in the I'rinee 1Villinrn 
Sound region nre known from other parts of Alaska where rocks of 
pos9jirbly ciuivalent age have been d u d i d .  The most outdanding in- 
vnsion of granitic rocks h o r n  in Alaska is that of the p e a t  Cnnst 
Range bntl~olith, mhicl~ is believed to  have begun in Jumssic or Early 
Cretaceous time. There were, however, later intrrsions snch as t h n t  
wI~jch took p l ~ c e  in muthenstern Alaska (Smith, 1939, p. 13) in Ter- 
tiary time and in the ,Mash Rmge (Capps, 1940, p. 131)) probably at 
t h ~  end of the Mesozoic em and in the early Tertinrp. Tham widely 
s e p a r ~ t d  occurrences have no estnblislled relationship with the in- 
trusion of granitic rocks on Prince WiIIinrn Sonnd but their timing 



suggests the possibility t l ~ t  they rapresent ane protracted period of 
mountain building and vol~.anisrn, which began in Mesozoic time and 
continued into the Cenomic. The available evidence m s  to place 
the intrusion of the Prince William Souncl granitic rocks in the late 
rather than the earIg part of this period of mountain building. 

CEARACTER AND DIBTRIBUTEON 

The anconsolicln terl. rleposi ts of Prince 7Villirrm Sound include 
gravel, sand, n ~ ~ d  silt laid down in streams nnd lakes, beach deposits, 
ttnd glacial dcposits. These deposits are not wllolly distinct. They 
merge into one nriother to A considerable extent. GIucia2 depmits that 
nre reworked by strenms become stream deposits, and the beach de- 
posits consist in part of material contributed by streams and glaciers. 
Nono of the three clnsses of deposits prewnts unusual featurc,~ within 
this area. 

BTRBAM DEWSITS 

Probably most, if ]lot 1111 of the pl-eglncinl stream doposits were 
swept from the valleys by the advancing ~1:lachl ice, so that the p~esent 
~trertm and lake deposits were formed during and after glaciation. 
Most of the more cxtpnsire stream dcposits are outwnsh gravcls laid 
down by strwams flowing fsom the existing glaci~rs. They ow0 their 
present p i t ion  and form to rnnning wnlfir more thnn to glacinl ice. 
All the strenms, wbetlier of glncinl origin or not, transport some un- 
conwliduted material and deposit it, at, leust temporarily, in or along 
their channels, whem it appears in the flood-phin gravels or in the low 
terraces. The largest areas of stren~n dcposits are in valleys a t  the 
hands of fiords where present glaciers no longer lneet tidewater. Such 
cleposits were formed a t  the liead of Port Vnlclez and in h w e  River 
valley (seo fig. 45), and at  the heads of Port Fitlalgo, Orca Bay, and 
Port Nellie Juan. The streams of all these valleys carry much ~ v ~ s t e  
rock, both fino and coarse, and still are building up deposits on the. 
land or in the salt watcr where tIiey discharge their loads nt the heads 
of the fiords. In plnccs they have built extensive mudflats that aafo 
bare at  low tide, such ns thnt which lies between the deep water of the 
bay and the flood-plain gravels of the Valdez Glacier strenrn and the 
Lowe River, or in front of Shoup Gl~cier (see fig. 66). 

The stream and lake gravels are less extensive tlmn ~vould be ex- 
pected if the region were ~ R R S  severely and less recently glncinted. 
Many valleys mere vacated by kha ice so recently that large bodies of 
stream gravel have not yet h e n  formed. In a few places, like Min- 
eral Creek nemr Vwldw, tha stroam gravel is gold haring, bllt t l~e  
gravel is shallow and the concentration of gold in the gravel has 
nowhere proved to be exlough for extensive mining. 





Many of the streams h r k ~ ~  low gravel terraces bordering their pres- 
erlt flood plnins, which were formed in the same way that the present 
flood plains are formed and differ from them in no essential respect 
except their position. Tlw terraces indicate former flood-plain levels 
thnt now tlppear as terraces because the older deposits are being 
trpnclled by the present streams. 

High-level bench deposits of gravel appenr to be nilcommon al- 
though high benches cut in the bedrock are frequently seen and are 
especially iloticeable in the mountz~ins about Port Valdez (see fig. 45). 
These benches are dne to erosiorl by ice and indicate different tem- 
porary levels lnnii~tnillcd by the glncier that formerly occupied the 
Port. Vnldez ralley. 

Aside from the deposits of sand and gravel on the shores of the 
existing lakes and ponds, lake deposits are not recognized and evi- 
dence of fonuer, more extensive lakps is not known. ., . 

BEACH DEPOSITS 

The beach cleposits corisist of sand, gavel, and other rock frag- 
nlnnts formed by the action of the waves on the ledges and cliffs of 
the s~nshore, 01- of m~terinl brought under the influence of the waves ' 
by stre~ms nail glficiers. Such material is moved by the currents due : 
to tides and wind just as the material of the fluvial deposits is carried , 
by the curlwnts of the streams. Some of it is transported far from 
its source n i ~ d  all nadergoes rapid abrnsion n-hen subjected to the 
poui~ding of the waves, 

Most of the deposits referred t o  as beach deposits lio within the 
present range of the tides. They a m  not restricted to that ran% 
however, for the work of the ocean curre~its extends below the level 
of low tide and sonla of the old be~ch deposits ara now above high 
tide. 

The beach deposits are not continuous along the coast. They are 
absent where nlongsl~ore currents nre strong or deep water comes close 
to the land. No ~xtensi-r'e beach deposits have h e n  formed on th,he 
shoros of the islands facing the spa. The seaward sides of Hinchin- 
brook and Montague Islai~ds are expased to the full force of the winds 
and waves of the Pacific. The rnallntaills rise steeply from the water's 
edge rind afford no bays or lowland areas. Their south slopes are 
unexplored, althougl~ the outside beach of Montague Island has been 
traveled on foot between tides. 

Inside the sheltering islands that face the ocean, where the force of 
the waves is less than on the exposed front, deposits of sand and gravel 
have been built up in protected coves, off points of land, between is- 
lands, and in many other places where the waves have heaped them 
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up or the tidal currents hare lost tlteir carrying power and deposited 
their laads in water. 

The deposits formed in this R-ay map obstruct n n ~ i p t i o n  or mny 
facilitate it by furnisl~ing shelbr. Seveml of the anchoram3 used 
by small boats are protected by natrrrn1 embankments of sand and 
gravel built up by the waves, One nrch anchorage i s  Constantine 
Harbor in Port Ehl~es, north of Cape Hinchinbmk. Constantine 
Harbor is protected from the direct force of the soutl~west wind and 
u.sves of the Pacific Ocenn by a bar more than a mile long thnt riws 
90 fmt, above high tide and connects the southwest end af the onetirne 
islttnd of Nucllek wit11 tlie shore on t,he north side of the harbor, thus 
forming an enclosed aren with o~dy one narrow entrance nt the e ~ s t  
and. 

A les-used and litt,le-known ancl~smge is on the southwest siiie of 
Stockclnle Harbor on the west side of Ilfoi~tagtte Is l~nd m11ei.e sand 
bars c,onnect s e~era l  islands rn n~s to for111 an enclosed space ~ n i l  snug 
'harbor for small hnts. 

MORATNE DEPOSITS 

Moraine rlcpo.sit;s ~ v ~ r e  left by the retreating ice on the land nnd 
in the sea, althougll they are less noticeeble that1 the unconsolidated 
waterlnjd deposits. A p e a t  quantity of rock wnste was carried out 
of Priilcc FViIlillm Sound and spread aver the conti~~ental shelf by 
the stt-earn5 nf ice that flowed southwnrd during the tinie of n~aximum 
g1:lnciution. The present absence of glacjnl morsi~ws nnd other un- 
consolid~ted glncial deposits, of sufficient size t o  account for the mass 
of mnteriaI eroded by the ice from the higJ;11land nnd from tho sub- 
marine Rmr o f  the sound, seems to have no otber explnnntion thnn 
that the ~naterial wns carried beyond the soui~d nud deposited on the 
ocean f oor. This manner of disposal is the only one that could hnve 
been sufficiemt i f  Tarr and Martin (1914, p. 478) nre correct in their 
belief that the sound was formed entirely by glacinl erosion (see 
p. 289). 

Typical accl~mulntions of glacial deb~is of the kind often seen 
in glnciated nr~aetermina l  and lateral mornines, and bodies of t h e  
knrne-and-lcettl~ type-are uncommon in the Prince TVjlliam Sound 
nren. Shnllow deposits of till without distinguishing topogrnpl~ic 
form were left hp the icp: as it melteh Some ti11 I T ~ S  u~~dn~lbte~l ly  
deposited in the water. 31ost of tlw ciepsits on the Esalri \!--ere l i t  id 
d o w ~  in valleys at low levels where tliey are now orergmwn by 
I-eptstion and a r e  largely hidden from view. They contain a rariety 
of material, some of which is plainly from distant sources, as is 
emily seen if it cnme from areas of light-colomi crystalline rwks. 
Tlms the granite boulders includd in the till ~xposed on the shores 
of Hi~ichinl)rtmlc Island were probn hlp clcriwtl f inm the pan i t e  batho- 



lit11 of Port Grnrjnn slid P b e ~ p  nay. h k a  from nll parts of the 
sound may doubtless be fo~lnrl in the till deposits of the southern 
islands. 

Submarine tprnlinal moraines \\,ere built up ~t various places. An 
excellent example is the snhmnrjne bnsripr ncross Unakwik Inlet just 

t 
above .7onnh Rap. This narrow rnornine js nenrly 3 miles long and 
has a mnximum d~ptlth of only 1:11,L2 feet of water over it, but it is 
bordered by 414 feet: of wmter nn the soutll side and over 600 feet 
of water otl the rlort11 sirle. The hlt~'r i~r ~ C I - O S S  the erltrnnce to Sllonp 

s Bay in the ~lorthwest corner of Port V ~ l d ~ z  is au~otller example of 
the same kind of glacial structure. Extensi~~e nreas of shallow water 
in several. parts of tbe sound may be rlne to deposits of till,  nltliougl~ 
some shnllows probnbly iindicnte p l ~ c ~ n  1~11sl.e the bedrock is near the 
surf ace. 

GEOLOGIC RIBTORT 

The early geologic Itistol-J nf the Priilce T'ITilliwm Sound region 
cannot b~ deterliliiied f~nin cv id~nce  tlint lins bee11 found locally. 
Keitlter sedirnentnry nor igneous rocks of pre-Paleozoic, Paleozoic, or 
early Mesozoic nge l i n ~ ~  b ~ ~ n  identified. Paleozoic and early Mesozoic 
sedimentary ;beds ~ x p o a ~ c l  ill ncijncsnt awas contrib~lte little toward 
knowledge of the Prince Willinzn Sollnd nlvn. The local record of 
p o l o g ~ c  events thus fiches hnck 110 further thnn the cleposition of the 
nfdest slate nnrE rrny~.r.:~ck~ beds, ~~resumi~bly  the oldest becls of the 
Ynlrtpr. ,mnp. 

Some fncts  lilting to al~e origin of the sIntes ancl g~nywacke are 
Ifi~rnecl fro111 tht. ro~nlmsit ~ O I J  nf the rmks f henrselres. The nature and 
the 11n1l-pntJ1~rpd stntc of the 1 ~ 1 t  ides tllztt CQmI>OSe lllrrcll of the arkme, 
grnywncke, and other <'Instic deposits i~ldicate that these beds orip- 

C 
innted from the ~npitl erosiar~ of a l n n c l ~ ~ n s s  rrFhicll inclncled 3 consicl- 
ermhle p1'0porf i ~ t  of g~.nnulnr ip~lecl~~s rocks a s  well as sedimentary 
beds. The l o e u t i o ~ ~  nncl  extent of t l l ig 1nncZlnass is u h o w n .  Sedi- 
mentary deposits oIrler tltrtlz those of the Prince William Sound region 
occupy 1nl.g~ awns ilk ncljoiniil,rr regions 61tt their stratipnphic. relation 
to the sedimeiltnly deposits of the sound has not h n  worked out. 
Rocks of ~ ~ t - l y  Cltrbonifero~~s a p  (Mofit, 1933, p. 10-15) make up 
the north flank of the Cl~agi~c;ld~ Jro~mtxins in the Copper River basin. 
Their st.ructural relation to the rocks of the 1-ddez grozzp nppenls to 
be that  of tu~confomjty and implies a great difference in nge, possibl~ 
representing nll the time from the 31isi.wlppian epwh to the 
Cret,weous period. 
The waters in which accumulated the nruds and sands that  later \\.ere 

chnnged to the preselit slates a.nd graywackes seen1 to h a ~ e  been singu- 
lmly lacking in invertebrate animal life. Plant life mas locally abnn- 
dmt find left traces of itself in many places, b~lt  the invertebrate nni- 
mnls have beell more helpful in ~np~wsting the age of the rocks con- 
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taining them. Although the collections are small, fossils from widely 
distributed sedimentrtry beds in Prince William Sound appear to indi- 
c a b  that all the consolidated sedimentary deposits were laid down in 
Mesozoic time. Also, it appears from some of the fossils that age 
limits may be drawn more closely and thnt a comidemble part of the 
sedimentary beds exposed in the monntains north of the sound are of 
Late Cretaceous age. 

I f  the assignment is correct it follows that the rnounhin-making 
processes that created the Chugach Mountains were active in late 
Mesozoic or early Tertiary time. They may possibly indicate a place 
of wenhess and disturbance in the earth's cmst that  existsd.Ixfore the 
slates and graywackes were deposited, and probably began to act upon 
them sediments soon after if not during the time of their accumulation. 
The extrusio~~ of the pillow lacas and tuff~local3~ interbedded with the 
slates and peyaackes clearly was concurrent with the deposit-ion of 
the sediments themselves. Injection of the closely related basaltic in- 
trusive rocks appears tube a pllme of the same volcanic activity as t11& 
to which the surface flows beIong, for the rocks of the two classes are 
lithologically alike and m e  closely associated in occurrence. Intrusion 
of the granitic types of sock probably accompanied some of the ore  
genic movements that produced the mountains and therefore took 
plttce in late Mesozoic or Tertiary tiine. Like the extrusion of the 
basaltic lavas, the intrusion of the granitic rocks may have been an 

r i n t e rmi th t  process that contjllued through an extended period of 
timg as is suggested by an apparent difference in the age of same of the 
intrusive bodies. The granitic rocks intrude sedimentary beds of botk 
the Vddez and the Orca p u p s  and thus seem to be younger than any 
of the co~lsolidated sedimentary deposits of the region. 

Sedimentary beds of Tertiary age, comparable to the marine sedi- 
ments associated with the coal-bearing formfttians of the KatalEa dis- 
trict, do not occur in the Prince William Sound area. Their absence 
may indicate that rocks of this age were not deposited or that they 
have been removed. In the former case the land probably stood above 
sea level while the marins Tertiary beds were being deposited nearby, 
although it is difficult to understand how this section of the Chugach 
Mountains could ham escaped the submergence that took place in 
the adjacent coastal areas. 

Most of Alaska was continuously above the sea during the Tertiary 
period and underwent prolonged erosion, in consequence of which the 
highlands were reduced, terrestrial deposits including coal beds were 
formed in the lowlands, and the landscape generally took an the; aspect 
of maturity. Only on the PacSc shore is there evidence of sub- 
mergence of the land and the deposition of marine sediments in con- 
siderable amount during this period. 
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Little is h o r n  of the Tertiary history of tho Prince William Sound 
region, although it is probgble that the mountain-building proceweu 
which were in operation during the late Mesozoic continrred into the 
Tertiary and that some i n b u s i o ~ ~  of granitic rocks took plam. In 
.common with most of Alaska, this region mas wlbjeeted to rxhnsive 
and deep erosion. The p a t  outpouring of the TVrangell lava that 
took place in the Copper River region during Tertiary ~ l r d  Pleistocene 
time has no counterpnrt in the Prince IVillinm Sound wen. 

So far ns is known the transition from the Tertiary perid ta tlre 
Quahrnnl.y was not signified by my conspicuous event other than 
the gradual chnnge of climatic conditions that preceded the ad& 
of the glacicinI ice. During the Pleistocene epocl~, howe~er, the estab- 
lished drainage system was temPorarilp deranged and notable changes 
were mnde in the land forms. Abundant erida1c-e of them recent 
changes nppears on erery side and some of the processes involrd m e  
still active. 
The nppcnrnnce of the Prince TlTilFiam Sonnd arm ant the beginning 

of Pleistocene time. 1wfol.e the ndvance of the glacial ice began, can 
only be snrmised. Probnbly streams ]lad dissected the mountaia mws 
and had established an npproprinte drninage system, but the general 
elevation ~ n d  relief of the lnnd were not as they are today. Tnrr nnd 
Martin (1914, p. 478) Ilart, stated their belief that "" * * there mas no 
preglrtcial nrrn of t lw sen an the present site of Prince TViIliam Soulld, 
* * *" hit tlmt .$* * * glnciill erosion has excal-ateil the mhoIe sound 
on the site of a p~vplncial lowlnnd, whose rock floor TRS sligl~tly above 
the present sen I Q ~ P ~ , "  It would seem, bon-ever, that  some enrlier 
causes must hare liar1 s pnrt in prorlasing sucll n distinct physio- 
graphic feat1n.e nnd t l ~ n t  SIIP sor~nd OWPS its present form and depth 
to rnrious factors, includinji strrrclrrrnl dinrhnctpristics nild differ- 
ential vertical mol-e-ements of the Inncl ns well ns glacial sculpture. 
There can be no doubt, liomever? t l ~ n t  glncinI erosion 11nd a profound 
iduence in sl~aping the Innd. TIds is cvident from the form of the 
present valleys ~ n c l  of the sobmnrin~ floor of the sound. Prince mril- 
liam Sound is unique among the indcntntions of tlw Pacific coast of 
Alaska. Murray (1946, p. 775) snys of i t :  "This wn~~rl, hsvinp a 
maximum depth of 479 fathoms or nbout l~nl f  a mile, is the deepest 
depression on the [cc~iltiael~tal] slieIf." It seems evident that some 
exceptional cause must hare been required to prodnce it. 

At the onset of glnciatioa, snow m ~ d  ice nccarnt~lbbtl in higll local 
snowfields. From its sources in these snomficlds, the ice lnoved to 
lower Ie~els as mofintain valley placie1.s tbnt, enlarging nl~d,  ~lniting, 
covered ever larger areas until they filled the intcl.montane space to z 
depth of thousands of feet;. The areas of wcumalntion m q  not 
have been restricted to the present ctrainnge nwfi of Prince Il'iHiam 
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Sonnd. Some gl~cinl irc possibly came from the region o n  the north, 
althaugh most of it miut Ilnlre formecl from snows that fell within the 
drainage area of the souatd itself. 

The glacial ice wns not static. It moved from the higher, marginal 
arPas on tlre enst, narth, ~ l ~ d  west t o w ~ r ~ l  the central and south part 
of the soi~nd, nnd there folzild passageway to the sea, Stre~ms af ice 
flon+erf ottt Iwtn'wn the islends and with little doubt wert? the c a l m  of 
tE~nnneIli ke rlepresnions in the continental shelf, such as soundings 
show to extend sot~t.hw\-est and south from Hincl~inbrook Entr~nce. 

The thicknes of the ice varied widely in different localiti~s, de- 
pending 011 tlw atleven form of the submarine floor nnd on location 
wj thin the aren. The upper limits of glaciation are indicated by the 
height of glacinl scouring and of deposits Inid down by the'ice, but 
t l i ~ s e  criteria are sometimes hard to h i 1  and to interpret. IVIiatever 
mny hnve been its upper lirnits, tlie ice was d ~ e p  enougl~ to bury the 
lower mountains of the islancls and most nf the RWII nndjaeent to the 
sound. According to Capps (Capps rind Jolulson, 191.5, p. 46) the 
surface of the ice in the Ellarn~r rliplrict was nbout 3,000 feet above 
present sea IeveI. Grnnt ailcl Hipgins (1010, p. 19) found that the ice 
on Knight Islnnd had exte~~rlerl to about 2.400 feet above the sea. 
Tam and niXnrtin (1014, p. 469) give the following figures for the 
heig1lt of recognizer1 glacintion in tl iff~rent parts of the wee: 

It appears from these figures thnt in the Fri~lce William Sound 
region the maximum h ~ i g l ~ t  of plncinl ice nbove sea level mas lowest 
near Hinchinbrook Fntmnce. 1 f the estimate given is correct H I I ~  

400 feet is ncldecl to the deepest soundii~g east of Znikof Point, it wonlcl 
appear thnt the thickness of the ice moving out of Rinchi~lbrook 
Entrance wns nt least 1,690 feet. As Tnrr and Martin (1914, p. 476), 
in a speciltl search for evidence of the thichess of ice a t  Port Etches, 
hnd cliscorerecl no plncinl deposits above the 400-foot level, t h y  con- 
clurlwl t l lnt  the sz~rfnce of the ice slieet was only 400 feet n h v a  t , h ~  
present wn level. The topography is such, hotrerer, thnt the present 
writer believes their estimate to be tcxl low. In either case, Hinchin- 
brook Entrance mas probably the principal outlet for the ice of 
Prince MTj'illiam Sound. Montsgve Stnit is somewlrhnt sl~lal'lorver than 
Hindlinbrook Entrance, but the ice strexm there was thicker, possibly 
r~nching 2,900 feet. 

Tha present depths af water sllonu on the Conrzt Cllnrts of Prince 
William Sound also indicate that there were two principal channels 
of escape for the ice-Hiachinbrook Entrance rind llontngue Strait, 
In addition, Orca Inlet, and Lntouche, El rington, Prince of Wales, 

Ppet 
H:rrriman Flortl------,-,-,----- 4.000 
Columbia Bay -------,------,-, 4, OM) 
Port GaIdez --------,,-------,,, 8, Z'lM 

Feet 
Lntonrhe I~ lnnd --------------+ 1,000 
Hlncl~lnbrwk Entrancp --------- 400 
Orca Inlet ..................... 2.300 
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rind Bai~bridge Passages provided supplementt~ry cll~tnnels to the sen. 
nJithin tlie nw.ea of the wnud tlie lnrgest. nlld d ~ e l ) ~ ~ t  cl lt i~l~iel~ were 
tllose lending fiwm the viciuity of Port Vnldez and Col~imbi~i Glncicr 
to Hinchinhrook Eutl-awe, and channels on each ~ i d a  of Knight 
IsIfltld, n-llicI1 m~ited off the north end of Lntonclle Islalnd ttnd dis-  
chnrged their ice principnlly tlkruugll Montwgus Stynib, The fit renms 
of ice occupying tlw tl-unk cl~anlwls \\+ere fed by ire fr'nnl t 11e surmu~lil- 
iag tributary fiords 3nd vl~lleys s u d ~  as Orca Bay, Port Fidnlgo, Val- 
alee Arm, POI* Wells, f 013 Sellie JIIHII, Icy B113', n~ld ot litlrs, snrnc! of 
wllicli are still occupictl by gliluiers. Tht! rl ln~~r~elv s f  n~ost of these 
tributnry stz-ea~us hare  the ~ ~ l t l t i o ~ l  of Irtc~giring r ~ l l c ~ s  witlt L ' P S ~ P U ~  to 
the cl~nn~lels of tlte tl-lr~lk ice streams. 

Tl~e Coast Surrey cllarts briilp out file ndilit iotlttl f31ct that the 
t r l ~ ~ t k  CFIWIIIICIS witllill the oo~l~lrl :Ire rnlicE\ i i ~ e p r  tlinn the outl~ts to 
the ocean. Their tl~ptlrs rnngP coth~n~o~~ly h o w  RIM) to 1,H00 feet. 
The deepest poi-tion of the so~~ ir l  is  11ortl1 of l<nigllt Islnntl whcm 
the depth in places is mow tlann $,-K)O feet. yet ,  ~lut, 1111 the dwps art? 
in the trunk chanttels. for s o r ~ ~ l d i n p  of orer 2?4W feet were mnde, in 
Port Nellie Juan. 

Little erida~ce is a t  11:111d to illdicilte how far 1 1 1 ~  iwtront I I ~ V R ~ I C ~ C ~  

beyoncl the entrances to the sonlld a ~ ~ d  to s11ow its pmi tjon on the con- 
tinental shelf ol~tsirle tljr soulld. lTllaterer ~ n n ~ ~ ~ ~ i u a l  matrrinl wns 
carrier1 by tllc ice ~ri.zls cleposited in the spa, h11t t ~ r ~ l i i ~ ~ t l l  rn[)r~iiiw are 
not visible nt tllr surf fir^ ~ a r l  Ilnct! nol bce~l r ~ r e n l ~ d  by soundings. 
It is reported, liowere~, that yrl~wiaf clppmits #Ire ~ x p n w l  on Middlet on 
Tslrrnd, about 35 i ~ ~ i l c s  south-solit llenst of Cnpe Hincllinbrook. 

Aliildleton Islnnd is nbaut i ~iiiles long, -2 miles wide, and rises to a 
height of 120 feet nbore sr:l lrrcl. 'J'lie hcdrock consists of steeply 
dipping sseditnentarg beds trunc:~tccl by n nrnrly liorizontal plane of 
emsion {see CRPPS,  1!)3:3, 1). 721j-5T34). OH this surfnco lie uncon- 
soliciated cleposits whicll irlrludc mnuy lurp,  boulders, The nature 
of these cleposits has mot bcwi cl~lrrly estnblisl~pd. 'Che tiltpd bpds are 
Tertiary deposits. The thick grtlwl cl~p~sita nlny he of glacial origin, 
bat it will be necessary to detrru~inc t\.hether t h ~  boulders w1.e de- 
posited ns ematics by n ~ n o r i i l ~  glncicr or whether they were rafted 
to their p~~esent Iocntio~~ 11y flaating i c ~ ,  b f o ~ r  they clln he accepted 
as proof that the front of the glncirr orlcc ext~nrled this fnr oltt on the 
continental shelf. 

X notable effect of p1;lci;il ~1.osion on the nlolmtrtins srlrrollllriing 
Prince William Sound anrl the islnrlils scnttercd over it is the smootll- 
ing rind ronnding of surfnces tllnt were overri(1de11 by the g 2 ~ c i ~ l  ice 
(see figs. 43, 44). Hip11 per~ks tltnb above the ice escaped such 
planation but were ~xpnserl to stlhnerfltl erosion, especially to the 
prying of frost and to cllualg~s of tempcrnture. Dtiring the waning 
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of the ice sheet nnotl~er form of glacial erosion was active at high 
nltitudm and is still in progress in many places. This is the snpping 
of the walls of cirque basins by locnl bodies of ice and is of wide 
occurrence, High-nltitude erosion is a b d  of Eculpturing thnt is 
characterizecl by nngulnr form, and tllus, in the high mountains, 
rugged tops am cornnlonly nssociated with smoothly contoured lower 
sfnpca. Even more noticertble than the contrast of stirface form is 
tlic ~traightening of ralley malls that came from the trullcation of 
projecting spurs rind the widening of valIey floors and gives to the 
largpr valleys their present 'U-shaped cross sectiona md smooth lower 
slopes. 

Little considerntion has beon given in the prtblisl~~d accounts of 
glaciation in Prince l~r \ l l iam Smnd to the possibility of an enrlier, 
pre-Wisconsin period of glaciatian. Evide~lce of sue11 glaciation has 
not been recogpuized in the tlrea aIthough it has been fu~llld in cartnil1 
a£ the mountailts of interior Alaska (Capps, 1916, p. 63-07), It 
seems probable that sorue of the pl~psiographic problems of Prince 
William Sound may involve glacintion thut is older than that usi~ally 
recognized. In considering this possibility i t  is important to remem- 
ber that  some effects of even the more recent glacintion mny h n v ~  been 
destroyed or in n measure obscured. 

Extensive ice fields anti numerous r a l l e ~  glaciers still rernnin in 
tha Prince Rillinm Sound area, especially in the mo~tntnins of the 
north nncl west sides, including some of the best known glaciet- of 
Alaska. Colurnhia Glacier and mail? glaciers of the Port Wells di* 
t l i c t  are outstnnding in scenic interest.. A considcrnblle number 
discharge hrps directly into the salt water and are R special attrnc- 
tion to h~lrists because steamers can npproach closely, pro~irling 
exccllcnt nenr views of the icefront and tlle floating bcrp.  Vnldpz 
Glacier d o ~ s  not reach the salt ~ m t e r  and is less spect~tcular tllnn 
Columbia Glacier and the larg-e g l n c i ~ ~ s  of Port Wells, but it mns 
distinguished in earlier (lays as t h ~  only known route from Port 
Valclez to t be Copp~r R.iver basin. Shoup Glrrcicr (see fig. GG)  ,~rhich 
i~ another glacial tributary of Port TTaldez, once bore the name Cnn- 
yon Creek Glacier. It furnished n highway to vnrious lode gold 
prospects within its drainage area ns well as ice for the town of Vnlclez. 

The existing glaciers of Princc William Sound have been described 
by Grant and X-liggins (1913, p. 526) and by Tnrr and Martin (1914) 
who made a special study of them, not nnly to Ienm thcir contiition 
and describe them as they were at the time of visit but to establish 
reference points and obtain data t l ~ n t  will bo needed in tlie future 
study of hheir structure and movement. 

Many of the valley glaciers give clear e ~ d e n c a  of h a v i ~ ~ g  Intelg 
been thicker or longer than they nre nt  preaent. An excelleilt t-xntnple 
b Chenega Glacier (see fig. 67) which fitled Nnssnu Fiord n t  so recent 
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these lmnl itim the facts point to a sligl~t subsidence of the lttnd or rise 
in sea level in recent yen~-\vithin the lifetime of the standing trees 
mi th  suhn~~rfiecl roots. 

MINERAL RESOURCES 

XNTRODUCTIO~ 

-4s the men1 geology nl~rl  stratigrnpllic probleins of Prince William 
Solind are the principal subjects of this paper, the mineral resources of 
the nlva 11-ill not be discussed a t  length, altboug1;ll a brief statement of 
the nnture of the resources ant1 the tnnnner of their occurrence may be 
desirable. Pmctically all the known metallic mineral deposits of 
proved or prospective cornmercial mlue have been visited and described 
by geologists of the U. P. h l o 8 c x l  Survey. Other important con- 
tribntions to a knowledge of some of the deposits have been made, by 
mining g.eologists enga@ in private work. The references cited 
have been selected as the more representative of those describing t,he 
form and p l o g i r  occnrrence of the ore bodies. Most of these dewrip- 
tions were written when mining was most active and do not record 
later developmeats, although they give a fair account of the ores thein- 
selves and sl~onld be Ilelphl in col~nection wit11 f n tnre prospecting 
and mining operations. 

-it the outhreak of n-'orld War I1 mining in the Prir~ce tvillinm 
Sound area hacl a l r e a ~ l ~  k n  reduced to the operations of rr, srn~ll nun- 
ber of gold mines and praspects in the north part of the sound. The 
WRY put an end h slI mining and practically all prospwtinp, and pot- 
war conditions I l a ~ e  so far given little enmnrngement to their resump- 
tion. 

The term mineral resources is used here in a restricted way to dwots 
the metals that have been p d u c e d  cornmercinlly and does not include 
those that are of unpmed or clouhtfnl ralue. The minernls thtl~ have 
been produced cemmercinllp up to this time are coppr, gold, nnrl sil- 
e Silver has not ken m i n d  for itself but is rt byprotl~~ct of the e 
refining of both gold and copper. It mrry be coi~venientl~ clnsml with 
the gold, rrnd thus the Ids deposits of Prince William Sound may be 
dewrjbed as copper deposits and gold depsits. The spprrraticm is not 
exclusivs for the copper ares contain a significant nmoilnt of gold and 
silver in addition to the copper, R R ~  the gold omq contain a slight 
nmount of copper ns well as goEd rind silver. Other metals are asmi -  
tttecl with the copper, rind silver bnt 111317e IittIe or no pwgent 
commercial importance. 

The copper deposits occur in or near areas of peenstone, nnd al- 
though there i~ n, definite asamintion of copper rniner~lization ~ i t h  
the altered lava flows and intrusives, the lnrpst send most procl~~ctive 
copper deposits so frtr discovered were in the slnte nnd prraywacke nd js- 
cent to Rrms of the pwnstan~ nnd not in the penstone. 



The gold lodes occur chiefly in the sedimentj~ry beds of the Valdez 
group on the north side of the wand. They were introduced by gold- 
and qunrtx-bearing solat ions thnt with rnre exceptions appear not to 
have met, conditions f avonbfe for the deposition of gold quartz lodes 
within the arerls of greenstone. 

The d~pos i t  ion of both copper nnd goId ores is be1 ieve~l to hnr~, tnken 
6 

place in R period of rnetnllizntiati that follo~r.etl or ptr~qibly rna~-krd 
the entl of the intrz~sion of the grmiitic rocks nnd  therefor^ wns prob- 
s'bly in late 3lesoxoic or 'l'~rtiztt-y time. It is 11ot kt~own w h e t h ~ r  the 

M two types of deposit w l - r  formet1 coi~tempora~-ieonsly nr wl~etllcr they 
\\-we intrmlncetl in two stngps of mineralizntjo~. Some field reln- 
tions suggest that the gold Icnles mtiy he younger. 

Johnson (Capps arid Jol~nmn, 1915, p. 73-74] hns pointed orit a 
similnri ty of rni~iernl nswc.int jrms f 11 the copper and gold lodes. The 
Iocies, however, difleer pently in t l ? ~  r ~ l n t i v e  abnndance of the sul iide 
minernls. Metallic m l f i d ~ s  mnke up T I I ~ ~  of t lie copl)er ores but forin 
n smnll proportion of thc valtlnhlc minwals of the gold ores, wliich 
in k v ~ ~ e r a l  nre free-milling goltl qonrtx hmlies. Sotwithstanding the 
similnrity of mineral nssociakioit~, t l ~ e  grrr~t di ff ~rences in the propor- 
tions of t lle minerals, especiallg t IIP rn11c11 gr~riter proportion of qnartz 
nntl the sn~nllcr proportioil of the sulfides in the gold Ides. indicate 
tBat tl iff~retic~s in composition of the host rocks, depth of cover, 
~ l ~ n r n c t ~ r  of the snlut iom, 01. otlw ilifl~~ellces nlf~rted the deposition 
of tho tnincrals anrl cnusetl the diffcl.enc~s I l lat  r l i s t i t ~ ~ ~ i s h  the two 
types of IMIw. 

Johns011 lists the min~rals  of the following tnble ns primary min- 
erals occurring in the copper and golct OITS of the ITnldez gold qi~nrtz 
and the Ellnmrrr copper districts. AII but tlre chnlrnersite jcubnnite) 
and epidote were; r~coffl~iz~rl  nlgo among the n~inernls of the Seward- 
Sunrise gold-qunrtz district, 11-hicb are incl~~cled in tlie tnble. 

Oold .......................................................... 
Sflver ...................................................... 

.................................................. Arst*rroWtc ' 
rhnlrn~ynla~  ................................................ 
( I s l ~ n n  ........................................................ * 
~7oZ~M~n~t lr . .  .............................................. - 

I 
l'yrltr. ................... ... ................................. 
I'y rrhotlte ...,...................... ........................ 
Slhii l~ritc ...........................................-....... : !  
Stthohto. .. ...................... .............................. . ' 

C ' h l b l r ~ l P ~ l t e  (CubanlEe) ....................................... 
... Alhitr ....,...................... ......................... 

..................................... CfLIritcr . ...........*..... * I 
Chioril~ .......... ..., .........--........................... 
Rpjdore.. ........................................................ 
Qur1rt.z ........................-..--.---..............--....- 
S(TiclK 

I : ....................................................... I * I -- 



296 CONTRIBUTIONS TO ALAS- GEOLOGY 

The metaIIiferous deposits of Prillce William Sound do not indude 
such minerals as mmngietite, garnet, pyroxene, or tourmaline and others 
that are classed anlong the high-temperature minerals. The deposits 
pmbttbly were jorrned under the influence of igneous intrusive rock 
at moderately high temperatures and pressures and at considerable 
depth. They have been exposed to view or brought near the surface 
through the erosion of mRny feet of overlying rock. 

THE DEPOSITS 

The copper deposits of Prince William Sound are suEde bodies of 
one general type and are fairly aimple in structure, although some 
of the ore bodies llave beeu disturbed by later faulting. The move- 
ment of tho mineral-bearing solutions was controlled by the channels 
avnilable t,o them, and the me bodies were formed in or near these 
channels, eqecialIy in places where fracturing of the country rock was 
pronounced and thus gave freer nccess h the solutions. Many of the 
fault zones and some of the mineral deposits are now indicated on the 
finrface by depressimis resulting from weatl~erjng of materjal less 
resistant than the adjoining country rock. 

The most abundant sulfide minerds are pyrite, pyrrhotite, and chal- 
copyrite. These minerals together with other suEde minerals were 
deposited along fracture. planea or were dimemhated through the wall 
rock, often repI~cjng it complehly, The ore bodies are either lenticu- 
lar or of irregular shape depending on the extent and degree of frac- 
turing; and on ml~ether the solutions followed the frnctlur! planes 
closely or penetrated irregularly into the wall rock. The dissemi- 
nated sulfidos decreaso in quantity with increasing distanco from the 
main channels, so that  the size of tho ire bodies and the bundsries 
batween ore nncI waste, limiting mining operations, were often deter- 
mined by the assay retnms in places where a sharp distinction between 

1 

OTC and waste did not exist. 
Tho copper deposits o f  Prince William Sound show only surficial 

oxidation. IV~atevex oxidized zone may have existed a t  the beginning 
of Pleistocene time was removed by glacial erosion and has been re- 
placed only in slight degree througl~ oxirlation since the ice disap- 
peared. 
Johnson (1915, p. 71) defined the primary ore minepals of the Ella- 

mar district as those that were introduced by the ore-bearing solutions 
or that were developed by the internction of these solutions n-lth the 
country rack. His classification, making no distinctioi~ between cop- 
per and gold ores, may be as fillows : 



Chsmlcas and gmctic rIalim8hip of minwala Pit Ihc Ellaninr district, Prince 
Willlam Round 

I 

I Derived fmm thc primary milr~rds by o\lrlnllOn. 

Wmer~. ............-----.---.-.---.- 

Other copper minerals that have been reported ns occllrring in the 
Ellamar district ar elsewh~re jn the Prince ITiIli~m Sounci region 
are bomite, chalcocite, cuprit~, nnrl grny copper ore, but the identi- 
fication of se~eral of these is in question. Some of the minerals Listed 
above, particularly quartz, gnlenn, ~ n c I  arsenopyrite, are more com- 
monly present in the gold-qnnrtz lorles thnn in the copper lodes. 

Some evidence of coppcr hns been found tl~roughout the aren where 
greenstme is exposad, either in the penstone itwlf or in the ad- 
jacent sedimentary rocks. Thn two princjpnl centers of copper mjn- 
eralization, however, are in the northexstern and the southwestern 
parts of the region. The northensten1 area includes copper deposits at 
Ellamar, Landlocked nny, Port Fidnlgo, Galena Bay, and SoIomon 
Gulch. The son thw~stern awn includes Latoncbe n~id Knight Islands. 

XOETHEABTEaW AREA 

- The copper minc a t  Ellnm~r wns by far the most productive mine 
in the north~nstern aren. It yielded not only copper but important 
mounts of gold and silver and was tl source of prrite for smelter use. 
The ora body (Capps and Jolmson, 1915, p. 91') was n large lenticular 

1 mass of iron and copper snlfides enclosed in the lon-er slate and gray- 
wacke unit of the Orca ponp .  It consisted chipfly of chalcopyrite, 
pyrrllotik, pyrite, and sphnlesite and was made up of two pnrt- 
a lens of solid pyrite, forming the llanging wall,  lid an underlying 
body made up of parallel lenses of the other sulfides. The two parts 
were sparated by IL continuous band of black slate averaging &out 
2 feet thick. 

The steeply pihhing sulfide body was exposed on the aurfnccr at the 
bmch and was reported to have pinched out nt a depth of 530 feet 
below sea levol. It had a maximum l~orizontal section af ellipmidal 
form, 90 feet wide by 240 feet long, at the 200-foot level. 
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ChaIcopyrite was the mnin source of the coppr in the ore. Sphal- 
prite yield~d most of tlw gold and silver, for the o th~r  three sulfides 
contained only R sn~nl l  proportion of gold and silver. B-wite mas the 
first of the fwir psincipnl sulfirlm to fom. Sphlerite v a s  ~ I I P  l~s t ,  
which sr~gpats that the gold-benring I d e s  af the, sound may bnve ~ I I  

formed S I ~ R E I C ~ ~  Inter thnn the copper deposits. 
The Ellamnr ore h l y  is represmtative of the copper deposits on 

nortl~eastern Prince William Sound, illtllough it was much Jarpr thnn 
any other known deposit and yielded a greater proportion of gold ant1 
silver t h ~ n  the other copper I d e s  of the district. This body, like that 
of most of ths larger niines and prospects, w ~ s  cleposited i n  fzurltd 
sedirn~ntary beds and hat1 no evident connection wit11 nenrby p ~ ~ n -  
stona 1 mas. 

Many other smaller mines and prospects in this part of the sound 
yield~d copper ore that was shipped to the smelter in the courso of 
pl.odnction or as test samples. Chief among them were the Midas 
Iiine on Solomon Fulcl~, and op~rntions of the Thmemnn Mining 
Cornpnny on Landlocked Bay and nt the Fidalgo-Alwk~ Copper Ce., 
the  property on Port Fidalpo. T ~ I P  WP from Solomon Gt~lch rind Port 
Fidalgo mas from deposits in fn~lTted sedimentary beds: that from 
Landlocked Bap mns from rln asea of much faulting where green- 
stone and sedimentary rocks occur in intimate association. The prin- 
cipal copper mineral in these p l n c ~  WRS cl~rrloopprite~ though chaIco- 
pyrite mns suppIementcd in the Lnndlnck~clllnp nmrr hy n corlsiderable 
quantity of chalmersite ( cnbnni~)  . 

me OTP, bodie~ at Lstt)uc't~e hum been the most important of the 
copper d c p s  i ts  in sou th\\-cstern Prince WiIli am Sound and, tho~lgll 
now worked ont, vere t~t, one time the secnnd largest pdncers of 
coppt-r i11 ,'clnskn. Altl~oagh separated by many miles from tho 
eopper deposits of the northeastern p ~ r t  of the sound, they do not 
diffcr from them in essentinl character. Rateman (1924, pp. 3884368) 
dcscriberi the deposits nt the time wI~en mining mas most active. The 
wr i t~r  is indebt~d to him for part of the following fncts : 

The m k s  of Yfitouclze Island are dominantly intcrhedd~d FRY- 

wacke, &te, and argillite, but include conglomcr~te nnd a fcw thin 
leds of ljmestonc. Ferernl basic dikes cutting the sedim~nll~ry beds 
llrtva been fnnn& but no ,p-eenstone is known. The beds nre closely 
folded and overturned to the east. Their pw~ailing strike is ahout 
north-no]-t.hsnst, and their dips comrnonlp range from W0 to 70" TV. 
They were displaced an unlmown amount along a fnl11t zone t,l~rit 
nppe~m to have prwt.ically the sxme dip and strike as the sedimentary 
beds and is believed to ext~nd  along the west side of the islnnd for 
nearly its full length. This fanlt xono is made up of minor f a i~ l t s  



of varied dip and strike, which furnished channels for the movement 
of mineral-bearing sol~~tions. 

Large bodies of metallic sulfides mere deposited in the fractured 
wcks af this zone a t  Latouche and at Horsesl~oe Bag, 9 miles south 
of Latouche. The ore deposits of Latouche extend -along the fault 
zone for about one-haIf mile. They have yielded nearly all of the 
copper that has been mined on the island. The south part of this 
deposit -as originally one of threa independently owned mining prop- 
erties and came to be known as the Beats011 mine. It \$-as the principd 
source of copper n t  Latonclle. 

The rccks of the neatson nliiie are dominantly graywacke and slate. 
Two other kinds of rock, howewr, mere of great irnportnnce in mining 
because they were indicators of the high-grade copper ore. They 
are a, greenish schist, and a hard, cherty rock with conchoidal frac- 
ture, neither of whic.ll coafo~ms to the bedding of the slnte and gray- 
wacke. Their origin is in doubt: bnC they apparently resulted from 
the alteration of an original m k  of nlldetermined character. One 
of the factors that co~it,mlled the location of the ore bodies is the 
Reatson fault, mhicll sepnmtes rocks of the fwtmnlT on tlm east from 
a mass of black slate on the west, The fault hns the same strike as 
the bedding of the sedimentary ~ o c k s  and dips west.mad a t  almost 
*.he same angle. It mas the guiding structure that  directed the up- 
ward rnavement of tlie mineral-bearing solutions and turned them 
away from the ove~hanging blaclc slab. 

The primctry ore minerals of the Reatson ore body, as determind 
by Bateman, are '6chalcopyrite, pyrite, pyrrhotite, zincblende, cllal- 
mersite (cubmite), galena, quartz, siderite, ankerib, and possibly 
chlorite. Silver and gold are present. in srnnll quantities, Gut the 
(mineralogical) forms in whicl~ they occur l t ~ v e  not been recognized." 
A few secondary minernls due to n slight surface oxidntioi~ are 
present and include limonite, antive copper, covellite, sooty chal- 
cocih, rnalnconi te, and cnrbon ates. 

The dominntinp sulfides are pyrrhotite, pyrite, and cl~nlcopy- 
rite. The pyrite \\-as deposited first but is subordinate in quai1tit;r to 
the pyrrllotite. Chalcopyrite is the irnpoi-tnnt copper-bearing min- 
ernl, for the pyrite and pysrhotite contain little copper. Solid lenses 
of sulfides were formed along the east side of the Beatson fault anci 
yielded the copper ore of higl~est grade, bat the disseminated sul- 
fides in the sedimentary be& to the east made up the greater pwt 
of t he  ore body. All the rocks, bat especially the g e e n  schist a\ild 

the cherty or "flinty" rock, cmtniwd dimmiiinted copper. Accord- 
ing to Bateman the Beatson ore body had the form of n thick lens 
with plane surface on the west side next to the fault and irregular 
knobby surface on the east. It had a maximum length of about 1,000 
feet from nor'th to south and n mnximum rvidth perpendiculnr to the 



Beatson frtult of nhut  400 feet. Mining operations extended through 
a vertical clisthnce of nbout 500 feet. 

The sulfide deposits of the Blackbird or Girdwmd mine, wvhich is 
about 2,000 fppt nort 11 of the Bentson, and that of the Chenega, mine, 
Ilelfwny between the Bentson and Girdwood, are practically con- 
tinnorls with the Bentson ore body and are of the same type. ,111 were. 
erentunlly includ~ci in onp ownership. 

Two large cleposits of inet~llic sulfides containing a little copper 
were prospected nt Ilor.scslioct 1 3 ~ y  hut mere not developed into pro- 
duci~lg mines. They rtppenr to  be in the mrne fault zone xs f he Beat- 
son ore body n ~ d ,  althouglt they nrc n h n t  1,5W feet apart, both have 
the same strilio as the; fnu l t  zone nnd nre probnblg closely related in 
origin and structure. The bedrock is slnte and gr:~ywncke but in- 
cludes a thin bed of limestone that mas cut in the shaft of the southern 
or Duke claim. On tlw snrfnce of this clltim the width of the mineral- 
ized zone appenrs to bc between 2(HT and 250 feet, The sulfide lens 
cut by the underground workings of the Duke claim is 27 feet thick 
and was e.rpowd for 140 feet along tho strike. 

The northern or Duchess claim was prospected by cross cuts and 
drifts at two levels, 100 feet apart. The solid sulfide body wns trmccad 
along the strike for about 500 feet. 1t rnnges in thicknew (lJol~nwn, 
1917, p. 208) from less than I foot to  122 feet blrt prrobahly averages 
&reen 25 nnrl 30 feet. 

The rnjnernls of the deposit are clliefly pyrite rind pyrrl~otite. 
Chnlcopyrite is present, also a little sphalerite anri gnlenn(?).  A 
Jittlc quartz nccornp~nies the sulfide minerals. 

The copper prospects of Ihight Islnnd difEer in a t  Icnst one respect 
from those of Ellnmar and Latouche, for almost all of them arc in 
greenstone mtller than in the slate and-pywacke. A Inrge number 
of widely distributed prospects were found on the island. Much 
money and time \rere spent in  cxpIorations that did not disclow lrn o m  
body lnrge enough to a ~ ~ t n i n  n prod~ictive mine. 

The prospect that hna given most promise of yielding copper in 
practical qunntity, nlld is Elere used as an example of sulfide deposits 
in greenstone, is the sulfidc body at  Run Core, on the east side of 
Knight Islarld betwee11 Blnrshn Bny and the Bay of Isles. The de- 
posit is on the south slope of n steep mountain that forms the north 
wall of a small valley opening out into the cove. It has been explored 
by extensire opencuts and underground openings. The country rock 
of the valley is greenstone with some int~rbedilcd sediments, but the 
rocks containing the sulfide deposits are igneous. The Rurt Cove 
prospect wrts retentlg exmined aa~d described by Stefansson and 
Moxham (1946, p. 85-92). They distirlguished and mapped three 
types of peenstone in the tnnnels: (I) n fine-grained greenish rock 



tBnt is nl111mt black nmd comnlonlr contains stringers of qunz-tz, (2) 
n blocky dark-gm~ porpl~yritic rock with indistinct pillow ~tn le tu~e ,  
nnd (3) R medium-grained pray -green rock llnvi~lg the cornpositiol~ 
of quartz rliorite. Thin sections of these rwks e s ~ m i ~ e R  with the 
mica.osmpe sliowed thnt nll of them xre altered igneous rocks. 

The greenston~s nt Run Cove nre broken and clisplared along a shear 
zol~e that strikes n h u t  S. 13* E, '17le dip of the zone is vnried but 
c-o~mno~lly is bet \~--eell 80" IT. nil({ rert ic~tl. Tlie shear zone R I ) I ) ~ I P R Z I ~  
l ~ n s  a rnnximu~r~ widtll of obortt 21H3 feet. The mlrlergrouncl worki~~gs  

v expose a lens of solid or t~mrly solid sulfides, rttnging frotn 3;; ta 50 feet 
in thickness in most p l a c ~ s  but pinching out or expanding to 100 f ~ c t  
localIy. This Iens is  0 1 1  the ~ w s t  side of the shear zone ancl has h e n  
trxced for 400 feet horizo~ltatlly. It strikes S. 25" E. and d i p  60° 
7 .  East of the sulfirle lens tlw crosscuts R I ~ C ~  drillholes in the slketlr 
zone show rnii~ernlixetl sllen1.cii1 ~ r e ~ ~ l s t o n e  and barren Ilo1.5-e~ of mas- 
sive greenstone. S ~ s t  t n tIhc enst wnll, whir11 like the west wnll is a 
place of strong fnnltinp, is n systeln of narrow sulfide lenses or n large 
lens thnt inclurles n z o ~ e  of l ~nr re l l  greenstone. 

The s~lrfilce exlmwws. Iwginninp in nn olwncut on the mountain side 
180 f e ~ t  lligller thnn the principnl tannnpl, indicnte n lens of solid 
sulfitlcs ranging iin n-irlth frmn a few fppt to 50 feet and having the 
sn~ile strike and clip :IS the I m s  esposetl nn the west  sjdc of the sllenr 
zone in the t14nnel. It :lplmus to be p:irt nf the snme north-pitching 
lerhs of sulf  des. The \t*llolc ileposit, however, is irregulnr jn form and 
much fuultecl, nnd its or ig i i~~l  structure is diffic~llt to lenr~l. 

Tlit? stt l lirle nlir~ernls al-e pyrrhotite, cllnlcopyrite, and spl~nlerite. 
I'yrrl~oti te is  the most abul~rlnllt rl~ii~ernl ~ r l l t l  ii~cPades p i n s  ancl 
veinlcts nf clullcopyri te aild spl~alerite. 'The order of tleposition of 

a the orr m i ~ l ~ r n l s  is tlte st11-lle as thnt in 1~11ich tllejm r~re nnnletl. T11e-j 
rtre believed to linra wplac~d the frnctur~d c o ~ u l t g  rock of the shenr 
zone r n t l l ~ r  tE~n11 to Iltrve hwrl d~pnsited in the opelr spncm. TEre 

* minernlizatin~l wrs g r ~ l ~ t ~ s t  niid the ~ -~p lareraen~  was most nenrly corn- 
plete nenr thc wnl Is of the sllenr zone. 

Eviclence of colq>er-il-on s111fitle nnirl~mlixat ion lnny be seen i a nl l  
parts of Knight Xsli~ntl, ~ s p c i n l l y  in Drier B ~ J .  but none of the de- 
posits so fnr tliwor7cirtl is ns hrge HS that of Rua COT: I. Wit11 one or 
two exceptions nll thnt l ~ n r ~  h n  dcscribd are in frnctureil parts of 
the p n s t o n ~  nnd prcw~\t tF1~ snmc asswintion of minerals. Tho two 
most common snlfiile rnintrnls are pyn'hotite nnd chnlcopyrite, tho 
pyrrhotite gret~tlp clominnnt. Then follow pyrite, sphalerite, 
chalmersite (cubmite). I'halcopyritc is the principal copper milkern1 
in all places, tlrough chalineriste is probably more widely distribuM 
than has been reportecl. Qt~artz and epidota commonly aeconlpnny 
the sulfide minemls. 

2 5 5 5 9 1 5 6 6  
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The ather islands of so~~tllmestetm Prince Willinm Sound seem to be 
outside the RW of notnble capper-iron sr~l fide mineralization, even 
in places wllere p n s t o n e  is tlw dominnnt co~tntrj* rock, for only a 
few prospeck have been found in them tllnt gave enough promise to 
encourage exploratory work. The sRme is true of most other pnrtg 
of Prince Willinm So~tnd, though copper-iron sulfides were prospected 
in the penstone areas of Glacier lslnnd and Cordova. b 

PlW#DUCTION 

Copper prduction on Prince William Sound begnn in a moderate - - 
way with shipments of high-graclo om by rnmnny small rniniilg corn- 
pxnies. It increased pnclnnllp and continl~ed for mnny yews but 
stopped entirely in 1930 when the ore bodies of the mines at  LntoucP~e 
n-ere worked out. In tlie years from 1 ~ I . l  to 1930 nrrlrly 214,000,000 
pounds of copper vere produced by 15 o p r a t i n ~  compunie. Of the 
quantity more than 96 percent wrts pmdnced nt Latoncl~e 8nt-l Ellamrlr 
by the Beatson Copper Gomp~ny (Kennecott Copper Corporntion) 
and the Ellamar Mining Company. Among tlre 15 comprrnim re- 
ferred to, the Fjdalgo-Alaska Copper Cornpnng, the Jlitlns Copper 
Cnnlpnny, ~ n d  the TI~reeman Mining Compnny--11 olserat ing in the 
northeastern part of the souncl-produced more than one million 
po~~nds of copper each. 

uom 
Gold and silver were produced as t y p d u c t s  in the mining of 

copper on Prince RfiIlinm Sound, bltt their occurrence in tlze ow de- 
posits a9 metnls of primary rnther than secondary interest is  the sub- 
ject af this section. The two metals are al\rays nssacinted, yet  ns 
the sjlrer is slrbordinate in quantity and value t h ~  rlepositn n1.e cle- 
scrilwd as p l d  d~posits. 130th Fold-benring qanrtz 1 ~ 1 ~ s  and deposits 
of plncer p l r l  nre presrmt. The known plnccr deposits, I~ow~rer,  nre 
felt. nt~cl small ~ n d  IIIIVP hnd IittIe economic vnlue. In view of the 
geologic, conditions, it is improbable t h ~ t  notnble placer cleposits have 
rrccrln~ulatwE R ~ ~ W ~ I P P P  on t lle mltnd since t,he gincinl ire disappe~red 
from the ~ ~ I l p y a  The Occurrence of lode goI(1 is therefore the sub- 
ject of greater interest to prospectors ns well na geologists. 

LODE BEPOSITB 

Gold-benring lodes are known in mnny places on Prince William 
Sotrncl, in rocks of both the VaIrlez and Orcn groups, but arp f a r  more 
numerous in the norther11 pnrt, througltont an area that extends from 
the Vnldnrr; Glacier to Pnssng~ Cn~ial  rind i s  occupied almost entirely 
by rocks of the V ~ l d e z  group. Wle gold-benrjng q~tnrtz lodes ef the 
Chnpdi &fotlritnins art: r~ot restricted to localities  thin the area 
describer1 as Prince TVillinm Saunrl. They are known also in d j n -  
cent areas to tlie enst nnd to the west. 



The rocks in which the minernls of the gold lodes were cl~posited 
nre principally slate nnci graywncke. These sedimentary beds were 
intruded in a few places by 1~1-gc rnnssw of gmnite, but much more 
calnmonly hy dikes that include pcgmntite, apli te, granite, quartz 
dioritc porphyry, ancl more basic rocks. Sorne of the dikes are pPuirlly 
offsl~oots of the larger granite bodies, 

2 The sdirnentnry beds and the ill trusives w r e  broken by joints and 
ftlulls nild \\+.ere Iwally sltarterecl, t~lfewiag the entrance of mineri~l- 
be~rilrg soh~lions thrrt clepositetl quartz, cnlr  i te, gold alld silver, llletlll- 

w lic sulfides, nnd other minerw Is in smnll nmo1111t. h close genetic 
~*eletio~lship htrvcen tlre i~~trusion of igneous rocks and the introduc- 
tion of orc minernls i s  Iliphlj- pprobnble, orie evidcllrt! of whiclr is the 
occursenm of gold R I I ~  ~ ~ ~ H I I I T J -  snlfide rnin~~'t~lg ill some of the dikes. 
The minel.nlizntio~l nppnrs to have taken place ns pnrt of the last 
phase of the intrusion by igneous rocks, 1~2lich wrts Is te in the geologic 
l~istory of the district. Tlle mlptallic rninec~ls form only n small part 
of the ~nnterinl deposit~(1 the fract~11-e planes of the broken rocks. 
Quartz, mlcite, nnd jllcllld~tl frngrnents of rotultry rwk make up 
most of the \*ein mnberi:~l. Tl~ere  seems to t ~ e  I ~ s a  evidence of ex- 
ielllsjve repl~cement of the coontry sock by vein rnntkr tlinn is seen 
in the copper deposits. 

Rle dominant rnine~-:~l of the golrl lode is quartz, which is nccom- 
panied by calcite in I I I ~ ~ I I J -  plnccx, In additioil to gold n11d silver, 
ot11er nletnllic minerah tllnt Ilnvt- been recognjzecl in the gold IotIes 
are pyrite, galena, chn1copyri te, nl-senopyrite, sphalerite, pj-rrl~nt ite, 
nnd ~tibnite, named in orcler of frequency of mcurrenca Gold occurs 
in i t s  nnt ive state. Orlc or nlo1.c of tlla other minerals may occar with 
it in tlte veins, hut usunlly the ~ m n l x c  of different minernls appenring 

i together is sniall. Limollite occnls ns an oxitlation pred~lrt but is 
restrjct~d to a shallow zone nt t11c strrfac~. The preglncinl zn~ le  of 
o~iclt~tio~l thnt probably existed ns the 1.eslz1t of weatllering in Teia- 
tinry time was removed 113- ~lacinl erosion, which destroyed both the 

9 zone of osidntion, if it esist~d, ant1 nllp ncco~npnnying zone o f  
enr ir l lm~l~t .  

In  conlpnrinp the minerals fo~md i11 the gold locles with thnss of 
the copper deposits it appears that pyrite rnthcr than pyrrbotite i s  

the common iml sulfide of the gold lodes. Gnlenlt and arseaopyrite 
are much ~t~ore comnlon ill the gold lodes. Stibnite, n-hich is not 
listed nrnong thc minemls of the copppr ores, is  found in the %rt 
Wells district where vcills consisting chi~fly of gtibt~itr: art! known. 

The gold lodes nre widely distributed but may he referred to se-r-em.RI ' 
local areas, as the vicinity of J-aIRez Glacier. Mineral Crerk, and 
the adjacent shore of Vnldez Bay; the Shoup Rny nren, ineluding 
the Cliff mine ; a d  the Port Wells district. The gold-bearing quartz 
veins at  McKinley Litke nenr Alaganik were among the first in the 
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region of the snund to be dimvewrf. and nre almost the only gold 
lodes found within the Hmn of the Own 1'0~k9. The Cliff mine on 
Yaldez Bay 1 1 ~ s  thus fnr he11 the most proclurtire of the gold lodes. 
Other gold-prnduci~~g rn ines w ~ r e  the Raolsay-Rutherfor mine on 
the east side of Valdea Glncicr and the Grtlnite mine on the west 
side of Port Wells, to t~liicll niight be added R nlrrnber of smaller 
mines thnt hnve contributed to the total gold poduction of the 
region. 

The ore bod ips of thc Cliff mine may be taken as typical of the 
gold quurtz lodes of Prince William Sound, although no t.wa orp 
bodies should IN expoct~d to ~*cs~mble each other in n l l  details. The 
mitw is on the north slrore of Port Valdez, just enst of Shoup Bny 
and is enter~rl by an n d i t  known as the 500-font level, which i s  only 
18 feet nhove f ic Iewl of mean lor tide in Port f aldcz. Svcrnl 
distinct veins in nddition to the Discovery or Cliff rein hnve bePn 
mined. The mine openings estenrl from thr! level of t h ~  Hrrphw 
rein, 442 feet above mean IOTC tide. to t11e 550-foot l ~ r ~ l ,  3.72 icet bp- 

low it ,  ar a total vertical distnnc~ of 774 feet. 'rlw H I I ~ ~ I P F ~  win  \TRS 

originally mined independently from the snrfnc~.  t IlrongE~ nn edit on 
the Slloup Ijny side of the ridge, but ln t~r  waR ro~in~c~terl with the 
Cliff mine by a raise. The untlerpountl npeilings tlint w r e  m ~ d e  in 
mining operations thus extentl~d nortllw~st fro~n the outc'rop of the 
Cliff vein, nmr the portal of the mine, for n horizmltal dintnnce of 
about; 1,700 feet. 

The bedrock of tlie south\~.estwnrrl sloping spur that includes the 
gdci-q~~nrtz lodes of the OitT I I I ~ I I P  is dotnillnntlp dnrk, sligl~tly 
schistose graywscke in which RPP incl~lReR h l n  nf dnrk-gray or black 
slate. Near the entrnnee to the mine thew bcds strike cast and dip 
st~eply north. They nre rut bv n complicnted system of fnults that 
carries the ore ~ P I K ) S ~ ~ S  nlld is H~IC)I~*I I  hy the n~ininfi  operations to ex- 
tend northwest through t l ~  spur. 3la11y of the faldts that make up 
t l l ~  system vary cntis id~rahl~ from the gelenern1 trend. T h e  dips also 
nm ~-nrinble in hot11 dimtion and deg-r~e but are commonly steep. 
Mining op~rntions sha\wiI in nddition zt lnrge number of nonmin- 
l~rnliwd fnults of nnothpr system t h ~ t  strike enst nnd dip approxi- 
r n n t ~ l  y fin" h'., conf ornling to tlie strike and dip of tth~ brlcling. TIIF! 
system of ore-bearing fauIts jnclndes faults that dip southwest and 
others thnt dip ~~ortlwnst.  The diversity causes confusion in ~mdrr- 
standing the structnr~ of the ore bodiea, for t h ~  faults branch or 
unite in n seemingly erratic rnnnner and mnp appmr to reverse them- 
selves when followed vertically. The direction of movement of the 
walls in some places is plainly horizontxl. This j.s ~ ~ 1 1  pen  in the 
wnlls of the rich vein exposed in the stope above thc 5M)-fmt ler~t 
where the horizontal displncement is  cknrl y evident nnd seemin& 
is nbout 8 feet. Movement in a horiznntnl tlirectinn rnny explrtin 



some of the apparent reversals of dip sho~vn by the wins at different 
levels. There are grounds for suspecting that the fault system may 
be m ~ d e  up of n primary fa i~ l t  or ff:tults dipping enst and w. number of 
subdinnte  faults that branch off nl~d dip tfi the wefit. These two 
p u p s  of faults with opposed dips form atr~~ct~rres that resemble 
the ridge and apposite sides of n steep roof (SPP fig. 68) .  

The gold-bmri~le qnnrtz veins fol10~- the fismr~s of the fault system, 
They shot\- much blnish-white quartz togethpr wj tll minor amounts of 
calcite, albite, chlorite, and n brow-nish-11-enf hering cnrbonate. The 
metallic rninemls of the ow are gold, nrsenopyrite, pyrite, spltalerite, 
and plentl, but not all of these ~llinessls are pres~nt bfretller itt one 
place, The gold Is free and is  mrldily ~ ~ 1 1  in nlucll of the ore. The 
sulfide miner~ls nre not ~rb~~ndnnt nrld nccording to Johnson (1915, 
p. 172) form no more t l ~ n n  :3 to b percent of tlw ore treated in the mill. 
The bedrock ndjnrent t n tllc vcills in ~rlnces is heavily charged with 
pyrite  nil arse~iopyrite in veiulets nntl fine p i n s  or crystals disspmi- 
natd  tthrougli it. 

The veins mnge iil tthirk~l~rn fi.0111 nn i ~ l c l ~  or 1% to RS mucl~ as 4% 
feet in exceptialial plnccs. L ~ c n l l ~  t11c veil1 filling is ~lbse11t~ in the 
frxct HI-e plnnes, XJI p lnr~s  tlre win m ~ t  ~ ~ i a l  is ncco~ilpa~~jed by g~llge 

or is sl~nttewd by litter n ~ o v ~ n w n t s  of thc b~drork. 111 places also it 
shows n rough hn~ltlinp or coiittli~~s vugs thnt nre lined wit11 small 
quartz crystnla. 'Ule reins atid frtlctlire planes are usually distinct t~nd 
clenn cut \rher~ they paw tlirougl~ the gray\\-acke bnt feather O I I ~  and 
dimppenr w11ere t h ~  frnctl~re plil~les enter the black slate. 

Same of the ore bodies nre CII t off or clisplaced by cross faults. show- 
ing tIltlt ~ n r t h  rnorcl~lrnt tmk place after the veins of the ore-bearing 
system were inti-odrrctrl. T'pin qlrnrlss of more than one get~erntinn is 
prnfi~nt in the b ~ l r o c k  rind ia the ore-Iwnring vein svstem. The oltiest 
WRS clepnsfted in the foliatiorl and joint plnlres af the schistow gray- 
wacke nnd is not s bearer of gold or other rnlunble metals. At n much 
later tinbe qunrtz thnt mnkes up the reins was d e ~ i t e d .  Some of the 
vein quartz of the ore bodies is cut by younger 1-eins nnd it, thus nppenrs 

F l o n l ~  68.-Dia~rnm of the sugwsted hntsit nf f~rultlnu n t  tlie CHK rnln~. 
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that the deposition of the vein quartz took plnce at  different 'times or 
that if it wns continuous, new sets of fissures were opened from time 
to time. 

Assay mnps drnlvn to show the distrib~~tion of the gold recovered in 
m i n i n ~  make it evident that t h e  gold wns not distributed evenly 
throtlgh the vein material but folla\\-~d cl~utw, which in the stope of 
the 550-foot level pitch steeply north. 
The most productive part of t,hs Cliff mine 1111s been the section near 

the bny. Much exploration work wns done by extending drifts to the 
nortllwest and by driving numorons cmo~qcuts. This work did not sp- 

veal ore in the lower levels toward the northuwst, and thus the Htlgl~w 
vein remains the most, dfstnnt ns well ns the highest ore M y  of the  
mine. Figures showing the kohl  production of tlie Cliff mine arc not 
avnilaI)le, but it is known that the average value of much of the ore 
treated in the mill was R ~ O I I ~  $50 per ton. 

The types of rock rtnd the strncturnl relations of the lodes nt  the 
Ramsey-Rutherforti mine on the ensc side of Valdea Glncier, nbout 10 
miles by trail from Valdez, are mrnucl~ like thofie at  the Cliff mine. The 
hedrock is domi~inntly grwywnckr +th inclrrdd beds of argillite, strik- 
ing east and dipping steeply north. These beds are cut by m i n ~ ~ a l i z e d  
quartz veins that rnnge in strike from about, north to nor.th~\-est nnd clip 
east or west. The veins aro principally quartz rind range in tl~ick~less 
from n few inches to several feet. In plnas they nre m:tde up i n  part 
of crrished cottntry rock. The gold is free. Some ~iilver is present 
The dorninnnt srllfide mineral is pprhotite rnther than pyrite or nrsen- 
op3-rite ~ n d  is accompanied by pyrite, cl~nlcopyr'it~, ~phalerite, nnd 
pnlenn, QuartJe is the principal g a n p a  mineral, but calcite, probably 
siderite, and country mck may accompany it. The sulfide minerals 
conllnonly nrt! only a small pnrt of the ore. The gold content of the 
vej11s is smaller and less constant t h ~ n  that of the Cliff mine, but hns 
made sn important contribution to the production of gold in the 
di~trict. 

Tho Grnnilo mine on the west side of Part Tl'ells wns at  one time tlie 
c h i ~ f  producer of gold in 1.118 Prince lt'jllinrn Sound Rwa. T l i ~  p l d  
deposits of t h ~  Grtlnito mine differ fro111 those o f  the Cliff mine in their 
association ~ r i t ~ h  igneous roclzs in ncldition tn the sedimentary rocks, 
although a genetic connection betw~en the minernl deposits and the 
i p r o t ~ a  rocks hns not b ~ e n  mtablisl~ed. M11c1i development work hns 
b e l l  done in the mine and the  opening^ l~ave been greatly enlnrged 
since the property wns visited by a geologist of the TJ. S. Geologicnl 
Sart~ey, and the t~nderg-ounil extent of t,he vein system is not knamn 
to the writer. 

The interbedded p y w n d c ,  slete, and argillite, which nre t110 clomi- 
narit country r o c b  in the vicinity of the mine, xre cut by bodies of 
altered granite of medium pmin ant i  ligllt-gray to greenish-gray color. 



These rocks nre broken by faults that nre transverse to the trend of 
the sedimentary beds Lilt nppear to have .e more westerly direction 
than the fnult RyStem of the Cliff mine, rnnging from about northwest 
to west-northwe~t,. The dip of t l lp original djscowry vein is also vari- 
able but in general is etwp to the north. The hanging wall of this 
vein is grnni te in plnees. 

t The gold-henrinfl* r ~ i l ~ s  I \ ~ C  controlled by the &sure system. They 
consist chiefly of qrlnrtz but incIude calcite nlid crushed country rock, 
especially in the t l ~ i c k ~ r  parts of the reins. 

iL 'Fhe siilfide miacrnls nrp pyrite, spllalerite, stibnite, p l e n a ,  nmno- 
pyrite, and cllnlcopyrit~. Sf ibi~ite, nT11ich l lns not lleeli listed as n min- 
ern1 of the 'h'aldez di~trict, *ems to be chnrnct~rjstjc of t h ~  Part. ITPI 1s 
district and CKC'IIIS nt various places. sonw of \ ~ h i c l l  bnve h e n  pros- 
pected for this miner111 nlone. 

3lnny p ld -h~ar ing  qunrtz veins were discnvered in the neiglihr- 
hood of the Granite mine on Port JI-PIIs n~l r l  the nenrby Cnlrosq Is- 
l m d ,  Several of them prorluced n ~ m n l l  rlnnr~t ity of gold bi~t  prohnbly 
none of them I ~ n s  been mined wit11 profit. 

Tho ore body of Thomas Bny, Cr~lms  Jslnnd, i s  unique in that it 
Iics entirely in R fissure i l l  greenstone that is included in the slate- 
grxywacke successjo~l. T ~ P  rcin i s  c l~ i~f ly  q11n-t-f~ and. in  nddition to 
gold, mrries the same nqwmhlap of sr~lfide rnir~e~nls that nppears in 
the gold veins of the Port VnliEex nrm. Stil~nite seems to be, absent 
nltl~augh t h ~  ~ienrby stibn i te-b~arinp vein of  Fnrt \Cells might s~wgest 
its pr~senco among the ore ~ninernls of Cnlross Islnnd. 

PLACER DEPOdrPR 

Colors of gold fo~uirl nt vn~ious plnces in the prav~ls  of Prince 
.b William Se~lrld raiser1 the hope thnt ~\-ol-kable gold placers miyht be 

present. Although ~fforts Pinre been made horn time to time to re- 
cover gold from the pnwl of different streams, such undertakings 

* have met wit11 ir~differenl sllccees. Probobly t h ~  Inrger part of the 
rich gold plnr~m of Alriskn that have b ~ e n  exploited in the past s p r e  
formerl by the ~rconrpn t1.n tion of gold ~vllich mas widely distributed 
through oli? grnrel (Ip~-)osits, especial1 y gravel depo~i t s  that nccuma- 
lnted during the long period of erosion in Tertiary time. The gravel 
deposits of Prince 7I'illinm So~md are, for the most pnrt, of pl.1~cjal 
and postglncial orjgin. They are not deeply wenthcrcd and so fnr as 
is  known 11nve not been reworked in n way tha t  produred notnble con- 
centrmtbim of hea~!* minerals. Such co~tditions nre i iot  fnrornblc for 
t,hc formation of deposits of placer golci. 

Most of the ntt~mpts to m l - p r  p l r t  from the grnvels \!-ere ~nnde 
on streams f l n ~ ~ - i n g  into Port Vnldea. The more p.omising locnl itjes 
werc on the upper part of Minerd Creek nnrl on Gold Creek where 
s m ~ l l  mining operations were carried on over H p~riod of several years. 
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Placer mining on a still smaller scale was n n d e r t ~ k ~ ~ i  on Lowe River 
and Solomon Gulch. It wns not, n~ccessful and wns given np many 
years ago. 
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