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PREFACE 

In October 1945 the War Deplartnle~~t (now Department of the 
Amy)  requested the h l o g i a l  Survey to undertaka n program of 
volctbno investigations in the Aleutinn 1slancl~;-Alrtslrn Peninsula area.. 
The &st fieEd studies, under tbe penernl directjon of G. D. Itoblnson, 
were made during the years 194648, The results of the first year's 
field, laboratory, and library mork were hnstily assembled as two ad- 
ministrative reports, nnd most of these dntn have been revised for 
publication in Geelogicnl Srrrvny Bulletin 1028. Part of the early 
mork was published in 1050 in Bulletin MkB, Volcanic activity in 
the Aleutian arc, and in 1951 in BuIIetin 980-A, Geology of Buldir 
Islnad, Aleutian Islands, Altsks, b t l ~  by Robert R. Coats. During 
the yenrs 1919-54 ailditioi~nl fieldwork was clone under the dimtion 
of H. A. Po\vtrrs. Thpublisl~etl results of the early work and all the 
later stuclies are h i n g  incorporated ns park of Bulletin 1028. The 
geologic i nv~qt ig~~t i  ons covc~vd ly this report were monnaissanco. 
The fnctu~lt jnfnrmnt.ion presented is believed to be accurate, but 
many of the tentative interpretations find conclusions will be modified 
as the inv~stigat~irrns continue ~ n d  howledge p w s .  

The investigntions of ID46 mere supported almost entirely by the 
Jfilitary Intelligence Division of the Office, Chief of Engineers, U.S. 
Arm?-. From 1947 until 1055 the Departments of the Army, h'avy, 
a~rd Air Fotw joined to furnish financial and logistic assjst~nw. Tlle 
&ological Survey is indebted to the Office, Chief of Engineers, for 
its early recognition of the value of geologic studies in the Aleutjnn 
w~in31, and fo the seveml military departments for their support. 
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INVESTIGATIONS OF ALASKAN VOLCANOES 

GEOLOGY OF SOUTHERN ADAK ISLAND 
AND KAGALASKA ISLAND, ALASKA 

ABSTRACT 

Suuth~rn Adnk arid K a ~ t a n k r  I s l ~ n d s  are c o r n p a  of FilIgPr nag v0l- 
canica d probable TcrtIary(7) age, an altered andwitlc and bamltic sequence 
of marine pyrocIarrtic d e p M t ~ i  and lava flows with minor ergillita and srwwacke 
beda, Intrudccl bp composite nanodiorite, qaarU-dlorlte, diotite, and gabhro 
plutnm of probable mlddle to late Tertiar~ age; many a~hanltlc d l k a  and &Ills, 
gcbncrllllg nl terd,  which rnt plutonic rwks nnd Finger Rny volcanic8 ; nnd nur- 
tlclal drposita, n~oatly volcanic ash and mil, which o h m r e  much QI ,the beAmck 
below ~Iev~tlons of 1,500 feet. 

The Flamr Bag volcanica and many of the dikes are altered t0  nmnatone 
and ker~tephyre with mgstallization of albite, midate, and cblari*, Some of 
the alteration preceded the plutons, and some either nmmpanled OF followed 
them. A narrow zone of psroxene-lnbradori tc hornffls 1.9 dImntlnrr0RdY formed 
nlong major intrusive contacts. EIwmhere late aplfttc magmas Or S O ~ U ~ ~ O I I ~ ~  

appvnr to replace areas of country rock. A darlc harder zone ia prwnt la the 
gyranodiarite pIubns in many ams. M& AiotLte and ~ b h t o  are found in this 
dnrk border zone or in npophyes locnted in what i s  interpreted as a shattered 
ml mne over the main plutons. Jn some RTW the evidence far assimilation 
Is compelling, and h a e  the rnafic borders nre interpmkl as hybrid rocks. Else 
where rw~stall~zation in plnm of mnflr: country m k  and other mw%ses apwir 
to haw produced the mbbro ana diori~te. 

Adak Island and Ragalaska Inland mny he conaldered f18 a portion of the crest 
of a I,gOO-miIe mountain mage that rIws, in this area, 28,000 feet a b o w  the 
foredeep and 33.000 fwt nbore the bnckdeep. Quaternary ~oIcanIsm I s  Ilm- 
iterl to a b l t  along the north efll~e of t he  islnnds oubide the map area of this 
report. The WngPr Bny mlmnlc- are connplcuously fractured and mIldly folded, 
but no dgnamlc ~netarihorphiani is apparent. Mnjor intrusive activity, dnted as 
middle t o  lntc Trrtinry eI~mwhem In the  chain, apparently precwled defomntlon 
tlnd nnlrft. 

Remnnnfe of FI composite marhe  platform are Ionad an aonthwest Adnk 
Island and perhap@ &flewhere. This surface fmmd prior tu the latest ex- 
tenrrIve P l c l m ~ n e  ~Iariatlon, which has gouged out bold mwmt!taine in 'the hlgher 
rpntrnl portion of the nren and scourwF the  pril~heral lawlands. Most of the 
glmclFIl dcl~rls baR been dumped In the sea. 

A surflcinl nsh and soil mantle accmnlated hy xmll fncremmts thmu~h a 
Iong epxb  of Recent volcanism. The prmmed sources for the ash componwt 
are %'olcanc+s within the Andreanof Islands, but prahbly n~l ther  B1oun-t BloRett 
nor Mount Adagdak, both of which h m m e  mtinct lwfore or very shortly after 
glncjn tion ceased. 
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372 INW?+STIGATION OF ALASKAN YOLCANOES 

INTRODUCTION 

Sontl~ern Adak Island and Kagnlaskilra Tslt~l~rl were studied in 1952 
and 1953 as part of a larger program of volcnna investigations in the 
Aleutian Islands. Previously nort,hern Adnk Islnnd nnd severnl other 
rtrens in the Andreanof Islands llnd beon st~ldicd. Fjgllre 55 is a re- 
gional index map and figure 56 a larger wale indox map showing am9s 
covered by various Survey reports on the ;Inclwnnof-Jlef nrof Tslands 
nrea. 

Fieldwork on southe~n Adnk Island was clone by two-man mn- 
nnismnce teams from 12 ~ p a r n t e  base camps mtablislled in various 
bnys and inlets. A total of about 40 slicll trnvemes were made find 
900 squnrc niiles were mapped daring the summer of 1952 by R. E. 
n'ilcos, geologist-in-charge, H. F. Barnett, R. XI. Bieler, G. D. Fm- 
ser, E. H. Mcitzner, TV. 11. Nelson, R. A. Robie, and G. L Snyder. 
Fieldwork wns supplemented by frequent okwations from the Sur- 
vey veswl Kidor and by study of aerial photographs. 

ICagalask;krt Island, 46 quam miles, trns mapped in 1953 from fire 
wpnmb bum camps. A tohl of 20 tmverses were made by G. D, 
F'raspr, pmIngist-in-dmp, C E. Ames, H. F. Brtmett, E. H. Meitz- 
nor, R. P. ~ l h t t ,  H. 1%. Smith, G. L. Sn~der, and L D. TnyIor. 

Captain Cnrl Vevelstarl nncl Engineer Charles Best served ns keg 
men on the Eider during all .Meatinn in\-e-esti~trtions since 1949. Their 
experienced he1 p wns cssentinl to the amphibious operations. 

Mapping on h t , h  Adnk nnd Kngalnskn Islands wns done on Army 
Map Service topopphic sheets, ~ c n l e  1 : 25,000 ; lwt detail wminensu- 
sntc! with map m l e  wns seldom ntt~mpterl. PhysicnI limitn,tion,ns im- 
posed by nrnphibious bench opsmtions, aclverse weather ~ondit~ions, 
xnd extensive surficid cover emphnsize that the infornlntion g-atllered 
and conclusions m h e d  cnnnot 3>p. consiclo~,ci detniled or final. Key 
hcIs far deciphering stm~cture ~mrc  not f011nd during tlla 
morm&sisance. 

KapaIaska Zsllsnd is uminhnhited and compleblg t~ndevdopd. 
Most of Adak Island is similarly primitive, but there are military 
inHnll~tions in t,he Kuluk Bay Rrea and elsewbere, Sir  nntl sea access 
to the Adak base is posjble with militniy p~rmiwian. JClllnk Bay 
is the only all-weather harbor for l a r p  reswls, hut, tllcllp nre  many 
ancl~ornges on both islands for small vessels rind pnrtinI protection 
from weatl~er in many bays and inlets. 

HISTORY 

Adak Islnnd was discovered on Septembr 9,1741, when the Russian 
vessel Rt. Pad, under command of Captain Alexei Chirikof, anchored 
in a small bight on the south coast. At that time 90,000 to 25,OW 
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AIeuts, :In Eskirnauan people, are estimnted to have livecl in the hun- 
dreds of villages from Attu Island to the ~Uaska Peninsula. Nearly 
every island, including Ad&, was inhabited (CoIlins, and othem, 
1945, p. 9-10). Toclay them are only nhnt 1,000 Aleuts and four 
vi l lqps remaining in the island-11 enst of Adak Island. Prior to 
World F a r  I1 foxes were introduced and trnpped on Adak Island 
nnd mang of tlla other islands, but trapping has not been resumed 
since the war. None of the trappers' cabins nre used today, and many 
of them are in poor rcpnir. 

Adrtk Island is located close to the middle of the Aleutinn chain, 
in the Andreanof Islands (figs. 55 and 56). It is about 8 miles east 
of Kanagn Idand and ono-fourth mile mest of Kagdaska Island. 
The goodetic position for the hend of Kulnk Buy is 51°53' N., 
1$6°39'1\r. ddakIslandis39mileslo1~g~i~cl21mile~wide,britver~r 
irregular in shape. It is the la,rgcst tslnnd (289 square mil-) nnd 
strnl egieally h ~ e  most imprttnnt in the central Aleutian Islnn4ls. 
Jiuptl : l ak l~  Island, separated from Adnlr Ialnnd by narrow ICngnlnskn 
strait, is It)  miles long (no~ th )  rind (;.A miles wide wit.11 an arm of 
46 quare milcs. 

Adak and ICagaImka Islands am charwteri7d by four types of 
topopxpliy list~tl in order of decreasing n m l  importance: rugged 
monntnin nrens, hronrl rolling lowland areas, modified volcanic cones 
(northern Adzk Island only), and narrow beaches backed by sea 
cliffs. The rugged monnlnin amas, unrelnted to constructional rol- 
cnnjc landforms, requlh from Pleistwcne glacial orosion and stream 
erosion of altered v o l ~ n i c  deposits and Inrge plutonic rnkSs(!s (fig. 59) .  
Pncts of sonthem Adnk nud ICngnlnskn IsIands, here inclrldd with 
i he 11101n11txin areas because o f  ragged tnpopnphy, probnbly contain 
glacirfly dissected mnrine plntforms that, genetically, should lm 
gnnped with the lowland nrens (fig. 58) .  The broad lowlrtnd areas, 
of greatest extent on Yakak peninsnln, probnbl~ result from pregIacinl 
wave plnnat ion modified by stream and glacial erosion (fig. GO.) 'She 
volcanic landforms on northern Andak Islnnd are outside the area of 
this report rind hnvc been discussctE elsenh~re (Coats, IQ56a), The 
shoreline, except where stmightend by f ~ u l t  scarps, is verJr irregular, 
a result of glaciation and further crenulation by vigorous wave action. 
Sea stacks, rugged offshore m k s  and islnnds, nnd pmipitous spa 
cliffs, generally about 200 feet high, are characteristic (fig. 60). 
Northern Adak lslnnd inclndes local w e n s  of lagoons, tidal flats, 
alld sand dune?. 
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The A l ~ n t i w ~  Ielartds nw well known for their foggy, n-et, 2nd 
stormy cl irnnte. From short-term weather obwrvt~tious n fen- 
general stntements can be mnde concerning the climnte of Aclak 
Tslnnd. Tmal shifts of wind and rapid changes of velocity are com- 
mon so thnt figurns for nrernge wind velocity are of limited value 
it1 understanding actual conditions. Far example, Rvernge wind 
velocity nt the hdak base is 15 miles per hour, but extreme mind in 
minter may exceed 100 miles per hour, and summertin~e gusts fre- 
qn~nt ly  exceed 50 milw per Itour. Total annual precipitation is only 
47 il~dles, but during summer n~ontlis tlie sky is usu~ l lg  overcnst  lid 
fog, drizzl~, or rain is very common, Average annual snowfall is 
il inches, limited largely to winter months. Little snow ~ccumulntes 
except in topopphicnllp favomble upland areas, and there are no 
glaciorsat t h ~  pre-wnt time. Moan annun1 ternpermture is 40" F with 
seasonal variations of about 10" F md correspondingly smxlI diurnal 
changes (U.S. Air Force, 1950, Chart 20). 

The lower parts of Adali rind K~plnskn Islnnds support heavy 
v~ptnt ion with p n w  nnd flowerr; nttnining heights of 5 or 6 feet late 
in f Ile summer. I'atclles of moss nnd lichen become increash~glp domi- 
nant with incmasin~ h e i ~ h t  above sea level. At Jtitudes above 1,580 
feet, them is virtrrtrlly no grnss and mnny ridges are bare rock. There 
nre no native trees, but there nre mmy flo-rrering plants, ferns, grasses, 
nnd mosses. A tough mat of reptation frequently f oms briclps 01-PI- 

gullim and between talus blocks nnd dams m n l I  lakes. 
The only land mammals are bIue fox, rats, and mice, all inirotlncecI in 

recent years. Birds, trout, and salmon are common and the sea 
nh~rnds with shallow-water inrertebrste species. Sea otter mere mre 
in 1952 but appear to be expanding mstwn~d from the dnlchitka are%. 
Setlls, and to x lesser extent sea. lions, are common along the coastline. 

SUMMARY O F  GEOLOGY OF NORTTXERN ADhK ISEAXP) 

Coats has describd the geology of northern Adak Island (1956~). 
Part of his abstmct. is quoted 11el.e to g i n  R bnckgm~lnci for the geol om 
of southern Adak and JiqImka Islands. 

The gm1cig.v of the northern part of Adnk Idand, lnrpest of t h ~  .intFrennof 
poup of t h ~  Mentian Island#, was mapped In thc snm~ner nf 19443. The pftrt of 
Adak Island mapped comprises two physlogrnphic and genloclc dlrisinns: .Z 
deeply glaciated southern UreA o f  folded, faulted, and intensely altpml volcanic 
rocks of Paleozoic(?) age, introrondwl hy gabbro and mrks of intermdinte corn- 
posltlon; and a mountainouw northern awa mmprising rpmnant~ of three dis- 
tinct baeaItic rolcanam of Tertiary or Quaternam ape. In the northern part 
of the southern arpa there nre flve volrnnic domes of ligb'ht-cnlor~d nndesitr 
porphyry, probably of ear1.v Tert1ar.r age ; they cnnnnt be mrr~latetl with rtny of 
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the three wcognizd volcanic centers of the northern aren. Minor nrnounts of 
sedlmeutaq- rock are associated with the roleanoes. The rolcanoeg have been 
trimrmed ' b ~  marine ernsllen, and locally ~Ussected bg subaerial and gla&l era- 
sion. The glaciers h a ~ e  disapmred. A bltinket of rolcanic ash from ~01cant-m 
on nearby islands corers most of tbelowIant1 area. 

Constructional ~rolcanie landforrns and rolcanic rocks of late Ter- 
t i f 4 ~  nnd Q11ate111m-y aag emlimited to northern Adak Island. Upper 
Tertiaiy fossiliferous marine wndsto~~e crops ant in a s n ~ n l l  area an 
Cape ddagclak (Coats, I936a, p. 5-3,X). The whtion of t11ese k l s  to 
the later Tertiary ancl Quaternary rulcaaic rocks and to the Finger 
Bny rolc~nics is m~certnin, but Coats has grouper1 them with the 
youtjpr volcanic ~ w k s .  The age of the Finger Bny volcanics is dis- 
cussed in Coats' report (195611, p. 49) a i d  on pages 8%? ~ n d  384 of ll~is 
report. 

PETROLOGY 

The rocks on southern Adnk and Raplaska Islands map be divided 
i 11 to four wi t s  : Finger Bny \-olcanics, the mest. abundnnt rocks in the 
aren; panorliorite, qunrtz-diorite, diorite, gnbbro, and afisociated 
rn(,ks in Inrpe intrusive masses ; aphanitic and porphy ritic-xphnnitic 
rr)cks, mostly ai~desite, in small intrusire bodies; and Pleistmene and 
Recm t surficial deposits incl Itding an extensire R sh-soil blanket ovex 
~nuch of the area. These units arw listed and dawsibed in order of 
decrensjng geologic age, except in the caw of the third unit, the aphrt- 
nitic anclesjte, wllirh yrobnbly embraces rocks of several different ages, 
both younger a~icl older thnn the panodioriteplutons. 

FINaEB BAY vOLC:mICB 

The name "Finger Bag rolcmics" was applied to rocks near Finger 
Brig? northem Adak Islnnd, by Coats (1947, p. 75). Minor dikes, 
which Coats includecl wik11 the Fiuger Bny volcanics, \%-ill be discussed 
in a separate sextion because some of tllelrl appear to be more closely 
relnted to the ~najor plutoils, and some of the dikes ]nap beIo11g ta an 
inclependen t rolc~llic episode, 

The Finger Bay volcrlnics (PI. 59) ctl~mot be sabdividd by IWOII- 

nuissa 11ce met hods. They nre dominnntlg pyroclastic deposits and 
1:rrn Aori-s-andesitic and b:1sal tic rocks renclered mow or less bomo- 
geneuus in outward appearance by gervusiw alteration nrtd an intricate 
joint pattern. T h e   do^ is generally & low chronln variation of 
medium-gmy or medium dark gray, roughly reflect.ing the i ni tixl color 
iildex. Greenish hues resulting from t.he presence of chlorite, epidote, 
and nontlmnite are most common. Hues grnding througll yellon-, red, 
pu~ple, and brown nre also common and they reflect ~~rtrious types and 
amounts of iron oxides. 
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Lava, pillow lava, agglome~ate, tuff breccia, autoclnstic breccia, 
lapilli tuff, i , ~ ~ f f ,  volcanic wacke, argillite, and minor porphyritic mtlsses 
have been recognized.' Rhyolite mentioned by Coats (1956a, p. 48, 
pl. 9) has not baen found on southern Adak or Kagdaska Islands. 
Many gradations ~ x i s t  between the various rock types, and in the field 
it is difficult to dehrmine the precise character and origin of a particu- 
lar rock. Perhaps 70 percent of the rocks are pyroclastic, 20 percent 
Iava flows (including probable sills whose relationships are obscure), 
and a scant 10 percant truly sedimentmy deposits. 

Total thickness is unlmown, but a very approximate value--obtained 
f ram the geologic map (pl. 52) for the area from Ratchet Lake to Bay 
of Islands is 8,000 feet. This value is probably lsss than the true 
thickness, because neither top nor bottom is exposed. 

LAVAB 

In a group of 30 thin sections of lavw from the Finger Bay vol- 
canies, 13 appear to be andmite, 6 basalts, and 11 are so altered or 
t h e d l y  me!xmorphmd that the original character cannot be e&i- 
mated. Most of the lava amtiow pmbably are pyroxene, ttndesite or 
feldspathic basalt, but extreme alteration and an average of 80 percent 
nphani1;ic groundmass make even this *nerd statement unceFtain. 
The most common lava flows contain 10-20 percent pllenocrystic 
plagiodam and 1-5 percent phenwrystjc nugite ; rocks with mow 
augite phenocrysts than plagimlase xre less abundant. Greenstone 
and keratapllyre are usefl~l group names for the suite, hut nbsence of 
generd &Iteration of the pyroxene nnd irregular deaelopmant of 
probably secondary ltera-topl~ym make either term somewhnt 
ambiguous. 

Distinctly bad t i c  rocks, some conbining pseudomorphs dter 
olivine, wera sampled in the following areas: North Arm of Three 
Arm Bay, south of Gannet Covg southwest toad of Boot Bay, and 
southeastern Ad& Island dong JCagalaska Strait ; huh andesitic rocks 
were also found in or near the same areas, and no large area i s  known 
to be dominmtly b l t .  

Rocks that originally were hornblende andesite or dncite and are 
now largely keratophyre or quartz keratophym have been found 4 
miles south of Finger Bay, between Rmy of Islands nnd Three Arm 
Bay, and on Yakak peninsula. Olivine-bearing basalt and daeite 
thus mark the probable original wmpositional limits for the bulk of 
lmas from the Finger Ray volcanics. 

Specimen 6 (table p. 385) is the only analysed rock from the Finger 
Bay volcmics. It is porphyritic, brownish-gray albitimd pillow l ~ v a  

=Names for pyroclantlc rocka follow Wentworth and Williama (1982). VoZcat& wffcke 
Is dean& by Gilbert (Willlama, Turner, nu& Gilbert, 1954, p. 8031 as *'compo~ed grinclpally 
of debris eroded from volcanic terranes * *." 



OEOLOGY OF BOWTHERN ADAK ISLAND A N D  KAGALASKA ISLAND 379 

from the sbuthmest slmre of Boot Bay, Adak 'Island, About 16 per- 
cent of the rock is tabular cloudy albite crystals (4 m) altering to 
clay minemls and containing small patches of epidote; 5 percent of the 
rock is fresh, eulledrnl to subhedral augite crystals (1.1 mm). Some 
of theso p't~enocrysts are clustsred together in subophihic patch@. 
About 10 percent of the rock is sub.spheric$, chertlike greenish masses 
(1-4 mm), oither vesicle fillings or foreign pellets, containing chlorite, 
stilpnomelme, iron-rich rnineraloids, and central mams of quartz. 
Sorrle of hha quartz is intergrown wit.11 ortkmlasa. About 70 percent 
of the rack is a cloudy fine-grained gmandmass containing devitrified 
g1:lass (chlorite, nontronite, opidote) , dtered nlbite microlites and 
skeletal crystals (0.3 mm) , ibu (1 elo~lpnte clinopyroxene microlit# 
(0.3 nim), commonly in splnyerl aggregates, The gro~nndmnss is 
crowded with needlelike s k o l ~ t ~ l  crystals of opaque oxide. The origi- 
nal composition of this rock is unknol.r.11; the J t ~ d  rock might be 
called albitizod trncl~yn~~desitc. Albite, quartz, ~ r l d  o~%I~ocl~,se may 
all be m o n d a ~ .  

Most of Mount, ' l ' inre~~u~s is a mnss of porphyritic pyroxene ~nrle- 
sitq and some pa* of athe mass rtre less dtered thttn drew. One 
smdl area nhut  150 feet below the summit is dark, surprisi11gIy fresh, 
olivine-bearing nndesi te. Fartller mrlppinp may show fl~ttt the* 
rocks are not properly part of the Fitinr I E q  volcrtnics. 

PPROCLhSTIC ROCKS 

Large areas nf Adnk and JCagnllnska Islnnds are underlain by 
nltererl tuff breccia n n ~ l  lapilli tnff. Altered tuff, flow breccia, and 
lava commonly are intomalntwl with the tu f f  brecci- and lapjlli 
tugs. The coarser p;vrocla.--tic rocks (tuff b m i a  nnd lapilli t r ~ f f )  
prohbly make np more tlmn lialf of the Finger Day volcnnics. Most 
of them show little or no bedding and cnnnot be t d  by reconnrris- 
mnm mapping. Tl~e lnrgest nrea known to ha dominant.1~ m m l y  
cl&ic rocks is the area from the Ray of Idnnds to Three ,Irm Bay. 
The southeast part of Kagxl~skn Islalld nnrl In rge areas in so~rthem 
and nort.hem Adnk Islnnd also sro clominnnt,lp eonlm pprwlnstic 
1w.k 

Ln the field the nntu1.e of f r e p ~ e n t n l  rocks mtw in doubt in mnny in- 
shnw.  M a y  rocks, mllose mntrix rne~.scopfcnlly nppenrs to be 
ip~eous, hnre a tuff makrix rich in broken clystnls, sind mtst  of thc 
rocks contain enow11 angnlar unsorted py mlnstic rnwterinl to  rule out 
origin by conventional sedimentary prwawes. Mast of tho rocks, 
c u n ~ e ~ ~ Z . l y ,  are classified ns tuff hreccia or lnpilli tuff, find Rre he- 
lieved to represent pyroclnstic deposits or mud flows. Criteria for 
identfying deposits th& have rnorecl ~n mL%e as sulbaerial or sub- 
marine mudflon-s mere not. folmd, so that  t,lle jlnportt~~~ce of mnw 
mox-e~nent cniluot be assessed. 
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Compositions, as far as can be deermined in the a h r e d  pyrocIa&ic 
rocks, were originally those of andmite and feldspathic b d L  h a 
group of 20 rocks, 11 are classified as andesitic, 3 as basaltic, and 6 
unknown. Fourteen of lthe rocks are conspi~uously albltized, rind n11 
contain epidoab-clinozoisite or chlorite or both. 

Mmy of the pyroclwtic deposits contain cmm angular fragments 
as much as mveral centimeters in diameter, and a few rounded bmbs 
or lnpilli. Some contain abundant bombs and can be classified as 
agglomerate, but no vent areas were recognized. hpil l i  tuff with a 
corns fraction of mostly angular crystalline rock £ragmen& bekween 
1 n.nd 8 mm is common. Coarser lapilli tuff and tuff breocia are also 
common, b~d proportions of the various g d e  s h a  are ~mknown. 
Rock fragments are alt,,red hyalopilitic or intersertal, porplqritic 
andmite and b d t  md less commonly devitrified l s i c  g k ,  One 
coarse-grained diorite or gabbro f ragmerit ( 5  cm) was found in a. tuff 
breccia from the south shore of Quail Bay, liWlnska Idand. This 
is the only plutonic rock fragment found. Broken crystds of dted 
plqioclnse (4 mm) md generally fresh pyroxene (1-2 rnm) are com- 
mon. The coam fragmente an set in a tuffaceous matrix of similar 
comywition 

BEDIMENTART ROCKS 

There are few sedimmtaly rocks in the Finge~ Bn~r 1-olcnnics on 
southern ddak and Ragalaska. Most of them have a direct pyro- 
r.lxs+ic con~panent; and probably all are ultimately derived from vol- 
canic rocks. Greenish-gray, banded, siliceous and probably tufface- 
ous xrgillite and medium- to coarse-grained volcanic macke ere both 
sl~firsely represented in the dominttntly igneous and pyroclastic 
sequence, 
There are sseveral thin argillite beds (-+ 20 feet )in the Gannet Cove 

area. Similar argillite and siItstone beds, some with structures con- 
noting pei~econtemporaneous deformation, crop out in the Wedge 
Point wen.  Pebbles of a chertlike, fin el^ bnnded, and minutely 
fanlted argillite were found on the west bench at Blind C o ~ e .  No 
nlyillites were found on Kagalaska. 

llTell-bedded pyroclnstic rocks or volcanic wacke are common in 
tlm fol lo~~ing locations and sparse elsewhere ; Ringgold Islmd, amund 
the head of Bay of Islands, in the Boot Bay arm (some slmw graded 
bedding), on Boot Point, and on Pakrtk peninsula-especially in the 
'IITedge Point arm. These rocks are intercalated and gradational with 
poorly bedded pyrcclrtstic deposits. The poorly stratified roclrs in 
most cases are demon~itrably pyrwlastic, and many of the stratified 
rocks may be more pyroclastjc than epiclmtic. 
On the northwest shore of Bay of Waterfalls highly altered lapilli 

tu8 contains angular accidental fragments. The rock is very calcare- 



ousandilfewof thefr~gmentsappenrtabslimeshna. Thissuggests 
that  limestone mny be present in the Finger Rny t*olcanics or immedi- 
~ h l y  below them. 

Further mapping m y  revetll sepmble parts of tlre Fingw Bay 
voletlnics, mch as the q u e n c e  of m k S  containing fairly well hdded 
c1ast.i~ rocks that appear to he crude? y peripheral ta Adak Island on 
the mast, southwest, and south sides, and ImnI members wilI probably 
be found within the sequence. Pmenlt infomintion indicsk t.hnt n1I 
these rocks are highly xltered nnd precede the granodiorite i11 a p .  

ALTERATION AND METAMORPRfBM 

Ajtemtion of pock of the Finger Bay voIcnnics is pervssivs. Nearly 
all of the rocks, regardless of o r i ~ n a l  lithologic character and grox- 
irnity to plutons, have been subjected to chloritixation, epidotization, 
nlbitization, silicification, nnd other diverse low-intensi ty ~ltamtions. 
Locally abitization, silicifimtion, epidotizntion, md p t w h  meta- 
gomatism have been inferred within the plubns and in irnmediateIy 
adjacent country m k ,  but not all the alteration cnn be related di- 
rectly to late stage ~olutions from the plutons. Narrow zones nt the 
contnct with plutonic mks have h e n  thermally rnet~morphosed, but 
no dynamic metamorphism has been noted. No tight folding or re- 
gional sha~ring is apparentt. 

The altamtjon prmlucts and wmndtry minards obsorved nre : 
chlorite, epi doh, clinozoisite, albite, quartz, chrtlcedony , nontron itp. 

and ather c I ~ p  rninemIs, ssricite, cdcite, prehnite, zeolites, iron-rich 
mina~eraloids nnd iron oxides. Xost pymxenesare surprisingly fresh, 
but n few have bean altsred to aralite, bnstitg, chlorite, epidote, nnd 
other minerals. Bowlingite-antiprite Imlly is pseadarnorphous 
after olivine. Disseminated pyrite and potmI1 feldspnr are common 
near plutonic borders and Tame elsewhere. Spessartite ( 1 )  wns 
observed in one slide. This mineral is not QIIC of equilibrium in n min- 
ersPogIcal anvironrnent of this type (Williams, Turner, and Gilbert, 
1954, p. 222) nnd may be sparsely represented elsewhero in the 
sequence. 

Nearly a11 m k 8  contain epidote and chlorite, eapcially in plagio- 
clam and devitrified parts of the rmk. About 60 percent of the rocks 
extlmind are con~picuously nlbitized, and mnny contain nlhite as the 
mlo plagiaclnse. All gradations from unaltered cnlcic or intermediste 
feldqpar relicts tllrou~h clinozoisite and plagimlase, veined, rimmed, 
nnd partly albitixed pIq$ocl~se, chesboard nlbite, and cloudy or even 
clear albih am visible. Fewer IRVRS than pymclastic rocks appear to 
he campbtely aIbitized. In a few rocks a radiating affgmpb, tex- 
turally like some zmlites, is actually albite, suggesting thnt albitimtion 
mny have mcornp~nied or followed zeolitization. 
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Many of the crystalline rock fragments in pyroclastic rocks, md 
even the entire rock, may be chertlike and brittle. Argillite also is 
chertlike and commonly breaks with wnchoid~l fracture. These f ea- 
tures md the ab~indant silica veinleb in many a m s  suggest that per- 
vasive silicfimtion r n q  be more important than is apparent in the 
generally enigmatic thin sections. 

In many areas, mpecidly near Bay of Waterfalls and in northeast- 
ern Adak Island, a narrow hornfels zone m u m  in the Finger Bay 
volcnnics at the wntract with plutons. The hornfels texture genemlly 
obscures or obliterates original testura, but phenocrysts and breccin 
fragmenb may, locally, be identified. Labradorite and clinopyroxene 
is perhaps hh;hs most common mineral association; but nndesine, ortho- 
pyroxene, hornblende, tremolite or actinolite, andl biotite are also 
common. Magnetite is a conspicuous accessory mineral. Fine- 
grained arnphibolite without hornfe1s texture forms the septa of mun- 
try rock in the Blind Cove area where granodiorite selectively invades 
the Finger Bag volc~nics. Some of kh0 h e - p i n e d  smphibolite may 
be metrasediments. 
In general the hornfels plagiml nw. is  unzonecl, but relict zoning hw 

been observed in a few grains. In some slides poikiloblastic but other- 
wise homogeneous labradorite crystals (recrystallized phenocrysts) 
r~ntnin pyroxeno arranpd in xonw which strongly suggest clinozoi- 
crib alteration patterns found elsewhere in lavas of the Finger Ray vol- 
cxnics. The general absence of albitization in the Ilornfels rwkq and 
occurrence of the zna~l ly  ~manged pyroxene suggests that t,hese rocks 
were hydrothermdly altered prior to intrusion and thermal 
metamorphism. 
In some areas a third episode of change is nlm apparent: albite, 

epidote, quartz, and potassium feldspar derived from the plutons have 
modified the plutonic borders and invaded the hornfels zone, This 
1st stage is similar to the earlier pervasive alteration, bnt includes 
some potash metasomatism and is usually limited fa veins and small 
areas near the pluton. 
The source for the pervasive ~olutions that a1,ltemd the Finger 

Ray volcanics bsfore plutonic invasion is not known ; several p ~ i -  
bilities to lx considered are : sea water, dcluteric solutions from the 
Finger Bay magmas, activated connate water, and fluids emitted f rtlm 
the grauodiorite pluhns hef ore or during intru s i o ~ ~ .  Abundrtn t petro- 
graphic e d e n c s  for secaildary changw eliminates the possibility of 
initial cryshlization of the Finger Bay volmnics in their p m n t  
state. 

Marine volcanic rock- of very similar ariginrtl lithologic character 
are not altered on most of Kanaga Islnnd, Tanaga Island, and the cen- 
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tra] Delarof Islands (Fmser and Barnett, 1959, p. 217). ~ h i w  *oms 
the condusion that sea water and deuteric solntfons from the volcanic 
emissions themselves are probably inadequate to cause the type of 
alteratiw common in the Finger Hay volcnnics. Part of the Finger 
13ny alteration mRy ]lava bcen diapenetic or deoterir, hut pneral 
nlmntio~l Ibns exmeded nny eady pal,lponitizdion or extmmeIy low 
intensity changes that nlny have resulted from the nearly syngenetic 
p m .  Apparently n perid ~ f t e r  the denteric ~ n d  pretedjng the 
gr~~~odiorite epoch of l~ydrothemal nctivity is r~qhired. This re- 
quirement is met by activated connnte waters or juvenile fluids from 
the plutens. The nnltering wnve of solutions, regnrdless of source, 
may have h e n  rlrive~l upwnd by the admncing plntons. 

These condueir)ns are in general agreement wit11 thorn presented in 
an extensive review of the keratophyre-spilit~. problem (Gilluly, 1935) 
~tnd are sirnilrrr to viaws recently eupressml by Il't~ters ( 1955, p. 710) 
for altered nndesitic rocks in the Cuscutle Monnt~ins. Waters con- 
siders alterations in tlie C~scacle Monntnins ns essentially independent 
of the Inter plutons. W e  ngrce that nIterntion precedm intrusion, but 
believe thnt tl~ere mlty be rr relntionahip between the two events on 
Adnk. 

There is a further possibility that the Finger Ray volctlllics nre 
t h e m s e l ~ ~  a very early product of the same ~nngmatic cycle, so that 
n single process culminating in mnjor intrusive activity may control 
most of the seemingly sep~rnta events record4 on southern Adak rand 
ICagaln~lka Is1 nnds. 

REGIONAL EtELATTONS~FLIPB ATQD AGE 

Coats (195fi:r, p. 49 )  inclutled n smnll b d y  of fmsilift?rous yellow 
sandstone of volcanic compositio~i, bas Jtic ff ows, ~ t ~ d  sills f hat crop 
nut between Clam Lagoon nnd Andrew Lake in nort.l~onl Adak TsImd 
in h i s  Finger Bay volcnnics ns mapped. TJle rocl<s are of Pemylvs- 
nian or Permian age as indimted by impressions nf Annula& steZZnta 

Scl~lotheim} Wml, identified by R. IT. 13rn1r11, U.S. Geological Sur- 
vey. The relations of these fossilifem~ls m k s  to  the rocks of Finger 
Ray, which are continuous with those mappet! ns Finger Bay volcanics 
in southern Adak Island (and identical n-it11 t h m  of Jcngnlaskn Is- 
land) are uncertnin. 

A sequence of volcanic and sedimentary rocks contRininR some 
pillow lava deposits occurs on Knn~gn Istnnd, 10 miles west of Adnk 
Island {Erk-r nnd Rarnett, 1959, p. 217). From R a n x p  Rap north 
for ~er@ml miles theze m k s  Ilare been epidotixed. MicKene{?) mfi- 
rino fos~ils have been found in this Im~lnlly altered sequence. These 
rocks nre certainly as much like the deposits On Yakak peninsula ns 
sre the Paleozoic snndstone h d s ,  25 miles north 011 ,bkdak Islnnd, nntl 
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a correlation in one direction is as reasonable as a correlation in the 
other. 

We therefore hesitate ta adopt the age of the volcanic sandstone 
beds of northern Ad& Island as fixing that of the Finger Bay vol- 
canics of the type area. They are doubtless terrestrial sandstone beds 
as suggested by the leaves, whereas we interpret the Finger Bay vol- 
canics of b&h our area and the type area as marine. Although the 
age assignment for these rocks on nortl~ern Adak Island has be11 
Paleozoic ( ?), the authors believe that a T~rtiasy ( ?) q e  is more prob- 
able for the Finger Bay volcanics elsewhere on the; island and on 
Ragalaska Island. 

Plutons, composed IargeIy of granodiorite, but ~ a r y i n g  IocaIly to 
quartz rnonzonite, quartz diorite, dioriM, and gabbro invade the Fin- 
ger Bay voIcmics in wveral areas (pl. 52). The largest of these 
masses, located in south-central Adak Island, covers m area of about 
40 square rniIes. Other plutons occur in central, north-central, and 
northeastern Ad& Island and in Kagalmka IsImd. Five chemical 
analyses of these rocks am given in the following table. The several 
varieties are not separated on the map, but most of the rocks examined 
petrographically have enough potash feldspar to be classified as 
gran0diorf.h according to Lindgren's definition (Lindgren, 1900). 
The plutonic rocks, cl~larackristically, are medium gray and of 

medium-sized grain, p n i t o i d  in appearanm, with biotite and horn- 
blende as the dark minerals. The color index (percent totd mafic 
minerals) is generally less than 20 and may be as low as 8. Small 
nplite and pegmatite dikes are common Iocally, especially near the 
contact in both wall rock and plnton. Nsar some of the contmts m d  
in areas of many inclusions, the coIor index may rise to 40, pyroxene 
is an important constikuent, the feldspars .are more calcic, and the 
rmks are diorite and gabbro. 

In the common granodiarite and quartz diorite zoned andesine- 
o l ip lase  is t,hhe main feldspar, usuaIIy making up 55-60 percent of 
the rock. Other minerals are : quartz 1&!25 percent ; orthoclase and 
perthite 7-15 ; hornblende 2-16 ; biotite 1-8 ; clinogyroxene, ortho- 
ppoxene (rare), magnetite, epidote, apatite, and sphene usually tahl 
less than 5 percent, In some specimens, near the hrder zones of 
the plutons, &]bite is conspicuous in pesthite, rims on other plagioclase, 
irregular masses, and as ccrfrstaIs containing a chessboard pattern of 
twins. Irregular masses and rims of orthoclase and also antiprthite 
have been noted, but euhedral orthmlme was noh found. Patches 
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~smcintioxz wit11 gabbmic rocks, which rn%y rtlm have been dbitizd 
and veined with orthoclase. 

linalyzed specimen no. 1 (see hble) is repmnts t i~e  of the quartz 
diorite. It is a gray, meditrm-grained biotits quarb diorita with a 
color index of 16. Volume permrttnges nre : zoned and urnoneti 
andesin~-olipltlse 56 ; orthocl a=, 7,2 ; qunrtz, 26 ; biotite, 8.0 ; horn- 
blende, 3.6; clinopyroxene, 2.4; opnque oxide, 1.0; chlorib, 0.4; apatite, 
0.3; sphene ahd epidote, trace. This rock, from the east sllore of 
Bay of Waterfalls, is IocaCed near the edge of the largest pluton. 
Coarser and darker border phases with septa of mrystnllized basaltic 
rocks occu~. just R few y e ~ d s  from t Ilis cmk, but the rntli~i contnct is 
underw~t~r in Ray of T'S'aterfalls (pl. 52) .  Characteristically, m k s  
tllh close I% the l m d ~ r  nre more mmafic thrsn the mdn mass, nllcl nppenr 
blotchy from irmgular concentrations of dark rninemls. 

The rocks 1,iiOO ywds so~lth of RIind C o x  1 1 ~ ~  R color index rmir 
10 ond are   no re felsic tllnn most of the pn~1iorit .e.  These rorks 
mrttaja a few d w k  Pounder1 fins-pmilled pntrl1t.s ns D I I I C ~ ~  ns serreral 

W 4 . 1 4 0 - 6 L J  

910: . .-..-. - -  82. M R P "  4L. AR 68.m H88 
Alt6r .......-. 16.84 l i .21  . 1 X . Z  18.75 2LM 
FntOs -....... 2 01 3. W 
Ye0 ......... 2,77 4.5g 
MUO ......... 2. 47  L 7.4 1.81 a. 1s 
CXO. ......... 5. aa 12.93 0.16 5. RO 
2hi:O. ........ 4. li 2.02 4.56 4.811 
KIO --.-..... 1.81 2 15 2 52 2. 11) 
IItO- ........ , IIR . IW .25 

. X; 1. 170 

. VA . R2 -03 
.02 ......... . . I12 .!I" 

F ~ U I  ......... .%i .05 , . 46 . -!8 
CI ............ , 4 L i  a I* . (fi . i l l  I . 117 .1)3 

, I># . 11-1 . CIS . n2 -07 . C4 . In1 ............. . O I  . n~ . r y l  .w .ZU 
nmo ......... , i r l  .IW .18  I I  . za . II - . - - - - - - - - - - - - - - - - - - - -, - 

W, W 31WI.IW IOU UB 89. $2 1011.11 W. W 
Lam 0 -.....I .03 .U% . O'P .lit .(I$ - .{ti 

-----A- - 
~ o t a l  ......... 1 mw lm. &? 1~1.00 w.nl ?w. o& g ~ .  ~6 - 
P o w d w d ~ 1 -  1 

slty .................................................... 2.60 
fm I11y  ...... Beyer Buy, 

south 

Island. 

9.79 
Bsp oI '\l'rr- K W m h  

t~r ia lh ,  srmit. 
sour 1lw-t t ~ o n , ~ m  
A d  5 A 

Chapll Catv 
B ~ Y  or 

tratemillx) 
southutm~. 
Adnk T& 

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

Nnmcand oc- 
currcnolm, 

Lutul. 

rlllrton. I I 
~ n w p h p y ,  volc~mri&). 
pltuton hoc 

Innd. 
Qlivjso pah- 

hro, sill, 

ihutl. 

f s y  of WI~- 
trrhll8 
A ~ I ~ ~ ~ H : E P ; I  
Arlrkk In. 
Il~n%l. 

Rlot lb  
qtlwlt dl- 
nril,~), 

Wmt shmr d 
RM B B ~  
SOULh r\d$ 
1sl;knd. 

Fel<lrcpmthlc 
grtUuwll- 
c ~ l l t u  

~rnorttorile.l ~ 1 o r 1 t ~ .  
piuton. e:;.; 

AlbitIecd pil- 
low 1 ~ v a  
(Plnwr Bay 



386 ~ B T I G A T I O N  OF ALASKAN VOLCANOES 

centimeters in diameter that appear to be recrg~tdlized and partly 
assimiIated wall rock. A marked preferred orientation of biotite and 
hornblende mas noted in some outcrops. A peculiar texture, ~ugges- 
tive of mortar structare, is visible in thin mtion. This texturn 
consists of large (3  mm) zoned plagioclase crptaIs with narrow 
.interstitial bands of granular quartz (0.4 mm) and orthoclase 
(0.2 mm). The quartz and orthoclase crystallized later than the 
plagioclase ; possibly magma motion helped to produce the taxturn. 
h modal analysis sf one of these & (rcndyaed specimen no. 23 
gives the fdIowing volume parcentages: zoned andesine-oligoclasa, 
57; orthoclasa, 11; quartz, 21; biotite, 4.7; hornblende, 4.5 (some of 
these in bIwky crystals with a maximum diameter of 8 mm) ; opaque 
oxides, 0.9; chlorite (mostly after biotite), 0.8; sphene, apatite, and 
zircon, total, 0.1. 

Many variations of the main granodiorite exist along the hrders 
and in small outliers. Near the contact of a smrtll pluton on Raga- 
Iasks Strait (Campem Point) a dike of quartz diorite shorn con- 
spicuous dustem of hornblende needles as much as 2 cm long, On 
Hagalaaka near Chaika Point the contact is rich in hornblende- 
here apparently recrystaIlized Finger Bay volcttnim In many areas. 
d~rk-colored ghaw are developed at or near the boder. 

DIOEITE 

Diorih is common near the borders of plntuns, but is voZumetri- 
cally insignificant. Analyzed specimen no. 3 is medidark-gray, 
medium-grained diorite, from the west share of Beyer Bay. It came 
from an outcrop containing abundant xenoliths and Isrgm tabular 
septa of basaltic country rock. The xenoIiths and septs, have a con- 
spicuous hornf els texture. Clinoppxene, ~bmphiboIg orbhoppxene, 
biotite, magnetite, and d i c  Iabrrcdorite are Gonmon in the secrysta1 
lized rock. Large biotite flakes rim the xenoliths, md magnetite 
crystala are visible in them. Under the m i c m p e  a few large crys- 
tals of pIagioclme can be aeen in lthe xenoliths. 3?rw q&aIs a m  
not zoned, but they show interior and zonal pathrns of minute inclu- 
sions stiggesting that the original m k  conhind zoned feldspar and 
m s  porphyritic. Xenoliths occur in all shps  of fmgmenhtion ahd 
change toward diorite, and t h m  that have been greatly made over 
appenr as vngue dark-colored clots in the diorite. 

The pluton here is low-silica diorite *hose clotted amphibole and 
poikiIitic biotih suggest contnrnintrtion of an origindly granodioritic 
magma The estimated node of the diorita (spcimen no. 3) exclu- 
sive of recognimble xenoliths is as follows: zoned pEagjoclase 
(A%,,,), 60 percent; hornblenda, generally in clusters around a 
pymxena nuderrs, 15 percent ; biot.ite, many with sieve textures, 10 



pertent; clinoppxene, altering to hornblencle, 5 percent; magnetite, 
5 percent; quartz, 5 percent. 

BAB3RO 

Gabbro occurs in several bo~yIcr alms and as a fern isolated smnU 
intrusive deposits. The border zone gnbbro appears to be directly 
related to the granodiorite, but the t~lntionships of the other masses 
am less dear. The deteclled rnnsses cot~Id h genetically related in- 
trusi~e rocks injected into nn nlteretl and sliatbred roof zone in 
advance of the mrtin pIut~ns, or they could belong to an earIier epoch 
of more mafic intrusions. 

Analyzed specimen no. 4 is coarse-grained gnbbro from a sill(?) 
500 yards south of the head of Chnp~~l Covc, Bny of Waterfalls. 
Similar gabbro and diorih nppoar in srnnll patches nearby (pl. 52). 
The irregularly intruded aron, soutl~, anst, lcnd nortlleast of Chnpel 
Cove is interpreted as a roof zone over n large pluton. The, area 
south of Chapel Cove contains nt lenst tbrco sill-like masses of 
gabbroic rock that intrude nltered tuff hreccin and InpilEi tuff of the 
Finger Bay volcmics. The gnbbro in t Elis nren is extremely variable 
with a variable color ratio ni~d locnl porpI~gritic fxcies. Specimen 
no. 4 is the most mafic rock analyzed or examined. It is n by towni te- 
labradorite olivine gabbro with abundant rnngnctite. Small chips of 
the rock can be picked up with a pocket magnet. Dark minerals 
occur in single; crystals or as clusters IIS grent ns I cm in diameter, 
but usually less than 5 mm. These dnrk constituents nre set in a 
finer (less than 3 mm) matrix of feldspar laths. Feldspars are sub 
h d r a l  and the clinopgrox~ne p ~ e r n l l y  nnherlml. An eslimsfed 
mode gives the following volume pelrents : zoned bytomlits- 
labradorite, 65 percent; clinopyroxene, 16 percent ; magnetite, 7 
prwnt; ohvine p~udomorpl~s  ( n u t i p r i t e ? ) ,  H p~n~eut;  intewkitinl 
and pseudamorphic: penninits and c a r l ~ n ~ t e ,  5 percent. 

Some of the dark border rocks, iillterpreted in the field ns phbro, 
h v e  been so ch~nged by sodic, potassic, :mri silicic solutions that their 
original characters am tmcortain. Some dnrk qunl-tz-diorit,~ and gran- 
odiorite have probably been mistaken for pt~bbro or disrite in the 
borrler zones. The awntin1 fact is that the hrcler facies commonly 
is conspicuous for dark minerals, and Iocnlly intense dcubc,ric nltern- 
tion that produced light-colored (aplitic) rnasses ns well. 

Coats (1956a, p. 50) described a gnbbm pluton contsining quartz- 
rich phases in north-central Adak Island near Finger Bny. This 
mass is probably related genetically to the other plutons, nnd thus 
the exposed rocks may lm largely peripheraI or roof rocks on R more 
silicic pluton. 
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Near the contact wit11 Finger Bay volcanics, a dark-gray parphy- 
ritic felkpttthic granodiorik, color index commonly 10 to 15, is a 
conspicuous and ohamcteristic rock. Andyxed spwimen no. 5, from 
&he contact at the north end of Bay of Waterfalls, is one of these. 
Abut one-third of the rock is large (3-3' rnm) crystals of cloudy, 
dwk-g~%y zoned plngioclase that give it the appearance of anortl~o- 
site. A preferred orientation of them crystals wns observed in sev- 
eral outcrops. Tbe large plrtgimlase crystals am set in a fine, sub- 
hedral-granular matrix. The  mod^ is: plagiochg 65.5 percent; al- 
knli feldspar and orthcclase, 13 percent; qunrtz, 8.2 percent; h o r -  
blende, 7.6 percent; clinopyroxene, 1.6 percent ; opaque oxide, 3.0 per- 
cant; biotite, 0.4 percent; chlorite, 0.3 percent; apatite, 0.3 percent, 
and sphene, 0.1 percent. 

This m l c  was never fomd irl the interiors of plutons ; its wppear- 
an@, on z traverse tlirough granodiorite, mas used to help locab n 
contact wit11 Finger Rny volcanics. Rocks of this tyt~lpe are usually 
associated wit11 gabbro nnd diorite, and by increase in mafic constitu- 
ents and calcic foIdspar p d o  into them. Differential development of 
albite and orthocln~, aa ovcrgmwtl~s on previously formed plagio- 
cltlse, obscure the originnl nature of the feldspathic gmnodiorit e. 

PWTRClUENI96lT.S 

HOEBFELB A m  PLOW IsTRWCTUm 

The hornfels zonmstimated to lm htwwn 1 and 50 feet thick on 
clean steep cont~ch and possibly mucll thickor in roof zonm, sur- 
m~mded septa, and int,ricately injected areas such as 'the mised xor~e 
on KagaIaska Idand ( pl -52)  ---demonstrates a &ep thermal p d i e n  t 
n c r w  many of the plutonic borders. This zone is interpreted ns svi- 
denm for hot magma injection. 

Mineral orientation mas not mapped but was noted in widely sep- 
arated n m k  This wgpds that parts of the magma mere moving 
.during crystallization. A dimensiond orientation of lnrga talsillnr 
inclusions or wpta (pl. 5%) may bs inhrpmted as relict, orientation, 
reflwting joints or bedding in rocks of the Finger Bay valcanic~, and 
cannot be used as.svidence for movement witho~tt more field work. 

Most m~fic  rocks are limited to n n m  border zones on lnrpr, more 
felsic platons. Wide roof zones of mixed I-tornfels nnrl bmic plutonic 
rooks hmve been mapped an K a p l ~ s k s  Island, Tllpae zones u ~ u ~ i l y  
contain abundant (lark-colored recrystallized and ~.o~mrled xenoliths 
of basaltic or nndesitic countzy rock. Clinopymxene and sl~bordinate 
orthopymxena nre abundant in hornfels nnrl xenoliths, less nbnndnn t 
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rocks. Dikes, small mrlEses of quartz monzonita, nnd quartz veinlets 
am conspicuous. In  ~ddition, a rnoredelicrrte but commonly fmctare- 
cont.rolled silicic infirtrntion is  appnrent 1111der the microscope. Albi- 
tization, potash metilsornatisrn, epidot izntion, nnd silicification within 
the pluton and in clmely rdjncent nreas fire pmbnMy directly related 
to the granodiorite magnln, but n-idesprentf perrasiw alteration 
(p. 381) may have oceumd cnrlier. 

Figure 57 is ona type of contact between grilnodiorite and country 
m k  Here the wall rock mas intricately frncturerl and then infiltrated 
with nplitic magmas or solntians; no strong motion is ~pparent, but 
some of the structures suggest dilstion as well ns replacement. Epi- 
dote is abundant as veins in the central frnct,um in dikes, along can- 
tacts with recrystallized Finger nny volmnics, nnd as disseminations 
and clusters wpecirtlly in the light-colored rocks. The w d l  rock here 
is a medium- to fine-g~nind clhinib-plngioclase-quartz-epidote rock, 
The biotite is green aggregate of fine grnina and flrik~s and mH,v be 
transitional ktwt!en chlorite and l~ornl~l~nde.  

The light-colored aplitic rock is extremely variable. One rock  ha^ 
x color index of 25 wit11 abundant p l ~ c l ~ ~ o i c  green to brown horn- 
blende and mostly unzoned mdic andcsine feldspar. This sRmo rock 
contains 10 to 15 percent quartz. Another specimen Prom the game 
outcrop shows n. sharp contact with wall mck rind contains no horn- 
blende, sparse biotite " r n a s ~ ~ "  detnched from the wnll rock, and 
abundant quartz. This rock is n h n t  60 percent albite, nnd epidote 
dustem are conspicuous. T1-lo rock types in the replacing dikes vary 
from syendiorjte to lightrcolored aIbiB g r n i h .  App~rently the 
Iight-colored phww mn be differmtjnlly cont~minateri by dnrk wall 
rmk. 

Replacement, evident at such cont~cb3, is Focrtlly irnportnnt, mpeci- 
ally es at la&-stage pl~eenomenon m i a t e d  with ~pl i t ic  rest magmas. 
That entire plutons were so e m p l a d  =ems improbnMe in light of 
evidenw for magmatic emplacement, 

The processes discussed a b v e  a11 tend to produce contmt.ing rock 
types close to the borders and m f  zones. In gwnernl thew priphernl 
m k s  ltre mafic, hut late-stage felsic m a p n s  ~ n c l  solutions hnve modi- 
fied some areas. Moreover, the central zone of the plnton would be 
the locus for strongest verticaI movements nnd I ~ t e s t  surgea of the 
presumably more felsic m a p a s  ; ;but tho mnfic sides wonld 1 ) ~  retarded 
by friction rtnd early crystdlizntion. Gerternlly the hybrid rocks of 
the roof zone were removed by erosion, exposing a pluton wit11 fi clcnn 
Msic center and a cont~rninnted mafic hriler. Probnbly neither 
extreme represents the source magma which may have hem cliorite or 
quartz diorite-rr, logical partial melt from a mafic bnsemont. 
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Age of the mnin plutons is un Amown. A11 dated plutons within the 
A.leutian Islnnds  re Tertinry, but severa.1 cannot be dated. A mid-to 
late-Teritary intmive episode, followed by uplift and erosion, has 
been postulated for the Aleutian arc: (Gntea, Frnser, and Snyder, 1954) 
and probably She plutons on Adnk Island nre part of this episode, 

Srndl, ge~~erttlly porphyrit,ic dikes nnd sills of nndesite, dncite, rhyn- 
dacite, and keratophyre cu t  Finger 13ny volcanics nnd p n d i o r i t e  on 
southern A d ~ k  and ICngalaskn Islnnds. Sixteen of these small intrtl- 
sive bodies were sarrlpled and studied p t  ro~rnpl~ic~l lv .  

P m  ROCK8 IN THE FIXGER BAY VOWAHICR 

The Finger Bay volcnnics are cut by mnny smnll dikes mi~d R few sills, 
A few of t h ~  larger dikes and sills have bee11 mnpped ( 131.59) but many 
undoubtedly were missed h u s e  of poor exposure, similarity with the 
wall rock, ~ n d  incomplete coverw.  These intrusive rmks probnl~ly 
rnnge from hsdt to rhydacite, though no basnlt was detectcd nmang 
t , h m  stnd ied in thin section. Tlwy nre dorninnntly a n d ~ ~ i t  ic nnd ara 
knnwn to r n n g  from pyroxene andesite to rhydacite. Two of seven 
st,udied rocks ~ r c  keratophyre and one: is qnnrtz keratophyrw, Q p i -  
cnlly the dikes nre prphyrit ic w micmpoi-pl~yritir with plagiocl~se, 
honlblende, n u g i h  nnd alk~vd orlItopyroxene (bnstite ?) ns common 
phenocrysts. The p ~ l n d m n s s  is generally a, felted or trwliytic mass 
of feldspar mirmlites, ~Iinopyroxone grains, and opaque oxides; soma 
rocks show n protoclnstic structum. One dike contains abundant 
intemtitial clilorite, believed to be devitri fied glass. 

All diktrs md sills exmitied in the Finger 13a.y volcanics have been 
dlltered like the host rock- pid dote nnd chlorita a.re in every slide. In 
some albite is the sole plagioclnse. Vein dbite, clear patxhes of dbite 
in masses of cloudy albite, and n~50cjnterl chlorite, epidote, ,and calcite 
sag- ,that the% rwks Rrw nlbitised nndaqit~ and dacits or mondary 
keratophyre (Gilluly, 1995; IVilli~ms, and others, 1054). If the 
original magmn l~d heen nfi R M I ~ C  IIS tlie prpwient m k ,  tlie amphihole 
and pyroxene (mostly unaltered) should Fikcmise be swlic, but they 
nre not. 

DI- ROCKS IN TRE aRANODZORfTP: 

Dark dikes are more conspicuous in the light-colored. pluhlic rocks 
than in the dark Finger Ray vvolcanics, btrt nre probably lm abundant. 
Near the pluton margins tallulnr septn of hornfclsed Finger B&y 
 volcanic^ with the s m e  pneml dimensions ns the average intrusive 
dike are easily mistaken for dikes, nncI some may hrtve k n  w mapped. 

Nine dikes cutting gmnwliorita were sampled. Tliey are rn~inly 
nndesit.iic, but range in composition from dark-colored hornblende 



andmite to dncite. Two are u n ~ l t e d ,  but the others are chloritizad, 
nnd most contain epirlote and sericite. Abundant carbonate wtls 
fonnd jn three slides. One quartz kemtoplqm and one hornblende 
kemtophyre contain albite ns the sole plagiocl- ; these me. belimed ta 
be albitized dacite and andesite. One tmchymdesite is the only 
sampl~cl dike m k  wit11 appreciable potash feldspar. 

SUMMARY A m  AGE 

Tl~e  ~bundnnt small intrusives in the m b  of souehern Aclak and 
Kq~Iaska, Is l~~nds are dominantly andesitic-more silicic than the 
andesita and basalt of the Finger Ray volcanics. Many of .the dikes, 
aymially the sporadic o&lioclasebearing ones, are prohbIy late 
~ p o p h  y sea from the deeper, uncrystdl ixed granodiorite magma, but, 
some of those thrut ctd only the Finger Bay volcanics are prohbly 
feeders and m s x i a h  of the country rock. 

Alteration of the dikes .that intrude the plutons does not prove thnt 
nll the dtaration of the Finger Bay volcanics and dikes postdates the 
emplacement of the pl utons. There is evidence for at least two stages 
of differentid c~dbitird~ion: one widespread epoch preceding major 
pllitonic jnvnsion, and one locdized epmh accompanying and closely 
following plutonic invasion (see p. 382). The earlier alteration epmh 
mtly still be related to the plutions-as indeed mme lams of the Finger. 
nny volcanics themselvm may be related-in ~n indirecf preliminary 
way. Possibly some lavns, of the Finffer Bay volcanics, early dikes, 
and altering mlntions were pmcursow of the grandiorita just as some 
later dikm and dterations may be after effacts of the intrusion. 

Coats (IDSBn, p. 51) ropok~ five andesite porphyry domos along the 
nortllwest const of K~lluk Rny n n d  typically denloped at Zeta Pojnt,. 
Them domes are outside .the area of tihis rsport d were assigned by 
hi% fa an indspandent sequence of Tertiary volcanic rccks, younger 
thm the larger intrusive massas but older than &he volcmic rocks at 
Mo~tnt Moffett and Mount Adagdn,k. The relationship of thme domes 
to the dike rmks just discussed is unknown. 

SUICPPCUlL DEW8ITS 
(;IL&CIAL DEPOSITS 

Visible glmiaI deposits are extremely ram on southern Ad& and 
I ~ ~ l n s k &  Islands bemuse most of the glacial debris was dumped in 
the sea, and the remainder hrts been covered by subsequent ash layers. 
Navarthless s c a t t e d  smtlll deposits of till and occasional errakics 
have heen found on southern Adak Island (Bradley, 1948, fig. 11) , 
and more extensive deposits have h n  mappd  on the northern part 
of the island (Coats, 1956, pl. 9 ) .  
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Recai~t mh Inyers, soil, and vegetation cover much of the bedl.ock 
below 1,580 feet. These deposits are near1 y continuous a t  lower ele- 
vations nnd ltnve hen omitted from the map. A typical stlrrici~l 
1nnntPa on southern bdnk a i d  Kagalttska Islands would consist of 
a b u t  d feet of gray to brown volcanic mh, b m d d  with soil s11d 
I ' P ~ C ~ ~ S ~ ~ - ~ Z W I V I I  lnyers, nncl cnppeii with a still-forming, da~k-brown 
soil-vegehtio~~ layer as ~n~ach as 3 feet thick. The bedded nsh is  un- 
stable fin slopes, con~rnonlp showing distortion of layers L?y ,sol i fluctioi~. 
I t  is always seturntecl with water, but so impermeable thnt srnnll 
ponds form wllet-ever vegetation has bean broken by slump or rri~lrl 
scour. Jlmpitc t lw  tende-,lcJ frm m m  movement, tho stren~ns cuttil~p 
the nlnilt I P  re~nnjll clens throughout the yefir (Bradley, 1948). 13rltd- 
ley stntes f u r t h ~ r  thnt the nsll mantle probably nccumulnted nbove: t . 1 ~  
level of st ren~is, so tlint stren~ns, which are npparent ly incised, f o n n ~ l  
by rernovii~g nsll ns fast as it settled-nlncli ns n strwnm rvtnnves 
fxlljng snow. 

ICellogg nud Sygnrtl j 1951, p. 39) have, measured and described the 
pr~seilt soil an ,ldnlr Islnnd, which they classify as tundra wit11otl.t 
pelmnf rmt,, niltl in n i ~ o t l ~ ~ ~ ~  plnm ns alluvinl-tnndm mil. They . ~ . I ~ I ~ V P  

rlernon~t.ml od ~111  illrolnplete tllildrn zonation in thc measured profile 
( 30 inches) of tnndrrt n- i thout perrnnfrmt, Rrarlle~ (1948) recortls 
4nr5buri~d3oi111o~*izonsinnddit.lontot~hismostrecentIsyer. Elw- 
rr11~1-c in the Andrcnnof Isln~ds, Anderson and Bnnk (1959, p. 84) 
nnd Bnnk (1053, p. 487) I~al-c! measured profdes throng11 the entire 
squetwe. 

In  d ~ e  Adnk Islnncl to G r ~ n t  Sitkin Islnnd n m  (Brndley, 1948) nnd 
on ~lenrh?. ICnl lnpl  Islamrl (Coats, 1956b; Pmser sncl Bnrnett, 
19.59) t-t r o n w  pumic~ons l a ? w  commonly lies nt the base of the ash- 
soiI mantle. This conre Inyer is  ~xtremelg widespread ~ n d  rnny hnve 
oripinntwl cdnrinp nn rpisotlr of cntnstmphic eruption relnted to 
enldera formatiou on Tnnnga, Hnnnga, or Grent Sitkin Volcenws. 

Sudson ( 1946) hns empliasiz~tl the, lnyerj~lp in stabilized duales 011 

northern Aclnk Islnn(1, but his s t ~ ~ d y  is o f  an uncommon type of sur- 
ficinl deposit whose relntinns wit11 the more geileral as11-soil mmltle nre 
not clear. -4ppnrei1tly tliree Jt~te episor-les of clune forma.titio~l occ~r'retl 
on northern Arlnlr Tslnnd, mi tl t IIRSP, w ind-deposited h c h  snllds rnasIz 
nnrl perhaps i~ltartoupc ~ i t l l  t l ~ c  nsli-soil mantle. The t l i i c k n ~ s  
af tho dunes ~ e p o r t ~ ~ l  by *Judson ( I I ~  I~IIICII RS 70 f&) is far in excew 
of the thickness in the uilifwln mantle ovcr most of irldak, R n p l ~ s k n .  
rind Kaimga Islni~ds. 

Coats (185Ra) a ~ i l  Brndl~y (1048) ham remarked on the uniform 
thicbness of thp AR~I-soil rnal~fle on Adak Islnncl, and have used this 
uniformity ns erjdence for n tlistnnt rather than local source for the 
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R S ~  beds, It must be. emphasizd, however, that the m d e  is a oom- 
posite of many fine ash layers, possibly from many sources, and a few 
thin mil or h m i c  zmes which may not be of idandwide signifimnce. 
TI10 uniform thichass suggests thnt the mantle is approximately cor- 
mlntim t.hmughout the aren, but does not demonstrate eqequivdence of 
the various layers in widely separated   re as. The thickness is main- 
t aimed OT~OP most of the area considered in t,lus report, vhere, for ex- 
ample, on southern Kngdaska the mantle aggregates 3 to 5 feat. Local 
variations are believed to result largely from an interplay of topo- 
graphic factors, wind, nnd subsequent erosion. Bradley pointed out 
that volcanic activity on Adak Island was mostly preglacial and ash 
depasition pmtg1aeial; this dso indicates a distant source. The prs- 
surned mlirces are volcanoes of the Andmanof Isl~nds. 

AoX OF TWE ASR-SOX& MANTLE 

Deposition over glncially striated surfaces and local till ddes tl~e 
surficinl mnnt,le RS younger than the latest extensive glaciation and 
suggests a Recent (post-'IVisconsin) Rge for most of it. Radiocarbon 
datm for modern bench ~E~ells  and for shells and p e ~ t  from an Aleut 
midden on Adak Isl~nd (all above the bedded ~$11-soil mantle) are 
nnomalous. Three antes llnve b e n  reported (Kulp and others, 1922, 
p. 412). Thesa dates are a b u t  1,900 pears for shells, which contaimd 
living organisms when collected ; 4,600 gears for Aleut midden shells; 
and 3,300 years for buried peat strntigraphicnlly below the midden 
shells. The pent hm ~rtifncts strcwn on itsupper w~rfsce and possibly 
within it. All these dates come from smnples collected by H. A. Pow- 
ers in the Clam h p m  nrea. The midden shells and pent come from 
a mexsnwd section nbove 4 feet of stratified ash. Buried beach or 
tsunami r l e p i t a  are intarstrnti fisd with the midden mnterinl. 

As the rrtdimrbon dates are undependnhle, it is onIp %fa to call all 
the ash mantle pastglncinl (Recent). The earliest Aleut habitation is 
yomger than most of the nsh mantle. Thin soil or humio zones may 
lnck the age s ipi  ficance of! soil zones dove1 oped elsewllere bscauw here 
~olcanic ash may bury and separate easily estnblishod vegetntio~~ Iayers 
that elsewlrere would appenr as n single unit. 

BEACR AND nmuvxaxl ~ ~ ~ o s m . r a  
Raised hsch deposits on northern Adak Island, 90-100 feet a b v e  

present sea level, have been i~oted by Conts (1956s) ; anotlier bench 
deposit, 10 feet above present sea level and below stratified dune de- 
posits, was described by Judson (1948). Three l x ~ c h  or tsnnnmi de- 
posits, sIightly ahve present sea level, are reported by IT. A. Powers 
(oral communication) : two below and one above an Aleut miclden at 
Clam hguon, and all above a, still older deposit of nrtifacts, pent, R R ~  



bedded volcanic ash. Similar raised beach deposits probably exist on 
southern Adak nnd Kagnnlaskn Islands, but none have been found. 
Precise ages for the vnrious raised be~ches, nnd particularly the high- 
est levels, cannot lm mtnblish~d. The lower levels are definitely 
postglacial. 

Only R few of the mare rccent surficinl deposits on southern Adak 
and Kagalaskn Islands are mappable an the scale of plrlte 5% These 
include stream valley deposits nnd alluvium filling interior drainage 
basins and lakes ; the present bench cleposits, commonly composed of 
tdus blocks and boulders, nre all too s~nnll to  include on plate 52. 

BTRUCTURE 

REQIORAZ BETTING 

The largest and mast obvious st,ructurnl element, of which Adak 
and Ragalaska Islands are a part, is the island arc extending rrbout 
1,300 miles froin the Kom~~~dorskiye Qstrova to Unirnak Island with 
a 600 mile extension on the Alaska 13eninsula (fig. 55) .  At the north- 
eastmrlrd extremity of this belt active volcanism decrenses nnd tbe 
~ r c  tmnd bcomes y,?r!z of a mQrA complex zone of mountain m n p  
that curve shrply to the southeast (see V.S. Gal. Survey, Alnskn 
Map E, shaded relief, 19%). 

South of Unimak Island and increasingly well developed through 
the Shumagin Islmds, Kodiak Island, and Henai Pnlinsula n well 
defined outer non~alcanic arc paralleIs the inner nrc; the Aleutian 
Trench, foredeep for the arc system, swings out to the serawarif side 
of the double arc portion (Murmy, 1945, pl. 1). The oubr arc, if 
present at all in the Aleutians plvper, is only crudely formed beneath 
the sea in a. narrow mne between the crest of tlm Aleutian Ridge and 
the Aleutian Trench (the ",4leutian Bench" of Gates and Gibson, l M G ,  
p. 143). 

The axis of the Aleutian Trench is a b u t  '70 statute miles south of 
Adak Island, where the trench is 24,000 feet deep. North of A d ~ k  
Tsland the bottom drops abruptly to ab011t 9,000 feet in 10 miles and 
then gradually to about 12,000 feet. The 1,900-mile mountain range 
tFlus rises almost 28,000 feet above the foredeep and 13,000 feet nbove 
the backdmp in this area, 

Abtlr~dant pt-e-Tertiary and regionully metamorphosed rocks are in 
the double nm segment east of Unirnnk Islnnd, but at only one locality 
am the rocks older thsn Lat,e Cretaceous, and no regional deformla- 
tional rnetnrnorphism is known in the Aleutian Islands proper. 
Appnrvntly t 1 1 ~  outer arc of the peninsular segment is older than the 
1- clefotrnexl islar~d segment, though the oldest, rocks knawn from the. 
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sub m known to b bedding trsoes, but nearIy all of the remaining 
lines repmnt  probable fractures. From Brndley'~ plot, and from 
study of annotnted maps and photoppbs, many of the linexrs nppear 
to be group1 in ~ t s ;  the northeast direction is strongest, but north- 
westward-trending linears are also common. Regional abundance 
and grouping of Finenrs, and their presence in pnnodiorite as well as 
Finger Bny valcanics, suggests that they are of tectonic origin ~ n d  
mostly postdate tho grnnatliorite in age. Ten linears coincide partly 
with faults mapped in ths field, but most of them, on field evidence, 
can ba interpreted ns joints or groups of joints accentuated by gl:l&cial 
erosion. 

Seveml field ohwntions show that most joints trend northeastward 
and we vertical or dip steeply to the northwest. The topo,gaphic 
h a t i o n  produced by joints is eqmcinllg conspicnous near the south- 
mntral coast of Adak Island (pl. 52). Mrtny lnkes are ~lliilecl or have 
anguIar shapes that reflwt this joint p~ttem. 
In addition to the fine-grained linear pdtern certain major tope- 

graphic alinements (linenmen t.s), b t h  subneri a1 and submarine, w e  
suggestive of much larger st.rnctun?w tnrctures thn t may hnve h n  
inst~-tmenhl in block in^ wt or s~gm~,nt ing  the islands. r h o n g  these 
am the Finger Ray nnd Adnk fnults of Bradley (1945, fig. 2 )  nnd the 
hdak Strait, Kagalaska Strait, and Little Tnnagn Strnit Iineaments. 
me Adak fault of B r d l ~ y  shows topgraphic clisco~.dance on a major 
~ c e l e  ; comparable displnwments cnnnot be d~rnonst~rn ted elsewhere, 
t,hough depth contours suggest that the east sida of Adak Strnit hw 
been uplifted 3,000-5,000 feet south of Cape Yakak, find irregularities 
in depth curves suggest that the lineaments of Kagnlwktl Stmit and 
tittle Tannga Strait extend for lnnny miles solit h of t,he islands (1J.S. 
Coltst and G d e t i c  Smey chart 8863, reproduced in part by Brndley, 
194-8, p. 2191, 

F~lilts mapped by both Coats (1956a, pl. 9) sild by us nll appear 
to hnve rnir~or offsets. Joints and mall normal faults npppar to 
charncteriae the structure within the jslnnd blocl<s. This f ~ c t  plus 
the existence of nbunclant dikes and the h e n c e  of tight folding sug- 
pttt that significant compression wns not operative at  the ICVPI now 
exposed by erosion. Tha mm.h mrtcted as a brittle mass in R near- 
surface environment, but the nature mid origin of the deforming 
strew remain obscure. (hies and G i h n  (1956) interpret the nrc 
as an arched nnd faulted, asymmetrical fnult wedge, nrid this expla- 
lintion wems to fit the fmts ns far as they are k n o ~ n .  

Random dip ohrvntions on southelm Adak Island m g ~ t  rc 
m ~ j o r  east-northenstwnrcl-trPnd ing arch through north-cent ml Adak 
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Island. Apparently there is n general dip reversal near Bay of 
Islands, and layered rocks south of this latitude commonly show south- 
erly dip components (pl. 52). Bradley suggested the presence of a 
volcano remnant in the Bay of Islands area (1948, fig. 10) ; but its 
presence was not confirmed by our fieldwork. We interpret the dip 
reversal in this are% as F L ~  elongate arch rather than a domelike stmc- 
turn. No volcanic landforms and no structural evidence for ancient 
cent.ra1-type volcanoes \re.re formd in the nrea. 

A similar, very approximntely locatecl arch was postulated for the 
area just west of Adak Islsncl (Fraser and Rarnett, 1859, pL 271, 
and R projection of its axis fnlls close to the area of reversal near 
Bay of Islands. Probably this arch tlmend liw close to the crest of the 
much larger and more mmplex Aletitian arch, which can be inferred 
from regional submrid and submarine topograply. 
The syndine on Yak& peninsula reverses the general southerly dip 

on t h e  south flank of this arch, and the presence of this syncline near 
Boot Bay on tlm enst side of the main pluton ( p t  52)  is strongly indi- 
cated. Thus the main pluton in south-centrd Adak Island appears 
to occupy a synelinr, although this structure may be one of many 
broad flexures within the regional arch. The fold on Ynltak penin- 
sula was foul-id by plotting linear bedding traces on aerial photo- 
graphs; rec~xnrnination of field data confirmed the presence of the 
foId and demonstrated its synclinal nah~ro. Southwwt of t h ~  moutl~ 
of 13ay of Islands the presence of a series of curved lineam indicates 
that there is unot,her fold in the Finger Bay voleanics, but, because 
bedding ~ttitudes n o t 4  in the field do not confirm this no foId is 
plotted. 

Local strike nnd dip variations are common, and recorded obsewx- 
tions are not available in most areas so that open folds of the Yakak 
type may llave been missed. Erratic dips ranging from 5 O  to 45' 
may indicate mild folding, doming by sul>jnc~nt plnhnq ti1 ted f nu1 t 
blocks, or drag alo11g fnults. Steeply clipping platy fractures were 
o h r r 4  nenr n few platonic coiltacts; the h s t  explanation for t h ~ m  
is that they are sll~nred nreas relatetl to forcible intrusion. 

GEOMORPHOLOQY 

A11 excellei~t reco~innismnce report of the geomorphology of Adnk 
Island is already available (Bradley, 1948$, ancl little can be added 
here. Nearly all physiographic features, large as well as small, re- 
veal an angular fabric cont~.olled by frnctures. This cantrolling 
fabric is so conspicuous that 111a1ly no~~lstrnctural factors aff ec.ting 
the surface features ha~tve here been slighted. 



MARINE PLANATION 
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YAKAK PENINSULA 
S h o m q  k ~ r r n o  of ~ o w ~ p h ~ c  p n l a  

1 n 1 Y 3 4 M h h  

Flcr~n 61.-Topoptrapblc profllen a t  Ysknk psn f in~ t~ ln ,  Adnk Island. Profiles were pr@- 
pared from 1 : 25,000 tapographlc nlslrs; coatour loterra1 is 20 leet. The presence of 
lommplvtc ware-cot rnrtnces nre ruagested at  lerels tndicatecI by horirontal broken 
Ilnts. 

.ImchitE;~ Isln~ld, nnd the Sear Islands (Frrrsr and Barnett, 1959; 
Porrets, Conts, rind SPIWII, ill press). These sz~rfnces, genera1Iy in- 
teqjwted ns marine platforms, mxq. indicate a regionnl nplift during 
Qnnte~ l lng  time. lT11~re data are  mila able, planation and uplift 
orrnl-red r l~~rinp p~.egl.lrlcinl or il~terglaci~l t ime. 

Besides the~e estensi~~e older surf~ces, minor bencltes and r x i 4  
bench clclmsits on ~IIRIIY i s l n ~ d s  indicate uplift in the Recent or a 
cbnnge. in scn ]eye1 of Ii-10 feet. In genera? the latest deposits record 
telntively stable conditior~s; but local stmctunl disturbance of the 
yoanfist lercls hns ~ P I I  not~cl on Attu Island (Gates and otllc~s m-1 it- 
ten caizmunicntion) nnd on ~lorthern Aclak Island (see Chats, I93Cia. 
p. A.7, pls. 13 rind 11B, rind p. 304 this ~-eport).  

The lntest mnjor agents of erosion that sculptured southern ddnk 
and Kagnlnsktl Tslnrlds were glaciers. Glncinl striae nre common on 



most recently exposed surfaces ; roches moutonn6eq cirques, and fiords 
are abundant; and the scoured appeamnee of glaciated terrain is 
immediately apparent from aerial photographs. The cirques and 
fiord pattern indicates an east-northeast highland through central 
Adak IsIand from which gImiers moved to  the north and soutlz. 
Prior h valley glaciation, which has left its characteristic topogmpliy, 
an ice cap probably covered nearly all of the island (Brrtdley, 1048). 
XCagalasLa Strait, a strong linear tectonic feature, was established 
in preglwial time, for glacial vrclleys empty into it from Adxk and 
Kag Jaska Islands. 

Mount Moffett, now highly dissecteci, was the center of glacial 
activity on northern Adak Island. Coats (19568) and Bradley (1948) 
report till on the north end of the isInnd and between Mount Moffett 
and the mountaino~~s interior. Elsewhere on the island glacial de- 
pasitsr rtm rare (Bradley, 1948, fig. ll). Preliminary contouring of 
K~tluk Bay f m  deS~iled s o r ~ ~ ~ d i n g s  s1ion.s a l~urnrnocky surface, prob- 
ably in part the result of glacial clepitioil. Similar delmits may 
occur south of Adak Island, but cletniIed sonndiligs %re not n-milnble 
for that area. 

The south bundary of Hul~ik Rng (the northsrn coastline of enst- 
e r n  Adak and Plagalxska Islands) is n straight-line feature that 
abrnptly truncates narrow fiords xnd headlniids. The peripheral 
lowland is a k n t ,  and the offshore nreR is remarkably free of islands. 
On sout,hern Adak and K~gdaska  Islands, however, there is n dissected 
lowland and tha shoreline is characterized by broad bays nnd ~nany 
jslnncls. The Adak fault (p. 398) mRy be the penson for this con- 
trast. Some movement on this fault probably occurred after wave 
plangtion, but presence of hanging valleys on nortllern Adnk Island 
cannot be used ns positive evidence for postglacial faulting (Bradley, 
1948, p. 230). 

GEOLOGIC H I S T O R Y  

Ersrliost known events in the pologic history are recorded in the 
Paleozoic volcanic-derived sandstone beds of northorn Adak Islaild 
and in the Finger Ray volcanics of probable Tertiary age. This 
complex sequenca of pyroclastic deposits, lava flows, and sdimentary 
rocks started to accnmulate in and near the sea in late Paleozoic time. 
A period representing most of bfesozoic time is probably missing from 
the record. A deposition basin, known to extend fronz Attu Zslnnd 
to i l ~ e  Alnsk~ Peninsula, received mms of its load in late Mesozoic 
time, but most of the depositio~r prohnhlg occ~~rred during eady 
nnd mid-Tediary time. There is no evidence for assuming n 
major stags of deformation bat~een  the begianings of Paleozoic 
deposition (known only f som uortl~e~n ,Idak Island) nt~rl  the miildle 



to l ~ t e  Terti~ry inbrusion and uplift, which marked a major change 
in conditions, 

The maw of rocks cfeposited in this geospcline are andesitic and 
bwal tic. Albitizecl, chloritized, and epiclotized pyrmlast ic deposits, 
massive nnd pilla~v lnvas, nrgillite, arid graymacke are chamcteristic. 
The deposits were buried, wgional l~  altered by hydroihermnl S ~ U -  

tions, nnd tllen i~lr~cled by grfindiorite plutons, whicll themnlly 
metamorphosed small border zones and locnllg c a u d  ~dditionsl 
hgrlrothermal nltemtion in ~ n d  neay the. plutonic borders. The major 
int~wsive episode, prohbly middle to late Tertiary, wns not accom- 
panied by dpnnmic metamorphism nt the relatively shallow level now 
exposed by erosion. Hem t11~ old 1-olcnnic rocks were gontly folded ; 
and a well-defined fracture pattern fnmed in the plutons nnd wall 
rock dike. This fracture patter11 daveloperl nftclr intrl~sion of the 
granodiorite nnd before deposit ion of lnto Tertin~y and Quaternary 
volcnnic iwks.  rile pwsence of nbundnnt dikw nlld conspicuous 
joints, nor~nnl fnnlt e, :lad t 1te R ~ S Q I I U P  of positive evidence for com- 
pression indicnte that extensio~l, p~.ollnbly on nn R P C ~  or arched wedge, 
may have been R co~~trollj~ig fnctor in the deformntion. 

During undated epochs, befor@ ~ r l d  after the rnnjor inkrnsions, small, 
nndeaitics dilcm and sills pet~etmt~rl tho Finger Bay ~olcanics. Sim- 
ihr dikes p e ~ ~ e t r ~ t e d  the pI~~tons,  pnasihlp a f t ~ r  some uplift and 
erosion. 

A perid of uplift anrl erosion, which removed an unknown thick- 
ness of Finger Bay volmnics ntld exposed portions of the  plutons, pre- 
ceded the suhar~rinl vnlcanism lpcordcd in tho cornpite cones on narth- 
ern Adnlc Islnnrl, Contribnt ions to this lnter volcai~ic sequence cnme 
fi-om tl11.e~ distil~ct WII~CIT. These deposits thus contrast sliarply with 
tho F i n p . ~ ~  13ny \-olcnnics, ~t-hicl l  nre believ~d to bc lttrgely snlmnrina 
without diw~rnibls renters of origin. This last volml~ic episode began 
in latat  Tertiary time nnd endetl on ,ldak Isln~id before cornpletiol~ 
of the I R S ~  lllnjor d ~ c i a t i o ~ l .  .t few sfnall hot sprinp are nctive on the 
onst side of A I I ~ W W  Eny. nnl~d volc~noes are still nctive on ndjnwnt 
Kanngn nnd G I P : ~ ~  Sitkin Islnncls. 

A p~~ipl lernl  sarfact! of low relief, probnhly n sccies of ~11ore plat- 
forms, mns dev~lopecl in ])I-eglacial or interglacial time. Glaciers, 
moving ontwartl flnorn a ce~it~.xI highland, cnt through and overrode 
this w~rfacp. 

Suhqequent to the latest 11mjor glaci~tjon a snrficini blanket of vol- 
canic nsh WRS deposited. As11 J R ~ P I S  are separnt~l at intervals by 
humic nones, nnd pent, wit11 a questiot~nhle mtliocnrImn dnte of nhout 
3,300 years, has been found netir the top of tho series of ash-soil layers, 
indicating that most of tho surfwin1 hlnn ket nccumnlntetl hfore this 
date. 
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The shape af hank and K a ~ l u s k a  Islal~ds is still being modifid by 
erosion nnd possibly by tectonic mor-ernent. Current seismicity may 
indicate movement along some of the old fractures in response to iso- 
static adjustment, or rcnewed pulses jn t.l~e tectonic-magmatic con- 
t inuurn. Islands bnvc existed intermit,ttently since P~lmmic time, but, 
the present island arc and seris of volcanoes appear to llnre been 
cstnbilisheri in late Terti~rg or Quahrnrtry time. 

ECONOMIC GEOLOGY 

The Aleutjnn I s l~nds hfive proved w~nmarknbly barren of economic 
mineral deposit&. Brecciatd f ~ u l t  zonw as mmuch RS 50 yards wide 
containing di%geminated pyrite -and quartz vre1.e discovared in the 
Hlind Cove nrea; a similar zone 100 yards wide vns found on the west 
slrore of Royer nay; and sewndnry copper rninw~ls were found associ- 
nted with n quartz-pyrite minernlianl zone upstream from the head 
of nay of Isl~ndg. Srnnll imn-stained fault z011es occur in mfmy 
plnces on Adak Island rind jn R few plnccs on Kagnlsska Xslsnd ; dis- 
seminated pyrite is common in the Finger Bay volcanics, ehspcirtlly 
near tile contacts with plntons. No rnetnllic deposits of economic 
p d e  have been found on Adnk nnd Hnpnlnskn Is1 ands or ally of the 
other Aleutian  island^;, 

VOLCANO AND EARTHQUAKE zr,zxArtn 
The volcanoes on northem Adak Island have been innctive since 

prehistoric time, and the pmibility of renctirat.i.ion seems mote. 
However, three volc~noes in the s m e  r h ~ i n  (Mount K~t.mai, 1912 ; 
Trident, 1953; m ~ d  Mount Spurr, 1953) have erupted f l.om vents ra- 
gaxled as extinct Great Sitkin I'olcano, 27 nliles nortlleast of the 
base at Adalr island; and litlnagn TTolcano, 2.2 miles northwest, nre 
quite wtive, and their explosive prmlucts could reacl~ ,idak Island. 
Seismographs on Adak IsPand hwe  recorcled mmp enrthqllakes origi- 
nating within a few miles of the fslnnd. T'olcnnic nnd seismic mEivif,y 
in the Andmnob Xslnlrds ~110~11il continue for some time. Though 
them is little prhbil i tg  that cntastrophic ~rnptio~~s will enilnnpr 
the base at Adak Island in the near fi~ture, some ent.tltquzke dnrnage 
is possible, 

Tmamis associated wit11 submarine earthquakes and volcnnic ac- 
tivity are a potential hazard A t Adak Islnnil. Fortunately Mnluk 
Bay iS on the north side of the Msntiaa chain and is tlwrcfare less 
vulnerable to the rather common tsunamis originating ~011th of the 
is1 mds in the ;Ileutittn Trench. The tsunami of April 1,1946, which 
destroyed the Sco:ch Cap lighthouse on Unimak Idnnd rind cnused 
the water there to rim 115 fee, dicl not nffext Kul~lk l3ny (Shepnrd 
and others, 1950, p. 443) .  Kuluk Bay was likewise in the lee f ronl nn- 
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other tsunnrni thnt originated off Kamcllatkn Peninsula on November 
4, 1952. Several wnves tlid cnuse the water to rise about 8 feet, 
but no dnmmge resultd. 

Conceivnbly, n major erupt ion of G~.eat Sitkin TTolcano could origi- 
nate n. wicbe or tsunami in Kuluk Bay -which might rlnmage harbor 
instRllatior~s nnd, cspecinllp in tlre cnse of n tsui~timi, the hd:lk hse 
as woll. So~ne erirl~~lce t l int  two such IWVW innnclatd sn Aleut 
village site about 3,000 yenrs ago is fonnrl on the north end of the tom- 
bolo handing C1an-t Lqgmn (H. A. Poxels, oral cotnmtanication) . 
Jlo~m I W Q I I ~  ts~~rtainis, if tliey csccurlwl. h u w  left no record in tlie 
usually nainltrtbited Kuluk nay ilI.en. Tsunamis cannot be p d c t e d  
nor p~eve~enterl, but installat ions dlould h l o c ~ f e d  as high as possible, 
especi~lly ont.l~esoutl~sidesof islut~ds. Theseismic~~anlingnet,nom 
in operation, strouId prove of p a t  benefit in sarirq life and property 
if the tsu~~nlni originat- far elmug11 away to allow adequate ~arnirlg 
time (Zerh? 1953, p. 9). 
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