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PREFACE 

In October 1945 the War Department (now ]Department of the 
Army) requeshd the Geological Sumey to  undertake a program mf 
volcano investigations in the Aleutian Islands-Alaska Peninsula 
area. The erst field studies, under the pneral direction of G .  D, 
Robinson, were made during. the years 194-8, The m l t s  af the 
first yea,r9s field, labomtory, and library work were assembled as 
two administrstiva reports, and most of these data have h n  revised 
for publication in Geological Survey Bulletin 1028. Part of the 
early work wtts published in 1050 in Bulletin 97PB, 'Volcanic Ac- 
tivity in the Alentilul arc," and in 1951 in Bulletin 989-4 "&oleology 
of Buldir Island, Aleutian Islands, A l a ~ k a , ~  both by Robert R. Coats. 
During the years 1949-54 additional fieldwork was carried out under 
the direction of H. A. Powers. Unpublished results of the early 
work and rtll of the later studies are being incorporated as parts of 
Bulletin 1028. The geological investigations cove& by this report 
were ~econnnissance. Tha factual information presented is bslieved 
to be accurate, but many of the tentative interp~tations and con- 
clusions will be modified as the investigations continua and howl-  
dtP ; e m  

The hvestigatiana of 1946 were supported Jmost entirely by the 
Military Xntelligenca Division of the Oflice, Chief of Engineers, 
U.S. Army. From 1947 to 1955 the Departments of the Army, Navy, 
and h ir  Force joined to  furnish financial md logistic aaistma. 
The Geological Sumey is indebted to the m c e ,  Chief of Engineers, 
for its early recognition of the. value of geologic studiea in the 
Aleutian region, and to the several military departments for their 
support- 
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INVESTIGATIONS OF ALASKAN VOLCANOES 

GEOLOGY AND SUBMARXNE PHYSIOGRkPHY OF 
AMCHITKA ISILAND, ALASKA 

Amchltka Island ia the exposed part of a segment d the Aleutian Ridge 
just west of the southernmost part of the Aleutian arc. It has been dMurbed 
by faulting, dMerentlallg uplift&, and dissected by mmine, stm~m, and gla- 
cial erosion. m e  oldeat rock#, the Amchitka formation, are volcanic ash, tnff, 
breccia, and lava flowa generaw of andesitk compositlon, apparently erupted 
and emplaced nuder the o w n .  These ro&s were deformed, uplifted, and 
mbjected to erosion before and during degositlon of the interbedded can- 
glommtte, basaltic breccia, and tuff of the Ranju Point formation. A meager 
Banjo Point Pama 18 Oligocene or pwiblg  early Miocene in age. Rocks of 
both them formations were Inbmded by emall bodim of m r t x  dforite. 

FIom of feldspathlc hmlt  and andmite, Interbedded with marine om- 
glomerab kn the lower part and 8tlbaerirtl in the npger part, make up the 
next younger formation, the Chitkt Point formation. In plam rocks of the 
lower part of the formation were deformed before eruption of the flowa of 
the upper part The mbaerial lava flowa were submerged at least 800 feet, 
and pcwsibly 1,100 feet. &&on reduced the mags to a srtrface of low relief, 
pmiMy a 8 ubmarine # h w  now represated by an erolsIon mdace at an alti- 
tude of abut 1,100 feet. Marine aand and cobble conglomerate, gerhqw 
formed during thia erosion, are now exposed at altituda of up to 600 feet. 

Up1W of at least 6@4 feet and possibly more than 1,100 feet took place dif- 
ferentlally and spasmodlcaIly during Iate 'JCertkry an8 Quaternary the. A 
mvermt platform (perhap cut during a time of high Intergiacial n a t  I-) 
form a partly diewcted plateau between 700 and 900 feet jn altitude. A 
younger abandoned sea cliffI who= base la at an altitude of 240 feet, and a 
beach d-IL whose top h at 135 feet, are inferred to be structurally di~lo-  
cated remnants- of shoreline featurn of a late Pleistocene Interglacial high 
M level, as the fauna of the beach deposit Is characterlstlc of warmer water 
than now surrounds the Island. Movement along faults bounding the Con- 
stantlne Harbor graben occnrrd during deposition 0% late glacial deposits. 

S t m i m a t  ridge and valley topography, modified by glacial action, exten- 
beIow fm level. The ridges terminate in a line of clWs at the edge of a 
plane surface at a depth of about 165 feet. This wrface slopes semard and 
joins a wlde, much flatter bench that extends to the edge of the continental 
aheE Both wrfacw are Interpreted as w m ~ m t  bw&es m c l a t e d  with share- 



lhee of lower late-Rladal e@a I m h .  The deeger bench ka block fadted in the 
eastern part, but the minus 185 foot bench !a not disturbed by these iaulW 

Sm clM8 cut bg pxitglacial marhe eroaIon haye been abandoned bg a rela- 
the lswerrng of sea level of 8 or 8 feet that tmk place W o r e  Aleut We- 
merrt more than 4,000 yeam ago. 

Amchitgs is the southsmma%t island of the Rrst hlmd gmup, which 
is located west of the canter of the Aleutim Island arc. (See Sg. . Its m k s  contain the mord of geoIogic events during part of 
Te iary  time, aed from its physiography some of the events of 
Pleistocene time can be inferred. 

This report is the result of about 50 d a p  of field recomaimance 
by 8evemI men during 4 summers. R. R. Coats, geologist, and 
Will F. Thompson, Jr., morder, spent 4 d a y  in 1948 and 10 days 
in 1947 on the east end of the island, In 1949, as w guest aboard the 
U. F, C. G. S. ship E~pZmm, H. A. Powers was put ashore at aev~ral 
localities around the west end of the island. A larger party, work- 
ing in two-mnn teams from the TS. S. G. S. motorship Ei&r, made 
observations in 1951 in mme of the larger areas not pmvioudy vis- 
ited. Corps of Engineer topographic maps, wale 1 :24,00Q, were usad 
in the early work, a11d Chmt and G d e t i c  Survey topographic map,  
scde 1:20,000, were available in manmcript ehge to the 1951 fieId 
pady. Dennis P. Cox, Joseph P. Dobell, Richard Q hwis, Willia 
H. N h n ,  Richard A. Robie, George TA Snyder, Edward C.  Stover, 
Jr., and Howard A. Powem, in charge, mada up this party. 
The fassiIs collmted were identified in the laboratory by & E. 

hkman, F. S. MacNeil, R. B. Stewart, F, M. Swain, and Ruth Todd, 
of the U.S. GBological Survey. 

P a d  of this work would have been irnmbIe without the m- 
operation of a great many mernhm of the UniM Statm Army, 
Air Force, Navy, Coast and M e t i c :  Snmy, and Coast Guard 
E s p i a l  thanks is e-nded to Lt. Col. R. E. Ware, post mgineer, 
Adak, and Lt. &I. C. E. Johnmn, port commander, Ad&, in 1946; 
and to Comdr. H. A. Karo, captain, BarpEmr, in 1949. Credit for 
the m m  of di3icult mall-bat lan&np and logistic mpport of 
the party in 1951 is -fully p I d  with Carl Vevelstad, captain, 
and Charles E. Best, engineer, of t h ~  Eider. 

Amchikt Island liw between long 278'37' E. and long 179O29' E., 
and between lat 51'21' N. and lat 61'39' N.; it is about 38 milw 
long, in a northwesterly direction, and from 3 to 6 miles wide. Be- 
fore the Russian occupation in the 16th century, the island ap- 
parently supported a relatively large Aleut population. It has long 
been uninhabited and h not visited regularly by my meam of trans- 
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porktion. In the summer of 1951, a wharf h Constantine Hrsrbor 
was in a fair &ate of repair, and an aimtrip atiU in existen% 
both being relics of an extensive military axupation between 1943 
and 1950. 

The climate is maritime (Arctio Weather Central, 1950) ; mean 
annnal temperature between 1943 and 1948 at the airbase (225-ft 
alt) was +4U°F, and both daily and masons1 variations were small. 
Extremes recorded were +15OF and +65=F. During the 8pmmer, 
fog occumd more than 60 percent of the time and complete overcast 
more than 65 percent. Summer winds avemgd about 20 miles per 
hour, and seldom exceeded 70 miles par hour. In winter months, 
there was less fog and overcast; winds averaged 25 miles per hour, 
and frequently exmeded 100 miles per hour. Precipitation averaged: 
85 inches annually, including snowfall of 70 inches. 

Vegetation is an almoat complete cover of alpine-mne-type mom, 
p a ,  and amciated flora, except on the steepest cliff fa- and on 
the wave-swept rock bench above mean tide level. There are no 
t m .  

The islend is within the Aleutian Island Wildlife RBservation, 
and especial protection is aflorded the ma otter, which ia now prmrit 
along the cmds in l a r e  numbers, Fox and rats, both i n t r d u d ,  
were the only land mammals noticed on the island. 

The island contains landforms of varied aspect, aspect, h m  
rugged mountains northeast of Windy IsIand to swampy table- 
land south and west of Cyril Cove (pl. 69). AU the varied tam- 
raphy mms, hawe~er, to have bean developed f mm plateaus of low 
relief, disturbed more or less by block faulting, md m d e d  to 
p n t l y  different degrees by dissection, 

The mgment of the island between G h i b  Point end Wmdy I s l d  
is monntainons. The divide between drainqp to the Pmific Ocean 
~ n d  the Bering Sea is a sinnous ridge with several summits exceed- 
ing 1,100 feet in altitude, sepamted by 4 passes at a h t  750 feet; 
tm outlying peak (alt 990 ft) south of Chitks Cava is aeptrrated 
from the main mountain ridge by a broad pass with m altitude 
of sbaut 400 feet. Two prominent long spurs extend southward from 
the main ridge, and three extend northward; they form divides 
between major compound mnphitheatm valleys that head in the 
main ridge. 

The summits of the ridge, and of parta of the ~pnrs, are gentla 
dopes emded acm the local rock structure. Etwh gummit flat is 
small and is h d e d  by the truncating steep slopes of tha amphi- 
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theatre valleys. The &aces are underlain by several feet of 
mlluvinm made up largely of angular fksgments of Iocal rock that 
h virtuaIly undecompd chemically. Clea~ly these f lab am rem- 
nants of an erosional wrhm of v e v  low relief. No features wem 
observed that suggest whether or not the surface hns been glaaiated, 
or even whether the cut surf is subaerial or submarine in origin. 

The deep headwalls of the amphitheatre valleys are in part rock 
hces md in part inactive taha covered with vegetation. At the; 
bnm of the W p  slopes ie a bench or remnants of a dissected vdIey 
floor at an altitude of between 700 and 800 feet in most p k ;  a 
few s l o p  extend as low as 400 feet. Most of the bedrock surfam 
exposed in the benches or valley floors is grooved and striated and 
many outcrops hava the form of roches moutonn&a. Tarns are 
present on some of the benchss and valley floors. To some extent, 
the altitude of the benches on which the tarns occur appeam to de- 
pend upon that of the exhumed top of relatively impermeable rock 
that underlies mom permeable volcanic breccia and %w rock. 

Tn the w e n t  of the island northwest of Wmdy Island, the 
drain~ge divide meanders across a partly d i d  tableland, most 
of whose surf- is between 700 and 850 feet in altitude; a small 
knob near thn center of the segment extends to dightly above 925 feet, 
East of the hob,  the part of the ridge that is abuve an altitude of 
825 feet is generally u n d i e t e d .  West of the hob,  ra strip of 
similarly nndissected surfma slopes from an altitude of 925 feet to 
725 feet where it branches into s north-south strip that includes all 
the surf= above the 700-foot contour. Two seprtrats areas of 
undissected surf- cap the two mesas at the west end of the island. 

The high plataau surface is underlain by mlluvium of angular 
rack fragments. On the north mesa of Bird Cape, very weTl rounded 
pebbles and cobbles make np about 10 percent of the colluvinm, but 
it is not evident whether they are lag from bedrock conglomerate 
in the mwa or cobbles d a t e d  to marine planation of the rmrfaea 
At lower altitudes, most W m k  surfaces are polished and striated, 
as they are east of Windy Zslnnd. 

T h e  crest of the islmd and of the spur extending north to Chitka 
Point are pndimctd, rounded surfaces underlain by mIlnvium of 
broken country. rock of the Chitka Point formation that here is 
especially clwely jointed and locally is abnormally decomposed by 
the breakdown of abundant pyrite. 

A short segment of the island crest that dopea gently mutbeast 
from the junction with the Chitka Point spur to the 500-foot contonr 



line Is underlain by permeable interbedded sand and cobble g r a d  
of homblmd~ andesite. 

LOWER PZdTEalIljl 

The ea& half of the island ia fableland made up of several segments 
at diffemt altitudes ranging from about 135 to about 600 feet above 
ma level. Much of the plateau surf- is underlain by a residual 
mantle of small rock fragments derived from underlying closeIy 
jointed ssdimentttry m k ;  parts of the sur fam are on anshattered 
rock that is grooved and striated and commonly in mhe-moutonrib 
form. Ponds am numerous, both on the plateau bps rand the dig- 
sected margins. A few ica-scoured hobs  appear hmre and there in 
all the plateau mgmenta but are most abundant & of Makarius 
Bay. From the distribution of these pktches of mured  rock, it is 
surmimd that the surface of all the plateau has3 been overridden by 
glacial ice, but &a& evidenm of the mulpture has been pmwed 
only on surfaces of mther massive mck. Postglacial stream dis- 
section is armoat negligible, but stfearn dimtion older than the 
I~st glaciation modified each of tha plateau segmenta to a different 
degree. 

p o r n  

Many ponds occupy d e p ~ i o n s  in the surllloe of bedrock or in 
alluvium near sea level. A great many others, howeverj am confined 
entirely by turf sealed with h e  mineral and organic material. Wabr 
levels in 2 djmt ponds aeparsted by a divide about 5 feet wide 
differed by 1% feat, In s ditch through the divide, only turf was 
found to a depth of at Fenst 3 deet below the bottom of the lower 
pond. The two groups of summit ponds due west of Ran jo Point and 
southwest of Cyril C m  are all of this t y p  The abundance of 
ponds thns does not n m a r i l y  indicate s large n w b r  of closed- 
mntonr l d r w k  deprearions. Further, the shape and arrangement 
of thesm pn& do not n m a r i l y  have a geaIogical significance. The 
arrangement of ponds in bedrock surface depressions, howemr, is 
related to gwIogica1 features; some sre located along the antcrop of 
less reshbnt d, snd the dinement of some ponds reflects the 
oukmp of zones of itbpndmt fracture., 

Sham am all short and small, m d  some flow throughout the 
year. All the 8tmm wmpy valleys which are apparently glacial1 y 
mured as their broad, shallow, concave profdm appear much too 
large for the p m n t  stream. Most. streams enter the m a n  in rapids 
or fdls over bedrwk ; s few are entmched in short, narrow floors 
of alluvhm near their months. !l%e pattern of stream valleys shows 



many draighbline elements controlled by zones of fracture or, less 
commonly, by soft M s .  
In the western ~egment of the low platmu, between its west junc- 

tion with the mountain mgment m d  the 2OO-foot contour near Banjo 
Point, the plateau tog is rnoderatdy dissected by ice-scoured stream 
valfep, and the margina toward both coasts are deepIy indmted by 
vaJleys. The sltitnde of them partly disseded plateau taps ranges 
from 2!?5 feet to 500 feet. In contrast, the platesn top east of 
Makariua Bay, mostly between 900 and 240 feet in altitude, in not 
dimected, though the margins am deeply eroded by vallep. Streams 
across the sunmit occupy no perceptible valleys, but, at the edge 
of the plateau, they enter broad, shallow vallep that become broad 
and deep in a short distance toward the coasts. The same is true 
of the segment west and sonth of Cyril Cove w h m  flat summit is at 
an altitude of between 125 and 150 feat. Possibly the planed tops 
were formed after the valleys that indent the margins had been 
eroded. 

8EAeWPPg 

South of Constantine Earbor, a bedrmk h o b  rises above the 
240-faat level of the summit pl~teau to abut 325 feat. T h e  msrgh 
of this knob is an almost unbroken cliff 10 t o  50 feet high. This 
cliff is the best example on the island of an inferred elevated sea 
cliff. R m k  ontcrops in this knob, the diff, rand the plain have k n  
mured by im ; the cliff has not been bmched by stream e d m .  

Several short reach- of cliff fronting the Pacific, south and west 
of Banjo Point, are indicated as raixd sea cIiiTs on plata 69, aI- 
though they might lm parts of n faultline scarp or they may be 
neither. Thew are cited as the least convincing exexamples of in- 
ferred raised sea cliffs. Other probable rsised sea cliffs rise from 
di-ted planed mrfacaa at different places and rtlbtndes. 

Most of the littoral zone is a rock bench, gerhapu 50 feet wide on 
the average bat in places as much a3 8 quarter of a mile wide, much 
of which is mvewd with living seaweed, Seaward, the bench is 
truncated by a steep cliff that apparently extends tu much ae 30 feet 
below water. Landward, the bench terminates against the base of s 
cliff 50 to eevem1 h u n d d  feet high. 

The weed-covered part of the bench (wet bench) is a nearly plane 
mrfaca cut across bedrock ~tmctures nppmximately at mean ses 
level. Continuity of the wet bench is broken by boulder-floored! 
channels into which wavw slosh even at low tide. The shape, 
dimensions, orientation, and abundance of these channels seem to 
be determined by zonea of f i a c t u d  rock or by soft beds, Above 



the g e n d  plane of 'the wet bench (weed-md 8tlrftm) h o b ,  
Fidgm, and platforms rise umUy to a height of no greater than 
about 6 feat, but, randy, to several tens of feet. Where these 
fsaturea atre imlated they am composed of rock mom resiatunt to 
emsion than that in the bnch, but along the landwad margin at 
the base of the cliff where they abound and form a nearly oonhuous 
d r y  bench they am not mcIusively of resistant rock. 
The landwad margin of the rock h c h  is commonly surmounted 

by a cobble or boulder beach deposit whose top is 5 to 16 feet above 
the l e d  of living seaweed. The lower boulder beaches support 
vegetakion only of rt sort that becomes e-stablished between storms; 
debris from the military occupation of the island is incorporated in 
them. The higher beaches and the face of the cliff behind them 
are covered with a thiok turf-and-root mat of long mtablished 
vegetation. Some of these features are illustrated by the profile off 
Chi& Point (fig. '78). 

The mck bench is a h t  at thc~ mouths of many stream valleys, 
and a sand beach terminates an alluvial fill in a few of the wider 
valley months. Storm beaches, with light vegehtion, are a ~ l  much aa 
15 feet above the level of living maweed and have a higher, heavily 
vegetated beach behind them in some places. In a few plmm the 
m k  bench is mi&g at 'the bnm of a bare m k  cliff that e x p m  
massive rock broken by widely spaced joints. 

'fhe rock tmnch approximately at sa level is mach wider and mom 
exbnsi~ely developed along Aleutian &ores than along apparently 
comparable shores at l e w e ~  lati tudea ; its development approaches 
that of the strandflat of high latitudes, It is inferred that rapid 
disinkption of surfam rock by daily freezing and thawing is 
an important f attar hem, though not as eff mtive as Nansen's shorn 
erosion by frost in producing the stnandtlat (Nansen, 1922). in 
the Aleutian Islands, the effective base of frost erosion may be de- 
&mined by the position of the ground-water hble (Bartrum, 1926). 

h n g  records of daily changes in temperature in tha Aleutian Islands 
 re not avsiilttble, but at ma level perhaps nearly a fifth of the days 
have light freezing nighttime temperatures and tbawing daytime tern- 
peraturn. Rock of the ses, cliff s always c o n t h  abundant moisture, 
even abwe tha wahr table. Consequently a shallow surfam layer 
of the rock is subjected to  disruption by fmst action in minute open 
Bpaces. Wavea at nearly every high tide, and during every s t~ rm,  
wash over the rock surface up to several feet a h =  mean ma level 
and m o v e  the aurfma layer a9 fsst a~ it is loosened. This acmler- 
atm the dimntqption caused by frost action by keepkg a nearly 
fmh surface constantly exposed to attack in the zone rertchd by 
the warn. These two prmsses form a cut ruck h c h ,  most rapidly 
on permeable rock in which bedding planes and fractures srre clmly 



PRORLE INFERRED FROM SOUNDINGS 

\, Shorellru of Last inlerglseisl saa 

5 loo0 0 LOOa w 3000 0000 F e u  

hoona 78.-Profile of CW#s Polut and offshore atg wlth IMerred o w n  of featnma. (Wee 91. 60 for loc&Uon of pmae.) 

I IW- 

B a 
g &&a! 

8 

? : \ma- 

kf \ 

1 
Shorellm of sea Iwel6-8 feet above pmyn1 soa levd ' Tide bvsl bench ot present r a  hmd / hepar wav& h n c h  d present I leyd 

L 

'4.; Aide and valley tawraphy 
4 
' . \ 

\-A' ', 
.t 



530 INVESUMTIONE OF &ASKhN VOLCANOES 

spaced, and lea& rapidly on impemeable rock with widely s p d  
fractures. The daily freezing cannot take place below the wahr 
table, as the ground-water temperatare at the shore is influenced 
strongly by the acean temperature, which does not reach 82OE". 
Theoretically, this should &x the position of the bench snrface at 
water-table level, but, practically, the bench is cut below this level 
by mme abrasion as the waves move the Tmmned material back and 
forth across the bench. However, the abrasive action is effectively 
reduced and lmIly is stopped completely for an unknown Isngth 
of time after the bench surface ia cut below the level of mean tide 
because a protective mat of seaweed rttpidly ia est~bli&ed as won as 
the watar cover is favorable. 

&ncurrentlg a diffemnt proms of erosion is developing a cut 
bench st a &per level. %elow the water table, where the impact 
of each wave crest puts the water in fmctures under a differential 
pmure,  bl& are loosend and removed by the wavm d o n  to e 
level that is dekmnined in part by local rock structure and in part 
by wave depth, which is influenced by local offshore configuration. 
The level appears to be between 12 and 30 feet below sea level. 
Thle process saemg m a t  effective on massive, impermeable rock with 
widely spaced joints, and least effective on prmmb1e rock with 
clcmly s p a d  joints and bedding planes. Thus, on  coast^^ cut in 
jointed gabbro or massive flow lava, a steep cliB d m d ~  15 to 30 
f t  below sea level, with no tide-level bench, but on coasts cut in 
closely fractumd pillow-lava flows or Mded di ientary rock a 
wed-overed bench at low-tide level is truncated at its seaward 
margin by a submerged clid that extends down to the deeper wave- 
quarried bench (fig. 78). 
The haturn of the shoreline that have bean describd apparently 

include 2 sets of beach deposits: 1 set is associated with activie at 
the present sea level, and 1 set ia 6 b 8 feet higher and has been 
undisturbed by wave activity long enough to be c o v e d  by a peat- 
like mat of roots and permanent vegetation. The cliff behind thesa 
beaches likewise is protected from present marine eroaioa. Dwelling 
sites of Aleut inhabitants commonly found on the c ~ s t a  of the 
higher, abmdoned beach ridges may bs as much as 4,000 years old 
(Byem, 1959). Similar features of ttn inactive shoreline are char- 
acteristic of the Near IsImds (Powers, personal communication, 
1950), If the beaches am products of activity 8t 2 levels of the sea, 
it follows that the rmk bench must include featurm af 54 sea levels. 
It iis inferred that the knobs and platforms that rise about 6 feet 
above the seaweed-covered m k  Aats are ~mnan t s  of m older tide- 
level rock bench that is being d u c e d  to a bench in equilibrium with 
pment sea level (fig. 78). 



808XERQED TOPOB- 

Submerged topography surrounding the island is shown on plate 89 
by contour lines at 100-foot intemals to a depth of 400 feet, and by 
cantnurs at 300-foot intervals starting at 600 f ~ t .  More detailed 
topography to s depth of 400 feet around the east half of the island 
is shown by supplemental contours at 95-foot intervals. The 25-foot 
contour is omitted because soundings were too scarce to locate it 
adequately (heavy growth of kelp prevented operation of the sur- 
veying launches). The 50-fmt contour is below the bench b e i i  
cut by pment shoreline emion, Howevor, a profile off Chitka Point 
(fig. 781, where inshore soundinp wem made, shom this bench in 
relation to the local examples of mom deeply submerged topographic 
features. The topography between 60- ttnd 160-foot depths d l  along 
the coast s u m  ridge9 and valleys of a stream-dissecfxd s lop .  
This pattern changw abruptly between the 150- and 175-foot con- 
tours; the change must be red as them is no coincident change in the 
number of soundings per unit area. Within this zone of change, the 
ridgee terminate in a steep clifl whom base is at depths rrtnging 
from 160 to 180 feet. Examples of these cliffs tl~nt have been 
identsed on the charts of detailed soundins are marked on plate 69 
with short lengths of dotted lines wit11 a number giving the 
depth of the b m  of the cIifF. The shape af the 100-foot contour 
shows that the ridge md valley topography continues all wound 
the island; that of the 200-fwt contour  show^ a sIope with very 
lit,tle relief. 

Tha shelf-break (Dietz and Bfenard, 1951, p. 1996) at the nutar 
edge of the insulrtr shelf (Gstes and Gibson, 1958, p. 132), is at s 
depth of a b u t  325 feet throughout most of its length, though 
locally short segments are at depths ranging from 300 to 390 feet. 
Most of the segments of divergent depth are mound the e a ~ t  half 
of the island. The margin of the shelf is not greatly indented, and 
the shape of depth cantours below 325 feet in general suggeste fault- 
blmk and p b e n ,  ratRer than ridge and valley, topography. Tlie 
seaward part of the insular &elf between depths of about 290 and 
325 feet is a wide bench with very low gradient on the; Pwific Ocean 
side, and locally on tlie Bering Sea side, of the island. It will be 
referred to  .as the shelf-break bench, Details of local topography 
on this shelf-break bench are shom on plate 69 by symbols showing 
the altitude of the knobs and the depths of the depnassions. Along 
the inland margin of this bench are sex-era1 ahrupt slopes whwe 
baaes are at depths ranging from 265 ta 310 feet around the western 
part of the island, and from 200 to 310 around the eastern part. 
The tops of t h s e  short stretches of abrupt slope a m  at depths of 
180 to 220 feet. - 



532 INYESTIaATIONS OF AWIFJKKN VOLCANOES 

The landmass expmed to e d o n ,  broadly spetikhg, has the a p  
pearance of a fault block elevated and tilted to the southwest. Tho 
Bering slope might be a faaltlhe scarp, and the gentle sauthsrn 
insular slope between depths of 400 to 3,000 feet might be the tilted 
mrfm of the postulated fault block. The grsater encroachment 
of the Pacifio shore onto the block may be due largely to the 
original asymmetry, but may also IM in part to  a greater rate of 
erosion; although Bering Sea storma are frequently as =Vera as 
those of tha Pacific Oce~n, ths usual daily waves of the P d c  
are stronger. 

It is sug& that the high plateau is modifred from a marine 
platform whose inshore edge baa hen elevated about 800 feat, and 
that the higher mmmits are relics of islands shaped by the sea that 
formed the platform. Plateaus and benchm (and cli& rising from 
them) at heights of 400 to  500 feet might be relics of featurn of a 
wmnd elevated shoreline. If so, they have been d h p 1 1 ~ ~ ~ d  relative 
to each other by faulting. 

On this emerged landmass the pattern of stream valleys was 
established, and a good deal of subaerial ermion was acxompbshed, 
before the cutting of a shoreline whose best preserved (but hu1b 
disturbed) remnant now stands at ttn altitude of 240 feet. It is in- 
ferred t ha t  the same stream-cut valley arid ridge topography extends 
below p m t  sea level (nicked by the bench= and diffs of the 
present shoreline) and is almost obliterated by the bench and cliffs 
of a shoreline now submerged at about 185 fmt (fig. 78). Almost 
no suggestion of ridge and valley topography exists on the deaper 
shelf-break bench, which is b l i evd  to be part of a shoreline dis- 
located by subsequent faulting and now mbmergd at depths mug- 
ing from 220 to  310 fed. The closed-contour d e p d o n s  in the 
shelf-break bench are probably the resalt of gevertrl pnmme~. Those 
west of Aleut Point, in the pass between Amchitka and Rat Idands, 
perhaps are due largely to =our by strong currents. Those south 
of the mountainous part of the island perhaps mpment scouring 
by glacial ice, as each of the larger deprassiom k offshore from 
a fsrge amphitheatre that has been glaciated. Z?lm east of the 
179th meridian perhaps am in part structural and in part glacial 
depressions, judging from their shapes and alinement. Evidence of 
glaciation on the Near Islands platform, which is equivalent h part 
to the shelf-bmwk bench, is presented by Scrutw (1963) and dis- 
d by h- and Gibson (1958, p. 135). 



BTRATTORAPHY 

AX== FORMATIOR 

Water-laid bede of volcanic breccia and some thin-bedded h e -  
p i n e d  td, aU intarbedded with pillow flows of lava, are the oldest 
recognized rocks of the island and are here named "the Amchikka 
formation." The material is andesitic and usually porphyritic with 
phenmrysta of plagioclase, pyroxene, and amphibole. Pyroclastic 
fragments are angular to subangular; none is well rounded. Beds 
of both coam and her fragments are indurated. All the rock is 
broken by joints. 

These rocks make up the northern pnrt of the western third, and 
most of the eastern fourth, of the islmd; small, isolated exposum 
are found at and west of Cyril C o ~ e .  No correlation of individual 
M s  was possible between the two large areas of outcrop. The 
total thickness of these rocks is perhaps several thousand feet. The 
formation is overlain, with angular unconformity, by tub and 
conglomerate of the Banjo Point formation and lava and con- 
glomsmte of the Chitka Point formation. It is invaded by a stack 
nnd dikes of quartz diorite, as well as d&m of basalt and andesite, 

The geologic age of them rocks Is unknown, but they must be at 
l& as old as early Tertiargr inasmuch as the overlying Banjo 
Point rocks are of early middle Tertiary age, 
In eastern Amchitka, the most abundant rock of this formation 

is lapilli tufl rtnd tuff-breccia in beds 10 to 100 feet thick, 'She 
fragmental text= is commonly conspicuous, and the fragments 
rmge in sim from less than a tenth to 3 or 4 inches in greatest 
dimension. Whole and broken crystals of plagiaclnse, amphibole, and 
pyroxene a m  common, but glassy fragments are most abundant and 
range in vesicularity from dense obsidian to pumica T h e  rock is 
mottled dull pFlowish brown and olive p n  to blue p n  with 
flecks and streaks of white. Much of t h e  glass is altered to non- 
tronita, and some of the interstitial space is occupied by zeolites ; the 
rclck as a whole is well indurated, though porous in patches. Ad- 
jacent to some of tha intrusive bodies, and &long a few zones rich 
in pyrite, the rocks are dtered to h e  mhedral quartz and slknlic 
plagioclase, dci te ,  sericite, epidote, chlorite, leucuxms, and iron 
oxides, 
The type section of these rmks is exposed nlong tha south COB& 

from South Bight westward to long 1'19"18' E. Beds of mam 
tuff-breccia, each more than 100 feet thick, alternate with flow of 
pillow Inva 5 to 20 faet thick and with Iayers of thin, s v d y  bedded 
h e  indurated yellow and green tuff 5 to 60 feet thick. 
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The npper bed of latite-tnff-brecci~, exposed over a large a m  
swth of Constantine Harbor md all of Kirilof Point, contains 
abundant angular fragments of dense black obsidian up to 3 or 4 
inches $crass in a mottled brown-green matrix of vesicular pumica 
fragments and shards. In a few plnces, bipolar bombs of aphanitic 
lava (in part hallow) as much as 30 inches long are embedded in 
the tnff. A com-drill hole south of Constantine Harbor penetrated 
this bed far 300 feet without passing through it. The glass of the 
~esicu1ar matrix material is altered to nontronite and has zeofites 
throughout; heul~ndita~ mordenite, and apophyllite were identified 
by X - ~ ' J T  examination by Fred Hildebrand of the US. Geological 
Survey. The dense black obsidian is shattered by fractures lined 
with nontronite and in p l a c ~  with zeolites. Small bodies of the 
glags, between fractures, contain scattered microphenocrysts of calcic 
andesine and clinopyroxene. The gIw is dear and light brown in 
thin Rakes and sections. The index of refraction of the clearest 
pieces of glass rrtnges fmm 1.590 to 1.523 (&0.001). A sample of 
the glm, re~onably free of zeolites but not of nontronite, has the 
chemical composition given in table 1. 

TABLB 1.-Chmhl and apaclrogruph$ d y w  a d  nwrrrs of &from 
A m c b l k  Island 

IAndm by U.S. Oeo~pal8rawyI  

[Andy&: ml. 1, E. J .  T o e r  ml& 2, a, and 4, L. Kebl] 
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 TAB^ I .-Chemia1 and apedrograpks'c andgr~da mcd tunrns a! aokanio rock from 

Amchilka Island-Continued 

B,,---,----------- 
Be_,,--,---------- 
Co, * - -, - - - - - - - - - - - 
Cr,-,. ,---------,- 
Cu.,, ,------,----. 
Ga, , - - - - - - - - - - - - - - 
MO - - - - - - - - - - - - - - - 
Li + , - - - - - - - - - - - - - , 
Ni- - - -- - - - - - , , , , -, 
~b --------.,---,,- 
Rb ,,--------,----- 
sc------,-,-,,,--, 
Sr----*---,------- 
V , , - - - - - - - - - - - - -, - 
Y -------  , -,--+- --- 
~b , - - - - - - - - - - -+---  

Zr - - -, , , , , - - , , - - - - 
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are interkdded with IapiIZi tuff at other localities, notably at long 
179'19' E. on the south coast. 
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Banded, richly porphyritic, andesitic rock i~ exposed in w v e d  
disconnected wtcrops just west of Cyril Cave. The chemical com- 
position of this rock is given in table 1. It d d  not be determined 
whether the m k  body is a shallow  ill or a relatively thick lava 
flow. The banding, emphasized on weathered surfaces by abrupt 
changes in color fmm light to dark pay, apparently is due to slight 
differences in crystalIinity of the groundmass and not to segregation 
of the phenocryst minerds that make up about half of the rock. 
Calcic plagioclasa is most abundant, then clinopyroxene and hy- 
persthem, and a few large crystals of apstite and opaque oxida. 
A very few "ghosts" of smphibole crystals am suggested by the 
shape of patches of opapae dustlike iron oxide. 

Mong the west of Chitka Cove the most abundant rock is 
light gray mottled with green, porphyritic, and frwtuwd by closeIy 
spacad vertical and diagonal joints, and looks like an outcrop of a 
shallow intrusive body of porphyry. However, the body grades 
upward into thin-bedded fine-grained thoroughly indurated siltstone 
about 0 feet thick. Overlying the dtstone, with appscently a de- 
positional contact, ia a greenish-gray rock, mottled with light gray, 
similar in appeapance to the lower porphyry. Neither the top of the 
upper bed nor the base of the lower was seen; each has an expwed 
thicknm exceeding 200 feet. 

The lower m k  contains rounded rrgstaIs of quartz (up to 1 rnm 
in diameter) and qgregates of secondary minerals having the shape 
of large e d d r a l  crystals of feldspar, amphibole, and clinopyroxene, 
all1 in a he-grained matrix. All constitnents except the quartz 
phenacrysts are altered to calcite, sericite, epidote, slkalic plagimlase, 
chlorite, fm~ anhedrnl quartz, leucoxene, pyrite, and iron oxida 
The upper rock contains the same secondary-mineral gssemblage 
but no phenocrysts of quartz and ghats of only feldspar phenocrysts. 
It is inferred that these two bodies originally were thick beds of 
maorted-crystal vitric tuff whose clnstic texture has h n  destroyed 
by hydrothermal alteration and recrystall ization. 

Westward in the larger outcrop the original &em1 constituents 
of the rocks are also altered, but the fragmental texturn of lapilli 
tuff can commonly be seen in spite of the alteration, and the beds 
are at most a few tens of feet thick. The formration is broken 
into small fault blocks, tilted at random, with dips of up to 45O. 

Bedded marine sandstone, conglomerate, t u f f a w s  shale, and m e  
lapiLli tuff of basaltic composition make up the stmtigraphic unit 
here nmed the Banjo Point formation. These rucks occupy the 
entire width of the island westwnrd from Nakarius Bay to about 
5 d e a  w& of Banjo Point, and also mvml  square mil- of Saint 



Makarius Point, and lie on thin-bedded tuff and pillow lava of ths 
Amchitka formation with an angular unconformity of 5' to 109 
On the north coast west of Erilof Point, sandstone M s  of the 
Banjo Point formation trans,pss a westward-sloping surface erded 
on tuff-breccia. West of Banjo Point, the basaltic tuff and mndstone 
are separated by a fault contact from hornblende-andede breccia of 
the Chitka Point formation; elsewhere they are cut by dikes of 
similar porphyritic andesite. Everywhere the top of the formation 
is the present erosion surface, The formation could be a~ Ettltle as 
400 feet thick, though it probably mas originally much thicker; no 
marker beds could be traced through the many fault blocks to permit 
reconstruction of a complete section. 

The geologic age of the Banjo Point formation is placed, on the 
basis of a mmger fauna, in the range Oligocene to Miccene. A 
fauna of 38 species of Foraminifera is contained in two collections, 
one from Banjo Point and the other from the south coast almost 
due west of Banjo Point. Eighteen of these species are identified 
with or clmly related to known specia (Todd, 1953). The as- 
semblage resembles most nearly the fauna of two formations, the 
Oligocene k e y  formation of Atwill (1935) in California and the 
Bastendorff ahale of Eocene and OLigmene age in Oregon. Frag- 
ments of diatoms, genus Coscimd&m and A r a c W G c u a ,  according 
to R. E. h h m m ,  were found in the foraminifera1 matarid but m 
too fragmentary and cormled to be identified as to  species. Some 
very poor mollman material from Banjo Point, possibly repre- 
senting Lw'na, P o d o & m ,  and a batxinoid gastropod (according 
to R. B. Stewart) adds nothing to the age determination. A poorly 
preserved specimen from the south coast at lat 51°24'32" N.; long 
179°9'44" Ed, is identified by F. S. MacNeil as C ~ ~ s  a%. 0. 
w m h &  Arnold and considered by MacNeil to bo of probable 
middle Tertiary age (late Oligocene or mrly Miocene). MwNeil 
states & & t 7  
GBhm@ wlabarmi was described from beds on the Yachah  River, Oregon, 
which have been assigned ~ariously to the Pliocene (Arnold [lm, p. 11% 
120]), middle Miwenel?) (Weaver [1942, p MI),  and to the early O l l ~ n e  
(Vokea, personal communlmtion, 1954). It Irr aasoclated, according to Yokes, 
wlth hvo mlnoids, X E ~ R M  omgem& md I. laehalmmie, which Moore 
and Voka [I=, p. 1161 dmmfbed from beds correlated with the Keaseg for- 
mation. 

The stratigraphic position of the identified specimen of Chlamyd 
with respect to the t ~ o  collections of Foraminifera is not positively 
known., Many small fragments of pecten shells occur in beds both 
below and above the foraminifera1 layer at both localities, and there 
is na geologic evidence ta sugggt that the F o r d f e r n  and the, 
pechn are not part of the same fauna. No rationd choice betwm 



O l i w n e  and Miocene for the age of the fauna appears possible 
with the meager data at hand. 

Compilation of s camplete =tion of the rocks of the Banjo Point 
formation wns not f e ~ i b l e ,  but s partial mtion expeed in the north 
coast at Banjo Point is consided the type wtion of the formation. 
M e d  pwwnt rmriaee. ft in 
Conglomerate. tuftaceow, m80rted ----------,-,,,,-,- ,,, I#+ 0 
LapLlll m, bedded --,,,,-,,------**----------------*-- 2!5 0 
CongIomerate ,--,----,,,--,--,--..------------------* 10 0 
SandsE~ne ------------------,---------------d---4h--------- 1 0 
Siltstone, ma- f~&llferons ---,,,,,,-,--,,,,,,d-------- 2 
Sandstone 8 
Cong1omemt.e --------,------,,,,----.---- * ----- *---* ,---- 2+ 0 -- 

~ o t a r  -,,-,--,,,,,,-,-,,,------+----*--------- 158-1- lo 
Rase of formation not expmd. 

The thick upper unit contains a few large (4-f t diameter) rounded 
boulders scattemd at random in ra. ma= of unsorted lspilli to silt- 
size fmgments of basaltic compmition, appawntly the product of 
a nearby volcania eruption. A few thin, lenticular streaks of sorted 
material give a ~ e r y  crude bedding, conformable to the sudace and 
to the bedding of the underlying tuff. T h e  cont,act of the tuff smug 

conglomerate on the tuff is abtbrupt. 
T11e lapilIi tuff is poorly sorted but is bedded in units 4 to 19 

inches thick, and contains angular lapilli of basaltic scoria in a matrix 
of vegiculrtr, vitric, similar-appearing material. 

The two units of conglomerate contain well-rounded to mbmded 
cbblea of various sorts of basaltic mck in a matrix of small sub- 
rounded to angalar fragments of basalf vitric tuff, and fragments 
of barnacle and @n shells. The finer materid in these beds is 
the product of the erosion and tmnsport of voImnic rock mther than 
of ppclastic eruption and initial submarine deposition. 

The two beds of sandstone are similar and contain subrounded to 
mb~ngular coarse to medium-grained sand size partides of volcanic 
material, both crystalline and Pitric. They are indurated by limonitic 
cement. 

The tnffacaous siltstone is a compact nonlaminated bed of vitric 
ehardn altered to nontronite, rich in carbonized plant fmpents, 
I t  contains shells of immature rnollusl~ and Fomminifam. The 
mgularity of the shards mnkez it appear to be tb bed of vitric rlsh 
initially deposited in water, rather than a product of erosion, 

Elsewhere, partial mtions of this formation contain beda showing 
similar lithologic materials present in locally different proportions 
and arrangement. In 1, exposure on the Pacific shore ~outhwest of 
Banjo Point is s unit of thin-bedded vit-ric tuff 80 feet thick; a 
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fsw hundred yards to the west is a bed, over 30 feet thick, c~mposed 
enhirely of beach-mded cobble8 and bouldem up to 2 feet across. 

Quartz diorite md mlated rock form a stock h u t  2 miles in 
diameter at the east end of Amchitka that intrudes the Amchitka 
formation. Dikes of the same sart of rock, too small to map, intrude 
the Amchitka and the Banjo h i n t  formations. In the east cliff of 
Soaf h Right, the quartz diorite is cut by a 4-foot dike of hornblende 
andesite, similar to some l ~ v a  of the Chitka Point formation. Cob- 
bles of the quartz diorite were not found in my of the preglacial 
conglomerate. 

The nge of the srtmk and dikes of quartz diorite kt considered to 
be middle to late Tertiarg, inasmuch as the rock is younger than 
the Ranjo Point formation and older than part, if nok all, of the 
Chitka Point formation. 

Much of the rock is medium grained and light to medium gray9 
and ia composed of plrtgiwlase, augite (mmmonly e r a l i t i d ) ,  quartz, 
and orthoclam. The miss ranges from l m l  granodiorite facies to 
gabbro, but the bulk is quartz diorite. 

h v ~  ROWS and flow breccia of porphyritic andmite, interbedded 
with rnrlrine conglomerate, are here named the Chitka Point forma- 
tion. The mnglomerrtts is confined to the lower part of tha forma- 
tion; lava flows and breccia ernplaced above water form the upper 
part. Thw mks underlie mmt of the monntainous weat half of 
the island. They lie on the Arnchith formation with angular un- 
conformity, and dikes of porphyritic rock similar to lava of the 
Chitka Point formation cut the Banjo Point and Amchitka forma- 
tions. South of Chitks Point they are overlain by a gravel deposit 
of hornblende andesite. Thickness of the formation probably exceeds 
1,m fwt. 

The age of the Chitka Point formation is estimated RS middle to 
late Tertiary because it overlies the early T~rtiary Amchitka forma- 
tion and its dikes cut rock of early to middle Teritary age; them 
i~ no evidence to rule out the possibility that it might be early 
Qu~temnry. 
Na complete mtion of the formation w a ~  compiled; mveral in- 

complete section5 (described below) give a picture of its gvnersl 
characteristics. At Chitka Point, the type lmality, a thkk sheet of 
p r l y  sorted, indumted conglomerate contains many carbonized 
broken fragments of woody mnterid, Thie wood wns unidentifiable 
aa to species, but its prasenee, together with well-rounded cobbles in 
the conglomerate, indicates the nearness of land. The cong1omemt~ 



is interbedded with porphyritic pyroxene andmite lava. This is 
overlain at 200-foot altitude on the ridge to the south by a thick 
lava flow of porphyritic hornblende andesite. Similar-appearing 
hornblende andesite, with and without plagioclase phenocvsts, is 
the only rock expoeed along the crest of the ialand for 10 miles to 
the west. Ih the north-facing clifl at long 178O48' E. a 400-foot 
thickness of hornblende porphyry lava and b m i a  lying on an 
eroded surface of the Amchitka formation is capped by nlmast 100 
feet of darker basaltic andesite with plagioclase and pyroxene 
phenocrysts. Both of these rocka are loose textured, contain open 
vesicles and interstitial spaces, and appear to have k n  emplaced 
on land. Both dip about 15O SW. At long 148'44' E. on the south 
mast, a flow of hornblende andesite that dips abut 15' SW. lies 
with angular mconformity on a mtion of 8 flows of pyroxene 
andmite intarhdded with 2 thin layera of conglomerate that dip 
SOD N. 
The m& abundant constituents of the canglomemks are very 

well-rounded to subrounded cobbles of unalhmd porphyritic andesits 
d a r  to mks of the interbedded flowa; less abundant, but com- 
mon, are  cobble^ and pebbles of the altered rocks from the Amchitka 
formation containing pyrite crystah. h soma restricted localitias, 
particularly on the north coast, all constituents of the conglomerates, 
as well as of the interbedded lava, ma hydrothermdly altered. 
The most abundant rock type in the Chitka Point formation is 

porphyritic hornblende-pyroxene andesite. The analysis of one Sam- 
ple i s  given in table I. Mare than half the, rock is phenacqwts. About 
2 percent is larp  Cnp to  5 rmn) crystals of brown hornblende with 
thick reaction rim of mlcic plagioclase and opaque oxide. Hy- 
persthene and clinopyroxene crystals up to I mm across make up 
about 15 percent of the m k ;  mned phenocqpts of calcic plagimlzsse 
make up about 40 percent of the rock. The groundmass is plagio- 
clam crystals in light-brown glass. 

me next most abundant rock type, porphyritic mdwite, is repre- 
m t e d  by the analysis in table 1. The snmple is from a thick 
columnar- jointed d ark-colored flow. The rock is richly porphyritic. 
About 1 pemnt of the m k  is now ma= of hwlingite, pleochroic 
in green and yellow, surrounded by thin r i m  of small pyroxene 
crystals; the bowlingire was formerly olivine in euhdral 1-mm 
crystah. Euhedral crystals of pyroxene, both hypersthem and 
zoned clinopyroxme, mnks up 10 percent of the m k .  Some hy- 
pemthene oconrs as corn in clinopymxene. Abut 25 pement of the 
rock is phencmysts of calcic plagiaclase, mnspicuously zoned with 
millatory zoning and fritted cores, The grou11dmass is light-brown 
glass with pltagiocla~ laths and crystallites of opaque oxide. 



 la^ common are two other rock types, one that contains only 
clinopymxme as phenocqsh, and one with phenocrysjrts of g m  
hornblende asi the only femagnesian constituent; both are rich 
in plagimh. 

P P I C I ~ R I C ~  ROCX 

Rocks of the Amchitka and Banjo Point famatimu contain pyrifa, 
up to s third of the volume of the mk, in several 1mIit;ies. 
Weathered outcrops sre conspicuous becaum of their pm-red 
color. In detail, the pyrite-rich rock follows %urea of diverse 
&rike direction, but zones of pyrite enrichment trend within a few 
degrees of sad. These zones are mod abundant in the weat third 
of the islmd, common east of Makariw B&y, and present but not 
conspicuous in the rest of the island. 
In rOGkS of the Chitka Point formation, pyrite is not wmmon but 

is pment in halos or namw zones of alteration that suggest 
fumamlie activity. 
One sample of pyrite-rich rock from the south shorn of Chitka 

Cove contains only trace arnounta of copper, lead, and zinc; no 
&des other than pyrita were wen in hand-lens inspection of many 
mtcrops. 

GRAVEL OF ITORIQBLmmE JaDERPTE 

Bedded and and gavel c o m w  antidy of fragments of horn- 
blende mdesite lie on the crest of the island for 6,000 feet southeast 
of the 600-foot contour sonth of Chitka Point. The deposit is mmtly 
cmm moderahly well sorted sand with several interbeds, 5 to 
15 feet thick, of cobble to boulder conglomerate. The material is 
compact but not indurated. The dip of about 12' SE. is possibly 
wholly initial. At least I of the conglomerate beds is made up of 
angular to subangular slabs, up ta 18 i n c h  in greatat dimension, 
of porphyritic hornblende andesite. The other conglomemte beds 
wntdn well-rounded cobbbs and boulders up to 2 feet in diamster, 
with interstitial warn sand. Lag deposits of these cobbles land 
boulders superficially m e m b b  raised boulder-beach deposits where 
outcrops strike a c m  the cmt of the ridge. The formation seems 
to be a littoml-zone deposit whom thickness probably does not 
exceed 100 feet. 

The relative age of these rwks is not apparent from the available 
data. They may be entirely younger than. the Chitka Point forma- 
tion, or perhaps comlativs with part of it. 

T m E D  E E D m A R Y  AT SOUTH BIGHT 

Beds of silt, sand, and gravel crop out on the shore at the head 
of South Bight md at the head of the m a l l  unnamed bight across 
the island to the northeast. Presumably thg am continuous between 



th- outcrops, and they may occupy a total ares of less than a 
quzbrter quare mile. 

The lowest 200 feet of the beas dip about 1 2 O  SE. T h a  am 
layers, in random sequence, s few inches to 2 feet thick, of car- 
bonaceous sandy d t ,  fine to medium-Gze sand, and pebbly smd to 
sandy fine gravel. A few layers of light-colored siliceous v o l d c  
ash, each 1- than 2 inches thick, are interbedded. Tha general 
color is pale mddish yellow to greenish yellow, md the constituents 
am compacted but not indurated. Many fmgments of partly carbonized 
wood are scattered through the silt beds, but no other megafmih 
are ax&, and no microfmils were found in one composite sample 
containing materid from a dozen different beds throughout the sec- 
tion. This series of relatively uniform beds of h e  mat,terial grades 
conformably upward into abut 150 feet of less well bedded medium- 
size to co$m sand with irregular layers of well-rounded graval. 
The dip of these beds diminishes to or So BE. at the top of the 
section. 

The base of these beds is not exposed. Their lateraI terminations, 
both to the northwest and southeast, are pmrly exposed but appear 
to be steep fault contacts agaiast the Amchitka formation. The top 
is truncated by a nearly horizontal emion surface about 40 feet 
above sea level, overlain by fossilifemus beach sediment of PIeistmne 
age. T h e  depolsit apparently is part of a small fault block, tilted 
and dropped between blocks of mistant mck of the Amchitka 
;formation. The upper layers of coarser material may have h n  
deposited after some of the tilting md faulting had taken place. 

At the; head of South Bight, about 75 fat  of poorly bedded loose 
f~ i l i ferous  coam sand and gavel  lies conformably on the ermion 
surface that truncatm the lower tilted beds of snnd tlnd gravel. 
Inland, this fossiliferous p v e l  is covered with cIifftop dune sand 
except in a gravel pit back from the north end of the cliff. At the 
north edge of this excavation, the crudely bedded sand and gravel 
grade into a gravel beach dcipmit with seaward-dipping streaks of 
sand and concentrated shell fragments. The highest exposed beach 
material, at an altitude of 135 feet, is overlain by spoil from the 
gravel pit. Ln the west wall of the excavation, shell-bearin, 4 7  cmm 
smd and fins gravel are covewd by several feet of rounded to 
angular cobbles end boulders, many of them of mica schist and 
biotite granite entimly foreign to the bedrock exposed in the Aleutian 
Islands. Several of these erratic blocks and boulders are scattered 
on the highest e x p o d  beach material. 

Foraminifera, &modes, and seven1 mollusks collected from the 
raised-beach material indicate that it is of Plsistmne age. It is 



probably interglacial, and perhaps the youngest interglacial tap,  
inasmuch as the depait has not been removed by erosion. 
FommtiJfwa.-This fauna, w~ reported by J. A. Cushman md 

Ruth Todd (1947), who compared the collection with that of Timms 
Point, Calif., and concluded that L'. . . the fauna would seerrr to ba 
either PIeistmne or Pliocene in age, probably the latter.'f In s 
letter on this subject (Jan. 7, 1956), Miss Todd said: 
I think that moat foram workere are now generally aimed on the Plebtocme, 
not Pliocene, age of the TImms Point rnaterlal as Indicated by the mollusks, 
and I am mre that at present Pfiocene would not be preferred over Plelstw~e 
for tbls dmchltka depo8lt. The 1941 report atat@ that-TlrhIle the fauna La 
decidedly one of mld waters, It 1~ not by any means arctlc and most of the 
species Pound today are in wateru to the muth 05 thls area. Certaln of the 
e i e c r ,  those of Quinquelmlina and (TIbWea, are known from nearshore de- 
posits and mmparntIvely shallow water. The great abundance of the two 
cies of OEobigerina, pelngic forms. would Indicate that ocean currents from 
warmer areas, m ~ h  ns the  present Japan current, also influenced thls area, 
It would seem pmkbIe, therefore, mat the fanna was deposited in ahallow 
water, nearrhore, and on an exposed COB* 

0szhcodes.-Dr. F d  M. Swain examined and reported as follows 
on a s t r d e s  from the same material that contained the Fora- 
minifera : 

Bvthocyprls SP. 
Badrdks cf. Mat# (Norman) 
Cudhareds sp, air. 0. arsgprlato (a. 0. Sam) 
Cflheropttmn, sp. nw.? 
B~qtthere? 8p. or new genus 
Wow genus aff. P a r w t h d w  

It in  dltllcolt to determine the age accurateIy, but at p m n t  Z see no 
20 kHwe the d-it ia earller than Pleistocene. 

M o k h . - T h e  mollusks were identified by R. B. Stewart and 
F. S. MacNeil WI follow: 

BoLnw sp. 
Adarte mlb (Dall) 
Potwrmw a w l a  (Dell) 
P&m (Chlamya) n. sp.9 a d  alMua Dall 
S&en (Chtarnm) b m i n g i u w  {MLddeudorf) 
Pectm [ChIamjrs) wlundfma (MUller) 
Vm&rdia ( C ~ c l o m r d i a )  sit'. craasUercs (BderIp  and Sowerby) 
BpItdum gredandin;m. (Ferrg  ) n. var. incomplete 

This small msrine fama, probably from falrIy shallow water, could be of 
R e m e  age or pomiblg uppermost Tertlarg. A. teflnfltmU4 (Dall) ba~l been 
reported from no localStp goanger than the Nome Inter-beach. 

Till is found at three pIacea and p v g 1  of glacial origin at several 
others. As a group t h m  depoaita a m  twlievgd to be of glacial 
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origin becaw in a few places they lie on icepolished and ice- 
striated surf- they contain fragmenh of metamorphic m k  and 
mica panit-rock t y p  not found in p h  in any of the Aleutian 
Islands, and aome of the cobbles and boulders in the tiU are striated 
and many am faceted. 

A small patch of till waa expmd just ttbove a 300-foot aItitnde on 
the crwt of Amchitka about 1% miles west of Banjo Point, but it 
wa9 later destroyed during road canstmction. Along the northwest, 
shorn of Constantine Harbor, in the upper part of the sea cliff, h 
thin ~heets of bouldcq till are separnted by imgu1ar lenses of 
sorted cobbles. The material of the t,iH is mostly 1-1 cumtry rock, 
much of it broken from adjacent outcrops of the thick obsidian tuff 
breccia, but some is lam from more distant localities and some is 
quartz diorite of the type now exposed in largest quantity at East 
Cape. S e v e d  of the boulders am of exotic rock types. The till is 
well cemented probably by secondary minerals weathered from the 
h e l y  p u n d  andesitic glm that is so abundant in tha matrix. A 
larger body of till inland from the head of Constantine Harbor is 
composed mostly of he, makrial with cobbles and boulders, some 
exotio and a few striated, scattered throughout the mass. The 
abundant fine matrix material apparently was derived from beds 
of fine s ~ n d  and silt that mderly the till. 

Two deposits in a grabn due west of Kidof Point and two on 
the island crest sonfirrest of I~akin  Point contain sand and p v ~ l  
(with some exotic m k  types), some poorly sorted and mme well 
sorted. Most of the material in these deposits haa been excavated 
for canstruction use, leaving few outcrops undisturbed. In 1946, 
the deposit sonth sf hakin Point was 3 ta 6 feet thick md comisted 
of unfossiliferons unhdded p v e l  containing less than 10 pemnt 
sand. Fifty percent of the gmvel particles exceeded 1 inch in 
diameter. A few boulders up to 5 feet in diameter were mbangular, 
and those up to 1 foot were subrounded to rounded, particularly 
t h m  of quartz &rite, which w s  very common. These deposits 
are considered fa be of glacial origin h a u m  of the p m n m  of the 
exotic m k a ,  btrt it is not known how much of the washirtg 
and iwrting of the material accompanied the deposition, or how 
much, if any, may have been caused by marine reworking submpant 
to dewition. 

Unconsolidated fine sand and nil4 in a vamlike ananpent  of 
thin beds, is exposed almmt continuously across the island in the 
g ~ a b n  depmion connecting the heada of Makarius Bay and Con- 
stantine Harbor. The M a t  thickness of these M s  is not horn. 
The highest outcrop against the south wall of the graben is about 
15 feet above sea level, and the bottom is not exposed in the deep& 
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mts. In most exposures these beds are overlain unconformably by 
gravel or till at a height of 50 to 75 feat. 
In a borrow pit 3,000 f eek  ea& of the head of Mahrius Bay, a 

50-foot section of the hdded sand and silt is capped at an altitnde 
of 70 feet by glacial till and a few patches of w&r-laid sorted sand. 
At one exposure in this area, a thin lens of pebble conglomerate 
break8 the orderly, varvelike alterration of beds a b u t  20 feet below 
the top of the section; this break cannot be traced into other areas. 

Another borrow pit, 1,000 feet to the north t t c m  the graben, 
axposes bedded silt and sand overlapping m k  of the Banjo Point 
formation. The lome bedded silt and sand d i p  about F0 E,, and the 
older bsdded rock dips B 5 O  in a S. 2Q0 W. direction. The surface of 
the older rock, recently exposed by quarrying, shows glacial polish- 
ing and strim that plunge about 25O E. on the polished face that 
dips 30' SE, 
In another large borrow pit, 1,000 feet inland from Constantine 

Harbor along the north wall of the graben, the bedded sand and silt 
dip as much as 20° E, in a section broken by mmy minor faults. 

The most conspicuous feature of these deposits is the raplar 
interlayering of thin beds of silt and sand. In detail, a coarse layer 
grad= into the overlying fin0 layer, but the change from fine to 
overlying coarse is abrupt; the deposit i s  a series of graded beds 
rather than alternating beds of coarse and fine material. The 
graded b d a  range from y4 to 1 inch in thickness. The material in 
the m m r  part is fine to  very fine sand; that of the h e r  part is 
~bont  a half very fine sand, a third silt, and a sixth day a h .  The 
day-size mahrial, in a Iabor~toq test, remained in suspension in 
cold water only a few hours. The minerdogy of grains larger thn 
day size, determind by R. Q. Lewis, is: 

W percent plagloclam gmina, rounded 4- 
SO percent rock aggregate, largely feIdspnr, magnetite, and chlorite 
10 percent chaicedony and other cryptocrmtalllne materlal 
6 percent quartz, nngolardged fragments 
5 percent beavg minerah, In order of abundance, green hornblende, 

brown hornblende, magnetite, biotite, muscovite, aadte, and green 
chlorite, 

No rocks expased in any of the wastern Aleutian blm& contain 
mumvih, and biotih is vsry ram; a11 the other cunstituents conla 
be of local origin. Both types of mica p m t  in the sand probably 
came from the same source that furnished the cobbles and boulders of 
schist and mica grmih found ss emt ics  in the till and p v e l .  

Diatom am the only fossils found in these beds. Tha following 
were identified by K. E. L o h a n :  



[R, rare; F, frspaent: C, common] 
AmhPWIddllw~s d. A. ehrrtnbwpti Bailey; R 

d. A. h 9 . t  Brown, found In ids near Jmmie, b i t 4  m b 1 g  aa old ag 
M n e ;  R 

wmmmaia [Schmidt) Emwn found in Ol4pmne near Oamara, New 
Zealand, and hwer mlddle M1-e near Nanggoeland, Enat Jaaa : I?. 

sp. ; F. 
AtckLaodisc~~ d. A. -na Tempwe and B m ,  found in Pllaceoe near Sen- 

dal, Jegan ; R 
BP.; R 

( I ~ I I W -  sp.; C. 
Endictga ct. E. omm6ca Ehrenberg; 6: 

robustca- (GrevI1le) Hanna and Ctraat; R. 
sp., P. 

Otrzmmatoplroro sp. ; R. 
BWzAodimm m. : B. 
Isthmi# m e m a  E11taing ; O. 
Yekoaira cf. M. rot (Ehrenberg) EUteh~; U 

sp.; F. 
PmdopymnEa balbBoa ( a m o w )  FoW; R 
Rbbdotaettsn ~9.cuahm mr. roberstmi (Omnaw) H n W t ;  F. 

bdqwdmttallm Brun. found In Pliocene near Sendal, Japan, and 1owe.r Plio- 
cene Slsqnoc formation fn Parlaima Hllla. Callt ; F. 

uddelatam Tempem and Bmn, fonnd In Pliocene near Sendat, Japan ; F. 
@.p. ; F. 

T k a t h L m  ep; F. 
Thla IH an amaxlng msmblage of ~hort-mnglng dlatoma repreaentlng Oll- 

m e ,  M i o m e ,  P I l ~ c e o ~  and Recent species. Tbe shattered and e m &  con- 
dition of the IndIvidaal valves strongly g u m  reworking of older beda The 
amembIage ia almost certaInIy no older than middle or early PIIocene sinm it 
contain8 two ~peciea not known from older rocks. Xt weld be mrly Pielato- 
En6 d t b  exposurea of older dI8tom-bearhg sediments oontrlbututtng debris and 
dlatnms to the deposIlEa 

The ahenm of nonmrlne diatoma Indiattm that tb original diatom-Map 
Ing sediment8 were depmlted under marine coadltlom~ However, It Ia m l b l e  
that the present deposit 18 entirely reworged. and amld have b!en dqmited 
nnder nonmrtrine condlnons with no contemporaneom diatoms (nonmarlne) 

The qp of this deposit probably is PIeistoeene since it liea m a 
glaciatd &ace and is covered by glacial gravel and till, aonfirm- 
ing Lohrnan'a conclusion that a large part of the diatom ammb1age 
is reworked from older ~diment9. The physical chwactsristicrs of 
the wdiments and the pographg of the deposit limit the choioe of 
possible conditions nnder which d e p i  tion u l d  haw taken plam 
The thin, even beds must have been depoeited in quiet water, nn- 
disturbed by wave action or strong w~ments. The grading within 
each bed guge;ests sorting by settling of a sedimentary load d u m d  
lperiudically into a, bash. Probably the deposit was ~(~:~~llulated in 
a local pond, largely of glacial mmdt w a b ~ ~  and derivd ahnost 
who1 I y from ice-transported material, 



- 
A mantle, from a few inches to a few fet thick, of bmken but 

u n d m p m d  fragments of the local Wmk is present over most 
of the island. In places, silt and clay particles fill the intersti- 
in the upper part of the layer of loose fragments, This layer is 
thickeat on Mmck that is tranBected by closely spaced joints and 
bedding plmea, and thin or absent on rock with widely spmd 
joints and no bedding planes. It is inferrad t,h& frost splitting has 
been the most active q n t  in forming this residual mantle. 
In a few places, favorable both to undisturbed deposition and 

presemstion, thin beds of v e q  fine volcmtnic ash give evidence that 
the idand has been showered by material f r m  p~kglacial eruptions 
of nerrrby active volcanw. On most of the island s a d a m  such 
materia1 has been incorporated in the mantle of turf and is not 
identifiable rrs bedded ash. 

BTRUCTURE 

mEGEIOHlU 

Amchitks, Rat, and Eska hlands rare lacatad along the nortbewt 
edge of a segment of the Aleutian Ridge (Gibson and Nichols, 1958, 
pl. 1) that might be considered, in a p e r d  way, aa a great fatdt 
block tilted B O U ~ ~ W ~ S ~ W R ~ ~  toward the Neutim Trench. In profile, 
across tha west end of Amchitka, the north face of the block drops 
1,500 feet in 7$00 feet (abont 1,075 feet per statute mile), and the 
top surfam of tha presumed Mmk descends south~estmd 3,000 
feet in B dishnoe of 80,000 feet (about 200 feet per statute mile), 
then drops 7,800 feat in 50,000 feet (about 830 feet per statute mile) 
to  the intercept with the Aleutian Bench (Gates and Gibson, 1956, 
p. r4a). 

Thia large tilted blmk is cornpod of rock & ~ t  are greatly de- 
formed by block faulting (summarized for Amchith in paragrapha 
foIlowing), so the inferred top surface of the blmk must be a plane 
of erosion, perhaps related to the ridge shelf, d e h d  and dmriM 
by Gates and Gibson (1958, p 133). This tilt4 surfma that f o m  
the upper part of the south insular s l o p  is c d  by severs1 scarps 
and canyons that may be the margins of blwks disIocated by cross 
fa& In the mppmed large bl&. Adjacent to Amchitka Island, 
thma featurea can be traced acms the surf- of the emtern part 
of the insular shelf and into the b l d  and graben &apes of the 
blmd in the vicinity of (knstanhe Harbor; similar features to the 
west m o t  be traced a c r w  the insulrtr shelf. 

L O C U  

On Amchitla b h d  m y  lines of topographic. features such aa 
elongatd pond depkons ,  dmight valleys, and straight canals 



through the shore bench am prominent on aerial photngmphs and 
hasre been indicated on plate 69, Thm lines known or presumed 
from the geologg to repwent the autcmp trace of softar Iayers of 
interbedded m k  are omitted; t h m  shown pmbsbly represent traoea 
of fmture mes, joints, and faults. Some of the faults lwated in 
outcrop lie on gach a line of physiographic featurn, but many 
obeerved faults are not marked by snch featurn. 

All the mapped faults and attitudes of disturbed beds seem 
adequately explained as d t i n g  from normal faulting on planes of 
moderate to step dip. In the western part, fault strikw are about 
equally distributed between northwest, north, and northeast; in the 
east half of the island, north and northeaat directions predominate. 
In cmtrast, most of the dikes of the youngest voleanic rock and 
the zones of pyrita enrichment strike within a few degraes of east, 
a direction that is not well represenbd by tho mapped lineations or 
fault strikes. 

Faults, both ohwed md inferred, are must numems and atruc- 
turd disturbance is the greatest, in tile rocks of the Amchitke 
formation. Glacial deposits am involved in fa& movements along 
the Conatantine Rarbor graben. At the head of the harbor, in the 
cliff of both the, north and the south shore, are 2 faults Ehst strike 
N. 80° E. and dip about 75' towad each other. On each fault 
the graben block has dropped, bringing ti11 into b ~ n l t  contact with 
tuff -breccia of the Amchitka formation. Abont 3,000 fat  westward 
from the harbor shore, along the sonth wdl of the graben, a vertical 
fault cufs fluvioglrtcial sand and gravel and the north block has 
dropped a t  lea& 30 feet. Overlying th fad4 without displacement, 
is tlbout 2 feet of the upperm& silty tilL This movement a p  
pamntly took place during the last glacid mtivi*. Movement after 
l a b  interglwisl time and before the last glaciation took place along 
a fault that strikes east of north from South Bight, if the inference 
is cormt that both the raised beach at an altitude of 135 feet ~t 
South Bight and the raised marine platform and cliff at 240 feet 
west of South Bight am features of the shoreline of a late htar- 
gIacid stand of the sea. 

Tha region is subject to earthquakes, but no physiographic traces 
of very mwnt fault movement are ta be men on the ground or on 
aerial photographs of the island. 

At least 2 uplifts mparatad by 1 submergence, with respect to 
sea Jevel, are infer& from the stratigraphy. The oldest rocks were 
all deposited below ma level and consist entirely of mreworked 
volcanic material, The next younger formation c o n t h  rocks de- 
posited in both submarine and subaria1 envirmunents, including 
beds of detrital material derived from erosion of m k  of the oldest 
formation. Subaerial lava flows of the third younger formation 



that appaar to extend blow pmmt se& level are covered in part 
by marine conglomerate that is now as much as 800 feet abova 
sea level. 

GEOLOGIC HIBTORY 

The oldest depasita (the Amchitka formation) are andesitic rocks, 
prcducta of explosin and effusive submarine volcanic activity, with 
no land stlfficiently near Eo contribute products of erosion. It is 
believsd that this sea waa lombd on a mntinental rather than arn 
ocaanic segment of the earth's crust, becausa all the igneous rocks 
of Amchitka m m b l e  chemically the suites of andesiti~ rocks dis- 
tributd around the margin of the Pacific Omm. 

Uplift, with some deformation, brought part of this submarine 
volcanic deposit above ses, level. Products of erosion of this land 
are interbedded with water-laid tuff and, rareIy, a lava flow (the 
Bmjo Point formation of O l i p n e  or Mimne age). These 
volcanic rocks are badtic, but relatively rich in plagioclw. Both 
the older andesite and the basalt are represented by eobble~ in the 
beds of conglomer~te. The assemblage of fwd Fomminifera 
suggests an environment of disconnected rnrmrine lagoons partly 
sheltered from the open oman; the abundanca of conglomemts sug- 
gests shoals and numerous small islands. Tension fractures formed 
during this time are represented by dikes of basalt that strike 
generally betwwm northwest and northeast. After an unknown 
lapse of time, small stocks, sills, and dikes of quartz diorite were 
emplaced in the racks of both of the preceding formations. 

Eruption of andesitic lava was resumed (the Chitka, Point f o w  
tim) after an unknown lapse of time, and in the region of western 
Amchitka at least on& volcanic pile was built aubmrially to a 
height of mom than a thousand feet, Dikes of similar endesitic 
mabrial trend within a few degrees of east, as do lines of hydro- 
thermal alteration and zones of introduced pyrite. However, most 
of the alteration rsnd pyritkation is found in rock oIder than the 
Chitka Point f omation, so it is inferred that the east-trending linw 
of weaknesa and pyritization are amciatad with the preceding 
plutonic activity but persisted through the time of younger Chitka 
Point volcanism. The age of this younpt volcanic activity on 
Amchitka is unknown. 

The region was next submerged, and marine conglomerate was 
derived from and deposited on the suherial Chitka Point formation. 
(Some of this conglomerate is now found as much as 600 feet above 
the lowest exposures of subaerial Chitka Point formation at pment 
ma level.) 

Emion reduced the surfwlce of Chitka Point fomation to low 
relief, perhaps a completely submerged wave-cut shoal ; it ia not 
known whether the oldest emion surface (now above 1,100 feet in 



altitude) on the present island was cut by submarine or by subaerhl 
erosion. The total submergence of tbwe mbaerial volcanic d, 
over 800 and perh~ps aver 1,100 feet, - to ba too grmt to at- 
tribute to a rise of sea, level; perhaps all of the submergence should 
be wnsidered as resulting from structural depression. 

Uplift followed this episode of marine planation, and the merging 
island was benched by shoreline emion at 2 levels {at the p m t  
altitudes of 500 and 800 feet). These shorelines m y  represent 
pauses during st ractmd uplift, or @bly fluetuatioa of sea level 
in early Pleistocene time. As the island emerged, vigoroug stream 
emion established the pattern and major dimensions of the present 
valleys and ridges. The pattern extends below the present sea level, 
attesting that some s t m m  emion took place during a h e  of lower 
sea level, possibly a, time of glacial maximum. 

It i~ inferred that the structural uplift halted befom late Pleisto- 
cene t h e  and that the &elf-break bench was eroded at a low s a  
level of a middle Pleidmne glacial maximum, coincident with the 
erosion of the now-submerged stmum pattern. Benches and shore- 
line cliffs also were eroded at a high sea level of at least the last 
interglacial stage. 

Block faulting m m r d  on a small scale between the last inter- 
glacial and the latest major glacial maximum. In the eastern part 
of the islmcl, segments of the interglacial shoreline were displaced 
to altitudes ranging from 135 to  240 feet, and the shelf -break bench 
was offset from a depth of 325 fset to as much as 290 feet, During 
the lowered sea level of the last major glacial maximum, shoreline 
fmtures were cut around tho island at a depth of aboat 165 feat; 
these features apparently have not hen offset by faulting. 

Pmtglacial s tmm erosion has modified the glwiabd topography 
V B ~  little, but marine emion has made great changes in the shom- 
fine. A gmd deal of the present sea cli$ marks the pmition of a 
shorehe cut at a ma level about 6 to 8 feet higher than the p m n t  
ahomline. At Ileast 4,000 pars ago, before early Aleut inhabitants 
built their dweklinga on many of ita storm baaohm, this shoreline 
was abandoned by a slight lowering of sea level. 

The most ~.lecent marina erosion haa m d d  much of the wave-cut 
bench and beach depsits of the abandoned shoreline and, in 
f~vorable localities, hras cut e new ma cliff. 
The region is still structurally nnstable as attest& by frequent 

arthquakea, but no recent erarth movement haa baen d c i m t  to  
form visible mrps or offsets in p m t  topqmphy. 
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