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* PREFACE 

In October 1945 the War Department (now Department of the 
'I Army) requested the Geological Survey to undertake a program of 

volcano investigations in tho Aleutian Islands-Alaska Peninsula, area. 
Field studiw under general direotion of G. D. Robinson, wcro begun 
as soon m weather permitted in tho spring of 1946. The resulta 
of tho &st year's field, laboratory, and library work were wcrnbled 
w two administrative reports, Part of tho data was puhlish~d in 
1950 in Geological Survey Bulletin 974-B, "Volcanic Activity in tha 
Aleutian Arc", by Robert R. Coats. The rmt of the data has becn 
included in Bulletin 1028. 

The goologic investigations covered by this report were recon- 
naissance. The factual infomation presented is believed to he accu- 
rate, but many of the tentative interpretations and conclusions will 

2, be modified as the investigations continue and howledgc grows. 
The investigations of 1946 wero supporter1 almost entirely by the 

Military 'Intelligence Division of the Office, Chief of Engineers, U.S. 
i. Amy. Tho Geological S m y  is indebted to that Office for its owly 

recognition of the value of geologic studies in tho Aleutian region, 
wI~ich made this report possible, and for ib continuing support. 

m 
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INYEmGATIONS OF ALASKAN VOLCANOES 

GEOWGY OF UMNAK AND BOGOSLOF ISLANDS, 
ALEUTIAN ISLANDS, ALASKA 

Umnak end %goelof Islaads sm In the eastern psrt of the Aleutian Island am, 
B gemtiallnal uplift paralleled on the southerly (convex) Bide by the Aleutian 
Trenoh, Umnak lelsnd, 675 square milea in area, is qsrated Inta northeastern 
and muthweatera prta;  by s eonstriction in the central partion. The rocks 
conelet of l ~ t e  Tertrilry and Quaternary volcanic mka that r ~ t  on a baaement 
complex d probable mrly ta middle Tertimy plutonic and low-grade mete- 
morphic m k a .  Bogmlot, 25 miles north of Umnak, is composed ahnost entirely 
of historlo lavas. 

The oldeet p?ologlo unit, am albItIsed dmmtarg. and igneous- mmplm probably 
largely of early t o  middle Tertisry age, b- exposed near sea level on aouthweetern 
Umnak and inoIudea folded srgillife and tuf, keratophyre flows, and albitimd 
intrusive mka.  Post-Oligmene plutonic roch, largely quartz diorite, intrude 
fhe albitked sedimentary and igneous complex. Grnnopbyre dikes cut the larger 
M y  of quarta diorite and are nssocisted with a wide aureole of p o t d u r n  feld- 
  pat hi zed quartz dion'te. The volcanic rocks of central Umnsk include both 
potmiurn felrlapsthised volcanlc rocks that aw probably prepluton in age and 
unaltered Iavzls of probable late Tertiary rto early Quaternary age. The unaltered 
lava rsat uncodormably on the albi t isdl sedimentary and igneous complex. 

Two Quaternary volcanoes, Mount Recheeohnoi and Mount Vaevidd, overlie 
with sn emional unmnformity the older rocka on southwwkern Umnak. Mount 
R e c h ~ h n o i  ia a deeply diaaected r i d ~ e  remnant of a composite strrvtovoloanic 
cone c u m w d  largely of hypemthene mndcsite. Satellitic lavahl of Mount 
Recheachnoi comprise mafia phenocryst b~qalt,  extruded early in the hiatory of 
the  volcano, rhyolite domea, and a quartz-olivina baealt flow of early Recent age. 
Mount Vsevidof is cornposcd of an oltlcr wquence at bnsaltic andmite and spansely 
hppersthene-bearing andeaita flows, an intermediate aequsnao of py~oclaatia 
rbyodacite pumice and andealto ~icaria beds of a culminating lsummit eruption, 
and younger andesite and bbasdtic anddie  flowe, including a hi&oric(?) Iatittite Bow. 

Okmok Volmno on northea~tern Umnak, in oontrmt to tha andesitic ~trato- 
voIcanoes of aouthwmtern Urnnak, consista largely d baaalt flowa and has a 
central caldera, Okmok Cnlders, 6 milee in diameter. The rocks of Okmok 
Volcano are conveniently divided inta precaldera rocks, Okmok valcanlca, the 
deposits associated with the caldera-forming eruption, and postcaldera rwka. 
The precaldera rocks include the Ashishik b m l t  of Istcst Tertiary and Quater- 
nary age and volcania rocks of minor vents, including vitreoria andmite, rhyolite, 
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and plagioelase-olivine basalt of mtellitio vents. The youngmt pwcalderrr unit 
ia the Crater Creek basalt of latest PIebtonene or early %cent age. The Okmok 
voloadcs of early Reoent age are nompomd of a few very thick he& of unaorted 
andmitic agglomerate, welded in the middle parts of beds, and an overlying unit, 
cornsting of sorted ash, h u b ,  and lapilli beds. Po&caldera mch within Okmak 
Caldera include early postcalderrr pymclastic mka, plagioaiase basf t flowa of 
cones C and D, and bedded voloanio sediments. Bubaerial basaltic a w a  
later than the caldera lake include those from severd venh within the caldera, 
the latest flow having bsan extruded aa recently ss 1945, The undimoted 
condition of several mnea and flows outside Okmok Caldera suggwta that they 
am also postoddera in age. 
The etructuw of Okmok Volcano is nhiefly that of a low dddd voloano with 

gentle outward dips. A fault ts expmed for a short distanae at the periphery of 
Okmok Caldera, and the mmureble displacement i s  toward the aaldera. The 
~ t e e p  infating CUT of Okmok Caldera f therefore inferred tu be the scarp of s 
caldera ring fault. A few faulta me radial to Okmok Caldera. The north and 
the east amuate ridges may have originated in any one of t h e  warn; they may 
be receded fault n c w  of an older oddera ring fault, they may have formed 
mwmitantly with the collapse of Okmok Caldera, though there are aeveral 
objection8 ta th ia  hypothesiq or they may represent scournuhtiana of voloanio 
debris erupted from vents localized along 8 fissure beneath the arcuate ridgea them- 
aelvm with little or no fault movement. The % hypothesib modified by the 
third, -ma moat plausible. 

rCegardle88 of whiah of two extreme aaaumptiom Is made in regard fo aim and 
&ape of the missing summit af Okmok Voletmo, the total volume of lithio frag- 
ments in the Okmok volemics b not nearly ~uEcIent to aooount for the miming 
aurnrnit. Hence, the missing portion of the summit must have collapwd inward 
to form Okmok Caldera. 

BurGcid deposits of Umnak eompriw older till, younger till, glaoier ice, glaniel 
outwash, alluvium, talus, beach depodta, and dune saad Older till of latat 
Wisoonsin or early Recent age f o m  a aeries of end morain~ wverd miles in 
front of the g r e ~ n t  glaciers. Younger till is oonjined t o  morainea within a mile 
of the premnt glaciers and pmbmbIy reoorda the moBt recent glacial advance, 
100 to 200 y w s  ago. Beach deposits are in m many rn 20 oonaentrio beach 
ridges parallel to the preaent besoh. The older till b aovered in part by these 
beach ridges which are believed ta date from the high, %meter &and of sea level, 
generally asoribed to the p& W i w n s i n  thermal maximum. 

Hornblende andesite and Wit exposed in IM? on Bogoslof Idand are sll of 
historia age. The oldest rock, representing the explosive phase of the 1796 erup 
tion, is an andesitie vent agglomerate in fault contact d t h  the hornblende andmite 
dome also extruded in 1796. The hornblende b m 1 t  dome of Fire Island w t ~  
extruded in 1883 following a violent eruption. Domes were erupted in 1906, 1907, 
1910, but no specimens of these domea were available for study, owing to ex- 
plosive disruption of the domes m n  after they formed. Basaltio agglomeratio 
ash erupted in 1926 and a basalt dome extruded in w l y  1927 formed mmt of the 
area of the island in 1947. From 1927 to 1953 Bogoslof wsa steadily reduced in 
size by marhe  emion. 

In June 1945, a spectacular eruption of O b o k  Volcano on the 
northeast pmt of Umnak Island in the Aleutian IsIanda (fig. 49) 
threatened a military base on the emtern slope of the vo1mno. 81- 
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though this eruption did no damage, military authorities were JEW 
-- to the fact that pemnnel and installations in the AIeutim region m e  

constantly exposed to possible danger and damage from its many active 
volcanoes. In October 1545, the United States Geological Survey at 
the request of the Alaskan Defense Command, United Stam Army, 
began a p m p m  of eyatematic geological and geophysical invatiga- 
tion of hhe Aleutian Islands. As the site of a large bme and of a cur- 
rently erupting volcano, Urnak wns one of the h t  islands investi- 
gated. A ~estrictad report to the Depmtment of Defense in 1947 
emphasized the possibiities of damage by volcanic eruptions to the 
local military base. The present, report deds primarily with the 
stratigraphy and petrogtlpl~y of rocks on Umnak and i t s  t.iny but 
famous neighbor, Bogoslof Island; the ghciem and glacial geology 

m 
also axe briefly discussed. 

d 

FIEKDWORI AXD A G ~ O W L E D G ~ T E  

This report is based on fieldwork during the summera of 1946 and 
A 1947. The writer was essistedl in 1946 by D. M. Hopking and Bernard 

Fi'iaher, geologists. Hopkin8 mapped most of the area within Okmok 
Caldera, (pl. 39) and part of the description and interpretation of the 
postcaldera deposits is based on his work. Fisher and two Army men 



were drowned in Urn& Bass on June 22,1946, when they athmpted 
ta land their power dorg- m Ship Rock, a emall idand ofi the comb of 
Urn&. The loes of Fisher d d t  tn severe blow to the progrew of the 
fieldwork. In 1946 the gmlogists were aided by Kenneth L. Wier, 
gmphysicht, aad by field assistants W. E. Hawman, 0. L. Smith, G. 
A Hill, and J. M, Borglum. Fieldwork in 1946 was confined to 
northemtern Urn&. In 1947, the writer, accompanied by W. S. 
Ogburn, field assistant, completed mapping of northemtarn Umnak, 
made a 6-week reconnaissance of ~ o u t h w ~ t e m  Umnak, and spent 1 
day on Bogoalof. In 1948 the w-riter, accompanied by Howard A. 
Powem, supen+ing geologist, spent several days reexamining par& 
of northeaatern Umnak. 

Ray E. Wilcox, prmn tly geologist of the Geological Survey, kin@ 
made available spechem and information be had collected on Umnak 
during 1945, while serving in the Axmy. 

Many o E m  and enlisted men, formerly stationed at Fort Glenn, 
coopexahd f d y  in providing transportstion and supplies. Maj. Jim 
McCdl, commanding officer of Fort Glenn during the 1946 Edd semn, 
Maj. Clarence J. Jackson, commanding officer during the 1947 field 
a e w n ,  and Capt, Laverne E. Dye, adjutant during the 1947 asson, 
were especitally helpful. At Nikolski, H. Frank Bmett ,  and H m e y  
B. Be11 gave material aid in Auguat 1947, during two rainy periods, 
During 1947 and 1948, Harald Drcmes gave valuable assistance in the 
office. The wtiter received many he.lpful suggestions in 1948 at the 
U n i v d t y  of Chicago from Tom. F. W. Barth on opticall atudy and 
chemical analysis of the Iavaa from Umnak. 

=TORT AX0 FBBVIOUl CIEOLOGZQ WORK 

Umnak Island was &st sighted in 1741 by Capt. Alemi C M o f  of 
the St. Pad,  a ship of Fleet-Captain Vitus Bering's expedition to 
North bmerica. The name, Umnak, was the native name Paker, 
1906, p. 650). No Russian investigations were made on Umnak during 
the latter part of tho 18 th century, dthoug b Stephen Glo ttof nnd other 
Russian fur traders visited Umnak this period maker, 1006, 
p. 36). William Coxa (1787, p. 141-142 m d  173-181) gives intaresting 
accounts of the ewly Russian traders and of the natives. The moat 
complete d ~ c r i p t i o n ~  of Umnak and BogosIof during the Russian 
period are thoaa of Veniaminof (1 840) and Grewingk (1850). The f i a t  
detailed map of Umnssk appeared in the marine atlas of Capt. M. D. 
Tebenkoff (1 852). 

A rocky g e t  on the site of Bogoslof was h t  sighted in 1768 and 
n a n d  Sail Rock by the Rumiam; it was &led Ship Rock by Captain 
Cook and other early navigators. The islet disappeared between 



1884 and 1891. The name 10- Bogoslof (John the ApoatJe) was 
applied by the Russians t~ an island formed a little south of Ship 
;Flock by an eruption of viscous lava in 1796 (Merriam, 1902, p. 
291 -294). 

UNFFED rnATEB TEmuToRIAL =OD 

In 1867, the United States purchased Alnska, but no survey or 
scientific study of Umnak by Americans was made until 1883, when 
the birth of a new volcttnic dome, less than a mite north of Bogodof 
Island, attracted intereat. Dall (1884 and 1885) and DilIer (1884 and 
1885) used the rimes Grewingk and New Bagoulof, respectiveIy, in 
dearribkg the new dome, the rernnmt of which is now called Fire 
Island, Memill (1885, p. 31-33] contributed petrographic doscrip& 
tione and two analyses of specimens from Fire Island. Membem of 
the Hamiman Alwks, Expedition stopped at Bogoslof in 1899 and 
collected specimens from Castle Rock. Merriam (19021, a member of 
that expedition, published the h t  complete paper in English on the 
history of Rogoslof during tho period 1768-1900. Marcus Baker's 
Geographic Dictionary of Alaska (1906) is s valuable source of infor- 
mation, not only about origin of names but also about earlier workem 
and thcir publications, especially maps and chmts. 

Volcanic activity at Bogoslof was renewed during 1906-1907. 
Jaggar (1908) published a history of 8ogoslof and an account of his 
landing of August 7, 1907. Robert Dunn visited both Bogoslof and 
northeastern Umn& and was the first (Dum 1908) ta pubfish the 
name Okmok, aupposdly t4he native name for this volcano. Sidney 
Powers (191 6) gave an amunt of the 19110 eruption of Bogdoof and 
the extrusion of the Tabarna Peak dome and Jaggar (1930) gave an 
account of the 1926-27 Bogpalof activity. Lukens (1936) gave s 
description of Bogoslof Island as i t  was in 1935. Paul A. Smith 1( 1937) 
wing Coast and Geodetic Sumey data, described the submarine 
m y m e  near Rogoslof. 
On Umnak, Waldmar Jachelson, an anthpologist, made excam 

tions at ancient village sites in clonncction with his gtudiea on the 
origin of the AIeut (hchelson, 1925, 1933). HEdlieka (1945) also 
visited Umnak in connection with his anthropologica1 studies of the 
Bleut. Umnak Island was bricfly visitod in 1031 by S. R. Cappa 
(1934) of tho U. S. GeologicEI Survoy, and Iater HultBn (1937) made 
botanical. coUections nem Nikohki. An eruption in O h k  CaIders 
in 1931 was reported by Jaggar (1932). 

During World War TI, from 1942 to 3945, O h o k  Caldera becme 
known ta military personnel stationed at Fort Glenn. Dean Freiday 
(1945, p. 453-454) described Okmok CaIdera by meam of photographa 
and ~paculatad on its origin. Ray E. WiImx (1945 and 19463, while 
an officer at Fort Glenn, prepared file reports on the 1945 activity. 



Q. D. Robinson and Howel Williams as c o d t a n t a  to the US. Army 
d m  observed the 1945 eruption and advised the A d a n  Defense 
Command that Umnakhirbase was not threatened. Byem, Hapkins, 
Wier, and Fisher (1947) preparcd sn sdrninistmtive progress report 
on volcano investigations begun in 1946 on northeastern Umn& 
Byera and Brannock (1949) sampled hot springs md fumamlea and 
described volcanic activity on Umnak Idand during the period 19-46-48. 

Umak and Bogoslof lie in the eastern Aleutian Islands, Alaska 
(6g. 49). Most of their area is encloeed by the meridians 168" mad 
169' W. m d  paralIels 53' and 54' N. Umntbk Idand h bounded on 
the north by the Bering Sea and on the south by the PwXc Ocean. 
Bogoslof Island ia sntirely within the Bering Sea, 25 miles north of 
Umnak and slightly off the main trend of the eastern Aleutians. 
Umnak is 75 milea long and has an area of about 675 squwe miles. 
Bogml~f was only slightly more than a miIe long in 1947 and had 
an area of less than a quarter of rr square mile. 

The chief settlements are Cape Air Force Bttse (Fort Glenn prior 
to 1947) on northeastern Umaak Island and the Aleut villl~ge of 
Nikolski on the muthwestern part (pl. 39). In 1947 a group of 
about 12 U. S. Coast Guardsmen operated the Cape Stsrr bran 
Station, 4 d e s  west of Nikolski, a village with a population of goverd 
Bmre Aleuts, s achodl teacher, and the manager and a few employees 
of a livestock company. No one bas lived on Bogoslof since 1945, 
when a World War I1 outpost was absndoned. Umnak Island can 
be reached by Government vessel in about 1 week's time from Sewaa-d, 
Alaska. The dock of Cape Ai Force Baee can accommodate smdl- 
ta medium4zed vessels, but ah Nikalski all supplies and pamengem 
must be ligbtered ashom. Bogoslof Island is accessible only by 
small boat in calm weather. 

Roads, in bad repair, encirde northeast b a k  Idand except on 
the northwest side. Southwest Umnak baa onIy wagon mads md 
trails in the vicinity of Nikolski. 

Dm&, like nearly all the islands of the Aleutian arc, rests on 
8 flabtopped submarine ridge, the Aleutian Ridge (Studds, 1950, 
p. 787). Bogoslof ia the top of a submarine volcano rising from 
oceanic depth, 25 milos north of the Aleutian Ridge (pl. 39). The 
general aubmarinc features of the Bering Sea, the Aleutian Ridge, 
md the parallel Aleutian Trench to the south have been described 
Fop Mumay (1945). 



The Aleutian Ridge near Umnak 'Island reaches a maximum width 
of 35 miles along a line through northeastern Umnak but tapers to 
22 miles opposite the southwestern end of Umnak; its upper surface 
is almost entirely at  depths of less than 100 fathoms (pl. 39). The 
break in slope between the ridge or shelf area and the north wall 
of the Aleutian Trench is at about 100 fat.homs, 12 to 30 miles south 
of the coast of Umnak. The north wall of the Aleutian Trench is 

2 dissected by short submarine canyons, which extend to depths ranging 
from 1,500 to 2,000 fathoms. The average gradient of the canyons 
is about 600 feet per mile. Below 2,000 fathoms the north wall of 

• the Aleutian Trench has a more gradual slope. The bottom of the 
Aleutian Trench is 4,030 fathoms at about 100 miles south of Umnak 
(Murray, 1945, fig. 9) or about 50 miles south of the southern boundary 
of the area shown in plate 39. 

Umnak Island is separated from Unalaska Island to the east by 
Umnak Pass, a strait 4 miles in minimum width and 26 fathoms in 
minimum depth. Samalga Pass, 20 miles wide and about 125 fathoms 
deep, separates Samalga Island off the southwestern tip of Umnak 
from Chuginadak, the nearest of the Islands of the Four Mountains, 
just west of the area shown in plate 39. 

The submarine slope at a depth of about 100 fathoms (pl. 39) 
t steepens off the northwest coast of Umnak within a few miles or the 

shoreline at  the widest parts of the island. The gradient is about 
600 feet per mile from 100 to about 600 fathoms and the submarine 

+- slope is incised by many steep V-shaped canyons as much as 1,000 
feet deep. Below about the 600-fathom contour the submarine slope 
becomes less steep and also less regular. Submarine canyons sepa- 
rated by spurs extend northwesterly for several tens of miles to join 
a much larger submarine canyon with a westerly gradient (extreme 
top part of pl. 39). This canyon, 6,000 to 9,000 feet deep, is the 
largest submarine canyon of the eastern part of the Bering Sea 
(Murray, 1945, pl. 1; Smith, 1937). The largely submerged volcanic 
cone of Bogoslof rests on one of the northwest-trending intercanyon 
spurs. 

Umnak Island is divided into northeastern and southwestern parts 
s t  the narrow isthmus where Inanudak Bay makes a deep reentrant 
into t.he northwest coast. The two parts of Umnak have marked 

\# differences in topography. Southwestern Umnak is much more 
rugged, with two large volcanic mountains rising to nearly 7,000 feet. 
Northeastern Umnak Island is almost wholly occupied by Okmok 

N Volcano, a low shieldlike volcano, less than 3,500 feet in altitude. 
Southwestern Umnak Island contains the glaciated volcanic moun- 

tains, Recheschnoi and Vsevidof, in the northern part and the Nikolski 
plain in the southern part (pls. 39 and 40). Mount Recheschnoi 



(dtitude, 6,610 feat) ie a deepIy dimected ridge with radial flat-tapped 
spum aeparatd by deep, glacier-filled valleys. Saven glgciem, 2 to 4 
miles long, extended in 1947 from nem the summit of the ridge to an 
dtitude of a few hundred feet. Outwash plains in the vdeys extend 
seaward from the glacier fronts. Mount Vsevidof, wsat of Mount 
Recheslchnoi, h a gymmetrical volcanic cone rising to about 7,000 feet 
above sea level. The crater of Mount Vsevidof, 0.8 mile amom, is 
med by a glacier with two distributariem, one north and the ather 
east of the cratar. The distributary glaciers have breached the crater 
wall and have incised gorgm 200 ta 400 feet deep. The larger, ewt 
distributary j o b  a glttcier flowing southwest from Mount Recheach- 
aoi. The compoaib glacier then flows muthward 2 to 3 miles to a 
large end moraine at an altitude of about 1,000 feet. This glacier 
drains to the two forks of Black Creek, the largest stream on ~outh- 
western Umnak Island. The hTik01ak-i plain southwest of Mount 
Recbeschnoi and Mount Vsevidof is a rolling surface with a relief of 
a few hundred feet and about 300 feet in average altitude. Small 
lakes, Iesa, than a mile long, abound on the sur fam of the pl~in. Small 
islands, such as Ananiuliak, Samalga, aud Vsevidof, off the comast of 
s o u t b w e s h  Umnak, are apparently remanta of the plain, which 
were iaoIated by m i n e  erosion. 

Okmok Volcano on northeastern U d  is a shield-type voIc=ano 
with a large central caldera, 6 miles in diameter. The rim of the 
caldera ranges in altitude from 1,600 to abut  3,200 feet (pl. 39). 
Several cinder canes and craters, designated on plate 41 by lettem A 
tbrough H, are on the floor of O h o k  Caldera. The a d d m  is 
drained toward the northeast by Crater Creek through a gorge 600 
feet deep. North md east of Okmok Caldera, two muate ridges, 
roughly concentric to the walls of Okmok Caldera, are herein referred 
to as, the north muate ridge and the east arcuata ridge, respectively. 
Rttdid spurn separated by broad ~hort valleys are ty-pical of the dopea 
of O h o k  Volcano above altitudes of about 1,600 feet. At lower 
levels, slightly dissected plaina dope 100 to 200 feet per mile ees- 
ward, except dong the northwest mast between Fox and A@uk 
Points (pl. 391, where dopes are steeper and more dissectd. Tha 
slopes on the lower flanks of O h o k  Volcano have been incised with 
Vshaped fl ies,  aa much as 200 feet dwp. In e x p o d  places where 
the plains i n t e m t  the mast, the saa cliffs are 100 to 250 feet high. 

Northeast of Okmok Volmno, Mount Idak surmounts the muth- 
western end of a small lava plateau tbst ~Iopes northward toward the 
Bering Sea. On the south flanks of O h o k  Volcano m0 eeverd 
parasitic conm in different atagea of dissection. The largeat of these, 
and also the highest peak on northeastern Umnak Island, ia Mount 
Tulik, with an altitude of 4,111 fwt. h w ,  ruggd volmuic mua-  



tabs, rising about 2,500 feet above ma level, occupy the narrow 
isthmus that joins the northeastern m d  nsouthwestem pmta of Umnak 
JaIand. This mountainous area is herein d e d  the central Umnak 
m a .  

aIZMATE, VEQBTATION, AND m b l r  

The climate (U. S. Coast Pilot, 1947, p. 36-43) k marine ~ubarctic, 
chm~chrizad by overcast &ss, high winds, and small varistions of 
diurnal temperaturn. Overcast skies and fog with considerable rain 
in the mountainous areas occur during the late spring and summer 
months, owing to warm mutherly winds off the Pacific Ocean. Winda 
during the summer are muaIIy atxornpanied by fog and drizde and 
frequently exceed 30 miles per hour. Oc~ional ly  the winds reach 
velocihies as high as 70 miles par hour, but winds of extreme velocity 
during the summer me probably williwaws, whose accelerated velocity 
is caused by local topographic conditione. Temperraturea during the 
summer are cool, rs-ngjng from 46" to 68" F., on Umnak. After the 
September equinox, tha average wind direction shifts from westerly 
to northwesterly, and winds of over 100 miles per hour we not un- 
common. Fog and low overcast give Ray to broken overcast with 
occasional clear days. Drifting snow that blocks roads becomes a 
problem in winter. Winter temperatures at sea level in &e vicinity 
of Umnak and Bogoslef Islands average slightly above freezing and 
the gem are ice-free throughout the year. 

TabIe 1 surnmmizes ~Iimatologicd data et  Cape Air Fom Base 
and Nikol~ki from June 1942, to  April 1948. 

T A B L ~  l.-CTinaatologz%al dda for two sbatim on Urn& Iabnd, Juns Iflo lo 
December f 948 

[Uomplted barn 11th Weathar Bqndmn, 1W, Ch& 18, md earlier ffls of V. 8. AIr PmwJ 

T s m w a m  <dewem Fuhnhdt): 
Meun annual ----------------.-+------------+-------++.++-*.------.- 

Mnxlmurn sontl%l.-__..-.---_--------+-----~----+----+-.-----..+-*--- 
hi lnimum annual ...-- 

Rscl plLntIon (Inches): 
M ~ a n  nnnunl ...--.----_----u-,-----------++.-------+--.--..-----*++ 
Annltal snowfall. rmmeltad .,----.-..+------+---.+-.-++-.-.------...-- 

Ci rent-t depth on m u d  .~.--~..---...----...T1T1T1T1T1T1...T1T1T1T1T1T1T1T1..T1T1.... 

h ' u b e r  01 days wlth at least n tram o i ~ l p l t u t l o n  .-..---............. 
F-: Annun! perreurn of v e e  -.---.--..----.----+-.---*..-+ -.---*.. 
WLnd OmUcs wr hour): 

Awe- velaclty ._--------,---------------.-------++..--+-..-~-..-+..- 

Extreme v c i m t ~  ---,-,----.----------------+---------..---.-.-..-- 
BLg (cnndttloo m ~ ~ G f h o w ) :  

Clear .~-..--...~.,~--~-------~~-~~--~~~~~~~~-........ ..... 
RcarLered or broken -__-._,,,----- * +------- + ---------.-------- - ----.- + 

0 vcrcarrt or o b W  .................................................. 

O&W AIr 
Forw B w l  

88.0 
88.0 

W. 0 

47.07 
M. 1 

R. 1) 
81R 

ZR, n 
18.8 

135.0 

1.4 
88.8 
ga. 3 

Ntkomlt 

%a. 2 
M. 0 
11.0 

41.19 
49.0 
13.0 

307 
13.0 

18.1 
720  

1.7 
WC 
@. 8 



276 lNVE819CfATIONS OF ALASXAN VOLCANOES 

A general dwcliption of $he vegetation of the Aleutian Islands i 
given by Walker (1945, p. 63-71). G r w a ,  sedge, and flowering 
plants cover the dopes below an altitude of 1,000 feet on northeastern 
Urn&. On southw~tern Umnak, grasaea and flowering planta grow 
in protected places at dtitudes up to newly 2,000 feet, and several 
types of edible barrim grow at dtitudes below 1,000 f set on the south- 
facing dopes of Mounts Recheschnoi and Vsevidof. In 1947, Bogoslof 
had very little vegetation other than a few gasseg. 

Umnak and Bogoslof, like other Aleutian Islands, are cbacter ized  
by a profusion of marine mammals and birds. (See Clark, 1946, p, 
31-61.) Fish and marine invertebrates likewise we abundant. By 
comparison the tmrestxhl fauna is insignificant. No reptiles or 
amphibians are known in the Aleutian Islands and the moBt common 
land mammal is the red fox. Reindeer, imported from Sibaria, were 
stocked on Umnak about 1900 (Lantis, 1950, p. 28-29), and in 1946 
sevmal hundred of these animala, then in the wild state, inhabited 
the northemtarn part of the Isrand. Sheep are raised on southwestarn 
Umn~k, where thcy produce a premium crop of wool. 

Ummk and Bogmlof Idands am a mall segment of the Aleutian 
Idmd arc, on the norhhern edga of the Pac8c Ocean. Moost PacSc 
idand arca (Umbgrove, 1947, p. 146216;  Has, 1948, p. 417-445) are 
arcuate geanticlinal ridges oPith submarine trenches or downbuckles on 
their convexocesnward sidss. Menard and Dietz (1951) provide hydro- 
graphic evidence that the Aleutian Trench has sunk, probably in lab 
Tertiarg? and Quaternary time. 

The Aleutian arc is a single island aro at Umnak and adjacent is- 
lands, but becomas a double arc to the northeast (Umbgrove, 1947, 
p. 189). In the Umak portion of tha arc, the geanticlinal ridge, 
marked by tho line of Quaternmy volmnaes, remains dom to 100 
miles from the axis of the Aleutian Tronch (fig. 60). Bogoslof and 
Amak Idands are partly submerged volcanoes 30 miles north of the 
main Aleutian ge&nticlinal ridge and hence are excaptions to this 
general relationship. Northeast from Umnak, the l i e  of Quaternary 
volcanoes diverges from tbe axis of the Aleutian Trench and ia 200 
miIes away near Kodiak Island (Eg. 50). The con tineabl shelf south 
of the shoreline of the inner (northern) arc likewise widens from about 
20 miles, south of Umnak, to 150 miles, southeast of the h k a  
Peninsula new the Katmai Volamo. Where tha shelf widens, an 
outer [southern) chain of nonvolcmic islands begins with Sanak, and 
extends northeastward. 



F l d v e ~  s O r  Eastern parl of AbutiRo volcanic arc, sboslng WM 01 volfsl~ld~ and Ale~tIau Trench. Bubrnwhe matows balecled to &ow posItlons 01 AhtIan 2 
R a e  and AIeutInu Tmncb. 



278 ~smaATxo1pB OF ALASKAN VOWANOES 

The geology of the outer, eantheasterly islands of the double arc 
is known chiefly from the work of S. R. Capps (1937) on Kdiak 
Island. Capps (1937, pl. 2) has mapped sedimentary mkg of four 
ages: an emly Mesozoic ~ n d  older, a late Mesozoic, an emly Tertiary, 
and a Iate Tertiaq. The rocka are progressively more deformed with. 
increasing age. In general the bede of Tertiary age crop out nearer 
the Aleutian Trench than the mch of Mesozoic ;age. These aedi-' 
mentary mcks strike northeast, pardlel to the Aleutian Trench, and 
ma generally sepwtrated by great, northwoekrlydipping faults running 
the entire length of XCodiak Island (Capps, 1937, p. 138). 

The Alaska Peninsula, on tha innor concave part of the Aleutian 
double arc, contains folded thick rocks of Mesozoic and Todiary age 
(W. R. Smith, 1925, pl. 4; Atwood, 191 I ,  p. 28; Knappen, 1929, 
pl. 6'1, which extend as far southwest as PavIof Bay (P. S. Smith, 
1939, pl. I ) .  Atwood (I9 11 ) mapped Juraasic to Tertiary sedimentary , 
rocks, which have bean bowed up into a broad snticlinorium. Thrust' 
faulb that strike northewt and dip northwest have been reported in . 
tho h i & & &  district (Knappen, 1929, p. 207). 

Southwest of Pavlof Bay (fig. 50) the thick sedimen t q  formations ' 
of Mesoxoic and Tertimy age are not exposed. Between Pavlof Bay 
and the end of the Almks Paninsula (fig. 50) only minor thicknesses 
of late Tertiary sedimntary rocks interbedded with bmio t u f f s  crop, 
out at low altitude beneath the Quebrnmy volcanoes (Kennedy and 
Waldron, 1956, p. 6-7; H. H. Waldroa, 1947, oral communication). 
The Tertiary and older mcks probably are mostly concealed beneath 
the Q u s t m n q  volctbnoes of Unimsk, the easternmoat island of the ' 
single arc. The idands of Akun, Akutan, and UnJaska, west of 
Unimsk, are composed dmoet entirely of volcanic rocks af Cenozoic 
age and their ~edimentary derivatives. On Undaska, the next island ' 

east of Umnek, lower Miocene tuffaceous sedimentary rocla and' 
associated ~obanic socks are cut by quartz dioritic plutonic rocka. 

dBEd OF THZB EXPORT 

Urn& and Bogoslof  island^ are camped almost entirely of igneou~ 
ox at mad igneous racks of Cenozoic age. The 2 islands are divisible. 
into 3 areaa that with few exceptions d8er significantly in geologic, 
features and petrogs~phi~ type. These areas are muthwestm Umnak 
Island, northemtern Umnak I~land, and Bogmlof IsImd (pl. 39), 
which me shown on separate geologic m a p  in plate 40, plate 41, and : 
figure 53, respectively. Northeastern Umnak is arbihrily separated 
from ~outhwestern Umnak at the narrowest pltrt of the island. South- ' 
western Umnak (pi. 40) contains the o l d ~ t  mb, a complex of 
albitized adimentarg and igneous rocks of possibly diverse geologic 
ages, mostly Tertiary, but possibly including shill older rocks. Dioritic 



plutonic mks, intrusive inih tk complex, were a h  found only on 
aouthwestera Ummk. Altered Tertiary volcanic rocks that crop out 
in the central part  of Wmnak underhe Quaternary vo lmno~  on both 
northeastern and southwestern Umnak. Tha petrography, composi- 
tioa, and physiographic sxprmsion of the volcanic rocks of Quaternary 
age in the northeastern part of Umnak differ from thme of south- 
western Umnak; the volcanic rocks of Bogoslof Island, which are 

# entirely of historic we, d8er somewhat in composition from thoee 
of either southwestern or northemtern Umnak. 

Geologic dating of most of the rock uni& is uncertain abd based 
f chiefly on inferences from contact relationship, degrees of alteration, 

and, ta lem extant, dagrae of dissection of constmctiond ~ u r f m ,  
T e r t i q  fossils recently discovered on nearby Unalaska Island (pl. 39) 
have supplied some evidence, from which geologic agee of the older 
rocks may be inferred. 

Nasles of volcanic rocke in the suite being invtwtigsted are based 
on tbe total content of silica in the rock, following in general (and 
extending to bigher silics percentages), the system of Williams (1950 
p. 234-2351. As defined in this report, basalt contains lass than 54 

a percent silica, equivalent to about 5 percent normative quartz; 
a n d ~ i t e  c o n t a b  more than 54 end: less than 63 percent silica, approxi- 
mately equivderit to the ranga 5 to 14 percent ~f normative quartz; 
latite mnhins between 63 and 65 percent of silica, appmxhately 
equivalent to the range 14 td 17 percent of  normative quartz; rhyoda- 
cite contains about 65 percent of silica, equivalent to about 20 
percent of normative quartz; and rhyolite contains ,more than 72 
percent of d a a ,  or more than 25 percent of normative' quartz. (For 
.chenicnlam.Iys~~of therockssee table 2.) ' 

Porphyritic rocks axe named by applying the appropriate g e n d  
rock name as determind by the silica content modified by mineral 
names, particularly those of m d c  phenocryst~, to indicab the pheno- 
crgsts in the rock. The names applied to  many of the porphyritic 
rocks on the maps and in stratigraphic descriptions are shortened 
versions of names based on chemical and petrographic analyses; that is, 
hypersthene andesite for hypersthene-bewing labradorih andesite. 

,p One term, mafic phenocryst basalt, found useful in the field mapping, 
is retained in the report as a map unit and general rock group. It in- 
clude~ porphyritic bmdb that contain visible phenoerysta of olivine, 

+ augite, or both together in ex- of about 2 percent by ~ o l u n e .  
Abundant p l ~ o c l a s a  phenocrgats in association with mafic pheno- 
cryets are not generally wnsidered in nming the rock, especially if 
lm than 10 percent, bemuse plagioche phenoerysts are abundant in 
many of the rocks d~cribed. 



TAB- 2.-Anolyaea qf rock jrom Urnnail: and Bqoalof Iahnda 
( m y s t  Indicated by LuUlaLs: 8 M Berthold (BMB W W Branoat WWB). B L Bill (RL and leonard M. Bbapfm M8) otraptd-d-analw'rls laboratory (sw Bhaptro 

md B r ~ w k .  LMbu. I. b*iwla Surveyv 4 i H;-BI WCB) d l ~ -  a cC% Y. C ~ O  M=O md% +omd (m~, n. 0w1qM 8wre ; 
P M Bsers. l r  P B), of U. 8.Oml ~ c a l  s&W &leaveal dnlvenlty al0~mgo 1aboretw;;ind~aulul~. $mutt  (PBB), Arthtv Cbodos (AC), K. J. Xd- (M&, 
A: ~ . ' ~ y e r s  (A&), speetragrapham.3.8. Ctaolag(d alurveg.1 

- - 

.......- PRB .............. A0 ATM KJM ...................... KTM KIM ATM ............... KIM KJM 
Zr ...................... 0.663 .............. 0.W 0.W 0.005 ................. .-... 0.007 0.W 0 . a  ........-...... 0.01 0.01 ............... ...................... ae  ..................................... .COO0 . O W  .OW7 .W .OOl .ml .a01 .W 

& ............................................ .004 .....,.. ........ .-.-.. ............... ...................... Y ............................................ .w ,002 .ma 
yb ........................................... 
Be 



............... .........-....- Br ....................... OB ............... 1 .09 ...................... .1 -08 .1 
BE ...................... oe .............. .a ................ oa .06 ............... m Q 

Pb.. .........-......-....-.. 
Ctl.,....-...., ........ .004 .............. .cQ . ............... .OI .00$ -.............. 
v Q3 .03 ............... ................ oa .a2 R ........................ .............. 
Cr ....................... 07 ............... a8 .OM ,008 .....................- ....................... .Om ............... e ............... .............-........ ....................... NL ..................... .@ .............. .O1 .Wl .CUM .Wl  
00. .................... ,007 .............. .MH . ooa ,002 ....................... ............... .ax . m --------....... 0 

Nb 
w 

- 
- - - - . - m e  

- .............. - - - - . - . -. . . - - - . * - . - . ---.---A --.-.-. -- - - _._----- _____.. 
Total ............. .zBS ............... ZiS .WSQ .I717 ...................... ............... 1 1  .2017 -.....--....... 

Nomm k 
5 
m 
0 
0 
0 
m r 
0 
r 
u 
0) 

m 

i? 
N W  ValItcS 

10.1 

a3 
a.6 
a a c  

S O  
2 4  
. 3  

& l  
4 ............................................................................................. ............................................................................................. 

6.b 
1 0  

.7 
1.6 

98.4 

8 ...,.......... 
01 .............. 

ab ......... . 
ne .......... 

........... byp~.:~:::::: 
o , ( ~  ............ 

in .........--. 
m ............. 
LI ............... 
brn 
ap .............. 
ct 

Total ..... 

+a 
6.7 
m.2 
16.1 .....................................................................................................................................-............................ 
4 2  
3.8 ....... 
. 1  ....... 

2 a  
1.7 

10.1 
6.7 

8 2 3  

IXI 176 1 I34 138 146 140 1% 1% 170 258 286 
25 24 24 S 23 30 26 25 25 86 36 

7 17 7% 11 11 10 12 11 U 14 
. I 1  . I 4  . lb  . l o  .I9 .25 .lO .I9 .I7 .20 %% B 
.51 

).a2 
.M .d7 -iS6 i" i f n  ,.a1 la'33 

.3s .26 13 m 
-1 -10 0 4 d 

h3 

4.8 

7.8 
30.8 
B . 7  

6.6 
2.4 
3.1 
6.0 
I4 

4 4  
2.4 .............................................................--..-.---.-....--. 
. 8  

100.1 

...................................... 
213 

14.a 
28.1 

8.6 
6.6 
1.1 
1.7 .. 

28.1 
4.8 
5.8 

.9  

. 3  

OR8 

8ee f o o t ~ ~ ~ k a  on page 28C E 

............. eL ! 
01 ............... 
Im .............. 
o ............... 
alk-. ........... 
k ............... 
mg, ............ 
q .  . 

2.8 ..........................................................................................-....................-....-.........................-..... 
LK 

261 
w.s 
7.9 
4 3  
2.7 
0.0 
6.1 

4 7  
2 4  

.6 

------------------- 
100.4 

1W 
27 
S0 
2e 

.23 

Id49 

0.7 

7.6 
29.6 
2a.a 

6.6 
3.0 
2 4  
6.1 
3.0 

h 2  
2.9 

. 6  

lOaO 

E3 
14 
64 
19 

6 
.78 - 

40 

7.3 
l . 6  
a.8 

7.7 
4.7 
2 6  
6.6 
a .  

0.7 
2.8 

.B  

lma 

a s  
l a 7  
a 8  

8 2  
h 7  
1.8 
8.7 
8 
ao 
41 
8.6 
L4 

. 3  

98.8 

1M 
20 
46 
m 

. I 4  

a.7 

7.2 
s . 4  
ai.7 

7.8 
3.7 
3.0 
6.2 
0.6 

b.6 
5 4  

. O  

100.1 

........ ea 1.2 I I 

08 
10 
a4 
B 

. I6  

.72 
-18 

a . 6  

17.8 
3al 
10.3 

1.2 
. a  
.9 
.Q 
8.6 

3.0 
&.a 
. 8  

07.1 

7.7 

7.a 
3 L 6  
10.7 

4.7 
1.9 
a8 
6.6 
7.0 

4 2  
4.7 

1.0  

100.8 

3.1 
21.a 
a .0  

6.0 
3.9 
1.6 

10.6 
4.2 
1 . 8  
. 6  

8 0  
2 3  

.6 

IW.I 

ns 
20.4 
ma 
2.1 
4 
¶ ,a  
7.6 
re ........ ........ 
8.7 
1.4 

.a ............................................................................................................ 
1m2 

-i4e 

110 
26 
42 
a7 

4 0 8 6  
. l a  
.53 

-14 

124 
88 

' 1  

122 
28 
34 
a1 

7.12 

a3 
a9 
a6 
2o.a 

4 8  
1.0 
2 8  
6.4 
7.8 

2.9 
2.9 

.8 .............................................. 
100.0 

la.] 

na 
17.8 
2 8 4  

3.6 
2.9 
.8 

7.6 
. r  ....... ....... 

6.7 
21 ........................................................................... 
.6  

89.4 

!.a 
2 2 8  
ae.9 

7.6 
4.0 
3.4 
7.6 
6.4 
.1 
.1 

2.4 
1.8 

- 4  

100.0 

1 4 6  

m e  
a8.8 
IS6 

1.0 
. 8  
. 8  

2.7 
6.2 

21 
1.6 

.S 

9 9 . 4  

......... 
2s 
la8 
9 e 2  

1 2 1  
83 
2.8 
6.6 
2 2  
6.a 
2 4  
4 2  
1.4 

.8  

l a 4  

8.0 
23.1 
&.a 
8.1 
4.8 
2 8  
0.0 
6.6 

4.8 
1.1 

.7 

i m a  



TAB= 2.-Analyses of rocks from Umnak and BopoaZof Zdc~&Contlnued % 
Lhna1y.t Wcated by Utlals: 8. M. B e o l d  (8MB W. W. B r a ~ o e k  W B  ; R. L. HLll (RL sad Leonard M. Bbsptro (LMS). of IS Id-eonlgsls Isboralaw aee BheWm 

and Drmmck 1861) U 8 Owl csl Surve dj.  W. Hommel W G )  ledoar and 00% K C m n  MKC) and E. J. ~ a m d ? ( ~ ~ )  of U. 8. Gw10gL 8- - 
P.M. ~ w m .  h.. ( ~ h s i .  dl U. B%eoloaid &rve~,  oaloove at dnfverslt~of0-o a b m m :  kcl'Paal B. $-(ILL CPBBI. Ubut  Ohodce lac!), K. J .  Murata (KIM?: 

Nortbesatam B o u t b w  Dmnnk 
Ummk-Om. 

1 9 %  21 2 a z a ~ a a a e n a a ~ s o a ~  
WWB WWB WWB WWB WWB BMB B M B  BMB BMB WWB 8MB WWB 8MB WWB WWB 

LMB LM0 LMB LMS LMB 
PMB MEC LMB t;M8 LM8 LMB LM8 R U  RLE RLH RLX LMB BL;B LMB RLH 

LM9 

Mna clcmant. LCaaUaned 

La., ............... .... 
80 
Y ................... ... 
Yb 
B -.,............... .-.. 
Ba ,..-.--........-.. 

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

................................ --------*----- 1 . 1  
, , 

-01 

,006 
.a006 

.................................................................................... 
m 

Q)6 ....-..- .................................................................... 
.w 1 .......- .008 ............................................. 

............................................................... ........ .............................................................. ........ ....-... 

........... oooa 
.om " I . " "  -..----.......-..- .001 

.w 
-002 .-..-.--- 

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

.WP 

..w ........................ 

-002 
.m 
.Oaos 
.m 

....... 
.m 

........ 

........ 



8w footnotes on psge 2 8 1  

...................... 8 
Or 

8b ................ 
m{BL ............... 
ae 

................ I wo _.. 

.................. d~ en 
[s .................. 

................ .................. 
to 

O1(f& 
mt ..................... 
u ................... ... 
hro 
ap ..................... 
w 

Total .-.....-.... 

26.2 

aL0 
39.1 
4.4 

1.2 
. I  
L2 
. 2  

2 4  

-8  
.r 
.I 

-- 
100.0 

a1.a 
.a 

16.7 
8h6 
14.7 

1.8 
a.4 

30 
1.6 

- 7  
.a 

BP.1 

27.6 
1.0 

22.8 
29.3 
6.0 

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

5 
. 8  

. 7  

. a  .......................................... 

.2  

-------- 
9&7 

as.? 
8.8 
2.8 
28.3 
h 8  

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

0.5 
ax 

3.a 
1 .  

.8 

87.8 

w.0 

246 
30.8 
2 8  

1.a 
-17 
1.1 
.(53 . 

2 1  
4 

.1 

Mi.& 

~ 2 . 4  .................... 
17.2 
36.8 
B.1 

.......... 
3.0 
ae 

.......... 
. I  

.................... .......... .......... 
1.1 
1.0 
.7 

lOa2 

3b.O 
.o  

27.e 
2 
1 2  

. a  
2 0  

........ 
.s 
.07 ............................................ 

99.b7 

6 .  

0.1 
Zk8  
30.8 

2 0  
1,3 
1.8 
8.2 
8.6 

28 
2 4  

.7  

89.8 

.......... 
8.4 
18.7 
B.9 
1.0 
0.0 
7.4 
1.2 

.......... 
411 
-7 

as 
2.7 

.8 

m.4 

ho  

8.4 
z0.4 
27.0 

4 4  
a 1  
.Q 

189 
6.3 

8.0 
1.2 ...................................................................................................... 
. 8  

W.9 

11.3 
............................................................................................................. 

&.a'-' 
24.8 
a 3  

za 
1.8 
. 8  
6 7  
6.8 

3.0 
1.5 

. 8  ................................................................................................................ 
89.6 

9.2 

10.0 
80.4 
26.4 

2 1  
1.2 
. a  

8.8 
6.0 

& a  
2 a  
1.0 

------- 
lOQO 

1a.6 

10.0 
88.8 
18.9 

z , e  
. o  
1.7 
81 
aa 

ao 
2 0  

1.0 

100.0 

1a.a 

16.6 
38.3 
5 . 8  

1.8 
.7 
.9  
2.3 
8.8 

8.0 
1.6 

.(i 

10.9 

9.6 

128 
4 5  
11.4 ..........................................................................................................................................-..... 
1.2 
.a 
. 7  

4.6 
6.0 ..............................................................................................................................----...-..--.-. ......................................................................................................----....----.......................... 
LQ 
20 

1.0 

OB.0 

ILO 

0.1  
a8.2 
21.1 

a.4 
1.2 
1.2 
4 3  
6.0 

3 7  
P I  

. a  

101.0 

17.2 

8.0 
61.4 
8.7 

2.7 
a.3 

2 7  
........ 

as 
1.4 
.a 
. 4  

(19.8 



I Tbes mn,.irueuts dekrmlned by W. W. Bommd (WWH), Ledou aod Co. 
9 1 Ritlon Includes gsln dm U) oaldatlon 01 PcO. 
I 88111 dub (o osldatlon of PeO gteslar tbm losses ol volstUe -tuaot~: not Included 

'ncP2Fr;~d born bulk spsdao gmd 
6 Also Imked Lw bat not found wl%n the Umlts of motmgraDbl0 debnnlnntlon for 

the partlculnr element: As COO1 Cd 005) Zn (.01) S o  (.OW), As (.W)). Bb 
Bi (.OQ1), Oe (.ON). In (.o01{:~1 ( .&,hd Re (.h). 

I .  OlIvhe4ob b w l t  llow (6-06) 01 AshkUk b d t  st Cape'Idak Oat 63681.4' N., 
long 187'47.W E.) 

J A .  OUvlne-r)cb h a d l  flow (M ABy 01)  of hebishtk b d t  0.1 mile a o ~ t h  of Cape 
Idak. 

2 Ph&d+se4lrlns Wt flow (44 ABy $2) ol Mount W. Lat bb%Y N., I w  
1 B I 0 ~ . x d  E.. 3,MOfeet 8. SO' W, of summit 

3. E'nlngonltkcd luB cone (40 ABT 122) of aarl postcaldera p lortlc rocks wlrhtn 
Okrnnlt caldprs. Let 6396.4 N.. l ow Iid0a5.0' &.. 1 d%Mrtheapl Of CQUe 1). 
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6. P$?+?$Isad sooria bed (&n) from A M  baselt. Lat W3"u.f N.. 16ng la0 
1 I .U '  Ed. 

9. Auglglto basalt flow (48 ABy M) cd h h b b k  basslt tn lower pert of Okmok &dam 
wall. Let aJSl.3' N .  lo 1Sg05 8 E. 
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63%.(~ N, long ,a01061 E.). 
FaWclc rhyohte fades (49 Urn 11) itl eaal and of rbyoUle from northeastern Umnak 
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low leg0419' E.). 
Bmhene-*In$ andeslte flow (47 ABg 67) of Mount Reebescbnol. South 

slope at let Pa5.3 N., long 168'28.5' E. 
Hlstorla(P) IrULe flow (47 ABy 36) ol A,lolmt Vmvldof. Fmf o l h w  (bt 53067.7' 
N, long 16Eo&6' E.) on wcst sloDc d MOml Vmddot. 
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The oldest rocks of the Eslemd, exposed only in the aouthweat part 
,(pis. 39 and 40), include an albitized sedimentary and igneous complax 
intruded by plutonic rocks. These rocks have been deformed, and 
deeply eroded. The age of the sedimentary rocks of the complex is 
middle Tertiary or older; the plutonic rockg me post-Oligocene. Upon 
a basement of these rocla* volcanic edifices have been built around four 
main centers of activity. The oldest of the centers is in the isthmus 
region of Umnak; tho  mcka are called the volcanic rocks of central 
Umnak. The initial form8 of the vo lc~noe~  h a ~ e  been complehly de- 
stroyed by erosion. The vaIcenic rocks of central Umnak probably 
include J ~ V B S  that rmp in age from middle Tertiary to early Quater- 
nary, The hypemthene andesite of Mount Recheschnei, of probable 
Quaternary age, averlies the volcanic racks of centrd Umnak on the 
southwcs t. The largely Recent symmetrical cone of Mount Vsevidof, 
consi~ting of basaltic andmite, anbi te ,  and rhyodacite, buries the 
hyperethone andmite 'on the western slope of Mount Recheschnoi. 
Mount Vaeaidof has been active in historic timo. O h k  Volcano 
(pls. 39 and 41) lies northeast of the isthmua, and ita rocks make up 
Jmmt d of northeastern Urn&. Most lava8 of O h o k  Volcano are 
porpb*tic ta aphyric feldspathic basdtlts. The early activity of 
Oktnok Volcano probably was simultaneous in part with that at 
Mount Rwheachnoi but baa persisted to the present. 

D ~ t m r O N  AND - 
The oldest mcke of Umnak Island inclirde bedded @ite and tuff, 

keratophyra flows, albitized diabase a, and irregular intrusive bodies 
exposed near sea level in the southwest tip and along the south-centrd 
coast of the isIand (pl. 40). I n  contrast to the younger rocks of 
the idand, these rocks are defamed and characteristically show tha 
effects of low grade metamorphic alteration. West and southweet of 
Kip1 Island, the lake-studded rolling plain of southemmost Umnak 
js underlain by gently dipping flows of keratophyrs, subordinate beds 
of argiflib and tuff, and albitized gabbm or diorite. Sections of bedded 
argrllite and tuff are exposed dong the east ahore of NikoIski Bay, in 
the north and east shore of Driftwood Bay, and in a mall cocrstal out- 
crop 1 # milea northetast of Lookout Point. Albitized intrusive rock ia 
exposed in tm 8maU headlands at 2 and 3 miles southwest of Russian 
Bay, and bedded ar&ta and tuff with minor sills and dikes of albitized 
diabase crop out along the coast from the west shore of Russian Bay 
to the north shore of Partov Cove. 



The total thich- of the complex is unknowa. About 5,000 feet 
of northeasterly dipping argiuite, tuff, and albitued diabase sills are 
exposed dong the shore northeast of Partw Cove, but parts of thia 
sequence may be repeated by faulting, 

The little that b known about the shcturs, of the trlbitkd sedi- 
mentary and igneous mrnplex is induded here with the stratigraphic 
descriptions, mainly bemuse the s t r u c t d  features described below 
m e  confind to these oldest rock9 and in part define them. The 
general strike of the sedimentary rocla is northwest in the largest 
area of their expoam near Russian Bay and Partov Cove (pl. 401, 
and d i p  range from 13" NE to vertical. Near hokout Point, the 
s d i m e n t q  rocks dip Is0 SE. Dips st the head of Driftwood Bay 
suggest an gnticlina plunging goutheast. The sedimentary mcka 
north of NikoLski d a g e ,  and the extensive kerstophyre flows nem 
Bmos Bay, are nearly horizontal. No major faults were mapped in 
the field, but a few inferred faults in areas underlain by the albitized 
sedimentary and igneous complex have been mappd from welldefined 
dinemen& of mdes, gdim, and lakes seen on the stir phota~raphs. 
The northwesterly shike of the sedimentary rocks auggests that axes 
of folds in these rocb  cut across the nortbeaaterly trend of tho Aleutian 
arc, whereas the lineaments mapped from air photagraphs and the 
general elongation of the island pardla1 the trend of the arc. 

In the few good exposum, the cantact between dbitized sedimenhry 
and igneous complac and the other extrusive md gedimentary rock8 
of the bland is one of angular erosional unmnfodty. That this 
relationship is general is indicated by the fact theG major deformation 
ia conked to the older rocks, and that the replwment of primary 
intenndiat;e plagiacl~e by albite is conftned to these rocks. 

The mgiHite vmim from mawive dark-gray banda I to 3 inch& 
thick, to laminated arguib made up of randomly alternating thin 
beds of light-gray siltstone and laminae of medium-dark-gmy mgdhte 
tts much as one-eighth of an inch thick. The massive bands of argillite 
have small joints that form a crude rectangular pattern, pardlel and 
perpendicular to the major fold  ax^. Thin calcite vsinlets as much aa 
one-sixbenth of an inch thick are found along many of the joints. 
The laminated argilllte has a shaly parting, along which many dark 
carboaacsous patches sugg~tive of leaf fragments are found. One 
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specimen of argilIite collected southwest of Bwian Bay (pl. 46) 
contains a few small angular detrital fragments of plagiodaso crystals- 
and rare frageenta of ofquartz in s he-grained groundmm of cherty 
snd feldspathic material whose index of refraction is near that of 
albite. Patches and veinlets of calcite are common. The chemical 
analysis of this specimen is given in column 31, tabla 2. 

Turn 

Greenish water-laid tuff interbedded with the argillite ranges from 
moderats yellow green to slightly ditTerent shades of greenish gray. 
The grain sits rmgm from tine to coarse with a few grains as much ae 
1 millimeter. Three specimens from near Pa-rtov Cove are highly 
dtercd crptd tuffs in which fragments of the former pyroxene and 
plngioclaae have been largely replacod by chlorita and albite respec- 
tively. A specimen from Driftwood Bay (pl. 401, however, contains 
fragments of unaltered pyxexens and labradorite, M well as fragments 
of quarts crystals. Calcite is common in ~cattered patches in all 
apecimena. Tho groundmw is an aggregate of chlorite, cblcite, 
albite, an unidentified zeolj te  mineral, and other midentsable light- 
colored, cloudy material. Pyrite is rare in the specimens from near 
Partov Cove, but absent from the Driftwood Bay specimen. 

A m Q n m S o O r  

Three varieties of dbitized intrusive rock include albitized diorib 
or gabbro, an albitized porphyritic rock, and dbitized diabase. 
The albitized diorite is exposed near the southwestern tip of Umnak, 
chiefly at Elbow Hill (pl. 40). The albitized porphyritic rock is from 
a thick sill or flow near Amos Bay, and the albitizd diabase ocnus 
as sills, 2 to 10 feet thick, in the sedimentary rocks at Russian Bay and 
Partov Cove. Each is altered to a different degree from a rock 
probably of original gabbmic or dioritio composition. 

The dbitized diorite near the southwest end of U d  is the least 
atered of the threa rocks. The plagioclme is mostly unzoned albite, 
but includes a few irregdar-ahaped relica of andesine (p'l. 42A). 
Apatite needles are in both the andesine and the albite. The albite 
is clouded with nggreetea of fibrous rosettea of saricite. A few small 
(less than 0.5 mm), clear crystals of plagioclase are zoned nomdIy 
from a centm of sndesinedligoclnse to a rim of albite. Some of these 
me veined with alKits, potassium feldspar, and a zeolite mineral. 
A few Iarger are- intersertd ta the plsgitioclase contain cloudy 
potassium feldspar intergrown with quartz. The mafic minerds are 
largely intersertd to the fddspare. Anhedlral pstchchaa of augite in 
plrsces are intergrown with or replaced by green smphihle and 
greenish biotite dusted with opaque oxides. Chamical and petro- 
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graphic analyses of this rock are given in column 26, tables 2 (p. 282 
to 284) and 3 (in pocket), respectively. 

The dbitized porphyritic rock near Arnm Bay contains albite that 
has entirely replaced the former plagiodase of bath phenocrpta and 
groundmass. Patches of quartz and potassium feldspar are similar 
to the Elbow Hill rock. Many subhedral and anhedral pyroxene 
grains are unaltered, but some augite is intergrown with, or repltbced 
by, greenish biotita and high-iron chlorite. Small albite Iaths, shreds 
of green biotite and chlorite, and anhedra1 quartz and potassium 
feldspar, d dusted with opaque oxides, make up the groundmass. 
Chemical and petrographic andpea of the rock are listed in column 
29, tables 2 and 3, respectively. 

The diabasic sills at Partov Cove show evidence of both aibitkation 
and potassium feldspathation, as might be expected from their 
proximity to areas of intensely potassium feldspathized rock near the 
narrow part of Umnak. The feldspar in the most altered specimen is 
aLl clouded albite, in places cut by veinlets of chlorita and calcite. 
No pyroxene is present, but the space interstitial to the plagioclcbse is 
entirely occupied by mlcite, chlorite, opaque oxides including some 
hematite, rare epidote, and pyrite. A few veinlet4 of quartz cut 
tbrough all minerals. Optical data on the chlorite (alpha, 1.612, 
colorless; gamma, 1.618, light green) are indicative of high iron, 
suggesting prochlorite or ripidolik (Winchell, 1933, pt. 2, p. 284). 

TBe. keratophyre lava, 3om exposed between Amos and Driftwood 
Bays are greenish gray, specked with dark grains of opaque oxide, 
and more abundant, larger white phenocrysts of albite, 1 to 3 mm long. 
Some contain a few clear colorless d c i  te crystals of the sama she and 
shape. Two ~pecimens described in detail me representative of 
these 30~13. 

A specimen of he-grained, greenish-gray keratophyre near Black 
Cape (pl. 40) is specked with grains of opaque oxide and mottled with 
white phenocrysb of albite and sparse clear, colorless cry8 tals of calcite. 
In thin section, the phenocrysb are seen to be unzoned albite, flecked 
with wisps of sericite and minute rods of apatite. The groundmass is 
largely albite crystals (0.05 mm), patchw and shreds of chlorite, 
opaque oxide euhedra, and rare anhedrd potmiurn feldspar. Quartz 
and calcite are msociakd in patches and veinleh. 

A specimen of hydrothemally altered (potassium feldspatbized) 
keratophyre colIected east of Partov Cove contains evidence of two 
periods of alteration. The former plagioclase phenocrysta are now 
albite remnants IargeIy replaced by calcite, sericite, and qumb (pl. 
42 B). The groundmass is an aggregate of chlorite, sericite, quartz, 



aduIaria(?), a low index zeolite and an opaque white mineral. The 
later type of dalteration that has occurred is c~rnplo~ely different fmm 
the regional albitization and is typical of lakr, locally intense hydro- 
t h m a l  alteration of the volcanic rocks of central Umnak in the 
Inanudak Bay area (see p. 295 to 296). 

Carbonized impressions suggestive of leaf fragment3 have beon 
seen on bedding plannee of the mgifita. Botanist Eric Hult.En (1937, 
p. 22) also reports fragments of coal in what he calls slata, presumably 
tho bedded tlrgiIIite of this investigation. Carbonaceous, maly ar- 
gillite or mudstono deposits that hfive yielded p l a t  fossils elsewhere 
in the Aloutit~n Islands and the Alaska Peninsura, have generally, 
though not always, proved to be early Tertiary. Bedded argillite 
and tuffaceous grayvracke, similar in degxee of metamorphism and 
deformation to the rocks of Umnak, are late Paleozoic in a.ge on Adak 
Island (Coats, 1956): and early Tertinry on the Alaska Peninsula 
(Rnappen, 1929, p. 182-1981, Kodiak Island, and the Kenai Penin- 
sula (Capps, 1933, p. 138-1531. A soqucnce of bedded wgillite nnd 
tuff similar to that on Umnsk has also been mapped by members of 
the Geological Survey party along tho muth comt of UnaIaska bout  
30 miles to the northeast; carbonized remains wem likewise found in 
these rocks but were unidentifiable (G. D. Ihscr,  ord commwic+ 
tion, 1955). Vertebratefossil remains, chicfly k e  tb, bave been found 
in greenish volcanic gcapvacke expoaed in a qu~rry on the north side 
of Unalaska. These teeth wore identified by (3. Edward Lewis 
(written communication, 1954) as those of t7ornwalIius sp., a marine 
rntbmmal of early Miocene ege. Both tho fossiliferous graywacko and 
the mgdlite of UnaIasks, liko tho argiIIite of Umnak, are intruded by 
plutonic rocks. The albitized sedimentary snd ign~ous complex of 
Umnak is therefore probably early to middlo Tertiary, but may 
posaibIy include older rocks. 

Coarse-grained dioritic rack is found in five s m d ,  widely separated 
mas around the margins of IM~unt Rschescbnoi and Mount Vsevidof 
(pl. 40). The lava flows of these two volcanoes and the unaltered 
flaw of the volcanic rocks of centraI Ummak rest on eroded surfaces 
in the dioritic rock. It intrudes the bedded mgi1lite and tuff sequence 
and contains blocky xenoliths of these sediments in the area on the 
southeast slope af Mount Recheschnoi. lMoat of the rock is quartz 
diorite, but tho composition ranges from dioriti to quartz monzonite. 
Dikes and stringem of ganophpre cut altered plutonic rock on the 



west side of Cape hdianuk. The c o r n ,  even grain of the quartE 
diorite and its  similarity to that of batholithic quartz diorite on 
Unalaska indicate B rather large plutonic b d y .  The distribution of 
its few outrrops suggesh that it may rtnderlia much of the ares of 
the two younger volcanoes. 

The plutonic rocks an Umnak and Unalaske are so s i m i i  petro- 
graphically and m closely parallel in range of composition and in 
geologic relations that they must mrtainly belong to the same i n b -  
sive episode. The plutonic rocks on Undaska m e  intrusive into M e  
that, as noted above, are now known to be of early Miomne ago, 
Thus the plutonic rocb can be no older than early Miocene. An 
upper we b i t  may be inferred from the fact that large srreas of the 
plutonic rocks have been laid bare by erosion and subsequently 
covered by unalkmd lava flows of eeatcal Umnak, which we prob- 
ably early Pleistocene but may be as old as Pliocene. The erosion of 
the plutonic rock, prior to extrusion of the Pliocene md Pleistocene 
1avm, must have taken part of the Pliocene epoch so that the youngest 
pwible age of the pIutanic m b  would be mid-Pliocene. On the 
basis of present evidence, the plutonic rocks were most likely intruded 
sometime during middle to late Tartimy time. 

A ~ p m h e a  of gmy diotita from the small knob 4% miles aouth 
of Mount Vsevidof haa tm average gain  she of about 1 mm. A few 
veinlets of light-grsy granophyre cut the diorite, which is slightly 
dterd adjacent to the veinleb. ds saen in thin section the texture 
of the diorita (column I, table 4) is hypidiomorphic granular except 
for s little interatitid micrographic intergrow th of quartz and ortho- 
clase, A few plqqiodaae grains are veined with orthoclase and to Iesa 
extent with biotite. Otthmlasa a p p m  as rare irregular wisps in the 
plagioclase. Dusty fragments of biotite and ~ericite are common, 
and radiating sheaflika aggregates with the birefringence and relief 
of prehnite are rare as inclusions in the feldspar. Augita remnants 
m enclosed by the hornblende m d  biotite, and harnbIende remanta 
in turn am enclod and apparently replaced by biotite. Apstih is 
found 8s spame tiny needlelike laths, as larger euhedrs up to 0.3 mm 
long, and as d e d r a l  p ins  0.2 mm in diameter. 

Fresh, quarh diorite is the mast common phtonic rock 
type on southwestern Umnak. It ia similar to the quartz diorita that 
forma. the large intrusive body on nearby Unalaska, Island (Becker, 
1898, p. 421, The quartz diorite of southwesbrn Umnak has an 
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TABLE 4.-Petrographic analyses of plutonic rocks 
[Modal analyses in volume percent] 

1 Includes considerable chlorite, some epidote, and rare prehnite(7). 
9 Rock largely micrographic intergrowth of quartz and potassium feldspar; minerals listed separately 

above. 
a Epidote. 
4 Myrmekite. 

Ohemleal aoslysis number (table 2) ..-.-.----*.-----.----------- 
Mode in volume percent: 

Q&z ~~- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
Potassium feldspar (cloudy) .-.--.------.----..-----.----. -- 
Plagioclase . - - - - - - - - - - - - - - - - - - - -  
Biotite (includes sparse chlorite) .--------------------------- 
Hornblende . - - - - - - - - - - ~ - - - - - - - - - . .  
Augite . ~ ~ - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - .  
Hypemthene ----------- ---------- -- -- -. - - -- -- --. - -- -. - - - --- 
Apatite . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . .  
0 aque oxides -.---------..-------------------------------- 
o p e a t e  - - - -  

Rsnge in composition of plsgioclase ...-..- -------- -------------- 
Bulk speeiflc gravity of rock. 

1 Dlorlta ham small knob surrounded by recent flow 441 miles south of Mount Vsevidof. 
2 Quartz diorite from sea cliff, 1% miles southeast of dape Ilmalianuk. 
3 Quartz monzonite irom sea oliB Cape Ilmallanuk. 
4: Granophpre, from sea eliff, threk-fourths of a mile, southwest of Cape Ilmalisnuk. 

average grain size of about 2 mm and consists of dominant, medium- 
dark-gray plagioclase as much as 8 mm long, minor light-gray to 
light-pinkish-gray orthoclase, inconspicuous quartz, and mafic min- 

* erals, of which biotite is most abundant and easily recognizable 
(column 2, table 4). Quartz and orthoclase occur interstitially to the 
subhedral to euhedral plagioclase. Myrmekite occurs on lobate ends 
of several large plagioclase crystals and also on irregular borders 
along the 010 face, where islands of myrmekitic plagioclase sur- 
rounded by orthoclase extinguish in sequence with the nearby main- 
land plagioclase. The plagioclase of the myrmekite is calcic oligoclase. 
Augite and rare hypersthene occur as corroded remnants enclosed by 
hornblende and biotite. Biotite occurs as individual grains ranging 
down to submicroscopic size, as an interstitial mineral with quartz 
and orthoclase, as reaction rims around pyroxene and hornblende, and 
as veinlets cutting pyroxene. Opaque oxides are chiefly associated 
witb biotite and in part appear to replace it. A minor amount of 
chlorite has replaced biotite, and sericite(?) is rare as tiny wisps in 
the feldspar. Apatite is scattered as rod-shaped inclusions in the 
other minerals. The chemical analysis of this specimen is given in 
table 2, column 24. 

QUARTZ HORZOBITE 
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The quartz monzonite is a facies of the quartz diorite and was 
observed only on Cape Ilmalianuk. In hand specimen the rock differs 
from the quartz diorite in the greater abundance of pink orthoclase 
and light-gray oligoclase. The hornblende and biotite are stained 
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green with chlorite snd epidok. The hand speoimen appeare distinctly 
granitoid, although quartz is not conspicuaw. The quartz monzonite 
(column 3, table 4) m seen in thin section resembles the quartz diorita 
exceg t for di Rering proportions of the minerals. Quartz and orthocImo 
appear interstitial, but &ow only a pery slight tendency toward 
graphic intergrowth. Some oligaclase crystals are veined and contain 
irregular wisps of orthoclase a8 well as specks of calcite(?) and tiny 
flakes of sericite(7). A little of the orthocIase is perthitic. Augite 
remnants are sparse and contain reaction rims of hornblende and 
biotite. About half the biotite has altered to chlorite. Anhechd 
opaque oxides are associatad with hornblende and biotite and appear 
to rsplwe them. Minor epidote and rare prehnite(?) aIso appear as. 
alteration products of the biotite. 

Pinkish-gray granophp (column 4, table 4), aa dikes- and n m w  
stringers, cuts the quartz diorite on the west side of Cape Ilmalianuk 
headland. The texturc of the rock is largely micrographic ~uperposed 
on an dotriomorphic texture. Each larger granular unit contains 
uniformly orienkd quartz grains that differ in orientation from grains 
in a neighboring unit. A few larger grains of quartz, orthoclam and 
aIbite-oligoclase are not mimgraphically intargrown. Epidote is in 
aggregates interstitial to the other minerals. Tho biotite is largely 
altered to chlorite. Rare needlelike inclusions of apstita me in the 
quartz and feldspar. ActinoIits dso occurs a8 sparse aggmgates. 
The  chcmicd analysis of this specimen is listed in cof umn 33, table 2. 

An altered momonitic rock borders the granophyre dika and ex- 
tends for some distance on either aide. The altered rock is invaded by 
smallor stringers of ganophyrc at closely sprtced intervds. Tbe mrr- 
tact with thc granophye is gradational, and tbe dtenrtion within the 
momonitic contact rock is variable. Streah of pinkish-gray rock 
with spots of mafic minerals alternate with streah of mottled hght- 
greenish-gray epidotizcd fcldspar and pinkish-gray orthoclase. The 
streakiness in general pardTels the approximate border of the Fan- 
ophyre dike. Dark-grcenish actinolitic hornblende BS mnch as 3 mm 
in length shows slight segregation in bands p d d  to the feldapsthic 
streaks but show8 no visible lineation. As seen in thin section, the 
rack has a variable texture. An allotriomorphic texture iuvolvm 
chiefly quartz and orthoelme with minor albite-ohgoclase. and grades 
into a micrographic intergrowth of quartz and potassium feldspar and 
also into poikiIitic intergrowths of small quartz p i n s  in potassium 
feldspar. A few formerly euhedral andesine and calcic oligoclasa cry* 
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tals have relict outlines and are veined and corroded by p a m i -  
feldspar and dbiM+ligoclase (pl. 43). Much of the p l e o d w  con- 
tains fine to mme aggregates of epidote, derived from tbe 
decomposition of the more ~a le ic  plagioclaBe. 

V O L O m O  BOO= OF dSWFRAZ VMHAK 

m m 1 c  REKArnONEl 

Lava flam, vent breccia3 and associatad irregular shallow intrusive 
bodies crop out over a large area in tho narrow cantrd part af Umnalr 
bland. These rocks are herein grouped bgether ae the volcania 
mcks of central Umnak. The original constructioad emface form of 
these volcmic mcks have been destroyed by emion. Their original 
areal extant is not known because they we covered both to the north* 
east and to the ~cruthwa t by Quaternary lavas of O h o k  V01cmo and 
Mount Recheschnoi, respectivclg. The volcanic rocks of central 
Umnak were in part erupted from several vents northeast of Rot 
Springs Cove (PI. 41). 

These rocks include both hydrothermally dtered and fmh unaltered 
volcanic r o c b  in each of the two map units: bedded volcanic rocks 
(QTv) and vea t and intrusive complex (QTvp), as shown on plates 46 
and 41. No contacts between altered and fresh unaltered volcanic 
rocks withim tho units were smn. The intensely silicified, potassium 
feldspethized rocks included &4 map unit QTvq, (pls. 40 and 41), con- 
sistg of rocks so completely repIaced by dim, potassium fsldspar, and 
in places taurmalinc, that the original rock type cannot be identifled 
in Pland specimen or thin section, though field relations indicate that 
most grad= into rock included in the map unit, QTv. 

Altered lava Bows and vent complexes make up most of the isthmus 
terrain east and north of Hot Springs Cove (pl. 41). Brecciaa and 
irregular intrusive rocks, interpreted as old vent complexes, am Sound 
at several pbces in the isthmus. Volcanic necka of hydrotbermally 
alterad baadtic porphyry at Thumb Point (pl. 40), and High Hill, 
2% miles north of Nikolski, am. included here. Amas of most intense 
alteration, mapped under the symbol, QTvq, are dong the coagtline 
just west of Hot Springs Covo tbnd in tho southwest wall of Bottleneck 
Pass (pl. 41). The bma of the altered volcanic m& hss not been 
obaemd . 

Undtared hypemtbene andesite f l o m  conaidered park of this unit 
are found in several localities muth and west of Rot Spring Cove 
(pl. 40),  South of Hot Springs Cove these unaltered flows dip about 5 O  

SW. under the sirndarly appo8ling hypersthene andmike flows from 
Mount Recheschnoi, which dip northeast and lie on an erosion surfaca 
cut on the volcanic rocks of ten-1 Urn&. Similar relabions between 
unaltered lave f lom of central Umnak and those of Recheschnoi we 



fomd at Broken Poiat, &per Bight, Partov Cove, R w i m  Bay, and 
in the west w d  of tho canyon 4 d e s  due south of the summit of 
Mount Rachescbnoi. Along the Pacitic mast at Partov Cove and 
Russian Bay, unaltered lava flom of this unit lie on an m i o n  d m  
cut on the albitized sedimentary rocks; on the Bering Sea maat at 
Broken Point and the west shore of Geyaer Bight they lie on a plane 
erosion surfme, possibly a raised marine bench, cut on the plutonic 
rocks; and west of Hot Springs Cove m d  along the aouth shore of 
Inanudak Bay they overlie hydmthsrmally altered lava flows and 
diorite in an imgdar contact that was concealed or inaccessible for 
study in the field. 

The nature of the oontmt between the dtmd md uadtmd Irtvlas 
of the voIca~ic rocke of central Umnak is unknown. Near the h d  
of the sssternmmt fork of Geyser Creek @I. 40), s patch of intenmly 
altered rock, about 0.1 square mile in area, is juat upstream from an 
area of borate-bearing hot springs, gegsera, and fumaroles (Bysrs and 
Brannock, 1949, p. 7281. Tbis altered rock mnaasists of a very h e -  
grained aggregate of qua&, chlorite, pyrite, and colorless minmda, 
pmibly iflcludmg adulsria. The altered rock may here be related to 
hobspring activity in the recent geologic paat. Eleewbere, howeper, 
sa near the isthmw of Umaalr, larger areas of tourdinbed,  Bilicified, 
potassium-feldspatbed rock are not asso&M with hot eprings and 
are also nomewhat coarser grained than the altered rocka on Geyser 
Creek. The rela tion between the unal kred and altered volmnic rocks 
may be gradationall, inasmuch ae gradation waa observed in the field 
and eodkned by the laboratory etudy of spwcimens from the southem,st 
wall of Bottleneck Pass (pl. 41). On the west side of Hot Springn 
Cove (pl. 40), however, intensely alteFed rock is overlain by fresh, 
unaltered hyperethene mdmite flows. The overlying f m h  lave wdd 
h d y  have escaped m e  alteration during the intense d idcat ion  
and potdurn feldepatbizntion of the lower unit; hence, it is believed 
that a sharp contact, representing a significant period of geolq$c time, 
may be mncealed between the altered and unaltered lavaa at t h m  
p]am Possibly the dteretion is locally associated with buried 
plutonic rocks of the same age es those that now crop out at the 
surface. 

AOIa B OO-TLON 

The volcanic  rock^ of mltral h a k ,  zw sham on plates 40 and 42, 
include rocks that am probably older and unaltered lavgs that am 
younger than the plutonic rocks. The altered volcsnicr m b  in 
many places on Umnak closely rwamble rocks on Unalaska known to 
ba intruded by the post-Oligocene plutonic racks. The relatiom be- 
tween the altered volcmic rocke and the rilbitizd mdimentary and 



QEQLOGY OF =AK AND BOGOBmF TS-DB, ALEUTfAN ISLAND8 295 

igneous complex are &own, but from the petrogr~phic evidance, 
tho potash fddspathhtion of the altered volcanic rocks occurred 
later than the dbitization of the complex; how much later remains an 
open question. The altered voIcanic racks therefore may range in 
age from emly to middle Tertiary, though a etill earlier we m o t  be 
ruld out on present evidence. The unaltared lams ra t  on the post- 
Oligocene plutonic rocks and ma ovalain by the Quaterasry lava of 

9 Rmheschnoi and Okmok volcanoes; hence, the undtered lavas of the 
~olcanic mcka of cen traI Umnak are late Tertiary or early Quaternary 
in age. 

I PEFROURaPW C E E M L C b L  --ON 

A volcaaic neck at Thumb hint  intrudes the albitized rock of the 
basement. Examination of a specimen from the bmament rock 
djacent to the neck indicates that it was first albitiesd and later 
potsasium feldspathiad (see p. 288). The rock of the neck, however, 
ahom only potassium feldspathization. The mck is a denw, medium- 
darkmy,  e p m l y  porphyritic lava with greenish-gray spok m m -  
bling amygd ules, but as seen in thin section former labrdorite pheno- 
crysta sre much altered to chlorite and a zeolit~* Former olivine 
phenucrpte are replaced by antigorite(?) and magnetite. Tha ground- 
mase consieta of andmine, magnetite, quartz veinleta (secondary), 
chlorite, and tb cloudy white feldspar (index of about 1.521, probably 
adularia. 

f i ~ - & ~ ~ e d  potwsium feldspar was identified in several thin 
sections of the h y d r o t h o d y  altered volcanicmch of centralUmnak. 
Partial chemical analyses were made of three specimens, progressively 
more altered, from the southwmt wall of Bottleneck Pdlss (see pl. 41). 
The l w t  dtered specimen (column 12, tabla 2 and 3) is represent* 
tive of moat of the hydrothemally altered lavas. Quartz, magnetite, 
chlorite, and wrpentine in various proportions have replaced former 
olivine phenocrysh and portions of the ground mas^ glass. The 
chlorite is penninite. The serpentine mineral, more abundant thnn 
chIorite, is probably antigorite (a, colorleas to faint yellowish green; 7 
pale green and parallel to fibers; birefringence, 0.015-0.020; indicea; 
variable, ranging from about 1,53 b 1.58). Zeolites, potassium 
feldspar, and calcite embay the primary plagiodase. Thn introduced 

L. zmlita minor~ls, identified on the basis of o p t i d  properties, are 
heulandi te(?), chabazite(?), and natsolite. Amygdaloidal fillings of 
quartz snd natrolite(P) are common. 

1 

A second specimen (12-8) collected s h u t  0.7 miIe southmt f m  
the locality of the .first specimen (mlumn 12, table 2) and from appsr- 
sndy the same lavgs, was originally a porphyritic lava. Semndctry 
amphiboles, epidote, and sparse t o m l i n s  have devaloped in addi- 



tian td potassium feldspar, quartz, and zeolites. A fibrous actinolitic 
amphibole (uralite) like that in  he granophym replaces eugite. A 
second ampbibole fdls dxuses with acicular crystals distinct] y pleo- 
chroic from light green to bluish green. Epidote is common apparently 
in part as mi dteration product of augite, Tourmalimc, with strong 
greenish-blue absorption, hm replaced plagioclese phenocrysta. 

A third specimen (12-B) collected about 60 feet from the second, 
probably represents xlearly the end atage of the potassium feldspathiza- 
tion. The original rock is no longer recognizabb, but in the field it is 
gradationd with rock whose relic texture indimtes porphyritic lava. 
This rock is light colored, brown staiaed in weathered oukrop, and 
veined with q u h z .  Minute cubea of pyrite, 0.1-0.6 mm, me sparsely 
distributed. S d  rosettes of black tourmaline, 1 to 2 mm long, 
appear to have preferentidy replaced the former fmmagnmian 
minerals. $El the secondary h e r d s  observed in the lew altered 
rocks are present, but quartz and potassium feldspar (addaria?) ara 
much more abundant, Portions of the rock are completely replaced 
by pohmium feldspar and vuggy vein quartz. The more compact, 
rnlussive portions of the rock consist of dense cryptocrgadine aggre- 
gates of quartz, potassium feldspar, and m2ites. 

Partial chemical snalpses of the three specimens (table 5) show that 
potash hpts greatly increased in the most altered rock st the expense of 
soda, iron oxide, magnesia and lime. Tbe abundance of quartz 
observed in the completely altered rock indicates that silica wae. like- 
h e  introduced, despite the slight drop in bulk specific gravity with 
progressive alteration. SuIfur, boron, and carbon dioxide have been 
k e d  in the hydrothemally altered pocks in pyrib, tourmaline, and 
calcite, r~pectively. 

T w  6.-Partial mlysca  of hgrdrothsnnally aUmsd (polasGum f c h b d b W  
volcunk rocks ntar Bollltncck Pwa 
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.. 

long imoio.8' E). - 
lad. hTorlemwly dtered p h p f 6 f u l s r e  (47AByMAl h m  awth dde of Bottleneclr P m  pt, 6376.7' N, 

long IhS01P.3' E) 8 ut 0 7 mUa matheast or No. 12. Outcrop a m  occur s~ "Wnda ' itl UB. 
lZJ3. Complutply oltarsd m k  (47AB yOR) collected a b u t  @feet bom EA. Predomlaant r m k o i l d t y .  

Ian 

t.a 
-31 
.4.5 

1.9 
L B  
228 

~ o t a ~  pa ma PSO .............................................. 
MgO ......................................................... .......................................................... CaO 
K~OO.. ....................................................... 
KtO. ......................................................... 
B U ~  m a  mvrty .......................................... 

12 

7.5 
8.4 
8.3  
Z, B 
1. 4 
2.67 

=A 

5.5 
& O  
6.0 
a3 
2.8 
2.a 



GEOLOGY OF W A K  AND BOQOSLOF ISLANDS, ALEUTXm IS-B 297 

V O L C ~ C  aoaxe OF MOUNT mcmacmor 
a- awmmc FEILTWRIW 

The volcanic rocks of Mount Recheschnoi occupy most of the width 
of the island west of the i s thus  (pi. 40). The  summit of Mount 
Itechcxwbnoi k an esstrwest ridge of rugged aretea and divides, 
between cirques occupied by small glaciers, Most of the original 
surface of the summit area has been destrogsd, but at lower altitudm 
large areas of original surface remain between the glaciated vdlep. 
Projw~on of the slopes suggests that two major vents, sepmated 
by about 2 miles, were active in the construction of the volcano, 
The weatern part of the mountain ia less cut up by glaciated vaUep; 
possibly major activity at the western vent continued longer than 
at the -tern vent. Some glaciated valleys have been partly filled 
by Javaa from the central vents, then reexcavated by continued glacial 
=tion, Products of a sateZlitic bmaltic vent, occupy about 6 square 
d e s  on the northwest flank of Recheschnoi, These ltmvas have been 
glaciated. Products of later vvolcanic vents, including cones, dames, 
end flow retain their constnrctional surfaces and r ~ t  on the glaciated 
surfaces of the older erupted rocks. 

The volcanic mcks of Mount Rechmhnoi are divided into five 
map unih: hypsmthene sndmita, msfic phenmqmt basdt of Xshdiuk 
Point, youngest hypemtbene azldesite f lom, rhyolite domes, and 
pu~tz-olivino andmite flow {pl. 40). The hypersthene sndssita that 
f o m  the main mass of the Mount Recheschnoi ~olcanic pile is the 
principal map unit. The rnafic p h e n o q ~ t  basdt of Kddiuk  Point 
on the northwest slope is distinguished only by its petmptpbic 
charactar; ita contact with the main body of bypemthene andesite 
is not e-ed and the stratigraphic relstiona are not known. The 
youngest hyperathene andesita comprises Rows, including a pyrodastic 
flow, separated from the m i n  maw of hypmtheae andesite because of 
their youthful land fome. The rhyolite domes and the quartzdivine 
andmite flow we distinguished from the older hypersthene mdesita by 
both land form and petrographic type. 

The hypmthene andesite in the nuin volcanic pile of Mount 
h h e s d m o i  o c a m  mostly in thick, widespread flowa and interstrat- 
ified pyroclastic materid. Most of the rock is strongly porphyritic 
andmite, containing phenocrysts of plagioclase end pyroxene, both 
having two different ranges in composition. Some flows in the wmtero 
part are lcm porphyritic. The volume of these porphyritic rocke is 
estimated at more than 16 d c  milea. The basal hyperatheno 
andmite flows lie on surfam erdd on the diotitic plutonic rocks, 



the albitized sedimentmy m d  igneous oomplex, and tba volcanic mks 
of central Umnak. The upper flow are overlapped by the voIcanic 
rocks of Mount V h d o f .  

a a a ~ r c ~ ~ ~ m ~ ~ ~ g ~ g b l ; ~ [ ~ ~ ~  

A vent complex and assaciated lava flom of b d t  conkinkg 
plagioclme and rnafic minerals as phenocrgsta underlies an area of 
about 6 square miles at Kahdiuk Point on the northwmt dope of 
Mount Rechwcbnoi (pl. 40). The area ia ~ ~ m u n d e d  by hyperstherig 
andmite from Mount Recheschnoi, but no contacts were gsen that 
expaae the relatione between the two rock types. Both terrains 
ghow ~imilax erosion and have been glaci~ted. The basalt has not 
been altered nor deformed, so it must be considered younger than the 
basement rocks. 

The baadt confdn~ phenoerystn of gray, translucent bJrtownite (20 
percent; aa much as 2 mm in size), green augite (4 percent; as mu& ae 
8 mm in size), and lemon-yellow olivine (5 percent; as much w 3 mm 
in size) in a purplish-gray m t d h e  groundmass. The phenocryatio 
augite hsa optical constants that indicate an average composition 
( R e s ,  1949, pl. 1) of CarJ4gmFelV Olivine phsnocryst~ range in 
composition from Foaa to FoW The average composition of the 
groundmass plagiodsse is about Amrn. 

SOUHQw MUD- 

PlrtOcmsl!rc m w  
A flow of pymdastic material fans out from one of the glaciated 

valleys on the east slope of Mount Rechesehnoi. Ita source was not 
Been, but ia probably buried beneath the youngest hyperstheria andeaite 
lava that flowed down the s a n e  valley and overHw part of it. Older 
tiu of the earlier glaciation overlaps the pyroclgstic flow dong part of 
ita wmtern edge. Tha pyrodastic %ow is m d e  up of angular blocks 
embedded in a relatively small amount of matrix. Blocks range in 
she from 10 feet in diameter to fragmenb of m i c m p i c  size. Most 
of the rock fragments are hypersthene andesite similar ta that of the 
lava %ws, but a few represent altered sedimentary basement rocks. 
The matrix is light brownish to light purplish p y ,  dotted with 
grayish-black grains and intricately tramected with thin (aa much as 
1 mm thick) seams of clayey, gr~byish-arangepink msterial. The 
matrix includa frsgmenta of plngioclaae, hypersthem, sugite, and 
opaque oxide crystals, but is largely glms with an index of refraction 
of 1.542. Soma of the glass is free of all fragments and appesn to 
cut through the matrix as ~einlets. The deposit is believed to be a 
mudflow of brecciated lava that was still aomewhat hot, rather than 
any sort of ash flow maociated with & nu4e firdents type of explmive 
eruption. 
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Threa cinder con= and lava flown of the youngest hypersthene 
andwite of Mount Recheschnoi are preserved essentially uneruded. 
Two of the lava flows, one of which flowed down tb g1:laciaI valley almost 
to the Pacific Ocean, rest on the glaciated mutheastern slope of Mount 
Rechmchnoi (see pl. 40). The third cone and lava flow is in the saddle 
between Mounts Recheschnoi and Vsevidof. These  flow^ me petro- 
graphically similar to the hypersthene andmite that forms the major 
part of Mount Recheschnoi. 

Three d domes of rhyolite west of the bead of Ruwian Bay 
(pl. 40) are younger than the glaciated topography, and appear to 
have been formed as parB of a single episode of extrusion. The 
domas m partly buried in their own talus. 

QUawxZ-0- m m  FLOW 

A quwtz-oIivine andesite flow lie on the gleciated d a c e  of 
hypersthene andwih of Mount Rechsschnoi just southwest of the 
isthmus (pl. 40) and covere somewhat more than 1 square mile. It is 
probably about 450 feet thick st the lava dame in the western parart of 
the flow and averages perhaps 30Q feet, The %ow sp& in d 
directions from the dome, chiefly eastward to form s small plateau 
about 1,600 feet above the sea. The ~urface is a series of arcuah 
ridges abut  60 feet high and 400 feet fmm m t  ta crsst, ew.ex1tr-i~ to 
the doma. 

A m  OF UVdB OF M O m  -QI 

The major cone-building aativity of Mount Recheschnoi may have 
begun ss early aa late Tertiary, but available evidence euggesta that 
the main pile of Bypersthene andmike is mostly if not entirely Pleisto- 
cem in sqe. The baa1 contact of the Mount Recheschnoi pile is well 
axposed and wte on a marine(?) erosion surface of low relief c m d  
on s besement complex that ixlcludas fresh unalbred h a s  t h t  may 
be m young ras Pleistomne. The exposed lavim of Mount Rscb-noi 
resting on this aurface have been deeply dissected by glacial erusioa 
probably during lab Pleistocene and early Recent time. The relations 
of the bas& at Kshaliuk Point to the hypmthene andeEcita are not 
known ; henm this basalt may be as old ras Pliome. The a n t i d l y  
uneroded satditic flows end domes, excepting possibly the ppclmtic 
flow beneath older till, are postglacial and therefore probably Recent 
in age, 

pETRo(3RhPHp 

All 12 ~pecimem of volcanic rocks of Mount Recheschi examined 
mieroscupicdl~ ara characterized by one or more minerals apparently 
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not in equilibrium with the ground- minm18. The hypersthene 
andmite comprising the bulk of the volcano, though similar from 
outcrop ta outcrop, appew to be a hybrid rock formed either by 
incomplete fusion and assimilation of country rock, by mixing of 
prtly cryetallized melts, or a combination of these pmceases. 

The dominant rock type ia hypersthene-bearing labradorite andesih 
with varying amounts of plagioclase, augite, hypersthene and olivine 
as phenocrysta. Petrographic analyses of several specimens of this 
rock type are given in table 6. In each rock, crystah of plqiodme, 
whose  relation^ are not simple zoning, occur in two separate rranges 
of composition. 

TABLE 6.-Petrographic analyses o a ecdmens o j  hyperathm andssils Mowti 
f;lecTleac*noi 

1 M d c  r n l n c d a  samewhbt blpher tbn othrr -1- Owing to m d c  LDelmlom 
1% lb l c  Threc mutunlly erpndkulw t h l n ~ t l o n s  h rsthwr-bearing labredOrhdeSib3d- 
tbh Admite of Mount Tlcchrscbnol, dtltude ol P,h% flat W13.8' N., long 1ML8%2.[Y E.), 1.8 mllw 
muth of IIot Sprinrs Cove (rh+mlcnl nnnlysls W t a h k  21 

2 I l y ~ r u t h e u ~ - b m ~ I ~  lnbndorl tr  anclmltc n.ew ol b y d e n s  andm8ts of M m t  Refbsschnoi st 
gltltudu of 8W Icct on aRst sldc of ua21cg (1st Wl2.5' N., long 1WXX E.) that d d  Into h m  
night. 

8. Hywrsthew-'bewln labradmlts a o d ~ i t a  m a r  h m  d b slrdsslto of Mount -01 
st sltitule m rwt 1. ~ l l n  (lot N.,-.7' 01- my. 

4, Eywrcthano-knrlng aphyrlc andmlY of bprmuthcnt lrndeslts of Mount Rpchmhnol at altitude d 
about Y3l Ieet (I*\ 53 05.3' N., long 1W0%.S E.), 3 2 mllm N. W E, 01 Amos Bsy (chkrnicsl d p l a  
27, mble 2). 

L H y p s t  henc-hdng lahraddto andeslto d bena andosite flow of Mount Rechmhnd, 
collected st lat D0M1 8' N,. low 66%'2n1 E., 7.3 m l l o s w  A . 6 5  E. of Amos Bay. 

Mode b rolum prccmt: 
Phenocrysra $0.2 mm: ........................... Pla~lorlage 

A ~ ~ p l t r  ............................... 
Ityr~~rathono ......................... 
O I I V I I ~ O  ............................... 
O p t ~ q ~ m  oxldeu ....................... 

Omtndn~Rea ............................. 
Oempoe[ticr~l of mom a c t 8  plbgiocl~lw >ha 
mm. 

O o m ~ l t l m  of lo= addc pleqldw >0.2 
mm, 

Approxlmem compdth ,  g m d -  pla- 
~~ocI&sR. 

Auglle rry- 0 2mm Ma .................. 
J , . .- 

(~orn{,m~[tloaoi&&nth8'necr stals>OZmm 
Coolpo~!tion at olivlnn s 9 >a 2 mm 
Gru~lnrirnaw RIM, mti-mTq~c Index 

Aftm m h i n g  d sieving 60 grams of the chemidy &nalyzed 
specimen (mlnmne le, Ib, and Ic), the ratio af anorthite-bytownite to 
calcic labdorib  was determixred to be 1:9 by counting grains in 
two size range: between U. S. Standard sievea no. 80 and no. 120 
and between sieves no. 150 and no. 200. The anorthite-bytownite is 
in wpmats crystals and irregularly shaped corm within wide rims of 
the d c i c  labradorite. There is no zone of the compoeition inter- 
mediate between cdGic bytownib and d c i c  labradorite. The 
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more abundant phenocrysta of calcic labradorite cornonly  show a 
clear core md a surrounding zone of slightly more sodic labradorite 
douded with d u ~ t  inclusions. The bordere of this dauded zone 
are rounded and enclosed in still another shell of clear, slightly 
more calcic labradorite with a composition of about Anal whch is 
the composition of the groundmass plagioclase. This type of plagio- 
clam phenocrpt is believed to be comparable to those described by 

r Kuno (1 950, p. 968) and suggests that the part of the erystsl including 
the cIwr core and the dust-beating zone was xenomystic in tbs 
liquid and partly resorbed before the outer shell of plagioclass was - precipitated. 
In specimen 5 (table 6), from one of the remnt flows, most 

of the plagioclme crystals contain a core of sndesine, ~howing normal 
md slightly oscillatory zoning with dust inclusions in tlle outer 
zone. Tha inner core is sepw~ted by a roundad outline from an 
outermost she11 of clear labradorite of composition Anm. A fow 
phenocrysts have an inner core of bytownita, rounded and enclosed 
in a thick zone averaging about An,. This zone is embayed and 
encased in an outermost rim of plagiocIaae of composition An,, which 
ia, tho same composition as the plagiodase mimliks of the ground- 
mass. M&c pb~nocrysta include sugite, hypersthene, and olivine. 

I Tbe m e  olivine grains all &ow evidence of resorption, and are rimmed 
with monoclinic pyroxene. Hypersthene in euhedral crptals as 
much as 3 mm long is commonly rimmed with monoclinic pyroxene, 

e and some hypersthene forma ragged cores ia relatively thick aggre- 
gates of monodinic pyroxene, Augito or ferroaugite phenocrysts 
reach a maximum length of 2 mm. The gromdmgss consists of 
h e  mim1iks of plagioclrase, clinopyroxene, and opaque oxides in a 
dusty, grayish-brown glma. 

Indwsians cumpo~ed of bypersthene, augite, and minor bytownib- 
labradorite are in part, m u t d y  intergrown, suggestive of an original 
gabbroic texture (specimen 1, table 6). Minor, opaque oxide-charged 
dwk-brown g l w  occurs in krstitidy within them, euggesting their 
partial resorption. The pfagioclase of the xenoliths is normally zoned 
with bytownite wm and a thick  hell of clear labradorite. In one 
dump only augite crystals are clustered together. Ml the xenoliths 
are more m d c  than the average of the rock, and they are abundant 
enough to make the rock somewhat hetemgenmrrs on s mall scale. 

The rhyolite contains sparse, emdl euhedrd phenomta of bluish- 
gray quar8, feldgpar, biotite, hornblende, and rwe hypersthene in a 
lighbpurplish-gray deIsitic groundmass. The rock weathers light 
browniab gray. Elow banding is cont~picuou~ and the quartz is moder- 



ately concentrated in 4 a i n  thin bands. Hence, tha thin-section 
andysi~ given in table 3 may be Zow in quartz phenocrysts. 

A few plagioclm phenocrysts seen in thin ~ectian contain labra- 
dorite as s m d  mottIed cores inside a thick outer shell of sodic andesine. 
The other plagioclaae phenocrgrsta and microphenocrysta down tk~ 
0.05 mm are sodic andesine. All the pkgioclaae i normally zoned. 
Small. inclusions of hornblende are asmciated with a few labradorite 
corn within andeaine phenocrysts, and one xenolith wnsisting of horn- 
blende and normally wned labradorite-ande9ine waa &o observed. 

The biotite phenocrysta show certain optical anomalies common in 
extrusive rhyolite. The optic angle of Werent biotite phenocrysb 
ranges from about 5' to 32'; the larger angles are in general measured 
on srndler phmompts. A few contain opaque oxidw, probably 
mtbgnetite, parallel to the lamellae. The deep mlor and high refrwtive 
index may be due to a high FeaOa: PeO ratio, which can be caused by 
heating at atmospheric pressure. A. Jem Hall (194lb, p. 35) has 
ahown that the refractive indices are raised considerably with inmm 
in the oxidation of the iron but that no effect of oxidation of iron on 
the color (Ball, 194la, p. 32) haa been demonatratd. 

The p u n d m w  of the rliyolite mnsists of colorregs glrass, apatite 
needles, crystalliw, and abundant spherulitm amounting ta more 
than half tba volume of the groundmass. In certain bands the glass 
is lightly charged with red hemtih(7) dust. The spherulit~ are of 
two main types, clear radiating low birefringent laths (n. about 1,531 
in nmdy perfect sperulites reachii  a maximum diameter of about 
0.1 mm, and whit%, cloudy, partly opaque, fine spheditic %&regah 
that commonly mnhin a hollow cavity. T h w  aggregates reach a 
maximum diameter of about 0.5 mm; and have an index considefably 
lower than balsam. A few vesicles are filled with a weakly birefringen t 
zeoGta with an index of 1.484. 

Thin rock is unusual in, that it contains phenocryste of both quartz 
and olivine, which are incompatible under equilibrium conditions. 
hon-ye l l ow  olivine, pyroxene laths, dark-gray glmry andesine, 
minor amounts of white bytownib, and quartz occur as phenowpts 
in a medium-hghbgra~ to medium-gray gsoundmaes that weathem 
light to medium olive gray on e-4 surfmxs. Petrographic analyses 
of thee mutually perpendicular tthin sections are given in tab18 7. 
The q w t z  occurs as rounded and ambayed xenocry~ts up to 0.5 mm, 
encased by a thin shell of radial fibers of clinopymme, probably 
augite. The abundant plngiodase phenocrysh consist of normdy 
zoned cores, ranging from aodic labradorite to sodic andwine. The 
outer zonea contain a dust inclusion band that parallels the rounded 
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outlinea of the phsnouyt~  rather than tbe pseudorectangder pettern 
of zoning. A relatively thin, outermost shell of about Anrn, essentially 
the game composition as the groundmass plagioclme, encloses the 
phenocrysta and fallom the rounded edges into embayments as well. 
Normally zoned bytownite occurs in a Isw Beparate pheaocrysb and 
anhedral inclusions in the andesine-labxdarite phenocrysh, 

TABLE 7 . - P m p h i c  andyeea (mode8 in lalulzrna~ pmewtt) of three mulwlly 
perpendzcuhr thin eectwns of quark-bearinp olivine atadssits 

I P h g l n c b  ratios cornpntod by mhlm m k  aam Is on slevarnw. 1- a~mtfng pmiwhm mm 
In o i l  m e n f o t l ,  and then swcnnput  lo^ to Wl pl&EiOCL -amso d e t e r m ~  by Cbeyea porn$ m t e r .  

p mlemp- mnd h g a l a r  > 0.2 mm: 
Q& - ................................................................ .................................... ~ndwbmhbradnrlte (Am+& avg. Anu) 
~ y ~ w n l t e  ( i l n ~ ; a v g .  Am) . , . - . . . . . - - . . . T W L . T W L . T W L T W L T W L T W L T W L T W L T W L T W L . T W L T W L T W L T W L T W L . T W L T W L  

Pemn%te  and 8uRlte ...................................................... 
H M h e m  (EIu-H; avg. Em) -..---..-...--.---------.---------.-.*--... 
oae (I+&4 I . . . .  ....................................................... 
Hornblende(?) "~hwts'' (OWUB O s k i B C l ~ ~ Z t U 8  -1 - - - -  ............................................ Opsqoc oxides (IrrcpuIar m w a )  

Grnt~nrlnlms (plnpioclw-Anm, otthnclsfflfn, C ! I M P P I O ~ ,  OpagUe Oxtdss. and 
sparsegL%wIl.:rl) ................................. .... ..................... 

Both bytownite and mdeaine-l~bdorite dm a m  saprrrateIy in 
xenoliths, The bytownite is associated with diapsidic augite and 
the andmine-labradorib with ferroaugite, some of which contains 
hyperethena mres. Brown glas~ containing apatito needles is inter- 
stitid to tho larger (1 to 3 mm) plagioclase and pyroxone grains. 

Mafia phenocryst~ are mom abundant than plagioclase. The fm- 
augita generally mntaiae tiny g~sblhs of opaque oxid0 and appears 
faintly pleochroic in brownish peen. Its diagnoatic o p t i d  proper- 
tias (beta index, 1.710; 2V, Ma), though slightly variable, indicate 
a composition of about CbMg*Fe, (Hem, 1949, pl. I).  ' Sparse 
sngite (beta index, 1.698; ZV, 53"), corresponding in composition to 
Ca,Mgae, aIso occurs. The hypersthene invariably occurs as 
deeply corroded, opaque oxidecharged remnants surrounded by fern- 
augite. Hornblende(?) "gfiostd' are a h e  aggregate of opaque 
oxides and augite. Olivine o c m a  kmth as euhedrd and deeply 
embayed crystals and is g e n e d y  endosed by a resetion rim of 
cliiopymxene. 

The groundmass wnsista of s very h e  {0.005-0.01 mm) micro- 
litic aggregate of labradorite, clinopyroxene, opaque oxides, ortho- 
dme, and sparse glm. The presence of orthoclase in the ground- 
mass is not surprising in view of the moderate potash content (1 -6 
percent) of the lsva. 
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P O L C I ~ C  RQUXB OF M O ~ T  V B ~ O F  

Qm QWlLWIC m e  

Mount Vaevidof is a single shtovoIcano south of Mount Rech~chnoi 
(pl. 40). A crater t h  quarters of a mile in diameter occupies the 
summit and is N e d  with mow and ice. The cone is sbep above an 
Jti tude of 3,000 feet, spproaching 30" near the 6,920-foot summit; 
below 3,000 feet the slope gradually decreases to about IS0 at an 
aItitude of 1,000 fset. A fow narrow canyons as much m 400 feat deep 
have been incised by glaciers, but most of the d a c e  of the moun- 
tain is urmmded and represents the constructional surface of the 
uppernoat lava flow or pyroclaatic bed (pl. 44). The drained lava 
channels flushated on plate 44 rmmble stream @es, but their 
localtion on the higher spurs at the flanks of the volcano and the 
''natural Ievees" of lava on the  ides of these features demonstrate 
that they formed at the time of extrusion and not as- products of 
stream erosion. 

The rocks exposed are mostly lava %om of aphyric basaltic mde- 
~ i t e  and andmite. Near the enmmit ,  the surface i~ blanketed with 
~yrodastic beds. A sequence exposed in an inacessible eM in the 
wt slope gives the impremion of four distinct beds of pyxodtbstic 
rocks. QnIy two bade me exposed hi mcemible places: aa under- 
lying layer of consolidated grrayish+rangen rhyodacite: pumice and a 
aurface layer of dark-gray andmitic scoria. Three of the moat recent 
lam flow, apparently younger than the pyrodastic beds, have been 
outlined on plate 40. The most recent (pomibly historic) flow on 
the west flank of Mount VmPidof has the camposition of latite. 

The andmiltic ~corle and rhyod~itic pumice thin markedly down 
the dope of the cone and essentially disappear between 1,000 to 2,500 
feet above sea level. In the north crakr wall, the pumim and ~caria 
beds are each about 50 feet thick. At nn altitude of 4,000 feet on 
the north side of the cone m exposed thicknass of 40 feet of pumice 
is overlain by 30 feet of scoria, whereas at 2,000 feet, 40 feet of pum- 
ice with scattered clots of scoria in the upper few feet rest on at least 
40 feet of mixed loose ash, older scoria fr-enta and talus blocks. 
B&w an altitude of 1,000 feet, both the scoria and pumice are 
miwing. The gullies on the north lower slopes below 1,000 feet 
contain abundant, rounded pumice f iqpente .  

The lavas of Mount Vsevidof Ife on glaciated hypersthene andmite 
of PIebbwne Mount Recheschnoi but the older till, of I a h t  Wis- 
consin or early Recent wage, rests on some of the oldest andmite flows 
of Mount Vsevidof; these flows are older than the ppclast ic  beds of 
tha awmmit  cone. The geologic relations and the youthful state of 



dissection of the volcano, indicate that the cone is latest Pleistocene 
and Recent in age; probably most of the cone is Rscene, although the 
beginning of activity may date from lab Pleistocene. The upper- 
most pyt-oclastic beds of the composite summit cone were probably 
deposited within the last few thousand years and possibly by one 
of the earlier historic eruptions. Mount Vaevidof wrrs reported 
active in 1830, and a minor explosive eruption occurred in 1878 (Coats, 

.r 1950, table 2). "Smoke" was also reported from tbe summit of 
Mount Vsevidof in 1784, 1790, and 1880. AD eruption of steam 
and "~moke" (volomio ash) from Mount Vseiddof occurred March 

? 11-12, 1957, during earthquakes on southwestern Umnak. Tbis 
eruption, probably from the west rift (pl. 401, was obserped by lo& 
inhabitants at Nikolski, according to The Anchorage Times, Anchor- 
age, Alaska. 

T h e  beds of pumice ash me interbedded with windblown sand 
and silt in an archeological excavation near Nikolski. The middle 
bed, which contains charcod, has a carbon-14 age of 3,018&230 
years (William S. Laughlin, written cm11nication, 1951 ; Arnold 
and Libby, 1951, p. 118). Material in the three pumim beds is 
compared with dacite pumice £ram the  north dope of Mount Vsevidof 
in table 8. The three beds appear to be made up of similar pumice, 

I which difTers petrographically from the aample from the slope of 
Mount Vaevidof. These ash beds were probably derived either from 
an older Vsevidof eruption or from one of the volcmoes in the Islands 
of the Four Mountains, 35 to 50 milm wmt af Nikolski (see fig, 50). 

1 

TABLE 8.-Comparat~w psirograp% dau: rhgodhfe panatce of Mount Vsewidqf 
and purnice f r a g w b  in cash beda of archeological pro*, Nikolski 

The baadtic andmite is a mediumdark-gray lava with s p w e  
u lath%haped p1agioclaw phenocrysta about 2 mm in length. Thin 

section analyses of basaltic andmite flows are given in columns 
1 and 2 of table 9 (see also column 21, tabla 3). All the pIagioclase 
phenocrysta are normally zoned. Subparallel pIagioclase laths, whose 

btmpkm af BBb imm NWbkl wclrdmbl pYoitla Wea8 hr&bBd by W m  8. Langhllnl 

LocalEty 

Mwnt Pmpfdol cmm --.----- ---- 
H m e t e r  level .---. - .-----. +.-- 

423-meer Few1 .-------+--------- 

Cmrnater levet..- .... - ----- 

Appruxlmate 

1(W 
84 
40 
ti5 

Refr&tlm 
lndar of 

pumice e%s% 

1.514 
L620r1. bB 
1.621-1.526 
1.W1.521 

O o m p ~ t I u n  
olpl8gic+ 

class 

AM 
A n w  
Ant- 
A- 

Oomtitf-m 
of yper 

Em-n 
E w t  
Enpa 
En-4 

Index of 
a*te 

1. ?OB 
1705 
1.704 

Not deter- 
mfnad 
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 TAB^ 9.-PetmgmphO a ~ l y 8 8 8  of bBaUic andegte, an-#, and latile $mu# o j  
Mount Vaeuidof 

~ a g i ~  - -.--.-------.-+----.. -- ---------- .a 
Appeathema ..--. . . .------ -. ---- - .- - -. .-- - - --- - - ---- .- . . . .--. .-. . . -- .--, . . 
.Oltvlnu ....-.-..----------------------------.--2------ . I  .1 
Oprlus a* --.-. *- ----.-----+--------------- - ------- ..-..-...- ..---..-.. 

CSronndmasa .-..-...----------------------..-.--...------ a? w. ll 
R%ng% of composltlon of pbdwlnw- p b e n v t g  --.... ...------ An- 
A m w e  compnstttm 01 w r n m  ~ I ~ B S B .  BSBBSBBSB.BSBBSBBSBBSBBSBBSBBSBBSBBSBBSBBSB ~npl &a 

1. BasaIUP sndeaite flow at T w l t ~ I ~ v s  Polnt older thsn pmwtwtb h d a .  C b m i d  m, damn P, 
table a, Cry&ats X a  mm sreamdded phemxmsts. 

2. Y0un~w.t W I t l c  andesita Row on north slope ot Mount Vsavldoi; ap?hwn horn an dUtude of 1,WO 
feet. Crystals >O 2 mm am wnsidered phemmysts. 

8. Youngest andrxlte iloa o n  wuth slum UI MflUnt V~vidn I ;  specblm imm flow lront on B h k  Cmek 
o t l t w b  plain. Crgstals >Q.I m m  ure consfdemd pb3-U. 

4. Mtite flow nostbly hhtorlc in age on west slope of Mount Vs#vhMI: gpeclmen dlected Irom flow 
bnrlt tit aftitude ormofeet. ~bsrnical andysls, co~r~mn B ,table2 ~ r g a ~ a l a  >0.1 mm arernnaidm 
phenocrysta. 

average size is about 0.1 mm, comprise the bulk of the groundmaws 
aa defined in table 9, though a few, whose average size approaches 
0.2 mm, have lengths rn much as 0.4 4 parallel to axls a. The 
tabular plagioclase crystals grade downward to tiny microlitm, about 
0.02 mm long, that compare in size with mimlites of clinopyroxene 
m d  opaque oxide. Olivine ocmm as rare mimphenocrysts as much 
as 0.4 mm and as rare microlitea grading downwmd to 0.05 mm. 
Euhedral olivine is encloaed by a thin sheU of &nopyroxene and 
rang- in fombrite content from Fom to Fan. 

The andesita flm and the historic(?) latite flow mntain lighbgray 
plagioclase phenocrpts in a darkvay ground ma^; tbe g r o ~ ~ ~ d m w  
of hhe latite h somewhat more glmq and darker in hand ~pcimeu 
than those of the rtndeaites. Thin section analyses srre presented in 
wlumns 3 and 4, respectively, table 9 (see also mlumn 28, table 3). 
A &e cutoff of 0.1 mm between phsnocrysts and pundm&ss was 
wumed, because microphenocrysh, ranging in she upward from 0.1 
mm, are met in a hydopilitic groundmass. The rnicrolitea in the 
groundmass, with the exception of orthoclme, average from 0.002 to 
0.005 mm. Plagioclase phenocrysts are normally wned through the 
slight range indicated in the andsite (aolumxl 3, table 9). The 
plagiodase of the lstite has a slight tsndency toward oscillatory mning 
with a revma zoning d a t e d  with glass in the inner sh&. A few 
of the plagioclase phenomysts of the l a t h  contain a s m d  mre of 
sodic andwine. Hypemthene occurs aa mall laths ranging from 0.2 
to 0.5 mm md hm a thin shell of augite or f moaugite. Augite o c c w  
as microphenocrysta ranging from 0.1 to 0.3 mm in average dimension. 
Opaque oxide suhedra average slightly over 0.1 mm in diameter. 
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The groundmass mmiats of very fine microlites of forroaugite(?), 
andaine and sparss opaque oxide endmed by glass and orthoclase. 
Orthoclase occurs in minor amounts in the groundmass of the and~qite 
but is common in tho latite groundmw. Pmt of the orthodaaa in 
the latite occurs in euhodra, a few of which r d  0.2 mm in length 
but are considered part of the groundmass, because the fino microliteg 
ace poigiliticdy enclosed by the larger orthoclase e d m .  Ortho- 
clase thus myetdized slightly later than the mimlites or at about 
the same time a8 the associated interstitial. liquid ww cooled to 8 

glass. The glaaa in the latite groundmass ( m l m  28, table 3) has 
m index of refrwtion comparable to g1;lass of the andyzedr6yolites 
from Umnsk. 

AHD- AaD B l a r O D A m  PTROCLASTIO BED# 

The beds that form the uppermost part of the cone mn~ist of an 
underlying solid, welded, gsayish4mnge rhyodacite pumice bed 
(column 30, table 3}, gradational with and overlain by a streakily 
b~nded, medium to dark-gray scoria bed. This contains minor solid 
clots of bIack andesitic glass (column 26, table 3) gradational in 
texture with andesitic scoria. Both the pumice and the scoria cun- 
t a b  10 to 15 percent of accessory bloclta of andmitic lava and dioritie 
intrusive rock. 

Ferngraphic andpes of the nonvesicular landssite glass, the 
vesicular emria, and a xenolith in the glass are presented in table 10. 
The plagioclase and augite of the l i ioni t~ta ined xenolith average 
about 0.5 mm and are mutually in terpwn,  aa in an intrusive rock. 
Euhedral opaque oxide grains &vexage dightly lsrger than 0.1 m, 

TABLIE 10.-pel top rap hi^ afia1&1aed o TO& in datk an&&k a h  bsd oj Mom6 
d e v i d o j  cone 

1 B 

Made i volume paosnt (not dctsrmbd la mlmluma 2) : 
orpatrla lergar then 0.1, mm: 

~ ~ s s e ( f )  .-..---........-....-- * 
Pls$ldam ...--- - .---. **-- -.-.-..- ** ---- --.* ------ --*--**--- 
Auglto-. .................................................... 

8 
h m  

1. t46 -*------.-- 

Cloudy a7hoel&a(?l Is the dcmhmt mIWhmIl0f tbl m e s a & .  
1 Minor mgte with # - L . 7 M ,  pmhbly from dt%re8 ~emlrthn? 

I. Bkk a n d d t l c  glwa d& (chsmacsl analyds. d u m n  sB. tabh 2) wkhh and ntloarrl fob dmk mda- 
sltfc smrla erupted dtar rbyodadtic pumks durlnp lmt Innlor eruptlon of Vmvidni. Cdected 
at 4,003 feet on N, Slope 01 mne (iat 53"07.7' X, lona 1M041.3' E). 

S. Dark mdesittc m r b  thst  Iorms nearly all of bed. S ~ m o  locntlon ea 1. 
8. tlmoniv~tkined d!orltlc xenollth In black 8ndrsfttc glass. Hme !omtam m 1. 
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The interstitial matark1 is largely cloudy, limonib-shined potassium 
feldspm with abundant apatih needles, Sodic andesine occum in 
the outermost shells of a l l  the pl@ocl~sa of the xenolith, in some 
grains of the andesitic ~mria and glass, and ns mottled, irregular 
graina in all three rocks. !I710 apatite-charged orthoclase(?) and 
mottled sodic andmine grains in the scoria and andesitic glass suggest 
that they are xenocrysts from the disaggregation of diorite xenoliths. 

VOLUMUIC BOCKS OF OKMOK VOLCAHO 

Erupted rocks of Olmok Volcano and satsllitic vents occupy most 
of northeastern Umnak Island (pl. 41). The main cone of the central 
volcano is truncated by Okmok Caldera, an approximately circular 
depression 6 miles in diameter and 1,500 feet in maximum depth. 
Mount Tulik, Mount Tdak, and Jag Peak are the most prominent 
secondary volcanic piles supmimposed on the outer dopes of the main 
cone. The lava, plataau northeast of Mount Id ak and the ridge west 
of New Jersey Creek are made up of bedded v o l c d c  rock with gentle 
dip away from the main center of Okmok Volcano and are probably 
faulted parts of the outer slopes. 

The rooh are divided into three stratigrtbphic groupings: precddera 
rocks erupted prior to the formation of the caldera, ppclastic rocb 
associated with the caldera-forming eruption, md poatcaldm rocks 
erupted after the ertlder&forming eruption. The premldara rocks 
are mostly of basaltic composition and are by far in greatest volume. 
They induds Java flows and pyrodastic beds and range fromaphyric 
to porphsT;tic in texture. The pymdastic rocks associated with the 
caldera-forming eruption mnsist of agglomerate, welded agglomerate, 
ash, and tuff-breccia. B ~ d t  cones, plug-domea, and flows occur 
outside Okmok Caldera and cannot be dstsd precisely with respect to 
its formation. The known postcddera deposits within Okmok 
Caldera include volcanic material erupted from different venb and 
dso a sedimentary unit containing bedded volcanic materid deposited 
in a caldera lake, which hm now almost completely vanished. 

ScveraZ formal stratigraphic ntbmes were proposed in the 1947 
administrative report dmcribing Okmok Volcano (Byem, Hopkins, 
Wier, and Fisher, 1947, p. 19-53). These names in approximate order 
of age were: Ashishik basalt, Crat.er Creek basalt, Idak besalt, Tuli 
basalt, Tanak valcmics, and Okmok ash. The names, Ashishik 
basalt and Crater Creek basdt, are used but redehed in this report; 
Okmok ash is changed to Okmok volcaniw and redefined in this report 
to include both t he  Tan& volcanic8 and Okmok ash, whicb me Here- 
with abandoned. The names, Tdak basdt md Tu& bmalt are also 
abandoned and replaced by informal namm 



RocIW OF EmmALDEmi AGE 

The precddera rocks are subdivided on plate 41 into three main 
categorim based on geoI~gic sand geomorphic relations. Thege cate- 
go& in order of reIative age are the Ashishik basalt, vol&c rocks 
of minor vents, and the a s t e r  Chek basalt. The three categories 
may in part overlap in time, but generally their ages are believed to 

e be as indicated on t h ~  map explanation of plate 41. - aaslgLT 
The oldest precddera mck of Okmok VoIcano is named the Ashishilr 

R bmdt after exposures in the east-facing cliff, 2 to 3 miles south of 
Ashishik Point, at the north~rnmost part of Umnak Island (pl. 41). 
Th e  formation as redefined in this report includes most of the bulk of 
Okmok Volcano and compri~es the Ashishik basalt of the 1947 admin- 
istrative report (Byem, Hopkins, Wier, m d  Fisher, 1947, p. 251, 
~~~breccia and tuff, that part of the Crater Creek basalt on the outer 
flanks of Okmok Volcano, Idsk basalt, excepting the mass of Mount 
Idak, and the "basalt flows of Hill 1200" (Eyers and others, 1947, 
pl. 3). The Ashishik basalt is bare subdivided into three lithologic 
units, m&c phsnocryst brasalt, consisting of porphyritic bmdt with 
more than 2 percent of mafic megsphenocrysts, pdaganitized p _ v ~ -  

u clsstic rocks, and aphyrlc (nonporphyritia) and feldspathic basalt, 
made up mostly of aphyric basalt flows but with some porphyritic 
flows that contain phenoqs ts  of pI+oclase md lsss than 2 percent 
of mafic phenocrpta. These units are listed in general order of age, 
although they complexly in tertongue. 

The Ashiah& basalt must rest on the valeanic m& of eentrd 
Umnak, although the wntact is conceded by the extensive blanket 
of Okmok voIcanics. The hydrothermal alteration, the tbpographi- 
d y  low position, and the great amount of dkection of the volcanic 
rock@ of central Umnak, in contrast ta the constructiona1 surfaces yet 
remaining on the bhishik basalt, leaves little room for doubt that 
the Ashishik b d t  is a generally younger pile of Zavas superposed on 
t h ~  volcanic rocks of central Umn~k. T h e  voI&c rocks of minor 
vents intrude or overlie the Ashkhik basalt. 

At the type locality of the A~hishik bmdt in the prominent ridge 
west of New Jersey Creek (pl. d l ) ,  m&c phenocryat bmdt flows dip 
gently northward. The sequence is severaI hundred feet thick, with 

t the base not e x p o d ,  and ia overlain by appmximately cunformable 
aphyric and feldspathic basalt flows. A thickness of 500 feet of these 
flows was measured on the cliff, 1% miles upstream from the mouth 
of New Jersey Creek. Individual flaws rmge from 20 to 60 feet in 



thielmess. Most are msgsive without flow banding, but horizontal: 
~beeting possibly repkentirig flow structure, h conqicnons in a few. 
The upper 2 to 5 feet of many flows is reddish oxidized %ow-bMa. 
The mcka are chiefly light to dark purplish gray, and range from 
aphmitic to coarsely porphyritic. Phenocrysts are in order of 
abundance calcic plagioclsse, olivine, and monochic pyroxene. 

A group of six superimposed, nearly horizontal flows of porphyritic 
basalt with mafic phenocrysts is exposed in the base of the northeast 
wall of Okmok Caldera (p1.4 1). The outcrop is about 1,000 fsst long 
and 300 feet high. The lowest oukopa are abut 1,100 feet above 
sea level, md do not expoae the base. The rock b overlain by pala- 
goni tized pyroclastio rock, with in hemming lens= of bedded mnglom- 
erate aa much as f 5 feet thick. 

Mafic phenocryst baaalt underlies or intertongues with aphyric and 
feldspathic basalt flows at several scattered p k e s  on the eastern 
outer slope of Okmok Volcano, but the barn is nowhere exposed. 
Mafic phenoqst bmdt flows, dipping gently northeast, are the 
oldest rockg exposed in the east face of tha lava platmu east of Mount 
Id&. Similar fl om orop out higher in the cliff mtion and inter- 
tongue with both feld~pathic bagdt flom and palagonitixed pyrodastic 
rock. In part of the ridge, mafic phenocryat basalt is the uppermost 
rock in the section and directIy underlies the O h o k  volcanim. 

PAEAQORITIERD P P B O m  BOOKB 

The pdqpnitized pyrodaetic rocka of the hhbhik basalt indude 
bedded tuff, poorly bedded tuff-breccis, which crop out beneath the 
Okmok volcaniw on the lower slopes of Okmok VoIcaso (pl. 41), and 
unbeddd vent agglcrmerete expoaed mainly in the w d a  of O b k  
Caldera. Tbese rocks were included in the tuff-breeeis and tuif unit 
of the preliminary report (Byem and others, 1947, pl. 3). The color 
ranges from dull yellowish brown to bright yellowish omwe; the 
breccia8 and agglomerates are mottled by darker lithic fragments 
against the brightcolored m t t ~  of pdqpnitized tuB. Xenolithic 
fragments range in size from micmcopic grains to 3-foot blocks, and 
a r e  similar to tha mafie phenocrgat hasalts and to the aphssjc and 
fdd~psthic basaltst exposed on the flanks of the volcano and in the 
caldera wab. 

These rockg are most abundant near the caldera, particularly in 
the east d l  (pl. 45), whero yeUowish+range sgg10merate is qime.d 
through tb vertical distance of 1,000 feet, Comparable agglomerate9 
more than 800 feet thick appear to make up a large part of the high 
cliff that truncates the north arcu~te ridge on the east. Many m a l l  
lrWEes and irregular bodies of intrusive rock cut the ngg10merate bare. 
At the wuthwest end of this same ridge, the caldera fault scarp 



axposes 1,000 feet of pdagonitized pymclastic rocks cut by several 
vertical lam pip@ or dikes as much as 300 feet wide. Many d&m 
me similarly assuckbed with the pahgoaitized aggIomerate elsewhere 
in tbe adderrs w d .  

Pdagonitied pyrodastic T O C ~ B  are expmed in many plmtcea on tha 
fladks of Okmok Volcano. In some places, chmtic dips and associ- 
ated irregular dikes suggest that they occupy oId vents, as near the 

r 
hedwatera of Bering Creek east of the caldera. Most of the oub 
crops me of tuff-breccia or agglomerate with no well-defined bedding, 
but on the southmt flank of O h o k  Volmno at the base of three 

t of the sateUitic mountains, bedded palagonitized tuff ia expmed ae 
part of the main mountain mass under tha edges of plagiodase-olivine 
basalt 0 o w ~  of agtellitic vents. 

Beds of the palttgonitbed pyrodastic mcke are exposed h the 
southeast face of' the plateau northeast of Mount Idak: one bed 
between the Power mafic phenocryst b d t  flow and the overlying 
aphyric and feldspathic basalt flows, and the other between the 
aphyric and feldapftthic basalt flows and the upper ma& phenocrgst 
btlselt flow that tops the plateau. 

AHD SMUT 

The aphec md feldepatbic bwdt unit of the Ashishik basalt 
indudss abundant flow of aphyric basaft and lesa common feldspathic 
b d t  rich h phsnocrgsts of cdcic plagiodaae. Phenocrph of mafio 
mine& are rare. Apbyric and feld~pspathic basalt flom form much 
of the mnstruetional surface of the flanks of Okmok V o l ~ o  tand 
are exposed in the caldera walla, in the shallow stream cuts, and in 
much of the ma cliff m u n d  the periphery of Okmok. A thick unit 
of theae ro& f o m  the middle of the sequence exposed in the lava 
plateau northeast of Mount Id&, These rocks cap the isoIahd ridge 
west of New Jemy Creek and form the bulk of Magwine Ridge 
sonth of ~Maunt Idak. Except for tbosa on the plateau northwt of 
Mount Idak, they were included in the Crater Creek basalt in the 
prehninary report (Byers, and others, 1947). 

Individual flows of theae rocke are from 10 t.a 70 feet thick, and 
tops and bottoms commonly are reddish oxidized brewis and mria  
from 6 to 20 feet thick. Columnar jointing is not well developed. * The aphyric rocka are generdy g a y  ta light gray ttnd commonly 
contub closely spa& joinB, about onwighth of MI inch apart, 
pmIle'E to the top or bottom. Pardel orient~tion of minute plagio- 

C clime tablets gives a satinlike sheen to the joint surfaces. The 
porphfltic rocks ara gray and conspicaow1y speckled with light-gray 
or white pEagiocfase phenomysb Flom ham an h g u I a f  jointing 
which yldda blocks with partly aonchoidal surfacea. 
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The volcanic rocks of minor vents am subdivided into three units: 
vitreous andesite in plugs, domes, and flows; rhyolite in the form of 
8 dome, and the plagioclasedlivine basalt of satellitic venh. These 
rocks either rest on the Ashishik basalt or intrude it. They were 
emplaced after the major upbuilding of Okmok Volcano and yet were 
dissected prior to deposition of tho Okmok volcanies. Because of 
similar geologic relations with the older A~biehjk b d t ,  the three 
units are assumed t o  be about the same age, dthough nowhere are 
they in exposed contact. The mass of Mount Tulik may be slightly 
younger than the other plagioclass-olivine basslts, for it is little 
dissected. 

mM)m A l P D r n  

In the caldera d, in Crater Creek gorge, and on the outer slopes 
of Okmok near the caldera (pl. 41) several pipes, plug-domea md 
necks, and a few thick stubby flows are of dense, vitreous andesitic 
rock. In the field, these rocks wcm distinguished from the more 
common aphgric baaalts by vitreous lustre, darker GOIQ~,  md ehmt  
oompIete absence of ve~icles. The largest exposed body is a neck in 
the northeast wall af Okrnok Cdderrt about 500 feet m s s  and exposed 
1,700 feet vertically. The total voIume of these m c k ~  in insigdicant 
compared to that of the ABhishik basalt. 

Rhplitic mIrs crop out for a mile along the north side of the 
north arcuate ridge and also f a m  a ridge that extenda a mile north- 
west from the north arcuata ridge (pl. 41). The rhyolik of the ridge 
is made up of randomly alternating bands ranging from e fraction of 
an inch to several inches in thickness and consisting of dense blmk 
obsidim, vesicular gray and black obsidian, and light-gray felsitio 
rhyolite. The banding strikes pardel to the ridge and dipa inward 
from each margin, suggmting that the ridge is an elongated narrow 
extrusion or dome from a fraeture rather than an e longa~d flow. 
'I%e eastern part of the mass along the north bape of the north muate 
ridge contains black obsidian but is d e  up of gray vesicular glass 
and Iighbgray felsihic rhyolite in crude bands that dip southward 
into the ridge. The rhyolite prgsumably mta an the Ashishik basalt, 
dthough the contact is covered by tdua from the doma. It ia over- 
lain by the Okmok volcanics, and a Recant b d t i o  Aow overIies i h  
to the. e d .  

P Z A Q I O W O ~ E  BASAZT Or 0 A m  

Flows of plagioclaseslivine basalt make up the bulk of satellitic 
piles on the outer dope of O h o k  Volcms. These include volcenic 
rocks at the satellitic vents of Mount Idak on the eaat slope, Mount 
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Tulik on the muthemt slope (pl. 411, and Jag Peak and three other 
volcanic mountains on the southwest slope. These aaltellitic moun- 
tains rise 1,000 to 2,000 feet above tho adjacent dope of O h o k  
Volcano. The flows have quaquavernal dips as great as 30' away 
from their summits. Vent breccia or intrusive plug material is ex- 
posed at some of the summits. Thick ash and, in places, agglomerate 
of the O h o k  volcanics blanket the emded flanks of the satellitic 
mountains. 

cRAm CREEK B m  

The Crater Creak basalt, the youngest procaldera unit, was origi- 
n d y  defined in the 1947 administrative report (Byem, Mopkins, Wier, 
and Fisher, 1947, p. 25-26) to include the uppermost aphyric basalt 
flows on the outer slopes of Okmok Volcano, but it is restricted 
herein to the sequence of basalt flown exposed in Crater Creek gorge 
m d  in the north w d  of Okmok Caldera to the west (pl. 41SA). A 
fault separates the Crater Creek basalt in the north wall from the 
llshishik basalt where the north arcuate ridge intersects Olrrrtok 
Caldera. The Gratsr Greek basalt ie separated from the Ashishik 
basalt by an erosional surface. T ~ R  unit waa mapped separately 
because it occupies s topographically low position betweon tho arcu- 
ate ridgu, composed largely of the older Ashishik bsmlt, and hecause 
it reste unconformably on the Ashishik basalt and vitreolls andesite 
in the lower part of Crater Creek gorge (pl. 41); otherwise, the rocks 
are petrographically indistinpisha1)Ie from the faldsp~ thic basalb of 
the Ashishik basalt. The depression in which flows of tho Crater 
Creek basalt lie may have included part of an earlier caldora on the 
concave aide of the arcuah ridges. 

The Crater Creek basalt consist% of at beet 15 mpnrate flows with 
a total exposed thickness of 500 feet. The north wall of Olmok 
Caldera expoam several with etlshrly dip components of l o  to 2" 
towad  Crater Creek gorge. The base is not expomd, but the gorge 
of C r a w  Creek is cut through into alder palagonitized pymclmtic 
rocks, vitreous and~ i t e ,  and associated dikes. Tho dikes are trun- 
cated by an eroded aurface upon which tho basal bwalt flaws were 
extruded. The Crater Creek badt is thickeat in the northwest 
wdl of Crater Creek gorge, appreciably thinner and lem continuous 
in the southeast wall, and does not crop out at all in tho mat wall af 
the caldara south of tho gorge. 

The basalt socks are dark to light gay, range from aphanitic to 
porpbpitic, m d  are rich in plagiodaae phenocryste. One to 10 
feet of red ash or s w i ~  Beparatea several of the flows. Wharever 
this xed scoria can be mexamined, it i~ seen tD be the oxidized rubbly, 
scoriaceous surfm facie3 of the underlying flow. Two specimens, 
whose chemical andpee w e  shown in columns 10 and 11, table 2, 
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were taken from flows 2 and 11 (numbered from base) of the 15-flow 
sequence exposed in the northwest wall of Crater Creek gorge. The 
chemical analyses of these two flows are as closely alike, except for 
oxidation of the iron, as two replicate analyses of the same specimen 
(Michael Fleischer, written communication, 1948). 

AGE OF PRECALDERA ROCKS 

The precaldera rocks are probably mostly of Quaternary age, 
though some of the lowermost flows may be late Tertiary in age. 
None of the precaldera rocks show general hydrothermal alteration. 
This lack of alteration suggests a latest Tertiary and Quaternary age. 
Erosional features on these rocks are also youthful. Several moder- 
ately developed cirques are high on Mount Idak, the satellitic moun- 
tains, and the outer slopes of Okmok Volcano. Glacial striae were 
found as much as 2 miles downslope from some of these depressions. 
Of equal importance, much of the major slope surface is clearly only 
slightly modified from the original surface of the uppermost lava 
flow. Construction of the main volcanic structures was apparently 
keeping ahead of the destructive processes of erosion a t  the time of 
the latest glaciation, and some of the uppermost flows of the Crater 
Creek basalt probably were later than the last major glaciation, 
presumably a t  the end of the Pleistocene epoch. The precaldera 
rocks of Okmok Volcano are therefore considered to be mainly 
Pleistocene to early Recent in age though some of the oldest flows 
are possibly latest Tertiary. 

OKMOE VOLCANICS OF CALDERA AGE 

The thick deposit of pyroclastic material that covers much of the 
outer slopes of Okmok Volcano is herein named the Okmok volcanics. 
It includes the Tanak volcanics and the Okmok ash of the preliminary 
report (Byers and others, 1947), a subdivision abandoned herein, 
because it was based mainly on degree of sorting, consolidation and 
other field characteristics that are gradational both vertically and 
Iaterally and cannot be mapped consistently throughout the area. 

The Okmok volcanics reach their maximum thickness of about 
400 feet a t  the type locality on the north rim of Okmok Caldera and 
thins outward to as little as 20 feet. I t  has smoothed irregularities 
of the pre-Okmok surface, filling valleys to depths of sever$ hundred 
feet and covering thinly most bedrock spurs between valleys. Erosion 
has cut many V-shaped gullies in the formation, and has removed it 
entirely from some of the ridge areas. The amount removed by 
erosion appears negligible compared to the probable original 



amount of material--not less than 7 cubic: d m .  An average 
thicknew of 300 feat mound the caldara rim and of 100 feet at the 
mast (an average of 6 milea distant from the rim) wan w d  in this 
appmxhmtion. 

Tbe Okmok ~olcmics comb t of thick deposits of unsorted agglomer- 
ate in the lower part tlnd b& of moderately sorted bomb and well 
sorted ash in the upper part. A few thin lava flows, seen in transverse 
lenticular section, are interbedded in the agglomerate n m  the caldere 
rim. Bedding and sorting are irreguIax in detail. Generally speaking, 
however, unsorted aggIornerate predominates in the lower part at the 
caldera rim find persists to the seacoast, wherem agglomeratic beds 
of sorted ash prodombate in the upper part at the rim and grade 
outward into thinner, well-sorkd ash rst the seacoast. A meesured 
geologic section is given below, 

M m r d  Mion d tgpc locaIity of Okwwk vohnicu in nmlh m U ,  Okmok Cddsra 
(sol 6S088.a'hr., 188a08.1' E.} 

Ohmok volmnice: pwl 

Ash, loosery consolidated, bedded; contsins apattet, teardrop bomba, 
dark ~ooria fragments, and very minor lithio fragmentn ; beda appear 
nearly black from a distance ----,--,,,---,---,-- ,,, -,,,---,- 120 

h h ,  lmelg consolidated; contain& BC& and bombs *th many 
large angular hlocb of basalt ss much ~e eeversl feet in diameter; 
M a  appear medium light grey from a distanoe; gradational 
contact with unit below - - + . - - , , - , - , - - - - - - - - - - - - - - - - - - - - - -  160 

Agglomerate, dense, medium-grey, andesitio; atreeky appearance; 
conteina common angular banalt fragments; fonna upper melded 
bed; gradational contact with unit below -,,,-,-,,, ,,,,- ,, ,,,,, .,, 20 

Agglomerate, medium-dark-gray, rnoderataljr oonmlidated; consists of 
spatter, bomba, and basaltio blocka aa much ae ~evsml feet in 
diameter, all in fine frlabb ~h matrix; gradatlenal oonhot with unit 
 low^",----,^--,,-^-------^^^^^-^*^*^"." 40 

Agglommte, andeaitic, welded, moderate- to dark-sed ; appeam 
atreaky; wmtainina common angular basalt fragments; forma bwer 
welded bed; gradational: contact with unit below ,,--,,,-- --- - ----, 30 

Agglomerate, moderately consolidsted, medium-dark-gray; oontalna 
apatter, bombs, and larw blocks; upper 10 feet oxidized ta moderate 
red; unit rests disconformably on Crater Creek basalt filling V- 
shaped guHies , - - - - - - - - -+-- - - -  - - --  - - ------ - -  - - - - - -  - 40 

'Fhe depwita of uz1mrtd agglomerate in the Iowm part of the O h o k  
vokanics artre in very thick bed8 ss much as 100 feet in thicknerrs. 
Two ~ l o r n e r e t e  be& are so completely indurated, or welded, that 
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they were h t  mlabken for lava flows. No sorting. of fragments br 
size was seen either vert idy or horizontally. Around the caldera 
rim the agglomerate is locally more than 200 feet thick but is missing 
from radial ridges. Near Cape Chagak the agglommte deposits 
are more than 200 feet thick (pl. 46 B),  but just ewt of kshishik Point 
they are only 20 feet thick. A short distance mtward at Cape T a n ~ k  
they pass below sea level with an udmown thickna greater than 20 
feet. Fragments of preddera rock of all types mmmonly make up 
about t percent of the agglomerate but in plam as much m 20 per- 
cent, and the agglomerate grades into tuff-brewis. Most of the 
material is juvenile EapiUi and ash of very fine grained, partly glassyE 
erratically vesicular mndesitic scoria. Frmh adaces of the juvenile 
matrix are noutFal grii9, mottled with both lighter and darker dored  
lithic fragmente, but at distances greater than about 2 miles from the 
crtldera rim the fine-gmhed juvenile matrix is brownish gray, ap- 
proaching but not duplicating the yellowish brown to bright yellowish 
orange of the palagonitized pyroclastic rocks- of the Ashishik basalt. 
In places 8 rhyodacite ash bed ia interbedded within the agglomerate. 

Near the rim of the caIdem, the agglomerata contains two welded 
~ I o m e r a b  beds that mnre nonvesicular and as completely indurated 
as dense l a ~ a  flows. These two beds ma exposed in newly con- 
tinuous ontcrop for 4 miles along the upper pert of the north and eaat 
waUs of the caldera {see pE. 45); one continurn along the upper part 
of tha walls of Crater Creek gorge. The two welded agglomerate 
beds range from 5 to 30 feet in thickness; the variation is apparently 
related to unddatians of the underlying aurf&ce. These beds grade 
vert idy  into partly indurated agj$omerate ; one grad- laterally into 
brownish-gray partly indurated (palagonitized) agglomerate, 2 to 3 
miles from the edge of Okmok Caldera. 
The constituent juvenile lava particles of the welded beda were 

apparently welded at the time of their emplacement. Fine, streaky 
bmding parallel to beddmg, cammon in outcrop of the mmpletely 
welded agglomerate, apparently is due to  flattening of juvenile bombs 
that now differ in crystallinity. Dark streaks are extremely fine- 
grained and are charged with opaque oxides; lighter ~treaks are com- 
posed of pymxene, plagiod~e, and opaque oxide grains, whose aver- 
age ~ i z e  is about 0.01 mm. Aside from these daerencw, nothing in 
the groundmass of the completely indumted rock suggesb boundaries 
between mess@ of the juvenile mabriaI. The xenolithic fmpent s  are 
snclosed by the welded juvenile material (pE. 47A), A few comer 
gained fragmenb grade into tho predominantly hegrained surround- 



ing groundmass and some patches appear to be ghostg of xenolithic 
fragments, whose ragged wtlines suggest that the fr-ents have been 
partly wimilated into the matrix meterid. Though the micro- 
scopic teteKture of the completely indurated layers could be thwt of a 
rapidly d e d  lava Aow charged with xenoliths, the texture was more 
likely a mult  of complete welding of the juveniln lava masses, for 
these indurated layers grade vertically and laterdy into unsorted 
agglomerates clearly composed of discrete bombs, lapitli, and xeno- 
lithic fragments. 

Two welded agglomerate beds arc dso axposed in lese extensive 
outcrops in the north and east arcaate ridges. The following geoIogic 
section on the south dope of the north arcuate ridge includes these 
two welded agglome~ate beds. This section di£€era in detail from 
the one at the type locality (page 315), in that the upper wdded bed 
i~ bmdtic, rather than andmitic in composition. 

Me- dth ~Itlmeter md bawl Fmt 

Vent agglomerate, oxidixed, medium-red, acoriaoeoua; contdna many 
fragment9 of m&o phenooryst b u t ;  weathem grayish red purple; lower 
20 f t  ~trongly indurated. 

Okmok volcanica: 
Agglomerate, pale- h~ to&u rn-yellorffish-brown ; contains reddish scoria 

fragments; pamibIe vent agglomerate -,,,-,,------------------- 60 
&glomemte, basaltic, welded, medium-gray; contains many f r q  

rnenta of aphyrje basalt; grdationaI with aggbmerates sbove and 
below -,,--,,--,--,,---*---------**-- * *  - +  -- - -  -- + -  10 

Agglomerate, dark-yellowish-brown; contains large blocks of vitwoua 
andesite as much as 10 ft thick snd arnaller angular fragmenC of 
b a d t .  Pastly covered-, +, -, , -, , ------------- - --- - -- - - -  100 

Agglomerate, andedtic, welded, medium-gray; stained with medium- 
red iron oxide; has atresky (eutaxitic) texture; gradational with 
bedsaboveandbbw,----,-,,,-,---,_-,,--,--,---,-,--,,,,,, 15 

Agh, p n m i m n  lapilli, bedded, yeIIowhh-gray; gradational with mh 
1~ a 

h h ,  rhyodacitic, grayish-yellow; aharp oontact with agglomerate. 
below-,,---,-,,---,--,~,,-----,,,,,,--,~,*,------~-~-----*- . 5  

Tha welded agglornerah beds were intensively ~ t u d i d  both petro- 
grapbicdy and chemically in the hope that they could be identified 
elsewhere, and thus be used as marker beds in structural studies of 
Okmok Volcano. Petrographic analpeg (table 1 1) and silica analyses 



TABLEI 11.-Peieirographic adyuea of c r g ~ k d e  and olh marker beds of the Okmok voleanics 

[MOda a m 6  !.U VOlUm@ ~lctmt1 

I B 4 U 6 7 8 ----- 
Ohemlcal m e w  number (table 2) .................................. 18 .................................................. 18 ............ 
Mode in volume percsnt: 

Cry%nh larger thao 62 mm: ................................................... 6.2 0.7 0.8 +a6 & 

<:t 2: . 2  . 2  1 ....................................... .I) 0 C 01 
.a .1 .o L 1 <. t 

.O .o i! C 1 . I  ................-.............. . I  .O 1 . O  .O 
1.1 ................................. 1.8 1L 16 .G . O  ................................................... *i 0 97.1 84 79 99 87 ............. h i - 1 1  ~9w-d Ann-sr ( S ~ I S B )  (me)  (rere) 

........... b n r 1 - u  A m r  
1.m 

........................ ............ .............................................................. Fw? 

( } 1 . a  1 . U  L~l2.5 

Partly W o n l t l w d  egglomat6 from bbd st baWm of New J-Y Grrek pm 
*t.. I%1N N. long 168"018 &.). 

PtunlPa h a  be'd h -bfaOl W 01l4 QAt m.6' N., bug 1680M.Y X.). 
0.8 d h  s~nth 109 E. 01 AabLWt  P%C. 

Prrmdoeaud sab bed &I nmth slde C3mp Omkpal ty  Orit 63-A' N..low lWn068.11 E.). 



(nee below) suggest that the lower welded bed of the type Tocalilty is 
correlative with ~ i m l ~ a r  beds exposed several milds distanton the north 
elope. 

SaXca analysss and bulk spo~t~& ~fttwify d c l e r I n i ~ t h a  ma d d t d  ag~lomcmk Ms 
of Ihs O k m k  d c ~ m i e ~  

Obmok Caldera flat 53O28.3' N., long 168°08.f' E.) : 
1. h w e r  welded agglamer~te bed of t p  seation (p. 316) 

I 
at north wall -,-,-,----------------,-,,--,,,,,, 54.36 .,,,,,, 

2. Upper welded agglomerate bed of type motion (p. 315) +, 67.40 , , . , ,, , 
North arcr~sta ridw (lat 63°29.2' N., long 168"OB.S' E.): 

3. bwer welded agglomerate bed of section (p. 317') at 
~ o u t h s l o p ~  .................................... 66.7 ,,,,,,, 

4. Uppr welded agglomerste bed of section (p. 31 7) at 
same looality M 33,,,,,, ,,,,-,,,,--------------- n..d 88 

Cmbr Creek gor~e  /la% 53'28.0' N., tang 16P5.2' E,): 
5. %nuo aphyrio lava of welded bad near b p  of m t h &  

wall ,,.-,,,,,,,,, , ,,,,,,---,,---,,,--,-----,, , 54.0 2.86 
6. Dark he19 m r i m u s  leve of welded bed, 2$ mi. 

north& of 5, in upper part of aoutheast mall ,,-,,, 64.0 , ,,, ,-, 

Crater Creek (1st 63Oa2.6' N., long 187°59.2' E,), a few hnn- 
1 dred f e d  ~outh of road bridge: 

7. Black, s d a  fragment in pdagonite agglomenrte bed, 
poeaibly equivalent t6 lowet weldcd bed of t y p  wc- 
t i  , 53.7 ,,,,,,, 

E& arcuate ridge flat 53'27.0' N., long 168'2.8' E.) st north 
end: 

8. Welded, hnae aphda sgglomerete bed at top of eee- 
tioo -,,,,-,,,,,,-,,---,--,--,,--,--,---- 5 2  6 284 

The cornpition of the phenocryets (column 4, table 11) md the 
bnlk apeci& gravity of the upper welded bed a x p o d  in the north 
arcnab ridge section indicate a bmaltio cornpaition. Tbe 2 welded 
beds of the section st the type locality and the 2 in the north armate 
ridge aection are not w d a t i v e  from their petrographic and ehemid 
character, although the upper weldcd bed (column 2) st the type 
localiky may possibly correlate with the lower welded bed (column 3) 
of the north arcuate ridge section. Tha welded basaltic beds (Nos. 

1 4 md $1 ma limitad to the upper par& of tha two stratigraphic sections 
st the north and east arcuats ridges. The pteaent work d w  not 
demonstrate whether the section at the north muate ridge i9 partly 
comelativs with that at the type locality. Fwibly, the pyroclastic 
beds exposed in the north and ethst arcu~te ridges were deposited by 
an earlier caldera-forming eruption related to the origin of the arcuaG 
ridgea. 



PARTLY PALAOONITIZED ACHfLO-BATTe TVF~~BRECCIA 

No bode completely welded over a. large area me found dong the 
wracoast; there they ~ t b r y  from IooseIy mnsolidated to moderately in- 
durated. On the plain south of Cape Tmak, the bmwnish-gray ag- 
gIomeratic tuff-breccia lies in huge reman t blocks over 2 ;square milea. 
These blocks are mociated with old channel sears of Crater Creak 
and appear to have been undermined by removal of a loosely con- 
solidated agglorner~te bed from beneath a thick bed of moderately 
indurated tuff-bmia. 

This tuff-breccia gonth of Cape Tan& contains as much M 2b 
porcen t of xenolithic fragments, which include medium- to dark-gray 
baanlt, dark-gray black viltreaus andasih or Iatite, and yellowish- 
brown palagonite tuff. Abundant masses of juvenile grayish-black 
scoria are also enclosed in the palapnitic matrix which is light olive 
g a y  to dark yellowish brown. The vitreous latite (see column 17, 
tablo 2) is more siliceous than any known pmcaldera vitreous tbndesite 
and pomibly repreaenta chIod, unvesiculated juvenile lava of the 
Okmok valcanim. Loss than 1 percent of euhedrd to subhcdral 
crydah of plaglodaae, monoclinic pyroxene, and olivine are scattered 
through the grayish-black scoria dote and the matrix, The ~coria 
dots include crgptocrystdline, nearly opaque rwnorphous material 
and clear, light-yellow to lightrbrom g h s  (aee mIumns 5 and 6, 
table 11). The groundmass or matrix material enclosing the scoria 
clots consists rnostIy of a partly opaque, cellu1ar cryptocrystalline 
aggrsgats that ranEes from light to dark brown, less commonly 
greenish, in trmsmitted light. The refrmti~e index of the aggregate 
ia mostly slightly lowcr than that of balsam. 
Though this w e g a t a  was not chchemicdy aunlyzd it closely 

ressrnblerr the groundmass of the pdagonite t&s of the dshisbik 
basalt both in outcrop md in thin section and is therafore presumed 
to be hydrated basaltic glass or palagonib. 

SEYODACXTE SUMICm BBDB 

Lihbye1lowish+wy, uz~mnaolidatgd pumice and pumiceuua iwh 
ie wociated in three places with agglomerate of the Okmok volanics. 
On the south in-facing dope of the north m a t e  ridge, 35 feet of 
gray ash r ~ t a  in eharp contect on 40 feet of p d y  indurated ag- 
glomerate, and is overlah by a 15foot layer of welded agglomerate 
(see section, p. 317). In s ge& diff 0.6 mile mutheast of Ashi~hik 
Point, lg  feet of pumice lapilli ash rssb on Asbishik basalt and is 
overlain by 20 feet of partly indurated agglomerate. On the east 
slope at an altitude of 1,000 feet, 2% feet of grsy pumice mh in the 
north wall of Camp Creek gully rash on partly indurated agg1omerate 
and is overlain by loosely consolidated agglomerate. A few fragments 
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of gray pumice were found in the partly pdagonitized agglomerate 
st an dti tude of 100 feet along Crater Creek near Cape Tanak. Petro- 
graphic ~nalyges of two rhyoda.de pumice specimens are shown in 
columns 7 and 8, table 11. 

BEDDED ASE 

Maasive, poorly sorted mh and bedded, sorted, unmsolidated 
1 ssh in general forms the upper part of the Okmok volcanics. In 

the caldera wda,  the thickness ranges from a few feet to more than 
300 feet m d  a~magas about 170. (See page 316.) On tlre outer 
slopes the ash becornea distinctly sorted and thins rapidly with in- 

1 

creasing distance from the caldera; 1- than 5 feet is exposed in the 
cliffs of the Bering Sea coast. 
The bedded deposite conaist mostly of 1 to 10 foot beds of wd- 

mrtad ash, lapilli, and fragmenh of wcw~ory materials. A con- 
solidated bomb bed, from 5 to 20 feet thick, is ekposd near the 
bottom of tho ash dsposib in gullies on the upper slopes of the 
volcano and in placm in tba walls of the caldera. Abundant jvvenile 
bombs, 1 to 2 feet long, con& of dark h e - p i n e d  aphyric lam, and 
xenolithic fragments of prwddera basaltic rocks locally as much as 
3 feet in median diameter. Angular blocks, 1 to 3 feet across, Litter 

a the surface of the rash near the celdsnt wall and o~nsist of £ragmenCs 
of ABbishik basalt, including palqonite tuff. Kith increasing 
distance from the d d e r a  rim lths xenolithic f r a g m e ~ b  become pro- 
gressively mdler, and at the seacoast they average only about 
1 inch in diameter. 

OmwH a n X l ~ ~  OF OXMOK VOUIAmQB 

The Okmok v o l d c s  are thickeat around the rim of Okmok 
Caldera, yet no recognizable deposits mipable to them me found 
within the caldera. The thick blanket of Okmok volcanics muat 
therefore be related to the formation of the oddera itself, a Williams 
(1941) has demonstmhd for many calderas throughout the world, 
The m r t e d  agglomerate and welded agglornerato beds of the lower 
part of the Okmok volcanics certainly muat have been emplacd as 
a catastrophic eruption. The lack of bedding and poor sorting of the 
agglomerate clearly indicate that little if any winnowing of material 

4 took pIme. Furthermore, the presence of welded =lomeate beds 
dao suggests that heat loss due to air trampo~t wae &t a minimum. 
Tbe d e p ~ i t a  are therefore believed to have been emplacod as a red- 
hot emulsion of volcanic gtasw, moltan juvenile particles, and minor 

*I 

Iithic fragments-the glowing avalanche or nu& ardentg (glowing 
cloud) type of eruption. The absence of tbe unsorted affglornerab 
from most of the higher ridges radial to Qkm& Caldera further 
supporh this hypothesis of origin. 



The partly pdagonitised agglomeratic tuff-breccia is not found 
within 2 to 3 miles of the rim of Okmok Caldera but occurs on the 
lower dopm of Okmok Volcano, where theae partly palagonitized 
rocks occupy the same stratigraphic position as the nonpdagonitieed 
agglomerate closer to the caldera. The change, moreover, from non- 
pdagonitized agglomerate to palagonitiaed agglomerate is gradational 
through a distance of about a mile. Xenolithic fragments are a h  more 
abundant in the partly palagonitizsd agglomerate, which with in- 
creasing abundance of xenolithic fragments gradea inh td-brwia. 
These features of the partly pdagonitized deposib ssugge~t that as the 
glowing avalanchn reached the lower ~lopes, farther from the source 
vents, mndderable watm from melting snow and ice became admixed 
with the primary constituents of the glowing avdanche m that when 
the rnw finally came to rest the juvenile particles were h y h t d  to 
pdqpnite. The t&ue of the partly pdagonitized tuff-breccia in 
many exposures auper6ciaUy membles glacial till or, more likely, a 
mudffow deposit. Tbia general imprwion suggesta that some of the 
partly palagonitisd deposita may have been emplaced as hot mud- 
flows. 

The greater abmdmce of xenoLithic b . g n e n t ~  in tba partly pala- 
gonitbed deposita may be due in part ta the glowing nvdanche pick- 
ing up hddere  enroute and in part to solidification of molten juvenile 
fragments with cooling. Part or all of the vitraous andmite-labite 
fragments in the tuff-breccia may actually represent chilled, unvesicl 
dated juvenile Irtva. This same material closer to  the source vente 
may have cooled more slowly into the finely microlitic Iava of the 
welded agglomemte beds. 

The bedded ash and lapilli in the uppw part of the O h o k  volcani~ 
were emplmed aa ash falls from explmive or md&n eruptions, in 
part associated with the caldera-forming eviscerating eruptions but 
in part subsequent to them. Generally, the bedded depite  am the 
product of the calderaforming eruptiom but include in the upper 
part an indeterminate amount of ash from posteddera eruptions. 

The part of the Okrnok volcanics in the north and east arcuate 
ridges may possibly have been deposibd as the result of an eruption 
earlier than that which depositd the pyroclaatic meterial around the 
prment caldera (aee p. 3 191, but such deposits from an emlier cdderec 
forming eruption have not been recognized during the prssmt study. 

01 W 0-OX POWANTO9 

The Okmok ~olcmica postdate the last major glaciation of Okmok 
Volcano w neither they nor the wall of O b o k  Caldsra haw been 
significantly glaciated. However, the cawing of Crater Creek gorge 
500 feet deep into basalt flows is all later than the O h o k  voleanics. 







Hen#, the O h o k  volcanics were probably empIt~ced shortly after 
the waning of the last main @mid epoch on Urn& Idand and are 
therefore c o a s i d d  early Recent in age. 

Many slightly dissected flows, plugs, and cones of bwsdtic compo- 
sition are outside Okmok Cdderrt and hence cannot b datatad with 
mpsct ta iiB formation. Vent Iavas, such fts plug and cinder cone 
deposits, ma discussed, wbme appropriate, with the flovm with which 
the vent haas are rssdated, though they mare grouped together on 
plate 41 to reduce the number of color pat-. The relatiom of 
these youthful volcani~ featurea to the Okmok volc&ni(ls could not 
d w ~ p  be wmtdnd, because ash from postcaldera eruptions haa 
oh& critical con tach close to the caldera. At least one cone mid 
ita 4 3 s t e d  Bow on the caldera rim are h o r n  to be prmaldera in 
w. Some flow9 appetbl. to be interbedded in the O b o k  vo1cdcs 
and are probably contemporaneous; two are ~ h o m  on plate 41. On0 
ia in Miwouri Greek about 2 miles north of Satellite field no. 2, aad 
the other is nmr the mouth of Vermont Creek: abut 2 milee south of 
Satellite field no, 2, The ~11mmolidatd pyroclastic debris of most 
cinder cones on ths upper dopea of OIanok Volmo appears to grade 
laterally into bedded ash in the upper part of the Okmuk volcanica, 
wherelbs soms of the lava flows associated with the same con= pwss 
under the bedded mh of the Okmok volcanica. Some of the cones 
d flows may predate the O b o k  volcanics, but if the bedded ash in 
the upper part of the Okmok volcanica is actudly poetcaldera in age, 
some of these cones and flows may likewise be postcaldera in age. 

Mago phenompt basalt dikes me exposed in the wall of the caldera 
mutherast of cone @. The dikes connect with a cinder cone and s m d  
hva flow on the ddera  rim. The rough flow surface. is barren of ash, 
~uggesting that the flow may be younger than most ash erupkione in 
the vicihity, yet the dikes, cinder cone, and the upper edge of the 
flow are all trunwted by the wall of Okmok Caldera, thereby proving 
that they are preddera in age. 'She basalt is porphMtic with 
phenocrygts of d c i c  plagioche, tbugih? and olivine. 

B W T  BLOWS OK THg MCUATE BID(IEII 

A number of s d  plug-domes, cinder cones, and a~iaodated m a l l  
lava flowa with surfaces barren of ash form part of the crmt of the 
north mcute  ridge and the east arcuate ridge. A h e  of similar 
exkusive mcke branches from about the middle of the east arcuate 
ridge and extends southeast down the outer dope of the voIcano. 
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me rock in all these cinder cones and lava flom is dense, rndnm- 
gray, aphyric basalt. The volume is estimated at less thm 0.1 cubic 
mile. 

B U T  m W  OR ObPE ASUX 

A large &dm cone, which bas been slightly dissected by erosion, 
snd an associated lava flow mver about 4 square miles of the loww 
wmtern s lop  at Cape Aslik. The lava flow, which is 100 feet thick .* 
in the present ma cliff, extended a 3-mile section of the coastline 
newly a mile seaward. There is no ash cover on most of the flow. 
The rock is aphyrir: basalt and its volume h estimated to be about 0.1 
cubic mile. * 

UAZT mow ATEAR o m  m m  

Two s d  cinder mnes and one v m  small Ism flow, with a aurfaca 
barren of ash, o~erlie ths ash deposit of the Okmolt v o l e ~ c ~ ,  which 
mantles most of the plateau between Mount Idak and Cape Idak. 
The rock is dwkygray dense basalt with a few small phenocrysts of 
plagiodase. Tbme volcanic rocks are dmos t certainly of postcaldera 
we, for they rest on the O h u k  volcania. 

U O B m  8 A W T  mWB AIIE mIPPDU BAT 

F h  ninder clones are dined aaeterly from Cinder Poht in the head 
of Inanudak Bay. Anorthite baadt 0om &re associated with four of n 

the con=. For convenience, them lavas are considered with those of 
O h o k  Volcano even though these anorthite basalt flows near 
Inmud& Bay came from a separate Jincmeart of vents closer to t 

much edier vsnts that extrudd the volcanic mcka of central Umnak. 
The basalt flow at Cinder Point forms the shoreline including Cinder 
Point, and mvem an area of about 0.6 qunra mile. Two miles inland, 
a n m w  %ow extends 1% miles northwat from the second cone. 
Lava h m  the third and bourkh mnm to the east flowed south and 
coalesced ta form ib lava field half a d a  wide and over a mile long. 
No lava flow was extruded at the fifth and eastermost cone, No ash 
covers the surfam of the flom, and the cones esnd flows have not h e n  
modXd by erosion, although the G a d  centact at the lower end of 
the eastemnost flow is covered by alluvium. The rock in the cone9 
and flows is porphyritic anorthite bas& with common to abundant 
phenocrpts of translucent sodic anorthite with a maximum length of I 

6 mm. The total volume of anortbite b a d t  i~ estimated at 0.04 
cubic d e .  

~ m ' ~ E & a a O R W I T H P r O ~ O K ~ E E u  1 

BU tbe rocks within the caldera are obviously younger than the 
caldera. The most recent deposib are subaerial, and therefore 
younger than the shrinkage of a lake which temporm.iSy flied the 



caldera to a depth of 600 feet above the present low point of the floor.' 
Other depoaib, mnhmporaneous with or older' than the lab,  ahow evi- 
dence of eubsqueous eruption and me overlapped by lake beds or show 
erosional features rrrrsocilated with the changes af level of the lake. 
Major relations between some of these early deposib are shown in the 
diagrammatic profile (pl. 48 in pocket) taken approximately north 
through cones C and D in the southeastern part of the Adera. The 
olde~t  material in the profile is a chaotic, assemblage of pyroclastic 
material that shows no spgstarnatic structure; elsewhere in the caldera 
the oldest deposib are relatively deeply erodod p p c h t i c  cones. 
Prominent benches ringiug conea C and I3 are undarlain by subaorid 
flom, which are between 1,350 and 1,400 feet in altitude. Below 1,350 
feet they grade abruptly downward into breceiatsd gUow lavas, which 
were emplaced under water. The level of change at an altitude of, 
1,350 feet is consistent m u n d  bath cones and indimtea the altituda of 
the lake suriaco at the time of extrusion of the lava flom of cones C 
and D. The lake Psvel rose subsequently to its higheat altitude at 
1,500 feet, which is marked by wave-cut scars on conas C and D and 
by the top of sediments deposited at or near the shore of the lake. 
This altitude ia also the top of hard Crater Creek basalt at the low 
point of the caldera rim, inb which the gorge of Crater Creok has been 
ent~enched. Temporary hdh in the lowering of t,he lake level, as the 
outlet stream deepend its gorge, are indicated by w a v e a t  scam 
nicked in cone D ah altitudae of 1,140, 1,120, and 1,100 feet and by a 
prominent graded surface at 1,120 fwt on lake asdimenh just north of 
cone D. h small, ~hdbbJIow rcmuant of the lake remeins north of cone 
D at  an altitude of about 1,075 feet. 

W ~ C O ~ ~ D B ~  e d L O m A u n  

D A m T  W W D -  PPBOCUS'MC EOGKB 

This unit incladas bedded deposits of cones U and H in the northweat 
fluor of Olnnok Gddara Cpl. dl),  the materid that mmpriaae an un- 
named cone older than and due east of cone C in the southeastern part 
of the caldma floor, and doposits of pyrodastic mat&al whose source 
vents could not bo daterminod. The pyrodastic debris not identified 
with xewgnized wurm venh may be part of a breccia t,hat preewnably 
formed the original floor of O h o k  Caldera when it iimt subsided. 
Tha cones have very wide low craters with n m w  serrate rims. Tha 
au ter slope3 consist of many radial ridgm, fluted by gullies, and have 
the general appoaranca of bdIsnds. The pyroclastic material of the 

d 
oonea ie well sorted, fine-bedded unconsolidated ash and lapilli, ran- 
d o e  interbedded with layera of mnsolida~d palagonitized tuff. 
Many xenolithic fragments ranging from a  mall f~sction of an inch to 



blocks ae mu& as 10 feet ln diameter me randomly strewn through the 
.sediments; must of them me of apbyric basalt but a few m of palag- 
onitized tudf, similar to  palagmitized tuffs of the AshishIlr basalt. 
The juvenile laaterial ia fragmented cryptocrptdhe smxia, shards 
of vesicular glass and pdagonite, and broken crystds of plagioclase 
and pyroxene. &me shards consist of a wre of cBar, unaltered glatt 
surrounded by a green to yellow to dark-brown pelagonitic aggregate -1: 

of microcrystallime altered materid; other shards are entirely the 
palagoni tic aggregate. 

The smded, wide-mouthed cones, containing aa they do, bedded, 
wellartad ppclastic debris with a large amount of accessory xeno- * 
lithic  fragment^, resemble Dimond Head on Orshu, Hawaiian lslsands 
(Wentworth, 1926 ; Steams, 1935), ~ n d  are believed to be the pmducta 
of phregtomagmatic eruptions caused when rising hot magma entered 
the wabr+atmated breccia beneath the caldera lake. 

mAarocLam &~&dlT m~wa OF coma e dm n 

Conea C and D are aimi2ar to each other but diim in form md rock 
type fmm all other cones in the caldera. Each mnsiats of a cinder 
cone surmounting a terrace. The terrace is underlain by a levis flow 
that has structures and telrtaree nomd in nubaerial flows in the upper 
part and pillow structwm embedded in brewiated glass in the  lower rn 

part (pl. 48). The phpiagrap hic form rxlnais ting of the cone, subaerial 
lava bench, arid underlying pillow lava has been called a "tuya" by 
Mathem (1947) after Mount Tuya, a similm feature in northern *- 
British CoPumbis. Cone D is symmetricsl with s single crater at the 
summitI exposing a vent plug of coarse crystalline basalt. Cone C js 
less symmetrical and near the summit has remnanta of 5 different 
vents, one of which contains a plug of come-gmbed baadt. A line 
of active fumaroles m s e a  the lip of an asymmetric crater on the 
muth f l d ,  a hundred feet below the aummit (Byem md ndxahnock, 
1949, p. 724). Bedded palmtgonite tuff L exposed l o d y  at one of the 
subsidiary vents. Most of the ppclaatic material of bath mnea C 
and D is dmk ash and scoria, locally oxidized to brick red. The mck 
j, porphyritic basdt, containing up to 25 percent of bytownib plagio- 
clase phenompter, and about 1 percent each of olivine and monodinic 
pyroxene phenocrystg, aU 1- than 2 mm in greatest dimernion. The * 
abmdance of phenocrpta is &out the m e ,  whether in the c u e d  
rn- of the pillom with g l w  groundmass, in the subaerial flows 
with a p h i t i c  but ~ t ~ e  groundmass, or in the plugs with gmu- 
I=, gabbmid groundmass. The volume of matmial extruded from b 

rrones C and D is estimated at about 0.1 cubic mile. 



Bedded wlcanic s d i t a  me com'posed mainly of water-laid 
volcanic wh and silt and subordinate older dissected alluvium, 
grded 20 the aarrfam of the caldera lake. They rn scattered in 
s m d  we= over d except the muthemmost part of the ddera  Aoor. 
The beds range in dtitude from nearly 1,900 feet along the wall of 
the ealders to about 1,140 feet in the northeastern part, where Crater 
Crmk leaves the ddere ,  (pl. 41). The greatest exposed thickness ia 
about 300 feat with the baee not expocsed. The older dissected alluvium 
stands highest west of mnea and Wand is largely younger than these. 
The true l~kebeda are of greatest extent in the center and sautheastern 
part of the caldera floor below 1,600 faet, the dtituda of a lakeahore 
scar on tha flanks of cones C and D and tho topmost horizontal beds 
in the lake kenace esst of cone W. The lakebeds near the head of 
Crater Creek gorge are below about 1,120 feet, the altitude of a lake- 
shore scar in the pillow lavas of cone D. 
The bedded ~olcmic sediments m n t k  wd-bedded silt, sand, h e  

gravel and lapillif the gilt beds are aa thin as a fraction of an inch and 
the coarser material is in beds aa much ga several feet in thickness. 
Lght-grsy to hght-yeUowiah-gmy silt Ma form aa much as 60 percent 
of the lakebed section in the northenatern part of the caldera, but 
comer materilrla form mmt of the deposits, netbr conas G mil H; 
which may have mntrhrEed .come debris, to them. Bloch as much 
as geveral feet amom constitute nearly 10 permnt of the depoaita near 
the caldera walls, but me less abundant away from the walls. 

Cone F, a m e t r i c d  cinder cone, and its msociated Iava flow of 
aphfiu btrsdt are muthwest of cone C (pl. 41), almost against the 
south wall of the caldera, The lava flowed northward from the cinder 
cone, apparently following a ~ h ~ l l o w  valley cut in lake beds and ma- 
terial from Gone C after the lake shore had withdrawn to a lower level. 
A modern g l ~ i e r  encroaches on the south flank af the cinder cone, and 
the lower end of the lava Sow has been covered by more recent 
alluvium. 

BASALT FLOWB BROM CONa XI 

Cone E ia a composite cone in the weet-central part of the caldera 
floor. One of ita youngest lava flows reach= over 2 milea eastward 
beyond the center of the caldera floor, beneath Born of cone A. The 
cone contains a pit crater, 3,000 faet in dismebr st the rim. The 
bweetpart bmncealedby am~terlake500feetbelow therim. Inter- 
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bedded p p c l a ~ t i c .  mcka and lava flows ara exposed in the crater walls 
down to lake Ievel. Part of the lower outcrops consist of yellowish 
indurated pdqonite t d a ,  which may be older or wntemporaneoua 
with the caldera lake. The uppermost flows and pyroclastic materid 
from cone E lio on a. nudace cut on lakebeds almost continuous with 
the present grdad surface of the adjacent caldera floor. All the flows 
and most of tho pymclastic material from cone E are therefore con- 
sidered younger than tho lake of O h o k  Caldera, although mme 
pyroclastic mrtterial may be older. Pymdastic matarial and the 
basalt flow a r o  epamely porphyritic, and their volume may ba as 
much M 0.2 cubic milo. 

In the north wall of Okmok Gddem, juat west of cone B, several 
steepaided agglutinate con= are dined on R fissure noarly pma11d 
to the mldera-wall scarp. h a  flows from two of tho vents plaster 
the wall from just below the rim to the floor and mora then a fifth 
of a square mile of floor. Smd, thin flom from the other vents 
between Jtitudes of 1,400 and 1,950 feet cover part of the wall but 
do not reach the floor. The lava flow on tho caldera Aaor hm no 
alluvial cover but is partly covered 1:ly basal tic andmite flows from 
cone R. The rock is aphyric and very mimiIar to the basaltic mddte 
from cone B. Comparable .BOW m d  vent materid abuta againat the 
southwest wall of the caldera wwt of cono A. The modern glscior 
partly covera these lava flowa, and their axtent on the caldera floor 
is obscured by erupted material from cone A. 

BABbVPIO ANDBSITD FLOWS m O M  C D m  B 

T m  flowa of aphyric bssdtic andesite and the associated cinder 
cone form approximately 1% squm miles of the a d a w  of the north- 
aastern ffoor of the caldera. The older lava flow, thinly mantld with 
redataiaed ash from the cinder cone, extends no more than three- 
quarters of a mile from the cone. The youngarlavais devoidof ash 
cover and is made up of several parte: a few rsmall Bows lie on the 
ash-covered lava new the cone, but most of the younger lava extends 
southward beyond the southern margin of the ash-mvered flow, 
apparently having moved laterally beneath the old lava and reached 
the surface at vents along ite southern edge. The surface of both 
flows ia rugged and broken; blocks of jagged lava are M large as a 
small house. Near the cone, blockg of tuff and ngglutinste as much 
ns 80 feet aems have been rafted out on the surface of the flow. The 
volume of material at cone B is approximately 0.015 cubic d e .  

The two lava flom appear similar, and their t e x t m  vary no mom 
than between different specimens from the same flow. Both may be 



products of one eruption, which might be one of those reportad from 
northeast Umnak in the early nineteenth ~811tusy (a~ewingk, 1850, 
p. 128-133). 

BAW FLOW n o r  corn A 

Cane A is e, large campound cinder Gone near the southwest wall 
of the eddera. Fumaroles were still emitting sulfur dioxide and ather 

P gases in 1948 from summit crater (Byera and Bramock, 1949, p. 722). 
At least five different lava flows extend from the cone and cover 2% 
square d e a  of the caldera floor, The oldest, a sparsely porphyritic 
basalt, extends north to cone E (pl, 41). Its surface is mantled with 
ash in contrast to the younger flom. ' h a  ah-free aa flows extend 
from different flanke of the compound cinder cone and merge to form 
the lava field co~er ing  1% gqume milea of the floor to the northe&. 
A lava flow of June to Auguat 1945, isaued from the wmt flank of the 
cone, then mavd eouth, east, and northbast along the southeashm 
margin of the large barren I ~ v a  fidd. In December 1945, tb second 
flow ismed from the north flank of t.he cone and spread in a nunifid 
pattern towmd the north, covering pnrts of the older Iavs field in most 
of its mume. Both flows of 1945 and the pre-1945 flom of the lava 
field northeast of mne A are of vesicuIar porphyritic basalt. The 
surface of all four flom js jagged aa, of the same color and "freah" * appearance; if tha tm f l o m  of 1945 had not boen observed during 
emplacement, it d d  hatw been impomibb to distinguish their 
surfacm from those of Che older aa flowa. AU. mtifity at cone A may 
hava occurd since the Russians first sighted the island in 1741. The 
volume of lava erupted in 1945 is estimated at 0.005 wbic mile; that 
of all cone A material, at 0.02 cubic mile. 

OF -OK V-0 

The rocks of Okmok Volcano are predominantly feld~pathio baedt8. 
Common phenocrpts are plagioclma, diopsidic mgite and olivine, in 
varying proportions; hypersthone i~ extremely rare in contrast to 
the volcanic roch of Mount Beschmoi and Mount Vsevidof on 
gouthwatern Umn~k .  The lava flows of O b o k  Volcano range in 
texture from aphyric to porphyritic with phenoffysta constituting 
over a third of the volume in many. In general, porphyritic rocks 

I are more abundant among the older lavaa, apbyric rocks mane; the 
younger' lavm, though both textural types are found throughout, 
Porphyritic basaIta containing rnagnesian olivine and diopsidic augite 
a r e  most abundant among the oldcr lavas, whereas l ams  ranging in 

i composition from andmite to rhyolite were erupted ody during a 
late stage of oonetmction of O h o k  Volcano. 



0 m L I W  aaaacT 

OliPins-rich basalt is reprmentd by 9 out of the 200 mck massas 
s m p l d  and studied in detail, in the lower part of the Ashkhik 
basalt near Cape Idak and the ridge west of New Jmey Creek. Aa 
much as 25 percent of the mckis m-esian olivine. (Forkoo) in euhdra1 
ta subhedrsl myst& (maximum size, 5 mm) in an intergranular 
gmundrnasa of tabdar plngiodass (Anm), euhedral to subhedral 
monoclinic pyroxene and olivine, and opaque oxides. ChemicaI and 
petrogrsphic analpea of olivine-rich baaalt are given in mlumns 1 
m d  IA, tablee 2 and 3. 

P U B I O M - O t T P L B B  B U T  

Porphyritic baaalta containing phenocrysts of both plagioclsrie 
and olivine me much more abundant (48 smpIes) than those with 
only olivine. Thcy are particularly common among the alder lava 
flows of the plateau northeast of Mount Idak and of Mount Idak 
itself, and make up the bulk of the satektic vents on the outer slopes 
of Okmok Volcano. A few are found in the main etructm of Okmok 
Volcano. Euhedrd to subhedral plagioelase cry&& have tha average 
cumposition of bytownita (Labradorite in the ana1ped sample from 
Mount Tulik), but the wrea of most are snorthibe. Magnesian 
olivine is in euhedral to subbedral phenocrysb, but soma are embayed 
and have reaction rima of dinopyroxene. Augib is present a9 
microphenocryst9 aa we11 a~ in euhedrd to subb&al gr& in the 
intsrgrsnular groundmass of tabular labradorite, clinopymxene, 
olivine and opnque oxidea. A cbemicd and petrographic analysis 
of a specimen Imm Mount Tulik is given in mlumn 2, tables 2 and 
3, respectively. The percentages of the groundmass constituents 
l t ~ e  cliuopymxene, 24 percent; tabular Iabredorite, 26 percent; opaque 
oxidw, 5 percent; and a mmmtasb of alkali feldspar and bmwn glass, 
3 percent. S m d  grab8 of olivine are rare in the groundmass. 

P L l ~ ~ ~ ~  BABbm 

Porphyritic m d c  phenocryst basdt with conspicuous phencmpt~ 
of both olivine and augite as wen as plagiodase are most abundant 
(20 aamplee) among the rndc phenocrys t basalt flows of the bhishik 
basalt. The plagiodase bmdE flows of cones C and D within the 
alder& are described here, though they are on the 'borderline between 
mafie phenoeryst bmal t snd feldspathic basalt. 

The upper 20 feet of a mdic phenocrpt bastilt flow on the aourth- 
east slope of Okmok Volcrana is exposed 3 miles northwest of the 
hangar at Cape Air Force Bme. Augite phenocrgrsta are much 
larger and more abundant in the lava 20 feet below the top of the 
flaw than at the top. In the specimen colleated nesr the top of the 
flow (mlu~lma 3 and 3a, table 12) diopsidic augib phenocrpts rmge 
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in size from 1 to 3 mm and make up abont 4 pemnt of the rock. A 
specimen mllected 20 feet below the surfam of the flow (columns 2 
snd 2 4  table 12) contains 12 percent of diopsidic augite pbenoqda 
fa much as 10 mm in maximum dimension. The greater concentra- 
tion of large diopidic augite crystah below the top of the flow suggests 
gravity settlmg of diopsidic augite in this particular flow. Anor thite 
phenocrpts (Anpi) are in normally zoned, euhedrd to subhedrd 
crystals RS much as 2 mm bng; magnmian olivine phenocrysh 
are in euhedral to subhedrd crystals aa much as 3 mm in diameter. 
The groundmags is intergranular (average grain she about 0.031, 
holocrya talline, and composed of tabulw plagioclase, monoclinic 
pyroxene, and opaque oxides. 

Augite basalt, exposed at the base of the east wall of the caldera, 
has some porphyritic facie5 grading into finely granular facies. The 
granular facies (column 4, table 12) contains strongly zoned, euhedral 
to subhedrd plagioclme crystals which range in size from about 5 mm 
to 0.1 mm and in composition from Anal to An,,. The crystals of 
rnagnesian olivine are euhedrd to m h e d d  and rimmed with pyroxene 
ampt  on cryatd faces protected by older crystals from reaction with 
the groundmass liquid. The augite crysltals &o m g e  in she from 
&bout 3 mm to 0.1 mm. Some brown glass has a refractive index of 
abut 1.60-about the aame aa that of the rhyolite obsidian. 

A suite of samples from cone D and cone C shorn textural gradation 
from the chilled vitrophyrlc margin of a lava pillow to the holocrpld- 
line facias in the plug in the summit crater of cone C. The chilled 
vitr0php-e conhin~ almost 19 percent of plagiocase, 0.5 percent of 
augite, and 1.2 perceht of olivine larger than 0.2 mm. Many a m a k  
crys taIa of the same miner& range down to microlites in a groundmass 
of glws (refractive index, 1.592), ~parsely dustad with opaque oxide. 
All crystals are euhedral to subhedral, including the olivine. In the 
holocrptalline fades, the m d c  phenomyts me slightly more abund- 
ant, and the olivine myst& me slightly embayed and surrounded by 
pyroxene grains. A chemical. xbnelysis of a specimen from cone D 
is given in column 7, table 2. 

The anorthih basalt flown near hanudak Bay and the 1946 
anortbite baadt flows from Gone A am extremely rich in anorthih 
phenomysts. These are sat in tb dark groundmass that i~ dightly 
more m d c  than most feldspathic basalh from Okmok Volcano. 
hconspicuow d c  microphenocqsts comprise lesa than 2 percent in 
nearly all of the 10 specimens examined. Despite the dightly more 
d c  groundmassea and the sparse mi mop he no^^, some of the 



enorthite basalt f lom nonethelees approach &nvrthositic gabbros ie 
cornpsi tion. 

The high anorthite content, abundance, and giae of the pEegioclase 
phenocryats in the lava flows near Iaanudak Bay is unusual, emn in 
baaalt. The specimca from Cinder Point (column 6, tablea 2 md 3) 
oon tains 30 perccn t of anorthite p henocrpts in a mimlitio groundrnasa 

C 
of labradorite, clinoppoxene, and opaque oxidea, avernging nbout 
0.02 mm amse. Most of the tano~tbite phenenomyst~ are approximately 
quidimensional eubedrd crystals aa much as 6 mm in greatest dimen- 
sion, but some ma subhedral and somewhat ernbayed by the ground- 

s mass. A few crygtds having a pink tint wero obsemed, All are 

mated with a thin shell of calcic labradorite (about Anes), The large 
core of each is not conspicuously zoned, commonly ~ h o m  Carlsbad, 
albite, and peridine twinning (pl. 49) and haa a composition ttvoraging 
Anoa (me fig. 51 and tablo 13). Determination of the dltaUa suggest9 ' 



a cornpition of An,,. The same rock has mme phenoorysta and 
micropbenocryats of o l i h e  ~ n d  s few of augite. The oliPine crptalrr 
are aU surrounded by a reaction rim of cclinopyraxeno, md tho~le of 
augite by s reaction rim of opaque oxide and cryptocryatalline material. 

A sample from the simiiar flow, 2 miles east of Cinder Point containe 
less than 5 percent of anorthite phenocxpta similar in composition to 
those at Cinder Foint, a few microphanocrysts ranging up to s com- 
position of AnM, md micro1it-e~ of labradorite in s groundmass of glass 
with an index of refraction of 1.545. A few phenocrpts of olivine 
mnd a&ta have reaction rims comparsble to those of the flow at 
Cinder Point. 

The 1945 lava from cone A  contain^ newly 30 percent of pbenompta 
of enorthite, 0.6 to 2 mm in length, and a h u t  1 percent each of 
incionspicuoue augite and olivine micropbenocrysts (column 8, tables 2 
and 3). The plagioclase crystale are slightly zoned from Anpe to Amo, 
Olivine and augite are in euhedral to gubhedml crystals; no reaction 
rim sumunda the olivine, The groundmaas is microlitic, ranging 
from about 0.01 ta 0.02 mm in merage gTain size, and contains 
p lag ioc l~ ,  c l inoppx~ne ,  and opaque oxides. ; 

APRTBIU B U U T  dBfl WLD8PAT830 BAMZT 

Pour-Bths of the lava flom of Okmok Volmo mnaist of aphyric 
basalt and feldspathic basdt. The aphyria or nearly aphyric basalta 
consist almost entirely of tb microlitic interpwth of labradorite, 
clinopyroxene (pigeonitic?), and opaque oxides (see column 11, table 31, 
but 811 gradations may be seen between aphyric md feldspathic basalte 
by increme of plagioclase phenocrgsta. Most of both varieties havs 
ram microphenocrysts of augite. A few rdict microphenocryats of 
olivine can usually be found. The groundmass in similar, but more 
coarsely cytalline mch, ia intergranular, and the pltbgioclaae crystals 
g r d e  in siee from the small phenocrysts to those in the groundmaas. 
The olivine is mmmonly embayed and surrounded bp a reaction rim 
of dinopynlxene. One typical micragrenular feldspathic basalt con- 
tains about 17 percant of nomaally zoned phenocrysts of bytomite, 
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rr m e  mimphaoryst of augite, and a few embayed c r p t d ~  of 
olivine surrounded by ~linop~aoxene reaction rims. The inter- 
granultv pun- is composed of 38 percent laboradorits, 35 
percent monochic ppxene, 6 percent opaque o x i d ~ ,  and 4 percent 
intamtitid light-brom glass (index of refraction, 1.49&1.503) and 
alkali feldspar. 

-dlPDIdmTx 

Rocks of andssitic to latitic compusitian form a few dikes, plug, 
and stubby lava flows of the ml&c mck~ of minor venh near the 
walls of the caldera, and occur es fragments in the ppclaatic rock of 
Okmok volcanics. They are dark-gray to black, dense to glassy, 
nonvesicnls rocks, mmmonly apbyric, and many contain small 
xenolith of basaltic rocks. Most specimens have hydopilitic gmund- 
masses with varying amounts of glass. Mimphenocqda of plagio- 
c1me (.Anar to &) are common to rare, and some roch contain 
amhedrd and embayed fragments of mlcic byt~wnite (Anwl to AnBa). 
Anhedrd fragments of augits, also embayed and commonly bent, are 
less abundant than those of cdcic bytomite, Graina of olivine from 
several specimens have indices of refrwtion mmponding to the high 
fityaIita olivines, hydosiderite to ferrohortonolite ( F o ~  ta Fh} and 
contain no reaction rims of chopyroxene. The index of refraction of 
the p m h  glass ranges from 1.545 in vitreous andeite Eo 1.51 1 
in vitreous latite. Petrographic analps  of 4 specimens are given 
in table 14. 

TABU 14.-Petrographic andyuss of oitvmua mdeaibcs and Id& of O k m k  uolcuma 

1 BlOn detmmiuatlon by Leonard Shaplru using rapid rnemods. 
I srmcimm m b a h  a verg microtlt~i E~OWCWW charged with opn~ue ar~ea a d  benm t h ~  

BpmPsnE, wnId not h~ detPrmhd. 

I. Top of andeaite pipe at intwmction of Crater C m k  garge and Okmok Caldma 
{kt 5532Ri N.. lonn 16B0flIi.4' E.1 . - -  - -  - - 

2. h d d t e  flnw &GYd at 2,*0 fekt an south ~ide, north arcuate ridp (lat 
53O29.2' X,, long 16S006.6' E,) 

3. Top of s m d  andwite plug or lax e blook at 2,600 feet on north arcuate rfdge 
(Eat 53'29.3' N., long 168'06' fi.) 

A Hand svecimen of 1atite fraament in Okmok volcadcs. Crater Creek aanwn 
ncar Cape Tan& ( 1 ~ t  ~3~22.6' N., long 167O59.2' E.) 



One  apparently elongated doma of rhyolite waa found on the outer 
northwest slope of Okmok Vdcano. The rock ranges from light-gmy 
felmtic vwiculax rhyolite to nonvmicu1ar M~ck  obsiditm. Xenoliths 
of b d t i c  andesite are sparse to Gomnon in the ohidisn buh laeking 
in the felsite. The xenoliths apparently were being resorbed (pl. 47R) 
and fragments of laboradorite, augite and olivine in the rhyolite must 
be xenocrpta. ;Feldspar microlites in the glasa have a composition of 
An=, and the glans has an index of refraction of 1.497. Petrsgraphic 
analpes me given in table 15. 

a Only one gmm asmpled. 

TABLE 15.-Petrographic analueea of rhyolite s p a d m  a d  m l l l h i e  inelusiarp, 
Okmok V a h m  

1. Most vitmue obsidian band fnterle ed with less vltreous band slld lehitie 
- rhyolite near northwest end of nortgestward crtemian of dome (1st 53e29.61 

N., long 1fiS01U.3' Em). 
2. Most vitreous obsidian band interlayered with lees vitreous band and felsitio 

rhyolite on northeast side of northweatward extension of dome (lat 5ae29,2' 
li, long 168°09.8' E.). 

3. PurpFfsh basaltic andesite xenoliths In obidfsn anme looality m 2. 
4. Less Y ~ ~ R O U B  ob~idian band interlayered with more vitreous olmidlan and 

................. Chemioal analpla ambar (Cable- 2) 
Mode in v o I m  percant: 

Phenowysts ZP.2 mm: 
Pleglocla%s-. ................................ ...................................... Auglto 
Oltrlne ...................................... 

G m ~ n r L m ~ ~  ................................... 
Range In cornpodtion of ~ W w l a w  pheny- 

>o.a mm ........................................ 
Approlimate companttian, faldspar mlmllten In 

gmnnclmns. 
of anglte pbeaocrgsta .............................. 

Range In rarn sitlon 01 ollvhs p h m  ......... 
Relmcti~e W E  0, gmundmw 81w .............. .. 
Bulk sgsclRc gravity af mck ......................... 

felsitic rhyolite, same locality oa 2.- 
5. Lightrgsay Belsitic rhvolite, eaat end of dome on north dds of north arnuate 

ridge (lat 53O20,4' y., long 168'09' E.). 
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PalagonEtizd pyroldastic rocks aro moat abundant and most mm- 
pletely altered in the agglomerate and tuff of the Aghishik basdt ex- 
posed in the wdls on tho outer slopes of the caldera. Partly pdagoni- 
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tized rocks am in the agglomerate of the Okmok ~olcaniw more than 
2 mid- from the d d e r 5 ,  and in tmme of the pyraslaatic con= w i t h  it. 
The palagonitized rocks of the Ashishik bmdt contain fragrnenta of 
vari-colored amia, p a y  to black xenolithic fragments, and broken 
crystals of plwfac~as~ in a yellowkh-gmp, =thy matrix. Fmgments 
of light-brown scoria contasin cores of unaltered clear Bgbt-yellow 
glrm rimmed by palagonitizd glass. In different specimem, the 
index of refraction of the unaltered glass ranges from 1.560 to 1.575. 
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Fragmenh of yellow to ormge-brown scoria consist of isotropic 
palagmite glass that ranges in refractive index from 1.54 Ito 1.67. 
The swris frsgmenta are slightly to moderatdy d d a r  with vesicles 
0.05 to 0.1 nun in diameter. The xenoliths probably me broken wall- 
mck fragments of O h o k  Volcano. Fragments of pIagioclase, augite 
and olivine crystals may ba in part xenocrptic aa their abundance 
~eem to vary directly with the abundance of xenolithic f r v e n t s .  
The- matrix b s cryptocrystalline aggregate, apparently of palagoni- 
tixed gPasa s h d ,  as shard shapes are di~cernible in par& of the ma- 
terial. The cryptocrystalline pdqpnite is green, yellowish, to dark 
brown, as wen in plane-poIarized light in thin section, and is made up 
of birefringent microlites in both felted snd radial-fibrous texture. 

Many vesicle fillings are compound and consist of a lining of 
concentric, moderately birefringent fibers, and s central filling of 
nonfibrous, low birefringent materid with refractive indices 1.480 
and 1.484 (chab&te ?) . Some vesiclm con taia a yellowish to reddish- 
brown mined in crudely apherulitic aggregates of c u m d  conwntric 
5bers with positive elongation, birefringenca about 0.01, and index of 
refraction about 1.56 to 1.57. Another cavity-filling zeolite, in 
shmflik~ aggregates of r d s t i s g  fibers, hns positive elongation, 
parallel extinction, and indim 1.467 and 1.470. 

Chemical a n a l p  of two specimens of pdagonikized rock are given 
h calms 3 and 8 in table 2. 

mu- OF OIZNOK V O ~ O  

The major structural featurea of Okmok Volcano--the caldera ring 
faults and tho probability of two calderas--are mostly concealed by 
the O h o k  volcanics and other pyrodastic debria. Therefore, their 
axishum is in l q  part inferred from physiographic feature3 and 
vent Jinementa, and by cornparkon with similar cdderas elsewhare in 
the world. Firat, however, the known or observable structural 
faaturea of Okrnok Volcar~o are considered, followed by a discussion 
of the origin of the arcuate ridges. 

O h o k  Volcano is mainly composed of gently outwarddipping 
flows and inhrbedded ppclastic rocks of the precddera Ashishik 
basalt (see scctions Arl' and BB', pl. 41). Dips greater than 5" are 
rsstrieted to local vent masses of relatively small volume. Ths 
welded agglomerate beds of the east-central part of the north arcuate 
ridge actually dip gently southward toward O h o k  Caldera. The 
law plateau between Mount Idak and Cape Id& is underlain by 
Ashishik basalt and minor pyroclastic interbeds that dip 2" to 3' 
northeastward, except in the eroded cone of iMount Idak. Inasmuch 
as the average outward dip of the layered volcanic roc& is less than 
the topographic slope, progresi~ely younger flows are found as one 



aecenda O h o k  Volceno. Mmt of the dip obsmed ia the O h o k  
valctbnia are -tidy pmdel to the present topographic slope. 

O h o k  C d d m  in in h g e  part a feature of collapw and ib  infacing 
w d s  are the shghtly modified  carps of a ring fault. One fault, 

associ~ted with the ring aptem, has been mapped. In the northeast 
wall of O h o k  Cdderrt muth of Crater Creek gorge (pl. 41), a fadt 
that dip  teep ply southwest toward the caldera is ezrposed for about a 
mile. The southwmtem block has ~ubsided about 100 feet a~ shown 
by the displacement of a bed of welded agglomerate in the Okmok 
volcanim. 

The bedded volcanic sediments in the addera have been d i s p 1 d  
in a few places by postcaldera movement, probably involving the 
caldera ring fault, Along the northwmt wall, north of cane H 
(pl. 4 1) , the bedded volcanic s e d b h  dip fm much ,b 30° toward the 
center of the caldera but decreaee in dip at greater diihnce from the 
wall. Near the caldera wall south of the entrance to Cater  Creek 
gorge, the lake beds dip away from the wall, with d i p  ae much m 25O 
and open folds, tm small to show on plate 41, have p m d u d  local 
ridgea and dmed deprassione with a relief of 20 to 40 feet. These 
features were formed by postcaldera movements, but their location 
with rmpect to the caldera wall suggeste that the fault involved is the 
caldera ring fault. 

A few faults are radial to Qlanok Caldera. Two north4riking 
faults we marked by s v  extending inland from the mouth of 
New York Creek on the north coast. The east block has dropped 
about 20 feet on each of these faulb. A radial fault ia suggested by 
the line of recent venb extending southmatward from the middle 
portion of the east armate ridge. Faultline mtd is snggeeted by 
the straightnees of the c l 8 ~  bounding Mount Id& on the south &nd 
the northwest and by the parallel sea cliff dong the mnthesst margin 
of the Mount Idak highland. Two hypothetical radial faulta are also 
~qggeated by the north-trending cW at the east end of the north 
arcuate ridge m d  by the northeast-trending cliff at the north end of 
the east arcuate ridge. 

Three hypothwm are considered relating to the oxigb of the m a t e  
r i d ~ .  
As one hypoth~ie, the north and the east arcuate I(pl. 41) 

are powibly receding fault s c w p  controlled by a canceded underlging 
ring fault, between hha caldera and the ridges. In the northwet wall 
of Okmok Caldora, north of cone HI a nomd fault d i p  about 50' SK., 
Itaward the cnldera. This fadt sapmtss Crater Creek basalt on the 
down-thrown side from the older A a W  bmdt {pl. 41) and may be 
a faulted d e p i t i o n d  contact. About 100 feet of vertical displace- 
ment has occurred along this fault during or following the conapse of 
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O h o k  Caldera, for the fault displaces the O b o k  voImnic8 and m n  
be followed aa a recent scarp decreasiag toward the northeast (pl. 41). 
This fault, however, may have been localized dong an earlier caldera 
fault, whom scarp is now the southerly dope of the north muate 
ridge. No trace of this hypothetical ring fault wtba found in the gap 
underlain by Crater Creek basalt between the north and the east 
arcuate ridges. Exposures of the Crater Creek basdt flows are con- 

e 
tinuoua on each side of the gorge of Crater Creek in the area where 
the ring fault should be found; furthermore, the Crater Creek basalt 
is not disturbed or even flexed in this area. (See pl. 46A.) The ex- 

t pmwe of oldw rocks of pre-Crater Creek we in the floor of the gorge 
is not continuow, so that this ring fault could be conceded. This 
fault or s similar fault intersects the east wall of Olnnok Cdderrt 
northeast of cone D (pl. 41). 

TTRO mta of ring faults are therefore suggested by the known faults, 
voIcanic vme, md the topography: s younger ring fault banding 
O h k  Caldera and truncating the Crater Creek basalt, and an 
earlier ring fault farther to the northeast, which bowda a possible 
older caldera whose rim includes the north and east mcmto ridgm. 
The two Umnak calderas slightly sepmated in apace md h e  are not 
unlifre two similarly related dders  subsidences at the ialmd of Mull, 
Scotland @tichey, 1935, p. 61-73; 1937, p. 13-25). The arcuate 
ridges are in part malogous t~ the ellipticd arrangement of vent 
debris around Medicine Lake caldera in California (Anderson, 1941). 

v As s second hypotheai~, the two ring faults referred to above msy 
possibly have formed at nearly tho same time during s smgle caldera- 
forming episode (Byem, Hopkina, Wier, and Fisher, 1947, p, 37). 
The preaent author no longer favors this hypothesis, because the 
slops of the arcuate ridges that faces the caIdera has a subdued topog- 
raphy, blanketed by Olanok volwmic~, in contrmt to the youthfd 
precipitous of Olanok Caldara, and dso because the thick sequence 
of many flows of the Crater Creek basdt at low altitude seemingly 
have bean localized prior to Okmok Caldera in a gap between the 
m u a t e  ridge8 (see p. 3 13). 

A third hypothesis is thttt the mwate ridgm am dominantly con- 
structional. The vents that supplied the cumtructiond debris were 
probably controlled by an underlying ring finmure (not shown on pl. 41), 
directly beneath the vents dong the crest of the muate  ridges. The 
chief evidence in support of this hypothe  i~ as follows: First, the 
many recent vents situated dong the crest suggests that t h ~  muate 

I ridges m y  have r ~ u l t e d  from similar volcanic accumulations e d e r  
in their history; seco~d, the gentle southerly dip of the Ashisbik 
b d t  on the south 8ide of the north arcuate ridge is away from the 

4 8 0 2 B - a - - B  



crest of the ridge and toward O h o k  Caldera; and third, the fre- 
quency of dcan ic  pipa and dikes is greater where moss sections of 
tba arcuate ridges are exposed in the walls of O h o k  Caldaa and in 
the high cliff at the east end of the north m a t e  ridge (the many 
dikes a re  not ~hawn separately on pl. 41). Under the third hpthesis  
the growth of the arcuate r i d w  took place largely prior to the extru- 
sion of the Crater Creek basdt, and no faults of l q e  displacement 
would ba required to account for the existence of the muate ridges. 
However, their origin is perhaps best explained by the &t with 
sub~equent modXcation under the third hypothesis. 

In the following discussion of the origin of Okmok Caldera an 
attempt is made to campartre the miming A t  masg of Okmok 
Volcano with the amount of xsnolithic fragments in the known volume 
of O h o k  volcanica, after the method wed by DiUer (1902) and 
Williams (1941 and 1042). Mllch and perhaps most of the original 
volume of the Okmok volcanics was deposited beyond the shores of 
Umnak, so the total volume of volcanic rocks m o t  be cdculated. 

The total volume of rock missing from the summit of Okmok 
Volcano muld easily be mmputed if the form an8 height of the missing 
purtian on the site of the present caldera were known. Two possi- 
biiities me considered. As one possibility the missing mntd  portion 
mjght have included an earlier caldera with relatively low summit area. 
The infacing c W  of the north arcutbte ridge and the topographically 
low position of the Cratsr Creek basalt in the gap between the north 
and emt arcuah ridges ~uggest that an earlier caldera may have 
existed. The gentle, radidy outward dips of the precaldenr volcanic 
rocla likewise suggest a low shieldlika volcano. An the ~econd 
possibility the central portion might have consisted of a s%ceoua steep 
sided pyrmlastic Gone surmounting the pile of Asbhik basalt. 
Although the vitreous andesitic lava fragments in the O h o k  volcanics 
may reprment chilled, juvenile lava, it is also possible that hgmenta 
of andesite, Istite, and rhyodacite in the Okmok volcttnim may have 
come from thick deposita of ~iliwus volcanic rocks cloaer to ths 
central vent, An analogy to a possible form of Okmok Volcano prior 
to the cald~r&forming eruption is afforded by the pyroclaatic cone of 
Mount Vsevidof on southwestern Umnak. Were Mount Vsevidof to 
qerience a caldera-forming eruption similar ta that at Olmrok, little 
evidence of the former presonce of lthe cone would remaia ~ f k  caldera 
collapse except xenoIithic andesi tic ~coria and dwitie pumice fragments 
of the cone in the pyroclastic ejecta beyond the limits of the calders. 
Andhtic scoria fragmenh as lapilli m d  bomb in the O h o k  volcaaia 
are probabIy juvenile, though some of the broken fragments could 
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cunwivably have come from a prddera cone. Eenm, computations 
of the missing volume are made considering both possibilities a9 
extremes. 

Assuming an earlier cddcra as one extreme, the average altitude of 
the a l rmmi t  wea of Okmok Volcano prior to the caldera-forming 
eruption is estimated tu 2,500 feet or about the same as tho present 

c average; dtitude of the cddera rim (fig. 52). The average altitude 
of the prwent caldera floor beneath the postcaldera deposits is wti- 
mated w be about 1,000 feet (fig. 52). The diameter of the mumnit 
area is taken as 5% miles. Tho miming volume of rock calculatad 

e according to these assumptions would be about 7 cubic mil-. As the 
other extreme, a pyroclastic cone is assumed with an average slope 
of 2 5 O  and a base, 5:h mi les  in diameter, at 2,500 feet (fig. 521, on top 
of and in addition to the minimum portion already computed. Under 
these assumptions the missing central portion of Okmok Volcano 
would be about 16 cubic miles. The actual missing volume is prob- 
ably between 7 and 16 cubic d m .  

The xenolithic fragments in the Okmok v o l d c a  are probably 
derived from the mechanical disintegration of the former summit 
portion of Olrmok Volcano. The volume of xenolithic f rmente  
abeerved in thin sections of the welded agglomemtcs averages leas 

* than one percent (see table El), but the sections were taken from 
samples selected so ss not to include the larger xenolithic fragments. 
The welded agaTornerate beds as observed in outcrop were estimated 

T t~ contain at least 10 percent of xenolithic fragments (see pl. 47A). 
The two specimens of partly palalagomitized agglomerates studied (sae 
table 11) contain 15 to 20 percent of xenolithic frqmenta, and from a 
study of many outcrops 20 parcent L believed to  represent nearly the 
rnmcknum content of xenolithic fragments. If we w u m o  t.hat an 
overd average of 15 percent of xenolithic fragments is in the T cubic 
d e s  of the O h o k  volcanics depo~ited on Umnak (sea p. 315) only 
about r cubic mile of tho miwing summit portion of Okmok Volcano 
is represented in the known portion of the O h o k  volcsnim. Even if 
the minimum figure of 7 cubic miles is assumed for the voluma of the 
missing summit, at Ieast 49 cubic miles of Okmok voIc&nic~ would have 
been deposited in order to contain the missing summit rts xenalithic 
fragments, or 42 cubic milea of the py~oclagtic rocka depoaited be- 
yond the present shoreIina. Such a figure seems unreasonably large 
in view of the thinning of the Okmok volcanics from an merage of 
about 300 feet at the caldera rim to an average of about 100 feet at 

II the present mastline. Hence, most of the missing summit of Okmok 
Volcano is believed to have collapsed inward to form the present 
Okmok Cddera. 
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The s&cid depoeits an Umnak Idand range in age from late 
Pleistocene to Recent and comprise till, glacial outwash, beach de- 
posits, dune mnd, talus and alluvium, 

8 Two tills have beem differentiated on the geo10gic map. The older 
till: is restricted to the southwestern pmt of the island, where it occurs 
on the slopes of Mounts Vsevidof and Rechachnoi (pl. 40). Near the 
baee of them mountains the older till owm m isolated patches of * end moraines rts high as 1110 feet. Upslope from theae end moraines 
the older till forms a discontinuow mantle of ground moraine on some 
of the gentler surfaces. Downslope from the moraines en tha pied- 
mont aurfece ~outh of Mount Vsevidof are a few patches of older till, 
which were impractical tu map because of the thick tundra cover. It 
is not known whether theae patches represent a farther advance of 
the same ice that depasikd the end mowines or whether they date 
from an earlier and more extensive glaciation. (Geom~rphio e ~ -  
dence for this earlier ~laciatioa is discussed under ths heading "Ni- 
kolski Plain.") KO wil proflea were msmured on the older till but it 
has been ex@ to weathering long enough ae that it aupports 

I blueberry bwhm. 
The older till unmnformably overlies the bedrock volcanic mch, 

including the older lava flows of Mount VsePidof. It ia in turn over- 
t lain by the younger till, outwmh, alluvium, and the oldeat of the beach 

deposi ta. If, as is inferred below (nee p. 345), the oldest b w h  ridgee. 
date from the post-Wiaeon~in thermal maximum of about 5,000 yeam 
ago, the till must antedate the thermal m a h u m  and is therefore 
designated aa Wisconsin(?) in this report. It may coincide with 
Sharp's (1 95 1, p. 100) 'later gImiatiany'in inhe Wolf Creek area of the 
St. Elias rmga, Yukon territory. Sharp dates this glaciation as lsbteSt 
Wisconsin and post(?)-Wipcomin. 
The younEer till murs  on the slopes of Mounts Vsevidof and 

Recheschnoi in the southwestern part of the island (p1.40) and within 
Okmok Caldera (p1- 41) in the northeastern prtrt. Its distribution 
ia closely related to the pattern of existing glaciers, md it was evidenZIy 

P deposited in the very recent past when the glaciera were more exten- 
sive than they are today. In Okmok Caldera the younger till is 
represented by mall patchy end moraines, many just below mabl 
rudimentq  cirques in the eddera wall. One approximately half 

1 

way between cane9 Q and H represents the h u m  advance of a 
postcddera glacier here. Another is at the b w  of the east wall 
1% miles southeast of cone D. Some d moraines of the younger 
till probably have been burid by the recent lavas of cone A. The 



younger till cunsists entirely of unweathered bouldery debris. In 
contrast t.a the older till, which supports bu~hea, the exposed surf- 
of the younger d l  are nearly bare. Some of the boulders in the end 
moraines of the younger till on Mount Rechescbnoi are brightly stained 
by iron oxids that may have been developed by weathering prior to 
glacial transport. Tha younger till  rest^ unmnformably on the 
older till, the bedrock lavrts, and the early postcddera pymdastic 
mcks in Okmok Caldera sad is overlain only by some of the most 
recent alluvial depoaite. 

The unweathered character of the younger till t~nd its meal asso- 
ciation with existing glaciers indicates that it w~ deposited in l ~ t e  
Recent time, possibly during Matthea' "Little Ice Age," (Matt.hm, 
1941; Thorarinwoa, 1939; Ahlmann, 1948; Lawrence, 1950; Sharp, 
1951; and Mathew, 1951), 

Outwash consisting chiefly of boulder gravel 5Ila most of the 
v d e p  that lead from existing glaciers on muthwestern Umnak 
1 .  4 0 )  The outwaeh ranges in ago from that deposited penemn- 
temporaneoualy with the younger till to that which is being laid 
down today. No outwttsh correlative with the older till was identi- 
fied, although mme remnants of older glaciofluvial deposits are 
probably premed locally. 

Beach ridgas are found along both the northeast and southwest 
coasts of Urn& bland and sre best developed behind those broad 
bights where the longahore currents and waves are generously supplied 
with gIB;ciofluviaI sediments. In severd are= the supply oaf sediment 
hrrs been d c i e n t  to permit the aaaward extenaiorr of tbe coastline 
more than one-half mile. Stages in  chi^ extension are marked by 
12 or more concentric beach ridges ~ubpardd to the praseat coastline. 
Along the Pacific side of Umnak, between Amos and Russian bags 
(pl, 401, 20 armate concentric beach ridges were deposited. No 
precisa altitudes were measured, but the innermost or oldest ridge 
seemed to be roughly 10 feet higher than the outermowt or youngest 
ridge. 

The material of the beach ridge! ranges in she from sand up through 
bdderu.  For canvenienca in mapping, thosa beach deposits that 
consist p r h d y  of sand and pebble grmd have been c d e d  sand 
beachea and thosa which consist of comer material have been called 
bodder beaches. In general, the boulder beaches are small and are 
insignificant, and are found chiefly in the smaller covge exposed to 



the open sea. Hypersthene andmite talus blocks from sea cliffs on 
mme exposed headlands have been rounded by storm-wave action 
into nearly perfect spheres up t o  6 feet in diameter. 

Concentric beach ridges subparallel with the present ~horeline 
have been observed by the author on Unimak, h, Akuhn, and 
UnaI~ka islands in the eastern Aleutians and on Attu in the western 
Aleutians, Bradley (1948, p. 226) describes concentric beach ridges * on Adak and also descsibes a wave-cut terrace along KuIak Bay on 
Ad& Island, about 10 feet above present sea level, Bradley ascribed 
the higher beach ridges and the wave-cut bench to t s c b d c  uplift of 

w Adak Island. However, the presence of beach ridges tbnd wave-cut 
benches at about the s m e  altitude above sea level on so many of 
the Aleutian Idads, suggests a a m d  emttbtic fd of the sea rather 
than, tectonic uplift. 
.. Beach ridges, wave-cut benches, wwe-cut IMS and other ~horehe  
features subparallel to the present coasthe, record tn recent shnd of 
the sea roughly 10 feet (3 meters) above present sea level in many 
parts of the world. Many investigators. have postulated that this 
lugher stand of the sea coincided with the post-Wisconsin tharmal 
maximum. (See Fairbridge, 1948, p. 62-63; Idem, 1950, p. 181-184; 
MacNeil, 1950, p. 1307-1308; Newell m d  others, 1951, p. 11; Ives, 

f 1951, p. 220-2213 Upson, 1951, p. 42H27.) The writer sllggesk 
that the oldeat beach ridges on Umak Island were formed during 
the same high shnd of the sea that was responsible for the %meter 

Y shoreline elsewhere in the world and, therefore, presumably date from 
khe post-Wisconsin thermal maximum. 

According to Flint and Dewey (1951, p. 275-278), the thermal 
maximum occurred 4,000 to 6,000 years ago, and a re~onable check 
on the correlation of the oldest beach ridges of Urn& with this 
period is provided by a carbon-14 age determination of charcoal from 
the Nikolski archeological aite. Tha Nikolski site ia on top of one 
of the older gravel beach ridgee (not shewn on pl. 40) dong the 
southern share of Mudor Cove in Nikolski Bay. The material st 
the site consists of windbIown silt, voIcanic ash, and human occupa- 
tional debris (William S. Laughlin, written communimtian, 1951). 
A carbon-14 age determination of charcoal collected from a level 

E 
about 150 centimetern above the top of tho beech grad givea an age 
of 3,018f 230 y a m ,  ( h o l d  and fibby, 1951, p. 118). By extrapoIat- 
ing from the datad layer, LaughIin (written comunication, 1951) 
estimates that the oldest deposits in this aite are about 5,000 yeam old. 
Therefore, the beach ridge on which the ~ i t e  mats  is probably older 
than 5,000 yeam, and may well have been formed during the thermal 
m a u r n .  



Sand dunm derived principally fFom the beech dep i ta  are encroach- 
ing on and burying their parent u ter i& dong several parts of the 
coastline, particuhIy on western and northern exposures, where 
on&or~ winds frequently e x w d  100 mila  per hour during the 
win& months. Tha average height of the dun# in most arm is 
about 30 feet but some of the Iwger dunes at Geyser Bight, Russian 
Bay, and back of the bight south of Mount Vsevidof, we as high aa 
75 feet. Moat of the dunw were active h 1947; a few were stabilize8 
and partry covered with grass. 

Tdus and other mUuviurn in the form of con= and aprone rn 
at the 'base of d, or nearly all the steep slopes on the idand, but 
only locally are the depoaita Imge enough to warrant separate mapping. 
In most plmbceus they have been included with the pyroclmtic debris, 
and on the dopes of Mount Eecheschnoi t h ~ y  have io places been 
included with the older till. 

Recent alluvium mnaieting chi& of reworked ppdttstic ma&d 
has been deposited aa alluvial fans by intermittent atre-, m d  aa 
flood plain d e p i t s  by the larger ~ t m m s  that we not fed directly by 
glaciers. The larger areas of duvium have accumulated at btow 
altitudes just idand fmm the oldest of the beach ridges. The largest 
area in the muthwestern part of the island underlies the flood plain 
of the stream dmhimg into Geyser Bight (pl. 40). In the northeast 
part of the ialand are several large areas of alluvium. One area covers 
about 5 square miles just northwest of Mount Idak (pl. 411, and 
another area of nearly 7 qume miles has acmmulatad behind the 
beach ridgm north of Cape Kigunak. Still another area is found at 
Izhiga Cove, where no b e d  ridges rn present and the duvium hm 
been subject to msrine erosion. The alluvium rats  on d bedrock 
and a d d  deposits except some of the mmk mcent $ I d  outwash 
and some of the most recent flows within Okmok Cddera. These 
outwash deposita md flows locdy overlap duvia1 deposits. Although 
duvium ie currently being d e v i t e d  by many streams, at severd 
localities, especially near the coast, eroaion is activdy flying older 
duvial deposita. The gullied deposits may well be graded to the 
higher beach dep0sit.a and therefore may be a9 old as 5,000 yeam. 

For convenience, glacier ice has been included under the categorg of 
surficial deposita. Except for an mcuate patch of ice, probably stag- 
nant, along the mu& rim of Okmok CaIdera (pl. 4 I), the existing gla- 



cim on Umnek are dnhed to the southwestern part of the island,on 
the glopes of Mount Recheschnoi and Mount Veevidof (pl. 40). Alto- 
gether, there are 9 major odsy glaciers on these 2 mountains, and in 
addition several e d l  glacien and perennial snowfdda. Seaen of &the 

9 glaciers h e d  from the w n t d  summit ridge of Mount Recheachoi; 
4 drain to the north and are in general longer and n m w e r  than the 3 
which drain to the south. The north-fl owing glaciers extend down to 

S 
Jtit,udes of 200 to 300 feet, whereas the south-flowing glaciers, d- 
though bigger in volume, terminate at altitudes ranging from 500 to 
over 1,000 feet. Poasibly the south slope of the mountain ia both 
warmer and moister than the north slope; therefore, although the sup- 
ply of ice may be greater, the washge is alao mom rapid and the fronts 
terminate at higher altitudw than those on the north side. 

Both gh i em on Mount Vsevidof head in the axtinct mmmit crater. 
One drains ta the north and divides into two branches about 1 mile 
from the crater. The other glacier flows east, then sauth, joining the 
weaternmost glacier of Mount Recheschnoi. Thsse two glaciers from 
Mount Recheschnoi and Mount Vsevidof are separated by a medial 
moraine. 
All 9 vdey glacim hsve excavated their v d e p  to depths of about 

500 feet. The termini of 8 of the gl&w lie close to the end morainea 
w of the younger till, the exception being tbe mogt westerly of the glaciers 

of the north slope of Mount Recheschnoi. The terminus of thii 
glacier ia mom than 1 mile back of ita recent end moraine, indicating 

F that for some reason this glacier haa retreated more rapidly than the 
othera of Umnak Island. 

Three major phpiopaphic features, not directly aseaciated with 
either the volc~nic deposits, or the sur6cisl deposits, are described and 
interpretad in this section. Them features are Crater Creek Valley, 
pedimentlike dopes on Okmok Volcano, and the Nikolski plain. 

C I l d T W c I m E E V ~  

Crater Creek heads in Okmok Caldera, from which it flows northeast 
about 8 miles, entering the Bering Sea about 1% mileer southeast of 

r Cape Tan& (PI. 50). For a dishnce of about 2 mile8 from the rim of 
the volcano, Crater Creek flowa in a deep gorge cut into the volcmic 
mcks sf O h o k  V d w o .  The gorge is the r d t  of downcutting of 
the outlet of the lake that once occupied Okmok Caldera. The gorge 

.I thw poatdtbtes the formation of the ddera  and the 1,560-foot level of 
thedderalake. M m y s m d ~ d e s 5 t 6 1 0 f m t b i g h , a n d o n e l ~ e  
waterfd 80 feat high indicate that rapid doncutting of the gorge ie 
still in progress. Downstream from the gorge, Crater Creek c r o w  



a broad gently doping plain south of Cape T~nak.  Many strath 
terraces and abandoned channels subparallel to the present valley of 
Crater Creek indicate that the stream has wandered widely during ih 
dissection of this plain. Two principal aeta of terraces were noted; 
one about 200 feet above the present v d e y  floor and the other about 
60 feet above the present stream bed (see pl. 50). - mxPlP3 ON QKMOK trQLCm0 

Most of the lower   lo pea of Okmok V o l w o  (pl, 50) are gentle, 
concave-upward erosional surfam that in less humid dimam would 
be d e d  pdmenta. The eurfacea st& at altitudes ranging from 700 
b 900 feet with gradients of 200 feet per mile that gradually flatten 
seaward to about 100 feet per mile, The slope of the volcano just 
above the h h  of the pediments is 250 to 500 feat per d e .  Recent 
guIIiea of t he  perennial stream have been incised a b u t  I00 to 200 feat 
into the pedimentlike dopes (pl. 50). The bedding in the Okmok 
volcanic9 parallels the lower pedimentlike slopes, which mare in many 
places constructional s u r f m .  Whethex the pedimentlike surIsce on 
the Okmok volmnics reflects a buried erosion surface or is merely the 
result of emoothing a buried irregular topography could not be 
determined. 

The ~outhwestem part of U& Idand (pl. 40) mnsists of a 
gently rolling piedmont, pIpIain .with a r&ef of bss than 300 feet, 
herein d e d  tho Nikolski plain. Except for a few scattered patches of 
que~tionable till and some flanking beach deposih, the Nikolski plain 
ia free of surficid deposits, but its surface is dotted with many un- 
drained depressions, some of which serve as basins for small lakes. 
A few of the lakes near the m a ~ t  have been drained by the cutting 
d o m  of their outleb, and all of these former outlets are now youthful 
Vdhaped gem. Tho majority of the lakes have not been dtered 
ainm they were formed. 

A study of the air photographs of the isZands south of Umnak 
suggests that they also have been glaciated. Kigul and Anmiuliak 
Islands (see pl. 393 consist of roIIing surfaces with undrained depres- 
sions similar to the Nikolski plain, auggegting that the glacier extended 
a mnsidarable distance south of the present ~hores of Umnak. 

Comparison of the relatively flat level surface af the Nikolski p l i n  
with the flat submagod mntinentd shelf area of the Aleutian Ridge 
(see pl. 39) suggests that the Nikoleki plain is an uplifted portion of 
the shelf somewhat modified by extensive piedmont glaciation. 
Studies in the New Islands of the western Alautians (H. A. Powm, 
J. P. Shaefer, and othem, oral communications, 1950) indicate similar 
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widespread glaciation of both the idan& and the continental shelf 
areas. 

The o v d  lack of drainage integration of the Nikolski plain 
suggeab that the glaciation of the m a  was late Pleistotsene, possibly 
Wisconsin in age. Cappa (1937, p. 161-168) baa described and illus- 
trated similar features on Kadiak Island, and ascribes them to the 

I 
Istest Pleistocene or Wi~cansjn etage. Further work is neceawy t.o 
substantiate this hypothesis. If the piedmont glacier that extended 
over the Nikolgki plain and the island muth of Umnak represented one 
of the Iah Wisconsin substages, it is possiMa that the older till of the 
end moraines (Qmo pl. 40) may represent some post-Tvismnsin ad- 
vance of the ice. 

OEOLOQIO IfLBTOBP 

The earli-b known geologic event was the deposition of a thick 
sequence of waterlaid bedded tuffs and volcanic muds, whose me& 
morphosed equivalents are now bedded tuff and argrllite of the albitized 
sedimentary and igneous complex, exposed on southwestern Umnrak 
Island. This event possibly tmk place as early ws late Paleozoic time 
but more likely occurred sometime between the early and middle parts 
of tho Tertiary period. Following deposition, the bedded tuff md 

* argillite was folded along northwest axes, which are at a high an& to  
the present trend of the Aleutian arc. It is not known whether ex- 
trusion and intrusion of igneous rocks, now keratophyres and albitized 
diori tic rocks, occurred prior to or following the folding. 

t Volcanism probably continued intermittentIy until sometime in the 
middle to late part of the Ter t iq  period, when the plutonic rocks 
were omplaced. The plutonic mass was largely quartz d iorite varying 
tu diorite and quartz monzonite. In the lateat stages of cansolida- 
tion of the pIutonic mass, gsanophp die3 were injected and portions 
of the diaritic rnw adjacent f4 the granophyse were dtered to a rock 
richer in quartz, orthodase, and hydrous ferrornegnesian minerals. 
A related and possibly contemporaneous dtemtion locally affected 
masses of the Tertiary lams to produce quartz, chEorih, serpenthe, 
zeolites, dulmia(?), epidoto, green amphibole, tourmaline, and rare 
iron d d e s .  

.? 
Following emplacement of the quartz diorite pluhn, erosion 

exceeded volcanism during uplift in late Tertiary and early Quaternary 
h e .  Extensive erosion surfaces, at leaat in part marine, were cut 
on the pIutonic and older rocks, although minor volcanism continued 
near the narrow part of Umndc. VeIcanic activity possibly may have 
begun at the sites of Mount Recheschnoi and Okmok Volcano during 
the latter part of this erosional episoda. 
T h e  budding of the  composite hgpersthene aedesite cone of 



Mount Recheschnoi probably had bagon by early Quaternmy time. 
The rndc phenocrpt basalt of Rehalid Point was probably extruded 
during the m e  interval, though it might possibly have been ex- 
truded in lawt  Tertiary time. During the Pleistocene epoch, the 
central vent of Mount Recheschnoi moved westward. Dnring 
Pleistocene glacial maxima, Mount R e c h m c h i  was deeply &ected 
by mountain glrsciers, but cone-building actiPity predominated 
over glacial erosion. In latest Pleistocene or early Recent time a 
pyr~~lastic flow of hot wet mud and lava poured down a glacial valley 
2 d m  southwest of Russian Bay, and basaltic andmite was extruded 
.at the site of Mount Vsevidof. 

Meanwhile on northenstern Umn& the upbuilding of Okmok 
Volcano had begun probably aometime during latRat Tertiary or early 
Quaternary time. The earliest eruptions mnsishd largely of mafic 
phenocryst basalt flom of the Aahishik basalt. A few feldspathic 
baa& flom also were extruded in the early st- of the upbuilding 
of the volcano. Aa O h o k  Volcano grew, explmive eruptions ex- 
truded gas-chmged pymclastio material that became palagonitized 
upon emplacement. As the extrusion of the badtic rocks cornpriming 
the hlrishlk basalt neared completion, feldapathic bmdt flom formed 
the dominant extrusive product. During the latest stages of hhishik 
activity and immediately following, domes and short visooue flows of 
vitrsous sndssih and subordinate rhyolite were extruded close to 
potential figsum along which subsidence later took place. Setellitic 
vents extruded viscous lavas charged with olivine and plagioclase 
m y ~ t d n .  Them lavas accumulated into steepdidd piles, such as 
Mount TuliEr. 
An early caldera block may have sub~idad jmt inward from the 

present s i b  of the wcuate ridgoa shortly after the exhmion of the 
andmite-rhyolite association. A wedgeshaped volcanic sector graben 
mBy likewise have wubsided at the gap between the nodh and east 
arcuate ridgea. Whaltsver the origin of the gap between the m m b  
ridges, a topographically low, seaward+Ioping surface probably 
existed prior to hhe outpouring of the Crater Creek basalt. 

During the latter part of PEeistacsne and early Recent time, flows 
of the Crater Creek basalt were extruded from vents aituahd some- 
where within what is now Okmok Caldera. At least 15 flom poured 
northeastward though the gap between the arcuste ridgea. Toward 
the end of the period of extrusion of the Crater Creek basalt, a few 
small cones and flowa of basalt wem extmded on the outer flanks of 
O h o k  Volcano, The stage was now set for the mtastrophic cddera- 
forming eruption; 
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A catastrophic eruption at &the summit of O h o k  Volcano deposited 
the Olonok volcanica during early Recent time. The earlier phase 
of the eruption appears to have been pdeean and consisted of gm- 
charged glowhg avalanches ( n u b  ardentes). An the eruption in- 
creased in violence, red-hat glowing avalsnches of moltan bombs 
ware welded together when they stopped moviog to form matinuous 

s beds of welded agglomerate close to the source vents. The glowing 
avdmcbes were gtrs-charged and had great mobility as they moved 
swiftly down the slopes of Olunok Volcano. By the time they came 
to mt on the lower  lopa as, the avalanches had cooled and incorporated 

0 water from snow and ice so that they became partly palagonitized. 
The h b r  phase of the emption appears to have been violently vul- 
canian and consisted of ahowem of dark andesitic ash, bombs, lapilli, 
and large xenolithic blocks of earIier basalt and palagonitized rock 
to form a widesprmd blanket as much as 300 feet thick near the 
source venb. 

Very man sf* the catastrophic eruption, the central part of the 
caldera collapsed b form Okmok Cddera imide a new ring fissure 
eccentric and 1 mile muth with respect to the hypothetical arlier 
ling fissure auggasted by the -ate ridges. Immediately gfter 
collapse, the nowly formed Okmok Caldera, began to fdl with water. 

# Emly p t c d d e r a  eruptions built bedded deb& canes under water. 
Bas& flows of ma- C and D were extruded when the water level of 
the lake had reached an altitude of about 1,350 feat. The highest 

c recorded level of 1,560 feet was reached when the lake spilled over 
the low& point on the hard upper surface of Crater Creek basalt 
near the present Crater Creak gorge. Further mptions furnished 
m a h i d  that was sorted inta beds of silt and sandy ash by the lake. 
Foreaet beds whose upper constructional surface wm graded to the 
1,580-foot lake leveI were formed. As the lake outlet was cut into 
the Crater Creek baaalt, Crater Creek gorge wm formed, and wave 
scam on the lava flows of cone D were recorded at 1,140, 1,120, and 
1,100 feet. 
On msouthwwtsm Urn&, late or poat-macunsin glaciers deposited 

the belt of older end moraines on the piedmont s d m e  south of 
Momt Vsevidof and Mount Recheschnoi, The glaciers then receded 

c to positions bigh in the mauntains-mme may have disappeared 
completely. A6 the same time the sea level rose in rmponse to the 
world-wide deglmiation to a level 3 meters above greaent a m  levd, 

w 
md Umnak enjoyed a slightJy w m e r  h a t e  during the post- 
Wisconsin thermal maximum than at present. Near the seamast the 
older end morainm were partly buried by beach sand; older, now 
dead s a  cMa were cut by storm seas higher than pregeet seas. 



A succ-on of beach ridges was deposited in favorable bighta ae the 
sea withdrew from ita 3-meter stand. 
AB &he sea level continued to drop from the 3-metm level t~ its 

present stand, the glaciers on southw~tem Urnnak and those in 
O h o k  Caldera advanced to the positions marked by the unweathered 
terminal moraines mithin less than 1 mile of the present glacier fmntg 
or cirque heads. Northwesterly winds built parabolic sand dunes 
behind beaches with westerly and northerly expoam. The date 
of the most recent glacial m h u m  recorded on Umaak probably 
caincided with that of the worldwide glacial maximum, 100 to  300 
years ago. Following their m&um extent, the glsaciera have 
receded. The greatest recession occmed in those glaaiem that had 
previously been most successful in extending their fronta to a low 
attitude. 

While the glwiomarins eventa were taking plam during the early 
part of the Recent epoch, the quartzslivine mdesita flow, the rhyolite 
domes, a d  the youngest hypmthene ande9ib flows of Mount 
Recheschnoi were extruded. Basal tic andesi te flow8 wntinued 
to accumulate at the site of Mount Vsevidof. T o m d  the end of this 
period the cone of Mount Vsevidof attained ita present height by a 
succmsion of frothy pumice and w r i s  eruptions. Lava flowa, 
ranging in composition from basaltic andeuite to latite poured out 
over the pumice and scuritb on Ghs north, ~outh, md west sides of 
the volcano, probably beginning hortly after the culminating summit 
eruption and continuing into historic time. A chain of cinder clones 
was built along a rift extending down the west slope. Severd lava 
flows were extruded from this west rift and formed Cape -him- 
hda .  ~elatestffowwasIatitefrom&e westrift mdprobabbwas 
extruded during the recorded historic asuption of 1878. The most 
recant activity, probably an the west flank, wae reported in 1957. 
On northeaskern PTmnsk the most recent volcanic activity occurred -. 

within Okm& Caldera, a1 though outaide the caldem a few piles such as 
the two cinder cones northeast of Mount Idak md anorthih basalt 
flows near Inanudak: Bay may have been extruded duriag the past 
few thousand years. In Okmok Caldera, conea E and F and their 
Bows were extruded after the caldera lake had receded from the sitea 
of their vents. The pit crater of cune E was fomd soon after the 
extrusion of %ws from cone E. Wall-fwme flows and those from 
cone B were d m d d  on what is essentially the present alluvial aur- 
face. Findy, the lava flows of cone A were extruded-probably 
since the ht Russiana sighted the island about 200 years ago. The 
most recent flow from cone A were extruded in 1945. 



GEOLOGY OF BOWSLOF 

GEOL001.Y OF BOGOSLOF lX 1947 

The rocb exposed on Bogoelof Island in 1947 (fig. 53) me all of 
historic age. Igneous rock mifa include: vent wlonertlte of 1796 
in fadt  contact with the andesine-hornblende andasite of Castle Rock 

500 0 SM] IOOO f5a0 2(XWl F o d  

Cmlour i-I 20 k t :  
100 feet at steep c ~ f l s  ' 

Datum 1s  mean J E ~  ICY#! 
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extruded in 1796 ; hornblende b d t  of 1883 on Pire Island ; baaaltic 
agglomeratic ash of 1926 and earlier explosive eruptions on Castle 
Bock and Fire Idand; and bytomitdite-hornbbnde basalt ex- 
truded in 1927 on Bogoslof Island, Sand and boulder beaches form 
most of ehe shoreline of Bogoslof. 

Two minor hygh angle faulta are mapped; the attitudes of beds 
mapped in the agglomeratic ash are probably gentle initial dips. 

The vent agglomerate is exposed in the southemt end of the sea 
cIitF that rises ta Castle Rock (fig. 53). It owum in fault contact 
with the andmine-hornblende andesih of Castle Rock, and is ovedrsin 
by the basaltic agglomeratic ash of 1928 and ember explosions. 

Tbe vent agg1omsrate contains abundant I# fragmenb of 
limonite-&ined lam in a grayish matrix of ash. The lava £ragmen& 
am of o?i~e-gray, dense andesite porphm containing mmpicuous 
phenocryabs of bhck hornblende, commonly 2 or 3 millimeters, but tu 
much as a mntimeter in length. As seen in thin gectioa the rock 
cuntains phenocrpta of monocliaic pyroxene, hornblende, and Hpme 
labradorite in a mimlitio groundmass of tmdesine, clinoppxene, 
opaque oxida, orthoclass, and a little antigorite(?). Remnants of 
the orighd hornblende sre p!eocbroic @ale yellow to bmmisB green) 
and have a m&mum extinction angle of 12'. The rims, cores, and 
in pIaw entire crystals of the hornblende phenocrysb have been 
d t d  to an -gate of magnetite, choppxene, oligoclrase(?), 
and antigorite(?). Calcih and ohabazite occur in rare vesicles. 
The vent agglomerate is exposed well within the area originally 

occupied by the l~lrgs dome of Old Bogoslof e x h d d  in I796 but has 
e eompition shghtly different from the material of Castle Rock, 
the remnant of Old Bogoslof. Although there is no written record 
of i b  empZacement, the agg10merate must be an explosive phage of 
t he  1798 eruption, for no vo~cmic maas occupied ita ~ite prior to 1796 
(see fig. 54). 

HO-E AND= OW ROCK 

The hmb18nde andmite of Cmtltle Rock is ran eroded remnant of 
the dome extruded in 1796. The twinapired pinnacle of Castle Rock 
rappeare to have had approximately it9 pment shape and size sintle 
about 1906 (Jaggar, 1931, p. 2-3). Chart 6433 of the U. S. Coast 
and Geodetic Smey, 1835, shows an altitude of 269 fwt on the 
northwest pinnacle, and 333 feet on the southeast pinnacle. No 
clangs was observed in the shape and dtitudss of the pinnadea in 
1947 (pl. 51). 

Castle Rock b compo~d of a veqy Siht gray, he-grained, holo- 
crystalline aadeaine-hornblende andmite with abundant black horn- 







blende laths ranging from ab fraction of a dlimeter to 3 millimshrs 
in length. The abundant ~lagiodase p h e n o c ~ t s  about a mllimeter 
in diameter am not conspicuous  i in st the light-colored groundmass. 
Phenocrpta seen in thin section are plagiodase, oqhornMende, 
ferrosdib and accessory minerds. PlagiocInse phenocrysts arc zoned 
andesine to calcic oligodase (AnM), but many conbin a sharply 

.I 
d e h e d  core of anorthite-bptownite. The core boundary is generaIIy 
sharp snough to be mnspicuous in plane-polarized Iight, but is gmda-. 
tional in some cqmtals. A few of the andesine phenocrysia me veined 
with albite. Accessory micraphenocrysts include magnetifx (strongIy 

rn magmetic grains), stubby prisms of apatite less than 0.3 millimeters 
in length, and gphene in both wedgoahapad and stubby pri~matic 
form. The groundmass is a he-grainnd, xenamorphic aggregate of 
untwhed olipclase-dbi te, orthocIase, a~alci te, and glass, wj th 
sparse subhedrd microli tes of clinopyroxene, apetih, and opaque 
oxides. The andcite is in tergrom with othm minerals in the ground- 
mass, but also occurs aa cavity fillings. It is isotropic to weakly 
birefringent (0.00X4.002) with mott,lod extinction and in a few grains 
resembles the polpyn thetic twinning of d b i  te. Tho identification 
as andcite was m n h e d  by X-ray photogr~phy by Richard C. a d ,  
of t he  Mbgical Survey. Chemical m d  quantitative andpea of 
the rock are given in column 35, tables 2 rand 3, respectively. The 
chemicd analysis is similar to an carlier one; of a specimen from 
Cmtle Rock (Emerson, 1904; C. N. Fenner 1926, p. 706-707). 

P HORMBtENPE BAam OF rn 

- As seen from a short distttnca in 1947, Fire Island was a ff at-topped 
stack resembling a Iihthoues, less than one-half the she  mapped 
a d  photographod in 1985 (Lukens, 1936, fig. 1). !Two specimens 
of lava mllected in 1884 by Lt. G. M. Stoney of the U.S. R-evenne 
Cutter C M n  are described by G. P. M e d  (1885, p. 31-33), The 
petrographic description of one of them fits the Ima of C ~ t l e  Rock, 
but the other one is a dark-gray hornblende basalt, pmbably from 
Fire Island. Hornbbnde makes up about 10 percent of the mck, 
and p2agioclase microliM &re abundant in m indeterminant ground- 
mass. This specimen wa% analyzed chemidy by T. M. Chatad. 
Two specimens acquired by DiIler (1885, p. 67) were from the lava 

P of Fire Island and from the ash that fell at Undasks village. Two 
determinatione of silica by Chatard on the Itwe specimen were 51.54 
and 51.65 percent; the silica content of the ash wm 52.48 perwnt, 
significantly higher than the two silica determinations on the lava 
specimen. 



~ t n M  analysis and ~ w m  of hombltrtdt h U  jrom Firs Island dom (New 
Bqoslol) 

Total ,,-,,-,,,-,--, ,, 101. 07 

Baeal tic tlsh and agglomerate of the explosions of 1926 are plastered 
against the ~ h e p  north and east c r i s  of Castle Rock (pl. 51) and 
form tho extensive t e m m  that dopes away from Castle Rock to the 
northeast. None is on the dom-haped wea tarn mma formed by the 
viscous extrueio~ of bytamit~dite-hornblende basalt in 1927. In 
nn exposure at the north end of the e a ~ t  eea cliff the section of p p  
clatic materia1 contains two t h  sah beds separated by about 8 feet 
of dark-colored aaglomeratic mh. The lower bed of fine ash is 3 
inches thick and contains a grayish-yellow incmtation ; the upper bed 
is I inch thick and contains a pale-yellowisb-green inmtntion, sbun- 
dantly present aa micmbotryoidal coatings an the ash frrqynente. 
Gypsum, CaO.SOa.2HsO; paratammite, C U C ~ ~ ~ C U ( O H ) ~ ;  botryogen, 
2Mg0.Fe,0a-4S0,m1SH,0; and cdedonite, 2(Fb,Cu)O .SOI.H,O were 
identsod in the incrustation from the uppsr ash bed by Richard C, 
Erd of the Geological Survey. 

The laaas of both the dome and the larger fragments iu the ag- 
glameratic ash are medium-dark-gmy, fineqg-ained basal& with con- 
spicuous phenorrysts of hornblende, and inmnspicuous phenocrysts 
of plagiodase and chopyroxene. Differences in mineralogy of the 
lava thrown out explosively in 1926 with the lava extruded as a large 
dome in 1927 can probably be correlated with the differant cooling 
hbtorg of the two rock types. In the pyrodastic rock, phenocrpts 
of hornblende are unaltered, with extinction angla aa much as I&', 
whereas in the mck of the dome the hornblende hm been partly to 
mmpletely decomposed. The leaat altered hornblende baa extinction 
angles as much as 114, and is pleoehroic in grayish yellow md brom. 
Clinopyroxane in clear, unaltered, subhedral to euhedral phenocryate 
occura in both rocks. In the ~apidly chilled ejecta of the agglomerate, 
gome of the larger crystals hsve grown around a core of unaltared 
hornblende. Both rocks contain inclusions mmpoaed of crystals of 
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pboclase,  clinopyroxene, and unaltered hornblende like that in the 
phenocrpta. The groundmass of the chilled ~ jec ta  of the agglomerate 
is a fine-grained, dark aggregate of microlitic pIagiodase, clinopyrcix- 
ene, and opaque oxides in a matrix of dark glaas. In addition to these 
constituents a feldspar of bw index, probably anorthoclaae, is in the 
groundmass of the dome. Nepheline was not identified, though it 

P appem m a theoretical mineral in the norm (column 34, table 2). 

Beaches composed of rounded cabblea and boulders as much aa 
m 6 feet in diameter are found dong three perk of the coast extending 

aouthemterly from the mcky cliffs of Castle Rock, and both north- 
etbaterly and southeasterly from the rocky cWs cut in the dome of 
1927 lava. A sand beach forms the east mast of the mh and ag- 
glomerate terrace. Sand and gravel with scattered cobbles and 
boulders form a large deposit around the saltwater lagoon. 

BTBUOTURE 

Two fadta were mapped on Bogoslof Island (fig. 53). The longer 
is p r I y  exposed in the agglomeratic ash in the northeast sea cliff, 
but d i s p l d  beds exposed on opposite sides of the fault show that 

t the northwest side htbs been dropped 5 feet relative to the southeast 
side. A prominent topographic scarp between altitudes of 60 and 80 
feet mmb the probable trace of the fault to the southwest across the 
raiad terrace h o s t  to Clbatle Bock. This scarp is a prominent 

c feature on air photograph taken in 1934. However, Jaggar s t a h  

u, (1930, p. 3) that explosion debris enclosing the lagoon in July 1927, 
rmhed only about 10 feet above high tide. If his description appliea 
to the temaiu of the faulted terrace, the uplift of the temce and the 
formation of the fault scarp muat have taken place between 1927 and 
1934. The shorter southern fault aeprsrates the lava of Castle Rock 
from the vent agglomerate. The ham of the fault in the south sea 

is nearly vertical. The direction of movement indicated on the 
map is inferred from the writtan record that the lava of Castle Rock 
is an extruded dome and prmumably rose with reapect to t h ~  vent 
aggl~rnerate. 

P 
GEOLOGIO EISTORY 

The h t  writtan record of the existence of Bogoslof &i on the track 
chart of Kmnitzin and Levashef, 1768-69 (Coxe, 1787, plate facing 

I 
p. 2051, on which a small unnamed island, later h o w n  as Ship Rock 
(Baker, 1906, p. 570), is shown on the approximate site of Bogoslof 
I~ lmd (me k. 54~4). Captain Cook plmtced Ship Rock 17 d e s  narth 
of the north shore of Umnak on the chart of bis voyage in 1778-79 
(D~vidson, 1834, p. 282). A small. island in the same p s i  tion is nlm 
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shown on Billings%tmk chart of 1802 maker, 1906, p. 570) and was 
named Ship Ialand. Some of the earfiat worh to which references 
me made were not wess ible  to the author, but those included within 
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In May of 1796, eruption of explosive debris and the extrusion of a 
viscous Iava dome built an island about a quarter of a mile mutb of 
Ship Rock (Grewhgk, 1850, p. 136; Dall, 1870, p. 467). The new 
islrand was nsmd Bogoslof by the Russians at Unalaa1ctb. The mass 
steamed and fumed as it continued to riso in altituda. Tha steaming 
had ceased by 1804, but in many placm the s d m e  wm still uncom- 

a fortably hot. In 1806 lava flawed from the summit into the sea 
on the north side, and apparently the rising of the whole mass wtu 
renewed. This increme in size and altitude is said by Veniaminof 
(Grewiagk, 1850, p. 140) to have ceased in 1823, when the dome was 

R of pyramidal form (see fig. 543). Estimates of the height of the new 
island rangad from 350 to 2,500 fcet (Grewingk, 1850, p. 1401, 'but 
lam, more careful mensuromcnta by Dall (1884, p. 32) indieate that 
the lower estimate was probably closer to the .true height. The 
lava dome lahr became known as Old BogasZof (Merriarn, 1002, p, 
2971, and the U. S. Coast and Geodetic Survey early in the prmant 
wntury h t  showed the official n m o ,  Castle Bock (Powers, 1916, 
p. 2181, on the hydrographic c h w .  

No further volcanic mtivity o c c m d  until 1882, when it wan 
reported that rosidcnh of Unalaska noticed s t e m  rising from the 
occm somewhat north of Ship Rock (Memiam, 1902, p. 305). On 

+ September 27, 1883, Capt. Anderson of the schooner M&w T u r n  
first observed a new volcanic dome rising just to the north of Ship 
Rock (Davidson, 1884, p. 283 ; Merriam, 1902, p. 303). On October 20, 

f l  1883, s violent eruption showered ash on the village of Unalaska, 60 
milw to the etrst, Aweekafter theeruption the cone wasseen tobe 

x still steaming by Capt. Hague of the schooner Dora. Capt. Hague 
suggesbd the name, New Bogoslof, for the new island; slightly later, 
Dall (1884, p. 92) proposed the name, Grewingk Island. The new 
islaad was visited several times during the following year by the 
U. S. Revenue Cutter C M n ,  and the three Bogoalof islands were 
charted by Lieut. Cantwell of the C r h n  in 1884 (IJealy, 1889, p. 39- 
41). (See fig. 54C.) The 3 Bogoslof islands were visiMd again by 
William C. Greenfield in 1887, at whicb time tbe 3 islands were wn- 
nected as 1 by bars of volanic debris and boulder rand sand beaches. 
The new islmd to the north had a, craggy profile, with pinnacles 

F reaching to an estimated altitude of 500 feet. OId Bogoslof apparently 
had been greatly reduced in ares and altitude, its thee main crap 
appewing somewhat lower than the s&t of New Bogoslof. Sbip 
Rock wm still in existenca in 1887, but had begun to disintegrate. 
In 1890, Capt. 2. L. Tanner of the U. S. Fish Cornhaion ~tesmer 
A b a m z t  reported that Sbip Rock had fallen but that its erigbal 
position was stdl marked by debris {Merrirtm, 1902, p. 312). In 
1891, Merriam (1902, p. 313) visited the Bogoslof Islands and found 



ateam md gulf'ur fumes maping witb s roaring noise from the principal 
fissure of New Bogoslof. An open channel separated Old and New 
Bog~slof. In 1895 (see fig. 54D) when Becker and Dall (Becker, 
1898, p. 26; Memiam, 1802, p. 317) visited the Bogoslof Islands, Kew 
Bogmlof was still steaming "vigamusly, though not violently'' and 
had also been changed to a flat-topped idmd about 300 feet in alti- 
tude. Lnkr reports in 1897 and 1899 by peasing mariners indicate 
that New Bogoslof or Gmwingk Island bad finally cooled (Merriam, 
1902, p. 31 9-320). 
In 1906 mother extrusion of viscous lava ~ppeared in the mter 

about midway between old and new BopIof  (see. fig. ME). The new 
island, called Metcalf Cone, was conical, showing at the d t  s 
broken spine s i d a r  to the f amom Pelee  pine on hiartinique (J aggar, 
1908, p. 388). AD explmion early in 1907 destroyed the south half 
of Memlf Cone, and another dome of Iava grew into an island con- 
necting Metcalf Cone with Old Bopslob. This 1907 dome w s s  named 
McCulloch Peak (see fig. SF). A vfolenf explosion on September 1, 
1907, only 23 d a p  after the Masmchusette Institute of Technology 
expedition had left Bogoslof, ~howered the villtqe of Unalaska with 
a quarter inch of ~olcanic ash. McCulloch Peak disappeared in the 
explosion, and the debris mantled the surfrncea of the remaining island. 
In 1909-10, a new m n i d  island, Tahoma Peak, w m  pushed up in 5 

the bay th&t wwaa domed by the destruction of McCuUoch Peak 
(Powere, 1916, p. 218-221). A deep craterin thssummit of Teboma 
Peek waa formed by explosions on September 18 and 19, 1910. 

M e a  Cone and Tahoma Peak had a vary sbort existence. By 
I& 

1922, explosion, collapse, and marine eroaion had removed all tracss R 

of them (see fig. 5-40), Fire Island, 8 new name for New 3ogmlof 
Island, was adopbd by the Comt and Geodetic S m ~ y  on ite published 
hydrographic charte. The island had been r e d u d  further by erosion 
to a. small ialet. Castle Rock (Old Bogodof) had been reduced to two 
rocky hams, and a hig accumulation of sand and gravel had bean 
heaped against them, particularly on the northern and egstern sides. 
A wide channel of open water separated Fire Idand and Castle Rock 
(Jaggar, 1930, p. 3). 

Submarine srplosions between the two island remnants during the 
~ummer and fall of 1926 preceded the rise of another c o n i d  dome of 
hvrs during the winter of 1926-27. A ring of explodon debris, r ising 
about I0 feet a b o ~ e  high tide, surrounded ltbe new dome and again 
completely connected Fire Islend ~ l l d  Casae Rock into one elongat8 
bland. In July 1927, the new dome, about 200 feet high, was almost 
circular, a thousand feet in, dimmeter, and surrounded by a sht~llow 
m o n  of w a ~ m  water ~(Jagger, 1930, p. 3). "Fire" was still observed 



at the 1827 dome rn late as &tuber 3 1,193 1, m d  qnan titiee of pumice 
floated in the water muth of tbe island (J-r, 1932, p. 2). 
In 1935, an open wster charnel again separated Fire Igllmd h r n  

a larger goutharly isla11d that contained tho 1927 dome and Castle 
Rock ((see fig. 54H). Both islsnds were mapped by the Coast and 
Geodetic Survey at  this time (Lakeus, 1936, p. 205-206), and the 

* rime Bogoslof was officially applied to the larger island that included 
Cttstie Rock, pyrodastic rocks of the 1926 eruption, and the 1927 
dome. 

Tbe geology of BogosEof Island waa mapped in the summer of 1947 
o by the present autbor. Batween, 1935 and 1947 the size of both Fire 

island and Bogoslof Island was appreciably reduced by erosion (see 
fg. 540. A Kavy quonset hut erected sometime during World War 
I1 was partly underminod by retreat of the e~bfming  sea cliff. On 
September 21, 1951, & constwise vmel ran though "muddy water'" 
for about 2 d e s  near Bogoslof; this may have been the result of a 
submarine eruption or landslide. Early in November, 1951, Bogoslof 
was again seen by G. R. MacCartby of the Gemlogid Survey, bat no 
activity was observed (Volcano Letter 516, p. 8). Bogoslof wsts 
viRited still later on Auguat 13, 1953, by Adrian F. Richmds (written 
mmmunication, 1955), who reprh further retreat southward and 

t westward of the east sea cliff so that Rsgoslef Island was reduced in 
area by about 25 percent. The Navy quonset hut was gone and must 
have fallen over the east sea cliff as it w m  cut back by high waves 

i sometime between 1947 and 1953. 
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